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Abstract

Motivation: The mctabolic syndrome is charactcrized by a group of risk factors for
cardiovascular diseasc (CVD) that includes obesity, dyslipidemia, high blood pressurc, insulin
resistance, glucose intolerance or non-insulin dependant diabetes mellitus, prothrombotic state
and proinflammatory state. The NHANES III study showed the prevalence of this syndrome
to be 24.0% in men and 23.4% in women in thc USA. These figurcs translate to more than 47
million US residcnts having the metabolic syndrome. In the THUSA (acronym for Transition
and Health in the Urbanization of South Africans) study in South Africa it was found that
12% and 28.4% of men and womcen, respectively, of the black population of the North West
Province had three or more disturbances characterizing this syndrome. Therefore, it 1s evident
that thc metabolic syndrome is a health problem not only for dcveloped countrics but also for
developing countries. As a result, this syndrome has been identificd as a target for dictary

therapics to reduce the risk of CVD and typc 2 diabetes.

Epidemiological studies have consistently decmonstrated an inversc association between nut
consumption and coronary heart disecase (CHD) morbidity and mortality in differcnt
population groups. Nut consumption may not only offer protection against heart disease, but
also increasc longevity. Recently, the benefits of nuts consumption were acknowledged by the
U.S. Food and Drug Administration when they approved a qualified health claim that eating
nuts (1.5 ounces/day ~ 42.8 g/day) may reduce the risk of CHD. In this rcgard, the most
comprchensively studied mechanism involved the favourable lipid lowering cffccts of nuts.
There is, however, a lack of data in the literature regarding the effect of nuts on the metabolic

syndrome.

Objective: The main objective of this study was to examine the cffects of a high walnut dict
and a high unsalted cashew nut dict on markers of the metabolic syndrome in humans. In
order to provide a foundational body of evidence for the aforcmentioned, a secondary
objective included conducting a systematic rcview that investigates the cffects of nuts on the

lipid profile.

Methods: The main projcct consisted of a controlled feeding trial with a parallel, randomized
controlled study design on participants having the mctabolic syndrome. Sixty-four subjccts
having this syndrome (29 men, 35 women) with a mean (= SD) age of 4510 y and who mct
with the selection criteria were all fed a 3-week run-in control diet. After this period,
participants were grouped according to gender and age and then randomized into three

groups, namely, those that reccived a controlled feeding dict including walnuts (20% energy



(E), 60-100g/day; protein:carbohydrate:fat=18:42:40%E), or unsalted cashew nuts (20%E 66-
115g/day; protein:carbohydrate:fat=19:44:37%E) or no nuts
(protein:carbohydrate fat=20:47:33%E) for 8 weeks. The participants’ physical activity and

weight were maintained for the duration of the study.

For the systematic review, human intervention trials that investigated the independent effects
of nuts on lipid concentrations were included. Medline and Web of Scicnce databases were
searchcd from the start of the database to August 2004 and supplemented by cross-checking
reