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ABSTRACT

Globally, noncommunicable diseases have increased rapidly. They represent the major
health burden in industrialised countries and are fast increasing in developing countries.
In South Africa, a culturally diverse developing country, the scenario is no different:
there is an increased prevalence of noncommunicable diseases amongst South
Africans, and South African Indians in particular. Indian migrants throughout the world
have a higher prevalence of diabetes, coronary heart disease and dyslipidaemia. Very

few statistics exist on the health and nutrition profile of South African Indians.

The aim of this cross-sectional, epidemiological descriptive study was to conduct a
survey on the prevalence of risk markers for noncommunicable diseases and on the
associations of dietary and lifestyle exposures with the risk of noncommunicabie
diseases among apparently healthy adult Indians in KwaZulu- Natal, in order to make

realistic recommendations for a sustainable intervention strategy.

Two-hundred-and-fifty apparently healthy Indians, aged 35-55 vyears, living in
KwaDukuza, were randomly selected for this survey. Before the actual study, a
quantitative food frequency questionnaire (QFFQ) was adapted for Indian diets and
tested for comparative validity against three 24-hour food recalls as the reference
method, and for reproducibility by a second administration in a subsample of 50
respondents. The QFFQ was found to be relatively reproducible but showed moderate-
to-poor validity. When testing for reproducibility, the Spearman rank correlation
coefficient was strongest for cholesterol (0.76) whereas total carbohydrate (0.153)
accounted as the weakest non-significant correlation coefficient. With regards to the
differences between the reported intakes of the two administrations of the QFFQ, 13 of
the 19 nutrients tested fell within a 10% difference thus showing good agreement. When
the Bland-Altman procedure was used, there was significant proportional bias for all the
nutrients except for saturated fatty acids. Furthermore, the proportion of individuals
classified in the same or adjacent quartiles for energy and macronutrients intake ranged
from 64% (total energy) to 92% (polyunsaturated fatty acids), showing relatively good
agreement. In contrast, the results of the Spearman rank correlation and Pearson
coefficients, paired t-tests, Bland-Altman technique and quartile distribution showed

moderate to weak correlation for comparative validity between the two instruments. A
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relatively low range for the Spearman rank correlation (-0.09 to 0.42) and the Pearson
correlation coefficient (0.008 to 0.0556) was reported. Significant proportional bias was
presént for eight nutrients using the Bland-Altman technique and the proportion of

individuals classified in the same or adjacent quartiles was relatively high.

Thereafter, the main study followed, examining the socio-demographic and
anthropometric profile, diet, physical activity, blood pressure, fasting blood glucose,

triglycerides and total cholesterol of respondents.

In order to determine the prevalence of risk markers, Asian cut-points were used. About
92% of respondents recorded diastolic blood pressure levels >85 mmHG, 88.8% of
respondents recorded triglyceride levels >1.69 mmol/L, and 38.8% of respondents
recorded fasting blood glucose levels >5.55 mmol/L. When using the cut-off points for
central obesity as defined by waist circumference for men at = 90 cm and women 80
cm, 100% of women and 87.4% of men were classified as centrally obese. In terms of
physical activity, 62.5% of respondents were classified as inactive (<600 METS min).
However, when using algorithms such as the European SCORE and a modified doubled

score, respondents showed minimal risk for cardiovascular diseases.

The reported intake of fruit and vegetables were well below the recommended World
Health Organization population nutrient goals (2400g) were men reported a mean daily
consumption of 221.9 g and women 236.9 g. In addition, 94.4% of respondents

consumed below the estimated average requirement for fibre

Diet indices used to assess diet quality showed that the South African Indian diet
reflects good diet quality. Two principal components were identified, based on the
percentage of fat contributed to each food group: Factor 1 (Legumes, cereals and
cereal products, vegetables), which accounted for added fat, and Factor 2 (Fats and

oils, sugars and sweets and the milk group), which accounted for visible fat. According

to regression analyses, only fasting biood glucose was significantly inversely correlated

with both factor scores for the whole sample.



The following associations of nutrient intake with clinical risk markers were noted: there
were a number of significant correlations of risk score (the aggregate total of all risk
markers defined by Asian standards) and risk score 1 (the aggregate of all risk markers
with fasting blood glucose being doubled as compared to the other risk markers) with
nutrient intake, where the percentage energy from fat showed the strongest correlation.

Furthermore, waist circumference showed significant associations with most clinical risk
markers. It was correlated with systolic blood pressure, fasting blood glucose,
cholesterol, triglyceride and body mass index were body mass index showed the

strongest association amongst all the clinical risk markers.

Collectively, the prevalence of risk markers and the noted associations of risk markers
with diet and clinical parameters resonates into the call for dietary modification through
increased consumption of fruit and vegetables, weight reduction, decreased intake of fat
consumption and increased physical activity for a sustainable intervention strategy to
reduce and control the burden of noncommunicable diseases in the Indian population of
South Africa.



OPSOMMING

Nie-aansteeklike siektetoestande het wéreldwyd vinnig vermeerder. Dit verteenwoordig
die belangrikste gesondheidsias in ontwikkelde lande en vermeerder vinnig in
ontwikkelende lande. In Suid-Afrika, ‘n kultureeldiverse en ontwikkelende land, is die
scenario geensins anders nie: daar is ‘n verhoogde voorkoms van nie-aansteeklike
siektetoestande onder Suid-Afrikaners, en onder Suid-Afrikaanse Indiérs in die
besonder. Indiese migrante dwarsoor die wéreld het ‘n hoér voorkoms van diabetes,
koronére hartsiekte en dislipidemie. Baie min statistiek is beskikbaar oor die

gesondheid- en voedingsprofiel van Suid-Afrikaanse Indiérs.

Die doel van hierdie dwarssnit, epidemiologies-beskrywende studie was om ‘n opname
te maak van die voorkoms van risikomerkers vir nie-aansteeklike siektetoestande en die
verbande tussen dieet- en lewenstylfaktore en die risiko vir nie-aansteeklike
siektetoestande onder oénskynlik gesonde volwasse Indiérs in KwaZulu-Natal, ten

einde realistiese aanbevelings vir ‘'n volhoubare intervensiestrategie te kan maak.

Tweehonderd-en-vyftig oénskynlik gesonde Indiérs, 35-55 jaar oud, woonagtig in
KwaDukuza, is ewekansig gekies vir die opname. Voor die werklike studie is ‘n
kwantitiewe voedselfrekwensievraelys (KVVV) aangepas vir Indiese diéte en vir
vergelykende geldigheid getoets teen drie 24-uur-voedselherroepvraelyste as die
verwysingsmetode, en vir herhaalbaarheid getoets deur ‘'n tweede administrasie in ‘n
subgroep van 50 respondente. Die KVVV is relatief herhaalbaar maar matig-tot-swak
geldig gevind. Wanneer herhaalbaarheid getoets is, was die Spearman rangorde
korrelasiekoéffisiént die sterkste vir cholesterol (0.76) terwyl totale koolhidraat (0.153)
die swakste nie-betekenisvolle korrelasiekoéffisiént verteenwoordig het. Met betrekking
tot die verskille tussen die gerapporteerde innames van die twee
voedselfrekwensievraelyste, het 13 van die 19 nutriénte getoets binne ‘n 10% verskil
geval wat dus goeie ooreenstemming wys. Wanneer die Bland-Altman prosedure
gebruik was, was daar betekenisvolle proporsionele sydigheid vir al die nutriénte
behalwe vir versadigde vetsure. Verder het die proporsie individue wat in dieselfde of
aangrensende kwartiele geklassifiseer het, gevarieer van 64% (totale energie) tot 92%
(polionversadigde vetsure), wat relatief goeie ooreensternming gewys het. In

teenstelling hiermee, het die resultate van die Spearman rangorde korrelasiekoéffisiént
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en Pearson korrelasiekoéffisiénte, gepaarde t-toetse, Bland-Altman tegniek en
kwartielverspreiding matig tot swak korrelasie vertoon vir vergelykende geldigheid
tussen die twee instrumente. 'n Relatief lae reikwydte vir die Spearman rangorde
korrelasie (-0.09 tot 0.42) en die Pearson korrelasiekoéffisiént (0.008 tot 0.0556) is
gerapporteer. Betekenisvolle proporsionele sydigheid was teenwoordig vir agt nutriénte
met die gebruik van die Bland-Altman tegniek en die proporsie van individue wat in

dieselfde of aangrensende kwartiele geklassifiseer is, was relatief hoog.

Daarna het die hoofstudie gevolg waarin die sosio-demografiese en antropometriese
profiel, dieet, fisiese aktiwiteit, bloeddruk, vastende bloedglukose, trigliseriede en totale

cholesterol van die respondente ondersoek is.

Ten einde die voorkoms van risikomerkers te bepaal, is Asiatiese afsnypunte gebruik.
Ongeveer 92% van die respondente het diastoliese bloeddrukvlakke bo 85 mmHG
vertoon, 88.8% het trigliseriedvlakke bo 1.69 mmol/L gehad, en 38.8% het vastende
bloedglukosevlakke bo 5.55 mmol/L geregistreer. Wanneer die afsnypunte gebruik is vir
sentrale vetsug soos gedefineer deur middelomtrek vir mans by 90 cm of meer en vroue
by 80 cm of meer, is 100% van die vroue en 87.4% van die mans as sentraalvetsugtig
geklassifiseer. In terme van fisiese aktiwiteit is 62.5% respondente as onaktief (<600
METS minute) geklassifiseer. Warnneer algoritmes soos die Europese SCORE en ‘n
gewysigde verdubbelde telling egter gebruik is, het respondente minimale risiko vir

kardiovaskulére siektes getoon.

Die gerapporteerde innames van vrugte en groente was ver onder die aanbevole WGO
populasie nutriéntdoelwitte (gelyk aan of meer as 400 g) met mans wat 'n gemiddelde
daaglikse inname van 221.9 g gerapporteer het en vroue 236.9 g. Verder het 94% van

die respondente minder as die geskatte gemiddelde vereiste vir vesel ingeneem.

Dieetindekse, gebruik om dieetkwaliteit vas te stel, het goeie dieetkwaliteit getoon.
Twee hoofkomponente is ge-identifiseer, gebaseer op die persentasie vet deur elke
voedselgroep bygedra: Faktor 1 (Peulgroente, grane en graanprodukte, groente) wat
bygevoegde vet verteenwoordig het en Faktor 2 (Vette en olies, suiker en soetigheid en

die melkgroep) wat sigbare vet verteenwoordig het. Volgens regressie-analises was

Vi



slegs bloedglukose betekenisvol omgekeerd verwant aan beide faktortellings in die hele

studiegroep.

Die volgende verbande tussen nutriéntinname en kliniese risikomerkers is opgemerk:
daar was ‘n aantal betekenisvolle korrelasies van risikotelling (die somtotaal van alle
risikomerkers gedefinieer deur Asiatiese standaarde) en risikotelling 1 (die somtotaal
van alle risikomerkers met vastende bloedglukose verdubbel in vergelyking met die
ander risikomerkers) met nutriéntinname, met die sterkste korrelasie met persentasie
energie vanaf vet. Verder het middelomtrek betekenisvolle assosiasies met die meeste
kliniese risikomerkers vertoon. Dit het met sistoliese bloeddruk, vastende bloedglukose,
cholesterol, trigliseriede en liggaamsmassa-indeks gekorreleer met liggaamsmassa-
indeks die sterkste van al die kliniese risikomerkers. Risikotelling het die sterkste
statisties betekenisvolle korrelasies met kliniese merkers vir die hele studiegroep

getoon.

Die gesamentlike voorkoms van risikomerkers en die waargenome assosiasies van
risikomerkers met dieet en kliniese veranderlikes noodsaak dieetwysiging deur
verhoogde inname van groente en vrugte, gewigsverlies en verhoogde fisiese aktiwiteit
vir ‘'n volhoubare intervensiestrategie om die las van nie-aansteeklike siektetoestande in

die Indiérbevolking van Suid-Afrika te verminder en beheer.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND TO THE PROBLEM: GLOBAL PERSPECTIVE

Introduction

Noncommunicable diseases (NCDs), also known as chronic diseases of lifestyle, are a
group of diseases that share similar risk factors as a result of exposure over many
decades to unhealthy diets, smoking, lack of regular exercise and, possibly, stress
(Medical Research Council, MRC, 2006). The major risk factors are high blood
pressure, high blood cholesterol, tobacco addiction, diabetes and obesity. These result
in various long-term disease processes, culminating in high mortality rates attributable
to strokes, heart attacks, tobacco and nutrition-induced cancers, chronic bronchitis,

emphysema, renal failure and many others (MRC, 20086).

Global picture

Globally, NCDs have rapidly increased. They represent the major health burden in
industrialised countries and are rapidly increasing in developing countries. In 1999,
these diseases contributed to approximately 60% of deaths in the world and 47% of the
global burden of disease (World Health Organization, 2002b). It is predicted that,
globally, death from NCDs will increase by 77% between 1990 and 2020, and most of
these deaths will occur in the developing regions of the world (Murray & Lopez, 1996).
Progressively, in 2002, 28.2 million global deaths (58.6%) were attributable to NCDs,
with the predicted mortality rate for 2020 being 49.6 million (72.6% of all deaths)
(Vorster & Gibney, 2009). |

In addition, the Global Burden of Diseases Study of the World Health Organization
(WHO), the World Bank and the Harvard University showed that in the calculations of
disability-adjusted life years (DALYs), the global pattern of NCDs was 40.9% for all
diseases in 1990 and is projected to be 59.7% by 2020 (Murray & Lopez, 1996).
Developing countries often experience a double burden with a combination of poverty-
related diseases and NCDs. At the fifty-fifth World Health Assembly, the World Health
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Director-General stated that NCDs are well known to wealthy societies, dominating in
the middle- and upper-income countries. However, what is notable is that they are
becoming more prevalent in developing countries where, together with infectious
diseases, they create a double burden (WHO, 2002a). Furthermore, there are striking
ethnic differences in cardiovascular disease (CVD) risk. Migrants of South Asian
descent (encompassing people from India, Sri Lanka, Bangladesh, Nepal and Pakistan)
worldwide have elevated risks of morbid and mortal events because of ischaemic heart
disease (IHD) (McKeigue et al., 1989; Lip et al., 2007; Isharwal ef al., 2009). Adoption of
a westernised lifestyle has different effects on metabolic and vascular dysfunction
across populations and, according to Forouhi and Sattar (2006), ethnic groups show
differences in levels of visceral adiposity, insulin resistance and novel cardiovascular
risk markers such as C-reactive protein (CRP), adiponectin, haemostatic factors and
 plasma homocysteine. They are also of the opinion that marked differences in disease
risk across racial and ethnic groups are probably due in part to genetic factors, host
susceptibility and environmental factors, and can provide valuable aetiological clues in
patterns of disease presentation, therapeutic needs and response to treatment.
Therefore, Forouhi and Sattar (2006) recommend ongoing studies to increase
understanding of ethnicity as a potential independent risk factor, thus enabling better

identification of treatment targets and selection of therapy in specific populations.

Morbidity and mortality

It is generally accepted that the increase in morbidity and mortality from chronic disease
is a result of changes in lifestyle due to industrialisation, urbanisation, economic
development and increased food market globalisation, which leads to increased levels
of smoking and high fat, high animal protein and low fibre intakes. Unhealthy diets and
physical inactivity are among the leading causes of the major NCDs, including CVDs,
type 2 diabetes and certain types of cancer (WHO, 2003b). The rapidly increasing
prevalence of insulin resistance, the metabolic syndrome (MetS), dyslipidaemia and
type 2 diabetes in South Asians has largely been linked to rapid changes in lifestyle and
dietary patterns (Misra et al., 2007). These conditions not only cause human suffering,
they also threaten the economies of many countries as they impact on the older and
experienced members of the workforce [in South Asians, particularly young men
(Forouhi & Sattar, 2006)]. Furthermore, the complex disease profile of NCDs lays a

huge burden on governments as the management of NCDs is highly costly (Uusitalo ef
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al., 2002). Owing to this evolution, the WHO in 2004 adopted a resolution on the
prevention and control of NCDs. The key strategy of prevention is targeting the major
risk factors, i.e. unhealthy diets and physical inactivity, in an integrated manner.
Consequently, the WHO concluded that a unique opportunity exists to formulate and
implement an effective strategy for substantially reducing death and disease worldwide

by improving diet and promoting physical activity (WHO, 2004a).

MetS

People with MetS are at increased risk for CVD and mortality from CVD (Trevisan ef al.,
1998). The MetS — defined as a combination of three or more risk factors for CVD,
including central obesity, hypertriglyceridaemia, high blood pressure (BP), high fasting
glucose and decreased high-density lipoprotein (HDL)-cholesterol — is common in Asian
Indians (Das, 2003; Ramachandran ef al., 2003; Dwivedi ef al., 2004). The prevalence
of MetS has been estimated to be between 28.8% and 41.1% in Asian Indian adulits
when using the National Cholesterol Educétion Program Adult Treatment Panel
(NCEP/ATPIN) criteria with modified waist circumference (WC) criteria appropriate for
Asian Indians [=80 cm in women and =90 cm in men (Tan et al., 2004)]. Important
reasons for the apparent trend in MetS could be their excess body fat and adverse body
fat patterning, including abdorninal adiposity, even when the body mass index (BMI) is
within the currently defined normal limits (Zhu ef al., 2002; Kanjilal ef al., 2008).
Underlying genetic tendency and lifestyle factors or early-life adverse events may
contribute to this phenotype, but lifestyle factors alone or modulated by inherited factors
appear to play an important role because obesity and dyslipidaemia become worse with

urbanisation and migration (Misra & Vikram, 2004).

Behavioural intervention

The benefits of behavioural intervention in reducing NCDs in populations have been
well proven in countries such as Finland, Japan, Singapore (WHO, 2002a) and South
Korea (Lee ef al., 2002). Moreover, the experiences and results of the North Karelia
project carried out in Eastern Finland support the idea that a well planned, community-
based programme can have a major impact on lifestyle and risk factors (Puskha, 2002).
With regard to South Korea, the government went to great lengths to advertise and
teach the public that the traditional Korean diet is healthy and that the adoption of

Western eating habits may have unfavourable effects (Lee et al, 2002). Programmes
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recently initiated in India to create awareness and prevent childhood obesity include
CHETNA (Hindi for “The Awareness”) (Children’s Health Education Through Nutrition
and Health Awareness programme) and MARG (Hindi for “The Patho”) (Medical
Education for Children/ Adolescents for Realistic Prevention of Obesity and Diabetes
and for Healthy Aging) (Bhardwaj et al., 2008). Several dietary changes are advised
through lectures and printed leaflets, and through involvement of students in debates,
skits and cookery contests. This large-scale programme aims, for the first time in South

Asia, to reach hundreds of thousands of children in many cities of North India.

1.2 BACKGROUND TO THE PROBLEM: THE SOUTH AFRICAN
SITUATION

South Africa, like many other developing countries, is undergoing an epidemiological
transition. According to the first South African National Burden of Disease (SANBD)
study, South Africa is experiencing a quadruple burden of disease, comprising pre-
transitional diseases, the emerging chronic diseases, injuries and human
immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) (Bradshaw et
al., 2003). Estimates for South Africa show that, despite the high burden of infectious
diseases, NCDs accounted for 37% of deaths in the year 2000, CVD and diabetes
together accounted for 19% of total deaths, and cancers accounted for a further 7.5%
(Steyn ef al., 2006). Many of the deaths occurred in the middle-aged members of the
workforce (MRC, 1999). Statistics on the prevalence of NCDs in South Africa in 1999
revealed that 6 million people suffered from hypertension, 4 million had diabetes, 7
million had suffered stroke and 4 million had hyperlipidaemia (MRC, 1999). In addition
to this, about 56% of the population had at least one of these risk factors and about
20% was at a high risk of developing NCDs (MRC, 1999).

The level of mortality is one of the key indicators of the well-being and health status of a
population. Estimates of age-standardised mortality rates for South Africans in 2000
show that all-cause mortality rates differ substantially between population groups (Steyn
et al., 2006). Death rates from CVD and diabetes were extremely high for indians (607
and 111 per 100 000 respectively, compared with 361 and 49 per 100 000 for the total
South African population). The death rates from NCDs accounted for 28.5% of the
reported deaths of South Africans in the 35-64 year age group in 1998; however, with
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HIV/AIDS as a competing cause, statistics on the proportion of reported deaths showed
that 20% of deaths in 2000 in the 35-64 year age group were as a result of chronic
diseases of lifestyle (Stats SA, 2005). The results regarding the leading causes of death
based on age in 2000, showed that in young adults aged 15-45 years, HIV/AIDS,
tuberculosis, homicide and road traffic accidents were the most common causes.
Comparatively, in the age group over 45 years, CVD and lifestyle-related diseases
featured amongst the leading causes of death (Bradshaw et al.,, 2003). A statistical
release in 2006 on the mortality and causes of deaths based on all death notifications
showed that in terms of age differentials, the percentage of deaths in 2006 was 9.8% in
the 30-34 year age group, 9.1% in the 35-39 year age group, 8.2% in the 40-44 year
age group, 7.5% in the 45-49 year age group and 6.3% in the 50-54 year age group
(Stats SA, 2006). This release also showed that diseases of the circulatory system
accounted for 13.7% of all deaths and ranked as the third leading cause of death in
South Africa in 2006 (Stats SA, 2006). The highest death rates from biood vessel
disease in South Africa were found in Indian people, followed by coloureds, while whites
and blacks had the lowest rates (Norman et al., 2006). In a study conducted by Ranjith
et al. (2005), significant differences in risk factor status were found between gender and
age groups in South African Indians. The findings of the study showed that young South
African Indians frequently had premature atherosclerosis with diffuse and aggressive
disease (Ranjith ef al., 2005). Swart et al. (2005) support the findings of Ranjith ef al.
(2005) and are of the view that it is vital that these differentials be factored in for

effective interventions.

1.3 BACKGROUND TO THE PROBLEM: THE SOUTH AFRICAN INDIAN
SITUATION

The Indians in South Africa are an ethnic minority population group, originating from the
Indian sub-continent as migrant labourers. With social transformation and equity, their
lifestyles have changed dramatically. At the time of the 2001 census, the total
population of Indians was 1 115 467, of whom the majority, totalling 798 275, resided in
KwaZulu-Natal (KZN) (Stats SA, 2001). From the literature review hitherto, it is evident
that few statistics exist on their health and nutrition profile and that the available
published data on their dietary practices are limited. Indian migrants throughout the

world have been reported to have a higher prevalence of diabetes, coronary heart
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disease (CHD, defined as coronary artery disease with myocardial involvement) and
dyslipidaemia, in comparison with their native counterparts (McKeique et al. 1989; Lip et
al. 2007), and similarly, in South Africa these conditions have reached epidemic
proportions (Seedat et al., 1990; Seedat, 2009). Seedat ef al. (1990) identified the most
important risk factors among Indians in the Durban area, aged 15 to 69 years. These
were: hypercholesterolaemia, hypertriglyceridaemia, diabetes and smoking among men,
and diabetes, hypercholesterolaemia and hypertriglyceridaemia in women. Ferris et al.
(2005) found that Asian-Indian South Africans were more insulin-resistant than BMI-
matched whites. These results correspond to other cross-sectional data which also
suggest that insulin resistance could account for much of the enhanced IHD risk in
Asian Indians (Chaturvedi, 2003; Isharwal et al., 2009).

As mentioned above, unhealthy diets and physical inactivity are among the leading
causes of the major NCDs. The key strategy in the prevention of these diseases is the
targeting of the major risk factors, i.e. unhealthy diets and physical inactivity, in an
integrated manner (WHO, 2004a). These risk factors in South Asians (of Indian,
Pakistani and Bangladeshi descent) in the United Kingdom have been studied by
various researchers (McKeigue et al., 1989; Sevak ef al.,, 1994; Farooqi et al., 2000;
Forouhi ef al,, 2001; Sevak et al., 2004; Forouhi & Sattar, 2006; Lovegrove, 2009;
Gilbert & Khokhar, 2008; Bohpal & Rafnsoon, 2009). However, limited data are
available on the activity and dietary patterns of South African Indians. The 2003 South
African Demographic and Health Survey (SADHS) provided nationally representative
-data on physical activity of adults, which revealed that KwaZulu-Natal has the highest
levels of inactivity for both men and women (66% and 81% respectively) (Department of
Health, Medical Research Council & OrcMacro, 2007). With reference to the Indian

population, it was found that 43.1% of men and 62.6% of women were inactive.

Dietary intakes of Indians were studied by Wolmarans ef al. (1999) and Mia and Vorster
(2000). Wolmarans et al. (1999) concluded that the ratio of dietary polyunsaturated to
saturated fatty acids (P:S) in the diets of Indians in Durban was high (a finding which
has been confirmed in Indian adolescents in Lenasia, Gauteng by Mia and Vorster in
2000) and that such a high P:S ratio might affect the oxidation of low-density lipoprotein,
and therefore be a risk factor for CHD. A significantly higher intake of polyunsaturated

fatty acids (PUFAs) — mainly as omega-6 (n-6) PUFAs from vegetable oils — was also
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reported in Asian Indians in the UK, with a significantly lower intake of the
cardioprotective omega-3 (n-3) long-chain PUFAs, eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), than in whites (McKeigue ef al., 1985; Lesauvage ef al.,
2001). Consistent with the dietary findings, studies reported a higher proportion of n-6
PUFAs linoleic acid (LA) and arachidonic acid (AA) and a lower proportion of n-3 long-
chain PUFAs in plasma and membrane phospholipids in Asian Indians than in
Caucasians (Das ef al., 1994; Lovegrove et al., 2004). A high n-6 PUFA to n-3 PUFA
ratio of the skeletal muscle membrane has been shown to affect insulin sensitivity
adversely (Storlien et al.,, 1996), which supports the hypothesis that a high n-6:n-3
dietary PUFA may contribute to the high prevalence of insulin resistance in this ethnic
group (Brady ef al., 2004). Although CHD and type 2 diabetes are common amongst
South African Indians, the n-3 fatty acid content of their diet has been investigated only
in adolescents in Lenasia (Mia & Vorster, 2000). Therefore, there is a need for an in-
depth investigation into the prevalence of NCDs and the diet and activity patterns of

adult Indians in South Africa.

1.4 AIM OF THE STUDY

The aim of this cross-sectional, epidemiological, descriptive study was to conduct a
survey of the prevalence of risk markers for NCDs, and of the associations of dietary
and lifestyle exposures with the risk of NCDs, among apparently healthy adult Indians in

KZN, and to make realistic recommendations for a sustainable intervention strategy.

1.5 OBJECTIVES

e To determine the reproducibility and comparative validity of a culturally modified

quantitative food frequency questionnaire.

e To determine the prevalence of risk markers for NCDs (hypertension, increased
fasting blood glucose, cholesterol and triglyceride levels, central obesity and

physical inactivity).



e To establish whether an association exists between current trends in nutrient
intakes and food patterns, with special reference to the n-6:n-3 fatty acid ratio

and the prevalence of risk markers for NCDs.

e To establish whether an association exists between the current trends in physical

activity and the prevalence of risk markers for NCDs.

e To suggest strategies for an integrated programme of prevention of NCDs in the

target group.

1.6 DELIMITATIONS

The nutrient analyses of the diets of the respondents in this study were based on the
available South African food composition tables (Langenhoven et al., 1991). With regard
to certain indigenous foods that were missing from the South African food composition
tables, analyses were exported from the Indian food composition tables (Gopalan ef al,,
2004). Further to this, suitable substitutes were used for foods that had no analysis in
either the South African or the Indian food composition tables, e.g. variants of green
leafy vegetables which grow wild in the veld and are prepared as a sautéed herb dish.
Furthermore, owing to lack of infrastructure and human resources (the researcher and a
nursing sister were responsible for all measurements), only finger-prick measurements
of fasting glucose and total serum cholesterol and triglycerides were taken, apart from
anthropometry, blood pressure measurements and questionnaires on dietary intakes,

activity, demographics and medical history.

1.7 DEFINITION OF TERMS

The following definitions apply to terms used in the context of this thesis:

1.741 Noncommunicable diseases (chronic diseases of lifestyle)

NCDs develop over time in genetically susceptible individuals because of exposure to

interrelated societal, behavioural and biological risk factors, where the risk factors



accumulate through the life course and manifest after decades of exposure (Vorster &
Gibney, 2009). They are also referred to as chronic diseases; however, infectious
diseases such as HIV/AIDS and tuberculosis are also chronic. These diseases are also
called diseases of affluence, but this is a misnomer because they are also common in
lower socio-economic groups. Chronic diseases of lifestyle include primarily CVD,
neoplasms, diabetes and respiratory diseases (MRC, 2006). However, this thesis will
focus on CVD and diabetes because of the extremely high death rate from these
diseases among Indians and the established association between these diseases and

lifestyle factors in various populations.
1.7.2 Epidemiological transition

Epidemiological transition refers to the complex changes in patterns of health, disease
and mortality that result from demographic and associated economic and societal
changes in a world population that is getting older (Drewnowski & Popkin, 1997; Shetty,
1997).

1.7.3 Nutrition transition

Nutrition transition is described as the gradual change over centuries from a high-fibre
diet of low energy density to an energy-dense, low-micronutrient dietary pattern (Vorster
& Gibney, 2009).

1.7.4 Risk factors and risk markers

Yusuf et al. (2001b) illustrated the link between risk markers and CVD, where they are
classified into two categories, i.e. those that have been proved to be causal (risk
factors) and those that show associations with CVD but for which a cause and effect
association has yet to be proved (risk markers). These risk markers can be classified as
predisposing (e.g. obesity, which raises BP, glucose and lipids) or direct (e.g. smoking).
According to Stamler (2008), an established major risk factor is a trait common in the
population, amenable to prevention and control, and with a significant, graded, strong,
independent relation to one or more other established major risk factors and/or to

CHD/CVD incidence and mortality. Based on critical assessment by independent expert
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groups, an established major risk factor is a risk factor judged to be causatively related
to CHD/CVD. Six established major risk factors have been identified: adverse diet
pattern, a diet related to adverse levels of serum total cholesterol (and its fractions),
high BP, high plasma glucose (diabetes), unhealthy BMI and smoking. Because
adverse diet patterns play a role in unfavourably influencing four other established
major risk factors (the so-called metabolic traits), and, in addition, directly and
independently relates to CHD/CVD risk, it is the pivotal cause of epidemic CHD/CVD
(Stamler, 2008). Most of the variables tested in this study meet the criteria for risk
factors as defined by Stamler (2008) and Mahan and Escott-Stump (2008). However, to

be technically consistent, the term risk markers will be used throughout the thesis.

’i.7.5 South Asians

In this thesis, the term South Asians refers to individuals originating from India,
Pakistan, Bangladesh, Nepal and Sri Lanka in the Indian subcontinent (Misra et a/.,
2008). Other terms used, such as Asian /ndians, Indo-Asians, Indian Asians and /ndo-
Sikhs, are reproduced as in the original studies and broadly refer to Indians from India

and neighbouring countries.
1.8 IMPORTANCE OF THE STUDY

Indian migrants throughout the world have been reported to have a higher prevalence of
diabetes, CHD and dyslipidaemia compared with their native populations (Ranjith ef al,,
2005) and the situation is no different in South Africa, where these diseases have
reached epidemic proportions (Seedat, 1996). However, little is known about the
relationship between diet and lifestyle exposures and health outcomes amongst Indians
in South Africa. It has been suggested that the altered dietary habits of the migrant
Indians, compared with the average diet in India, could possibly contribute to the
migrants’ increased risk of CHD (Misra & Vikram, 2004). The focus of this research is a
long-known existing problem, namely CHD. The associations and interactions between
blood parameters and dietary, activity and anthropometric data in men and women were
determined and, based on these results, intervention strategies were proposed to

contribute to relieving the problem amongst Indians in KZN. The main aim of the study
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was to gather enough relevant information to suggest appropriate intervention actions
and programmes to reverse the underlying causes of NCDs amongst Indians. The
results of the study may help to elucidate the role of diet in the development of obesity,
hypertension and CHD among Indian men and women in KZN. Consequently, the
findings of this study can be used to generate practical dietary recommendations and
health intervention strategies to improve the quality of life of the Indians in South Africa

whilst simultaneously reducing the health care cost generated by chronic diseases.

1.9 ORGANISATION OF THE REPORT

Chapter 1 reviews the background of the study in terms of the global perspectives of
NCDs. It then reviews the South African situation and, lastly, focuses on the South
African Indian situation in terms of the prevalence of NCDs. The purpose and the

importance of this study are also justified in this chapter.

e Following the introductory chapter, the relevant literature is reviewed in Chapter 2
in terms of the risk factors, risk behaviours and disease states of NCDs. Existing

recommendations for interventions are also reviewed in Chapter 2.

e The research method, data management and analysis design are described in
Chapter 3. The habitual diet of the respondents was measured by administration
of a quantitative food frequency questionnaire, developed and validated by
Maclntyre ef al. (2001a, b, c) in another study and modified and validated for this

study to accommodate Indian food habits.

e The results of the validation and reproducibility study are presented in Chapter 4

and those of the prevalence and associations of risk markers in Chapter 5.

e The results are interpreted and discussed in Chapter 6.

e Conclusions drawn and recommendations based on observations made are

presented in Chapter 7.
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CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

The health status and disease profile of human societies have been historically linked to
the level of economic development and social organisation. With industrialisation and
urbanisation, the major causes of death and disability have shifted from a predominance
of nutritional deficiencies and infectious diseases to degenerative diseases. These
paradoxical disease patterns have been termed the epidemiological transition, where

emerging NCDs feature significantly and coexist with undernutrition (Omran, 1971).

The rising trend of NCDs is a consequence of the demographic and dietary transition
and the globalisation of the economic process. Scientific evidence shows that unhealthy
diets, physical inactivity and tobacco use are key global determinants of NCDs.
Throughout human history, populations have experienced changes in their ecological
relationship that have modified their diet and ultimately altered their disease patterns
(WHO, 2002a). Figure 2.1 illustrates the consequences of the nutrition transition and the
different health patterns associated with the various stages of transition (Vorster et al.,
1999). It is important to realise that the nutrition transition is characterised by a stepwise
progression that depends on the balance of contributing factors. For example, whereas
urbanisation in more industrialised countries has been associated with economic

growth, in many developing countries it results in urban poverty.

Over the years, a huge body of literature has been amassed on chronic disease and the
interrelationship between risk behaviours, risk markers and disease state. Figure 2.2
clearly depicts this interrelationship between these variables that coexist with each other
(MRC, 2008). It is evident from this interrelationship that any intervention has to be

based on a holistic overview of the risk behaviours, risk markers and disease state.
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Figure 2.1: Schematic diagram of the contributing factors to and consequences of the

nutrition transition (Adapted from Vorster et al., 1999)
NIDDM = Type 2 diabetes, CHD = coronary heart disease
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Vorster and Gibney (2009) go further to illustrate the interrelationship of risk markers
with the prevalence of NCDs by showing how a chain of events is formed, starting with
societal factors such as socio-economic status and environmental factors that influence
behaviours, leading to biological risk factors which in turn lead to the development of
the NCDs. It is important to note the clustering of risk markers, which has become a well
described phenomenon. Obesity, for example is associated with insulin resistance,
hyperlipidaernia and hypertension, all of which contribute to the development of CHD
and diabetes (Vorster & Gibney, 2009). This phenomenon of clustering represents an
opportunity to address more than one risk at a time (WHO, 2003b). Table 2.1 succinctly

illustrates the interrelationship of factors that underpin NCDs.

Table 2.1: Risk factors for noncommunicable diseases (NCDs) (Vorster & Gibney,
2009).
Sodlelal e e, | PORYOURL e ARPOOYR e oalNPSL L
Socio-economic status  Smoking Tobacco addiction Lung disease
Cultural habits Alcohol abuse Alcohol addiction Cardiovascular disease
Environmental factors Lack of physical activity Dyslipidaemia Atherosclerosis
Inappropriate diets: Hyperlipidaemia Cerebrovascular
Inadequate [nsulin resistance disease
o fibre Hypertension Stroke
e micronutrients Obesity (body Ischaemic heart disease
Excess composition) Myocardial infarction
o total fat Diabetes
e saturated fat Dental caries
e trans fat Osteoporosis
e cholesterol Cirrhosis
. salt (NaCl) Diet-induced cancers

e energy

Epidemiological studies have clearly demonstrated a link between risk markers and
CVD. Yusuf et al. (2001a) illustrated the link between risk markers and CVD, when they
are classified into two categories, i.e. those that have been proved to be causal (risk
factors) and those that show associ.ations with CVD but for which a cause and effect
association has yet to be proved (risk markers). These risk markers could be classified

as predisposing to, e.g. obesity, which raises BP, glucose and lipids. The proven and
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putative risk markers for CVD are recognised as follows: risk markers that are causally
linked, i.e. tobacco consumption, elevated low-density lipoprotein (LDL) cholesterol,
HDL cholesterol, hypertension, elevated glucose, physical inactivity, obesity and diet.
Moreover, the following risk markers that show associations were identified by Yusuf ef
al. (2001a): low socio-economic status, elevated prothrombotic factors, fibrinogen,
plasminogen activator inhibitor-1 (PAI-1), markers of infection and inflammation,

elevated homocysteine, elevated lipoprotein (a) and psychological factors.

The burden of NCDs has cost implications, yet it is an area where most positive
changes can be instituted successfully. The direct costs of NCDs come in the form of
health care provision and the indirect costs involve impaired quality of life and
premature death and disability (WHO/FAQO, 2003b). The main goal of public health
policy is to give people an opportunity to enjoy many years of healthy and active life.
Sadly, however, agendas on NCDs are often left aside in the policy planning of less
industrialised countries, as undernutrition and communicable diseases demand a great
deal of attention (WHO, 2002a).

2.2 NONCOMMUNICABLE DISEASES IN SOUTH AFRICA

South Africa has a heterogeneous population of approximatefy 49 million inhabitants,
comprised of 79.6% Africans, 9.1% whites, 9.0% coloureds and 2.5% Indians (Statistics
South Africa, 2009). Because of the heterogeneity of the South African population, it is
important to differentiate between the terms racial group and ethnic group. A racial
group implies having a common gene; however, an ethnic group implies sharing a
cultural identity, i.e. biological similarity plus shared social and lifestyle values (Seedat,
2007). As South Africa undergoes transformétion, stark contrast in living conditions
ranging from wealthy to underdeveloped rural areas is a characteristic phenomenon.
The changing social, political and economic climate has resulted in urbanisation, which

in turn has impacted on dietary and lifestyle patterns (Steyn et al., 20086).

In order to determine the prevalence of NCDs in South Africa, it is essential that the
disease profile of South Africans in terms of morbidity and mortality be reviewed. The
South African Health Review (Health Systems Trust, 2006) found a steady decline in
the health of the South African population in recent years. HIV/AIDS accounted for 39%
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of all deaths in 2000 and diseases of lifestyle accounted for 38% of all deaths (Health
Systems Trust, 2006). In the year 2000, the South African National Burden of Disease
Study (SANBD) identified causes of premature mortality and morbidity experienced in
South Africa. The findings of this study showed that NCDs accounted for 37% of deaths,
of which CVD and diabetes were responsibie for 19% of deaths (Bradshaw et al., 2003).
Stemming from the SANBD, the South Africa Comparative Risk Factor Assessment
(SACRA) followed, with the primary aim of estimating DALYs and identifying risk factors
based on the World Health Organization Comparative Risk Factor Assessment
(WHOCRA) (Norman ef al., 2007a). Table 2.2 clearly illustrates that Indians had the
highest age-standardised death rates per 100 000 from CVD and diabetes.

Table 2.2: Age-standardised death rates per 100 000 from chronic diseases of lifestyle
(CDL): 2000 (Comparative risk factor assessment, 2006) (Norman et al.,
2007a)

All causes 1613 937 1304 1172

Neoplasms 126 199 212 121

Respiratory 93 70 103 64
diseases

Total CDL 769 767 867 1000

SACRA identified 17 risk factors (Norman ef al.,, 2007a). These risk factors were
evaluated, the proportion of DALYs attributable to the risk factor established, and
recommendations made for intervention. Table 2.3 illustrates deaths attributable to
selected risk factors compared with deaths attributable to disease, injury or condition.
Table 2.4 illustrates DALYs attributed to selected risk factors compared with DALYs
attributed to disease, injury or condition. Caution must be used in interpreting these

tables. Tables 2.3 and 2.4 have no intention of showing the relationship between the
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risk factor and the disease, injury or condition, but rather a representation of the ranking
of risk factors with the ranking of disease, injury or condition. For example, in Table 2.3
unsafe sex/sexually transmitted diseases (STDs) are the highest ranking cause of death
attributed to a risk factor and HIV/AIDS is the highest ranking cause of death attributed
to disease, injury or condition. It is evident from this example that the top-ranking risk
factor is related to the top-ranking disease, injury or condition in terms of death. This
supports the interrelationship of NCDs as discussed under 2.1. However, further down
the table, BMI is ranked fifth for deaths attributed to risk factor whereas interpersonal
violence and injury is ranked as fifth for deaths attributed to disease, injury or condition.
It is evident from this example that no relationship can be drawn from this ranking.
Therefore, the essence of Tables 2.3 and 2.4 is to be viewed in terms of rankings.
However, the interrelationship of NCDs is evident in some rankings. Bradshaw et al.
(2007a) recommended that any intervention has to take into account the social sphere,
the health sphere and the development sphere. Likewise, the rankings of the risk factors
and disease states on these tables are reflective of the current epidemiological

transition, development stage and social transformation in South Africa.

Table 2.3: Deaths attributed to risk factor compared with the underlying causes of
death (Norman et al., 2007a).

% total Disease, injury or % total
Rank Riskfactor deaths Rank condition deaths

By 2000, the rates for the Community Syndrome of Hypertension, Atherosclerosis and

Diabetes (CHAD) showed distinct health profiles for different population groups in South
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Africa (MRC, 2006). Indians had the highest prevalence of IHD and diabetes. Blacks
experienced high mortality rates from stroke and hypertensive heart disease. Whites
and coloureds experienced high mortality rates from IHD (Norman ef al., 2006). These
differences suggest that the risk factor profiles differ by population groups, which are at
different stages of the health transition. In addition, in terms of dietary profile, different
intakes among different ethnic groups were noted, with the white, coloured and Indian
populations having mean carbohydrate intakes of less than 55% of energy (%E), mean
fat intake of >30%E and added sugar intakes >10%E (MRC, 2006). In support of this
dietary profile, Vorster et al. (1997) reported that 35% of total energy intake was

contributed by fat in these population groups.

Table 2.4: DALYs (disability-adjusted life years) attributed to selected risk factors
compared with the underlying causes of DALYs (Norman et al., 2007a).

DALYs attfibuted to selected nsk iactors EI DALYs attributed to dlsease, |n1uxy or cond Itlon,,”‘ )
% total % total
Rank Risk factor DALYs Rank Disease, injury or condltlon DALYs
Unsafe SexfsTls e H[V[A IDs ™ C -
2 Interpersonal wolence (rlsk 8.4 Interpersonal violence injury
factor)
4 Tobacco smoking Road traff'c injury
’ High BMI ~ 7 o E-] Dlarrhoeal diseases
6 Childhood and maternal Lower respiratory |nfectlons 2.8
underweight
7 Unsafe water samtatlon & ||PX8 l Cow birth weight
, hygiene = T N : TR .
8 High blood pressure 2.4 8 Asthma

- Dtabetes (ﬂsk factor) - Stf k o

ngh cholestero] 1.4 10 Umpolar depresswe dlsorders 2.0

Low fruitand vegeta bi
intake

Physical inactivity

[s] 'aem eart. dlsease

Protein-energy malnutrltlon 1.3

2.3 INDIANS IN SOUTH AFRICA

In South Africa, CHD has reached epidemic proportions amongst the white and Indian

populations (Seedat & Mayet, 1996) but was relatively uncommon in blacks until
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recently (Sliwa ef al., 2008). Nevertheless, only limited data are available on the disease
patterns amongst South African Indians despite the high incidence of CHD in this ethnic
group (Ranjith et al., 2005). A significant difference was found with respect to gender
and age in the major cardiovascular risk factor profiles in Indians admitted to the
Coronary Care Unit of a large hospital in Durban (Ranjith et al., 2005). Cigarette
smoking was the most important risk factor (81%) in young patients (s 45 years)
compared with 61% for middie-aged patients (>45 - <65 years). Diabetes mellitus (21%)
and hypertension (18%) were seen less frequently in young patients compared with
39% and 41% respectively in middle-aged patients, with the highest prevalence in
women (54% diabetes and 60% hypertension). Sixty-eight percent of middle-aged
patients had raised total serum cholesterol values (>5 mmol/L), 57% had raised LDL-
cholesterol levels (>3 mmol/L), 38% raised triglyceride levels (>2 mmol/L), 57% low
HDL-cholesterol (<1 mmol/L) and 39% were overweight (BMI >25 to < 30 kg/m?).
Although CHD and type 2 diabetes are common occurrences amongst Indian South

Africans, limited documented dietary data are available.
2.4 HEALTH STATUS OF MIGRANT INDIANS VERSUS INDIANS IN INDIA

It has been established that the relative prevalence of CHD varies across regions and
from country to country (Tunstall ef al, 1991). Variation has also been observed
between ethnic groups, with the incidence of CHD being particularly high among the
Indian population that have emigrated from the Indian sub-continent (McKeigue et al,,
1985; Lovegrove ef al., 2004; Lip ef al., 2007; Bhopal & Rafnsson, 2009). South Asian
migrants to the UK, South Africa, Singapore and North America experience CHD
mortality that is 1.5 to 4 times higher than that of their indigenous group (Enas ef al,,
1992). By age 55, South Asians (people originating from India, Bangladesh, Sri Lanka,
Nepal and Pakistan) in the UK and Canada suffer prevalences of impaired glucose
tolerance (IGT), central obesity, elevated triglycerides and low HDL (McKeigue et al.,
1991; Anand ef al., 2000) and type 2 diabetes at rates four to five times higher than
those of Europeans, 19% versus 4% (McKeigue ef al., 1991; McKeigue ef al, 1993).
According to the British Heart Foundation (2002), the mortality from coronary artery
disease (CAD) in the United Kingdom (UK) is 55% and 41% higher in Indo-Asian men
and women respectively than in matched whites. Asian Indians are known to have a

greater susceptibility to type 2 diabetes and premature CAD compared with Europeans
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(Enas et al., 1992; Reddy & Yusuf, 1998). High rates of diabetes have been reported in
South Asians in the UK (10% to 19%), Trinidad (21%), Fiji (25%), South Africa (22%),
Mauritius (20%) and Canada (10%) (McKeigue et al., 1989; Anand et al., 2000). Seedat
et al. (1982; 1996) concluded that emigrant Indians have a higher incidence of CVD
than indians in India owing to the combination of hypertension and diabetes mellitus.
Furthermore, it has been found that South Asians in the UK have higher risk factor
levels compared with their siblings living in India, with a BMI of 27 vs. 23 kg/m?, lower
HDL of 1.14 vs. 1.27 mmol/L and higher fasting glucose of 5.4 vs. 4.6 mmol/L, all due to
the adaptation to urban lifestyle (Bhatnagar ef al.,, 1995). More recently, Mukhopadhyay
et al. (2006) reported that South Asians in the UK develop type 2 diabetes 11 years
earlier than Europeans (46 years versus 57 years) and at a BMI lower than their
European counterparts (28.7 kg/m? versus 29.9 kg/mz), suggesting that there are
additional underlying early risk factors that contribute to the early onset of CHD and
CVD in South Asians.

Elevated risk for CHD in South Asians compared with Europeans was previously largely
explained by features of the insulin resistance syndrome, as revealed in cross-sectional
data (McKeigue et al, 1993). However, Forouhi et al. (2004) conducted a 15-year
prospective CHD mortality study of the Southall cohort and reported that South Asian
men had a 90% increase in the risk of CHD mortality compared with Europeans but that
the classical factors of smoking, hypertension and hypercholesterolaemia did not
account for the high levels of CHD, nor did adjustment for features of the insulin
resistance syndrome or composite definitions of the metabolic syndrome. They
concluded that the search for the explanation for elevated risk in South Asians
continues. Novel risk markers and alternative explanations which have been
investigated and reviewed by Forouhi et al. (2004) include haemostatic factors,
inflammation, homooysteine, lipoprotein (a) and adiponectin. Furthermore, Yajnik ef al.
(2002) tested the “thrifty phenotype” hypothesis which posits that undernutrition in foetal
and infant life followed by overnutrition later in life, predisposes individuals to diabetes
and other chronic diseases in South Asians in India and demonstrated that the
hyperinsulinaemic, insulin-resistant phenotype of Indians is present at birth. Bhopal and
Rafnsson (2009) proposed that mitochondrial efficiency might exblain the susceptibility
to adiposity, metabolic syndrome, diabetes and cardiovascular diseases in South Asian

populations, as illustrated in Figure 2.3. In the mitochondrial efficiency hypothesis,
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Bhopal and Rafnsson (2009) proposed that ancestral changes in mitochondrial coupling
efficiency enhanced the successful adaptation of South Asians to environmental
stressors by maximizing the conversion of energy to adenosine triphosphate rather than

heat, but that this adaptation may be disadvantageous where South Asians are

physically inactive and consume high-energy diets.

The
burden of
Selective Phenotype South Asians central
ressures of Adaptive characteristics increasingly adiposity,
4 genetic of modern-day consume high
warm climate, insulin
(mtDNA/ South Asians caloric food ;
limited food : 2 ; : resistance
supplies and/or mitochondrial fnce el gy ek st diabetes
infectious uncoupling coupled little energy d CVD
disoases ool protein gene) mitochondrial through an is
evolutionary mutations and central physical relatively
periods adiposity activity greater in

affluent
South
Asians

Figure 2.3: Outline of the mitochondrial energy efficiency hypothesis and its influence
on health outcomes (Adapted from Bhopal & Rafnsson, 2009)

The predisposition of Indian Asians in the UK to insulin resistance, associated lipid
abnormalities and CAD may, according to Lovegrove ef al. (2004), be determined in
part by genetic factors, although diet may also play a significant role. The National Food
Survey in 1985 (McKeigue et al, 1985) revealed lower total fat intake, higher total
PUFA intake and a higher ratio of PUFAs to saturated fatty acid (SFA) in Indian Asians
compared with Europeans. Sevak et al. (1994) also compared the dietary intake of
South Asian men with Europeans in London and reported lower mean intake of energy
and total fat and higher intake of starch, PUFAs and fibre in South Asians. It has been
suggested that an imbalance in dietary n-6 and n-3 PUFAs may be a contributory factor
to the insulin resistance and related blood lipid abnormalities of the metabolic syndrome
in Indian Asians (Ghafoorunissa, 1998), although McKeigue’s group in the UK reported
in the eighties and early nineties that coronary risk was not related to dietary
composition in South Asians (McKeigue et al., 1985; Sevak et al., 1994). Recently,
Misra et al. (2009b) reviewed South Indian diets and reported low intake of MUFA, n-3
PUFA and fibre and high intake of fats, saturated fats, carbohydrates and trans-fatty
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acids. These authors concluded that, in the generation of insulin resistance, the
metabolic syndrome and type 2 diabetes, dietary factors are likely to have greater

influence in Indian Asians than genetic factors, often overriding them.

25 RISK MARKERS

Unhealthy diets, physical inactivity and tobacco use have been well recognised as the
major risk markers for NCDs (WHO, 2003b). Behavioural factors such as diet, smoking
and physical inactivity, biological factors including hypertension, lipid abnormalities and
obesity, and disease conditions such as diabetes and the metabolic syndrome as well

as the clustering of risk markers will be reviewed in a separate section (2.5.3).

2.51 Behavioural factors

2.51.1 Dietary factors

26111 Introduction

Diet and nutrition are significant factors in the endorsement and maintenance of health
throughout life. Their role as determinants of chronic NCDs is well recognised and they

therefore occupy a prominent position in prevention activities (WHO, 2003b).

256112 Nutrition transition

Global diet is going through a remarkable transition: staple foods are becoming more
refined and processed, fat and meat intake is increasing, more processed dairy
products and other processed foods are consumed than before, and larger numbers of
meals are eaten outside the home, making households more reliant on the food
industry, food vendors and markets. Food consumption trends and dietary habits have
largely been influenced by urbanisation (Drewnowski & Popkin, 1997). One of the
effects of urbanisation is the increased participation of women in the labour force, which
has indirectly affected the diet of the family (Ruel et al., 2001). It is becoming more

common to eat meals away from home or to eat Home Meal Replacements (HMR), with
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convenience being a key factor. Sadly, however, this dietary transition is associated

with the escalating trends of NCDs.

Global and regional food consumption patterns and trends have largely been pre-
determined by economic development, industrialisation, market globalisation and
urbanisation. Economic development has modified dietary preferences and has led to
major changes in the composition of the diet, where the move from a traditional to a
Western-type diet is a characteristic feature. This nutrition transition is characterised by
excessive intakes of energy, fat and sugars (Drewnowski & Popkin, 1997) as mankind
has an inherent preference for palatable, sugary, salty, fatty and smooth (finely
textured) food (Vorster & Gibney, 2009). Adverse dietary change includes a shift in the
structure of the diet towards one of higher energy density, with a greater role for fat and
added sugars in foods, greater SFA intake (mostly from animal sources), reduced
intakes of complex carbohydrates and dietary fibre and reduced fruit and vegetable
intake (Drewnowski & Popkin, 1997). This adverse dietary change is partly due to the
repercussions of the industrial revolution, which introduced radical changes in the
method of food production, processing and storage, with food being developed into
products that were highly processed and micronutrient-poor, all of which impact on
current food consumption trends (WHO, 1990).

26118 Global food supply and consumption

. Data on the national availability of the main food commodities provide valuable insight
into current diets and their evolution over time (WHO, 2002a). Food production trends
have a direct bearing on dietary trends. Globally, the Food and Agricultural Organization
(FAO) and the United Nations have published information on country-specific annual
food supply including data on production, import, stock changes, export, domestic
utilisation and waste. These figures give a rough but plausible estimate of the food
supply situation in various parts of the world (FAO, 2000). Although the data do not take
into consideration, for example, the differences in food availability among various
population groups or in household food waste, they give an overall picture of the trends
in food consumption on a national level. According to the data on food supply from food
balance sheets, cereal availability has increased in developing countries during the last
30 years. However, the supply of traditional cereals like millet, sorghum and maize has
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decreased and given way to more widely used global grains: wheat and rice. Various
legumes provide a considerable amount of protein in the developing world (Bourne et
al, 1993; Liu, 1999). However, their availability and consumption are decreasing in
many countries, giving way to animal products. There has been a considerable rise in
vegetable oil supply worldwide. It was also found that the energy percentage of fat in
the diet had a rising trend in all the countries with data on macronutrient intake (Chile,

China, Cuba, Iran, Malaysia, Mexico, South Africa and Thailand) (Uusitalo et al., 2002).

Steyn et al. (2006) compiled a report providing data from published research with
respect to diet, dietary trends, nutritional status and diet-related chronic diseases, which
were assessed in the context of trends in the chronic disease burden in South Africa
over the past few decades. Food balance sheets used in this report showed that from
1962 to 2001 there were significant changes in intakes of total dietary energy,
carbohydrate, protein and fat. The available energy supplies increased from 10 890 kJ
per capita in 1962 to 12 221 kd in 2001, the available protein increased from 68.4 g to
75.1 g, the available fat increased from 61.2 g to 79 g and the available carbohydrate
supplies increased from 445 g to 478 g. The pattern reflected is indicative of the fact

that from 1962 to 2001 more food was available to consumers (Steyn ef al., 2006).

According to the FAO (2000), food consumption data for South Africa showed that
cereal availability increased from 169.3 kg per capita per annum in 1962 to 187.8 kg in
2001; vegetable oils increased from 5.7 to 14.5 kg, fruits increased from 24.1 to 36.0 kg,
alcohol increased from 43.8 to 56.8 L, meat increased from 31.6 to 37.5 kg, eggs
increased from 2.5 to 6.1 kg, and fish increased from 5.5 to 7.9 kg. It is evident from
these results that the availability of staple cereals gradually increased, as did the other
items mentioned above, which accounted for the overall increase in energy intake.
Vegetable oil and meat per capita also increased significantly, which accounted for the

large increase in fat and saturated fat intake.

To understand the dynamics of dietary changes, the main food groups consumed by
South African adults and children in urban and rural areas were examined. The data
were summarised from combined databases, using secondary data analyses where no
national data were available, to show the dietary intake of adults (Steyn et a/., 2001; Nel
& Steyn, 2002) and children (1-5 years) (Labadarios et al, 2000). Although rural
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dwellers had a higher cereal and vegetable intake, urban adults and children had a far
higher consumption of most other food groups such as sugar, meat, vegetable oil, dairy,

fruit, roots, tubers and alcohol.

2.6.1.1.4 Diet in the aetiology of NCDs

The role of diet in the aetiology of most NCDs is extremely important. A body of
literature attests to the fact that diets and specific nutrient deficiencies and excesses
influence the development of NCDs (Vorster & Gibney, 2009). A plethora of scientific
publications has revealed - through ecological and epidemiological studies,
interventions with specific nutrients and foods in placebo-controlled trials and through
molecular and genetic research — that there is a consistent relationship between
unhealthy diets and the emergence of NCDs (Vorster & Gibney, 2009). This body of
knowledge amassed over the years has led to several sets of international guidelines to
reduce the burden of nutrition-related NCDs (Vorster & Gibney, 2009). Nutrition is
therefore seen as a major modifiable determinant of chronic diseases with compounding
scientific evidence increasingly supporting the view that alterations in the diet have
strong effects. As mentioned in Chapter 1, several countries have developed innovative
interventions for promoting a healthy diet, e.g. South Korea has gone back to promoting
the traditional diet (Lee et al., 2002) and the Northern Karelia project in Finland adopted
a well planned community-based approach (Pushka, 2002). The WHO endorsed the
Global Strategy on Diet, Physical Activity and Health in 2004 and recently published a
report on tried and tested interventions in diet and physical activity, presenting the

evidence on effective interventions in various categories (WHO, 2009).

2.0.1.1.6 Population nutrient intake goals

The WHO published population nutrient intake goals (indicated in Table 2.5) for the
prevention of death and disability from NCDs, where nutrient intake goals represent the
population average intake that is judged to be consistent with the maintenance of health
in a population (WHOQO, 2003b). The strength of evidence upon which these goals are

based is discussed in section 2.6.
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Table 2.5: The WHO population nutrient intake goals for prevention of death and
disability from NCDs (WHO, 2003b)

Dietary factor Goal . o
(food-or nutrient) .. 0 et e , ‘of total energy, unless otherwise stated):
Total fat 15-30%

Saturated fatty acids <10%

Polyunsaturated fatty acids 6-10%

n-6 fatty acids 5-8%

n-3 fatty acids 1-2%

Trans-fatty acids <1%

Monounsaturated fatty acids By difference®

Total carbohydrate 55-75%"

Free sugars <10%°

Protein 10-15%

Cholesterol <300 mg per day

Sodium chloride (sodium) <5 g per day (<2 g per day)

Fruits and vegetables =400 g per day

Total dietary fibre >25 g per day

@ Monounsaturated fatty acids are calculated as total fat minus saturated plus polyunsaturated plus trans-fatty acids

b Energy from carbohydrates is the percentage energy available after taking into account that consumed as fat and
protein

© Free sugars refer to ali monosaccharides and disaccharides added to foods by the manufacturer, cook or consumer
plus sugar naturally present in honey, syrups and fruit juices. It does not include sugars present in milk, fruit and
vegetables

Fat

According to the WHO guidelines for population nutrient goals, the recommendations for
total fat are formulated to include countries where the usual fat intake is typically above
30% as well as those where the usual intake may be very low, for example, less than
15%. Total fat energy of at least 20% is recognised as consistent with good health
(WHO, 2003). Fatty acids have different roles and functions which must be understood
in order to make effective recommendations for nutrition interventions. In studies of the
effects of fatty acids on serum lipids, fat quality, fat quantity, cholesterol and numerous
dietary substances have been investigated to see how they affect serum lipids and
lipoprotein. Two points of comparison need to be borne in mind. Firstly, how do fatty
acids compare with carbohydrate substitutes, and secondly, how do they compare when
they replace SFAs? Generally, SFAs tend to elevate blood cholesterol in all lipoprotein
fractions (both LDL- and HDL-cholesterol) when substituted for carbohydrates or other

fatty acids. The most hypercholesterolaemic or atherbgenic SFAs are lauric, myristic
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and palmitic acids. Palmitic and myristic acids have the greatest effect and are
abundant in diets rich in dairy products and meat (Mahan & Escott-Stump, 2008). SFAs
raise LDL-cholesterol by decreasing LDL-receptor synthesis and activity (Mahan &
Escott-Stump, 2008). The most effective replacements for SFAs in terms of CHD
outcome are PUFAs (WHO, 2003). Replacement of SFAs with monounsaturated fatty
acids (MUFAs) (as would happen when substituting olive oil for butter) lowers total
serum cholesterol levels, LDL-cholesterol levels and triglyceride levels to about the
same extent as PUFAs. If carbohydrates are replaced by LA, the most important PUFA,
LDL cholesterol is lowered and HDL is raised (Mensink et al., 2003). N-3 fatty acids do
not affect total cholesterol but they do increase LDL-cholesterol, decrease triglycerides
(Harris, 1997; Mahan & Escoft-Stump, 2008) and may improve insulin sensitivity in
subjects with impaired glucose tolerance (Popp-Snijders ef al., 1987). The only
nutritionally important MUFA is oleic acid, which is abundant in olive and canola oils and
also in nuts. With regard to trans-fatty acids, the trans-isomer of oleic acid raises LDL-
cholesterol and decreases HDL-cholesterol levels; these acids should therefore be
regarded as SFAs and should be restricted (Mahan & Escott-Stump, 2008). Trans-fatty
acid intake has been associated with dyslipidaemia and an increased risk of type 2
diabetes and CVD (Ascherio et al., 1999; Salmeron ef al., 2001). Trans-fatty acids occur
naturally in food (butter and beef fat), as they are formed as a resuit of the bacterial
fermentation in the rumen of cows and sheep. However, most trans-fatty acid intakes
come from partially hydrogenated vegetable oils. The intake of trans-fatty acids should
be no more than 1%E or about 1-3 g per day (Mahan & Escott-Stump, 2008). Ways to

improve the lipid profile are discussed under 2.5.2.2.

Carbohydrates

With regard to carbohydrates, the WHO population nutrient guidelines advocate an
intake providing 55-75% of total energy, with the recommended intake of free sugars
being <10% of total energy (WHO, 2003). It is recognised that the higher intakes of free
sugars threaten the nutrient quality of diets by providing significant energy without
specific nutrients (WHO, 2003). Furthermore, Sevak et al. (1994) showed that the total
carbohydrate and sucrose contents of the diets of South Indians residing in the UK were

positively correlated with postprandial hyperinsulinaemia.
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Fruit and Vegetables

The WHO population nutrient guidelines (WHO, 2003b) as well as the South African
food-based dietary guidelines (Love & Sayed, 2001) prescribe an intake of > 400 g of
fruits and vegetables per day. Participants of the First Indo-US Healthcare Summit
recommended at least 500 g of fruit and vegetables per day to prevent CAD among
Indians (Enas et al., 2008). In a study conducted by Ganesan et al. (2008), it was
concluded that increased intake of fruit and vegetables could play a protective role
against CVD in Asian Indians. The findings of the study showed that a higher intake of
fruit and vegetables accounted for 48% of the protective effect against CVD risk factors.
The beneficial effects of diets rich in fruit and vegetables have been well recognised for
the prevention of chronic diseases, especially CVD, as they contain large amounts of
nutrients such as folate, antioxidants and dietary fibre (Khaw & Barret-Connor, 1987;
Rimm ef al., 1996).

Fibre

The WHO population nutrient intake goal prescribes >25 g fibre per day (WHO, 2003b).
Soluble fibres lower total serum cholesterol and LDL-cholesterol. The proposed
mechanisms for the hypocholesterolaemic effect of soluble fibre are that the fibre binds
bile acids, which lowers serum cholesterol to replete the bile acid pool, and bacteria in
the colon ferment the fibre to produce acetate, propionate and butyrate, which may
inhibit cholesterol synthesis (Mahan & Escott-Stump, 2008). Insoluble fibres such as
cellulose and lignin have no effect on serum cholesterol levels (Mahan & Escott-Stump,
2008). Asian Indians are known to have a lower BMI than Europeans (Raji ef al., 2001).
However, for any given BMI, Asian Indians have a greater waist-to-hip ratio
(Ramchandran et al., 1997; Raji et al., 2001) and more abdominal fat than Europeans.
Some studies suggest that a diet rich in dietary fibre is protective against obesity and
obesity is less common in a population that consumes a high-fibre diet (Van ltallie,
1978). The mechanisms for the underlying effect are possibly due to high intake of fibre,
which further reduces energy intake, improves insulin sensitivity and reduces
insulinaemia (Ludwig ef al., 1999). Viswanathan and Mohan (1991) showed a significant
reduction in serum cholesterol among diabetic patients with a high-carbohydrate, high-
fibre diet, and these effects were sustained for a long period of time (Viswanathan et al.,

1981).
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Other factors

Other dietary factors such as alcohol, anti-oxidants and soy protein intake ailso need to
be considered. Alcohol raises both triglyceride and HDL-cholesterol levels (Miettinen et
al., 1995). The effect of alcohol on triglycerides is dose-dependent and is greater in
persons with triglyceride levels exceeding 1.69 mmol/L (Mahan & Escott-Stump, 2008). |
In terms of anti-oxidants, two dietary components that affect the oxidation potential of
LDL-cholesterol are the level of LA in the particle and the availability of antioxidants.
Soy protein lowers total cholesterol, LDL and triglycerides and has no effect on HDL-
cholesterol. Plant stanols and sterols lower serum cholesterol (Miettinen et al., 1995).
Elevated serum homocysteine levels, independent of other cardiac risk factors, are
associated with increased risk for CHD. Compared with Europeans, Asian Indian men in
the UK have higher concentrations of plasma homocysteine (Chambers ef al., 2000).
Data consistently show that dietary supplementation of folic acid, with or without other B
vitamins, lowers homocysteine levels; however, this is not accompanied by lower heart
disease risk (Van Horn et al., 2008).

256116 Characteristic features of the Indian diet

Apart from reviewing food consumption trends and existing interventions, it is also
important to review the characteristic features of the Indian diet. The Indian sub-
continent is characterised by cultural heterogeneity with a huge difference in food
consumption patterns amongst the different communities across the Indian Diaspora
(Ghosh ef al.,, 2003; Ghosh, 2004). This diversity in food consumption is a potential risk
factor for many chronic conditions such as dyslipidaemia in Asian Indians. In general,
vegetarianism tends to predominate, but variation in carbohydrate, fat and fibre intake

depends largely on geographical region and caste of individual (Misra et al., 2001).

Increased risk for diabetes and CHD in Asian Indians is confined to urban and emigrant
populations (Raheja ef al., 1993). These populations have deviated from their traditional
low-fat lactovegetarian diet and instead consume a high-fat, refined cereal diet, partially
deficient in the n-3 fatty acids which are required for normal insulin action (n-6:n-3 ratio
of 19-50 or more vs. a ratio of 5.5 in the traditional diet). Indians in the UK also consume

almost twice the quantity of n-6 compared with the local population (24-26 g vs. 12-14 g,
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i.,e. 8-10% versus 5.1% energy), with lower n-3 intake (0.4-0.6% vs. 0.7% energy)
(Raheja ef al., 1993).

In terms of Indian dietary intake in South Africa, little is known. In a study conducted by
Wolmarans et al. (1999), one of the salient features of the Indian diet was the high
dietary P:S ratio. This study also revealed that the Indian diet had elements of a typical
Western-type diet in terms of energy distribution for total fat intake and dietary fibre
intake (Wolmarans ef al., 1999).

26117 Nutrients versus dietary patterns

Interpreting results from studies that examine single dietary factors such as nutrients is
difficult because of the interrelationship of nutrients and of foods consumed. Therefore,
examining dietary exposure in its totality is more attractive. Kant (2004) reviewed the
literature on dietary patterns in relation to nutrient adequacy, lifestyle, demographic
variables and health outcomes. Most published reports on the subject have used one or
two methods: either the diet indexes/scores that assess compliance with prevailing
dietary guidance as dietary patterns, or the data-driven method that uses factor/ciusters
analysis to derive dietary patterns. In this review, it was found that age, income and
education have been reported to be among positive predictors of the so-called healthy
dietary patterns (Kant, 2004). In examining diet as a multidimensional experience, food
combinations consumed reflect individual food preferences modulated by a mix of
genetic, cultural, social, health, environmental, lifestyle and economic determinants
(Krondl & Coleman, 1986; Quandt, 1999; Van der Bree ef al., 1999). Kant concluded
from her systematic review that the reported dietary indexes/scores as dietary patterns
can be grouped into three major categories: dietary variety-based scores, scores
derived from assessment of dietary guidelines and scores based on assessment of the
Mediterranean diet (Kant, 2004).

In summary, diet and nutrition are prominent factors in the promotion and maintenance
of good health throughout the life course. It is seen as the most modifiable factor of
NCDs; therefore, all variables related to dietary factors need to be carefully assessed
for successful intervention. Since the prevalence of metabolic abnormalities in Indian
Asians compared with Caucasians may be attributable in part to differences in intakes
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of n-6 and n-3 PUFAs (Ghafoorunissa, 1998), these long-chain fatty acids will be

discussed in more detail.
2.5.1.2 Omega-6 and omega-3 fatty acids
26121 Introduction

PUFAs of the n-6 and n-3 series are essential nutrients that exert an important influence
on plasma lipids and serve cardiac and endothelial functions to impact the prevention
and treatment of CHD (Stanley ef al., 2007). Both n-6 and n-3 PUFAs have distinct
biological effects contributing to their cardioprotective action. While it is accepted that
PUFAs of both series are dietary essentials, both the absolute intakes (g per day) and
the n-6:n-3 ratio required to achieve optimal CHD health benefits are somewhat
controversial, in part due to the failure to consider their intake in the context of total daily
fat and total daily PUFA (i.e. as a percent of energy) consumed by the population under
study (Stanley ef al., 2007). The role of n-6 and n-3 PUFAs in cardiovascular risk with
reference to the “ideal” balance between the two series of fatty acids will be reviewed in
this section with the focus on the day-to-day consumption of a healthy amount of
essential fatty acids, not on their potential as corrective therapy for individuals with
CHD.

PUFAs are natural constituents of animal and vegetable lipids, with the unique feature
of containing more than one double bond (Burdge & Calder, 2005). Two PUFAs, LA (n-
6 fatty acid, C18:2) and a-linolenic acid (ALA, n-3 fatty acid, C18:3) are termed essential
because they cannot be synthesised by the body; therefore, these fatty acids have to be
provided exogenously in the form of food. A complex series of desaturation and
elongation reactions acting in concert transform LA and ALA to their higher unsaturated
derivates: AA from LA and EPA and DHA from ALA. Both series compete for the activity
of a rate-limiting A-6-desaturase and, although this enzyme shows greater substrate
specificity for ALA, the overabundance of dietary LA gives it a quantitative advantage
that limits the conversion of ALA to EPA in vivo (Burdge & Calder, 2005). Only small
(2% to 5%) amounts of ALA are converted to EPA in humans (Davis & Kris-Etherton,
2003). Even less is converted to DHA (<1%) (Hussein et al., 2005). EPA (20:5) and
DHA (22:6) are found in cold water fish such as mackerel, salmon, herring, trout,
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sardines and tuna. ALA is found in various plant sources, including flaxseed, walnuts,
canola oil and soybeans (van Horn ef a/., 2008). In the absence of preformed EPA and
DHA from fish oil or supplements, the dietary ratio of n-6 to n-3 PUFAs in a western diet
is determined, for the most part, by the relative proportion of LA (~95%) to ALA (~90%)
(Stanley et al., 2007). Because of the competition between LA and ALA for metabolism
by A-6-desaturase, the n-6:n-3 fatty acid ratio is potentially useful. It may say something

about the relative rates of metabolism of the two fatty acids in vivo (Stanley ef al., 2007).
2.6.1.22 Linoleic acid

Characteristics of Iinoleic acid .

LA is the primary (in terms of mass consumed) essential fatty acid and represents the
basis of the n-6 family. It is the most common PUFA incorporated into dynamic
phospholipids needed for membrane structure and lipoproteins [particularly
phospholipid-rich HDL involved in lipid transport (Wijendran & Hayes, 2004)].
Epidemiological evidence supports a role for dietary LA in reducing the risk of CHD. A
cross-sectional study in healthy men from four European populations found that higher
adipose tissue LA, a marker of dietary LA intake, was associated with lower CHD
mortality (Riemersma ef al,, 1986). [n the National Heart, Lung, and Blood Institute
Family Heart Study (Djousse ef al., 2001), the highest tertile of LA intake (11.7 g per
day, or about 5% of energy at 8400 kd per day energy intake) was associated with a
lower prevalence odds ratio for coronary artery disease compared with the lowest tertile
of LA intake (3.9 g per day or about 1.7% of energy), when adjusted for ALA intake and
other relevant risk factors. Randomised controlled intervention studies have shown that
diets high in LA reduce the incidence of CHD compared with diets higher in SFAs
[National Cholesterol Education Program/ Third Adult Treatment Panel
(NCEP/ATP111), 2002; Van Dam ef al, 2002] and LA intake has been inversely
associated with the risk of type 2 diabetes (Van Dam ef al., 2002). On the other hand,
some individuals and groups have recommended substantial reductions in n-6 fatty
acids (Simopoulos ef al., 1999; Hamazaki & Okuyama, 2003; Sears, 2003; Simopoulos,
2008). Arguments for reduced LA intakes are based on the assumption that because
CHD has an inflammatory component (Libby, 2006) and because the n-6 fatty acid AA

is the substrate for the synthesis of a variety of pro-inflammatory molecules, reducing
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LA intakes should reduce tissue AA content, which should reduce the inflammatory

potential and therefore lower the risk for CHD.

Health benefits of Iinoleic acid

The cholesterol-lowering effect of LA is well established in human trials. In a meta-
analysis of 60 feeding studies, the substitution of PUFAs (mainly n-6) for carbohydrate
had favourable effects on the ratio of total cholesterol to HDL-C (Mensink ef al., 2003).
Higher plasma PUFA levels are inversely associated with the ratio of total cholesterol to
HDL-C (Siguel, 1996). These findings confirm an LDL-lowering effect of n-6 fatty acids
beyond that produced by the removal of SFAs. Additionally, higher intakes of LA may
improve insulin resistance (Salmeron et al.,, 2001) and reduce the incidence of diabetes
mellitus (Grimsgaard et al., 1999), and higher serum LA levels are associated with lower
BP (Mozaffarian ef al., 2004). LA is the most potent dietary fatty acid for reducing serum
total cholesterol and LDL-C (Hegsted ef al., 1965; Mensink et al., 2003).

A scientific advisory from the American Heart Association (AHA) recently reviewed
evidence on the relationship between n-6 PUFAs and the risk of CHD and CVD (Harris
et al., 2009) and concluded that the combined results of observational and randomised
controlled studies provide evidence that replacing SFA or refined carbohydrate with n-6
PUFAs (10% to 21% of energy) reduces CHD risk compared with lower intakes of n-6
PUFAS, with no clinical evidence of adverse events. The advisory undertaken by Harris
et al. (2009) summarised the current evidence on the consumption of n-6 fatty acids.
Aggregate data from randomised trials, case-control and cohort studies indicate that the
consumption of at least 5% to 10% of energy from n-6 fatty acids reduces the risk of
CHD relative to lower intakes. The data also suggest that higher levels appear to be
safe and may be even more beneficial (as part of a low-SFA, low-cholesterol diet). In
summary, the AHA supports n-6 PUFA intake of 5% to 10% of total daily energy intake
in the context of other lifestyle and dietary recommendations (Harris et a/.,, 2009) and
expressed concern that the percentage of individuals who meet the adequate intake (Al)
(Food and Nutrition Board (FNB) of the Institute of Medicine, IOM, 2000) for this fatty
acid would decrease with increased replacement of currently used vegetable oils (rich in
n-6) with canola oil (rich in n-3 fatty acids). These observations sugges{ that a mixture of
vegetable oils that contain ALA and LA could be used to optimise compliance with the

Al for these fatty acids. The FNB issued an acceptable macronutrient distribution range
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(AMDR) of 5% to 10% of energy as n-6 PUFAs and 0.6% to 1.2% of energy as ALA
(FNB/IOM, 2000). The group also established Al values for ALA of 1.1 g/day for aduit
women and 1.6 g/day for adult men and for LA, 11-12 g/day for adult women and 14 to
17g /day for adult men (FNB/IOM, 2000).

26123 Alpha-linolenic acid

ALA is the second primary essential fatty acid that can be elongated and desaturated to
form highly specialised 22-carbon fatty acids within the n-3 family. Human studies
suggest that dietary ALA (and its subsequent metabolic end products) may protect
against CHD (Hu ef al., 1999b; Djousse et al., 2001). The highest quintile of ALA intake
(1.36 g per day or 0.6% of energy) was associated with 45% fewer cardiac deaths
compared with the lowest quintile (0.71 g per day or 0.3% of energy) in women in the
Nurses’ Health Study (Hu ef al., 1999b). In the National Heart, Lung, and Blood Institute
Family Heart Study (Djousse ef al., 2001), the highest quintile of ALA intake (1.1 g per
day or 0.5% of energy intake) was associated with 40% lower mortality from coronary
artery disease compared with the lowest quintile of ALA intake (0.5 g per day or 0.2% of
energy), after adjusting for LA intake and other relevant factors. However, in a recent
systematic review, the authors (Wang ef al.,, 2006) found no high-quality evidence of
reduction in rates of all-cause mortality, cardiac and sudden death and possibly stroke
by ALA. Two of the randomised controlled ALA dietary trials included in the review
reported significant reductions or trends toward lower rates of all-cause mortality,
cardiac or sudden death or non-fatal myocardial infarction (MI) (Singh et al., 2002; de
Lorgeril et al., 1999), whereas the third trial (Bemelmans et al, 2002) reported a
decrease in the estimated IHD risk similar in extent to that found with increased LA
intakes. The way in which dietary ALA may reduce CHD risk is not clear, but may have
more to do with cardiac function (antiarrhythmic effect) than with plasma lipids (Hu ef
al., 1999b).

25124  Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)

EPA and DHA are potent triglyceride-lowering and effective antiarrhythmic agents
(reviewed by Wijendran & Hayes, 2004). Considerable data suggest that DHA and EPA,
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found primarily in oily fish, decrease the risk of CHD (Kris-Etherton et al., 2002). In the
Physicians’ Health Study, consumption of one or more servings of fish per week was
associated with a 52% lower risk of sudden cardiac death compared with less than one
fish meal per month (Albert et al.,, 1998), and in the Nurses’ Health Study consumption
of five or more servings of fish per week was associated with 45% fewer cardiac deaths
compared with consumption of less than one fish meal per month (Hu ef al., 2002).
Randomised clinical trials have also shown a protective effect of EPA and DHA on CHD
mortality (reviewed by Wijendran & Hayes, 2004). However, a large randomised
controlled trial to study the effect of dietary advice for men with angina to increase the
intake of oily fish (two portions per week) and/or three oily fish capsules per day for 3-9
years resulted in a higher risk of cardiac death (Burr et al., 2003). Inclusion of this study
in a meta-analysis of the effect of long-chain n-3 fatty acids (EPA, DHA and
docosapentaenoic acid) and shorter-chain ALA on total mortality, cardiovascular events
and cancer, led the authors (Hooper ef al., 2008) to conclude that neither the long-chain
nor the shorter-chain fats have a clear effect on these outcomes. Furthermore,
according to the authors, the source (dietary or supplemental) and dose of n-3 fats did
not seem to influence the effectiveness of long-chain n-3 fats. Their results differ from
those of a systematic review by Bucher et al. (2002), which reviewed trials assessing
the effects of long-chain n-3 fatty acids over at least six months in patients with CHD
(no{ including the Burr et al. trial) and found significant protection from mortality and
sudden death. Although there is no clear evidence to show that n-3 fatty acids alter total
mortality or CVD events in those with CVD, for the general population the advice is to
eat two portions of fish each week, one of which should be oily (Food Standards
Agency, Committee of Toxicity, 2004). Table 2.6 summarises the biological effects of n-

6 and n-3 polyunsaturated fatty acids on cardiovascular risk factors.

Lower circulating and tissue levels of long-chain n-3 PUFAs and a higher proportion of
total fatty acids like n-6 PUFAs LA and AA have been reported in some Indo-Asian
groups (McKeigue ef al., 1985; Conqguer & Holub, 1998), which could be ascribed to a
lack of the n-3 fatty acids in the diet, to a dietary excess of n-6 PUFAs or to a metabolic
defect in the incorporation of long-chain n-3 PUFAs (Lovegrove ef al., 2004).
Interestingly, intervention studies in South Asians with n-3 PUFA improved serum lipid
profiles but have not yielded encouraging results with regard to insulin sensitivity (Brady
et al., 2004; Lovegrove ef al., 2004; Minihane ef al., 2005).
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Table 2.6: Biological effects of n-6 and n-3 polyunsaturated fatty acids on
cardiovascular risk factors (adapted from Wijendran & Hayes, 2004)

Linoleic acid Plasma lipids
TC J
LDL-C l
HDL-C Tor<sord
LDL-C:HDL-C d
Hepatic LDL-C clearance 0
Hepatic LDL-C production N

Linolenic acid Plasma lipids lores
LDL-C 1
HDL-C or <>
LDL-C:HDL-C Tore
Arrhythmia 1
Thrombosis «ord

EPA + DHA Plasma lipids
TG 1
LDL-C T
LDL-C:HDL-C T
Hepatic TG and apo B secretion N
Arrhythmia d
Vascular endothelial function Improved
Blood pressure J
Pro-inflammatory factors lore

HDL, high-density lipoprotein; TC, total cholesterol; TG, triglyceride, LDL-C, low-density lipoprotein cholesterol; EPA,
eicosapentaenoic acid; DHA, docosahexaenoic acid

261286 Ratio of dietary LA to ALA

The optimum ratio of dietary LA to ALA is a matter of intense scientific scrutiny (Kris-
Etherton ef al, 2000). The FNB macronutrient report (FNB/IOM, 2000) cited a
FAO/WHO recommendation (FAO, 1992) that concluded that a ratio of 5:1 to 10:1 is
reasonable for adults. Some researchers have suggested that increasing the intake of
n-3 fatty acids and decreasing that of n-6 fatty acids may be beneficial (Dolecek, 1992;
Wijendran & Hayes, 2004). A decrease in the n-6 to n-3 ratio might have favourable
effects on inflammation due to competition between LA and ALA for the A-6-desaturase
enzyme that converts both of these fatty acids to inflammatory mediators (e.g.
prostaglandins, leukotrienes and related metabolites). However, Pischon and

colleagues (2003) found that an increased intake of n-6 fatty acids did not inhibit anti-
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inflammatory effects of n-3 fatty acids among 859 healthy adults. In the study conducted
by Mozzarrarian ef al. (2005), ALA intake was inversely associated with the risk of CHD,
whether or not n-6 fatty acid intake was above or below median intakes (11.2 g/day).
These authors concluded that attention to relative intakes of n-3 and n-6 fatty acids may
be less important than simply increasing the intakes of n-3 PUFAs. This position is
supported by Goyens and colleagues who found that conversion of ALA into longer-
chain n-3 fatty acids is not determined by the n-3 to n-6 ratio but by the absolute
amounts of ALA or LA in the diet (Goyens ef al., 2006). Despite uncertainty in this area,
the AHA Nutrition Committee concluded that total intakes of approximately 1.5 to 3
g/day ALA seem to be beneficial (Kris-Etherton et al., 2002) and recommend that

sources of vegetable oils and other foods that are high in ALA are regularly consumed.

The question of whether the ratio of n-6:n-3 PUFAs or the total amount of dietary
PUFAs is of more importance to cardiovascular health has been addressed recently in a
randomly controlled trial (OPTILIP) by Griffin et al. (2008), using a six-month, food-
based intervention in older men and women. There were no effects of the n-6:n-3 ratio
or EPA/DHA on insulin sensitivity and only minor effects on serum lipids. Additional
EPA/DHA (~1 g per day) showed significant decreases in fasting and postprandial
serum triglycerides and small, dense LDL. The conclusion reached was that the dietary
n-6:n-3 PUFA ratio is of no predictive value in modifying CVD risk factors but reaffirmed
the cardioprotective benefits of dietary EPA/DHA at levels of intake that are achievable
through diet. The OPTILIP study also tested the hypothesis that lowering the dietary n-
6:n-3 ratio might improve haemostatic factors (fibrinogen, activated factor XIl and factor
VIl coagulant activity) (Sanders ef al., 2006). However, lowering the ratio by the addition
of EPA/DHA did not influence these haemostatic factors. The stable isotope tracer study
of Goyens et al. (2006) provided the most definite evidence so far that the absolute
amounts of LA and ALA and not the relative proportions influence the conversion of ALA
to long-chain n-3 PUFAs. The study tested the effects of a low LA and high ALA diet
against a control group. It showed that lowering LA is more effective in promoting
conversion of ALA to EPA, whilst increasing ALA facilitates conversion of EPA to DHA.
The UK Food Standards Agency Workshop (Stanley ef al., 2007) reviewed experimental
and theoretical evidence on the effects of dietary n-6:n-3 fatty acid ratio on
cardiovascular health and recommended that “the use of the ratio to estimate CVD risk

should be abandoned and that further research in this area is unlikely to be fruitful.”
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Advice to reduce n-6 fatty acids intakes is typically framed as a call to lower the ratio of
dietary n-6 to n-3 fatty acids (Simopoulos et al., 1999; Hamazaki & Okuyama, 2003;
Sears, 2003, Simopoulos, 2008). Although increasing n-3 fatty acids does reduce the
risk of CHD (Kris-Etherton et al,, 2002; Mozaffarian & Rimm 2006), it does not follow
that decreasing n-6 levels will do the same. Furthermore, high intakes of n-3 fatty acids
can cause excessive bleeding in some individuals. Thus, patients taking 3 g/day long-
chain n-3 fatty acids should do so only under a physician’s care (Kris-Etherton et al,,
2002). Higher n-6 fatty acid intakes can inhibit the conversion of ALA to EPA (Liou ef a/,,
2007) but such conversion is already quite low (Brenna, 2009) and whether additional
small changes would have net effects on CHD risk after all the benefits of LA
consumption are taken into account, is not clear. The focus on ratio rather than levels of
intake of each type of PUFA has many conceptual and biological limitations (Harris et
al., 2009).

2513 Smoking

Cigarette smoking accounts for a large burden of preventable disease in South Africa.
Smoking causes many diseases such as lung cancer, chronic obstructive pulmonary
disease (COPD) and CVD. According to the MRC (MRC, 2006), the smoking pattern
displayed in South Africa illustrates the effect of an aggressive anti-smoking policy from

1990 to 2004, with a resultant decline in the prevalence of smoking.

Age, gender, ‘race’, cuitural and economic characteristics all affect smoking prevalence
rates. According to the SADHS in 1998, smoking prevalence was highest among
coloured and Indian males, followed by black males. White males and coloured females
had the same prevalence rate. In comparison with figures from 1998, data from the
2003 SADHS revealed a decrease across all race groups for men who smoke daily or
occasionally, except for Indian men, who showed an increase and also have the highest
prevalence at 56% compared with the average of 31.7% for all population groups.
Furthermore, the rates of smoking daily or occasionally for women increased slightly
across all race groups, particularly among Indian women, where the rate was 13%,
compared with the mean of 9% for ail population groups (Department of Heélth, Medical
Research Council & OrcMacro, 2007).
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In terms of mortality rates in South Africa which are attributable to tobacco, there is also
a distinct variation between population groups and gender. In the year 2000, for men 30
years and older, the highest rate of tobacco-related deaths was found in coloureds
(417/100 000), followed by blacks (279/100 000) and Indians (276/100 000), with the
lowest rate in whites (215/100 000). The highest rate of tobacco-related deaths amongst
women was prevalent amongst coloureds (200/100 000), followed by whites (104/100
000), then blacks (36/100 000) and finally, Indians, with a prevalence of 34/100 000
(Groenewald et al., 2007).

2.5.14 Physical inactivity

Physical activity has been well recognised as a key health behaviour associated with
reduced all-cause mortality and morbidity. With sedentary lifestyles there is a decline in
energy expenditure, leaving individuals more susceptible to chronic diseases. The
benefits of physical activity have been extensively reviewed. It appears to be protective
for chronic diseases, decreasing serum triglyceride concentrations, improving tissue
sensitivity to insulin, increasing fibrinolytic activity, decreasing clotting activity,
increasing HDL-cholesterol concentrations and lowering BP (Morris et al., 1966;
Bouchard & Rankinen, 2001).

The results of the South African National Burden of Disease Study (SANBD) showed
that in adults in the year 2000, 30% of IHD, 27% of colon cancer, 22% of ischaemic
stroke, 20% of type 2 diabetes and 17% of breast cancer were attributed to physical
inactivity (Joubert ef al., 2007b). Moreover, the findings showed that, compared with
other regions and the global average, South African adults have a high prevalence of
physical inactivity, with 49% of adult women and 43% of adult men being inactive
(Joubert et al.,, 2007b). The 2003 SADHS provided nationally representative data on
physical activity of adults, which revealed that KwaZulu-Natal has the highest levels of
inactivity for both men and women (66% and 81% respectively) (Department of Health,
Medical Research Council & OrcMacro, 2007). With reference to the Indian population,

it was found that 43.1% of men and 62.6% of women were inactive.
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A systematic review of 17 studies in the UK, Fischbacher ef al. (2004), reported
substantially and consistently lower levels of physical activity and fithess in South
Asians compared with Europeans. Although there are many determinants of levels of
physical activity, cultural and religious issues may be particularly important in some

groups such as South Asian Muslim women (Fischbacher et al., 2004).

It is well established that associated health benefits of physical activity accrue in a dose-
dependent manner with increasing frequency, duration and intensity (Bouchard ef al,,
2001). The current public health recommendation is 30 minutes of accumulated
moderate to vigorous activity on most days (WHO, 2003b). To lose weight, 60 minutes
of physical activity is recommended per day. The recommendations of the American
College of Sport Medicine (ACSM) and AHA for healthy adults under age 65 years are
as follows: moderately intense cardio for 30 minutes a day, five days a week or
vigorously intense cardio for 20 minutes a day, three days a week and eight to ten
strength-training exercises, with eight to 12 repetitions of each exercise twice a week.
Moderate-intensity physical activity means working hard enough to raise heart rate and
break a sweat, yet still being able to carry on a conversation. It should be noted that to
lose weight or maintain weight loss, 60 to 90 minutes of physical activity on most days
may be necessary. The 30-minute recommendation is for the average healthy adult to
maintain health and reduce the risk of chronic disease (ACSM and AHA, 2007).

252 BIOLOGICAL FACTORS

2521 High blood pressure

High BP has been recognised as being responsible for the increasing proportion of the
burden of disease both globally and regionally. Globally, analysis indicates about two-
thirds of stroke and almost one-half of IHD cases are attributable to raised BP with the
systolic BP 2115 mm Hg (Norman ef al., 2006).

According to Seedat (2004), the prevalence of CVD and hypertension is rapidly
increasing in sub-Saharan Africa (SSA). The control of BP was reported to be less than
1% in Tanzania (Edwards ef al., 2000) and 15% amongst blacks in South Africa (Steyn
et al., 2001). From this study, it was concluded that countries in SSA should develop
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country-specific recommendations on the prevention and management of NCDs, as
already recommended by the World Health Assembly and WHO (Seedat, 2004).

High BP is common in South Africa and people are usually unaware of the silent
epidemic (Seedat, 1999). High BP is a risk factor for heart attack, stroke, left ventricular
hypertrophy, renal diseases and blindness. It frequently co-exists with other risk factors
for chronic diseases of lifestyle such as diabetes and obesity. The determinants of
hypertension are high body weight, pulse rate and urinary sodium/potassium ratios.
According to Seedat (1999), CHD is a major outcome related to hypertension in white
and Indian populations in South Africa. In contrast, black patients are more prone to
cerebral haemorrhage, malignant hypertension and kidney disease, whereas CHD was

uncommon until recently (Sliwa ef al., 2008).

The 2003 SADHS provided nationally representative data on the prevalence of
hypertension (Department of Health, Medical Research Council & OrcMacro, 2007).
The mean systolic BP for those over the age of 15 years was 123 mmHg for men and
121 mmHg for women. The prevalence of hypertension using the 1999 World Health
Organization cut-offs, suggesting that a person be considered as hypertensive with a
BP 2140/20 mm Hg and/or taking anti-hypertensive medication, was 40% and 51% for
men and women respectively. The mean systolic BP of Indian men was 128 mmHg and
that of Indian women 126 mmHg (Department of Health, Medical Research Council &
OrcMacro, 2007).

In the study of the burden of disease attributed to high BP in adults aged 30 years and
older, it was estimated that, in the year 2000, almost 47 000 deaths in South Africa were
attributed to high BP, accounting for 9% of deaths and 2.4% of total DALY, with high
BP being the second leading risk factor in terms of death (Norman ef al., 2006). The
results of this study endorsed the fact that high BP contributes significantly to the

burden of disease in South Africa.

The study conducted by Morar et al. (1998) at the University of KwaZulu-Natal in
Durban compared the BP profile of Indian and black students. It was found that the risk
factors leading to CHD were more common in Indians than in black participants. Those

with borderline hypertension (BP =2130/85 and =<140/90 mmHg) had statistically
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significantly higher serum triglycerides and left ventricular mass than normotensives.
The study concluded that metabolic risk factors for CHD in Indian people are apparent
at an early age and thus the need to prevent risk factors leading to CHD at an early age

was imperative (Morar ef al., 1998).

Gaziano (2006) argued that the 2006 South African Hypertension (SAH) Guidelines are
too imprecise to assess cardiovascular risk, and that patients at high risk may be denied
treatment and patients at low risk may be treated inappropriately. Rayner ef al. (2007)
responded to these criticisms by stating that the SAH risk charts are only guidelines
which must be used in conjunction with good clinical judgement, assessment of target
organ damage and recognition of associated conditions. Lifestyle interventions are
critically important and are the first step in the treatment algorithm, regardless of CVD
risk (Rayner ef al., 2007).

According to recent projections, by the year 2020, 6.4 million deaths due to CVD could
occur in developing countries in the age group of 30-69 years (Reddy & Katan, 2004).
This disability in middle age has major social and economic consequences owing to the
severity of its complications and the frequency of non- or under-diagnosis. It is
imperative that the fight against arterial hypertension should feature prominently in

policy development (Seedat & Rosenthal, 2006).

Of the many risk factors related to high BP, the dietary exposure that has been most
investigated is daily sodium intake (Law et al., 1991; Gibbs et al., 2000). Limitation of
dietary sodium intake to meet these goals should be achieved by restricting daily salt
intake to less than 5g per day (WHO, 2003b). Numerous clinical intervention trials,
conducted to evaluate the effects of dietary salt reduction on BP levels, have been
reviewed thoroughly (Midgley ef al., 1996; Cutler ef al., 1997). Based on an overview of
32 methodologically adequate trials, Cutler ef al. (1997) concluded that a daily reduction
of sodium intake by 70-80 mmol was associated with a lowering of BP both in
hypertensive and normotensive individuals, with systolic and diastolic BP reductions of
4.8/1.9 mmHg in the former and 2.5/1.1 mmHg in the [atter. The current guideline for
South Africans is to reduce sodium intake to no more than 100 mmol per day (2.4 g

sodium or 6 g sodium chloride/salt) (Charlton & Jooste, 2001).
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As high BP contributes to a substantial burden of CVD in South Africa, the results
discussed above indicate that there is considerable potential for health gain from

implementing BP-lowering interventions that are known to be highly cost effective.
25.2.2 High blood cholesterol and other lipid abnormalities
26221 Introduction

in a statistical release in 20086, diseases of the circulatory system accounted for 13.7%
of all deaths and were ranked as the third leading cause of death in South Africa in
2006 (Stats SA, 2006). The study on the burden of disease attributable to high
cholesterol in adults over 30 years showed that about 59% of IHD and 29% of the
ischaemic stroke burden in adult males and females were attributed to high LDL (= 3.8
mmol/L), with marked variations by population group (Norman et al., 2006). This study
concluded that high cholesterol is an important cardiovascular risk factor in all
population groups in South Africa. Furthermore, in terms of mortality rates attributable to
elevated serum cholesterol concentrations, the highest prevalence was found amongst
the Indian population, where it accounted for 22.2% of all deaths, followed by the white

population, where it accounted for 20.5% of all deaths in 2000 (Norman et al., 2006).
26222 Desirable Iipoprotein pro}ﬂe

A desirable lipoprotein profile is a total serum cholesterol concentration of less than 5.18
mmol/L, LDL-cholesterol less than 3.37 mmol/L, HDL-cholesterol greater than 1.0
mmol/L and triglyceride level less than 3.89 mmol/L (NCEP, 2002). LDL concentrations
are classified as follows: optimal <2.59 mmol/L, near or above optimal 2.59 to 3.34
mmol/L, borderline high 3.36 to 4.11 mmol/L, high 4.14 to 4.89 mmol/L and very high
>4.91 mmol/L (NCEP/ATPIII, 2001). Although drug therapy is often prescribed for those
at moderate to high risk, dietary changes are recommended across the board. The
strongest dietary determinants of elevated LDL-cholesterol concentration are dietary
SFA and trans-fatty acid intakes. Trans-fatty acids increase LDL-cholesterol
concentration slightly less than do SFAs but SFAs increase HDL-cholesterol

concentration (Lichtenstein et al,, 1999). Elevated triglyceride concentrations are now
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recognised as an independent risk factor for CHD (Mahan & Escott-Stump, 2008).
Hypertriglyceridaemia is most common in MetS. Because of their roles in metabolism,
triglyceride and HDL-cholesterol concentrations are inversely related. Because of large
biological variability (<20%) in triglyceride measurements, a single sample analysed for
blood triglyceride may not reflect true concentrations. Factors that increase triglyceride
concentrations include diet (excessively low-fat, high in refined carbohydrate),
oestrogens, alcohol, obesity, untreated diabetes, untreated hypothyroidism, chronic

renal disease and liver disease (Mahan & Escott-Stump, 2008).
26228 Dietary fats and CVD

The relationship between dietary fats and CVD has been extensively investigated, with
consistent associations emerging from a wide body of evidence accrued from animal
experiments, observational studies, clinical trials and metabolic studies in diverse
human populations (Kris-Etherton et al.,, 2001). Convincing associations for reduced risk
for CVD include the consumption of fruits and vegetables, fish and fish oils (EPA and
DHA), foods high in LA and potassium, increased physical activity and low to moderate
alcohol intake. Furthermore, there is convincing evidence that myristic and palmitic acid,
trans-fatty acids, high sodium intake and overweight contribute to an increase in risk
(Joint WHO/FAO Expert Consultation, 2003b).

As mentioned previously, SFAs raise total and LDL-cholesterol, but individual fatty acids
within this group have different effects, such as myristic and palmitic acids which
account for the greatest effect (Mensink & Katan, 1992; Grundy & Vega, 1998). The
most effective substitutions for SFAs in terms of CHD outcome are PUFAs, especially
LA. This finding is supported by the results of several large randomised clinical trials, in
which substitution of saturated and trans-fatty acids by polyunsaturated vegetable oils
lowered CHD risk (Hu ef al., 1997). The traditional target is to restrict the intake of SFAs
to less than 10% of daily energy intake and less than 7% for high-risk groups.

When MUFAs and n-6 PUFAs are substituted for SFAs in metabolic studies, they both
lower plasma total and LDL-cholesterol concentrations (Kris-Etherton, 1999). As
mentioned before, the only nutritionally important MUFA is oleic acid, which is abundant
in olive and canola oil and in nuts, while the most important PUFA is LA, which is
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abundant especially in soybean and sunflower oils. The most important n-3 PUFAs are
EPA and DHA, found in fatty fish, and ALA found in plant foods. The biological effects of
n-3 PUFAs are wide-ranging, involving lipids and lipoproteins, BP, cardiac function,
arterial compliance, endothelial function, vascular reactivity and cardiac
electrophysiology, as well as potent antiplatelet and anti-inflammatory effects (Mori,
2001). The long-chain n-3 PUFAs (EPA and DHA) powerfully lower serum triglycerides
but they raise serum LDL-cholesterol (as indicated in Table 2.6). Therefore, their effect
on CHD is probably mediated through pathways other than serum cholesterol (WHO,
2003). Diets should provide an adequate intake of PUFAs, i.e. in the range of 6-10% of
daily energy intake. The suggestion of an optimal balance between intake of n-6 PUFAs
and n-3 PUFAs, ie. 5:1 to 10:1 (WHO, 2003b) is currently debated and has been
discussed in more detail in section 2.5.1.2. Intake of oleic acid should make up the rest
of the daily energy intake from fats, to give a daily total fat intake ranging from 15% up
to 30% of daily energy intake (WHO, 2003b).

Similarly, another strategy to achieve this above-mentioned recommendation is to
replace foods that are high in SFAs with those that are higher in unsaturated fatty acids.
Canola oil has the potential to help consumers in this way because it has the lowest
concentration of SFAs (US Department of Agriculture, 2005). Canola oil is composed
predominantly of MUFAs and is the richest source of the n-3 fatty acid, ALA (Johnson et
al., 2007). Johnson et al. (2007) examined the effect on fatty acid intakes among US
adults of substituting canola oil for selected vegetable oils and canola oil-based
margarine for other spreads. Their theoretical model demonstrated increased
compliance with dietary recommendations for SFAs, MUFAs and ALA. However,
Nettleton (2007) pointed out that “to achieve dietary recommendations (for SFA as well
as cardio protective foods such as whole grains, nuts, fish, fruits and vegetables), focus
needs to extend beyond replacement of one oil by another.” Emphasis on multiple
aspects of dietary intake and dietary patterns is needed to deliver tangible public health

messages, improve quality of life and reduce CHD morbidity and mortality.

Trans-fatty acids are geometrical isomers of cis-unsaturated fatty acids that adopt a
SFA-like configuration. Metabolic studies have demonstrated that trans-fatty acids
render the plasma lipid profile even more atherogenic than SFAs, by not only elevating

LDL-cholesterol to similar levels but also decreasing HDL-cholesterol (Katan, 2000). To
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promote cardiovascular health, diets should provide a very low intake of trans-fatty
acids (hydrogenated oils and fats). In practice, this implies an intake of less than 1% of
daily energy intake. This recommendation is especially relevant in developing countries

where low-cost hydrogenated fat is frequently consumed (Katan, 2000).

Cholesterol in the blood and tissues originates from two sources, namely diet and
endogenous synthesis with dairy fat and meat, the major dietary sources. Even though
dietary cholesterol raises plasma cholesterol levels (Hopkins, 1992), observational
evidence for an association of dietary cholesterol intake with CVD is contradictory (Hu
et al., 1999a). There is no requirement for dietary cholesterol and it is advisable to keep
the intake as low as possible (Kris-Etherton ef al., 2001), at not more than 300 mg per
day (WHO, 2003b).

Dietary plant sterols, especially sitostanol (2 to 3 g per day), reduce serum total
cholesterol and LDL levels by as much as 14% by inhibiting cholesterol absorption
(Miettinen ef al., 1995; Law, 2000). Commercial products made of these compounds are
widely available, but their long-term effects and safety remain to be seen (Van Horn ef

al., 2008).
26224 Dietary fibre, fruit, vegetables, soy, alcohol, nuts and coffee and CV.D

Most dietary fibres decrease plasma total and LDL-cholesterol, as reported by several
trials (Anderson & Hanna, 1999). Numerous large cohort studies conducted in different
countries have reported that a high-fibre diet (>25 g per day), as well as a diet high in
wholegrain cereals, lowers the risk of CHD (Pietinen ef al., 1996a; Rimm ef al., 1996;
Liu ef al,, 1999; Truswell, 2002). Soluble fibre appears to have greater LDL-lowering
potential than insoluble fibre but high total fibre remains inversely related to CHD
(Jenkins et al., 2002).

Although the consumption of fruits and vegetables has been widely believed to promote
good health, evidence related to their protective effect against CVD has been presented
only in recent years (Ness & Powles, 1997). Several ecological and prospective studies
have reported a significant protective association for CHD and stroke with consumption
of fruits and vegetables (Gilman et al., 1995; Ness & Powles, 1997; Joshipura ef al,,
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1999; Liu et al., 2000). Daily intake of fresh fruit and vegetables (including berries,
green leafy and cruciferous vegetables and legumes) in an adequate quantity (400-500
g per day), is recommended to reduce the risk of CHD, stroke and high BP (WHO,
2003b; Love & Sayed, 2001). It has been estimated that low fruit and vegetable intake
accounted for 3.2% of total deaths in South Africa in the year 2000 and 1.1% of the 16.2
million attributable DALYs. For both men and women, the largest proportion of total
years of healthy life lost attributed to low fruit and vegetable intake (mean intake 235 g/d
for men and 226 g/d for women) was for IHD (60.6% and 52%, respectively) (Schneider
et al., 2007).

Numerous trials point out that soy has a beneficial effect on plasma lipids (Crouse ef al.,
1999). A composite analysis of 38 clinical trials found that an average consumption of
47 g of soy protein a day led to a 9% decline in total cholesterol and a 13% decline in
LDL-cholesterol in subjects free of CHD (Anderson et al., 1999). In 1999, the Food and
Drug Administration (FDA) issued a health claim stating that 25 g soy protein per day
was associated with reduced risk of CHD. The current research, however, does not
support the earlier findings that were the basis for the health claim (van Horn et al,,
2008). Soy foods can be used as a plant protein substitute for animal protein foods high
in SFA but the expected lowering of LDL-cholesterol may be modest and most likely in
patients with hypercholesterolaemia (van Horn ef al., 2008). Soy is rich in isoflavones,
compounds that are structurally and functionally similar to oestrogen. Several animal
experiments suggest that the intake of these isoflavones may provide protection against
CHD, but human data on efficacy and safety are still awaited (WHO, 2003b).

There is convincing evidence that lew to moderate alcohol consumption (one to two
alcoholic beverages per day) lowers the risk of CHD. In a systematic review of
ecological, case-control and cohort studies in which specific associations were available
between risk of CHD and consumption of beer, wine and spirits, it was found that all
alcoholic drinks are linked with lower risk (Rimm et al., 1999). It seems as if the effect of
moderate alcohol consumption on protection against CHD is mediated through
increased HDL-cholesterol and inhibition of oxidation of LDL-cholesterol (Agarwal,
2002). However, other health risks associated with alcohol (including hypertension and
raised serum triglycerides) do not favour the consumption of alcohol. For those who

elect to consume alcohol, moderation is recommended (van Horn ef al., 2008). This
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recommendation is congruent with the food-based dietary guidelines for South Africans
(Van Heerden & Parry, 2001).

Observational studies reported that nut consumption is associated with a reduced CHD
risk (Hu ef al., 1999b). The unique nutrient profile of nuts may be responsible for this
association. Nuts are high in unsaturated fatty acids and low in SFA. Some nuts, like
walnuts, are high in ALA. Nuts are also a source of vegetable protein and plant sterols.
Because of their nutrient profile, nuts may affect lipoprotein levels favourably.
Furthermore, nuts may displace foods high in SFA and cholesterol (Van Horn ef al,,
2008).

Boiled, unfiltered coffee raises total and LDL-cholesterol because coffee beans contain
a terpenoid lipid called cafestol. Intake of large amounts of unfiltered coffee raises
serum cholesterol and has been associated with CHD in Norway (Tverdal ef al., 1990).
Subsequently, a shift from unfiltered, boiled coffee to filtered coffee has contributed

significantly to the decline in serum cholesterol in Finland (Pietinen ef al., 1996).

2.5.2.3 Obesity

252581 - Introduction

Historically, obesity was associated only with more affluent countries. However, with the
epidemiological transition, the prevalence of obesity is now competing with traditional
public health concerns in the developing countries as a significant contributor to ili-
health (WHO, 1998). Global trends in diet with increased consumption of refined foods,
high intake of sugar and fat, coupled with physical inactivity are primarily responsible for
obesity and its co-morbidities. It is widely acknowledged that excess body weight is
associated with the increased risk of many diseases, such as hypertension, type 2
diabetes and CHD, which lead to serious health consequences (National Institutes of

Health, 1998).
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2.6.2.82 Prevalence of obesity

Obesity is a growing phenomenon in developing countries. In South Africa, 58% of
women were overweight or obese in the 2003 SADHS (Department of Health, Medical
Research Council & OrcMacro, 2007). In a sample of 4481 South African women aged
15 years and above, black women had the highest prevalence of overweight and
obesity (60.9%), followed by Indian women (59.2%), women of mixed ancestry (51.2%)
and then white women (48%). In a sample of 3275 South African men aged 15 years
and older, the prevalence of overweight and obesity was highest in white men (48.1%),
followed by Indian (44.3%) and men of mixed ancestry (36.2%), with the lowest
prevalence in African men (27.2%) (Department of Health, Medical Research Council &
OrcMacro, 2007).

2652383 Health implications

A study on the overall burden of disease attributable to body weight was conducted in
South Africa in 2000 (Joubert ef al., 2007a). It was found that 87% of type 2 diabetes,
68% of hypertensive disease, 61% of endometrial cancer, 45% of ischaemic stroke,
38% of IHD, 31% of kidney cancer, 24% of osteoarthritis, 17% of colon cancer, and
13% of postmenopausal breast cancer was attributable to a BMI = 21 kg/m? Excess
body weight was estimated to have caused 36 504 deaths or 7% of all deaths in 2000,
and 462 338 DALYs or 2.9% of all DALYs. The burden in women was approximately
double that in men. The study confirmed the importance of recognising excess body
weight as a major risk to health, particularly among women, highlighting the need to
develop, implement and evaluate comprehensive interventions to achieve lasting

change in the determinants and impact of excess body weight (Joubert ef al., 2007a).

A large number of clinical problems are associated with being obese. These can be
categorised into those associated with excess adipose tissue, such as osteoarthritis,
and those associated with the metabolic effects of the increased adiposity (Bray, 2004),
such as CHD (Jooste ef al, 1988; Manson et al., 1995), hypertension (Steyn ef al.,
1990), type 2 diabetes mellitus (Lew, 1985; Pi-Sunyer, 1991; Residori ef al., 2003) and
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certain types of cancer (Garti, 1985; Despres, 2001; NCEP, 2004). The metabolic
effects of excess adipose tissue are exerted via increased release of free fatty acids
(FFA) and the production of adipose-derived factors, known as adipokines, which have
specific functions, all of which are not yet fully understood (Lovejoy et al, 2001).
Adiponectin has insulin-sensitising and antiatherogenic properties and may mediate
some of its cardioprotective effects through its anti-inflammatory effects (Berg &
Scherer, 2005). Havel (2004) hypothesises that adiponectin is regulated by adipocyte
size and that a substantial reduction in adipocyte size is required to increase

adiponectin production and circulating levels.

The distribution of the adipose tissue influences its metabolism and thereby disease
risk, independently of the effects of the size of the adipose tissue stores. Accumulation
of fat in the abdominal area, particularly in the visceral fat compartment, is associated
with increased risk of insulin resistance, diabetes, hypertension, dyslipidaemias and
atherosclerosis (Lovejoy et al., 2001). Visceral adiposity is therefore the cornerstone of
the MetS (Conway, 1995). Obesity and type 2 diabetes are closely associated in men
and women of all ethnic groups (Chan ef al., 1994; Colditz ef al., 1995). The risk of type
2 diabetes increases with the extent and duration of overweight and the degree of
central adiposity (Bray, 2004). Obesity is associated with an increased risk of CHD with
a relative risk of approximately 2.8 and 3.4 for men and women respectively (Willett ef
al., 1999). Obesity is an independent risk factor for CVD (Rashid et al.,, 2003). Excess
body weight adversely affects CVD risk factors, e.g. increased LDL-cholesterol levels,
triglyceride levels, BP and blood glucose levels and reduced HDL-cholesterol levels,
and increased risk of developing heart failure, CHD and stroke. The causes of obesity
are multifactorial with large portion sizes, high intake of energy-dense foods and
sedentary lifestyles being the main determinants (Rashid ef al, 2003). In a study
investigating the effects of socio-economic and behavioural characteristics in explaining
waist-hip ratio (WHR), it was revealed that occupation, housing, marital status, smoking
condition, physical exercise, drinking habits and diet patterns cumulatively explain the
total variation of the WHR in the study population (Ghosh, 2006b).

This apparent disease risk associated with the different adipose tissue deposits has
important implications for South Africa, a country of diverse ethnic origin. Differences in

regional fat distribution have previously been reported in American women, with African-
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American women presenting with less visceral fat than do Caucasian women (Conway
et al, 1995; Perry ef al., 2000; Lovejoy ef al., 2001). It is well known that Asian Indians
have a smaller build and excess body fat with predominant adiposity as compared with
Caucasians. They tend to accumulate intra-abdominal or visceral fat without developing
generalised obesity (WHO/IASO/IOTF, 2000; Ghosh ef al, 2004). As it has been
established that body fat and BMI are different among different ethnic groups, BMI cut-

offs should, therefore, be population-specific (Smalberger, 2008).

25234 Criteria for diagnosis of obesity

When prevalence data and other statistics related to obesity are presented, the criteria
used to obtain such information must be defined (Hubbard, 2000), as the definitions of
overweight and obesity in adults have varied over time and from one study to another
(Kuczmarski & Flegal, 2000). BMI (in kg/m?) is widely recognised as a weight-for-height
index that has a high correlation with adiposity, but it does not quantify total body
adiposity or convey information concerning regional fat distribution. However, as
reviewed by Kuczmarski and Flegal (2000), it is an easily obtained measure that has
been recommended for all age groups. Hubbard (2000) argues that although it may be
useful to use similar criteria when comparing data from different studies and countries, a
given BMI may vary when a specific population is observed and BMI cut-off points
should be considered as a guide when assessing different populations. This has also
been supported by a report co-sponsored by the WHO Western Pacific Region where
increases in health-related risk factors were associated with a lower BMI in Asian
populations (WHO/IASO/IOTF, 2000). Lower cut-off points for Asians were identified for
overweight (BMI> 23.0) and obesity (BMI >25.0) (WHO/IASO/IOTF, 2000). Hubbard
states that an extension of the rationale used in developing this regional WHO report

could be applied to subpopulations within other countries (Hubbard, 2000).

Based on the premise that most studies relied predominantly on BMI to assess the
association of adiposity with the risk of death and few studies probed whether the
distribution of body fat contributes to the prediction of death, Pischon ef al. (2008) set
out to research the latter. Their data suggested that both general adiposity and
abdominal adiposity are associated with risk of death, and support the use of WC or

WHR in addition to BMI in assessing the risk of death, particularly in people with low
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BMI. Abdominal obesity is more closely associated with the risk of several chronic
diseases than is gluteofemoral obesity and large studies have suggested that WC or
WHR as indicators of abdominal obesity may be a better predictor of the risk of disease
than BMI (Expert Panel on the Identification, Evaluation and Treatment of Overweight
and Obesity in Adults, 1998; Haslam & James, 2005; Wang ef al., 2005; Yusuf ef al,,
2005). Adipose tissue, particularly from visceral fat deposits, secretes potential
mediators in the development of chronic diseases (Haslam & James, 2005). This
process may explain why abdominal fat distribution is related to the risk of death
independently of BMI. Body mass is more closely related to the amount of visceral fat in

men than in women (Krotkiewski et al., 1983).

Kaur et al. (2008) assessed the association of four obesity-related indices, BMI, WC,
WHR and waist-to-stature ratio (WSR), with hypertension and type 2 diabetes. In their
study sample, WHR was the best predictor for type 2 diabetes. BMI and WC were good
predictors for hypertension. The principal recommendation emerging from their findings
was that WHR should be used routinely in a clinical setting together with BMI to detect
persons with high risk (Kaur ef al.,, 2008). According to Graham ef al., 2007), there is no
solid evidence for the superiority of BMI, WC or WHR in the prediction of cardiovascular
risk. WC has the advantage of simplicity, may be a slightly better estimator of risk than

BMI, but is probably more prone to measurement error.

25285 Determinants of obesity

In order to understand the serious ramifications of obesity it is important to unpack the
underlying mechanisms and determinants of the condition. Firstly, there is a massive
body of evidence linking an adverse intra-uterine environment to the development of
chronic disease later in life (Barker & Fall, 1993). There is now indisputable evidence,
based on large numbers of epidemiological studies conducted in both developing and
developed countries, that small size at birth in full-term pregnancies is linked with the
subsequent “programming” of the major features of the MetS, i.e. glucose intolerance,
increased BP, dyslipidaemia and increased mortality from CVD (Bouchard, 1990;
Barker ef al, 1993; Bouchard, 1994; Rankinen ef al, 2002). Subsequent to this,
Bouchard (1993) reported that approximately 75% of the variation in body fat
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percentage and total fat mass is determined by culture and lifestyle, whereas 25% can

be attributed to genetic factors.

Even though excessive energy intake is responsible for the development of obesity,
high-fat diets promote fat accumulation significantly more than high-carbohydrate diets
do because of the high energy density, metabolic efficiency, palatability, poor regulation
and weak satiating effect of fat (Prentice, 1998). This scenario is especially relevant in
South Africa where increased urbanisation is associated with the shift from a traditional
to a more westernised diet. Future research should focus on intervention strategies
aimed at reducing obesity and its morbid sequelae. These strategies should be
culturally specific, with a particular focus on children and women, and should include
dietary and behavioural aspects, as well as interactions with pharmacotherapy (MRC,
2004).

2.5.3 Disease conditions

2.5.3.1 Diabetes Mellitus
25311 Introduction and prevalence

Diabetes is a common condition and its frequency is rising dramatically all over the
world. The WHO estimated that in 1998 there were 135 million people with diabetes
(King ef al., 1998). The estimate rose to 171 million in 2000 and has been projected to
increase to 366 million in 2030 (Wild et al., 2004). Diabetes is a common cause of non-
traumatic amputations, the leading cause of blindness and accounts for a significant
proportion of end-stage renal disease requiring dialysis and transplantation (Bradshaw
et al.,, 2007a). No national prevalence statistics for diabetes are available for South
Africa. However, a number of epidemiological studies were conducted in selected
communities in the 1980s/1990s (Levitt ef al., 1993; Omar ef al., 1994; Motala ef al,
2003). These reveal a clear rural-urban gradient with higher prevalence in urban
settings and a varied gradient amongst different population groups. Studies have
reported that the highest prevalence is in the Indian population followed by the coloured
and black populations (Bradshaw ef al., 2007a). The study from the Burden of Disease

Research Unit of the MRC used the comparative risk assessment (CRA) methodology
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and the revised WHO criterion of a fasting venous plasma glucose concentration of >7
and/or 211.1 mmol/L taken two hours after a 75 g oral glucose challenge to define the
presence of diabetes (WHO, 1985). The findings of this study showed that the
prevalence of diabetes varied by age, sex and population group, with Indians having the
highest prevalence of diabetes. In the respective age groups of 30 - 44 and 45 - 59
years, 9.7% and 21.7% of Indians had diabetes, with a greater prevalence in men
(Bradshaw ef al., 2007a).

265812 Management of diabetes

Mann (2006) has suggested that it is often necessary to base recommendations for the
management of diabetes on surrogate end points such as glycaemia, body composition,
fipoprotein profile, BP, insulin sensitivity and renal function. There is ample evidence for
recommendations on reduction of energy intake and the increase of energy expenditure
in terms of diabetes control (Mann, 2006). Insulin sensitivity is reduced and most of the
metabolic abnormalities associated with diabetes are exaggerated in those that are
overweight (Astrup et al.,, 2002). According to Goldstein (1992), modest weight loss
improves insulin sensitivily and glucose tolerance and reduces lipid levels and BP.
Effects of fatty acids on insulin resistance and increased insulin sensitivity are noted
when SFAs are replaced by cis-unsaturated fatty acids (Perez-Jimenez et al., 2001;
Vessby ef al.,, 2001; Summers ef al., 2002). With respect to carbohydrates, it is now
apparent that the quality rather than the quantity of carbohydrate really matters, with
vegetables, legumes, fruits and whole grain cereals being the most suitable sources
(especially those with a low glycaemic index) (Mann, 2001). Soluble dietary fibre
increases glycaemic control, reduces levels of total and LDL-cholesterol (Mann, 2001)
and increases levels of HDL-cholesterol (Toeller ef al.,, 1999). Studies have shown that
an increased risk of developing diabetes is prevalent amongst those that have a high
proportion of SFAs in their plasma lipid esters, compatible with a high dietary intake of
saturated fat (Vessby et al., 1994). Likewise, people who exercise regularly and are not
overweight (Manson et al.,, 1991) and who consume a high proportion of LA
(Laaksonen, 2002) have a reduced risk of developing diabetes. Increasing the
consumption of n-3 fatty acids improves several cardiovascular risk factors in persons
with diabetes and may reduce the risk of conversion from impaired glucose tolerance to
type 2 diabetes (Kesavulu ef al., 2002; Kris-Etherton ef al., 2002). Several studies have
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shown that lifestyle intervention involving dietary modification and increased physical
activity reduces the risk of progression of impaired glucose tolerance to type 2 diabetes
(Knowler ef al., 2002; McAuley ef al., 2002).

The study conducted by Ghosh (2006a) investigated anthropometric, metabolic and
dietary fatty acid profiles in lean and obese Indian diabetic patients. The findings of the
study showed that central obesity measures were significantly associated with dietary
fatty acids and their ratio. Furthermore, the ratios of unsaturated fatty acids to SFAs
were significantly negatively associated with lipids, lipoproteins (except HDL) and
fasting glucose. He concluded that dietary management including dietary guidelines
would be useful to retard the growing incidence of diabetes in the Indian population. In
addition, Ghosh (2007) continued in another study to compare obesity measures,
metabolic profiles and dietary fatty acids in lean and obese dyslipidaemic Asian Indian
men and concluded that it was rational to argue that while dealing with dyslipidaemic
Asian Indians, clinicians should consider metabolic profiles and dietary fatty acids

simultaneously to better comprehend the condition.

With the overbearing prevalence of diabetes which deeply impacts on the quality of life,
lifestyle modification can be seen as the cornerstone of both treatment and attempts to
prevent type 2 diabetes (Mann, 2000).

2.5.3.2 Metabolic syndrome (MetS)

26321 Introduction

The metabolic syndrome (MetS) and its components has become a serious problem
worldwide and is a gateway to a host of chronic diseases. The MetS describes a cluster
of risk factors related to CVD in which abdominal obesity, high BP, high blood glucose
and abnormal lipid profile (low HDL-cholesterol, high triglycerides) cluster together in a
person. The NCEP/ATP111, (NCEP/ATP111, 2001) recommends that three out of five

clinical and or biochemical abnormalities should be present to justify the labelling.
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25822 Prevalence of MetS in Indians

There have been a number of studies on the prevalence of MetS in Indians living in
India (Ramachandra et al., 1998; Misra ef al., 2005) and abroad (Hughes ef al., 1997;
Tan et al.,, 2004; Shah et al,, 2005) as they have been considered to be a high-risk
group for the MetS. In addition, several studies have been conducted worldwide on the
prevalence of MetS across different ethnic groups (Misra ef al., 2002; Al-Lawati ef al.,
2003; Yong-Woo, 2003; Kuninori ef al., 2005).

MetS is common in Asian Indians (Das, 2003; Ramchandran ef al., 2003; Dwivedi et al,,
2004). Asian Indians have long been considered to be population at high risk for both
MetS and CVD. The prevalence of MetS has been estimated to be between 28.8% and
41.1% in Asian Indian adults when using the NCEP/ATPIII criteria with modified WC
criteria appropriate for Asian Indians [= 80 cm in women and = 90 cm in men (Tan ef al,,

2004); = 85 cm in women and 2 90 cm in men (Ramachandran ef al., 2003)].

25323 Definitions of MetS

The NCEP/ATP111 (2001) and WHO (2004b) and more recently the International
Diabetes Federation (IDF, 2005) have laid down guidelines to define MetS, and these
have been applied to a number of studies. Insulin resistance is the pivotal feature in the
WHO criteria. WC rather than BMI| has been the differentiating aspect of the MetS
definition by the ATP111 panel and IDF.

It has long been argued that the standard definitions of MetS under-represent the
prevalence of MetS in the Asian Indian community, thereby delaying the
commencement of definite preventive and therapeutic efforts in many individuals. The
results of various studies have acknowledged ethnic variation in clinical measures and
disease outcomes in different populations (Anand ef al., 2000; Tan et al., 2004). In spite
of the various criteria devised for MetS diagnosis, most studies agree that the
prevalence of MetS in Asian Indians is under-represented when the ATP111 or WHO

criteria are used (Misra et al., 2005).
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Misra et al. (2008) investigated the applicability of the NCEP/ATP111 definition of MetS
in ethnic groups other than white Caucasians. The first préblem in terms of the definition
was the WC cut-off points. The NCEP/ATP111 definition of WC is 2102 cm in men (94
cm according to the International Diabetes Federation, IDF, 2005) and = 88 cm in
women (80 cm according to the IDF). However, the cut-off point for men is not
appropriate to Asians because of their inherent abdominal obesity (McNeely et al,
2001). WC morb\idity correlation studies in Chinese, Taiwanese, and Asian Indians
show that WC cut-off points in these ethnic groups are lower than those defined by
NCEP/ATP111 (Bei-Fan, 2002; Lin ef al., 2002). Insulin resistance, non-esterified fatty
acids and dyslipidaemia are reported to be higher in Asian Indians at a lower WC owing
to higher values of body fat, intra-abdominal fat and truncal fat (Banjeri ef al., 1997; Raji,
2001).

Wasir ef al. (2008) set out to derive an optimum definition of MetS for Asian Indians.
They compared the NCEP/ATP111 and the IDF definitions of MetS with two proposed
candidate definitions in adult Asians. Candidate definitions of MetS were proposed by
modifying the NCEP/ATP111 and IDF definitions by including the following modified
variables into two combinations (MetS-ATP1 and MetS-IDF1): WC cut-off point as 290
cm in men and =80 cm in women, BMI cut-off point >23 kg/m? and impaired fasting
blood glucose as >5.55 mmol/L, with WC as an obligatory criterion. Maximum overall
and gender-specific prevalence of MetS was observed using the definition which
included modified cut-off points of WC (non-obligatory), BMI and impaired fasting blood
glucose in addition to other defining parameters. Even in subjects without abdominal
obesity, a high prevalence of other abnormal defining parameters of the MetS was seen
[hypertension (SBP =130 or DBP =85 mmHG), BMI >23 kg/m?, hypertrigyceridemia
>1.69 mmol/L and low levels of HDL-cholesterol]. Wasir ef al. (2008) concluded that
making abdominal obesity a mandatory criterion would lead to missing some cases of
MetS. By including BMI and making WC a non-obligatory criterion, more cases of MetS
are detected. For Asian Indians, making WC a mandatory variable in the definition of
MetS would result in the non-inclusion of nearly 11% of cases which would otherwise be
diagnosed as MetS according to the modified NCEP/ATP111 definition.

According to Zhu (2002), WC is strongly linked to obesity-associated risks. However,

currently proposed WC risk thresholds are not based on association with obesity-related

58



risk factors but rather with BMI. He concluded that WC is more closely linked than BMI
to cardiovascular risk factors. BMI is widely used for classification of overweight and
obesity (Garrow & Webber, 1985; WHO, 1997). However, BMI does not account for the
wide variation in body fat distribution, the nature of obesity across different individuals
and populations, and the joint relation of body composition and body size to health
outcomes (WHO, 1997; Michels ef al., 1998). Many studies have reported that body fat
distribution is a more powerful predictor than BMI for risk factors, disease and mortality
(Albrink & Meigs, 1964; Kissebah et al., 1982; Larsson et al.,, 1982; Blair et al., 1984;
Hartz et al., 1984; Stevens ef al, 1992; Folsom et al, 1993; Pi-Sunyer, 2000).
Increased visceral or abdominal adipose tissue has been shown to be more strongly
associated with MetS and CVD risk and a variety of chronic diseases (Larson et al.
1982; Vague ef al., 1988; Despres et al., 1990; Steven et al., 1992; Bjorntorp, 1993;
Folsom et al.,, 1993; Reeder ef al., 1997); therefore, measurements that are more
sensitive to individual differences in abdominal fat might be more useful than BMI for
identification of obesity-associated adipose tissue (Ross ef al., 1992; Pouliot ef al,
1994; Han et al., 1995). WC is unrelated to height (Han ef al., 1997). WC correlates
closely with BMI (Lean ef al., 1995; Onat, 1999) and total body fat (Lean ef al., 1996),
and in effect is associated with CVD risk factors independent of BMI (United States
Department of Health and Human Services, 2000). WC may be an effective clinical tool
in assessing the risk of CVD (Lean et al, 1998; Okosun et al, 2000). Because
populations may differ in the level of risk associated with a particular WC, it is not
advisable to identify universally applicable risk thresholds (WHO, 1997). Further to this,
women have a greater relative risk of CVD at a lower WC than men (WHO, 1997).
Thus, the development of cut-off points specific to gender and ethnicity is warranted
(Zhu et al., 2002).

In this regard, the WHO has recognised the need for a population-specific modification
of anthropometric measures. It recommends lower BMI definitions for overweight in
Indians (23 kg/m?, WHO, 2004), modified WC measures (290 cm in men and = 80cm in
women, IDF, 2005), and a WHR of 0.89 for men and women (Snehalatha, 2003). These
cut-off points have been applied by several investigators when studying Asian Indians
(Misra et al., 2005; Tan et al., 2005; Tillin ef al., 2005; Heng et al., 2006).
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The study conducted by Kanijilal ef al. (2008) aimed to estimate the prevalence of MetS
in Asians using the ATP111, WHO criteria and the modified definition which included
lower cut-off points for WC (= 90 cm for men and = 80 cm for women), BMI (>23 kg/mz)
and impaired fasting glucose. They concluded that the revision of the definition criteria
for MetS with lowered cut-off points for WC and BMI is critical for the accurate

assessment of MetS among Asian Indians (Kanjilal ef al., 2008).
2.5.8.2.4 Prevention and management of MetS

There is agreement in the literature that full expression of the MetS depends on a
complex interaction between genetic determinants (still largely unknown) and acquired
factors related mainly to lifestyle habits. Both intensive lifestyle interventions and some
drugs may reduce the prevalence of the syndrome (Giugliano et al., 2008). Prevention
of weight gain and obesity may be the single most effective means of preventing MetS.
In theory, the ideal diet should target many, if not all, of the dietary components thought
to influence cardiometabolic risk, including all types of fat (saturated, polyunsaturated,
monounsaturated and trans-fats), fibre, fish, carbohydrates and proteins. Although there
is no such “all-inclusive” diet yet, it seems plausible that a Mediterranean-style diet has
most of the desired attributes, including a lower content of refined carbohydrates, high
content of fibre, moderate content of fat (mostly unsaturated) and a moderate to high

content of vegetable proteins (Giugliano et al., 2008).

According to Minich and Bland (2008), tailored dietary approaches beyond
macronutrient ratio modification may be necessary to address metabolic measures
effectively. These authors discuss various dietary approaches for MetS with a focus on
dietary phytochemicals as they are known to affect insulin signalling. They concluded
that a low-fat diet may serve as an adequate foundation upon which other dietary
additions could be made. Further to this, a number of studies indicate that dietary
patterns high in whole, unprocessed plant foods and abundant in phytochemicals may
have benefits for MetS (Sonnenberg ef al., 2005; Baxter ef al., 2006; Esmaillzadeh ef
al., 2007; Panagiotakos et al., 2007). A survey of emerging literature indicates that the
dietary approach may ultimately involve a diet high in phytochemicals that favourably
target kinases involved in celiular signalling. The epidemiological evidence suggests

that a lower prevalence of MetS is associated with dietary patterns rich in fruit,
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vegetables, whole grains, dairy products and unsaturated fats (Baxter et al., 2006). It
was concluded from this review that no individual dietary component seems wholly
responsible for the association of diet with the MetS, but rather that it is the quality of
the diet that confers the most protection against the MetS (Minich & Bland, 2008). In
terms of intervention, in addition to diet, physical activity has proved to be a useful
lifestyle modification for MetS.

254 Clustering of risk markers

The clustering of health-related behaviours is a well described phenomenon that is
clearly evident in early childhood. Impaired glucose tolerance and adverse lipid profile
seen in childhood are clustered together with high BP and this relates strongly to
obesity (Berenson ef al., 1991; Raitakari et al., 1996; Twisk et al, 1999; Tan et al,
2000). Intergenerational effects, in terms of maternal birth size (Ramakrishnan et al,
1999), poor growth (UNICEF, 1998) and obesity (WHO, 2004a) are also key
determinants in the interaction between early and [ater factors throughout the life
course. In terms of gene-nutrient interactions and genetic susceptibility, there is good
evidence that nutrients and physical activity influence gene expression and have
shaped the genome over several million years of human evolution (WHO, 2003b).
Genes define opportunities for health and susceptibility to disease, while environmental
factors will determine which susceptible individuals will develop diseases (WHO,
2003b). There is a vast volume of scientific evidence highlighting the importance of
applying the life course approach to the prevention and control of chronic disease,

subscribing to the intergenerational approach of prevention throughout the lifespan.

The overall Birth-to-Ten (BTT) project in South Africa (Steyn et al., 2000) collected
antenatal, birth and early development information on children, as well as information
that could help identify factors related to the emergence of CVD (Yach ef al.,, 1990). In
this BTT project, the LDL-cholesterol level of Indian children was significantly higher
than that of blacks. The study suggests that the promotion of a healthy lifestyle should
start in childhood and should target the risk factors found in each group (Steyn ef al,
2000). Similarly, the Barker hypothesis suggests that disturbed intra-uterine growth has
a negative influence on the development of cardiovascular systems and favours the

occurrence of hypertension, diabetes mellitus, insulin resistance, hypercholesterolaemia
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and hyperuricaemia in adult life (Barker & Fall, 1993). Much attention has been given to
interactions between early and later factors throughout the life course, among which low
birth weight followed by subsequent adult obesity has been shown to impart a high risk
of CHD (Frankel ef al., 1996; Yajnik, 2002) and diabetes (Lithell ef al., 1996).

2.6 SUMMARY OF THE ASIAN ENIGMA: PREDISPOSITION FOR
CARDIOVASCULAR DISEASE AND DIABETES

There is an inherent difference between Asians and Caucasians with regard to risk
factors for cardiovascular diseases and diabetes, with Asians having increased risk
owing to increased incidence of insulin resistance and a cluster of cardiovascular risk
factors such as central obesity, hyperglycaemia, dyslipidaemia and microalbuminuria.
Cut-points used in this study were based on cut-points modified for Asian Indians in
view of their morphological structure, as discussed under 2.5.3.2. Cut-points were
based on the recommendations by the WHO for Asian populations (WHO/IASO/IOTF,
2000). Overweight and obesity were defined as >23 kg/m? and >25 kg/m? respectively.
Increased WC was defined as 290 cm for men and =80 cm for women. Impaired fasting
blood glucose was defined as >5.55 mmol/L. Hypertension was defined as SBP =130 or
DBP =285 mmHG and hypertriglyceridaemia was defined as >1.69 mmol/L. More
appropriately, Figure 2.4 succinctly illustrates the complex interactions of genetic,
perinatal, nutritional and other acquired factors in the development of insulin resistance,
type 2 diabetes and CHD in South Asians, which have to be taken into account for

recommendations of intervention.

2.7 RECOMMENDATIONS FOR INTERVENTIONS

The huge body of knowledge amassed over the years has led to several sets of
international dietary recommendations and guidelines to reduce the burden of NCDs.
Selecting interventions should be based on a robust and transparent process of
scientific evaluation of their effectiveness as well as assessment of their cost
effectiveness, local applicability and appropriateness and likely effects on health
inequalities (Lavis ef al, 2004; Steyn ef al, 2009; WHO, 2009). In order to make
recommendations for interventions to reduce the risk of NCDs, it is imperative that one

looks at the current global and national efforts in terms of intervention strategies.
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Perinatal factors:
Maternal, neonatal & excess
childhood adiposity / accelerated \
velocity of BMI change

Dyslipidaemia

Abnormal body composition:
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obesity, low muscle mass

High free fatty
acids

Muscle fat /

Decreased insulin <+—High CRP
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Imbalanced nutrition:
High energy & fat intake, low fibre
and omega-3 fatty acid intake

High pro-inflammatory cytokines

Genetic factors

Figure 2.4: Complex interactions of genetic, perinatal, nutritional and other acquired factors
in the development of insulin resistance, type 2 diabetes and coronary heart
disease (CHD) in South Asians. CPR: C-reactive protein, T2DM: type 2 diabetes
(Adapted from Misra et al., 2007)

As noted in section 2.5.1.1, the WHO has developed population nutrient intake goals for
preventing diet-related chronic diseases. These represent population average intake
that is judged to be consistent with the maintenance of health in a population (refer to
Table 2.4.) (WHO, 2003b). Ideally, these generic recommendations could be used as
the basis for country-specific strategies and food-based dietary guidelines (WHO
2004a). Preferably, the definition of an increased risk or a decreased risk should be
based on a relationship established by multiple randomised control trials of intervention
that are representative of the target population. However, this type of evidence is not

always available. Therefore, criteria used to describe the strength of evidence were
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established. Convincing evidence is based on epidemiological studies showing
consistent associations between exposure and disease (WHO, 2004a). Probable
evidence is based on epidemiological studies showing fairly consistent associations
between exposures and disease but with perceived shortcomings in the available
evidence. Possible evidence is based mainly on findings from insufficient case-control
and cross-sectional studies. Insufficient evidence is based on findings of a few studies
which are suggestive but are insufficient to establish an association between exposures

and disease (See Appendix A on strength of evidence).

In 2000, SACRA identified 17 risk factors based on the burden of disease experienced
in South Africa (refer to section 2.2). These risk factors were expressed firstly as the
burden attributable to risk factors in terms of death and secondly in terms of DALYs
(Norman et al, 2007a, presented in Tables 2.2 and 2.3). Recommendations for
interventions were made. The recommendations were informed by international
evidence but also included interventions that were considered to have a high potential
or addressed a particular need of a country. Interventions were graded according
whether the Cochrane review (The Cochrane Collaboration, 2007) or the Disease
Control Priorities in Developing Countries (DCPP) considered them to be effective
(Jamison ef al.,, 2006). The potential interventions and recommendations of SACRA are
based on government, community and individual intervention methods (Bradshaw et al,,
2007) (see Appendix B).

The Fourth Joint Task Force of the European Society of Cardiology and other societies
on cardiovascular disease prevention in clinical practice (Graham et al,, 2007) was
commissioned to develop guidelines on CHD prevention. As a starting point, the Task
Force took into account that more detailed guidance was sought by organisations.
Furthermore, the approach to grading by the current European Atherosclerosis Society
and the European Hypertension Society was examined in detail, as concern was
expressed that the present system gave more priority to drug treatment. The group also
considered recalibrating systemic coronary risk evaluation (SCORE) charts to allow for
time trends in both mortality and risk factor distribution. In the present guidelines, this
approach has been replaced with a simple relative risk chart to be used in conjunction
with the SCORE absolute risk chart. Risk charts such as SCORE are intended to

facilitate risk estimation in ostensibly healthy Europeans.
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According to the AHA, improved diet and lifestyle are critical components in preventing
CVD (Lichtenstein et al,, 2006). After much research and consultation, the AHA re-

published diet and lifestyle recommendations for adults and children over two years,

which are intended to reduce CVD in the American population (Lichtenstein ef al,

2006). Most of these guidelines correspond to the guidelines for Europeans (Graham et
al., 2007).

The goal of these guidelines is to assist those at low risk of CVD to maintain this state

throughout life, and those at increased total CVD risk to reduce it by application of the

following recommendations:

Consume an overall healthy diet. There is an emphasis on the whole diet, rather
than a specific nutrient, in order to ensure nutrient adequacy and energy balance
(United States Department of Health and Human Services, 2005).

Aim for a healthy body weight.

Aim for a desirable lipid profile (as indicated in section 2.5.2.2).

Aim for normal BP. A normal BP is a systolic BP <120 mmHg and a diastolic BP
<80 mmHg. Elevated BP results from environmental factors (diet, physical
inactivity and psychosocial factors) and genetic factors. Dietary modifications
include lowering salt intake, weight loss, moderation of intake of alcohol,
increasing potassium intake and an overall healthy diet.

Aim for normal blood glucose level. A normal fasting blood glucose level is <5.55
mmol/L. However, diabetes is defined by a fasting blood glucose level of >6.99
mmol/L. It is recommended that energy intake should be reduced and physical
activity increased to achieve a modest weight loss which can decrease insulin
resistance and improve glucose control and metabolic abnormalities.

Be physically active. An adult should accumulate >30 minutes of physical activity
most days of the week. For individuals attempting to lose weight, 60 minutes of
physical activity is recommended on most days of the week.

Avoid use of and exposure to tobacco products.
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Stemming from the AHA and the European Society of Cardiology diet and lifestyle goals

for CVD reduction, the following diet and lifestyle recommendations were made by the

American Dietetic Association (ADA) based on a lifestyle prescription philosophy (ADA,
2007b):

Balance energy intake and physical activity to achieve or maintain a healthy body
weight. To control kilojoule (kJ) intake, individuals should increase awareness of
kJ content of foods and beverages and control portion sizes (Klein ef al., 2004). It
is the position of the ADA that the overall pattern of food eaten is the most
important focus of a healthy eating style. All foods can fit into this pattern if eaten
in moderation with appropriate portion sizes, combined with regular physical
activities (ADA, 2007b).

Consume a diet rich in vegetables and fruits, whole-grain high-fibre foods and eat
fish, especially oily fish, at least twice a week.

Limit the intake of saturated fatty acids and trans-fatty acids and cholesterol.
Minimise the intake of beverages and foods with added sugars.

Choose and prepare foods with little or no salt.

If alcohol is consumed, it should be done in moderation

Van Horn et al. (2008) provided a comprehensive and systematic review of the

evidence associated with key dietary factors and the risk of cardiovascular diseases and

concluded that lifestyle interventions are essential for the prevention of CVD, advocating

a diet:

low in SFA (<7%E), TFA (<1%E) and dietary cholesterol (<200 mg);

e rich in n-3 fatty acids, EPA, and DHA (500 mg/day for primary prevention; 1
g/day for secondary prevention and 2 to 4 g/day for TG-lowering;
consumption of fish at least twice a week;

e ample in total dietary fibre (30 g/day) with emphasis on soluble fibre;

e that includes unsalted nuts (30 g/day) as tolerated and limited by energy
needs; consider other vegetable protein sources such as soy and legumes;

e that includes skim/low-fat dairy foods and/or other calcium/vitamin D-rich
sources;

e rich in vitamins, minerals, phytochemicals and antioxidants from multiple

servings of fruits and vegetables and low in sodium (<2 300 mg/day);
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e rich in B vitamins and fibre from food sources such as whole grains and
vegetables;

o that may include plant sterols and stanols in high-risk individuals; and

o that achieves a healthy body weight and energy balance by increasing

physical activity and maintaining an adequate energy intake.

With specific reference to South Africa, useful lessons can be drawn from the tobacco
control policy (MRC, 2006), where legislation on advertising and distribution, restrictions
on smoking in public places, increased taxation and health warnings have been
employed in the interventions. Lessons from these experiences need to be used to
develop strategies to influence eating habits, increase physical activity and reduce
alcohol consumption. The development of the South African Food-Based Dietary
Guidelines can be viewed as an important preventative strategy for NCDs in the
population. This was a joint initiative between the Nutrition Society, Association for
Dietetics in South Africa, Medical Research Council, industry and the Department of
Health.

Some of the guidelines are particularly relevant to the prevention of chronic diseases
such as CVD and type 2 diabetes, and are as follows (Vorster ef al., 2001):

o FEat plenty of fruit and vegetables every day — for their fibre, micronutrient,
antioxidant and other essential properties;

e Eat dry beans, peas, lentils and soy regularly — for increased fibre, protein
and flavonoid intake, stabilising blood glucose levels and decreasing serum
cholesterol;

e FEaf fats sparingly — to prevent a high intake of fat and saturated fats;

e Use salt sparingly — because of the detrimental effect of a high sodium intake
on blood pressure;

e Use food and drinks containing sugar sparingly and not between meals —
these foods have a low nutrient density;

e If you drink alcohol, drink sensibly — excessive alcohol consumption is a risk
factor for CHD, hypertension and diabetes;

e Be active — an important preventative/management measure for diabetes,

obesity and improved hypertension.

67



Communication of nutrition messages

Although there has been a large number of interventions and recommendations to

reduce the risk factors for NCDs, behavioural change is problematic. The impact of

nutrition information on the promotion of a healthy lifestyle depends on how effectively

the nutrition messages are communicated to consumers (ADA, 2007a). Communication

is more effective when the appropriate theories and models related to human behaviour

are used (ADA, 2006). The following models are used in communicating nutrition

messages:

The Knowledge Attitude Belief model, based on exposure to new information.
The individual attends to it and gains new knowledge by changing attitude and
altering dietary patterns. This is effective only if the individual is highly motivated
and the new information is easy to follow (Contento ef al., 1995).

The Health Belief model is most widely used (Janz et al., 2002). This model
explains human behaviour and readiness to act via five main constructs i.e.
perceived susceptibility, severity, benefits, barriers and self-efficacy.

The Trans Theoretical model (TTM) includes a series of behaviour stages and
processes of change. The TTM is currently the most popular stage model in
health psychology (Horwath, 1999) and it has proved successful with a wide
variety of simple and complex health behaviours, including smoking cessation,
weight control, reduction of dietary fat and exercise acquisition (Prochaska ef al,,
1994). Based on more than 15 years of research, the TTM has found that
individuals move through a series of five stages (pre-contemplation,
contemplation, preparation, action and maintenance) in the adoption of healthy
behaviours or cessation of unhealthy ones. Pre-contemplation is the stage in
which an individual has no intent to change behaviour in the near future. In the
Contemplation stage, individuals openly state their intent to change within the
next six months. Preparation is the stage in which individuals intend to take steps
to change, usually within the next month (Prochaska ef al., 1992). The Action
stage is one in which an individual initiates the behaviour change and the
Maintenance stage involves working to prevent relapse and the consolidation of

gains secured (Prochaska ef al., 1992).
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e The Social Cognitive theory supports an educational intervention addressing
behavioural capability, expectations, self-efficacy, observational learning and
reinforcement, proposed by Miller and Dollard in 1941. The Social Cognitive
theory is a learning theory based on the idea that people learn by watching what
others do and that human thought processes are central to understanding
personality (Miller & Dollard, 1941).

e The Precede-Proceed model arose out of the failure of the Health Belief model to
account for environmental influences on behaviour. It is based on three sets of
influences on people’s behaviour, namely predisposing factors, enabling factors
and reinforcing factors. Predisposing factors comprise an individual’s attitudes,
beliefs and values. Enabling factors include the developing of skills and
reinforcing factors include support from the family, peers and community. This
model proposes that health programme planning needs to occur through a series
of levels such as administrative, educational, behavioural, epidemiological and

social diagnosis (Green & Kreuter, 2005).

Social marketing has been used successfully to bring about voluntary behaviour change
(Cairns & Stead, 2009). The authors explain that marketing uses client-focused
research techniques such as segmentation of target groups. Segmentation
concentrates on identifying which groups of interpersonal and external factors are most
influential (positively or negatively) in behavioural change. For example, these factors
may include aspirational values, real-life behaviours and real or perceived barriers to
change. These findings may have little obvious link to fundamental health objectives
such as reducing the fat content of the diet, but do provide the mechanism to facilitate
desired change by linking to life-style choices of broad groupings of individuals.
Marketing methods then use this knowledge to develop and refine genuine exchange of
benefit ‘offers’ to the target groups. The principle of exchange is critical to the success
of marketing and is based on the recognition that any voluntary change incurs costs
(such as inconvenience, uncertainty of outcome), is optional and must therefore offer
valued benefits (e.g. immediate outcomes, not long-term risk reduction). According to
Cairns and Stead (2009), social marketing is best understood as a pragmatic framework
for understanding how and why individuals make lifestyle choices and for devising and

marketing desirable alternatives.
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Promotion of healthy diets and physical activity

The WHO recommends the following policy principles for the promotion of healthy diets
and physical activity (WHO, 2003b):

Strategies should be comprehensive and address all major dietary and physical
activity risks for chronic diseases together with other risks from a multisectoral
perspective. _

Each country should select what will constitute the optimal mix of actions that are
in accord with national capabilities, laws and economic realities.

Governments have a central steering role in developing strategies, ensuring that
actions are implemented, and monitoring their impact over the long term.
Ministries of health have a crucial convening role, bringing together other
ministries needed for effective policy design and implementation.

Governments need to work together with the private sector, health professional
bodies, consumer groups, academics, the research community and other
nongovernmental bodies if sustained progress is to occur.

A life-course perspective on chronic disease prevention and control is critical.
Strategies should explicitly address equality and diminish disparities. They
should focus on the needs of the poorest communities and population groups.
Furthermore, since women generally make decisions about household nutrition,
strategies should be gender-sensitive.

There are limits to what individual countries can do alone to promote optimal
diets and healthy living. Strategies need to draw substantially on existing

international standards that provide a reference in international trade.

Based on experience in the implementation of local and national strategies, the WHO

expert consultation group concluded that there are a number of prerequisites for

successful intervention. These include leadership, effective communication, functioning

alliances and an enabling environment. Furthermore, an effective communication

strategy should focus on high priority, public health need, and adopt a proactive,

positive, practical approach based on theories that promote behavioural change. Two

complementary strategies are usually advocated, i.e. the population approach, where

there is community-wide intervention, and the high-risk approach, where a few

individuals are identified as being at high risk. They are then targeted with behavioural
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and pharmacological intervention. To address the limitations of both approaches, it is
suggested that the intergenerational approach of prevention should be used,
incorporating both approaches throughout the lifespan, catalysing long-term changes
(WHO, 2003b). Furthermore, The WHO recently published a report on tried and tested
interventions with regard to diet and physical activity, presenting the evidence on
effective interventions in various categories (WHO, 2009). These successful strategies

have also been reviewed by Steyn et al. (2009).
28 SUMMARY AND CONCLUS/ON

In this chapter, the literature review was presented in the context of the risk markers,
risk behaviours and disease states of NCDs, with special reference to the Indian
population. The merits and demerits of n-6 and n-3 fatty acid consumption were
reviewed in the context of disease states. Existing recommendations for interventions
were also reviewed in this chapter with a view to adapting some recommendations in
Chapter 6. In Chapter 3, the research methodology, the study design and statistical

methods will be presented.
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CHAPTER 3

METHODS

3.1 STUDY DESIGN

This was a cross-sectional, epidemiological study among apparently healthy Indian
residents (35-55 yrs) from the KwaDukuza municipality, KZN. In the preliminary studies
(n=25 respondents), the socio-demographic questionnaire was tested and recipe
standardisation was conducted. The quantitative food frequency questionnaire (QFFQ)
was tested for comparative validity against three 24-hour food recalls as the reference
method, and for reproducibility by a second administration in a subsample of 50

respondents.

3.2 STUDY POPULATION

The Indian community of KwaDukuza municipality was selected for this study.
KwaDukuza (Stanger) is approximately 100 km north of Durban and is a mainly farming
community with a few light industries. The Indians located in this area originally arrived
in the 1800s as indentured sugar cane labourers who were placed throughout
KwaDukuza. The main reason for selection of this area for the research project was
that it was representative of Indians from different categories of the Living Standards
Measure (LSM). This characteristic demographic profile reflected in KwaDukuza makes
it representative of all Indians living in KZN, unlike other Indian areas where most
Indians in the upper LSM have relocated to more affluent areas. According to the 2001
census, there were 29 032 Indians living in the KwaDukuza municipality (Stats SA,
2001). There were 64 sub-areas, with Indians residing in 39 of those sub-areas (Stats
SA, 2001). Sub-areas around Stanger comprised the main central business area (CBD)
and had the largest number of Indian residents (Stats SA, 2001). For the purpose of
this study, six sub-areas around Stanger were selected for the sample. The main
reasons for selecting sub-areas in and around Stanger were that, firstly, they included

the largest number of Indian residents in the KwaDukuza municipality (Stats SA, 2001)
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and secondly, they were representative of people with different standards of living, as
farming communities were located on the outskirts of the CBD. A map of KZN with

special reference to Stanger is illustrated in Figure 3.1.
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3.3 SAMPLE

Based on power calculations (80% power to estimate the BMI of men and women
accurately within two units on a 5% significance level, using BMI of Indians reported in
the literature) the required sample size was 250 apparently healthy Indians. The latest
records of ratepayers and electricity consumers from the valuation roll of the
KwaDukuza Municipality were used for systematic random selection of household
addresses. The municipality’s roll provides a list of ratepayers with their addresses and
contact details. The addresses were chosen at random and the occupants telephoned
to identify whether anyone was eligible for participation in the study. Once eligibility was
established, only one respondent at each household address was invited for
participation. In the event that there was more than one household member who met
the inclusion criteria, only one member was chosen from a draw by the researcher.
Respondents were telephoned and informed about the study. If they were willing to
participate in the study, a date was set up for the interview. However, if respondents
from the chosen dwelling were unwilling to participate in the study, the adjacent house
was chosen. The first house was randomly decided; thereafter, every third house was

selected.

Individuals diagnosed previously with hypercholesterolaemia and/or diabetes mellitus
were excluded because of possible dietary modifications. The other exclusion criteria
were pregnhancy, lactation, any acute or chronic illness, use of chronic medication and
inability to communicate freely. The participants were, therefore, “apparently healthy”

Indians.

The age selection range of 35-55 years was based on recommendations from the
literature. In New Zealand, the recommendation regarding ages for incorporating
cardiovascular risk assessment includes a degree of ethnic specificity, where South
Asians are at risk from 35 years for males and 45 years for females (Lip ef al., 2007).
Furthermore, CHD is diagnosed between five and ten years earlier in South Asians
compared to other populations (Goyal & Yusuf, 2006). Hence the age selection range
~ of 35-55 years was based on these findings, with the intention of targeting the most
vulnerable age cohort in terms of the prevalence of NCDs in the Indian community of

KZN. Annexure J illustrates the conceptual of methodology used in this study.
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3.4 DATA COLLECTION

3.4.1 Dietary data

Habitual dietary intakes were measured by a validated QFFQ (Appendix D, Maclintyre ef
al., 2001b) modified to Indian food habits and tested for comparative validity and
reproducibility in a subsample of 50 subjects. In a study on the development of food
frequency questionnaires and a nutrient database for the Prospective Urban and Rural
Epidemiological (PURE) pilot study in South India, Bharathi ef al. (2008) concluded that
standard methods can be used to develop food frequency questionnaires (FFQs) for an
Indian population with diverse dietary habits, as these are able to capture dietary
intakes adequately. The previous day’s food intake was determined by a 24-hour food

recall.

3.4.1.1 The Quantitative Food Frequency Questionnaire (QFFQ)

The QFFQ has become the method of choice in many large-scale epidemiological
studies, with the major advantage of establishing long-term habitual dietary intake
(Willett, 1990). This retrospective method comprises a comprehensive list of foods and
the respondent is required to recall the frequency of consumption per food item. The
aim of using such a method is to capture the habitual dietary intake of the respondent,
particularly when there are seasonal changes that may not be captured by the 24-hour
food recall. However, this method is dependent on memory and therefore the recall of
consumption could be imprecise. In order to determine portion sizes, the QFFQ is
administered in conjunction with different measurements and aids such as portion
books, food models and household measures. Common errors arising from the
administration of the QFFQ are in the estimation of portion sizes and the usual

frequency of the consumption of foods.

3.4.1.2. Development of the QFFQ

The QFFQ was adapted from Maclntyre ef al. (2001a) in a preliminary study. For the
preliminary study, a list of foods commonly consumed by Indian (South African) was

compiled from interviews conducted in 25 households. One sub-area was selected
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randomly from the six sub-areas chosen for this study. Thereafter, households were
selected randomly, using the ratepayers’ roll for the selected sub-area. Interviews
focused on typical dishes consumed and combination dishes such as braised mutton
and cabbage or calabash. It is known that the concentration of ingredients in certain
preparations varies according to differences in religious and economic status (Herbert,
1985; Messer, 1997); therefore, recipes were collected for all the combination dishes as
well as dishes not coded in the MRC Food Finder 3® (2006). Final construction of the
recipes was determined by averaging three recipes per dish. Annexure G lists the

standardised recipes and includes pictures of the indigenous food items.

A prototype QFFQ was developed from the food list. The biological name and the
common Hindi, Tamil and Telegu names were added to assist respondents in
identifying foods. Foods were grouped together, starting with the most frequently
consumed staple foods and ending with the less common foods. The modified QFFQ
included a cover page explaining important points on the administration of the QFFQ to
the respondent. The questionnaire was arranged in columns, with a list of foods/drinks
commonly consumed, amounts consumed and the frequency of consumption, which
was subdivided into the number of times per day, per week or per month, and seldom

(see Appendix D).

The prototype QF.FQ was piloted amongst ten family units representative of the target
population, selected from the preliminary study. Sample selection was based on a
random sample from only one sub-area using the ratepayers’ roll. The main aim of this
exercise was to determine the completeness and appropriateness of the food list and

the comprehensibility of the questionnaire.
3.4.1.3 The 24-hour food recall

The 24-hour food recall is a retrospective method whereby respondents have to
recollect what they have had to eat and drink during the previous 24 hours. There is no
literacy requirement and the respondent burden is relatively small. The administration
time is short. A limitation of the 24-hour food recall is that the previous day’s dietary
intake may not be representative of a person’s customary diet, as it yields no

information on day-to-day variation of the food and nutrient intake. It is'prone to
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respondent bias, as there is the possibility that some people are embarrassed about

what they eat.

The 24-hour food recall followed a chronological order from the first food/drink
consumed for the day to the last. In order to help the respondents to remember what
was eaten, they were asked to relate all the events during the day that preceded the
interview, from the time they woke up till the time they went to bed. The first 50
respondents had three 24-hour food recalls (as part of the comparative validation
study); thereafter, the remaining 200 respondents had one 24-hour food recall. A
random selection of days was used, depending on the availability of the respondent.
Weekends and religious and social events were avoided. Furthermore, days were also
avoided if they were unusual in terms of normal dietary intake, e.g. dry fasting, saltless
fast and whole-food fast, which are typical of a Hindu’s religious prescription. However,
fasts that exclude animal products in the diet for a day were not avoided, as these are
observed by most Hindus for three days of the week, on average, while the range of the
days depends largely on individuals’ beliefs within Hinduism. Excluding these days
would make administration of the questionnaire difficult and would not refiect true intake
as this vegetarian fast forms part of the normal diet of Hindus, who represent the main

religious denomination among Indians in South Africa.
3.4.1.4 Comparative reproducibility and validation

The QFFQ and the 24-hour food recalls were tested for comparative validity and
reproducibility in a subsample of the first 50 respondents. The statistical methods and
the results of the comparative validity and reproducibility study will be presented and

discussed in Chapter 4.
3.4.1.5 Administration of the dietary questionnaires

Four fieldworkers (Indian women from the community, discussed in 3.10.1) were trained
to administer the questionnaires used in the study, which included the " socio-
demographic and health questionnaire (see Appendix C), the 24-hour food recall and
the QFFQ (see Appendix D). Administering the questionnaires took approximately two
hours per respondent. This excluded clinical tests. Because of the length of the
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questionnaires, they could not always be completed on the set date within the time limit.
The fieldworker then arranged for a suitable alternative time to complete the
questionnaires. On completion of the questionnaires, the respondent was given details

and instructions about the clinical tests that were to follow.

3.5 TOOL KITS

In order to determine portion sizes, the MRC Dietary Assessment Education Kit (DAEK)
was used in conjunction with utensils such as standard cup measures, plates, large
serving spoons and ladles (Steyn & Senekal, 2002). Each fieldworker was supplied
with these tools in a bag that was easy to carry. The DAEK consisted of generic life-
size sketches of food portions and food photograph cards. On the front of each food
photograph card was a specific food/drink item. The reverse of each food photograph
card had information on the food codes from the Food Finder3® (2002) software
program, guidelines to estimating portion sizes in the form of specific life-size sketches,
and food quantities in grams for different portion sizes, derived from the MRC Food
Quantities Manual (Langenhoven ef al, 1991), as well as weights obtained for

packaging and products, specifically for fast foods.

The DAEK is presented in a file and all the photographs are colour-coded to simplify the
finding of specific food items and their portion sizes. Once the respondent had
indicated that he/she consumed a particular item, the fieldworker demonstrated the
DAEK, together with the standardised utensils, to determine the size of the item

consumed. The portion size was then recorded on the dietary questionnaire.

3.6 PHYSICAL MEASUREMENTS

Anthropometric measurements (weight, height, waist and hip circumference and
percentage body fat) were taken by the researcher by means of standardised
techniques and instruments. All instruments were checked for reliability at the start of
each session. Initially, sessions were held at the Primary Health Clinic (PHC) in
Stanger. However, subjects complained about travelling to the clinic and the response
rate was poor. To combat this problem, respondents were visited at their homes.

Telephone calls were made in advance to ensure that subjects were aware of the test
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dates. Sessions were held over weekends and subjects that lived close to each other
were grouped together. On average, 30 minutes were spent per respondent and clinical
tests could be done on only four respondents per day, as respondents had to be fasting.
Respondents were given clear instructions regarding the date and time, as well as the

necessity of having nil per mouth from 22h00 the previous night.

For height measurement, the Panamedic Stature Meter 2M® was used (supplied by
Sandler & Co., Pharmacy & Medical Sundries). Respondents were requested to be
barefoot, and to stand up straight against the wall; measurements were recorded to the
nearest cm. The Tanita body composition scale (bioelectrical impedance) model TBF
300®, Tanita Corporation, Tokyo, Japan was used to determine both body weight and
body fat percentage. The bioelectrical impedance scale first indicated weight to the
nearest gram and then the body fat percentage was calculated. All respondents had to
be barefoot and wore lightweight clothes during these measurements. The BMI was
calculated by using weight (kg)/height (m?). WC was measured midway between the
iliac crest and the lowest level of the last rib, using a non-flexible steel tape (Lufkin
W606PM, Cooper Tools, USA). The NCEP/ATPII criteria for WC and the modified
criteria for Asian Indians were compared in the analysis of the data. Hip circumference
was measured horizontally at the level of the larger lateral extension of the hips. All
physical findings and anthropometry were completed before biochemical measurements

were started.
3.7 BIOCHEMICAL MEASUREMENTS

Respondents were given instructions to fast for 12 hours. |Initially, they were told to
report to the assigned PHC facility. waever, for logistical reasons, respondents
preferred home visits. All biochemical measurements were recorded by a registered
nurse. BP was recorded using a standard mercury sphygmomanometer. It was
recorded in duplicate, with the subject in a sitting position, after five minutes of rest,
according to standard guidelines. Finger-prick fasting blood glucose, triglycerides and
total cholesterol were recorded using the Accutrend meter (Accutrend GCT kit, Accu-
Check Softclix Pro Lancets) and strips (Accutrend Cholesterol, Glucose and Triglyceride

Strips) supplied by Roche Products Pty Ltd, Randburg.
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3.8 SOCIO-DEMOGRAPHIC AND MEDICAL HEALTH HISTORY DATA

Socio-demographic and medical health history data (including smoking and alcohol
consumption) were collected using the existing adult questionnaire from the 2003
SADHS. These questionnaires were modified by excluding the dental health and
' occupational health sections from the original questionnaire. The questionnaire was
then tested in a pilot study and reviewed for ease of comprehension by subjects.
Minimal changes were effected. Firstly, community health care clinic (Question 1A) was
changed to primary health care clinic, as the latter term is used in the area. Secondly,
in order to ensure uniformity in the determination of the size of standard drinks for

alcohol consumption, the DAEK was used (see Appendix D).
3.9 PHYSICAL ACTIVITY
Physical activity was measured by means of a questionnaire which has been validated

in sites located in numerous countries (Global Physical Activity Questionnaire 1,

GPAQ1, WHO, (http://www.who.int/chp/steps/GPAQ/en/index.html) (See Appendix C). The

GPAQ1, introduced as part of the WHO STEP-wise approach to surveillance, provides
for an overall measure of physical activity on the basis of intensity and duration, as well
as physical activity levels within specific domains, including occupation, transport and

leisure time.

Metabolic Equivalents (METs) are commonly used to express the intensity of physical
activities, and are also used for the analysis of GPAQ data. METs are the ratio of a
person's working metabolic rate relative to the resting metabolic rate. One MET is
defined as the energy cost of sitting quietly, and is equivalent to a caloric consumption
of 1 kcal’kg/hour. Therefore, as an example, when calculating a person’s overall energy
expenditure using the GPAQ data, 4 METs are assigned to the time spent in moderate
activities and 8 METs to the time spent in vigorous activities. For this study, the GPAQ
1 was used, which was the first validated questionnaire. Thereafter, the GPAQ 2 was

developed through refining the GPAQ1 by changing a total of three questions.

Consequently, the data were cleaned and recoded to the GPAQ2 questionnaire and

analysed on the Epilnfo Analysis Program. Appendix F lists examples of moderate-
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intensity activities [approximately 4 metabolic equivalents (Mets)] and vigorous-intensity
activities (>8 Mets) that were used by the fieldworkers for differentiating between
activities during administration of the questionnaire. In order to verify the results of the
GPAQ1, peddmeters (Product number SKO1, Blue Chip Marketing, UK, supplied by
Kellogg's, Private Bag X16, Gallo Manor) were used for step counting. Respondents

used the pedometer for a normal day and recorded the steps in a dairy.
3.10 QUALITY CONTROL
3.10.1 Training and standardisation of fieldworkers

In order to recruit fieldworkers, an advertisement was placed in the KwaDukuza
community paper with the following requirements: fieldworkers were to be matriculated
Indian females (unemployed, aged +30years) with knowledge of Indian cuisine. Four
fieldworkers were selected from the sample population and trained to administer the
guestionnaires in an interview set-up. Before the actual fieldworker training, a training
manual was developed for use during the training and for cross-referencing during the
administration of questionnaires (see Appendix E). The fieldworker training was run by
the researcher A.Naicker, Prof C.S. Venter (supervisor) and Prof U.E. Maclntyre (co-
supervisior). The training ran for two days and its aim was to equip the fieldworker
adequately with the necessary skills to administer the questionnaires. At the start of the
administration of the questionnaires, there were four fieldworkers; however, two found
permanent employment and dropped out. To combat the manpower problem, the

researcher opted to conduct fieldwork.
3.11 DATA MANAGEMENT AND ANALYSIS

3.11.1 Dietary data

The Food Finder 3 ® (MRC, 2002) dietary analysis software program based on the
South African MRC food composition tables was used to capture all the dietary data.
However, before any dietary data could be captured by this program, Indian ingredients
and recipes not coded in the MRC food composition list had to be added (see Appendix

G). Inthe case of typical Indian dishes where individual ingredients were not coded, the
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nutritive value of Indian foods was used as a guide (Gopalan et al, 2004). This
handbook, “Nutritive value of Indian foods”, provided detailed information on the nutrient
composition of a wide range of common Indian foods available in different parts of India.
The foods were listed with confirmed scientific names and in several Indian languages,
with nutrient composition for 100 g serving sizes. After the nutritive composition of a
new food item was coded, recipes not listed in the program had to be coded. In the
preliminary study, combination dishes and recipes were collected and averaged (see
Appendix G). This information was then added and appeared with its own code in the
program. In some instances where an item could not be found in either the MRC list or
the Indian food composition table, a suitable substitute was selected, e.g. a variety of
green leafy vegetables. Further to this, common dishes were also cross-referenced
with the recipe book used in the coding of the dishes in the Food Finder 3® dietary
analysis software program to determine similarity before a dish could be selected
(Gouws & Langehoven, 1986).

Once all the outstanding food items and recipes were coded, the researcher calculated
all totals for the amount eaten per food in the QFFQ. Thereafter, all dietary data were
captured by the researcher. The task was time-consuming because of the wide variety
of foods and combination dishes eaten by Indians. Checks were conducted for key pad
error and if the information was correct, it was saved. However, in doing so, a common
error was compounded. In running a normal check per individual for correct values,
sometimes the cursor was left in the first or last value of the food list, and the food list
was then saved. It was discovered only later, after running the analysis and assessing
the diets, that whenever the cursor was left on the first or on the last food item, the total

amount was recorded as zero. Once this problem was identified, it was rectified.

From the literature review in Chapter 2, it can be concluded that diet is a major risk
factor for chronic diseases, restricting the quality of life and longevity. In an attempt to
identify groups of individuals with either a high or a low consumption of certain nutrients,
certain defining nutritional characteristics can be identified, leading to a more focussed
intervention. People who have freedom of choice do not consume single foods but a
combination of several foods and, given the complexity of the human diet, conclusions
about the effect of the consumption of a single nutrient, food, or dietary constituent on a

specific health outcome may be misleading (Mertz, 1984; Kant, 1996). Therefore, a
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number of epidemiologists propose the dietary pattern approach, where food in relation
to disease is investigated (Kennedy ef al., 1995; Schwerin ef al., 1982). Two methods
will be used to determine dietary patterns, namely Index construction and factor

analysis.

There is a wide variety of diet quality indices available from the nutrition literature. Kant
(1996) provides an overview of the published indices of overall diet quality and identifies
three major approaches to the construction of indices of diet quality as reported in the
literature, namely indices derived from nutrients only, those based on foods and food
groups and those based on a combination of nutrients and foods. According to Thiele
(2004), the purpose of the indices is to combine a large amount of information about
eating habits into a single indicator, the advantage of which is that dietary behaviour can

be analysed as a single factor evaluating many compounds of the human diet.

For the purposes of this study, the indices were constructed from nutrients only. In order
to analyse the diet quality, 30 nutrients were included. Two dietary quality indices, a
deficiency index (Index 1) and an excess index (Index 2), were calculated, following the
procedure of Thiele ef al. (2004). The deficiency index was calculated as the
percentage of the reported nutrient intake of the Recommended Dietary Allowance
(RDA) or the Al (for nutrients without an RDA) (Food and Nutrition Board, 2000). The
deficiency index was calculated by subtracting the percentage difference between the
reported index and recommended intake from 100. The excess index was calculated as

follows:

Index 2 = 100 — [(reported intake / recommended intake*100)-100] (Thiele et al., 2004).

The deficiency index was derived from 13 vitamins, 12 minerals and trace elements,
protein, carbohydrate, omega-6 and n-3 fatty acids and dietary fibre (30 nutrients), with
a maximum score of 3 000. The excess index comprised fat, cholesterol, the P:S ratio,
sugar, alcohol and sodium, with a maximum score of 600. For indices, the higher the
index, the better the diet quality. The components of the indices and examples of the

calculation of the indices are given in Appendix H.
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In order to determine a food pattern, factor analysis was carried out, where foods were
separated into groups based on correlations between foods. For the purposes of this
study, dietary intake was assessed by the use of the QFFQ. The Food Finder 3
program® (MRC, 2002) automatically aggregated foods listed on the QFFQ (243), on

the basis of similarity of the type of food, into 12 groups, namely:

1. Cereals and cereal products

2. Vegetables

3. Fruit

4, Legumes and legume products
5. Nuts and seeds

6a. Full fat milk

6b. Low fat milk

7. Eggs

8. Meat and meat products
9. Fish and seafood

10. Fats and oils

11. Sugars, syrups and sweets
3.11.2 Risk score model

In order to determine the burden of risk factors on the prevalence of NCDs, the
European SCORE model (Graham ef al., 2007) was used. The SCORE project was
initiated to develop a risk-scoring system for use in the clinical management of
cardiovascular risk in European clinical practice (Conroy ef al., 2003). The European
SCORE model that was chosen to estimate the risk of CVD had the following
categories: age, sex, smoking, total cholesterol and systolic blood pressure. In terms of
the selection of the prediction tool, the cholesterol score was used as depicted below in
Figure 3.2, as HDL values were not available. Lip ef al. (2007) discussed the
applicability of the European SCORE model and pointed out that it is limited by the lack
of inclusion of HDL and diabetes as a prediction tool. However, Graham et al. (2007)
also developed a risk-estimation system based on cholesterol/HDL ratio and reported
no advantage of this score over that which included only cholesterol. In addition to the
use of the European score, it has been recommended that in order to determine the
CAD risk more appropriately among Asian Indians, one must multiply the 10-year risk

factor by a factor of 2 when using the European risk algorithm (Enas ef al.,, 2008). This
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recommendation is based on studies where Asian Indians have shown =2-fold risk
pattern of dying from CAD from any combination of risk factors as compared with
Caucasians (Forouhi et al., 2006). For comparative purposes, two scores were
developed for this study, namely “Risk score”, which was an aggregate total of all risk
markers defined by Asian standards, as presented in Chapter 2, section 2.6, and “Risk
score 1” which was the aggregate of all risk markers, with fasting glucose counting twice

as much as the other risk markers because of many and strong correlations with

nutrients.
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Figure 3.2: Ten-year risk of fatal cardiovascular disease in populations at high
cardiovascular disease risk (Chart based on total cholesterol)
(Conroy et al., 2003). Systolic BP in mmHg, cholesterol in mmol/L
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3.11.3 Statistical analysis

Once the dietary data were coded and checked, the nutrient analyses and the food lists
were exported to Excel (Microsoft Excel, 2007). The statistical methods of the

reproducibility and the comparative validity study are discussed in Chapter 4.

The physical activity questionnaire was captured and cleaned according to the GPAQ

Analysis Guide, using Epilnfo (http://www.who.int/chp/steps/GPAQ/en/index.html). Descriptive

statistics such as frequency tables, mean, median, mode and standard deviation were
run for the socio-demographic questionnaire, anthropometric profile and clinical tests.
BoxCox transformations were performed on all continuous variables to ensure normality
of data, after which Pearson’s correlations were used to detect associations between
nutrient intake and clinical risk markers, nutrient intake and associated risks, and

between physical activity and clinical risk markers.

Principal component factor analyses with Varimax rotation were performed on the
percentages of total energy, carbohydrate, fat and saturated, polyunsaturated,
monounsaturated, n-3 and n-6 fatty acid intakes derived from each of the food groups.
Since the main interest of the study was fat intake, the first two principal components
derived from the percentage total fat intake were used for further analyses. Factor
scores were calculated, divided into quintiles, and sample means of the risk variables
were calculated. Univariate chi-square tests were used to determine the relative
importance of factor score quintiles on the risk variables. The Jonckheere-Terpstra test
in SPSS was used to test for a trend in the median of risk variables for the different
quintile groups of factor scores. Separate regression analyses were performed for each
factor to test whether food patterns predicted changes in risk measures. The statistical
SAS package was used to analyse data in consultation with Dr S. Ellis from the
Statistical Consultation Service at the NWU.

3.12 ETHICS

Meetings were held with key persons (ward councillors) and groups (religious groups) in
the community to obtain voluntary consent. The subjects were carefully briefed on the

aim and procedures of the study before they signed the INFORMED consent form (see
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Appendix |). Confidentiality was strictly observed. Permission was granted by the
Ethics Committee of NWU (05M15).

3.13 PROBLEMS EXPERIENCED

A wide array of problems was experienced during the administration of the
guestionnaire and the collection of the clinical data. In terms of the administration of the
guestionnaire, subjects were alerted to the approxim‘ate length of time of the interview
during the recruitment process; however, during the actual administration, respondents
became tired or had unforeseen commitments and hence the fieldworkers and the
researcher had to reschedule another interview to complete the process. With regard to
fieldworkers, four were initially trained and worked in the pilot (preliminary) study.
- However, two found permanent employment during the course of the administration of
the survey. To combat the manpower problem, the researcher also administered
questionnaires. At the start of the survey, it was decided that once the respondents had
completed their questionnaires, they would go to the PHC on set dates for their clinical
tests. However, respondents did not arrive at the clinic and attendance was poor.
Respondents complained about transport costs and unforeseen commitments. It was
therefore decided that a registered nurse would visit households on set dates. This was
much more successful, because households were grouped for appointments within a
two-hour range, as respondents had nil per mouth. During the clinical tests, one
Accutrend® machine was used; however, a need arose for another Accutrend®
machine as readings took a long time. In order to avoid pricking each respondent’s

finger twice, another machine was purchased.

With regard to the capturing of dietary data on Food Finder 3®, it was very difficult to
get trained personnel to assist with this task. The researcher was responsible for
capturing all the data, and the long food lists of the respondents meant that capturing
became a time-consuming task. Upon checking for keypad error for values listed, a
critical error arose which was rectified only after the validation results were reviewed.
While the operator was scrolling through all the food values, in most cases the cursor
ended on either the first food item or the last food item, which was therefore erroneously
highlighted. Once the “save” button was pressed, it appeared that all the values had

been saved. However, wherever the cursor had been left the value became zero. This
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was a critical error, as the first item was bread and the last item was atchar. The
problem was rectified by previewing all recorded food lists, recapturing values and

ensuring that the cursor was placed on a blank line during saving.
3.14 CONCLUSION

In this chapter the research methodology, data management and analysis were
described. Shortcomings and problems experienced during the fieldwork were also
discussed. The methods used to test comparative validity and reproducibility and the

results of these tests are presented in Chapter 4.
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CHAPTER 4

REPRODUCIBILITY AND COMPARATIVE VALIDITY OF THE
QUANTITATIVE FOOD FREQUENCY QUESTIONNAIRE

4.1 INTRODUCTION

The QFFQ has become a well established method of dietary assessment in most large-
scale epidemiological studies. Despite its limitations, it is sustained by its major
advantage of establishing long-term habitual diet (Willett ef al, 1985). It is well
recognised that there is no gold standard for directly assessing the validity of QFFQs;
however, testing for comparative validity and reproducibility will allow the results of the

study to be interpreted with greater confidence, as validity has been quantified.

The reproducibility of a questionnaire is measured by its ability to achieve similar results .
when administered at different times to the same subjects. Comparative validity refers
to the ability of a questionnaire to estimate the dietary intake during the appropriate time
period with relative accuracy compared with a reference method. The QFFQ and the
24-hour recalls were tested for reproducibility and comparative validity in a subsample
of the first 50 respondents. Reproducibility was tested by comparing the nutrient
intakes derived from the administration of the QFFQ on two occasions for the first 50
respondents. Comparative validity was tested by comparison of the average intakes of
the three 24-hour recalls with the average intakes derived from the QFFQ. This chapter
describes the methods and the respondents used for the purposes of determining
reproducibility and comparative validity of the selected dietary assessment method.
The results of the reproducibility and comparative validity study are presented and

subsequently discussed.
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4.2 METHODOLOGY

421 Sample

4211 Sample size

The desired sample size was estimated at 20% (50) of the total sample of 250.

4.21.2 Selection of respondents

Respondents were randomly selected to make up the subsample of 50 from all six
areas in the KwaDukuza Municipality, in accordance with the inclusion and exclusion
criteria discussed in Chapter 3. Respondents were given an explanation of the purpose
of the reproducibility and validity studies and were asked if they were willing to undergo
the two QFFQs and three 24-hour recalls over a period of about five weeks. The length
of time per administration of the dietary questionnaires was also declared to
respondents so that they could make an informed choice in terms of participation. Upon

consent from the individual, the reproducibility and the validity studies continued.

4.2.2 Data collection

For the administration of the 24-hour recall there was a two-week gap between
administrations of the questionnaire. In total, the collection of data for the 24-hour
recalls took five weeks per respondent. The days of the week selected for the
administration of the 24-hour recalls ranged from Tuesdays to Fridays, avoiding days
immediately following religious and social festivals. With regard to the QFFQ, there was
a two-week break between the first and the second administration, with no limitations in
terms of the day of the week each was administered. In terms of the timing of the
administration of the QFFQ and the 24-hour recall, for every 24-hour recall recorded, a
QFFQ followed until all administrations were complete. All repeat administrations of the

guestionnaires were conducted by the same fieldworker.
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423 Statistical analyses

Dietary data were captured and cleaned as described in Chapter 3. Owing to the lack
of agreement on the best ways of analysing results of reproducibility and validity data, it
is necessary to use more than one statistical method in order to give greater credibility
to the results. Therefore, a number of methods are presented simultaneously in order to
illustrate the merits and limitations of each method. Reproducibility and comparative
validity were tested for intakes of energy, macronutrients and micronutrients to be
assessed in the main study. For purposes of reproducibility, the intakes of the QFFQ1
were compared with those of the QFFQ2 and for comparative validity, the average
intakes of the three 24-hour recalls were used as a reference standard for comparison
with the intakes from the QFFQ1. In epidemiological studies, the odds ratio, or relative
risk of disease in relation to nutrient intake, is the most common measure of the
association present. Therefore the QFFQ must be able to rank individuals along the
distribution of intakes so that individuals with low intakes can be separated from
individuals with high intakes (Masson ef al, 2002). Relative risk estimates will be
accurate if the QFFQ can rank individuals (Sempos, 1992). Therefore, Spearman and
Pearson correlation coefficients were calculated to assess the agreement of ranking of
individuals in the QFFQs for reproducibility. [n addition, they were calculated to assess
agreement of ranking of individuals between the QFFQ and the average intakes from
the three 24-hour recalls for comparative validity. All non-normally distributed data were
loge transformed prior to statistical analysis. The Pearson correlation coefficients
between the average intakes from the three 24-hour recalls and the intakes from the
QFFQ1 (rrq) were adjusted for within- and between-respondent variation in the three
24-hour recalls by dividing rrq by the attenuation factor (rgy) where rgr
=[d/(d+s,%/s:2)]>%° where d is the number of 24-hour recalls, s,° is the within-
respondent variance and s’ is the between-respondent variance (Nelson,1997). For
the purpose of having a more representative presentation of the results, reproducibility
and comparative validity were also tested by comparison of mean intakes (paired t-test),

Bland-Altman plots and quartile distributions.

Under-reporting of energy intake is a well recognised phenomenon. It has been
observed in a number of studies (Prentice ef al.,, 1986; Macdiarmid & Blundell, 1998).
According to McCrory et al. (2002), that inaccurate energy-intake reports can result from
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under-recording (defined as the failure to record all items and/or the amounts
consumed), under-eating (defined as eating less than usual or than is required to
maintain body weight) or a combination of both under-recording and under-eating. Most
methods used in population-based studies generally assume a sedentary lifestyle and,
in doing so, are restricted in identifying individuals with high energy expenditure.
Therefore, for the purpose of determining under-reporting, a method was chosen that
uses individualised estimates of energy requirements. Possible under-reporting and
over-reporting of energy intake from both the 24-hour recalls and the QFFQ were
identifiled, using the method of Rennie ef al. (2007). The Estimated Energy
Requirements (EER) were calculated using the formulae of the 2000 Food and Nutrition
Board (FNB, 2000). The equations are sex- and age-specific and also take into account
the physical activity level, weight and height of the respondent (Rennie ef al, 2007).
Physical activity Ievéls were derived from the analysis of the GPAQ questionnaires
(WHO, nttp://www.who.int/chp/stens/GPAQ/en/indexhtml) as described in Chapter 3 section 3.9, where

each subject was assigned to an activity level based on his or her GPAQ score.

The equations are as follows:
Men: Older than 19 years
EER (kCal) = 662 - (9.53 x age(y)) + PA x (15.91 x weight (kg) + 539.6 x height (m)

Women: Older than 19 years
EER (kCal) = 354 - (6.91 x age(y)) + PA x (9.36 x weight (kg) + 726 x height (m)

The results of the calculation of the EER were converted to kdJ by multiplication by 4.2.
PA is the physical activity coefficient which equates the physical activity level (PAL) with
an estimated coefficient. Table 4.1 shows the PA coefficients used in the prediction
equations for total energy expenditure in relation to the PAL as defined by the FNB
(2000) and the equivalent PAL as derived from the GPAQ questionnaire

(http://www.who.int/chp/steps/GPAQ/en/index.html).
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Table 4.1:  Physical activity level of respondents as defined by the FNBT and 'GPAQ
with the physical activity coefficient

ngh active " 1.25 , | 1_27

tFood and Nutrition Board, 2000; TGPAQ (http://www.who.int/chp/steps/GPAQ/en/index.html).

The calculation of the percentage of under-reporting and over-reporting of the reported
energy intake is expressed as a percentage of EER= [100 x (EER — Reported EI)/EER].
Since normal day-to-day variation in energy intake (El) and energy expenditure exists,
exact agreement between El and expenditure over fewer than seven days in an
individual is unlikely. It has been estimated that dietary intake measurements are
required for between seven and 32 days to classify an individual's energy intake
according to the true intake with 90% confidence (Marr ef al., 1986: Nelson ef al., 1989).
In a dietary collection period over a shorter term, it is possible that the measurements
rhay represent the individual’s actual intake during the recording period, but unless they
are recorded for seven days, they would not represent habitual diet. Therefore,
confidence limits of agreement between El and EER, and thus the limitations of EER for
identifying under-reporters at the individual level, need to be calculated using the
method described by Black and Cole (2000). Cut-off points to identify possible over- and

under-reporters were calculated using the following formula (Rennie ef al., 2007):

CV,~ Y(CV%¢ + CV?%g/d) where CV, is the coefficient of variation (CV) for both energy
expenditure (EE) and reported energy intake (El), d is the number of days of dietary
reporting, and CVge and CVg are the CV for EE and El respectively. Since the EER
equations are based on doubly labelled water studies of seven days’ duration, the CVgg
is taken as 8.2% (Rennie et al., 2007).

Possible under-reporters and over-reporters were identified as respondents whose

reported energy intake, expressed as a percentage of the EER, fell below (100-2SD) or
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above (100+2SD) the EER, where CV,was considered equivalent to the SD (Rennie et
al., 2007).

4.3 RESULTS
431 Reproducibility
4.311 Comparison of the results of the reported nutrient intakes between

administrations of the QFFQ
43111 Spearman rank and Pearson correlation coefficients
The Spearman rank and Pearson correlation coefficients were calculated to determine

the level of agreement between the first and the second administrations of the QFFQ.

Table 4.2 shows the correlation coefficients for the entire sample.

Table 4.2: Spearman rank and Pearson correlation coefficients (r) between the first
and second administrations of the QFFQ (N=50)

Energy | 0.156 0.278 - 0178 0.215 |

Totalfat o413 0.005*” T0494  00003*

flog e transformed; Level of significance: *P<0.05; SAT FAT= saturated fatty acids; MUFAs=monounsaturated fatty acids;
PUFAs=polyunsaturated fatty acids
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Table 4.2 shows the Spearman rank correlation coefficients and the Pearson correlation
coefficients for loge transformed data to improve normality for all the nutrients tested.
The strongest Spearman rank correlation coefficient was for cholesterol (0.76,
statistically significant) and the weakest non-significant correlation was for total
carbohydrate (0.153), followed closely by energy, with a correlation of 0.156. The
remaining coefficients varied between 0.2 and 0.6. The strongest statistically significant
Pearson correlation was for cholesterol (0.80) and the weakest correlation was for
energy (0.178, not significant), with the remaining correlation coefficients varying from
0.2 to 0.6. Of the total of the 19 nutrients that were assessed, the Speaman correlation
coefficient totalled nine higher recordings than the Pearson correlation coefficient whilst
the Pearson correlation coefficient totalled ten higher recordings than the Spearman
correlation coefficient. Overall, the Pearson correlation coefficient tended to be higher
than Spearman correlation coefficient with the Pearson correlation coefficients above
0.4 for 15 nutrients, whereas the Spearman correlation coefficients were above 0.4 for
13 nutrients. Both Spearman and Pearson correlation coefficients were above 0.4 for
total fat, saturated fatty acids, monounsaturated fatty acids, PUFAs, n-6 fatty acids,

cholesterol, calcium, iron, vitamin A, thiamin, riboflavin, niacin and vitamin C.

453112 Paired t-tests for reported nutrient intakes between first and second
administrations of the QFFE

In order to test reproducibility of the QFFQ, the mean reported intakes of the first and

the second administrations of the QFFQ (Table 4.3) were compared.

For the entire sample, the mean reported intakes of the second administration of the
QFFQ were higher than for the first, with the exception of PUFAs, n-6 fatty acids and
vitamin C. The difference, expressed as a percentage of the mean of the two
administrations of the QFFQ, gives a clearer indication of the agreement between the
results. A difference of less than 10% is considered a good agreement (Wheeler ef al.,

1994).
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The mean percentage difference (Table 4.3) of all the nutrients tested was 7.3%, with
energy, total protein, total fat, saturated fatty acids, monounsaturated fatty acids,

PUFAs, n-6 fatty acids, cholesterol, iron, zinc, vitamin A, thiamin, riboflavin and niacin

showing differences within 10%.

431153 Agreement between the first and second administrations of the QFFE
(Bland-Altman method)

The Bland-Altman method plots the difference in intakes between the two
administrations (QFFQ1 - QFFQ2) against the average of the intakes of the two
administrations (QFFQ1 + QFFQ2/2). It is used to identify whether proportional bias is
present. The desired situation is one of no proportional bias, i.e. the size of the
difference between the two methods should be constant across all levels of average
intake (Bland & Altman, 1986). Proportional bias, indicated by a significant Spearman
rank correlation coefficient indicates that the difference increases/decreases in
proportion to the average intake. Wide limits of agreement (mean difference £2 SD)

indicate poor agreement (Table 4.4).

As can be seen from Table 4.4, significant proportional bias was present for all nutrients

except saturated fatty acids.

A better way of displaying the data is to plot the difference between the measurements
by the two methods for each respondent against their average. Differences that lie
between the mean difference + 2SD are in agreement (Bland & Altman, 1986) and thus
the number of outliers will define the strength of agreement between the two

measurements.
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Table 4.4: Summary of agreeme-nt between the first and the second administration of
the QFFQ (N=50)

Thiamin 0.419 -0.40 0.38 0.002*

Niacin ' ' 0.343 734 6.78 0.015*

Level of significance: *P<0.05; SAT FAT = saturated fatty acids; MUFAs = monounsaturated fatty acids;
PUFAs = polyunsaturated fatty acids

Figures 4.1 to 4.4 display Bland-Altman scatter plots for saturated fatty acids,
monounsaturated fatty acids, and n-6 and n-3 fatty acids. Figure 4.1 shows one
respondent falling above the upper limit of agreement (8.13 g) and no one falling below
the lower Ilimit of agreement (-11.32 g) for saturated fatty acids. A Spearman rank

correlation coefficient of r=0.226 (P>0.05) indicates that there was no significant
proportional bias.
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Figure 4.1: Bland-Altman plot for saturated fatty acids (N=50)

Figure 4.2 shows two respondents falling above the upper limit of agreement (8.22 g)
for monounsaturated fatty acids and no respondents falling below the lower limit of
agreement (-10.73). A Spearman rank correlation coefficient of r=0.310 (P<0.05)

indicates that there was significant proportional bias.
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Figure 4.2: Bland-Altman plot for monounsaturated fatty acid intake (N=50)

Figure 4.3 shows three respondents falling above the upper limit of agreement (10.3 g)
and no respondents falling below the lower limit of agreement (-9.68g). A Spearman
rank correlation coefficient of r=0.529 (P<0.05) indicates that there was significant

proportional bias.
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Figure 4.3: Bland-Altman plot for n-6 fatty acid intake (N=50)

Figure 4.4 shows one respondent falling above the upper limit of agreement (0.21g) and
no respondents falling below the lower limit of agreement (-0.33g) for n-3 fatty acids. A

Spearmman rank correlation coefficient of r=0.38 (P<0.05) indicates that there was

significant proportional bias.
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Figure 4.4: Bland-Altman plot for n-3 fatty acid intake (N=50)

43114 Comparisons of distributions in quartiles between administrations of
the QFFQ)

In this statistical analysis, reproducibility is determined by comparing the positions of
subjects within the distribution of the two administrations of the QFFQ. The distributions
of each nutrient for each method are divided into quarters. The proportion of
respondents in the same or adjacent quartiles of the distribution on both measures

indicates the similarity in ranking of the methods (Table 4.5).
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Table 4.5: Classification of respondents into the same and adjacent quartiles of the
distribution for the two administrations for the QFFQ (N=50)

Quartlle classifi catlon

,,,,,,

xtreme opposﬂ:e quartlies

Same or.adjace t quartlles'

Nutrient

Energy
Total protein. &
T(;%él fat 4

\ SAT FAT lc0

Cholesterol

Tofal carbohydrate

Calcium

Zinc

Vitamin Az

Thiamin

Riboflavin-« =~ ...

Niacin

Vitamin C_

SAT FAT= saturated fatty acids; MUFAs=monounsaturated fatty acids;
PUFAs=polyunsaturated fatty acids

The proportion of individuals classified by both administrations of the QFFQ in the same
or adjacent quartiles for energy and macronutrient intake ranged from 64% (energy) to
92% (PUFAs). Slightly higher levels of agreement were observed for micronutrients,
ranging from 76% (iron) to 94% (zinc). Misclassification into extreme opposite quartiles
ranged from 2% to 10%, except for total carbohydrate (14%). The results in Table 4.5
show that more than 50% of respondents were classified in the same or adjacent
guartiles on both administrations for intakes of all nutrients and, with the exceptions of
energy and total carbohydrate, less than 10% of respondents were classified into

extreme quartiles.
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451156 Misreporting of energy intake

Table 4.6 presents the results of the mean and SD of the percentage by which the
sample under- and over-reported energy intakes in comparison with the EER. The
calculation of the percentage under- and over-reporting is the reported energy intake

expressed as a percentage of EER, where (100 x (EER-reported EI/EER).

Table 4.6: Mean and SD of the percentage of under- and over-reporting of energy
intakes derived from QFFQ1 and QFFQ2 (N=50)

I EVeani(SR)R | Meanl(SHB

o : : el %

Under- QFFQ1 44 (88)  25.4 (14.5) 21 30.8 (13.8) 23 20.6 (13.6)
reporting QFFQ2 39(78) 205 (10.9) 23.9(10.9) 18 16.6 (9.8)

21
QFFQi 13 | re(se) 9 21(@) 17.3(13.9)
arFer | 1@ | 118@©6) i ! wo | o | r2eee .

*N = respondents for whom reported energy intake was less/more than Estimated Energy Requirement

Table 4.6 shows that the reported energy intake of the majority of respondents was
lower than their EER in both the QFFQ administrations. For the total sample, the
percentage by which energy intake was under-reported was slightly higher in the first
QFFQ administration than in the second QFFQ, in that 88% of respondents under-
reported in the QFFQ1 by a mean of 25.4% as compared with 78% of respondents who
under-reported by a mean of 20.5% in the QFFQ2. A similar pattern was presented by
the women. Although the number of men who reported lower energy intakes than the
EER was the same for both administrations, the percentage by which men under-
reported energy intake was lower on the second administration. There were no
significant differences between the percentages of under-reporting between
administrations or between genders (P>0.05). There was a small percentage of
respondents who reported energy intakes higher than the EER, with most coming from

the QFFQ2, mainly women.

Table 4.7 presents the number and percentages of respondents classified as under-
reporters, where individuals were categorised as under-reporters using calculated cut-

offs as discussed under section 4.2.3, where the EER calculated is age- and sex-
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specific and takes into account physical activity level. The CVs for reported El were
21.5% and 12% for the men for QFFQ1 and QFFQ2 respectively and 21.3% and 13.7%
for the women. The cut-offs for identification of under-reporters were 70% and 78% of
the EER for both men and women for the first and second administrations of the QFFQ

respectively.

Table 4.7: Percentage of men and women classified as under-reporters by the QFFQ
(N=50)

 cutofi

EER= Estimated Energy Requirements

Table 4.7 shows that there was a larger percentage of men than women classified as
under-reporters for both the administrations of the QFFQ, with the difference being

statistically significant for the second administration (P=0.028).

4.3.2 Comparative validity

Comparative validity of the QFFQ was tested against the reference method, multiple 24-

hour recalls, using a number of statistical methods.

4.3.2.1 Spearman rank and Pearson correlation coefficients

The usefulness of correlation coefficients in the determination of comparative validity
has received much deliberation (Bland & Altman, 1986). However, the method has been
used extensively in the past and is thus presented here for the purposes of comparison
with other statistical methods. All non-normally distributed data were log. transformed
before the statistical analyses of the Pearson correlation coefficients and were adjusted
for within- and between-respondent variations in the three 24-hour recalls, as discussed
in section 4.2.3. Table 4.8 presents the Spearman rank and the Pearson correlation
and log e transformed correlation coefficients between the average reported intakes of

the three 24-hour recalls and the reported intake from the QFFQ for the whole sample.
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Table 4.8: Spearman rank, Pearson and adjusted Pearson correlation coefficients
between the average intakes of three 24-hour recalls and intakes derived
from the QFFQ (N=50)

Nutrient _ Rearson]i
Energy 0.063 0.284

TRl ol B T
Total fat 0.390 0.326 0.153

I SATFAT.. . | eoer 0.430

MUFAs 0.328 0.020* 0.312
EEUZCNOM 0052 ocei  Jooeo  Jossl  jooss
n-6 0.054 0.712 0.053 0.264 0.048
NN 0125 |0ses (0410 o 045 |
Cholesterol 0.245 0.085 0.500 0.000* 0.556 '
RECCTRUTEo] 046 Jooos  Josws  |oows  [0406 |
Calcium 0.421 0.002* 0.371 0.008* 0.404

Zinc 0.043 0.767 0.080_ 0.597 0.087

| Vitamin A R ' :

Thiamin 0.041 0.779 0.067 0.645 0.074
| 007 |07: | :
Niacin 0.097 0.499 0.157 0.276 0.189
(Viamne ] R T
Vitamin B6 -0.094 0.516 0.031 0.883 0.041

Level of significance: *P<0.05, r>0.4;Tlog e transformed; SAT FAT= saturated fatty acids; MUFAs=monounsaturated
fatty acids; PUFAs=polyunsaturated fatty acids

There appeared to be a weak-to-moderate correlation between the two instruments for
all nutrients, as presented in Table 4.8. The Spearman rank correlation coefficients
were significant (P<0.05) for energy, saturated fatty acids, monounsaturated fatty acids,
total carbohydrates, calcium and vitamin C, whereas the Pearson rank correlation
coefficients were significant for saturated fatty acids, cholesterol, total carbohydrate,
calcium and vitamin C. The strongest correlations were for vitamin C, calcium and total
carbohydrate, while vitamin B6 showed the weakest correlation for the Spearman rank
correlation coefficients. The strongest correlation for the Pearson rank correlation
coefficients was for cholesterol, while iron showed the weakest correlation. A
correlation of r > 0.4 is taken as acceptable (Masson et al., 2002). Adjustment for

within- and between-respondent variation resulted in a slight, but non-significant
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(P>0.05) strengthening of the Pearson correlation coefficients for 16 of the nutrients
tested. However, the correlation coefficient for protein remained the same and n-6 fatty

acids decreased.

4.3.2.2 Paired t-test

In order to test the comparative validity of the QFFQ, a comparison was made between
the mean reported intakes of the average of the three 24-hour recalls and the mean of
the QFFQs (Table 4.9).

For the entire sample, the average reported nutrient intakes of the three 24-hour recalls
were higher than those of the QFFQ, with the exceptions of n-6 fatty acids, iron, thiamin
and vitamin Bs. The mean percentage difference for the entire sample was 9.7%, with
total protein, saturated fatty acids, n-3 fatty acids, cholesterol, total carbohydrate,
calcium, iron, vitamin C, thiamin, riboflavin and vitamin Bg showing differences within

10%. Only energy and PUFAs showed statistical significance.
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43.2.3 | Agreement between the average of three 24-hour recalls and the
QFFQ (Bland-Altman method)

Table 4.10 presents a surmmary of agreement between the average of the three 24-hour
food recalls ang the QFFQ.

Table 4.10: Summary of agreement between the average of the three 24-hour recalls
and the QFFQ (N=50)

_ _ P-value for
Lower limit Upper limit Spearman r

Nutrient Spearmanr
v 0245

Vitamin A 0.144 -2519.3 402 _ 0.319

7

Riboflavin 0.07 165 249 0.615

Vitamin C ' 022 -160.3 242 1 0.122

Level of significance: *P<0.05; SAT FAT= saturated fatty acids; MUFAs=monounsaturated fatty acids;
PUFAs=polyunsaturated fatty acids

As can be seen from Table 4.10, significant proportional bias was present for eight of
the 19 nutrients, namely total protein, total fat, saturated fatty acids, MUFAs, PUFAs, n-

6 fatty acids, cholesterol and niacin.
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Bland-Altman scatter-plots provide a method of assessing whether the difference
between the QFFQ and the 24-hour recall is the same across the range of intakes and
whether the extent of agreement differs for low intakes when compared with high
intakes, by plotting the difference between the QFFQ and the 24-hour recall against the
average of the two methods. Figures 4.5 to 4.8 illustrate the Bland-Altman plots for

energy, cholesterol, total fat and protein.

Figure 4.5 illustrates that for energy there was a fairly even spread of intake from 4 000
kJ to 11 000 kJ, with most points being between 6 000 and 8 000 kJ. There was also a
tendency for the differences to get bigger as the mean intake increased, which is
consistent as the difference for the highest intake was just below 4 000 kJ; however,
the Spearman rank correlation coefficient between the mean and the difference of
intakes was not significant (P>0.05). There was one outlier below -3 498 kJ and none
above 6 366 kJ.

(e - — — - 366.
L 6000.00|
g o - _
<= 4000.00- . Coe o
o e T
= | 0 5 O ® :
£ 2000.00 o g
> [e} o] OO o]
[o o Yo
o o v
2 . o
@ 0001 -0
=
<] .
g o)
o o o S
8 -2000.007 . - - ° o °
e o R _ o ‘
% — — = ——— v - [3498.q
&£ -4000.00 A e o T ) : o
Q e R Lo U S . co
— - T ' —T T T
4000.00 6000.00 8000.00 10000.00 12000.00

Average energy intake (kJ) (24hr + 24 hr/2)

Figure 4.5: Bland-Altman plot for energy
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In figure 4.6 the largest spread of cholesterol intake lay between 100 and 400 mg.
There was also a tendency for the differences to get bigger as the mean intake
increased, which is consistent as the difference for the highest intake was just below
300 mg and the Spearman rank correlation coefficient between the mean and the
difference of intakes was statistically significant. There were no outliers below -272.2

mg and above 429 mg.

400,00’
2oo.ooj =
000 oy

~200.00" "

Difference between cholesterol intake (mg) (24hr-QFFQ)

-400.00— ...

0.00 100.00 200.00 300.00 400.00 500.00 600.00
Average cholesterol intake (mg)(QFFQ+24hr}/2)

Figure 4.6: Bland-Altman plot for cholesterol

In Figure 4.7 the largest spread of fat intake lay between 60 and 80 g. There was also a
tendency for the differences to get bigger as the mean intake increased, which is
consistent as the difference for the highest intake was just below 100 g and the
Spearman rank correlation coefficient between the mean and the difference of intakes
was significant. There were no outliers below the lower limit of -53 g or above the upper
limit of 96 g.
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Figure 4.7: Bland-Altman plot for fat intake
Figure 4.8 illustrates that for protein intake, most points were between 50 and 70 g. The

Spearman rank correlation coefficient between the mean and the difference of intakes

was significant (P<0.05). There were two outliers below the lower limit of -43.1 g and

none above the upper limit of 69.9 g.
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Figure 4.8: Bland-Altman plot for protein

4.3.24 Comparison of quartile distributions between the average of three
24-hour recalls and the QFFQ

The distributions of each nutrient for each method were divided into quartiles (Table
4.11).

According to Table 4.11, more than 50% of respondents were classified in the same or
adjacent quartiles for all nutrients. The proportion of individuals who were classified by
the QFFQ and the average of three 24-hour recalls in the same or adjacent quartiles for
energy and macronutrient intake ranged from 64% (total protein) to 80% (saturated fat).
Slightly lower levels of agreement were observed for micronutrients, ranging from 62%
(vitamin Bg) to 74% (vitamin C). The proportion classified into the extreme opposite
quartiles ranged from 2% to 18%, where total protein had the highest percentage of

misclassification.
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Table' 4.11: Classification of respondents into the same and adjacent quartiles of the
distribution for the average of three 24-hour recalls and QFFQ (N=50)

Quartile classification

[Nutrient © " |[Same or adjacent quarfiles  |[Exireme opposite quarfiles |
' N %

Total protein 32 64 8 18

|[Totelfat = |2 |68 = : 3B i

SAT FAT 40 - 80 4 8

[MUFAS T E 72 4

PUFAs

| n-6

n-3

| Cholesterol = 15 12

Total carbohydrate 38 76 1 2

[Calcium = =+ : g B

Iron

L Zinc-. .

Vitamin A

[Thiamin

Riboflavin

| Niacin

Vitamin C

| Vitamin B~

SAT FAT= saturated fatty acids; MUFAs=monounsaturated fatty acids; PUFAs=polyunsaturated fatty acids

4.3.2.5 Misreporting of energy intake

Table 4.12 presents the results of the mean and SD of the percentage by which the
reported El < than EER for the average of three 24-hour recalls for the total group, and
for men and women separately. The calculation of the percentage of under- and over-
reporting is the reported energy intake expressed as a percentage of EER [100 x (EER-
reported EI/EER)].

Table 4.12: Mean and SD of the percentage of under-reporting of energy intakes
derived from the average of the three 24-hour recalls (N=50)

Tetial ‘N % Menihy ;
Ave of 3 x 24-hrs 37 22.8 18 22.6 19 23.0
(14.1) (14.5) (14.0)

Ave = average; *N= respondents for whom average reported energy intake was less than the Estimated Energy
Reguirements
115



Table 4.12 shows that, using the average of the three 24-hour recalls, slightly fewer
respondents (37) reported energy intakes lower than the EER, in comparison with the
QFFQ (44) (Table 4.6) (P>0.05). The mean percentage of under-reporting (22.8%) was
not significantly different from that for the QFFQ (25.4%). Likewise, there were no
statistically significant differences between the percentages of under-reporting of the

men and the women.

Table 4.13 presents the percentage of respondents that were classified as under-
reporters for the 24-hour recall, where individuals» were categorised as under-reporters
using calculated cut-offs of 70% of the EER for the men and 68% for the women, as
discussed in section 4.2.3. The CVs for reported energy intakes were 21% and 24% for
the men and women respectively. Possible under-reporters were identified as
respondents whose reported energy intake, expressed as a percentage of the EER, fell
below (100-2SD) the EER (Rennie ef al., 2007).

Table 4.13: Percentage of men and women classified as under-reporters by the
average of three 24-hour recalls (N=50)

- EMen]
Bl Cui-elii % ,
Ave of 3 x24-hrs  70% 5 22.7 68% 4 14.3

Ave = average, EER = Estimated Energy Requirements

Table 4.13 shows that a larger, but not statistically significant, percentage of men than
of women could be classified as under-reporters, using the average of the three 24-hour
recalls. In comparison with the QFFQ (Table 4.7), the percentage of men classified as
under-reporters by the QFFQ was significantly more (50%) than that of the average of
the three 24-hour recalls (P=0.006). Although the percentage of women classified as
under-reporters on the QFFQ (30.4%) was higher than on the 24-hour recalls, the

difference was not statistically significant (P>0.05).

4.4 DISCUSSION

Comparison of reproducibility and comparative validity results is often difficult because
of the many methodological and analytical differences between studies. Similarly, this
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is the case for the present study, as there is no absolutely comparabie population in the
literature review. Reasonable comparisons could be made with studies from the Indian
sub-continent, studies involving migrant Indian populations, studies in South Africa and
the general results of reproducibility and validity studies. However, it must be borne in
mind that the South African Indian population has a very complex and unique dietary
intake pattern which has been transformed through adaptation to South Africa in terms
of diverse cultural exposure, food availability and economic conditions, as discussed in
Chapter 2. It is therefore imperative that this is taken into account during the discussion

and interpretation of the results of all the statistical techniques.
4.41 Reproducibility of reported nutrient intakes

In terms of reproducibility of nutrients, the results of this study will be compared with
those of other similarly structured studies. This study tested the reproducibility of the
QFFQ over a very short period of time (three to five weeks) and will be compared with

studies with a similar interval between administrations.

According to Willett (1994), correlation coefficients comparing nutrients have been in the
range of 0.4 to 0.7 for a wide variety of populations and with the use of food frequency
guestionnaires that have varied in length and detail. Similarly, in a review carfied out by
Cade et al. (2001) on the development, validation and utilisation of FFQs from 1980 to
1999, correlation coefficients of 0.5 to 0.7 between two administrations were common.
In this study the strongest Spearman rank correlation coefficient was for cholesterol
(0.76) and the weakest non-significant correlation was for total carbohydrate (0.153),
with the remaining coefficients varying between 0.2 and 0.6. The strongest Pearson
correlation coefficient was for cholesterol (0.80) and the weakest correlation was for
energy (0.178), with the remaining correlation -coefficients varying from 0.2 to 0.6.
Collectively, the range of correlation coefficients (0.17 to 0.8) was lower than those of
similar studies; however, it was closest to those obtained in the study on dietary
transition of Africans (THUSA) (0.14 to 0.75) (Macintyre et al, 2001a). A possible
reason as to why cholesterol had the highest correlation coefficient is that it is derived
from a small number of foods. Munger ef al. (1992) stated that dietary intakes derived
from only a few foods are easier to recall. Although the correlation coefficients obtained
in the present study were lower than reported by most studies, they show similar trends
(Kelemen et al., 2003; Maclintyre et al,, 2001a). In the study conducted by Kelemen ef
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al. (2003) on the development and evaluation of a cultural FFQ for South Asians,
Chinese and Europeans in North America, the energy-adjusted de-attenuated
correlation coefficients ranged from 0.32 to 0.73 (South Asians), 0.17 to 0.84 (Chinese)
and 0.30 to 0.83 (Europeans). With regard to South African studies, the THUSA study
on Africans in the North-West Province, with a time period of eight to twelve weeks
between administrations, showed correlation coefficients of 0.31 (energy), 0.31
(protein), 0.22 (vitamin A) and 0.20 (iron) (Maclintyre ef al., 2001a).

One must be guarded in the interpretation of the results of the correlation coefficient in
terms of its limitations. According to Delcourt ef al. (1994), a weak Pearson correlation
coefficient could reflect a smaller range of intakes rather than weaker agreement when
compared to other studies. On the other hand, an extreme value does not affect the

Spearman rank correlation coefficient.

With regard to the differences between the reported intakes of the two administrations
of the QFFQ, 13 of the 19 nutrients tested fell within a 10% difference, thus showing
good agreement (Wheeler ef al, 1994). The mean reported intake of the second
administration was higher than the first, with the exception of PUFAs, n-6 fatty acids and
vitamin C. A similar trend was reported by Maclintyre et al. (2001a) and Mannisto ef al.
(1996), but differs from other studies where the first administration was higher than the
second (Willett et al., 1985; Lindroos et al,, 1993). With regard to energy intake, the
percentage difference between measurements in the present study (8.0%) was slightly
larger than that reported by Macintyre ef al. (2001a) over a short interval but slightly
smaller than the differences obtained by Wheeler ef al. (1995) (11.2 to 13.6%).

When the results of the Spearman rank and Pearson correlation coefficients are
compared with the percentage difference, the Spearman rank correlation coefficients
are weak yet significant, implying an agreement between the two measurements. In
contrast, the mean reported intake did not differ significantly, implying that in the
comparison between the two administrations, the means were fairly consistent.
However, it must be borne in mind that the Speamman correlation coefficient measures
linear relationships between rankings of the variables whilst the comparison of means
compares group performance of the measurement. This is highlighted by the conflicting
results for cholesterol, which has the highest correlation coefficient but does not fall
within the 10% difference when means are compared. A possible reason for this is that
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cholesterol is found in animal products, and the fact that Indians (Hindus) normally
abstain from meat for at least three days per week for religious purposes could have

contributed towards this difference in results.

In an attempt to further clarify the agreement between the two administrations of the
QFFQ, the Bland-Altman procedure (Bland & Altman, 1986) was used, where it was
found that there was significant proportional bias for all nutrients except saturated fatty

acids.

In the attempt to determine whether the QFFQ was able to place a respondent in the
same quartile of intake on both administrations, the proportion of individuals classified in
the same or adjacent quartiles for energy and macronutrient intake ranged from 64%
(total energy) to 92% (PUFAS) in total, showing relatively good agreement. The highest
level of agreement was for PUFAs, followed closely by cholesterol, where both also had
relatively good correlation coefficients and fell within the 10% difference when means

were compared.
4.4.2 Misreporting of energy intake

According to Macdiarmid and Blundell (1998), under-reporting of food intake is one of
the fundamental obstacles preventing the collection of accurate habitual dietary intake
data. In terms of reliability of the QFFQ, using 70% of the EER as the cut-off for the
QFFQ1, 50% of men and 25% of women under-reported, and when using the 78% cut-
off for the QFFQ2, 54.5% of men and 17.9% of women under-reported. A possible
reason why more men under-reported could be that men may find it difficult to
determine portion sizes effectively, as Indian men are generally not involved in food
preparation. Similarly, in a review on dietary intake methodology on immigrant
European population groups by Ngo ef al. (2009), quantification of specific portion sizes
of traditional foods was problematic. However, body weight status was observed in
several Asian migrant studies as a trend of under-reporting amongst overweight

individuals (Pomerleau et al., 1999; Jonnalagadda & Diwani, 2002).
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4.5 IMPLICATIONS OF THE REPRODUCIBILITY RESULTS

When the reproducibility of a dietary instrument is assessed, it is important that it
performs consistently from one administration to another. The Spearman rank
correlation coefficients showed that the reproducibility was moderate-to-weak. However,
satisfactory reproducibility was reflected by the small differences between the means of
each measurement and a high percentage of subjects being classified within the same
or adjacent quartiles for both administrations. Further to this, understanding the factors
that could have affected reproducibility positively or negatively is equally important. In
terms of methodology, a positive effect on reproducibility can be inferred, since the
same fieldworker, complying with the same conditions, was responsible for both
administrations. It is also important to note that dietary patterns would not have changed
during the relatively short period of time between administrations. However, several
authors suggested that a number of frequently consumed foods have better
reproducibility than other foods (Ajani ef al., 1994; Feunekes ef al.,, 1995). Nonetheless,
it must re-emphasised that the South African Indian diet is very complex and varied
(using foods from the Indian sub-continent and indigenous South African foods) and
very similar to the Indian diet from the Indian sub-continent in its characteristic plating
and serving of a main dish and a number of side items on a plate (fari). From this, it can

be extrapolated that the complexity of the diet may affect reproducibility.

A satisfactory reproducibility equates to having small differences between means of
each measurement, no proportional bias and a high percentage of individuals classified
in the same quartile. Saturated fatty acids performed well on all measures, with other
nutrients being consistent on at least two analyses. Considering the factors that could
have affected the reproducibility of the instrument and the results that have been
presented, it can be concluded that QFFQ was a relatively reproducible dietary

instrument, showing consistency.
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4.6 COMPARATIVE VALIDATION OF REPORTED NUTRIENT INTAKES

The results of the Spearman rank correlation and Pearson coefficients, paired t-tests,
Bland-Altman technique and quartile distribution are discussed with reference to other
published studies for comparative purposes in order to assess the comparative validity

of the QFFQ.

4.6.1 Agreement between nutrient intakes derived from the 24-hour recalls
and the QFFQ

Energy

There appears to be a moderate-to-weak correlation between the two instruments for all
nutrients. The ranges of the Spearman rank correlation coefficients (-0.09 to 0.42) and
the Pearson correlation coefficients (0.008 to 0.556) obtained in the present study were
similar to ranges reported by Macintyre et al. (2001b) (0.14 to 0.6). The correlation
coefficients obtained for energy were 0.293 and 0.284 for the Spearman rank and
Pearson respectively, slightly higher than the following reported studies: Larkin ef al.
(1989) for black men (0.23) and Mannisto ef al. (1996) for women (0.23). However,
they are lower than those reported by Thompson and Margetts (1993) (0.38 and 0.36

for men and women respectively), and Maclntyre et al. (2001b) (0.31).

Protein

The correlation coefficient obtained for protein in this study was -0.054, which is much
lower than that reported for the Cambridge questionnaire (0.13) by Bingham ef al.
(1994). Although the QFFQ, in comparison with the 24-hour food recall, is more
representative of the habitual diet, the low correlation coefficient for protein could be
due to the fact that only special occasions and days of festivities were excluded during
the 24-hour recall administration. The 24-hour recall did not take into account normal
abstinence from meat for religious purposes, as these days varied according to deities
worshipped in compliance with the Hindu faith and hence averaged three working days
in a week. For total carbohydrate, the Spearman correlation coefficient obtained in the
present study was 0.414 and the Pearson correlation was 0.405, larger than the value
reported by Maclntyre et al. (2000b) (0.3). However, it was similar to what was reported
by Rimm ef al. (1992) (0.4) and Lindroos et al. (1993) (0.43). The correlation coefficient
obtained for fat in this study was 0.123, which was lower than in studies reported by

Maclintyre et al. (2001b) (0.25) and Larkin ef al. (1989) (0.23).
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Micronutrients

In terms of micronutrients, the strongest correlation was for vitamin.C (0.426), which
was slightly lower than that reported by Macintyre ef al. (2001b) (0.6). The calcium
correlation coefficient was 0.42, similar to the range reported in many studies (0.4 to
0.7, Rimm et al., 1992; Thompson & Margetts, 1993). A possible reason for the strong
vitamin C correlation is that it is present in a number of foods that form part of the Indian
habitual diet.

With regard to studies on South Asians where 24-hour recalls were compared with
FFQs, Wang ef al. (2008) reported correlation coefficients from 0.35 (total fibre) to 0.84
(energy) in men and 0.24 (thiamin) to 0.62 (riboflavin) in women. Sevak et al. (2004)
conducted another migrant South Asian study using similar instruments, where validity
was very reasonable. In that study, the energy-adjusted Pearson correlation coefficients
ranged from 0.24 (vitamin A) to 0.73 (protein) and energy-adjusted Spearman
correlation coefficients ranged from 0.17 (vitamin A) to 0.76 (carbohydrate). In the
study by Norimah and Margetts (1997) on the South Asian community in the UK, where
the reference method differed from this study in that the FFQ was compared to the
weighed diet record (WR), the correlation coefficients ranged from 0.26 to 0.38 (energy
unadjusted) with the following correlation coefficients: 0.38 (carbohydrate), 0.26 (faf),
0.29 (energy) and 0.27 (protein). In relation to the findings of this study, the correlation
coefficients for energy were equivalent and the correlation coefficients for carbohydrates
were slightly higher. However, the correlation coefficients for fat and protein were much
lower than those in the study by Norimah and Margetts (1997). Although, unlike the
WR, the QFFQ and 24-hour recall could be influenced by memory recall, the similarities
and differences presented in this study, as compared with the study by Norimah and
Margetts (1997), could be due largely to ease of quantifying portion sizes. Fat intake
would be harder to quantify because of the varying amounts of unsaturated fats used in
food preparation, whereas carbohydrate intake would be easier to quantify as portion

sizes are standardised and commonly used.

In South Africa, the only validation study so far was in the THUSA study. The following
Spearman rank correlations were reported: 0.31 (energy), 0.31 (carbohydrate), 0.30
(protein), 0.22 (vitamin A) and iron (0.2), where the QFFQ was compared with seven-
day weighed food records (Macintyre et al., 2001b).
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With regard to the comparison of the results of the correlation coefficients and the mean
difference between the two methods, the results are positively comparable, in that
saturated fat, MUFAs, carbohydrate, calcium and vitamin C showed significant
Spearman and Pearson correlation coefficients and were also within the 10% mean

difference between methods.

Level of agreement and proportional bias

In an attempt to further assess the level of agreement and the presence of proportional
bias between the reported nutrient intake of the QFFQ and the average of the three 24-
hour recalls, the Bland-Altman procedure (Bland & Altman, 1986) was used. In this
study, significant proportional bias was present for eight nutrients, namely fotal protein,
total fat, saturated fat, MUFAs, PUFAs, n-6 fatty acids, cholesterol and niacin. Bland-
Altman plots for energy, cholesterol and fat intake showed that, as the mean intake
increased, the difference between mean of the two QFFQs and the average of the three
24-hour recalls grew larger. However, this pattern was not as pronounced for protein

intake.

Misclassification patferns

The proportion of individuals classified in the same or adjacent quartile was relatively
high. However, in a comparison with the Bland-Altman plots, a similar pattern of
agreement was displayed for the quartile classifications, where protein intake had the -
highest percentage of misclassification. With reference to Indian migrant studies, the
study by Sevak ef al. (2004) among South Asians in the UK, where the FFQ was
compared with the 24-hour recall, the proportion of individuals classified in the same or
adjacent quartiles was high, ranging from 65% (vitamin A) to 96% (protein).
Misclassification in opposite quartiles was very low (0% to 5%), except for vitamin A
(10%). Wang et al. (2008) reported that the percentage of the men classified in the
same and adjacent quartiles of a 24-food recall and FFQ ranged from 68% (fat) to 90%

(vitamin A), with an average of 79%.
4.6.2 Misreporting of energy intake

In terms of under-reporting, when using the 70% cut-off for the QFFQ1, 50% of men
and 30% of women respectively under-reported energy intakes, whereas when using
the 70% cut-off for the 24-hour recall for men and 68% cut-off for women, 25% of men
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and 14.3% of women under-reported on energy intake. The pattern of more men under-
reporting again suggests that men are not skilled in determining portion sizes, the
density of plated food and the type of fat used in the dish, as they are not primarily

involved in food preparation in Indian households.

In some studies, under-reporting has been associated with a number of different subject
characteristics such as gender, BMI, age, ethnicity, cultural factors, physical activity and
dietary restraint (Lafay ef al., 1997; Pomerleau et al, 1999; Mennen et al, 2000).
According to Macdiarmid and Blundell (1998), invalid dietary intakes can arise from

different forms of behaviour including:

¢ food being eaten but deliberately NOT reported (intentional under-reporting);

e food consumption being reduced, or certain foods being avoided, during the
period of study and

e food being eaten but genuinely forgotten (unintentional / unknowing under-

reporting).

Moreover, with under-reporting being related to a number of factors, it is important to
note that these factors are unlikely to be mutually exclusive, with each having an effect
on under-reporting in varying degrees. Furthermore, in two studies on under-reporting
in Sweden and Ireland, it was found that under-reporting was associated with a lower
percentage of energy from total fat, saturated fat and carbohydrate, which could be an

influential factor in under-reporting (Beekes et al., 1999).

The main aim of the comparative validation was to determine whether the information
obtained from the QFFQ was a true reflection of the diet of the Indian community
studied. It is important to interpret the results together in order to arrive at a conclusion
on the relative validity of the QFFQ. Although this study shows moderate-to-weak
validity, it must be borne in mind that the complexity of the Indian habitual diet makes it
difficult to determine true intake adequately. Similarly, Wang et al. (2008) reported that
the assessment of dietary intake in China is difficult because subjects tend to mix
multiple elements in one food or dish, which makes accurate estimation difficult.
Although recipes were standardised in the present study through focus groups before
the administration of questionnaires, it did not reflect true intake in terms of unsaturated

fat usage per recipe per household.
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The standardised amount of sunflower oil used in food preparation by each respondent
does not reflect actual intake, as the amount of sunflower oil used to sauté a dish (which
is the primary method of cooking amongst Indians) varies greatly between households.
With sunflower oil being the main oil used in most food preparation methods, the
household consumption of sunflower oil is approximately five litres per month,
depending on the size of the household. To add to the increased consumption of
sunflower oil, a variety of vegetable dishes are commonly served as side items to the
main dish. These vegetables are predominantly sautéed in sunflower oil and chilli, in
contrast to meat, which is self-basting, depending on the cut, and requires slightly less
sunflower oil. These preparation methods are fairly common in most Indian
households, but the amount of unsaturated fat used differs extensively, making true
dietary estimation very difficult even with standardisation, and thus affecting the validity

of the study.

Observational studies are the ideal but this type of study also comes with high cost and
the possibility of error being introduced in measuring dietary intake, as the environment
is generally controlled during the observation and hence individuals who usually have

freedom of choice would be restricted in their responses.

4.7 IMPLICATIONS OF THE RESULTS FOR THE MAIN STUDY

Both reproducibility and relative validity are affected by a number of factors, including
the nutrients and foods being assessed, the estimation of the amounts consumed, the
complexity of the diet and the size and the characteristics of the study sample. In
addition, the overall research design, methods and reporting will affect accuracy. The
QFFQ is relatively reproducible; however, the study showed moderate-to-poor validity.
The reliability and comparative validity study has the following implications for the main
study:

e Since there is a possibility of inherent error in portion size estimation owing to the
density of the food and the actual type of fat used in the dish, especially in the
case of respondents that do not prepare the food themselves, extra care must be
taken by the fieldworker to extract this information and care must be taken in the
interpretation of the results. It is recommended that, during the administration of

the dietary questionnaire, the person involved in the preparation and serving of
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food must be present so that accurate estimates of food consumption are

obtained in collaboration with the respondent.

e In the study conducted by Igbal et al. (2008), lower correlations were observed
which were attributed to participant fatigue, as the 24-hour recalls and the FFQ
were administered simultaneously. In this study, the three 24-hour recalls and
the two QFFQs were administered within a period of five weeks, so the poor
correlations could also be attributed to participant fatigue. Refining the QFFQ in
terms of the length will not do justice to the varied dietary patterns of Indians in
KZN. It would be more appropriate to spread the administration over a longer

period so as to limit respondent fatigue.

o Care must be taken in the design and administration of QFFQs to avoid double
counting of foods. For example, error can be introduced in reporting rice intake
and rice again in breyani (rice dish) or bread intake and bread again in a ‘bunny’
(bread and curry dish). To reduce the possibility of error, it is suggested that the

fieldworker remind the respondent of foods where doubling can occur.

Although care was taken in the adaptation of the QFFQ to make it culturally sensitive to
Indians, dietary assessment methods more sensitive to culture should be further

explored.

4.8 CONCLUSION

This chapter described the methods used in the study of the comparative validity and
reproducibility of the dietary questionnaire, and presented the results, which were

discussed and interpreted in relation to other studies. In Chapter 5, the results of the

main study will be presented.
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CHAPTER 5

RESULTS OF THE MAIN STUDY

5.1 INTRODUCTION

In Chapter 4, the results of the study of the comparative validation and reproducibility of
the QFFQ in the sub-sample were presented and discussed. In this chapter, the results
of the main study will be presented. The main study was conducted to determine the
prevalence of selected risk markers for NCDs and the association with lifestyle
behaviours in apparently healthy Indians (35 — 55 yrs) living in KwaDukuza. The
prevalence of risk markers for NCDs (unhealthy diets, smoking, physical inactivity,
hypertension, central obesity, increased fasting blood glucose, cholesterol and
triglycerides) and the possible associations with current trends in nutrient intakes and
dietary patterns, with special reference to the n-6:n-3 fatty acid ratio, were investigated

in order to propose strategies for an integrated programme of prevention of NCDs in the

target group.
5.2 RESULTS

5.21 Sample description

A total of 250 respondents, comprising 111 males and 139 females from the six sub-
areas of the KwaDukuza Municipality, was interviewed for the main study. Table 5.1
presents an overview of the socio-demographic characteristics and medical history of
the study group. All the respondents completed the study. The mean age of the study
group was 45.5 and 43.1 yrs respectively for men and women. Most of the respondents
were Hindus and professionals, using the services of private doctors and pharmacies,
and covered by medical aid. For the purpose of differentiating between a vegetarian
and a non-vegetarian, the definitions of the ADA (2009) were used. According to the
ADA (2009), a vegetarian is a person who does not eat meat (including fowl) or
seafood, but the eating plans of vegetarians may vary considerably depending whether
they are lacto-ovo-vegetarian, pollo-vegetarian or pesco-vegetarian. In the attempt to
determine the number of respondents that were vegetarian, all eating plans of
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vegetarianism were acknowledged as vegetarian. Using the above definitions, only
6.4% of respondents were vegetarians. There was minimal use of primary health clinics
and government hospitals, probably due to the long waits and stigmatised poor service
delivery in such institutions of health. A large percentage reported a family history of
hypertension (63.2%), myocardial infarction (41.2%) and stroke (31.6%). Only 12.4% of
the total group smoked. With regard to alcohol consumption, 30.4% of the total sample
had consumed alcohol in the past year. Of this number, 76.3% were men and 23.6%
were women. Beer consumption was highest, with 28% of the respondents consuming
two beers per week, followed by 17% of the respondents who consumed two shots of

brandy and the same percentage consuming two ciders per week.
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Table 5.1: Socio-demographic characteristics of the respondents

[ Variables™ % T
Gender
Men .
Women
Age (yrs)

1444
556

=

524
47.6
1| Women: 431 (SI 58) |

Muslim . ’
“Christian' =
Occupation
YHOUSBWIVBSZW P
Blue-collar ~
- Professional
Unemployed
Dietary preference
Vegetarian®" =
Non-vegetaran.
Health service utilisation

)
=,
g
7
)
5
13
3.
o)
3.
&
|
St
>

Government hospitals 21 8.4
[ Privatehospitals . ... o o & = o o4 o e e e oo A4 i
Private doctors - 55 22.0
[Pharmacies T E A T —
Medical aid cover 144 57.6
LMedicabhistory: oo oo i wo i s h oo i i i b
Family history of hypertensmn 158 63.2
Men: 76 30.4
Women: 82 32.8

Family history of heartattack .. . - . 1[103 o
S # o :, < % 3 g4 N G | Men 48

Tobacco use

[ Current smokers

I R R

Cigarettes per day
10 or less

(N=31)
21 67.7

11to 15 4
16-20 6

[wAlcohol use . \ wo -
Ever consumed aloohol 77 30.8

2 beers per week

(average 5% alcohol content)

2 ciders per week

(average 5% alcohol content)

2 (25ml x 2) shots brandy
(average 30-42% alcohol content)

SD = Standard deviation
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5.2.2 Biological risk factors
5.2.2.1 Anthropometric profile

Table 5.2 presents the results of the anthropometric profile for the whole study group.
The mean weight for the whole study group was 70.2 kg, with men having a mean
weight of 75.8 kg and women 65.8 kg. The mean height for the whole study group was
1.6 m; 1.7 m for the men and 1.5 m for the women. The mean WC for the whole study
group was 89.6 cm, with men recording a mean WC of 94.0 cm and women 86.1 cm.
The mean hip circumference for the whole group was 100.3 cm, with men having a
mean hip circumference of 103 cm and women 98.2 cm, while the mean waist: hip ratio
was 0.89 for the entire sample, 0.91 for men and 0.87 for women. With regard to
percentage of body fat, a close similarity of means for the whole group, men and
women was noted. The mean for the whole group was 32.2%, 31.7% for men and
32.6% for women. A similar pattern was noted for the mean BMI. The mean BMI for the

whole group was 26.3 kg/m?, 26.1 kg/m? for men and 26.8 kg/m? for women.

Table 5.2; Anthropometry for the total group, men and women

Weight (kg) 65.8 (10.3)

ng{}t(‘/“) | . 15(0 05)
Waist circumference (WC) 8 86 1 (5. 4)
(cm)

%Body mass mdex (BM])
H|p cwcumference (cm) 100.3 (5.3)

982 (5.1)

Wa[st hlp ratlo (WHR)

110.88,(0.27) -O\\87/ (Q.oz)%-

Percentage body fat 32.2 (5.9) 31.7 (0.5) 326 (6 3) |

SD= standard deviation
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Table 5.3 presents the frequency distribution of the anthropometric profile with
reference to standard classification systems. Cut-off points for BMI are represented
according to the BMI criteria for Asians by the Regional Office for the Western Pacific
Region of the WHO (Anuurad et al,, 2003). Waist circumference cut-off points were
based on the recommendations of the WHO for Asian populations (NCEP/ATP111, as
discussed in section 2.5.3.2), defined as 290 cm for men and =280 cm for women for
central obesity. For men, the highest frequencies were recorded in the following ranges:
height 1.70 to 1.79 m, weight 70.0 to 79.9 kg, WC 90 to 99 cm and hip circumference
100 to 109 cm. For women, the ranges with the highest frequencies were as follows:
height 1.50 to 1.59 m, weight 60.0 to 69.9 kg, WC 80 to 89 cm, and hip circumference
90 to 99 cm. Using the Asian cut-off points to define central obesity, 100% of women
had WC 280 cm and 87.4% of men had WC =90 cm. In terms of BMI and percentage of
body fat, both men and women had the highest frequency for obesity class 1 and fell in
the 30% to 39% body fat category.
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Table 5.3: Frequency distributions of anthropometry profile with reference to
standard Asian* classification systems

Totell | F P .
NS0 ' 3 | =0 | %

Weight (kg) .

48-49.9 . 2 1.4
50-59.9 ; 40 28.7
60-69.9 56 40.2

70-79.9 . . 24 17.2
80-89.9

90-99.9

Height (m)
1 45 1.49
™ 5—1 594,
1.6-1.69"

WC (cm)
75-79
80-89
90-99
100-110
111-120
_BMI (kg/m?)-
- Underweight
-<18.4
“Normal
18.5-22.9
| Overweight
-23.024.9
ObeStty class |
'25.029.9
ObeStty class I
30.0 and >

Hip circumference (cm)
80-89.9

90-99.9

100-109.9

111-119.9

. Waist cwcumference

(central obesnty)
ZQOcm, .

80-89cm
Percentage body fat .
16-19 3 1.2 0 0 2 1.4
20-29 86 344 41 36.9 46 33
30-39 130 52 62 55.8 68 48.9
40-49 31 12.4 8 7.2 22 15.8

*Anuurad ef al., 2003; Wasir ef al., 2008
WC = Waist circumference; BM| = Body mass index

Figure 5.1 depicts the results of the frequency distribution of WC in a bar graph, where
it is clearly shown that 80 to 89 cm was the highest frequency amongst women and 90
to 99 cm was the highest frequency amongst men.
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Figure 5.1: Frequency distribution of waist circumference

Figure 5.2 presents the results of the frequency distribution of the percentage body fat
of the respondents in the current study in a bar graph, showing that the category of 30 -
39% body fat was the highest frequency in the total group, including both men and

women.

60
50
2 40
[:1)
2
g 30 - H Total
3 |
D\‘; 20 | | H Men

10 - I ’ l k& Women
0 | = el -

16-19% 20-29% 30-39% 40-49%

Frequency categories % body fat

Figure 5.2: Frequency distribution of percentage of body fat
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5.2.2.2 Clinical profile

In Table 5.4, the results of the clinical parameters are reported for the whole study
group, and for men and women separately. The mean recorded SBP for the entire
group was 123.4 mmHg. Men recorded a mean of 122.8 mmHg and women 124.0
mmHg, with the means very close to each other. The mean DBP for the whole group
was 89.7 mmHg, with a slight variation in men with a mean of 89.3 mmHg, and in
women a mean of 90.4 mmHg. Similarly, the means recorded for pulse units, total
serum cholesterol and fasting glucose were almost the same for all the groupings, as
reflected in Table 5.4. In contrast, the mean triglyceride levels varied between groups
with a mean of 2.33 mmol/L for the entire group, 2.24 mmol/L for the men and 2.4

mmol/L for the women.

Table 5.4: Clinical parameters of the total group, men and women

[ Totalgroup . .;: Men..

-1 N=250 N=111__ N=r _ i
U ... . . _ . Mean(SD). . Mean(SD) [ Mean(SD) '
SBP (mmHg) 123.4 (8.2) 122.8 (7.0) 124.0 (9.1)
'DBR(mmHg). . . 897(67) 1893 (44) 90465
Pulse units (BPM) 77.6 (5.1) 77.2 (4.2) 77.9(5.7)
Fasting glucose (mmolL) ~  155(0.79)  1156.41(063) = 155(0.88)
Total serum cholesterol (mmol/L) 5.03(0.78) 5.07 (0.58) 5.01 (0.58)
Triglycérides (mmol/L)  ©23(079)  122(061) 1240980 |

SBP = systolic blood pressure; DBP = diastolic blood pressure; BPM = beats per minute; SD = standard deviation

Cut-off points for clinical parameters used in this study were defined in section 2.6.
Impaired fasting blood glucose was defined as >5.55 mmol/L. Hypertension was
defined as SBP =130 or DBP 285 mmHg and hypertriglyceridaemia was defined as
>1.68 mmol/L. Table 5.5 presents the frequency distributions of clinical parameters. A
SBP >130 mmHg was recorded by 6.3% of men and 6.4% of women. More
respondents had DBP measurements above the cut-off value (93.8% of men, 92% of
women). The highest recorded frequency for pulse for all subjects ranged from 70 to 79
beats per minute. Thirty-six percent of men and 40.2% women recorded a fasting blood
glucose level of >5.55 mmol/L. With regard to cholesterol, 63% of men and 21.5% of
women recorded levels >5.2 mmol/L. Both men (91.8%) and women (86.3%) recorded

raised triglyceride levels (>1.69 mmol/L).
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Table 5.5: Frequency distributions of clinical parameters with reference to cut-off
points

SBP
<130 mmHg 234 93.6 104 93.6 130 93.5

>130 mmHg 16 6.4 7 6.3 9

Pulse units (BPM)

60-69 5 2 -2 1.8 3 2
70-79 138 15.2 67 60.3 71 51
80-89 100 40 42 36 58 1.7

90-100 7 2.8 0 0 7 5

talserum cholestro
<5.2 mmol/L 150 60 41 36.9 109 78.4
>5.2 mmol/L 100 40 70 63 30 -21.5

SBP = systolic blood pressure; DBP = diastolic blood pressure; BPM = Beats per minute

In order to determine the burden of risk factors on the prevalence of NCDs, the
European SCORE model was used to estimate the risk of fatal CVD (section 3.11.2,
Conroy et al., 2003; Graham ef al., 2007), although concern has been expressed
regarding the application of this and other existing score models for the Indian
population (Enas ef al, 2008; Kanjilal et al., 2008). The model had the following
categories: age, gender, smoking, total cholesterol and systolic blood pressure. Based
on these risk factors, two score charts are available, one for calculation of the 10-year
risk of fatal CVD in populations at low risk and one for populations at high risk. The
latter was used in the present study. Table 5.6 presents the results, where most

respondents had a <1% risk score for fatal CVD.
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Table 5.6: Frequency of respondents in score categories according to the European
risk SCORE for fatal CVD*

Frequency Frequency Frequency

European <1 .178 712 58 | 523 120 86.3

SCORE (%) 1 51 204 34 308 17 12.2
2 18 72 47 153 1 0.7

4 3 1.2 2 1.8 1 0.7

European SCORE for risk of fatal CVD <1%, 1%, 2%, 4% (Conroy ef al., 2003; Graham et al., 2007)

With reference to the European risk score presented in Table 5.6, Enas ef al. (2008)
indicated that in order to determine the CAD risk more appropriately among Asian
Indians, one must multiply the 10-year risk factor by a factor of 2 when using the
European risk algorithm. This recommendation is based on studies where Asian Indians
have shown 22-fold risk pattern of dying from CVD from any combination of risk factors
as compared with Caucasians (Forouhi ef al., 2006). Table 5.7 shows the modified risk
score being doubled, where, although the frequencies remain the same as in Table 5.6,

Asian Indians have twice the risk compared with Caucasians.

Table 5.7: Frequency of respondents where the European score algorithm is
multiplied by a factor of 2

Frequency Freq uency Frequency'

‘N N

European 1

SCORE (%) 2 51 20.4 34
4 18 7.2 17
8 3 1.2 2
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5.2.3 Behavioural risk factors
5.2.3.1 Energy and nutrient intakes

Table 5.8 shows the mean and SD for the percentage by which energy intakes were
misreported (under-reported and over-reported in comparison with the EER), where a
large percentage of men (94%) and women (73%) reported energy intakes lower than
their EERs in the QFFQ, with men having a higher mean percentage of under-reporting
than women. In terms of over-reporting in the QFFQ, more women (27%) over-reported
than men (6%). In the 24-hour recall, significantly fewer participants under-reported
their energy intakes in comparison with their EERs (p=0.0000). The mean percentage
by which energy intake was under-reported was, however, similar for the total sample
and the men (p>0.05) and significantly higher than the QFFQ for the women (p=0.004).
Significantly more respondents of both genders reported energy intakes higher than the
EERs in the 24-hour recalls than in the QFFQ (P=0.0000) and the mean percentage by
which energy intakes were over-reported was also significantly higher than the QFFQ

for the whole sample (p=0.001), but not for the men and women separately (p>0.05).

Table 5.8: Mean and SD percentage by which energy intakes were over- and under-
reported in the QFFQ and 24-hour recall in comparison with the Estimated
Energy Requirement

L BN

"/'Over-reporting * | R4

| Under-reporting 206 22.0(12.5) 104  27.9(10.8) 102 15.9 (11.3)

24—hour
| Under-reporting 139 232(14.3) 75 22.9(13.3) 64 23.5 (15.6)

.

* Number of respondents whose reported energy intake was higher or lower than the Estimated Energy requirement
SD =standard deviation; QFFQ = quantitative food frequency questionnaire

Table 5.9 presents the percentage of respondents that were classified as under-
reporters. Cut-off points to identify possible over- and under-reporters were calculated
using the formula by Rennie et al. (2007), as discussed under section 4.2.3. Possible

under-reporters and over-reporters were identified as respondents whose reported
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energy intake, expressed as a percentage of the EER, fell below (100-2SD) or above
(100+2SD) the EER (Rennie et al., 2007). A larger percentage of men than of women
were classified as under-reporters. The CV for the reported El for the 24-hour recall
was 32% for women and 28% for men, compared with the CV of 16.8% (women) and
19% (men) for the QFFQ, indicating more variation in the 24-hour recall than in the
QFFQ. Furthermore, this is also seen by the very low cut-off points used for under-
reporting for the 24-hour recall: 42% for men and 34% for women. Consequently,
because of the large amount of variation and the usage of lower cut-off points in the 24-

hour recall, the results of the QFFQ will be reported in the next part of this study.

Table 5.9: Percentage of men and women categorised as over-reporters and under-
reporters

e

Under—reportefs

‘Over=reporters &

Under-reporters
QFFQ = Quantitative food frequency gquestionnaire

Table 5.10 presents the results of the mean daily nutrient and energy intakes derived
from the QFFQ for the whole study group and for men and women, separately. The
men reported slightly higher means than the women for all the macronutrients except
for n-3 fatty acids, where the means were similar. For micronutrients, the men also
reported slightly higher means except for vitamin K, where the women reported a higher
mean intake than the men. Both men and women had similar means for vitamin D and

thiamin intakes.
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1210 . 516.3

Iron (mg)

@@%A@ 89 | 1981 | 16052135 | 1 iee07 794 1819 | 17321867
O:_o:am ABS 954 @oo. 620,1244 1006.6 943.8 915.4,1097. m 912.3 890 842, 982
(449.2)

7482 BT 7.2

 Zine (M) 78 | 707 | 6183

Copper (mg)

178270 26210 e

2456.3  0426. 24548  2403.8.2657.4 2386.4  2305.82488.3

Eg 63 e 28414 (674 (544.2)
10482540 | 200 | 2285 | 2282480 | 22 | 2072 | 21412288

Vitamin A 580.3  531.3 405.5, 606.3 610.6  560.5,652.1 559.5 510.5  516.8,602.2
(RE) (ug)

0709 | 08 | 08 | 0809 | 08 8 05,08

Riboflavin
(mg)
-A. v

126,17.3 %61 | 148166 | 1 49 | 187,148

Vitamin B6
(mg)

1.1 1.1,1.2

I 21372572 202 | 21482910
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Table 5.11 presents the results of the percentage of energy derived from the
macronutrients for the total group, where the largest amount of energy was derived from

carbohydrates, followed by total fat.

Table 5.11: Percentage of energy from macronutrients for the total group from the
QFFQ

LMécronutflents R ‘iMeén % Energy (SD) H\Médiah % energy H 25", 75" percentile

Total fat 35.4 (3.2) 35.1 332, 372
n—6 fatty ;icids » 111 (18) 10.9 : 109, 119
n-3 fatty acids 0.2 (0.0) 0.2 0.21, 027
PURAs ~  Jjptrasy o 1S o 198 128
MUFAs 9.6 (1.4) 9.6 8.8, 104
[SATFAT - |[1e0a®y o oo . - |92 1066
Carbohydrate 48.3 (4.1) 48.6 46.6, 50.8

PUFAs=polyunsaturated fatty acids; MUFAs=monounsaturated fatty acids; SAT FAT= saturated fatty acids

Table 5.12 presents the results of the frequency distribution of energy according to the
WHO population nutrient intake goals for the prevention of death and disability (WHO,
2003b). Total fat, PUFAs, n-6 fatty acids and free sugars recorded percentages higher
than the goal recommended by the WHO. In contrast, n-3 fatty acids, dietary fibre and
vegetable intakes were much lower than the recommended WHO goal. The low sodium
intake could be due to the fact that it was very difficult to determine the exact sodium
intake using the QFFQ.
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Table 5.12: Comparison of mean intakes of men and women with the WHO population
nutrient intake goals for prevention of death and disability from NCDs
(WHO, 2003b)

Mean reported intakes

Free sugars %E <10 v 12.5 125

SAT FAT= saturated fatty acids; PUFAs=polyunsaturated fatty acids; MUFAs=monounsaturated fatty acids

To determine the adequacy of the dietary intakes of the respondents, the mean intakes
as measured by the QFFQ were compared with the Estimated Average Requirement
(EAR) (Food and Nutrition Board, 2000) of nutrients for men and women. Table 5.13
presents the frequency of respondents who consumed less than the EAR.
Respondents who consumed less than the EAR varied with regard to both
macronutrients and micronutrients. In terms of macronutrients, there was a high
percentage of respondents who consumed less than the estimated EAR for fibre and
protein, which was an unexpected finding in the case of protein, as only 6.4% of the
respondents were vegetarians. Moreover, no respondents met the EAR for n-3 fatty

acids, but practically all met the requirements for n-6 fatty acids. With regard to
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micronutrients, the highest percentages of respondents who consumed less than the
EAR were those for calcium (99.6%), folate (95.2%), vitamin D (94%) and pantothenic
acid (82.8%).

Table 5.13: Respondents who consumed less than the Estimated Average
Requirements (EAR)

“Vitamin D 235 94 105 945 130 93.5

Vitamin K 174 69.6 103 92.7 71 51.0

EAR = Estimated Average Requirements (Food and Nutrition Board, Institute of Medicine. Dietary Reference Intakes.
Washington, DC. National Academy Press, 2000); PUFAs = polyunsaturated fatty acids

Figure 5.3 presents, in the form of a bar graph, the results of the percentage of
respondents with intakes <EAR for vitamins, with vitamin D, folate and panthothenic
acid having the highest percentage of respondents with intakes <EAR (Food and
Nutrition Board, 2000).
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Figure 5.3: Percentage of respondents with intakes <EAR for vitamins (Food &
Nutrition Board, 2000)

Figure 5.4 presents the results of the percentage of respondents with intakes <EAR for
minerals in the form of a bar graph, with calcium and iodine having the highest

percentage of subjects with intakes <EAR for minerals (Food and Nutrition Board,
2000).
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Figure 5.4: Percentage of respondents with intakes <EAR for minerals (Food &
Nutrition Board, 2000)
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Overall diet quality combines many compounds of the diet into a single indicator. Two
dietary quality indices, a deficiency index (Index 1) and an excess index (Index 2), were
calculated in this study, following the procedure of Thiele et al. (2004). The
methodology of deriving the dietary quality indices has been explained in Chapter 3,
Section 3.11.1. The deficiency index was derived from 13 vitamins, 12 minerals and
trace elements, protein, carbohydrate, n-6 and n-3 fatty acids and dietary fibre (30
nutrients), with a maximum score of 3000. The excess index comprised fat, cholesterol,
the P:S ratio, sugar, alcohol and sodium, with a maximum score of 600. For these
indices, the higher the index, the better the diet quality. Table 5.14 presents the results
of the dietary quality indices. Index 1 had a mean of 2259.8 and Index 2 had a mean of

518, both of which reflect good diet quality.

Table 5.14: Mean dietary quality indices

“Indices '\ Total group  N=250 Men N=111 i ~Women" N=139
75 75 75"
Mean Percen Mean Percen Mean Percen
(SD) Median tile (SD) Median tile (SD) Median tile
C 2260 ' 2143, o 2255 | 2247 2129 | 2265 21562
*Index 1 L2410 1 (204.7) ¢ © 2418 (1872) 410
518 522 5025 5151 5169 5029, 5221 526 5019,
#index2  (35.4) (34.1) 534.3  (35.5) 548.5

* Deficiency index, max score 3000;
# Excess index, max score 600;
SD = standard deviation

Table 5.15 presents the results of the frequency distribution of the dietary quality
indices, showing that, for Index 1, the largest percentage of respondents came from the
2000 to 2500 category, and for Index 2, the largest percentage of respondents came

from the 500 to 559 category, reflecting good diet quality.
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Table 5.15: Frequency of dietary quality indices

Indices

#index 2

<400 1 0.4 1 0.8 0 0
400-499 50 20 22 19.8 34 24.4
500-559 198 79.2 88 79.2 104 74.8

600 1 0.4 1 0.7

* Deficiency index, max score 3000
# Excess index, max score 600

5.232 Food group intakes

Table 5.16 presents the results of the percentage of energy and macronutrients
supplied by each food group from the QFFQ, with cereals providing the highest
percentage of energy, carbohydrate, fat and PUFAs. The meat group provided the
highest percentage of protein, MUFAs and n-6 fatty acids, while the highest percentage
of saturated fatty acids was shared by the cereal and meat groups. The cereal group
included dishes such samoosas, roti, cakes, biscuits, macaroni cheese, and starch-
based puddings, which could explain the high saturated fat intake. With reference to n-3
fatty acids, only milk, eggs, meat, fish and fats and oils contributed towards the

percentage of energy and macronutrients.
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Table 5.16: Percentage of energy and macronutrients supplied by each food group
from the QFFQ

Cereals

Fruit .7 2.8) - (0.1) (0.6) mﬁ mn 0.0) 2.3)

07 44 102 34 63 38 24 112
Fish (0.5) @1 (50 (15 @5 (19 @4 (56

0.8 44 10.3 3.2 6.1 3.9 2.3 11.0

Sauces

Beverage (1.3) 2.3) (1.4) (1.5) (1.4) (0.1) (0.8) (0.0)
) 0.0 00 0.0 0.0 00 00 00 00

CHO = carbohydrate;

SAT FAT = saturated fatty acids;
PUFAs = polyunsaturated fatty acids;
MUFAs =monounsaturated fatty acids;
SD = standard deviation
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Table 5.17 presents the results of the percentage of micronutrients supplied by each
food group from the QFFQ. The highest percentage of calcium came from the milk
group. The highest percentage of vitamin A, vitamin B12, zinc and niacin came from the
meat group. The cereal group also featured prominently amongst the micronutrients
with a high percentage of iron, vitamin B6, riboflavin, thiamin and folate. Cereal-rich
foods, e.g. bread and maize meal, are fortified in South Africa; however, the Food
Finder 3® program did not include the fortification values. Therefore, it is most likely that
the values reported are slightly lower than the actual percentage supplied by each food

group.

149



0G1

uojeinsp piepuels = (IS

) (00) (€1) re) . G.e (N a (o e (¢ : ( : (L : (- : | sbb3

a.ﬁ (& : (09) (6" : (L8) :.e @..E (e} 8..5 _ (52) A : \ EILAE|

(5'11) p.€ (1z1) (0'51) a.m: (& 3 (zs) ﬁ.c (1)) (g b D 8.@ sjeass)

D440 9y} wouy dnoub pooy yoes Aq panddns sjpuainuoldiw pajdsjag  :/L°G a|qel



The importance of deriving food patterns for the purposes of dietary intervention has
been discussed in Chapter 3, section 3.11.1. Table 5.18 presents the factor loadings for
the first two principal components identified from the percentage of fat contributed by
each food group, where in Factor 1, the higher loadings were for the legumes, cereals
and vegetable groups (named the legumes, cereals and vegetables factor) and in
Factor 2, the higher loadings were for the sweets and sugars, fats and oil, and the full-

fat and low-fat milk groups (named the sugars, fats and oils and milk factor).

Table 5.18: Factor loadings for the first two principal components identified from the
fat content in each food group.

Factor 1: ' Factor 2:
legumes, cereals and sugars, fats and oils and

vegetables milk

Vegetables ‘ . _ -0.29

Full-fat milk & milk products 0.24 ' 0.37
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5.2.3.3 Physical activity

Physical activity was measured by the GPAQ1, where information was collected on
three activity level domains: occupation, travel and recreation activities. The method
used was discussed in section 3.9. For the purposes of this study, the following
definitions, as taken from the International Physical Activity Questionnaire (IPAQ)

Committee Scoring Protocol (2005) (http:/www.ipag.ki.se/scoring.htm), are used for the

overall reporting of the physical activity categories. They are divided into the following
categories: inactive (low) 0-<600 METS-min, minimally active (moderate) 600-<3000
METS-min and sufficiently active (high) >3000 METS-min. Table 5.19 shows that,
although most respondents were classified as inactive, they were predominantly

women.

Table 5.19: Physical activity level

GPAQ ' Pedometer-step counter

High

Low= 0-<600 METS-mins
Moderate = 600-<3000 METS-mins
High = >3000 METS-mins

5.3 ASSOCIATIONS AMONGST VARIABLES

Nutrient intakes and risk markers were not normally distributed (Shapiro-Wilk, p< 0.05),

therefore all data were BoxCox transformed in order to allow for valid parametric
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correlations and associations. All the following results are, therefore, on BoxCox

transformed data and not interpreted in absolute terms.

5.3.1 Associations between dietary intakes and clinical risk markers

Table 5.20 presents the results for the Pearson partial correlations (BoxCox
transformed, controlled for age and smoking) for dietary intake and associated risks.
“SCORE” represents the European ten-year risk algorithm for CAD (Graham ef al.,
2007). “Risk score” is the aggregate total of all risk markers defined by Asian
standards, as presented in Chapter 2, section 2.6, and “Risk score 1” is the aggregate
of all risk markers, with fasting glucose being doubled as compared to the other risk
markers because many and strong correlations with nutrients were found and because
Forouhi ef al. (2007) suggested that South Asians are markedly sensitive to the impact
of diabetes on CHD risk. There was a statistically significant correlation between Risk
score and Risk score 1 for both men and women, and Index 1, whereas for Index 2,
only men showed a negative significant correlation. There was a statistically significant
but weak correlation between SCORE (European risk for fatal CAD), Risk score and
Risk score 1, and the percentage of energy from n-6 fatty acids, total fat, MUFAs,
protein and carbohydrate for men. In addition to the statistically significant correlation for
Risk score and Risk score1 with Index 1 for women, there was also a statistically
significant but weak correlation for Risk score and Risk score 1 with the percentage of

energy from protein.
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Table 5.20: Pearson partial correlations* between clinical risk scores and nutrients
(BoxCox transformed, controlled for age and smoking)

" Risk Risk Risk Risk
Variables score score1 SCORE score score 1

Dietary fibre ’

*Significant at p<0.05; **Deficiency index, # Excess index

PUFAs = polyunsaturated fatty acids; MUFAs = monounsaturated fatty acids; SAT FAT = saturated fatty acids;
SCORE = represents the European ten-year risk algorithm for CAD; Risk score = is the aggregate total of all risk
markers defined by Asian standards; Risk score 1 = is the aggregate of all risk markers, but fasting glucose was
counted twice

Table 5.21 presents Pearson partial correlation analysis (BoxCox transformed) between
clinical risk markers and the modified doubled European SCORE for the whole group,
and men and women. There were a number of significant correlations between clinical
variables for the total sample. BMI and triglycerides correlated with all the dther
variables except DBP in men. Interestingly, DBP had the fewest significant correlations
with other clinical risk factors, although 93% of the respondents had raised DBP (Table
5.5).
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Table 5.21: Pearson partial correlations* for clinical risk markers and modified doubled
European SCORE (BoxCox transformed, controlled for age and smoking)

DBP Total -0.006  0.32* 1.00 0.02 0.03 O.‘I* 0.13* -0.08

Chol Total 0.29* 0.41% 0.03 0.31* 1.00 0.49* 0.32* .11

*Significant at p<0.05
WC = waist circumference; SBP = systolic blood pressure, DBP = diastolic blood pressure; Chol = cholesterol; Trig =
triglyceride; BMI = body mass index; SCORE 2X: modified doubled European risk score

Tables 5.22 to 5.24 present the results of the associations of nutrients, diet quality
indices and risk score with clinical risk markers. In Table 5.22, WC showed the most
significant associations with most variables for the total sample. Risk score showed the

most statistically significant associations with all clinical risk markers for the whole study

group.
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Table 5.22: Pearson partial correlations* between reported energy, nutrient intakes,
indices and risk scores, and clinical risk markers for the whole sample
(N=250)

Variable DBP Glucose Cholesterol  Triglyceride BMI

Total protein (g)
SAT FAT (g)

03 (q) 0.21* -0.04 -0.05 0.18* 0.08 0.01 0.12

Carbohydrate %E -0.19*
*Significant at p<0.05
SAT FAT= saturated fatty acids;
MUFAs=monounsaturated fatty acids;
PUFAs=polyunsaturated fatty acids;
P:S=polyunsaturated fatty acids:saturated fatty acids;
WC=waist circumference;
SBP=systolic blood pressure,
DBP=diastolic blood pressure;
BMI=body mass index;
Risk score = is the aggregate total of all risk markers defined by Asian standards; Risk score 1 = is the aggregate of
all risk markers, but fasting glucose was counted twice.
Index 1=Deficiency index, max score 3000;index 2= excess index, max score 600
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In Table 5.23, WC and glucose showed the most significant associations with most
variables for men. Risk score showed the most statistically significant associations with
all clinical risk markers for men, except DBP.

Table 5.23: Pearson partial correlations* between reported energy, nutrient intakes,
indices and risk scores, and clinical risk markers for men (N=111)

Variable

Dietary fibre (g)

(n6+n3) % E
T

SAT FAT %E

ProemE
Carbohydrate %E

*Significant at p<0.05

SAT FAT= saturated fatty acids;
MUFAs=monounsaturated fatty acids;
PUFAs=polyunsaturated fatty acids;
P:S=polyunsaturated fatty acids:saturated fatty acids;
WC=waist circumference;

SBP=systolic blood pressure,

DBP=diastolic blood pressure;

BMI=body mass index
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In Table 5.24, glucose showed the most significant associations with most variables for
women. Risk score showed the most statistically significant associations with all clinical

risk markers for women.

Table 5.24: Pearson partial correlations* between reported energy, nutrient
intakes, indices and risk scores, and clinical risk markers for women
(N=139)

Variable WwcC SPB DBP Glucose Cholesterol Triglycerides_ BMI

Carbohydrate %E -0.16

*Significant at p<0.05

SAT FAT= saturated fatty acids;
MUFAs=monounsaturated fatty acids;
PUFAs=polyunsaturated fatty acids;
P:S=polyunsaturated fatty acids:saturated fatty acids;
WC=waist circumference;

SBP=systolic blood pressure,

DBP=diastolic blood pressure;

BMI=body mass index;
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As indicated in Table 5.18, factors were derived based on the percentage of fat from
each food group, namely: Factor 1: legumes, cereals and vegetables and Factor 2:
sugars, fats & oils.and the milk group. Regression analyses were performed between
factor scores of the two factors and the various risk markers. According to Table 5.25,
only blood glucose was significantly correlated with Factor 1 for men and Factor 2
scores for the whole sample, and with Factor 2 for women, where factors are

independent continuous predictors together with risk factors.

Table 5.25: Regression analysis B coefficients (adjusted for age, smoking, sex and
energy intake) between factor scores and risk markers

WC = Waist circumference;
SBP=systolic blood pressure,
DBP=diastolic blood pressure;
BMI = Body mass index;

Trig = Triglyceride

Factor scores were divided into quintiles, and the median of the various risk markers
calculated for the upper, the lower and the middle three quintiles. Using Jonckheere-
Terpstra tests to determine the trend in the median of risk variables for the different
quintile groups (upper, lower or middle three), Table 5.26 shows that Factor 1 (legumes,
cereals and vegetables) when divided into quintiles, shows no difference between
medians for DBP. Factor 2 (sugar, fats & oils and milk) shows no difference between
the medians of Score 2X and DBP. There was consistent difference between the
medians of SBP, BMI, cholesterol and triglyceride across quintiles for Factor 2.
Respondents in the lowest quintile for Factor 1 had the highest median SBP whereas

respondents in the lowest quintile for factor 2 had the highest median SBP, glucose,
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BMI, cholesterol, triglycerides, and kilojoules. Medians for respondents in the highest
quintile for Factor 1 and 2 were similar for Score 2X, SBP, DBP, glucose and
triglyceride. Factor 1 was significantly associated with Score 2X, WC, glucose and

cholesterol, whereas factor 2 was significantly associated with glucose and BMI.

Table 5.26: Median values of risk markers according to quintiles for Factor 1 and
Factor 2 scores

Triglycere

Pedometer ~ 2944  287.2 2648 0069 320 288 2776  0.735

step counts

SCORE 2X = modified SCORE for Indians;
BP = blood pressure;

WC = waist circumference;

BMI = body mass index;

*Significant at p<0.05

5.3.2 Associations between physical activity and clinical risk markers

Table 5.27 presents the results of the Pearson correlation analysis between physical
activity and clinical parameters for the whole group and for men and women.

Correlations were very weak and not statistically significant.
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Table 5.27: Pearson correlations between physical activity and clinical parameters
for BoxCox transformed data

Total METS
Total group
N=250

Total METS 0.08 0.11 -0.01 0.10 0.12 -0.03 -0.01
Women
N=139

Significant at p<0.05

WC=waist circumference;

SBP=systolic blood pressure,

DBP=diastolic blood pressure;

Trig=triglyceride;

BM|=body mass index;

Total METS= metabolic equivalents

Table 5.28 presents the results of the observed frequencies between activity categories
and the prevalence of risk markers, where it can be seen that low physical activity has
the highest percentage frequencies of the prevalence of the following risk markers:
hypertension (SBP >130 mmHg), WC (>90 cm men, >80 cm women) and triglycerides
(>1.69 mmol/L).

Table 5.28: Observed frequencies between physical activity categories (low,
moderate and high) and prevalence of risk markers

Physical " No No No ] No Risk
activity risk Risk risk Risk No Risk risk Risk No Risk risk trig

. category = = = = Risk = = = Risk = = =

= 1 42 3 40 16 27 14 29 21 22 5 38
% 0.4 16.8 1.2 16 6.4 10.8 5.6 11.6 8.4 8.8 2 15.2

Risk SBP >130 mmHg, Risk WC >90 cm men, WC >80 cm women, Risk glucose >5.55 mmol/L, Risk BM[>25, Risk cholesterol
(chol) >5.2 mmol/L, Risk triglyceride (trig) >1.69mmol/L;
Inactive= 0-<600 MET-mins ; Minimally active = 600-<3000 MET-mins ; Sufficiently active = >3000 MET-mins
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Table 5.29 presents the results of the observed frequencies of activity categories and
the European SCORE and the Risk score. The European SCORE represents a ten-year
risk algorithm for fatal CAD, whereas Risk score is the aggregate total of all risk markers
defined by Asian standards, as presented in Chapter 2, section 2.6. The observed
frequencies show that low physical activity has a very minimal effect on the
development of CAD as predicted by the European SCORE. However for the Risk

score, low physical activity accounts for a higher frequency for risk score 3, 4, 5 and 6.
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5.4 SUMMARY

Table 5.30 provides, in sub-tables, a summary of the objectives of the study in

relationship with significant correlations.

Table 5.30: Summary of objectives in relationship with significant correlations

Objective 1: To determine the prevalence of risk markers for NCDs (hypertension,
increased fasting blood glucose, cholesterol and triglyceride levels, central
obesity and physical inactivity).

. Variables Total en ' v Women

Fasting blood

glucose
Mean mmol/L 5.5 5.41 55
>5.55 mmol/L 97 (38.8%) 41 (36.9%) 56 (40.2%)

G

Triglycerides

Mean mmol/L 2.3 2.2 2.6
>1.69 mmol/L 88.8% 1.8% 86.3%

Physical inactivi
Inactive = 0-<600 65.2% 61.3% 75.5%
METS-mins
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Objective 2: To establish whether an association exists between current trends in
nutrient intakes and food patterns, with special reference to n-6:n-3 fatty
acid ratio and the prevalence of risk markers for NCDs. As can be seen
from the table, there were strong associations between clinical risk scores
and nutrients in men and there were strong associations between WC

(risk markers) and nutrients for the whole group.

Variable

Nutrient, diet
quality indices,
Risk score with
clinical risk
markers

(Table 5.22,5.23 &
5.24) (Strongest
statistically
significant)

| . mar .
Association

between position in

quintile for Factor 1
& 2, and risk
markers

WC with energy,
protein, total fat,
MUFASs, Risk score.

Glucose with diet
cholesterol and Risk
score.

WC and glucose
showed the most
significant
associations with
most variables. Risk
score showed the
most statistically
significant
associations with all
clinical risk markers.

SCORE 2X with
Factor 1
WC with Factor 1

Glucose with Factor 1

&2

BMI with Factor 2
Cholesterol with
Factor 1 &2

WC with energy, total
fat, PUFAs, n-6 fatty
acids, Risk score.

SBP with n-6:n-3,
Risk score

Glucose with protein,
total fat, saturated fat,
MUFAs, PUFAs, diet
cholesterol, n-6, n-3,
Risk score, fat %E,
SAT FAT %E,
carbohydrate %E.

BMI with total fat,
saturated fat and
MUFAs.

Risk Score with WC,
SBP, glucose,
cholesterol and
triglycerides.

WC with total protein, diet
cholesterol, Risk score.

Glucose with total protein,
diet cholesterol, Risk score.

Risk score with WC, SBP,
glucose, cholesterol, BMI,
triglycerides
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Objective 3: To establish whether an association exists between the current trends in
physical activity and the prevalence of risk markers for NCDs.

No statistically significant association was found between current trends in physical

activity and the prevalence of risk markers for NCDs.
5.5 SUMMARY OF RESULTS

According to the MRC (2008, Figure 2.2), NCDs are related to the following risky
behaviours: smoking, unhealthy diet and lack of exercise, and to the following risk
factors: tobacco addiction, raised total serum cholesterol and other lipid abnormalities,
obesity, diabetes and hypertension. The term unhealthy diet includes inadequate fibre,
vitamins and minerals, excess salt, alcohol and kilojoules (MRC, 2008). The diet and
lifestyle exposure of the study population in KwaDukuza will be summarised in terms of

these risky behaviours and risk factors.

5.51 Risky behaviours

5.5.1.1 Smoking

Only 31% of the respondents smoked. These were mainly men (81%), with the highest
observed frequency of <10 cigarettes per day. Both the European SCORE and its
modification by 2x to determine the risk of CAD for Asian Indians more appropriately,
took into account smoking to determine the risk for CAD. Low risks for CAD were
shown using these algorithms, and therefore smoking was not clearly identified as a

risky behaviour in this study.

5.5.1.2 Unhealthy diets

In terms of the results of INDEX1 and INDEX 2, the overall diet quality was good.
However, in terms of classifying a diet as healthy or unhealthy according to intake of
fibre, vitamins and minerals (Figure 2.2), a large percentage of respondents consumed
less than the EAR for calcium, folate and vitamin D. In addition, there was no vitamin or
mineral that was consumed in amounts greater than the EAR. In terms of fat intake, no
respondent met the EAR for n-3 fatty acids whilst most of them met the EAR for n-6
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fatty acids. Furthermore, when the results of this study were aligned to the WHO
population goals for prevention of death and disability from NCDs (WHO, 2003b), the
percentage of energy from n-3 fatty acids, the daily fibre intake and fruit and vegetable
intake in g/day were below the recommended goals, whereas the percentage of energy
derived from total fat, PUFAS, n-6 fatty acids and free sugars were above the
recommended goals. Mean sodium intake g/day, cholesterol intake mg/day, %E
saturated fatty acids and %E protein were within the acceptable range of intake, but %E
from carbohydrates was slightly lower than the recommended WHO goals. Although
30.4% of respondents, mainly men, consumed alcohol, the frequency and quantity were

small with only two beers, two ciders or two shots of brandy per week.

5.5.1.3 Lack of exercise

The results of this study showed that a high percentage of respondents (61.3% of men

and 75.5% of women) were physically inactive, hence intensifying risky behaviour.

5.5.2 Risk factors

5.3.2.1 Raised total serum cholesterol and other lipid abnormalities

The results of this study showed that a large percentage of men (63%) had elevated
serum cholesterol levels (>5.2 mmol/L), whilst triglyceride levels were high for the whole

group (88% >1.69 mmol/L), making the lipid profile a risk factor.

5.5.2.2 Obesity
A large percentage of respondents were classified with obesity class | (44.8%) followed

by 15.6% classified as having obesity class Il. In addition, 100% women had a WC 280

cm, showing slightly greater risk than men.
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5.5.2.3 Hypertension

The study was conducted on apparently healthy Indians. Only 6.4% of respondents
were hypertensive, with a mean SBP of 123.5 mmHg. However, 93.6% of men and
92% of women had raised DBP.

5.5.24 Elevated fasting blood glucose

The mean fasting blood glucose was 5.5 mmol/L, with 38.8% respondents having levels
>5.5 mmol/L.

5.4 CONCLUSION
In this chapter the results of the study were presented in line with the objectives. The

results of the study will be discussed in Chapter 6, followed by recommendations and

conclusions in Chapter 7.
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CHAPTER 6

DISCUSSION

6.1 INTRODUCTION

In the previous chapter the results of the main study were presented. In this chapter,
the results of the main study are discussed in relationship to the objectives and
comparisons made with published results of Indians in South Africa, India and Asian
Indian migrants elsewhere in the world, primarily in the UK where many studies
compared characteristics of migrant South Asians with those of Caucasians. Although
the South African Indian population represents one of the largest outside the Indian
subcontinent (Ranjith ef al.,, 2005), relatively little is known about their diet and risk

profile for NCDs.

6.2 DISCUSSION OF RESULTS

The results of this study will be discussed in relationship with the objectives but as a
starting point the main characteristics of the respondents will be summarised which may

be useful in making practical recommendations for interventions.

The results in Table 5.1 showed that a substantial proportion of respondents were
professionals (46.4%) while 21.2% respondents were housewives. Most respondents
used pharmacies and private doctors probably due to the convenience of these facilities
as from personal experience most public health facilities are often overcrowded. In
addition to convenience, local phamacies provide in-house clinical facilities such as
blood pressure, blood sugar and cholesterol checking at a reduced cost. This
information is very valuable in identifying suitable channels namely: the workplace and
private medical facilities that can easily capture the target audience for effective

intervention.
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6.2.1 Prevalence of risk markers

The first objective formulated for this study was: “to determine the prevalence of risk
markers for NCDs, namely hypertension, increased fasting blood glucose, cholesterol

and triglyceride levels, central obesity and physical inactivity”.

The following results will be assessed in order to determine the prevalence of risk
markers for NCDs: anthropometric and clinical results, the European SCORE and the
modified algorithm and risk score associations with clinical factors. Although HDL-C
levels were not known, it is clear from the results of other clinical and anthropometric
measurements that the respondents had characteristics typical of the metabolic
syndrome, which supports previous reports of Indians in South Africa (Ranjith et al.,
2007) and India (Kanjilal et al., 2008).

6.2.1.1 Hypertension

This study was carried out on apparently healthy Indians and only 6.4% respondents
recorded SBP levels >135 mmHg with a mean of 123.5 mmHg whereas 92.8%
respondents recorded DBP levels >85 mmHg with a mean of 89.7 mmHg (Table 5.4
and 5.5). In view of the high DBP levels, Khan & Khan (2008) indicate that individuals
with MetS and a normal systolic function most often show abnomalities in left
ventricular diastolic function. These findings are also evident in individuals having one
or two MetS criteria. By default many respondents in this study showed characteristics
of pre-metabolic syndrome through anthropometric and clinical measurements which
can be related to the high levels of DBP amongst respondents. Furthermore, SBP rises
steadily with age whereas DBP increases through the 4™ and 5™ decade, plateaus and
. then declines in the 6" and 7™ decade (Norman et al,, 2007) which could also explain
the high DBP levels as the age cohort for this study fell within the 4" and 5" decades.
Evidence on the prevalence of hypertension and its contribution towards the burden of
CHD in South Africa was discussed in section 2.5.2.1. The nationally representative
data on the prevalence of hypertension in South Africa (SADHS, 2003) showed that
13.3% of Indians reported hypertension, with the mean SBP of Indian men 128 mmHg
and the mean of Indian women 126 mmHg (Department of Health, Medical Research

Council & OrcMacro, 2007). The results of the current study were more favourable for
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SBP, perhaps because individuals with any acute or chronic iliness, using chronic
medication, were excluded from the investigation. However, a large percentage (63.2%)
of the respondents had a family history of hypertension (Table 5.1). Similar results were
recorded for Indians in South Africa in a hospital environment where 60% of patients
with a diagnosis of M| had a family history of hypertension (Ranjith et al,, 2004). In a
random house-to-house study of 1 000 Indians in Durban, the prevalence of essential
hypertension according to the WHO was 19% (men 15%, women 22%) (Seedat, 2009).
Seedat and co-workers (1990) found that the following factors were significantly
associated with hypertension in Indians: hypertriglyceridaemia, obesity, hyperuricaemia,
hypercholesterolaemia, excess alcohol intake and diabetes. The current study on
apparently healthy Indians excluded diabetics and included only 30% who reported
consuming moderate quantities of alcohol. SBP correlated significantly with all the other
clinical and anthropometrical parameters except fasting glucose in men whereas DBP
only correlated with SBP for men. Amongst women, DBP correlated with SBP,
triglycerides and BMI (Table 5.23).

The results of studies amongst native Indians varied compared with the current study.
Balagopal et al. (2008) reported a similar mean SBP of 125.2 mmHg for men and 119.5
mmHg for women and a mean DBP of 89 mmHg for men and 83 mmHg for women in a
rural village of India. However, Radhika et al. (2007) reported lower levels of blood
pressure (mean SBP of 118.7 mmHg for men and 115.8 mmHg for women; mean DBP
of 74.5 mmHg for men and 71.8 mmHg for women) in an urban study in South India.
Results similar to the current study were presented by migrant Asian Indian studies.
Ajjan et al. (2007) reported a mean SBP of 124 mmHg for men and 129 mmHg for
women and Lovegrove et al. (2004) reported a mean SBP of 122 mmHg for Indo-

Asians in the UK.
It is evident from the results of the prevalence of hypertension, particularly with

increased DBP, that recommendations to control and maintain blood pressure need to

be incorporated into the strategies for an integrated programme of prevention.
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6.2.1.2 Cholesterol and triglyceride levels

Evidence on the prevalence of elevated blood cholesterol and other lipid abnormalities
as a risk factor for CHD in South Africa was described in section 2.5.2.2. In terms of
cholesterol attributable mortality rates in South Africa, the highest prevalence was found
amongst the Indian population, where it accounted for 22.2% of all deaths (Norman et
al., 2006). In the current study, a large percentage of men (91.8%) and women (86.3%)
recorded a triglyceride level >1.69 mmol with a mean of 2.2 mmol/L for men and 2.4
mmol/L for women whereas 63% of men and 21.5% of women had raised cholesterol
levels with a mean of 5.03 mmol/L for the whole sample. Elevated serum triglyceride
levels (>2 mmol/L) were also reported by Ranjith ef al. (2005) in 49% of young (<45
years) Indian patients with acute coronary syndrome in a large hospital in Durban. The
biochemistry on admission of the patients <45 years recorded a mean triglyceride level
of 2.6 mmol/L. In middle-aged patients the prevalence was somewhat lower where
patients >45 years revealed a mean of 2.2 mmol/L. According to Thomas ef al. (1986)
low HDL-C and raised triglycerides are common characteristics of South Asian
populations and is more pronounced in migrant Indian populations (Bhatnagar et al.,
1995). In an Asian migrant study by Ajjan et al. (2007) respondents were categorised
according to the prevalence of MetS where a mean triglyceride level of 1.5 mmol/L was
recorded for respondents without MetS and 2.0 mmol/L for those with MetS. In the
current study, respondents could not be stratified according to prevalence of MetS
because HDL-C values were not available. Another possible reason for the high
triglyceride levels in an Asian migrant population was reported in the study by Yagalla
et al. (1996) were a high carbohydrate intake and uneven diurnal distribution (no
breakfast and large evening meals) were associated with high triglyceride levels and
low HDL-C levels. The association between dietary factors and clinical factors are
discussed later on in this chapter and it would be interesting to see if a pattern exists
between carbohydrate intake and the increased triglyceride levels as reported by
Yagalla et al. (1996).

There has been agreement that insulin resistance and WC are significantly correlated
with triglyceride levels amongst South Asian men and women (Banjeri ef al., 1999;
Panaliappan et al., 2007). The high triglyceride levels in the current study may be

explained by the high prevalence of central obesity amongst respondents (87% for men
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and 100% for women). Furthermore, in a study by Singh ef al. (1999), BMI, cholesterol
and triglyceride levels showed an increasing trend associated with increased body fat,
where respondents with >25% body fat reported higher triglyceride levels (1.9 mmol/L),
as compared with respondents with 20-25% body fat (1.66 mmol/L). In the KwaDukuza

study population the mean percentage body fat was 32.2%.

Studies have shown that the lipoprotein profile is more favourable in native Indians
compared with migrant Indians. Misra et al. (2001) reported lower mean cholesterol
levels of 5.03 mmol/L for men and 4.7 mmol/L for women. In the same study, the mean
triglyceride levels reported were 1.3 mmol/L for men and 1.46 mmol/L for women. In
comparison to Asian migrant studies, Yagalla ef al. (1996) reported a mean cholesterol
level of 5.4 mmol/L and a mean triglyceride level of 1.54 mmol/L. The mean cholesterol
level reported in the current study is comparable to migrant Asian Indian studies in the
UK but higher than in native Indians, however, the recorded mean triglyceride level for
this study was way above the comparative range, which raises concern. A possible
explanation for the difference in triglyceride values in native compared with migrant
Asians could be the lower intake of long-chain n-3 PUFAs in migrant Indians compared
with age- and weight-matched Europeans as was found by Lovegrove ef al. (2004). In
the current study the mean n-3 intake (0.24% of Energy) was even lower than in the
migrant Indians in the Lovegrove et al. study (0.7%E). Other explanations may be the
availability of the western diets (especially refined grains) and higher disposable

incomes.

The findings of this study, in particular with regard to raised triglyceride levels, call for

recommendations to maintain and control a desirable lipid profile.

6.2.1.3 Fasting blood glucose

Raised fasting blood glucose levels were seen in 39% of respondents. The mean
fasting blood glucose level of men was 5.41 mmol/L and that of women 5.5 mmol/L.
Evidence on the prevalence of increased fasting blood glucose as a risk marker for
diabetes in South Africa was presented in section 2.5.3.1. The study by Misra ef al.
(2001) on the nutrition profile of urban slum dwellers in India reported a mean fasting
blood glucose of 4.7 mmol/L for men and 4.8 mmol/L for women. Similar results were
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presented by a migrant Asian Indian study by Ajjan et al. (2007), where respondents
were classified according to the prevalence of MetS according to the IDF definitions.
The mean fasting blood glucose level was 4.8 mmol/L for respondents without MetS,
which was lower than the level reported in this study. However, the mean fasting blood
glucose level was 5.6 mmol/L for respondents classified with MetS (Ajjan et al., 2007).
According to Seedat (2005), South African Indians have a 16.2% prevalence rate of

diabetes and a 7.3% irnpaired glucose tolerance rate
6.2.1.4 Central obesity

In order to determine the prevalence of central obesity as a risk marker for NCDs, the
anthropometric means and frequencies presented in Tables 5.2 and 5.3, using Asian
cut-off points, will be used. The results clearly show that a large percentage of men and
women fell in the obesity class | BMI category with a mean BMI of 26.1 kg/m? for men
and 26.6 kg/m? for women. In addition, 100% women had a WC 280 cm and 87.4%
men had a WC 290 cm, indicating central obesity. In terms of WHR, men recorded a
mean of 0.91 and women 0.87. Furthermore, 62%lmen and 68% women fell in the 30 to
39% category for percentage body fat where men had a mean of 31.7% and women
had a mean of 32.6%. Evidence on the prevalence of obesity in South Africa as a risk
marker for hypertension, increased risk to insulin resistance and CVD has been
discussed in section 2.5.2.3. In the 2003 SADHS (Department of Health, Medical
Research Council & OrcMacro, 2007) 44.3% of Indian men and 59.2% of Indian woﬁen
were overweight or obese with mean BMIs of 24.8 and 26.6 respectively for men and
women. Compared with these figures, it appears that the BMI of Indian men increased

in recent years but stabilised for women

It is a well established fact that Asian Indians have a smaller build and excess body fat
with predominant abdominal adiposity as compared with Caucasians. They tend to
accumulate intra-abdominal or visceral fat without developing generalised obesity
(Ghosh et al.,, 2004). As it has been established that body fat and BMI are different
among different ethnic groups, Smalberger (2008) suggested that BMI cut-off points
should be population specific. The relationship between BMI and body fat percentage

was found to be different in Indians compared to Caucasians in Singapore
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(Deurenberg-Yap et al., 2000) and these authors noted the paradox of low BMI and

high body fat percentage among Indians.

For comparison purposes to other studies, most studies did not incorporate ethnicity
specific cut-off points to define obesity. Therefore, only studies using similar cut-off
points as the present study will be compared. In a community-based diabetes
prevention programme conducted in India by Balagopal et al. (2008), 32% men and
68% women were classified as obese (BMI>25.0 kg/m). In another study by
Parimalavalli ef al. (2009) on the anthropometric profile and nutrient intake of women in
Tamil Nadu, 31% were classified as obesity class 1 and 16% were classified as obesity
class 11. Balagopal et al. (2008) reported a mean WHR ratio of 0.9 for men and 0.8 for
women with 66% men recording a WHR >0.89 and 53.9% women recording a WHR
>0.81. Similar results were reported in several Asian Indian migrant studies. In the
study by Yagalla ef al. (1996) on Indian male physicians in the USA, the mean WHR
was 0.91. Lovegrove ef al. (2004) reported a mean WC of 88.6 cm amongst British
Indo-Asians whereas Ajjan ef al. (2007) reported a mean WC of 86 cm in South Asians
without MetS and 95 cm in those with MetS. The gender of participants in the last two

studies was not mentioned.

With reference to percentage body fat, in a study amongst Indians in the urban slum
areas in Northern India, Misra ef al. (2001) found that women had a high mean
percentage body fat (26.7%), where the percentage body fat was defined as an
indicator of obesity if it was greater than 25% in men and 30% in women (Hortobagyi ef
-al.,, 1994). Using the same definitions of percentage body fat as an indicator of obesity,
the results in the current study showed that both men and women had a high mean
percentage body fat (31.7% for men and 32.6% for women). The findings of this study
in relation to central obesity are comparable to the results presented by Asian Indian
migrant studies and studies in the Indian sub-continent, clearly indicating that Indians in
KZN have a preponderance towards central obesity. Recommendations to reduce WC
are merited by the prevalence of central obesity and the fact that visceral fat is a
reliable marker of insulin resistance and hyperinsulinaemia, which are risk markers for
the development of hypertension, dyslipidaemia, diabetes and CHD (Das, 2003). There
is a large body of evidence on the association of the accumulation of abdominal fat and
increased risk of insulin resistance, diabetes, hypertension, dyslipidaemia and
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atherosclerosis (Lovejoy ef al., 2001). In this study WC correlated positively with SBP,
glucose, total serum cholesterol, triglycerides and BMI (Table 5.21), displaying the
characteristics of MetS in the respondents. Weight reduction may improve most of
these metabolic abnormalities. For instance, a blood pressure reduction of 4.4/3.3 mm

Hg can be expected when 5 kg is lost (Neter ef al., 2003).
6.2.1.5 Combination of risk markers

Algorithms, namely the European SCORE and the modified doubled SCORE, were
used to determine the ten-year risk of a first fatal atherosclerotic event for respondents,
as presented in Tables 5.6 and 5.7. The European SCORE incorporated the following
risk markers in relation to objective one of the study: SBP and cholesterol as well as
age, gender and smoking. Most respondents showed a <1% chance of risk of fatal CVD
in ten years. However, this algorithm was doubled, as suggested by Enas ef al. (2008),
as Asian Indians have twice the risk of NCDs. This modification showed that most
respondents had a 1% chance of developing fatal CVD in the next ten years with 1.2%
having an 8% risk level. The overall risk markers used in this algorithm, namely
cholesterol, SBP, gender, age and smoking, showed a minimal risk for CVD. Hence the
prevalence of raised cholesterol and hypertension was watered down when used with a

combination of other variables in this algorithm, namely age and smoking.
6.2.1.6 Physical activity

Physical inactivity is a well documented risk marker for NCDs and is discussed in detalil
in section 2.5.1.4. According to Table 5.19, a large percentage (65.2%) of respondents
were classified as inactive (<600 METS min), mainly women. The pedometer step
counting results was comparable to the GPAQ where 69.2% respondents were
classified as inactive, mainly women. Similarly, the 2003 SADHS (Department of
Health, Medical Research Council & OrcMacro, 2007) using the same classification
categories as this study, revealed that 43.1% Indian men and 62.1% Indian women
were classified as inactive (<600 METS min). According to the 2003 SADHS, few
dedicated walking and cycling routes as well as safety and security issues are likely to
compound the problem of low physical activity. In terms of studies amongst Indians in

India with respect to physical activity, the study conducted by Balagopal ef al. (2008) in
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a rural village of India showed that 40.9% men and 65% women were physically
inactive. With regard to physical activity levels amongst migrant Asian Indians,
Fishbacher et al. (2004) conducted a review on the physical activity level amongst
South Asians in the UK. The review showed that South Asians had a substantially and
consistently lower level of physical activity compared with Europeans (Fishbacher ef al,
2004). These comparative studies support the findings of this study consistently
showing an inherent trend of physical inactivity mainly amongst women. Table 5.1
showed that 21.2% of the total respondents were housewives. Although they might
have been gainfully occupied doing the cooking and cleaning throughout the day, these
activities are often equated to lower METS. This problem is further intensified by the
daily preparation of a number of side dishes in addition to a main dish as more time is
spent in the kitchen than engaging in physical activity to lower and maintain body
weight. Furthermore, Fischbacher et al. (2004) state that another possible reason why
physical activity levels are low is due to religious and cultural issues as reported by
Asian Muslim women. With the observed low physical activity levels amongst Indians, it
is imperative that appropriate interventions have to be considered in line with strategic

targeting of a captured audience.

There is ample evidence that diet and exercise work better together than either
component alone in the treatment of obesity and the metabolic syndrome components.
Generally speaking, diet has been shown to be more effective for overall weight loss,
but exercise has more of an effect on weight maintenance and changes in body

composition over time (Sullivan, 20086).

6.2.2 Association of nutrient intakes with prevalence of risk markers

The second objective formulated for this study was: “to establish whether an
association exists between current trends in nutrient intakes and food patterns, with
special reference to n-6:n-3 fatty acid ratio and the prevalence of risk markers for

NCDs".

In order to assess this objective, the current trends in nutrient intakes and food patterns
will first be discussed. Thereafter, the observed associations between the nutrient
intakes and the prevalence of risk markers will be discussed.
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6.2.2.1 Current trends in energy and nutrient intakes

In terms of the current trends in nutrient intakes, Table 5.12 compared the mean intakes
with the population nutrient goals for the prevention of death and disability from NCDs
by WHO (2003b). The mean percentage energy from total fat, free sugars and n-6 fatty
acids were above the recommended goal. The percentage energy from fat was 35.1%
for men and 33% for women. In the study conducted by Wolmarans ef al. (1999) on the
dietary intakes of Indians living in the metropolitan area of Durban, similar results were
presented for the percentage energy from fat where the results of the study were
stratified according to different age cohorts. For the purposes of comparison to this
study, the 35 to 44 year and 45 to 55 year age cohort will be used. Under the 35 to 44
year age cohort, men reported 33% and women 36% energy from total fat. For the 45 to

54 year cohort, men reported 35.9% and women 32.8% energy from total fat.

Similar results were presented by Asian Indian migrant studies. In a study on Asian
Indian male physicians living in the United States, 32% of energy was derived from total
fat (Yagalla ef al., 1996). The Indo-Asian study by Lovegrove ef al. (2004) reported 37%
energy from fat. In comparison with migrant Asian Indian studies, a native Indian study
on the nutrition profile of urban slum dwellers in India by Misra ef al. (2001) reported
lower percentage energy from fat within acceptable range of the WHO recommended

goals (24.7% for men and 28.7% for women).

Fatty acids

In the current study, the mean percentage energy from n-3 fatty acids and from
carbohydrate, as well as the mean daily intake of fruit and vegetables and fibre, were
below the recommended WHO goals. The mean fibre intake in this study was 18.8
g/day for men and 18.1 g/day for women, which is much higher than in the study by
Wolmarans ef al. (1999), where men had a mean intake of 8.3 g/4.2 MJ/day (less than
17 g/day) and women had a mean intake of 9.1 g/MJ/day (less than 14 g/day). In a
migrant Asian study on Indo-Asians, Lovegrove ef al. (2004) reported a mean fibre
intake of 16.2 g/day. All these studies, however, reported fibre intake below the
recommended WHO goals. The mean fruit and vegetable intake of men in the current

study was 221.9 g/day and of women, 236.9 g/day, which was below the recommended
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WHO intake of 2400 g/day (WHO, 2003b). Nearly all the men (95%) and women
(93.5%) consumed less than 400 g/day. The study by Radhika ef a/ (2008) on the
association of fruit and vegetable intake with cardiovascular risk factors in urban South
Indians reported a mean intake of 259.6 g/day for men and 270.4 g/day for women
which is slighter higher than the findings in this study, but still lower than the
recommended WHO goals. The highest quartile of fruit and vegetable intake in their
study (more than 327 g/day) showed a significant inverse association with SBP, BMI,
waist circumference, total cholesterol and LDL-cholesterol. These findings highlight the
shortfall of the fruit and vegetable and the fibre intake in the KZN Indian diet and it
underscores the importance of increasing fruit and vegetable and fibre intake for the
purposes of intervention. An increment of one serving per day of fruit or vegetables is
associated with a 6% lower risk of ischaemic stroke (Joshipura ef al., 1999). Although
Indians in South Africa use a large variety of fruit and vegetables in their diet, a number
of factors may be associated with the low intake of fruit and vegetables. Firstly, the use
of the term vegetables is often used inconsistently, sometimes incorporating all
vegetables plus legumes and pulses as in the case of the 5-a-Day campaign in South
Africa (TRUST: 5-a-Day for Better Health, 2009). However, in the current study as well
as in the WHO goal for fruit and vegetable intake (WHO, 2003b) legumes were not
included in the fruit and vegetable group. Legumes provided about 6% of the total
energy in the study. Secondly, as a method of extending the main dish for increasing
the portion yield and adding variety to the dish, vegetables are often added to a meat
dish e.g. cabbage to mutton, which were classified under the meat group rather than
under the vegetable group. In doing so, the actual intake of vegetables was masked.
Hence, it is important to factor these possible reasons for the low intake of fruit and
vegetables into the recommendations for intervention. Furthermore, in totality the
increase of fruit and vegetables would be only effective if healthy methods of cooking

are used as the predominant method of cooking vegetables is sautéing in sunflower oil.

Wolmarans ef al. (1999) reported a high intake of PUFAs, more than 10% energy in
Indians with a mean dietary P:S ratio of 1.38-1.96 in men and 1.55-1.95 in women.
Likewise, in this study, PUFAs provided more than 10% energy but the P:S ratio was
lower than the study by Wolmarans ef al. (1999) (1.1 for men and 1.2 for women).
Wolmarans ef al. (1999) justified the high P:S ratio on the basis that sunflower oil is the

oil of choice in Indian cuisine. As a personal observation, currently, on average an
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Indian household of four members will use up to five litres of sunflower oil for food
preparation per month which accounts for the high P:S ratio. A possible reason why the
P:S ratio is slightly lower than the study by Wolmarans ef al. (1999) could have
developed from the standardisation of indigenous recipes which did not appear in the
Food Finder 3® analysis programme. Although the standardisation of recipes was
based on the average of three recipes with the same recipe yield, the amount of
sunflower oil used in these recipes differed greatly between respondents and therefore
possibly did not reflect true fat intake of the entire sample. Furthermore, although
sunflower oil is still used predominantly in food preparation in Indian households, other
oils such as olive and canola oil have become more available in supermarkets giving
consumers more choice. In this study, the mean percentage energy derived from n-6
fatty acids was 11.7% for men and 10.3% for women which exceeded the
recommended WHO goal of 5 to 8%. In contrast, the percentage energy derived from n-
3 fatty acids was 0.25% for men and 0.23% for women which was much lower than the

WHO recommendation of 1 to 2%.

The intake of PUFAs expressed in terms of mass is a mbre optimal approach to n-6 and
n-3 fatty acid balance than a ratio (Wijendran and Hayes, 2004) and the UK Food
Standards Agency Workshop (Stanley ef al.,, 2007) recommended that the use of the
ratio to estimate CVD risk should be abandoned. However, the ratio of n-6:n-3 fatty
acids was originally one of the objectives of this study and very high mean ratios for n-
6:n-3 fatty acids were reported for both men and women. Sevak ef al. (1997) showed
that South Asians consumed significantly less n-3 fatty acids than Caucasians in the UK
(0.08% E vs. 0.13% E) but more n-6 fatty acids (5.4%E vs. 5.0%E). In another migrant

Asian Indian study, Lovegrove ef al. (2004) reported that the percentage energy derived
from n-6 and n-3 fatty acids was 7% and 0.7% respectively. Respondents’ diets in the
Lovegrove study were then supplemented with either fish oil (4.0 g/day) or olive oil
(control, 4.0 g/day) for twelve weeks. Fish-oil supplementation reversed low n-3 fatty
acid levels and lipid abnormalities and was considered as an important, yet simple,
dietary manipulation to reduce CAD risk in Indo-Asians with an atherogenic lipoprotein
profile (Lovegrove et al., 2004). In the study by Misra ef al. (2001) on the nutrition profile
of urban slum dwellers in India, the observed percentage energy from n-3 fatty acids
was 1.3% for men and 1.7% for women compared to 3.1% and 3.8% for men and

women respectively for n-6 fatty acids. It appears from the results of the current study
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and the trend displayed by other published studies that the n-3 fatty acid intake of
migrant Indians is below the recommended WHO goal while n-6 fatty acid intake is in

excess of the recommended goal (Lovegrove ef al., 2004).

Possibly the n-3 fatty acid intake was low in the current study because most sources
rich in n-3 fatty acids do not feature in the South African Indian diet for several reasons.
First, oily fish intake is largely restricted due to availability, high cost and restrictions
imposed by the Sustainable Seafood Initiatives (SASSI) based on sustainable choices
from the South African fish populations. Sardines which are very popular in the Indian
diet are seasonally available for only one month in a year. Although it can be purchased -
frozen, unfortunately there is a perception that it is only used as bait for the purposes of
fishing. Furthermore, canned pilchards (in tomato sauce) and sardines are eaten only in
small quantities as fresh fish is preferred. Secondly the use of flaxseed/linseed and its
derivatives is very limited due knowledge barriers and the high cost. Thirdly sunflower
oll is the preferred cooking oil as compared to the n-3 fatty acid rich canola oil mainly
due the fact that Indians use large quantities of sunflower oil which is cheaper than
canola oil. However, it must be borne in mind that canola oil would be a more suitable
substitute for sunflower oil compared with olive oil as it does not mask the flavour of the
traditional herbs and spices used in the Indian cuisine. Caution must be applied with the
suggestion of using canola oil as an appropriate substitute for sunflower oil. Johnson ef
al. (2007) showed that the substitution of canola oil for other vegetable oils increases
compliance with dietary recommendations for SFA and MUFAs and a-linolenic acid but
not for linoleic acid. The n-6 fatty acid percentage energy in this study was 10.3% and
11.7% for men and women respectively and although the WHO goals recommend 5-
8%E from n-6 fatty acids, the FNB and the AHA recommend at least 5-10%E for n-6
fatty acids. In fact, Harris ef al. (2009) state that randomised trails in humans have
shown reduced CHD risk with n-6 fatty intake of 11 to 21%E for up to 11 years with no
harm and they are of the opinion that reduction of n-6 fatty acid intakes from their
current levels would be more likely to increase than to decrease the risk of CHD.
Therefore, in line of the argument by Harris ef al. (2009), it would be more appropriate
to recommend a mixture of two oils such as sunflower oil and canola oil which in terms
of taste, cost and health reasons would be a more viable and acceptable option in

Indian communities.
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Many studies have made a dietary recommendation to increase the n-3 fatty acid levels
in the diet. In a South African study, Van der Walt et al. (2008) reported that wild-
growing dark green leafy vegetables (morogo) are rich in folate, with n-3 fatty acids in
excess of n-6 fatty acids. Indians in South Africa consume these dark green leafy
vegetables as a side item in small quantities as an accompaniment to the main dish.
Ways to increase n-3 fatty acids in the Asian Indian habitual diet have also included
increasing green leafy vegetables, rajmah (kidney beans), bajra (Sorghum vulgare) and
chana (black gram), lobia (cow pea) and methi (fenugreek) (Misra ef al., 2001; Misra et
al., 2009b).

Carbohydrates

The percentage energy from carbohydrates (47.2% for men and 45.4% for women) was
below the 55-75% range as recommended by the WHO goals (WHO, 2003b). Native
Indians consume relatively more carbohydrates in the range of 59-65% energy (60.1%
for men and 59.1% for women) (Misra et al., 2001) as compared with migrant Asian
Indian studies such as those of Lovegrove ef al. (2004) (44% for men and 47% for
women) and Sevak ef al. (1994) (46%) in the UK. Furthermore, the reported range for
percentage energy from carbohydrates by Wolmarans ef al. (1999) on the dietary intake
of Indians living in Durban was similar to this study for men and slightly higher for
women (men: 49.3% and 45.5% respectively for the 35-44 year and the 45-54 year age
cohorts) (women: 49.1% and 53% respectively for the 35-44 year and the 45-54 year

age cohorts).

Energy intake

In contrast to the lower percentage energy from carbohydrates, the sugar intake in the
current study was higher than the WHO goals. The mean percentage energy derived
from free sugars was 12.5% for both men and women, which exceeded the WHO goals
(<10%E). However, this range was comparable to the findings by Wolmarans et al.
(1999) where the percentage energy from sugars was 13.5% for men and 11.2% for
women. Furthermore, the mean energy intake was 7815 kJ for men as compared to a
slightly higher range reported by Wolmarans et al. (1999) where the mean energy
intake was 8500 kJ for men in the 35-44 year and 8100 kJ for the 45-54 year age
cohorts. However, the mean energy intake for women (7214 kJ) in this study was much
higher than in the study of Wolmarans ef al. (1999) (5600 kJ and 5400 kJ respectively
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for the 35-44 year and the 45-54 year age cohorts). Table 5.9 showed the percentage
of men and women who under-reported (42.3% of men using the 72% of EER cut-off
point and 13.7% of women using the 74% cut-off point) presenting higher under-
reporting by men as reflected in the results of the reliability and comparative validation
sample in Chapter 4. It was reported in Chapter 4 that a possible reason for the high
level of under-reporting amongst in Indian men could be attributed to their difficulty in
determining the portion sizes as they are not involved in food preparation. Similar
results of under-reporting was presented in the study by Wolmarans ef al. (1999) where
the ratio of energy intake to basal metabolic rate (El: BMR) was low for all age groups,

reflecting under-reporting.

Protein

The percentage energy from protein (12.8% for men and 12.0% for women) fell within
the range of WHO goals. A possible reason explaining the prudent intake could be due
to the fact that the indulgence of animal protein is limited to certain days of the week
due to religious worship which comes in the form of abstinence from meat. In days of
abstihence from meat, the protein intake is balanced by the consumption of legumes.
About 11%E from protein was supplied by legumes in this study. Furthermore, in the

study by Wolmarans ef al. (1999) a high percentage of energy came from plant protein.

Nutrient intakes /[EAR
To assess the adequacy of the diet, the nutrient intakes of the QFFQ were compared
with the EAR (Food and Nutrition Board, 2000). All respondents consumed less than
the EAR for n-3 fatty acids (Table 5.13). In addition, a large percentage of respondents
consumed less than the EAR for fibre, calcium, folate, thiamin and vitamin D,
highlighting the low intake of fruit and vegetables. These results can be compared with
only one other South African study on Indians, namely that of Mia and Vorster (2000)
on Indian adolescents in Lenasia, since Wolmarans ef al. (1999) measured only macro-
nutrients in Indian diets. The diet of the adolescents was low in carbohydrate, high in
fat, relatively high in plant proteins and fibre, more than adequate in ascorbic acid but
relatively low in calcium. Therefore, it seems as if the diet of the adolescents was of
somewhat better quality than that of the KwaDukuza adults. However, according to the
indices of overall diet quality, the dietary pattern of the KwaDukuza respondents was
good.
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6.2.2.2 Trends in food patterns

To measure overall diet quality, most published studies as reported in a review by Kant
(2004) use one of two methods namely: diet indices and data-driven methods which
use factor analyses to derive food patterns and possibly explain nutrient-disease
relationships. In the present study both methods were used. To report on diet qualiity,
indices were calculated (Table 5.14), where the higher the index, the better the diet
quality. Index 1 reported a mean of 2259.8 and Index 2 reported a mean of 518 of
which Index 1 observed the highest frequency in the 2000-2500 category and Index 2
observed the highest frequency in the 500-559 category (Table 5.15) all of which reflect
good diet quality. However, Index 2 had an inverse correlation with Risk score and Risk
score 1 (Table 5.22). The higher the Risk Score and Risk score 1, the greater the risk
towards CAD whereas a high index indicates a better quality of diet (i.e. the closer the
diet is to the WHO recommendations). Therefore, the significant inverse correlation
implies that the closer the diet was to the WHO recommendations, the lower the risk for
CAD. Index 2 was also inversely correlated with WC for the whole sample and for men
(Table 5.22 and 5.23), which could be expected: the better the quality of the diet the

lower the waist circumference.

Two principal components were identified based on the percentage fat contributed by
the food groups (Table 5.18). The reasons why the percentage of fat contributed by
each food group was used to derive food patterns was firstly based on one of the
primary objectives of this study namely: to determine whether an association existed
between nutrient intakes and food patterns with special reference to n6:n-3 fatty acid
ratio on the prevalence of risk markers for NCDs. Secondly, the use of factor analysis to
derive dietary patterns is relatively new and although most studies use percentage
energy to derive factors (Newby et al., 2004a; Newby ef al., 2004b; Mikkila ef al., 2007)
the high level of underreporting of energy intake in this study implied that if percentage
energy intake was used to derive Factors, it might not reflect true intake. Therefore,
using the percentage fat contributed by each food group, Factor 1 was positively loaded
for legumes, cereal and cereal products and vegetables and Factor 2 reflected a diet
pattern where the highest factor loadings were from the fats and oils, sugar and sweets

and the milk groups. The cooking practices and ingredient usage in South African
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Indian cuisine are in agreement with Factor 1. The fat content in cereals and cereal
products is based on added fat e.g. rotis are brushed with butter or ghee; onions and
spices are sometimes tempered in butter or ghee and tossed into boiled rice; savoury
pastries such as samoosas and puris are fried in sunflower oil; and butter or ghee is
used in sweet puddings made from semolina, vermicelli (pasta) or white rice. The high
addition of fat in cereal dishes could be justified on the basis of taste as most cereal
dishes are bland. The high fat content in most legume dishes comes from the tempering
of butter or ghee with spices for the purposes of finishing the dish e.g. split pea dhal.
Vegetables are mainly prepared using sunflower oil, hence the high fat factor loading
for vegetables. Factor 2 (fats and oils, sugars and sweets and milk group) had lower
loadings than factor 1. The loading on fats and oils accounts for visible fat which can be
controlled by choice e.g. many dishes use sunflower as a base for sautéing and taste is
determined by spices unlike legume and cereal dishes in Factor 1. Sugars and sweets
had slightly lower loading than fats and oils. Although a high fat content is used in the
preparation of traditional Indian sweet meats (fudges and pastries), dishes of this nature
are only prepared during festivities. According to Kant, (2004) the majority of studies
examining the dietary patterns frequently choose to name the factor with the lower fat
loading, higher fruit and vegetable and whole grain loading, the healthy pattern. The two
dietary patterns derived from the factor analyses based on fat intake shows that Factor
1 with more positive loadings would be the unhealthy dietary pattern for Indians in KZN.
Therefore, with the factor analysis being based on fat intake, it alerts the need to modify
this dietary pattern by the reduction of added fat in these food groups. Factor 2 showing
weaker [oadings may be the healthier pattern as it comes from more visible sources of

fat and are therefore easier to control.

According to regression analyses (Table 5.25), blood glucose showed the strongest (3-
coefficients with Factor 1 and Factor 2 scores. While the R-coefficient between Factor 1
and glucose (-0.16) for the whole sample was not significant, Factor 1 scores for the
men and with Factor 2 scores for the whole sample and the women were significantly
inversely correlated with blood glucose levels. Therefore, the higher the fat loading, the
lower the blood glucose, which may be explained by fact that fat lowers the glycaemic
index of foods (Collier & O’Dea, 1983) and therefore the glycaemic load. High
glycaemic index diets have been associated with high postprandial blood glucose
concentrations (Ludwig, 2002). This is confirmed by the medians of quintiles (Table
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5.26) where although the median of the mid quintiles are higher than quintile 1, the
median for quintile 5 is the lowest. The B-coefficients were also negative for
triglycerides which can be justified by the fact that the triglyceride Ilevels are increased
by refined carbohydrates. Although, BMI and cholesterol had negative R-coefficients,
they were very small, indicating a negligible correlation. In studies using percentage
energy to calculate faétors, Newby ef al. (2004a) reported that a pattern high in reduced
fat dairy products, cereal, fruit, fibre and other healthy foods was inversely associated
with plasma triglycerides and in the study by Mikkila ef al. (2007), a dietary pattern
reflecting “health-conscious” food choices was inversely related to CAD, but less

strongly than the positive association of the traditional food pattern with CAD.

Furthermore, in order to determine the association between the two derived food
patterns and risk markers, factor scores were divided into quintiles and the medians of
the various risk markers for the lowest, middle and highest quintiles compared using the
Jonckheere-Terpstra test (Table 5.26). Table 5.26 shows that Factor 1 was sig’niﬁcantly
associated with SCORE 2X (SCORE adjusted for the Indian population), WC, glucose
and cholesterol. Factor 2 was significantly associated with glucose and BMI. However,
it appears that in Factor 1, the medians for the mid quintile are higher for SCORE 2X,
WC, glucose and cholestero! and although P for trend is significant there is ohly a small

difference between the highest and the lowest quintiles.

In addition, the following trend was evident for the food group intake: for macronutrients,
the cereal group provided the highest percentage of energy, carbohydrates, fat,
saturated fat and PUFAs. Similarly, for micronutrients, the cereal group also provided
the highest percentage of iron, vitamin B6, riboflavin, thiamin and folate (Tables 5.16
and 5.17).

It is evident from the factor analysis and the food group intake in terms of the
macronutrient and micronutrient percentage energy intake, that cereal and cereal
products, vegetables and legumes reflect the current pattern of intake amongst Indians
in South Africa. Similarly, Wolmarans et al. (1999) also showed in their study that
Indians in Durban reflected a cereal-based, vegetable dietary pattern. This information

is valuable in making appropriate recommendations around the dietary patterns so as to
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create a level of acceptance in the Indian community, as drastic changes are often

difficult to accept and sustain.

6.2.2.3 Associations of nutrient intake with clinical risk markers

In order to determine the associations of nutrient intake, percentage energy from
nutrients, diet quality indices and risk scores, Pearson partial correlations were
performed (Table 5.20). There was a significant correlation of Risk Score (the
aggregate total of all risk markers defined by Asian standards) and Risk Score 1
(aggregate total with fasting blood glucose counted twice as much as other risk
markers) with Index 1 (positively) and Index 2 (negatively) and the percentage energy
from n-6 fatty acids, total fat, PUFAs, MUFAs and protein (positively) and carbohydrate
(negatively) for men. The strongest correlation was between percentage energy from fat
with Risk Score and Risk Score 1, emphasising the unhealthy relationship between fat
and risk markers for NCDs. There was a weak negative correlation between percentage
energy from n-3 fatty acids for women and SCORE which indicates that a high
percentage energy from n-3 fatty acids was related to low risk for CAD in this study
group. However, there was a positive correlation between percentage energy from n-6
fatty acids and SCORE, Risk Score and Risk Score 1, which indicates that a high

percentage energy from n-6 fatty acids was related to an increased risk of CAD.

Tables 5.22 to 5.24 presented the results of the associations of nutrients, percentage
energy from nutrients, diet quality indices, Risk score and Risk score 1 with clinical risk
markers. WC showed significant associations with most variables. Risk score showed
the strongest statistically significant association with clinical risk markers for the whole
group. The correlation (albeit weak) between waist circumference and percentage
carbohydrate was an inverse one, indicating a possible favourable effect of higher
carbohydrate intake on waist circumference in this study group. For men, WC and
glucose showed the most significant associations with most variables. Risk score
showed the strongest statistically significant association with clinical risk markers, which
were positive for all, but negative for Index 2. For women, WC and glucose showed the
most significant associations with most variables and Risk score showed the strongest
statistical significance with clinical risk markers. Furthermore, in women, n-3 and n-
3%E did not correlate with any risk markers, but in men n-3%E correlated positively
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with glucose and triglycerides. This was a rather unexpected finding since ALA, EPA
and DHA have been shown to decrease triglycerides (Egert et al., 2009). Furthermore,
neither n-3 nor n-3 %E correlated significantly with SBP or DBP. However, the n-6:n-3
ratio correlated significantly with SBP and DBP in the whole group, and the ratio as well
as n-6%E correlated with SBP in men. The ratio correlated inversely with DBP in
women, which is easier to explain since it is known that the long-chain n-3 fatty acids
lower blood pressure, but controlled, double-blind studies do not support an

independent effect of linoleic acid on blood pressure (Pietinen, 1994).

PUFAs, n-6 and n-3 fatty acids showed significant associations with blood glucose.
Popp-Snijders et al. (1987) indicated that n-3 fatty acids improve insulin sensitivity in
individuals with impaired glucose tolerance. However, intervention studies did not find
encouraging results regarding the effect of n-3 fatty acids on insulin sensitivity (Brady et
al., 2004) and the OPTILIP study by Griffin ef al. (2008) found no effect of n-6/n-3 fatty
acid on insulin sensitivity. Mann (2006) suggested that insulin sensitivity is also

improved when saturated fatty acids are replaced with PUFAs.

Collectively the prevalent associations in this study call for weight reduction which
would improve the risk profile of the respondents. An awareness of the phenomenon of
central obesity needs to be created as currently the ramifications of increased WC is
not understood by the community and is often loosely termed the “tyre syndrome”.
Moreover, there is a general belief that it starts in women after giving birth as most
adolescents and young adults do not show evidence of central obesity (Personal
observation). Recommendations in terms of the use of appropriate cut-off points,
physical activity and emphasis on dietary modification might be able to harness the

clustering effect of insulin resistance.
6.2.3 Association of physical activity with prevalence of risk markers
The third objective formulated for this study was: “to establish whether an association

exists between the current trends in physical activity and the prevalence of risk markers
for NCDs".
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From objective one, it was highlighted that there was a high prevalence of physical
inactivity especially amongst women. In the attempt to determine the association of
physical activity and the prevalence of risk markers, correlations were weak and not
statistically significant (Table 5.30). However, the observed frequencies for the low
physical activity category in Table 5.31 showed high frequencies for risk of BP, WC and
triglycerides. On the other hand, the observed frequencies between the low physical
activity category and the European SCORE model indicated the most frequencies in
<1% risk for CAD. In comparison, the Risk score for the low physical activity category
indicated higher frequencies for Risk 3, 4 and 5. It has to be noted, however, that
physical activity is not a determinant in any of the risk score algorithms calculated in the

study.
6.2.4 Strategies for an integrated programme of prevention

The fourth objective formulated for this study was: “to suggest strategies for an

integrated programme of prevention of NCDs in the target group”.

Strategies for an integrated programme of prevention will be based in Chapter 7 on the
findings of objectives one to three and recommendations for interventions as discussed
in section 2.3 in order to suggest lifestyle interventions to suit the target group.
However, attitudes, knowledge and barriers to lifestyle changes first need to be
identified before robust and sustainable interventions can be recommended. Strategies
for an integrated programme of prevention will be primarily based on behavioural
change (diet modification and physical activity) using the most appropriate mechanisms

and channels to disseminate information and mobilise intervention.

6.3 CONCLUSION

In this chapter, the results of the study were discussed in relation to the objectives,
starting with the prevalence of risk markers and then determining associations between
risk markers and lifestyle behaviours in order to develop appropriate strategies for an
integrated programme of prevention. Chapter 7 follows with the recommendations and

conclusions on the salient observations of this study.
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CHAPTER 7

RECOMMENDATIONS AND CONCLUSIONS

7.1 INTRODUCTION

The results of the study were discussed in the previous chapter in relationship to the
objectives of this study. KwaZulu-Natal was the base for Indian migrants into South
Africa and with time and the change of laws in South Africa, migrant Indians ventured
into other regions of South Africa. Despite the regional influences in terms of the
availability of ingredients and acculturation, the habitual diet of Indians in South Africa
remained fairly homogenous. The reason for selecting KwaDukuza for this study was
based on the fact that it embodies the characteristics of a typical Indian community and
hence is representative of Indians in KZN. With the habitual diet of Indians in South
Africa remaining homogenous, appropriate and practical recommendations proposed in
this study in order to improve the quality of life amongst Indians in KwaDukuza can be

used for all Indians in South Africa.

in order to propose strategies for an integrated programme of prevention of NCDs, it is
important to view current national and international recommendations as discussed in
section 2.7. Moreover, in order to ensure that the strategies are bas‘ed on ethnic
specificity, interventions and recommendations from the South Asian Diaspora and from
the India sub-continent are valuable. Finally, in translating the findings of this study into
appropriate recommendations, effectiveness of the recommendations for intervention

would be measured by the communication model adopted as discussed in section 2.7.

7.2 INTERNATIONAL AND NATIONAL RECOMMENDATIONS FOR
INTERVENTION

Asian Indians around the world have the highest rates of premature coronary artery
disease. There have been a number of national and international recommendations for
interventions through risk factor modification to prevent and decrease clinical

manifestation of NCDs, as discussed in section 2.7. The main commonalities in these
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recommendations are based on the premise of diet and lifestyle modification. Recently,
Mayosi ef al. (2009) provided a panel overview of South Africa’s response to the burden
of NCDs and recommended the identification of priorities for the next 15 years so as to
relieve the pressure of the growing prevalence of NCDs on the health care system.
Priority interventions at population level recommended by these authors to the national
Department of Health in South Africa include maintaining and extending tobacco-control
activities; monitoring, assessing and enforcing anti-alcohol legislation; food control
legislation with public education for reducing the salt content of food and for substituting
2% of trans-fat with PUFAs; promotion of physical activity in schools and workplaces;
strengthening of the district-based primary health system with integration of the care of
NCDs and their risk factors and the development of a national surveillance system for

all chronic diseases.

However, national guidelines are usually based on the general population of a country
and ethnic populations are often under-represented in the formulation of these
guidelines. Consequently, individuals from ethnic groups may be inadequately targeted
for risk-reduction strategies, including screening for and treatment of NCDs. Lip et al.
(2007) recognised a similar phenomenon in the UK with regard to the South Asians and

compiled a set of specific guidelines for primary and secondary prevention of CVD.

Prevention is usually classified as primordial, primary and secondary prevention
(Enas et al., 2008). Primordial prevention aims to halt the growth of risk factors through
healthy lifestyle changes. The application of primordial prevention on the whole
population becomes a population-based strategy which creates a new generation in
which low risk is the rule and high risk is the exception hence creating a new generation
with low risk factor levels. Primary prevention aims to identify individuals with high risk
factors who have not yet suffered a coronary event and are targeted for maximum
lifestyle changes. Secondary prevention is aimed at reducing the mortality and

morbidity among those diagnosed with CAD.

There are a number of successful interventions in India such as those reported by
Balagopal et al. (2008); Ramachandran et al. (2006); Somannavar et al. (2008). Misra
et al. (2009) recently reviewed South Asian diets and suggested changes in diet and

lifestyle to prevent cardiovascular risk factors and the metabolic syndrome. They also
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stressed the urgency of nationwide éommunity intervention programmes aimed at
creating awareness about the consequences of unhealthy food choices in India, other
countries in South Asia and in migrant South Asians. Bearing in mind the results of the
current study in KwaDukuza, it is therefore recommended that an Indian healthcare
summit, similar to the INDO-US Healthcare Summit (Enas ef al., 2008) be initiated by
the South African Department of Health as a population-based strategy. Preventive
measures rest mainly on public education, media, legislation and government policy.
This will have to involve effective partnerships among government, non-governmental
organizations and civil society. Compliance with preventive measures is achievable only

if the message is given repeatedly, consistently and unambiguously.
7.3 PRIMARY PREVENTION IN INDIANS IN KZN

Primary prevention aims to identify individuals with markedly elevated risk factors
(hypertension, high cholesterol, fasting glucose and triglycerides and abdominal
obesity) who have not yet suffered a coronary event and are targeted for maximum
lifestyle changes. From the study on *healthy” Indians in KwaDukuza, it is clear that
primary prevention is urgently needed; starting with a screening programme in places
such as community halls, religious gathering-places of worship, workplaces, schools,
popular shopping malls, pharmacies and general practitioners consulting rooms. Most
respondents in the study did not attend primary health clinics but private medical
facilities where the responsibility of primary care is undertaken. There should be stricter
treatment goals and lower thresholds for intervention than what is recommended for
western populations (Enas ef al.,, 2008). Current risk prediction models are neither
sensitive nor specific to recommend their widespread application in the South African
Indian population. Bang et al. (2009) recently developed and validated an easy-to-
implement diabetes screening score, which may be useful for self-assessment by
Indians in KZN.

The risk markers that predict NCDs have now been identified. Specific details of an
intervention can only be made after attitudes, knowledge and barriers to changes in diet
and activity has been determined. Farooqi ef al. (2000) conducted a study to this effect
where the knowledge of and attitudes to lifestyle risk factors for CHD amongst South

Asians in the UK was gauged. The results of the study showed that respondénts
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expressed a range of aftitudes to and different levels of knowledge of lifestyle risk
factors for CHD. Barriers to improving lifestyle with respect to diet and exercise included
lack of information and cultural barriers. This study highlights the need for health

promotion advice to be tailored, in particular the need for cultural sensitive advice.

Recommendations from the main findings of this study, in line with current national and
international strategies and recommendations for an integrated programme of control

and prevention of NCDs amongst Indians in South Africa, will now be summarised.
7.4 APPROPRIATE WEIGHT MANAGEMENT

The findings of this study showed that respondents had a high prevalence of central
obesity, associated with all the others risk markers that were measured. However, the
continuous rise in obesity rates in many countries suggests that success rates of
current programs to combat obesity are questionable. According to Hill (2009), the poor
long-term success rate in treating established obesity through lifestyle changes could
be due to the large permanent change in diet and physical activity to keep weight off.
Therefore, he suggests that the small changes approach is ideal to reduce obesity
levels as it is more feasible to achieve and to maintain than larger changes. Small
energy losses of up to 420 kJ per day in the form of a prudent diet and increased
physical activity may benefit the Indian community in decreasing the prevalence of
central obesity. According to Goldstein (1992) weight reduction has been shown to
improve glycaemic control in obese patients with diabetes, reduce blood pressure in
obese patients with hypertension and improved lipid levels in obese patients with
dyslipidaemia. Energy restriction and/or weight reduction may result in a significant
reduction in all the risk markers measured in this study including fasting blood glucose
(Wing et al., 1994), abdominal visceral fat area (waist circumference), total cholesterol

and triglycerides (Ohkawara ef al., 2010) as well as blood pressure (Neter ef al., 2003).

Increasing knowledge with regard to the phenomenon of increased waist circumference
is important as currently many Indians are unaware as to the actual cause and
consequences of increased waist circumference and in the case of women, they often
relate the development of increased waist circumference after giving birth (personal
observation).
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Standard definitions underrepresent the prevalence of NCDs in Asian Indian
communities thereby delaying the commencement of definite preventive and
therapeutic treatment. The dissemination of ethnic-specific cut-points by the
Department of Health to the general public and the health profession would assist in
identifying individuals at risk of NCDs.

7.5 PROMOTION OF REGULAR PHYSICAL ACTIVITY

7.5.1 Introduction

Physical activity is the key determinant of energy expenditure and thus is fundamental
to energy balance. According to the WHO (2003b) at least 30 minutes of moderate-
intensity physical activity five days a week will reduce the risk of several NCDs in adults
such as cardiovascular disease, stroke, type 2 diabetes, colon cancer and breast
cancer. There is a large amount of evidence amassed on the benefits of increasing
physical activity on health such as the lowering of BP, control and maintenance of body
weight, decreasing serum ftriglyceride concentrations, improving tissue sensitivity to
insulin and control over risky behaviours (WHO, 2003b; Morris et al., 1966; Bouchard ef
al., 2001).

7.5.2 Physical activity in the workplace

The results of the study are amplified by the sedentary habits displayed by respondents
where a high level of physical inactivity was noted. A large percentage of respondents
(78%) were formally employed, hence, the workplace would be an ideal channel to
improve physical activity as a large section of an adult population can be captured for
intervention. Sorensen et al. (1996) cited a number of reasons in support of workplace
interventions. Firstly, a large percentage of adults are employed in the formal sector
and therefore, are a captured target group. Secondly, interventions at the workplace
can be offered repeatedly which increases the chances of changing behaviour. Thirdly,
the workplace is in a position to support individual behaviour change attempts by

modifying the social and physical environment and finally the workplace provides
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access to a large number of adults who may be difficult to reach through other

intervention channels.

Kolbe-Alexander ef al. (2008) conducted a study to determine the health and risk profile
of South African employees and to measure their readiness to change and improve
their behaviour through a wellness day. The findings of this study showed that
employees’ health and lifestyle habits were placing them at increased risk for NCDs.
This study underscores the importance of determining the health and risk status of
employees which could assist in identifying the appropriate interventions to reduce the
risk of NCDs amongst employees. In a recent review on best practice workplace
interventions by Steyn ef al. (2009), it was highlighted that nutrition and physical activity
intervention is the best way to improve employee health and behaviour. The review also
highlights the key success factors for successful changes as well as the barriers to
changes. Most importantly, the review provides an overview of results of studies which
had best practice outcomes in the following categories: clinical outcomes such as
serum lipids; behavioural changes such as dietary changes and knowledge and attitude
changes. Two studies of particular interest were the study by Cook et al. (2001) and the

study by Sorensen et al. (1999), which will be briefly discussed.

The Cook et al. (2001) study with an intervention period of six months was conducted at
two manufacturing plants in New Zealand to reduce NCDs. After the intervention, fat
intake and SBP were reduced, vegetable intake and physical activity were increased
and nutrition knowledge improved compared with the control site. However, no
difference was found in WC between the intervention and control group. Hence, it was
suggested that the intervention should last longer. The Treatwell 5-a-Day study by
Sorensen et al. (1999) is an excellent example of a worksite study which focussed on
family participation with the primary goal aimed at increasing fruit and vegetable intake
and decreasing fat intake. It was conducted at community health centres and was
largely managed and supported by staff and had three components namely: the control
group, workplace only and workplace plus family. Total fruit and vegetable intake
increased significantly in the intervention compared with the control group. The authors
concluded that the Treatwell 5-a-Day intervention model has the potential to enhance

worksite-based intervention through incorporation of its family focus, especially given
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the association of household support with individual eating habits. However, they also

identified the barriers to involving families in worksite interventions.

Steyn et al. (2009) concluded in their review that numerous workplace interventions
have shown significant improvement in employee’s health and behaviours. However
interventions have to be planned on existing evidence of best practice. Therefore, it is
recommended that places of employment are an ideal channel to improve dietary habits

as well as physical activity.
753 Physical activity for housewives

Twenty-one percent of the respondents in the current study were housewives. |In order
to improve the physical activity level of housewives it is recommended that walking
routes and health clubs are established, using community halls. This effort can be
successful if safe walking routes with road markings are identifled and these walking

routes published in the community paper.

Furthermore, the culture of physical activity is very limited in the current national
education system. Therefore, in order to bridge this gap of physical inactivity amongst
the young, schools and the community could engage in a memorandum of agreement
where learners are allowed to use school sporting facilities after hours under the
mentorship of community mernbers. Reasons for lower levels of physical activity
amongst South Asians in the UK have been explored in the Health Education Authority
Second Health and Lifestyle Survey of black and minority ethnic groups (BMEGs) and it
was found that in the UK, 60% of ethnic minority women reported ethnically specific
reasons for non-participation in recreational physical activity, such as unwillingness to
attend same-gender facilities (Johnson et al, 2000). Therefore, in order avoid the
similar situation, separate health clubs for men and women should be promoted to
make women feel more comfortable to engage in physical activity. In many Indian
communities in South Africa Bhangra, which is a form of Indian dance, has become
very popular during festivities such as prayers and weddings. This should be promoted

as a form of dancercise to encourage physical activity for the whole
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7.6 ADOPTION OF A HEALTHY DIET
7.6.1 Introduction

The beneficial effects of diets rich in fruits and vegetables have been well recognised
for the prevention of chronic diseases especially CVD (see section 2.5.2.2.4). The
finding of this study showed that the respondents consumed way below the
recommended WHO population nutrient intake goals for prevention of death and
disability from NCDs (2003b). Radhika et al. (2008) undertook a study to determine the
association of fruit and vegetables intake with cardiovascular risk factors in urban South
Indians and concluded that increased fruit and vegetables could play a protective role
against CVD in Asian Indians who have high rates of premature CAD. In this study the
fruit and vegetable intake was inversely correlated to WC and BMI and was reflected in
lower risk factor prevalence of CVD (Radhika ef a/., 2008).

7.6.2 Increase in fruit and vegetable consumption

In the Treatwell 5-a-Day study by Sorensen ef al. (1999) to increase fruit and vegetable
intake through worksites and family intervention (mentioned in the previous section), the
intervention was most successful in increasing fruit and vegetable consumption in the
worksite-plus-family group. This study highlights the importance of social systems,
including family members and co-workers, as they have an important role to play in
determining the climate of health behaviour and can assist in influencing health

behaviours such as eating habits.

Schatzer et al. (2009) recently conducted a study to assess the frequency of
consumption of fruit and vegetables, serving sizes, reasons for and barriers to
consurnption, and the potential for increasing fruit and vegetable intake. The intake
frequency of fruit and vegetables and the number of servings were largely dependent
on seasonal fluctuations. The primary reason for consumption was taste. The greatest
barrier to higher intake was the perception that current individual consumption was
already sufficient. Therefore, Schatzer et al. (2009) propose that these findings need to

be considered in the development of strategies to increase fruit and vegetable intake,
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and that more attention be paid to the tasfe of fruit and vegetables rather than the

various health aspects.

Vegetables are consumed by Indians mainly in cooked form, with sautéing being the
preferred method of cooking. It is recommended that the methods of Cooking
vegetables be re-considered to decrease the fat content, as reported by the dietary
pattern reflected in the Factor analysis, and to obtain the maximum in protective
nutrients. Apart from changing the methods of cooking vegetables, a mixture of
sunflower oil and canola oil should be used for sautéing. The increased intake of
MUFAs at the expense of PUFAs that would result from greater use of canola oil is
consistent with most current dietary recommendations (Johnson et al, 2007).
Furthermore, Johnson ef al. (2007) showed that the substitution of canola oil for most
other vegetable oils increases compliance with dietary recommendations for saturated
fatty acid, MUFA and ALA.

There are a number of green leafy vegetables that are rich in folate and n-3 fatty acid in
the Indian habitual diet. Emphasis needs to be placed on these valuable food sources
to ensure that they have a secure place in the diets of Indians. The availability and cost
of fruit and vegetables should not be a barrier towards the increased consumption of
fruits and vegetables as they are available in abundance and at fair prices in local
supermarkets and community markets. The challenge, however, lies in encouraging
Indians to consume more fruits and vegetables, increasing their knowledge about
nutrient-rich vegetables and using better methods of cooking to gain maximum

goodness.

Interestingly, most foods are cooked in the form of a soup (legumes and pluses) or stew
(meat and meat products) and vegetables are sweated to a mush. The reason for these
preferred methods of cooking is due to the fact that Indians traditionally use their fingers
to eat and hence is able to mix the starch dish (roti, rice or bread) easily with the curry
dish. In doing so, eating vegetables raw or partially cooked as in salads or stir fries are
very limited in the Indian diet and therefore, pickles and atchar feature prominently in
the diet. A small change method to encourage the increase consumption of raw
vegetables could be achieved by encouraging pickling methods using a brine solution

rather than pickling with sunflower oil and encouraging the use of raw vegetables with
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spice dips, raitas (yoghurt with chopped vegetable dips) and serving fruit instead of
traditional puddings.

Besides all the other benefits, emerging evidence suggests that increasing fruit and
vegetables may also assist in dietary weight management strategies to prevent obesity,
preventing CHD and stroke (Bazzano, 2006) and control blood pressure (Appel et al.
1997).

In order to increase the consumption of fruits and vegetables by the Indian community
in South Africa, the above strategies and recommendations need to be taken into
account. Ideally, to reduce the risk of chronic disease, at least five servings of fruit and

vegetable should be consumed per day (Krauss ef al., 2000).

7.6.3 Modification of carbohydrate intake

The carbohydrate intake in the study was less than 50% of energy (WHO goal 55 to
75% of energy) and the fibre intake did also not meet the WHO goal of more than 25
g/day (WHO, 2003b). The currently available scientific literature shows that low
glycaemic index diets acutely induce a number of favourable effects, such as a rapid
weight loss, decrease of fasting glucose and triglyceride levels and improvement of
blood pressure (Radulian ef al., 2009). Increased intake of legumes and pulses may
contribute to lowering the glycaemic index of the South African Indian diet. According to
the ADA (2002), the consumption of viscous dietary fibre lowers blood cholesterol levels
and helps to normalise blood glucose and insulin levels. Furthermore, a fibre rich-meal
is processed more slowly, promotes early satiety and is frequently lower in energy, fat
and sugar, therefore is ideal for the treatment and prevention of obesity (ADA, 2002).
Refined carbohydrates such as rice, bread and roti forms part of the staple foods for
Indians in South Africa and it predisposes individuals to atherogenic dyslipidaemia
including hypertriglyceridaemia (Goyal & Yusuf, 2006). In light of this, it is
recommended that in order to reduce and maintain optimum triglyceride levels in the
Indian population of South Africa waist circumference and refined carbohydrates have

to be reduced through physical activity and diet.
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7.64 Modification of dietary fat

Increase of n-3 fatty acids (EPA and DHA) may reduce triglyceride level and blood
pressure and therefore at least two portions of fish should be consumed weekly and
increased intake of sardines be encouraged. A mixture of oils also is recommended
such as sunflower and canola oil to get maximum benefits from both n-3 and n-6 fatty
acids. In addition, the mixture of sunflower oil with canola oil would be more acceptable
in the form of taste as blending of these oils would not mask the flavour of spices used

in Indian cuisine and in terms of cost it would be more affordable.

In terms of the healthy dietary pattern derived from the Factor 1 (legumes, cereals and
vegetable group), fat intake has to be reduced. For the cereals and cereal group, fat is
normally added to reduce blandness. Rotis are normally brushed with butter or ghee on
each side. A simple small change method to reduce the fat would be by brushing it on
one side. Furthermore, in order to reduce the fat intake from sweet desserts such as
vermicelli (pasta) and soji (semolina pudding) a small change method to improve the
taste could be applied by adding more dessert spices such as cardamom, nutmeg,
mace, vanilla and cinnamon. It is also recommended to lightly brush samoosas with oil
and have them done in the oven. Due its blandness most legumes are often tempered
with onions, spices and butter. A small change method to reduce fat would be to use
more herbs such as the traditional curry leave, thyme and coriander to enhance the
flavour of legumes. Furthermore, legumes are often served as a soup, but by altering
the methods of preparing lentils such as serving them plain without liquid and
enhancing them with traditional herbs would maximise flavour and avoid the addition of
fat.

7.6.5 Dissemination of information to the public

According to WHO (2003b), healthy diets and regular, adequate physical activity are
major factors in the promotion and maintenance of good health throughout the life
course and one the one of the objectives of the WHO global strategy on diet, physical
activity and health is to increase awareness and understanding of the influences of diet
and physical activity on the positive impact of prevention intervention. With the

recommendations of this study being in line with the WHO (2003b) recommendations
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for the promotion of healthy diets and physical activity, it would most viable if the
recommendations of this study could be disseminated for use throughout the life
course using an appropriate communication tools and channels to get the maximum
benefit. The results of this study have to be disseminated to appropriate bodies to
institute change. First, it is imperative that the findings of this study and
recommendations be disclosed to Department of Health. Second, the community of
KwaDukuza and the surrounding Indian communities must be aware of the findings of
this study and recommendations. An appropriate method to disclose such information is
through the community newspapers which are highly regarded and freely available.
Furthermore, a community “health” day should be arranged by mobilising help from
ward councillors, religious leaders, medical professionals and other key stakeholders to
create an awareness of the growing burden of NCDS and to set the wheels in motion

for an inherent change to diet and lifestyle modification.

7.7 RECOMMENDATIONS FOR FUTURE STUDIES

Specific details of an intervention for the Indians in KZN can actually only be made after
attitudes, knowledge and barriers to changes in diet and activity in the targeted
community have been determined. It is therefore recommended that in order to propose
specific details of an intervention, further research is needed on the attitudes,
knowledge and barriers to the changes in diet in the Indian community. In addition, it is
recommended to carry out randomised control trials to investigate the impact of the

above-mentioned interventions.

It is also recommended that childhood risk factors in the South African Indian
community be investigated due to the early onset of NCDs in the Indian community. So
far only Mia and Vorster (1999) investigated the risk factors in adolescents in Lenasia.
Furthermore, determining the onset and progress of increased WC from adolescence to
adulthood would be valuable to assess what triggers the increase in WC. Misra et al.
(2007) reviewed the metabolic syndrome in South Asian children and stressed the
urgency of high-risk screening and effective public-intervention education programmes
for children because the metabolic syndrome in children is regarded as an important
marker of diabetes and CHD in adults. Furthermore, it is a well established fact that

dietary habits are established in childhood. Additionally, the contribution of risk markers
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not measured in this study, including novel markers such as C-reactive protein (CRP),
adiponectin, haemostatic factors and plasma homocysteine, should be added to the

battery of risk markers measured in South African Indians.

7.8 LIMITATIONS AND STRENGTHS OF THIS STUDY

One of the limitations of the study was that the design was cross-sectional, which is not
appropriate to assess the cause and effect between diets and physical activity and
NCDs. Longitudinal studies or clinical trials are best suited to evaluate the role of
lifestyle factors in the development of, or protection against NCDs and its risk factors.
The prevalence of the metabolic syndrome could not be determined, because HDL-
cholesterol, one of the features of the metabolic syndrome, could not be assessed with
finger-prick blood sampling, which was the only way to cope without infrastructure.
However, Patel ef al. (2009) reported that serum ftriglycerides were better in their
discrimination of metabolic and CHD risk compared to other lipid and lipoprotein

measures within South Asians living in Britain as well as those living in India.

The present study had several strengths. The associations of lifestyle factors with risk
markers were investigated in a relatively large population representative of Indians from
different living standards in KwaDukuza and from urban and rural areas. Therefore, the
results can be extrapolated at least to Indians living in KZN. It was the first time that a
QFFQ was developed and tested for reproducibility and comparative validity specifically
for the Indians in South Africa. Besides nutrient analyses of the diets of the
respondents, indices of diet quality were composed and food patterns were identified by
factor analyses. Feasible recommendations were made to improve the risk profile of

local Indians.

7.9 CONCLUSION

This study has chartered the increasing prevalence of NCDs in the Indian community of
South Africa through the identification of risk markers. It has progressed into

determining the associations of risk markers between clinical parameters and dietary

intake. This study has put forward the challenge to control and manage risk markers of
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NCDs. This study highlights opportunities to control the surge of NCDs in the Indian

community of South Africa through lifestyle modification.

The type of diet recommended to prevent the progression of risk factors to type 2
diabetes and chronic CVD in this high risk population is one similar to the Indo-
Mediterranean diet which Singh ef al. (2002) found more effective in Indians than the
conventional step 1 NCEP prudent diet. The diet was rich in a-linolenic acid containing
increased amounts of whole grains, fruits, vegetables, walnuts, almonds and mustard or
soy bean oil. For the Indians in KZN, the same diet with a mixture of canola and
sunflower oil instead of mustard and soy bean oil (for availability, economic and taste

acceptability reasons) is recommended.

The task of eliminating and treating the problem of the high prevalence of risk markers
for NCDs is monumental when the genetic and environmental hurdles are considered.
However, as pointed out by Sullivan (2006) studies in high risk populations have shown
that even moderate changes in diet and exercise can prevent the progression of

metabolic abnormalities to type 2 diabetes and CVD.
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APPENDIX A

Summary of strength of evidence on factors that might promote or protect against weight gain

and obesity

Evidence a Decreased risk No relationship Increased risk |
Convincing Regular physical activity Sedentary lifestyles
High dietary intake of High intake of energy-
NSP (dietary fibre) b dense
micronutrient-poor foods
c
Probable Home and school Heavy marketing of
environments that energy-dense foods d
support healthy food and fast-food outlets d
choices for children d High intake of sugars-
Breastfeeding sweetened soft
drinks and fruit juices
Adverse socioeconomic
conditions d
(in developed countries,
especially
for women)
Possible Low glycaemic index Protein content Large portion sizes
foods of the diet High proportion of food
prepared outside
the home (developed
countries)
“Rigid restraint/periodic
disinhibition™
eating patterns
Insufficient Increased eating Alcohol
frequency

a: Strength of evidence: the totality of the evidence was taken into account. The World Cancer Research Fund schema
was taken as the starting point but was modified in the following manner: randomized controlled trials were given
prominence as the highest ranking study design (randomized controlled trials were not a major source of cancer
evidence); associated evidence and expert opinion was also taken into account in relation to environmental
determinants (direct trials were usually not available).
b: Specific amounts will depend on the analytical methodologies used to measure fibre.
c: Energy-dense and micronutrient-poor foods tend to be processed foods that are high in fat and/or sugars. Low
energy-dense (or energy-dilute) foods, such as fruit, legumes, vegetables and whole grain cereals, are high in

dietary fibre and water.

d: Associated evidence and expert opinion included.
NSP=non-starch polysaccharides
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Summary of strength of evidence on lifestyle factors and risk of developing cardiovascular

diseases
Evidence Decreased risk No relationship Increased risk
Convincing Regular physical activity Vitamin E Myristic and palmitic
Linoleic acid supplements acids
Fish and fish oils (EHA Trans fatty acids
and DHA) High sodium intake
Vegetables and fruits Overweight
(including High alcohol intake (for
berries) stroke)
Potassium
Low to moderate alcohol
intake
(for coronary heart
disease)
Probable al.inolenic acid Stearic acid Dietary cholesterol
Oleic acid Unfiltered boiled coffee
NSP
Wholegrain cereals
Nuts (unsalted)
Plant sterols/stanols
Folate
Possible Flavonoids Soy products Fats rich in lauric acid
Impaired fetal nutrition
[Insufficient Calcium Beta-carotene
Magnesium supplements
Vitamin C Carbohydrates
Iron

EPA= eicosapentaenoic acid; DHA= docosahexaenoic acid; NSP=non-starch polysaccharides

WORLD HEALTH ORGANIZATION. 2003b. Joint WHO/FAO Expert Consultation on Diet, Nutrition and
the Prevention of Chronic Diseases. WHO technical report series no 916. Geneva: World Health
Organization.
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High Blood Pressure

Diabetes

High Chalesterol

Low Fruit and Vegetable intake

Physical Inactivity

8
(2.4%)

9
(1.6%)

10
(1.4%)

11
(1.1%)

12
(1.1%)

Recognize the risks of obesity and the extent of excess body weight in children and adolescents. Prioritize
research for effective prevention and reduction programmes in children and adolescents*.

Develop school pragrammes that integrate nutrition and physical activity into core curricula and /or lifestyle
programmes, and healthy nutrition into school food/snack servicest.

Consider population-based approaches such as reduced salt* in bread and other commonly consumed
food products.

Improve the diagnosis and management of high BP in primary care, as part of an absolute risk
management approach.

Incorporate BP control into heaithy lifestyle interventions.

Reduce alcohol intake.

Reduce overweight and obesity amongst hypertensives*.

Develop and evaluate healthy lifestyle programmes with emphasis on good nutrition, reduced overweight
and obesity and increased physical activity.

Optimize primary care diagnosis and management of raised blood sugar included in absolute risk
managementts;, including organizational interventions.

Provide cost-effective care for complications of diabetest#.

Consider population-based approaches to reduce dietary fat,* such as food information and awareness.
Improve the diagnosis and management of high cholesterol in primary care — as part of a total risk
management.

Tax and agricultural policies to promote production and availability of fruit and vegetablest.

School programmes that integrate nutrition in curricula and healthy nutrition into school feeding schemest.
Develop and evaluate social marketing strategies to promote regular eating of fruit and vegetables.
Promote home and community vegetable/produce gardens.

Promote school, workplace, health care provider, and community physical activity programmes through
educational interventions reaching large populationst.

Promote physical activity within a total isk management approach in primary care, and as part of
secondary prevention after cardiovascular events or diabetes diagnoses*.

Develop locally-suitable health messages related to physical activity in cooperation with stakeholders so
that consistent messages can be used on television, radio, and the print mediat.

Promote professional advice and guidance with continued support to encourage people to be more
physically active*.

Modify town, road and building designs to promote physical activity through safe walking, cycling, and use
of stairs, and to improve access to public transportationt.

Assess and address the role of crime, violence and cultural beliefs as potential inh
activity.

itors of physical
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*Supported by a Cochrane systematic review of effectiveness.
+Recommended by DCPP as effective.

FRecommended by DCPP as cost-effective.

Create awareness of the health risks of urban air pollution.
Promote the use of public transport including land use strategies.

Move away from dirty fuels such as coal, wood and paraffin to cleaner fuels such as liquefied petroleum
gas (LPG) and electricity and expand use of environmentally benign energy sources such as solar or wind
power.

Air pollution control regulation to reduce the emissions from power plantst and industryt as well as
volatile organic compounds at petrol filling stations.

Regulation on the use of two-stroke engines, open burning of wastes and the uncontrolled burning of
forests and agricultural fields.

Monitoring and regulation of emissions from Industry and traffict-.

* BRADSHAW, D., NORMAN, R., LEWIN, S., JOUBERT, J., SCHNEIDER, M., NANNAN, N., GROENEWALD, P., LAUBSCHER, R., MATZOPQOULQOS, R.,
NOJILANA, B., PIETERSE, D., STEYN, K. & VOS, T. and the South African Comparative Risk Assessment Collaborating Group. 2007a. Strengthening
public health in South Africa: building a stronger evidence base for improving the health of the nation. South African medical journal, 97(8):643-649
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APPENDIX C

THE PREVALENCE OF SELECTED RISK MARKERS FOR NONCOMMUNICABLE
DISEASES AND ASSOCIATIONS WITH LIFESTYLE BEHAVIOURS IN AN INDIAN
COMMUNITY IN KWAZULU NATAL

SUB PLACE - E:I:I 1-6
1-300

SUBJECT NUMBER

NAME
ADDRESS
BIRTH DATE
AGE
TEL NO (H)
W)
GENDER 12
F M
RELIGION L] 1-3
1-Hindu
2-Christian
3-Other
- NT«ERVIEWER:VISITS» .
1 2 3 . FINAL VISIT
DATE Day
Month —L 1
INTERVIEWER’S
NAME Year [T [ T ]
RESULT** Int. Code T 11
Result [
NEXT VISIT
DATE
TIME Total no visits [

** RESULT CODES:
1. COMPLETED

2. NOT AT HOME
3. POSPONED

4. REFUSED

5. PARTLY COMPLETED
6. OTHER (SPECIFY)

239



NO. | QUESTIONS CODING CATEGORIES |
1 During the last month have you been to any of the Yes No
following health services for medical care for yourself: 1 2
1A | Community Health Centre? Yes No
1 2
1B Government Hospital/Clinic? Yes No
1 2
1C Private Hospital/Clinic? Yes No
1 2
1D Private Doctor? Yes No
1 2
1E Chemist/Pharmacist? Yes No
1 2
1F Other Yes No
Specify 1 2
2 Are you covered by a Medical Aid of any scheme that Y O e 1
helps you pay for health-care/drug services? NO. oo 2
3 Have you had your blood pressure measured inthepast | Yes. ... ... 1
12 months? NO..o 2
4 Do you know what your pressure is? YeS. 1
5 Is it high, normal or low?
SECTION 2: FAMI
NO. | QUESTIONS CODING CATEGORIES | SKIP
6 Now | would like to ask you about your family. Do you
have a close blood relative (father, mother, brother,
sister or child) who has ever had any of the following
conditions:
B6A High Blood Pressure? YeSooivoiiievieneeeeenl 1
NOoo 2
Don’t know.................. 4
6B Heart attack or angina or chest pain when exerting YeS.oiiiiiiineeeveeen 1
himself/ herself? [ [« FO P~ 6D
Don’t know.................4 6D
6C Was this relative younger or older than 50 years old Younger than 50
when they had a heart attack, angina or chest pain? years....1
Older than 50
years........2
Dot Know......ccc........ 4
6D Stroke? (T |
N [ T 24
Don't know.................. 4
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NO | QUESTIONS AND FILTERS CODING CATEGORIES SKIP
TA Did you grow up in a household where people D =T P |
smoked cigarettes, pipe or other tobacco products | No.......c.coiviiiininn .2
every day? Dont know........ccc.oeoe... 4
7B Would you say your health is poor, average, good | Poor.............ccoocoooel 0
or very good/excellent? Average.......ccoeeeeee 2
Good....coceveicvieeeeen 3
Very good/
Excellent......... 5
7C Do you personally think that you are underweight, | Underweight..................1
normal weight or overweight? Normal weight................2
Overweight....................3
Don't know......cccece.n...... 4
8 Has a doctor or nurse or health worker at a
clinic or hospital told you that you have or have
had any of the following conditions:
8A High Blood Pressure? (= U |
NO oo 2
Don’t know....................4
8B Heart attack or angina (chest pains)? € TR |
NO oo 2
Don'tknow.......c..ceuen..... 4
8C Stroke? YeSiiiiiiiiiieiieeieen 1
N T T~
Don't know.....................4
8D High blood cholesterol or fats in the blood? T T |
NOot el 2
Don't know....................4
8E Diabetes or Blood Sugar? D T T U |
NO e 2
Don'tknow.........cccvce..... 4
8F Cancer? TSR |
NO oot 2
Don’t know....................4
9 Now | want to ask you about any medication you
take
9A Do you use any medication regularly or daily that | Yes.......c.......cc.ooo A
a doctor or nurse has prescribed? Nooooiiiiiiciiiiee2 1 10
Don't know....................4 =—» 10
9B How many different medicines do you use Number of medicines
regularly (more than once a month)?
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Piic 2o s

SEGTION

4A: PHYSICAL ACTIVITY

{ABITS AND CIEESTYIE

NO. | QUESTIONS AND FILTERS | CODING CATEGORIES SKIP
10. | The next questions are about the time you spend doing different types of
physical activities. This includes activities you do at home, at work, travelling
from place to place and during your spare time. You are requested to answer
the questions even if you don't consider yourself to be an active person.
Occupation-Related Physical activity (paid or unpaid work): When
answering the following questions, think back over the past 12 months and
consider (think of) a usual week.
11. | Does your work involve mostly sitting or standing | Mostly sitting 1 GPAQ1P1
still OR walking for very short periods (less than Mostly standing still 2 14
10 minutes)? Mostly walking for very short | 14
periods 3
Mostly doing 14
moderate/vigorous activity
5
None of the above 6 15
12 Does your work involve vigorous activities, (like Yes 1
A heavy lifting digging or heavy construction) forat | No 2 P1
least 10 minutes at a time?
12B | In a usual week, how many days do you do Days L1 P2
vigorous activities as part of your work?
12C | On a usual day on which you do vigorous Hours......... 1@ P3(a)
activities how much time do you spend doing Minutes...... 2 P3 (b)
such work?
13 Does your work involve moderate-intensity Yes 1 P4
A activities (like brisk walking or carrying light No 2
loads) for at least 10 minutes at a time?
13B | In a usual week, how many days do you do Days......... C T P5
moderate intensity activities as part of your
work?
13C | On a usual day on which you do moderate- Hours...........1 P6&(a)
intensity activities, how much time do you spend | Minutes......... 2 EE P6 (b)
doing such work?
14 How long is your usual workday? Hours........1 E GPAQ1P6
Minufes.....2
Travel-Related Physical Activity: Other than activities that you've already mentioned, |
would like to ask you about the way you travel to and from places (to work, to shopping to
market to functions, etc).
15A | Do you walk or use a bicycle (pedal cycle for at Yes 1
least 10 minutes at a time to get to and from No 2 P7
places? :
15B ! In a usual week, how many days do you walk or | Days.............. T ] P8
cycle for at least 10 minutes to get to and from
places? .
15C | On a usual day, how much time do you spend Hours......... 1 ﬁ P9 (a)
walking or cycling for travel? Minutes...... 2 P39 (b)
Non-Work Related and Leisure Time Physical Activity: The next questions ask about
activities you do in your leisure or spare time, for recreation or fitness. Do not include the
physical activities you do at work or for travel already mentioned.
16 In your leisure or spare time do you do any Yes 1
vigorous or moderate-intensity physical activity No 2 P10
lasting more than 10 minutes at a time?
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NO. | QUESTIONS AND FILTERS CODING CATEGORIES | SKIP |
17 In your leisure or spare time, do you do any Yes 1 GPAQ1P9
A vigorous activities (like running or strenuous No 2
sports, weightlifting) for at least 10 minutes at a
time?
17 in a usual week, how many days do you do Days... RS I P11
B vigorous activities as part of your leisure or spare
time?
17 | How much time do you spend doing this on a Hours............1 :‘:‘ P12 (a)
C usual day? Minutes......... 2 P12 (a)
18 In your leisure or spare time, do you do any Yes 1
A moderate-intensity activities (like brisk walking, No 2 P13
cycling or swimming) for at least 10 minutes at
atime?
18 In a usual week, how many days do you do Days......c.... [ 1| P14
B moderate-intensity activities as part as you
leisure or spare time?
18 How much time do you spend doing this on a Hours..............] P15 (a)
C usual day? Minutes.......... EE (b)
Sitting/Resting Activity: Now [ would like to ask you about the time spent sitting or resting,
not including sleeping in the past 7 days. This may include time sitting at a desk, visiting
friends, reading or sitting down to watch television during working hours and leisure or
spare time.
19 | Over the past 7 days, how much time did you Hours..........1 i:*:‘ P16
spend sitting or reclining (lying) on a usual day Minutes........2
(excluding sleeping)?
TOBACCO USE
NO. | QUESTIONS AND FILTERS CODING CATEOGORIES SKIP |
2 A | Do you currently smoke any tobacco products Yes 1
such as cigarettes, cigars or pipes? No 2 23
20B | Do you currently smoke tobacco products daily? | Yes 1
No 2 23
21A | How old were you when you first started Year old
smoking daily? Don’t remember 7 29
21B | Do you remember how long ago it was when you Weeks ago........1
first started smoking daily? Months ago.......2
, Years ago..........3
22 On average, how many of the following items do
you smoke each day?
Manufactured cigarettes? Manufactured cigarette=
Hand-rolled cigarettes? Hand-rolled cigarettes 25A
Pipes full of tobacco? Pipes full of tobacco
23 In the past, did you ever smoke daily? Yes 1
No 2 25A
24A | How old were you when you stopped smoking? | Yearsold........... 1 | 25A
Don’t
remember................7
24B | Do you remember how long ago it was when you | Weeks ago...........1
stopped smoking daily? Months ago..........2
Years ago............. 3
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NO. | QUESTIONS AND FILTERS | CODING CATEOGORIES [ SKIP
ASSESSING USE OF SMOKELESS TOBACCO
25A | Do you currently use any smokeless tobacco, Yes 1
such as snuff or chewing? No 2 27
25B | Do you currently use smokeless tobacco daily? -| Yes 1
' No 2 27
28 On average, how many times do you use each of
the following items per day?
Snuff (by mouth) Snuff by mouth.....
Snuff (by nose)? Snuff by nose......
Chewing tobacco Chewing tobacco.
27 In the past, did you ever use smokeless Yes 1
tobacco, such as snuff or chewing tobacco daily? | No 2
ALCOHOL USE
NO. | QUESTIONS AND FILTERS CODING CATEGORIES SKIP
2 A | Have You ever consumed a drink that contains Yes 1
alcohol such as beer, wine, spirits or sorghum No 2
beer?
28B | Was this within the past 12 months? Yes 1
No 2
29 In the past 12 months, how frequently have you
had at least one drink?
Read the answer categories to the respondent
29A | When you drink alcohol on average how many
drinks do you have during one day?
29B | During the past 7 days, how many standard
drinks of any alcoholic drink did you have day?
ANTROPOMETRIC DATA SHEET
1 DATE L [ [ [ [2 Jo Jo ]
d d m m y y y
2 FIELDWORKER NUMBER | | | | |
3 WEIGHT (KG) | | | | |
4 HEIGHT (CM) | | | | |
5 WAIST CIRCUMFERENCE (CM) \ | | | |
6 HIP CIRCUMFERENCE (CM) | | | \ |
7 SYSTOLIC BLOOD PRESSURE 1
8 DIASTOLIC BLOOD PRESSURE 1
9 PULSE |
10 SYSTOLIC BLOOD PRESSURE 2
11 DIASTOLIC BLOOD PRESSURE 2
12 PULSE 2
13 SYSTOLIC BLOOD PRESSURE 3
14 DIASTOLIC BLOOD PRESSURE 3
15 PULSE 3
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APPENDIX D

24 HOUR FOOD RECALL AND QFFQ QUESTIONNAIRE:

THE PREVALENCE OF SELECTED

RISK MARKERS FOR NONCOMMUNICABLE DISEASES AND ASSOCIATIONS WITH LIFESTYLE
BEHAVIOURS IN AN INDIAN COMMUNITY IN KWAZULU NATAL

SUBJECT NUMBER:

BIRTH DATE:

INTERVIEW DATE:
SUB-PLACENAME:

INTERVIEWER:

INTERVIEWER CODE

Thank you for giving up yo

ir ate in thls survey We would Ilke 'to find out what adult Indians aged 35-45 years living in

o p p
this area usually eat and drink. This information is important to us as it will help us determine the relationship between diet and

lifestyle on health outcomes.

1. Day of week recailed 1 2 3 4 5 6 7
Mon Tues Wed Thurs Fri Sat Sun

2. Was yesterday typical/ routine for | 1 2

you? Yes No, Reason -

3. What kind of fat do you eat on
bread

112 |3 4 | 5

4. What kind of fat do you use in
cooking

5 What kind of milk do you drink

Instruction to the field worker

*  Enter each item eaten in grams under the correct interval of the day eaten.
. Make sure that the code is circled
+ ltems not on the questionnaire should be looked up in the Quantity Manual ofr list of food codes
. Specify fully when new items are entered and look up the code tater

. Recipes should be added in the space provided

ABBREVIATIONS
MEASURES MILK BR=Breakfast (up to 0Sh00)
1t=1rounded teaspoon Wh=white I1S=in-between snack
1t=1 rounded tablespoon (15ml) Br=brown L=lunch (12h00 to 14h00)

1SP= 1 rounded serving
spoon (30ml)

Ww=whole-wheat

D = Dinner (17h00 to 20h00)

C=measuring cup (250ml)

AD-= after dinner

Sls=small size Oil/Fat Comm.= commercial

M/s medium B=butter Home= homemade

L/s=large HM=hard margarine Pot=potato

E=enriched Med= medium fat/light Cab=cabbage

P=Plain PM=polyunsaturated Carr=carrot
SO=sunflower oil Fill+filling

MEAT WEF=white fat Usually=at least 4x/week

F=with fat PB=peanut butter

FT=fat timmed
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| want to find out about everything you ate or drank yesterday, including water. Please tell me everything
you ate from the time you woke up yesterday morning until you went to sleep last night. | will also ask you

where you ate the food and how much you ate.

Place

(home,

work,

friends Amount
etc) Food / drink and preparation method (HHM)

Did you eat or drink anything when you got up
yesterday?
What did you have?

Did you eat or drink anything during the morning (before
about midday/ lunch time)?
What did you have?

Did you eat or drink anything in the middle of the day

(lunch time)?
What did you have?

Did you eat or drink anything during the afternoon
(between lunch and dinner time)?
What did you have?
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Place

(home,

work,

friends Amount
etc) Food / drink and preparation method (HHM)

Did you eat or drink anything at dinner time?
What did you have?

Did you eat or drink anything during the night (after
dinner and before you went to sleep)?
What did you have?

Is there anything else that you ate or drank yésterday
that you haven’t told me already?

QUANTITATIVE FOOD FREQUENCY QUESTIONNAIRE

Subject Number: Interview Date:

Sub-Place Name: Interviewer:

Interviewer Code:

Please think carefully about the food and drinks that you have consumed during the past month.
| will now go through a list of foods and drinks with you and | would like you to tell me:

e if you eat these foods,

e how the food is prepared,

e how much of the food do you consume at a time, and

« how many times a day do you eat it and if you don't eat it everyday, how many times a week or
month is it eaten?
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To help you describe the amount of food; we will use the dietary assessment kit with flash cards. Please
say which photograph the closest is to the amount eaten, or if it is smaller, between sizes or bigger than
the models. Amounts must be reported as cups (c), tablespoons (T), serving spoons (SP) or teaspoons

®.

e THERE ARE NO RIGHT OR WRONG ANSWERES.

¢ EVERTHING YOU TELL ME IS CONFIDENTIAL

e |S THERE ANYTHING YOU WANT TO ASK NOW?

s ARE YOU WILLING TO GO ON WITH THE QUESTIONS?

INSTRUCTIONS TO THE FIELDWORKERS:

CIRCLE THE CHOSEN ANSWER AND FILL IN THE AMOUNT AND TIMES EATEN IN THE
APPROPRIATE COLUMNS.

FOOD DESCRIPTION CODE | QUANTITY(g/ml) Amount | Per | Days/ | Weeks/ | Seldom | Amount
usually | day | week | month
eaten

BREABS ANDISPREADSY
Bread/Bread 3210 Wh +Br 10mm =30g
rolls 3211 Wh+Br 20mm =60g
Wh+ Br 30mm =100g
Whole-wheat 3212 Ww 10mm =35 g
Other m/s =30g : I/s =50g
Other Raisin 3214
Breads Health loaf 4264
Other
Roti, Cake Made with butter 3356
flour Made with ghee
Made with HM 3357
Made with 3358
sunflower oil
Roti, Brown Made with butter
flour Made with ghee
Made with HM
Made with
sunflower oil
Roti, mealie Made with butter
meal Made with ghee
Made with HM
Made with
sunflower oil
Roti, dhal Made with butter
Made with ghee
Made with HM
Made with
sunflower ol
Puri Fried in sunflower
oil
Provita 3235 6g
Crackers Cream cracker 3230 8g
Refined (e.g Tuc, | 3331 4g
salticrax)

Fat Spreads | Whole-wheat 3391 8g

Butter 3479 1t=5g
Butro 3523

Hard Margarine 3484

Soft Margarine 3496

(PM)

Soft Margarine ( 3531

Med)

Peanut 3485 1t=12g

Butter

Sweet Jam 3985 1t =15g

Spreads Syrup 3988
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Honey 3984
Savoury Marmite 4030 Thin=5g; med =7g
Spreads Oxo 4029
Fish paste 3109
Sandwich spread | 3522
Cheese Cheddar 2722 Grated: med =10g;
Gouda 2723 thick=15g; cubes =
30g; slice= 8g J
Cottage- Low fat 2760 Med=20g; thick
=20g
Cream cheese 2725 Thin=10g;
med=20g
Cheese 2728
processed, full fat
Other
Cheese 2730 Med= 12g; thick
spread =25¢g
Other
Amount Weeks
FOOD DESCRIPTION usually Per Days/ |/
CODE | QUANTITY (g/ml) Seldom

CEREALS

Semolina porridge

Soft margarine (Med) 3531

Soft Y2 cup = 125g
Mealie meal Soft -Plain 3399 1¢c=250g; 1T=75g
Porridge Stiff
Sour porridge Maize fermented P0002 | Y%c=125g; 1c =250g
Matabella Soft 3241 Yec = 125g; 1c
Porridge =250g
Oats porridge 3239
Other cooked
cereals
Milk on porridge None
Whole/Fresh 2718 Little= 30g
Sour 2787 Med= 60g
2% 2772 Much = 125g
Fat free/Skim 2775
Milk blend 2771
Condensed (Whole, 2714 1t=10g
sweet)
Is sugar added to None
Porridge? White 3989 1t =6g
Brown 4005
Syrup 3988 1t=15g
Honey 3984
Sweetener: Type P0016
Is fat added to None
Porridge? Butter 3479 1t marg/ oil — 5g
Butter Ghee 3525
HM 3484
Soft margarine(PM) 3496

it

Breakfast
Cereals

All bran flakes 3242
Corn flakes 3243
Fruit loops 4303
Muesli, commercial 3303
Muesli, homemade 3428
Pronutro, Great Start 3438
Pronutro, High Energy | 3245
Pronutro, Whole- 3436
wheat

Special K 3322
Weet-Bix 3244

250



Amount Weeks
FOOD DESCRIPTION usually Per Days/ |/
CODE | QUANTITY (g/ml) eaten day week month | Seldom
Rice Crispies 3252
Other
Milk on Cereal Specify type: Little=30g;
med=60g; much
=125¢g
Is sugar added to Specify type: 1t=6g
cereal?
Is fat added to the | Specify type: 1t =5g
cereal?
) STARCHES .
Rice White 3247 1T=25g; 1SP=60g;
Brown 3315 Ysc =65¢g
Savoury braised
Samp and beans Specify ratio 3402 1T= 50g;
Samp, beans and Specify ratio 18P= 125¢g
meat 2 c=125¢g
Maize rice 3250
Pasta Macaroni and cheese 3301 1T=35g; 1SP=70g
(Wm) (Hm) Yac= 90g
Spaghetti bolognaise 3260
(regular mince)
Spaghetti, canned in 3258 1T=45q; 1SP=80g;
tomato sauce Y2 c=125g
Vermicelli
Other: Specify
“igz, ; c ;. PROTEIN FOODS: MEAT, FISH, CHICKEN, EGGS AND L EGUMES
Chicken Chicken curry with 4375 18P=90gq; Yc =
skin 125g
Chicken curry without | 4380
skin
Chicken meat & skin 2925 Breast + skin= 125g
roasted Thigh = 80g
Chicken roasted (no 2950 Drumstick =42g
skin) Wing = 30g
Chicken fried in 3018
batter/crumbs
Chicken fried-not 2925
coated
Boiled with skin 2926
Boiled without skin 2963
Giblets, curried 3014 Stomach= 20g
Chicken liver, 2970 Liver= 30g
simmered
Chicken pie 2954 Med= 150g
Chicken Tikka
Chicken ala king
Chicken breyani
Chicken sausage
Other: Specify
Mutton/Lamb Mutton curry 3038 1SP=105g;
Yec=125g
Mutton breyani
Fried/grilled with fat 2927 Lion chop = 60g;
Fried /grilled without 2934 Rib chop=40g
fat
Kidney, braised 2956 30g
Liver, fried 2955 55g
Mutton leg roasted 2947
Mutton mince, cooked 3041

Tripe, braised

Trotters and beans

Cottage pie

Mutton pie
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Amount Weeks
FOOD DESCRIPTION usually Per Days/ |/
CODE | QUANTITY (g/ml) eaten day week month | Seldom
Mutton sausage Thin x 200mm =45¢g
Thick x165mm =90g
Mutton Mutton kebab in
continued.... chuiney
Other: specify
Goat Goat curry 18P=105g;
Y4c=125¢g
Fried/Grilled with fat 120x 60 x 5 =35¢g
Fried/ Grilled: Fat 120 x 60x 10 =70g
trimmed
Tripe, curried
Other: Specify
Beef Beef curry 1SP=105g;
Yec=125g
Beef fillet, cooked dry 2933
Beef mince, tomato, 2987 1T=40g;18P=85g;
onion 15c=100g
Roasted with fat 2944 120x 60x 5 =35g
Roasted, fat timmed 2959 120 x 60x 10 =70g
Other: Specify
Pork Loin grilled 2930 Chop:115x80x20=10
Spareribs 3010 Og
Roast:115x80x20=1
10g
Bacon (Fat), pan fried, | 2906 1 rasher=10g
grilled
Bacon (lean), fried 2915
Other: Specify
Fish Fish curry, High fat
fish: salmon,
Barracuda,
Fish curry, Med fat fish
Fish, high fat fried
Fried with 3094 Small
batter/crumbs 50x55x30=60g
Med
100x55x30=120g
Fish breyani
Prawn cumy
Shrimp/prawn 3086
crumbed
Prawns grilled in
butter
Crab curry
Pilchards in tomato 3102 1 Pilchard =75g
sauce
Sardines in oil 3104 Ss=7g;Ls =25¢g
Tuna in ol 3093 Yac =50g
Tuna in brine 3054
Fish cakes: oil, butter, 3098 65 x 15mm=50g
margarine
Fish fingers: oil, butter, | 3081 85mm = 35¢g

margarine

Other: Specify
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r Amount Weeks
FOOD DESCRIPTION usually Per Days/ |/
CODE | QUANTITY (g/ml) eaten day | week month | Seldom
Eggs Boiled/poached 2867 1 egg = 50g
Scrambled: in oil 2889 1T =35g; 1Sp= 80g;
: in butter 2886 Yec =115g (approx. 2
:in marg 2887 | eggs)
Fried in oil 2869 1 egg =52g
: in butter 2868
- in margarine 2877
Curried 2902 1 egg + sauce
(1T)=75g9
Other: Specify.
Cold Meats Polony 2919 Slice 5mm thick=8g
Comm. slice =16g
Ham 2967 Med slice=25g
Viennas 2936 110mm=30g;150mm
=40g
Other: Specify
Legumes Sugar beans Curry 3205 1T=60g;1SP=120g
Gram dhal curry 1T=35g; 1SP= 80g
Split pea 3177 Y% c=130g
Lentils 3204
Vadde 3199
Baked beans 3176
Kidney beans with 3178
potato & onion
Other: Specify
Soya products Soya chunks 18P= 85g; Yic
=135¢g
mince
sausage
burger
Prawns
Vienna
| Other: Specify ]
VEGETABLES
Cabbage Cooked with potato 3815 1T=35g; 1SP=75g;
and sunflower oil 12c =80g
Cooked with mutton
Coleslaw
Other: Specify
Amadumbe Boiled 4087
Curried
Amadumbe leaves- 4089
patha
Asparagus Boiled 3695
Brinjal Green pepper, tomato, | 3798 1T=50g; 1SP=100g,
onion and sunflower %c=130g
oll
Battered 30g
Broccoli Boiled 3701
Boiled, with HM 3805
Calabash Fried with onion and
chilli
Battered
Carrot Boiled 3757
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Amount Weeks
FOOD DESCRIPTION usually Per Days/ |/
CODE | QUANTITY (g/ml) eaten day | week month | Seldom
Boiled with HM 3816 1T= 25g; 1SP=50g;
Boiled with PM 3817 Y2c=85g
Raw 3708 1T=25¢g
Cauliflower Boiled 3716
Curried with potato
and peas
In cheese sauce 3715
Celery Raw 3829
Cucumber English, raw 4119
Wild 4252
Fenugreek (methi) | Methi and potato
Methi and egg
Methi and mince
Green beans Boiled with HM 3788
Boiled with PM 3789
Cooked with onion
and sunflower oil
Cooked with onion , 3794
potato and sunflower
oil
Leaves Watercress, onion and 1T= 40g; 1SP=
sunflower oil 105g; ¥2c =90g
Sugar cane/herbs,
onion and sunflower
oil
Mustard , onion, and
sunflower oil
Pumpkin, onion and
sunflower oil
Leek Raw 3722
Mealies/ Boiled 3725 1T= 30g; 1SP=60g;
Sweetcomn 12 c=95g
Fried in HM
Fried in oil
Fried in butter
Steamed bread
Sweet com cream 3726 1T=55g; 1SP=125g;
style
Mushroom Sautéed in BM 3839
Sautéed in sunflower 3841
oil
Peas Boiled 3719 1T= 30g; 1SP=65g;
Boiled with HM 3856 Y4c =85g
Peas in tomato
chutney
Other
Potatoes Chips fried in 3740 Yec = 50g; med =
sunflawer oil 80g
Chips heated in oven 3945
Baked in skin 3736 S/s =60g; m/s = 90g
Mashed, (skim milk & 3875 1T=50g; 1 SP
PM) =115g; %c =125¢g
Mashed (WM & brick 3876
marg)
Roasted in chicken fat | 3923 1 med =70g
Roasted in lamb fat 3735
Sautéed in sunflower 3873
oil
Other
Pumpkin Curry 3958 1T= 45g;1SP=85g
Fritter 3784
Radish Raw 3745
Salad dressing French 3487
French , low oil 3505
Mayonnaise 3488
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T Amount Weeks
FOOD DESCRIPTION usually Per Days/ |/
CODE | QUANTITY (g/ml) eaten day week month | Seldom
Salad cream 3489
Salads Beetroot 3699
Coleslaw 3705
Mixed salad
French 3921
Greek 4271
Potato 3928
Sambal 4272
Other
Spinach Spinach cooked with 1T=40g; 1SP=105g;
onion and sunflower Ve
oll c=90g
Spinach and Feta pie
Squash Baby marrow boiled 4171
Butternut boiled 3759
Gem, boiled 3760
Sweet potato Baked with skin 3748 S/s =60g; m/s =90g
Boiled without skin 3903
Tomato Tomato & onion 3925
stewed, no sugar
Tomato & onion 3910
stewed with sugar
Tomato raw 3750
Vegetable Curry 3791
Curry canned 4275
Breyani with ghee 3194
Breyani with sunflower | 3193
oil
Lady fingers Fried in sunflower oil
Bitter gourd Fried in sunflower
Stuffed with tomato
Lufers Sautéed in sunflower
oil
Seem Braised in sunflower
oil
Other
LA N g . 3. FRUIE: i .
Apples Fresh 3532 1T=60g; ¥2c=120g;
Canned 4216 1med=150g
Bananas 3540 1med=75g
Oranges/ 3560 Med 7cm=180g
naartjie
Grapes 3550 Med bunch=230g
Peaches Fresh 3565 1 med=150g (60x
Canned 3567 65)
Mangoes 3556 135mm=350g
Apricot 3534 1 med=35g
Pawpaw 3563 Wedge
165x26x27=90
Pineapple Canned 3648 1 slice=40g
Raw 3581
Guavas Fresh 3551 Med (6cm)=95g
Canned 3553
Pears Fresh 3582 1 med (80
Canned 3583 x64mm)=165g
Wild Specify type
berries/Berries
Dried fruit Raisins 4232 1 handful=27g
Prunes 4230 1T=50g
Prunes cooked with 3564

sugar
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Amount Weeks
FOOD DESCRIPTION usually Per Days/ |/
CODE | QUANTITY (g/ml) eaten day week month | Seldom
Peaches 3568 1 med =150g
Peach cooked with 3569 (62x66)
sugar
Apples 3600 1T=60g
Dried fruit sweets 3995
Other
Other fruit
] DRINKS.
Tea Ceylon 4038 Teacup=180mimug
Rooibos 4054 =250m!
Sugar with tea or Specify type: White 3989 1t=6g
coftee. Brown 4005
Milk Fresh/long life, whole 20ml-tea in cup
Fresh/long/2% 35ml tea in mug
Freshflong/fat 40ml-coffee in cup,
free/skimmed coffee in mug
Whole milk powder: 1t=4g
specify brand
Skimmed milk 1t=4g
powder: Specify
Brand
Milk Blend: Specify
brand
Whitener/non-dairy 1t=4g
creamer
Condensed milk 1t=10g
(whole)
Condensed milk (
skim)
Evaporated milk 1t=3g
(whole)
Evaporated milk (Low-
fat)
Coffee 4037 Teacup=180mi,
mug =250m|
Sugar per cup White 3989 1t sugar=6g
Coffee Brown 4005
Milk per cup of Specify type:
coffee
Maas Maas, low fat 2787
Maas , full cream
Milk drinks- Hot chocolate-WM 4287 1t=5¢g
specify brand Milo-WM 2735 1t=5g
Flavoured milk 2774 Carton=250m|
Other
Yoghurt Drinking yoghurt 2756 S/s=175ml|
Thick yoghurt, Fat 2778 Yogisip=350m| ,%:c
free =125g
Thick yoghurt, WM 2757
Fruit, Low fat 2732
Squash Sweet O 3982
Oros/ Lecol with sugar | 3982
Artificial 3990
Kool aid 3982
Other: specify
Fruit juice Fresh/fliquifruit/ceres 2866 1 Liquifrutt
Tropica 2791 S/s=250ml, S/s
bottle=350mi
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Amount Weeks
FOOD DESCRIPTION usually Per Days/ /
CODE | QUANTITY (g/ml) eaten day | week month | Seldom
Frizzy drinks- Sweetened: Coke, 3981 S/s bottle=350ml,L/s
Coke, Fanta Fanta bottie=500ml, S/s
Lemonade can =340ml|
Diet 3990
Other specify
- : : : “SNACKS AND SWEETS*~
Nuts Roasted, salted 3458
Cheese curfs, Nik Average 3267
Naks Savoury 3418
Potato crisps 3417
Murkoo
Sev and nuts
Peanuts & raisins Roasted and salted P0047
Popcom Plain 3332
Sugar coated 3359
Chocolates Specify types and 3992
names
Candies Sugars, gums, hard 3986
sweets (specify)
Sweets Toffee, fudge 3991
Biscuits/Cookies Specify Types
Cakes and tarts Specify Types
Pancakes/crumpet | Specify type
s
Rusk’s Specify type
Scones White, Wm 3237 6cm diam=35g 8cm
Muffins Plain 3408 diam=60g
Bran 3407
Koeksusters
Savouries Sausage rolls 2939 Rollx135mm=165g
Samoosas (meat) 3355 Sils=42g
Samoosas(vegetable)
Biscuits- bacon kips 3331 4g
Chilli bites
Other
Jelly 3983
Vermicelli Moist
Dried
Soji
Sweet Rice
Baked pudding Specify types
Instant pudding Specify types
Ice cream Commercial regular 3483
Commercial rich 3519
Soft serve 3518
Sorbet 3491
Ice-Jollies 3982
Chocolate coated ice- | P0036
cream-Magnum
Other
Custard Homemade W/m 2716
S/m 2717
Sweetmeats
Rote
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Amount Weeks
FOOD DESCRIPTION usually Per Days/ |/
CODE | QUANTITY (g/mh eaten day week month | Seldom

SAUCES, CONDIMENTS, GRAVIES |

Tomato sauce 3139
Worcester sauce P0037
Mustard

Chutney 3168
Chilli sauce

Nuts chutney

MISCELLANEQOUS: Please mention any other foods used more than once in two weeks which we have not talked about:

Amou
Y § L N y nt 8 = i i ) -
g sl [ . usually |"Per " | Days/ | Weeks/ | Seldo
Food Description Code Quantity eaten day . Week Month m
Alcoholic
Beverages
Thank youl
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APPENDIX E

FIELD WORKERS TRAINING MANUAL

THE PREVALENCE OF SELECTED RISK
MARKERS FOR NONCOMMUNICABLE
DISEASES AND ASSOCIATIONS WITH

LIFESTYLE BEHAVIOURS IN AN INDIAN

COMMUNITY IN KWAZULU NATAL

FI

ELD WORK]

RS

TRAINING MANUAL
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PROGRAMME

29 MAY 2006

TIME PROGRAMME

08:30 — 09:00 Introduction

08:00 — 08:30 Outline of the study, importance of the study

09:30 — 10:00 Characteristics of fieldworkers

10:00 —-10: 30 Tea

10:30 —12:30 Overview of questionnaire: health service
utilization, quality of life and clinical conditions,
habits and lifestyle

12:30 - 13:00 Lunch

13:00 — 16:00 Dietary assessment: Purpose of dietary
assessment, the 24-hour recall and the QFFQ.

30 MAY 2006

TIME PROGRAMME

08:30 —10:00 Dietary assessment: Use of the dietary assessment
and education Kkit.

10:00 —10: 30 Tea

10:30 — 12:00 Administration of questionnaires

12:00 —12:30 Lunch

CONTENT PAGE

Content Page

1. Introduction 4

2. Outline of the study, importance of the  study 4-5

3. Objectives of the training session 5-6

4. The fieldworker-characteristics, general 6-8

guidelines of the interview

5. Overview of the questionnaire: 9-35

 Health service utilization and quality of life
and clinical conditions, habits and lifestyle
» Dietary Assessment
6. References 36

1. INTRODUCTION

PURPOSE OF THE STUDY

The aim of the study was to determine the prevalence of selected risk markers for noncommunicable
diseases and associations with lifestyle behaviours in an Indian community in KwaZulu Natal by
examining the current dietary and lifestyle exposures through a questionnaire and clinical tests. We want
to find out the following:

1. Health profile, health services utilization, quality of life and clinical conditions.
2. Habits and lifestyle: Physical activities

Tobacco use
Alcohol use
3. Habitual diet through dietary assessment.

4. Anthropometric status.
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From this information, we intend to determine the following:
2. OBJECTIVES:

The aim of the research is to determine the relationship of dietary and lifestyle exposures with risk of
noncommunicable diseases in an Indian community in KZN.

Primary Objectives:
1. To determine the prevalence of risk factors for NCDs (hypertension, increases fasting blood
glucose, cholesterol and triglyceride levels, central obesity).
2. To establish whether a relationship exists between current trends in food consumption, with
special reference to n-3 fatty acids, and the prevalence of risk factors for NCDs.
3. To establish whether a relationship exists between the current trends in physical activity and
the prevalence of risk factors for NCDs.

Secondary Objective:
1. To suggest strategies for an integrated programme of prevention of NCDs in the target

group.
3. LITERATURE OVERVIEW AND PURPOSE OF THE STUDY

Globally, the burden of NCDs has rapidly increased. People with the metabolic syndrome (MS) are at
increased risk for cardiovascular disease (CVD) and mortality from CVD and all causes (Trevisan ef al.,
1998). The metabolic syndrome, defined as a combination of three or more risk factors for CVD including
central obesity, hypertriglyceridaemia, high blood pressure, high fasting glucose and decreased high-
density lipoprotein cholesterol, is common in Asian Indians (Ramchandran ef al. 2003; Das. 2003;
Dwivedi ef al., 2004). Using the National Cholesterol Education Program Adult Treatment Panel (NCEP
ATP IlI) criteria with a modified waist circumference (WC) criteria appropriate for Asian Indians (80cm in
women and 290cm in men, Tan et al. 2004; >85cm in women and >90cm in men (Ramchandran ef al.
2003), the prevalence has been estimated to be 28.8% to 41.1% in Asian Indian adults. Indian migrants
throughout the world have been reported to have a higher prevalence of diabetes, coronary heart disease
(CHD) and dyslipidemia compared to the native populations (McKeique ef al. 1989) and in South Africa it
has reached epidemic proportions (Seedat ef al., 1990). Important reasons could be their excess body fat
and adverse body fat patterning including abdominal adiposity even when the body mass index is within
the currently defined normal limits. Underlying genetic tendency or early-life adverse events may
contribute to such a phenotype, but lifestyle factors alone or modulated by inherited factors appear to
play an important role because obesity and dyslipidemia become worse with urbanization and migration.
Unhealthy diets and physical inactivity are among the leading causes of the major NCDs. The key
strategy of prevention of these diseases is targeting the major risk factors i.e. unhealthy diets and
inactivity in an integrated manner (WHO, 2004). However, limited data is available on the dietary pattern
of South African Indians. (Wolmarans ef al. 1999) concluded that the dietary polyunsaturated: saturated
fatty acid ratio of the diets of Indians in Durban was high (which has been confirmed in Indian
adolescents by Mia and Vorster, 2000) and that such a high P: S ratio might affect the oxidation of low-
density lipoprotein, and therefore be a risk factor for CHD. Accumulating evidence further suggests a
relationship between dietary fatty acids and emerging haemostatic CVD risk factors. Dietary
recommendations have been made recently that are both food and fatty acid based. Specific guidance
about saturated fatty acids and n-3 fatty acids and food sources of these fatty acids has been made that
modulates haemostasis in ways that decrease risk of CVD (Levevre ef al., 2004). Hypolipidaemic, anti-
inflammatory and antithrombotic effects of the n-3 fatty acids make them essential as a possible dietary
prevention strategy for CHD. Although CHD and type 2 diabetes are common amongst South African
indians, to our knowledge, the n-3 fatty acid content of the Indian diet has not been investigated.
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Subjects:

Based on power calculations, using body mass index of Indians reported in the literature, the sample size
will be 250. The latest ratepayers and electricity consumer records will be used for systematic random
selection of household addresses. Only one respondent at each household address will be invited for
participation. Individuals diagnosed as hypercholesterolaemic and/or diabetic will be excluded because of
possible dietary modifications.

Exclusion criteria are pregnancy, lactation, any acute or chronic iliness, use of chronic medication and
inability to communicate freely.

Methodology:

This study will be a cross-sectional, epidemiological study with apparently healthy indian residents (35-
55yrs) from KwaDukuza, KZN.

OBJECTIVES OF THE TRAINING SESSION:
At the end of the training session, the fieldworkers must be able to:

1. Understand the purpose of the study and its objectives.

2. Understand the importance of the study.

3. Understand the role and the purpose of the fieldworkers.

4. Identify qualities of a good fieldworker.

5. Understand the processes involved in conducting a survey.

6. Understand the general procedure involved in the questionnaire administration.

7. Understand instructions noted on the questionnaires.

8. Use the dietary assessment kit effectively when administering the Quantitative Food Frequency
Questionnaire (QFFQ) and the 24-hour recall.

9. Complete an interview with respondents successfully.

THE PURPOSE OF THIS MANUAL:

1. Guide the fieldworker during data collection.
Make the fieldworker aware and prepared of the various scenarios that could possibly prevail
during data collection.

3. Train the fieldworker in administrating the questionnaire and use of visual aids.

THE FIELDWORKER
The quality of collected survey data is influenced by a number of factors, one of which is the fieldworker.
According to Schnetler and Geldenhuys (1992), the fieldworker plays an important role in determining

quality of responses obtained from the study sample.

CHARACTERISTICS OF A FIELDWORKER

ENTHUSIASTIC AND. MOTIVATED: The fieldworker must be enthusiastic about the research She
should be doing it because she really wants to and not just because it's a job.

RENZENINYE The fieldworker must be reliable, she must pay attention to detail, record all answers
accurately, not skip over questions or make up answers herself.

RUEXIBIE] A good field worker is able to adapt to circumstances. She is aware that things do not always
work out as planned and sometimes she will have to work under difficult and uncomfortable conditions.
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HERAIIEYS Research can be strenuous and tiring. The fieldworker must be fit and in good health.

BREAE k2 The fieldworker must always look neat and well groomed, but not over dressed. The
foIIowmg gundehnes for dress should be followed:
- Wear neat, simple and comfortable clothes.

- Do not use badges or emblems of organizations that might influence the subjects answer.
- Dress so that the subject will concentrate on the interview and not on the way you are dressed.

Neutrality, a motivated approach, patience and honesty are also identified as important characteristics.

GENERAL GUIDELINES OF THE INTERVIEW:
Starting the Interview:

1. Greet the subject politely and introduce yourself.

2. Explain what the interview is about. Let the subject ask the questions about the research.
Reassure the subject that the answers are confidential and that neither the subject nor his or her
address will be identified.

3. Put the subject at ease. Be flexible and sensitive to the subject. Some subjects may be
apprehensive or tense. In such cases, talking about something like the weather may put the
subject at ease.

4. Some subjects may ask about other aspects of the research. For example, how they were
chosen, why is their blood taken. [f you are unable to answer, call one of the research leaders.

Conducting of the Interview:

1. Ask the questions exactly as they appear on the questionnaire. Try to keep your voice tone to
the same pitch for each question so as not to prompt an answer. You may have to explain a
question or use different wording if the subject cannot understand it.

2. Ask the guestion in the order that they appear on the questionnaire. If a subject refuses to
answer a question, record the lack of response and go on to the next question.

3. Follow the instructions on the questionnaire. Not all questions may be applicable to all subjects.
Follow the skip format.

4. Do not lead the respondents. Do not try to influence the way the subject answers. Keep your
facial expression friendly, but neutral. Never express shock or approval to the subjects answers.
Try to avoid unconscious reactions such as nodding, raising the eyebrows, frowning. Never give
your own opinion.

5. Keep the tone of the interview conversational. Do not make the subject feel as if he or she is
taking an examination or is on a trial. Be familiar with the questionnaire so that you may ask them
conversationally rather than reading them stiffly. The questionnaire is designed to keep the
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amount of writing to the minimum. However, if a subject gives long responses to an “other”
question, say ‘Excuse me whilst | write that down’. Don’t make the subject fee! that you have
forgotten his is there.

Keep control of the interview. Do not let the subject drift into irrelevant conversation. If he or she
does, bring him or her gently back into the interview.

Allow the subject time to think; do not hurry him or her to answer. However, if the subject takes
too long to answer, repeat the question or prompt him or her.

Follow the instructions on the questionnaire for recording the responses. Record all responses
including negative responses or refusals to answer.

Make sure that you have written the subjects number and name.

264



APPENDIX F

PHYSICAL ACTIVITY CATEGORIES

Moderate-intensity activities 24NIETS

FZ4NIETS - < 8METS

Moderate-intensity activities

re.o

Moving furniture, carrying boxes

4.0-6.0 Home repair, automobile body work,
carpentry, painting
\ 55 Mowing lawn, gardening
F?.O Jogging
[ 7.0 Swimming, freestyle-moderate
6.0 Bicycling, leisure
5.0 Dancing: Aerobic, low impact
4.0 Multiple household tasks-vigorous effort
4.0 Sweeping outside, garage
4.0 Walk, run or play with children

Vigorous-intensity activities 28METS

28METS Vigorous-intensity activities

10.0 Swimming, freestyle, vigorous

8.0 Carrying heavy loads such as bricks

8.5 Digging, shovelling

8.0 Running, football, handball, hockey, judo
8.0 Bicycling in general
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APPENDIX G

INDIGENOUS FOOD ITEMS AND STANDARDISED RECIPES

Names of food items in Indian Languages

H - Hindi
Tam - Tamil
Tel - Telugu
G - Gujarati
1. Bitter Gourd: Momordisa charentia
H — Karela
Tam — Pavakkai
Tel — Kakara kayi
G — Karela
2. Ladies fingers: Abelmoschus esculentu
H — Bhindi
Tam - Vendakkai
Tel — Benda kaye
G — Bhinda
3. Ridge Gourd: Luffa acutangala
H —~ Torai
Tam  — Pinkkankai
Tel — Biera kaya
G — Turia
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Drumstick leaves: Moringa ole ifera

H - Sajjan patta
Tam  — Murungai keerai
Tel — Mulaya akulu

G — Saragavo

Fenugreek leaves: Trigonella foenum

H — Methi say

Tam — Venthiya kerrai

Tel — Menth koora

G — Kash 2

Mustard leaves: Brassica campeslris var sarason
H — Sarson — ka — say

Tam — Kadugu ilai

Tel — Ava akulu

Snake Gourd: Trichosantles anguina

H — O chacinda
Tam  — Podalengai
Tel — Potla kaya
G — Pandola

Bottle Gourd (calabash) Lagenaria vulgaris
H — Lowki

Tam  — Surai Kai

Tel — Sorrakaye

G — Dudhi -
Drumstick: Moringa olei fera
H — Saijan — ki — phalli
Tam  — Murigakki

Tel — Mulaya kada

G — Saragavo
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Standardised Recipes

Chicken Breyani Serves: 8
Ingredients: Method:
300 g of Rice, White, Cooked 1. Cook rice and lentils under tender. Drain

1000 g of Chicken, Meat and Skin, Frozen

excess water and leave aside.

100 g of Lentils, Whole, Cooked 2. Heat oil in a saucepan.
5 g of Garlic, Raw crushed 3. Sauté onions till golden brown.
5 g of Ginger Root, Fresh crushed 4 Add tomatoes, ginger and garlic paste and
30 g of Tomato, Raw, diced curry powder.
800 g of Potato, Raw (flesh only) 5. Add chicken, cook till all the liquid is dried
30 g of Curry Powder out, then add water and cook until the
20 g of Salt, Table chicken is tender.
60 g of Butter Ghee (clarified butter) 6. Add potatoes and cook till the potatoes are
500 ml Water tender.
7. Mix the rice and the lentils together with
the chicken.
8. Top with butter ghee and coriander.
9. Dry breyani in the oven at 180°c for 20
minutes.
Crab Curry Serves: 4
Ingredients: Method:
1000 g of Crab, Fresh, Cooked 1. Heat oil in a saucepan.
500 g of Tomato, Raw, diced 2. Fry diced onions and chilli until golden
20 g of Onion, Raw diced brown.
28 g 8; gt?:llogc?\;/?e”r 3. Ac?d crab and toss it until it changes a
10 g of Ginger Root, Fresh, crushed brxght‘orange co.lour.
10 g of Garlic, Raw, crushed 4. Add ginger, garlic, curry powder and
30 g of Salt, Table tomatoes. Season with salt.
100 g of Water 5. Add water and allow crab to simmer for 30
30 g of Pepper, Chilli, Raw, sliced minutes.
Fish Breyani Serves: 8
Ingredients: Method:
300 g of Rice, White, Cooked 1. Boil rice and lentils together and set aside.
600 g of Fish, Medium Fat, Fired in Sun Qil 2. Fry fish in sunflower oil and set aside.
100 g of Lentils, Whole, Raw, boiled 3. Heat oil in saucepan and sauté onions till
400 g of Tomato, Raw, diced golden brown.
40 g of Onion, Raw, sliced 4. Add curry powder, ginger and garlic paste.
5 g of Coriander Leaf, Fresh, diced 5. Add tomatoes, season and cook till the
5 g of Ginger Root, Fresh, crushed tomatoes form a smooth puree.
5 g of Garlic, Raw, crushed 6. Add fried fish and cook for a further 15
20 g of Salt, Table minutes.
40 g of Butter 7. Layer breyani with rice and lentils and fish
20 g of Sunflower Oil and chutney.
20 g of Curry Powder 8. Top with melted butter and coriander leaf.
9. Dry breyani in oven at 180°c for 20

minutes.
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Goat Curry Serves: 6
Ingredients: Method:
1000 g of Goat, Raw 1. Heat oil in a saucepan.

380 g ?fr Pota:o, gaw (Efesféonly) 2. Sauté onions till golden brown.
g of Tomato, Raw, dice ; :
5 g of Ginger Root, Fresh 3. Add ;omah;c.)es, ginger and garlic and curry
5 g of Garlic, Raw powaer. Wix. L .
30 g of Salt, Table 4, Add the meat. Braise till all the water dries
700 g of Water up. Then add water and cook for 1 hour.
30 g of Sunflower Oil 5. Add potatoes and season the curry. Cook
30 g of Curry Powder till the potatoes are tender
20 g of Onion, Raw
Mealie-meal Roti Serves: 8
Ingredients: Method:
120 g Cake Flour 1. Boil water with salt.
130 g Maize Meal, Special, Enriched, Raw (white) | 2. Add Mealie-meal and prepare as crumbly
;?é“;ltb?g’;?ewater mealie meal (phuthu).
! . 3. Allow phuthu to cool, then add cake flour
50 g Butter/Ghee (clarified butter) and knead into soft but not sticky dough.
4, Divide dough into 8 portions.
5. Roll into rounds.
6. Heat a griddle. Cook roti on each side.
7 Brush either side with melted butter ghee
Mutton Breyani ~ | Serves: 6
Ingredients: | Method:
50 g of Butter Ghee (clarified butter) 1. Heat oil in saucepan.
700 g of Mutton, Raw 2. Sauté onions until golden brown.
300 g of Rice, White, Cooked 3. Add tomatoes and allow it to soften.
100 g of Lentils, Whole, Raw, boiled 4. Add spices and crushed ginger and garlic.
30 g Curry Powder 5. Add the meat. Braise {ill all the water has
700 g of Potato, Raw (flesh only) evaporated. Top up with water.
20 g of Sunflower Oil 6. Add the potatoes and cook until tender.
40 g of Onion, Raw, sliced Top up with water as necessary and
40 g of Tomato, Raw, diced season.
5 g of Coriander Leaf, Fresh, chopped 7. Add cooked rice and lentils.
20 g of Salt, Table 8. Add ghee and dry breyani in an oven at
10 g of Ginger Root, chopped 180°c for a further 20 minutes.
10 g of Garlic, chopped 9. Garnish with chopped coriander
Nuts Chutney
Ingredients: Method:
500 g of Peanuts, Raw roasted 1 Roast nuts and remove skin.
30 g of Salt, Table 2 Add nuts, chopped chilli, coriander, mint,
300 g of Coriander Leaf, Fresh chopped tamarind liquid and salt into food
10 g of l?epper, Chilli, Raw chopped processor.
200 g Mint Leaves, chopped 3. Process in a blender till the mixture is

100 ml Tamarind Liquid

smooth and resembles a pesto
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Prawn Curry

Serves: 6

Ingredients:

1000 g of Shrimp/prawn

30 g of Sunflower oil

30 g of Onion, Raw

500 g of Tomato, Raw, diced

10 g of Ginger Root, Fresh, crushed

10 g of Garlic, Raw, crushed

10 g of Coriander Leaf, Fresh, chopped
20 g of Salt, Table

30 g of Curry Powder

Method:

1. Heat oil in a saucepan.

2. Sauté onions until golden brown.

3. Add curry powder and ginger and garlic

paste. Blend ingredients.

1 4. Add tomatoes and cook for 10 minutes.

Add prawns and allow to simmer for
another 10 minutes.

Methi (Fenugreek) and Egg Serves: 4

Ingredients: Method:

200 g Fenugreek Leaves, Raw, Washed and 1. Heat oil in a saucepan.
Chopped 2. Add eggs and methi.

2 Large Eggs, one unit of Egg, Scrambled 3. Season.

20 g Sunflower Ol 4. Cook as for scrambled eggs.

20 g, Salt, Table

2g, Chilli
Description: Methi and Potato Serves: 6
Ingredients: Method:
300 g of Fenugreek Leaves, Raw 1. Sauté potato in sunflower oil.
500 g of Potato, sautéed in Sunfiower Oil 2. Add fenugreek and season.
3. Allow fenugreek to sweat and blend in the
potatoes.
Dhal (split pea) Roti Serves:
Ingredients: Method:
240 g Cake Flour 1. Boil split peas until tender and mash till
125 ml Boiling Water smooth.
50 g of Butter Ghee (Clarified Butter) 2. Sift flour and salt into a large bowl.
6 g of Salt, Table 3. Add boiling water into the bowl and dough
80 g of Split Peas, Cooked roti into a soft but not sticky dough.
4. Divide dough into 6 balls.
5. Mould spoonfuls of mashed split peas into
the balls.
6. Roll into plate side rounds.
7. Heat a griddle. Cook roti on both side and

brush either side with melted ghee.

Pumpkin Herbs Serves: 6

Ingredients: Method:

800 g Sautéed Pumpkin Herbs, Raw, finely 1. Heat oil in a saucepan.

chopped 2. Fry onions and chilli until golden brown.
40 g of Sunflower Oil 3. Add pumpkin herbs, garlic and salt.

30 g of Onion, Raw, Sliced 4, Cook till all the water has evaporated.

20 g of Garlic, Raw, Sliced
15 g of Pepper, Chilli, Raw
20 g of Sali, Table
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Peas Chutney

Serves: 4

Ingredients:
5 g of Salt, Table

Method:

1.

Heat oil in a saucepan.

1560 g of Peas, Raw 2. Sauté onions till light brown.
400 g of Tomato, Raw, Diced 3. Add curry powder and blend with onions.
10 g of Sunflower Oil 4 Add diced tomatoes and simmer for 10
5 g of Curry Powder minutes.
3 g of Coriander Leaf, Fresh, Chopped 5. Add peas and simmer for another 5
30 g of Onion, Raw, Diced minutes. Add salt.
6. Garnish with coriander.
Cabbage and Mutton Serves: 6
Ingredients: Method:
400 g of Cabbage, Raw, Shredded 1. Prepare mutton curry.
800 g of Curry, Mutton 2. Add shredded cabbage and allow it to
5 g of Ginger, Raw, Chopped sweat into the curry.
5 g of Garlic, Raw, Chopped 3. Simmer for a further 20 minutes.
10 g of Salt, Table 4. Garnish with coriander leaf.
35 g of Curry Powder
5 g of Coriander Leaf, Chopped
30 g of Onion
100 g of Tomato
30g of Oil
Methi and Mince Serves: 4
Ingredients: Method:
30 g of Onion, Raw, Sliced 1. Sauté onions in oil till golden brown.
500 g of Mutton, Mince, Cooked 2. Add Fenugreek leaves.
150 g of Fenugreek Leaves, Raw, Chopped 3. Add the cooked mutton mince.
5 g of Salt, Table 4. Blend the ingredients. Season and allow to

10 ml Qil
10 g of Chilli Powder

cook for a further 10 minutes on low heat.
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APPENDIX H

Components of indices

Deficient index (index 1)

13 vitam

ins
Vitamin A (retinol equivalents)

Vitamin D

Vitamin E

Vitamin K

Vitamin B1
Vitamin B2

Niacin equivalents
Vitamin B6&

Folate equivalents
Pantothenic acid
Biotin

Vitamin B12
Vitamin C

Excess index (index 2)

Fat

Cholesterol

Ratio of saturated to unsaturated fatty acids
Sugar

Alcohol

Sodium

12minerals and trace elements

Sodium
Chloride
Potassium
Calcium
Phosphorus
Magnesium
Iron

lodine
Fluoride
Zinc
Copper
Manganese

Proteins

Carbohydrates
Two essential fatty acids

Dietary fi

Linoleic acid (n-6)

Linolenic acid (n-3)

bre

Examples of calculation of indices

Example 1: Calculation of the score of vitamin C (nutrient of the deficient index)

Recommended dietary intake*

Intake of a person

Ratio

Score is bounded between 0 and 100

Score 0:

Score 100:

100mg day™

80mg day™
80/100=0.8

20% under reference
Score = (100-20) =80

0 mg day™
=100 mg day™

Example 2: Calculation of the score of cholesterol (nutrient of the excess index)

Recommended dietary intake™*

Intake of a person

Ratio

Score is bounded between 0 and 100

Score 0:

Score 100:
* According to the DGE. Example for men aged 25-51 years

max. 300 mg day™*

550 mg day™
550/300=1.83

83.3% above reference
Score= (100-83.3) = 16.7

2600mg day™
<300 mg day™
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Appendix | CONSENT FORM

THE PREVALENCE OF SELECTED RISK MARKERS FOR NONCOMMUNICABLE DISEASES AND
ASSOCIATIONS WITH LIFESTYLE BEHAVIOURS IN AN INDIAN COMMUNITY IN KWAZULU-NATAL

ICONSENT FORM|
DECLARATION BY THE PARTICIPANT
[, the underS|gned,
[ID e iee i en e e aee e o] paTTICiPaNt in the survey of
...[address]

A "1 confirm that

1. | have been asked to participate in the above-mentioned research survey,

2. It has been explained to me, that:

The purpose of this survey is to collect information on the relationship of diet and lifestyle exposures

with health outcomes.

in order to collect this information | have been told that a number of questions regarding the types

and amounts of foods | eat and how often these foods are eaten. | will also be weighed and my

height and waist circumference will be measured. My blood pressure will be measured and a blood
sample will be taken.

| have been told that this information will be collected from 250 Indian adults aged 35 to 45 years in

KwaDukuga and | will only be asked these questions once and all measurements will only be done

once.

| have also been told that this research survey is done for benefit of the entire Indian population in

South Africa.

3. lwas told that in order to get the answers to all the questions it will take approximately 2 1% hours.
| was told that the measurements will not cause me harm in any way.

4, |t was explained to me that by participating in the research survey, | will be helping all the Indians
in South Africa.

5. it was also explained to me the information | will give will be kept confidential but that it will be
used anonymously for making known the findings to other scientists

6. [ can have no direct access to the results of the survey but | can contact the researcher who will
inform me of the findings on me.

7. It was clearly explained to me that | can refuse to participate in this survey or | can stop
answering the questions at any time during the interview. If this was to happen, | will not be
disadvantaged in any way and it will not be held against me.

8. The information on the consent form was explained to me..

[Name of the interviewer] in.. ..[language] and | conﬂrm that l have a good command
in this language and understood the explanatlons | was also given an opportunity to ask
guestions on things | did not understand clearly

9. No pressure was applied on me to take part in this research survey.

10. Finally, participation in this research will have no costs for me.

B. | the participant hereby agree voluntarily to take part in this research survey.
Signed/confirmed at.............c.coo v e ONL 2000
Signature.. W|tness
DECLARATION BY OR ON BEHALF OF THE RESEARCHER
| PR .,declare that:
1. I have explalned the mformatlon ln th|s document to
(name of participant).
2. | asked the participant to ask any questions of clarification, if something was not clear to
him/her.
BT B 41V LYY O O N
Signed at......co.vevvvveinni PRI o] § OPRPURRPN 20.....
Slgnature .
Researcher/representa’uve Wltness
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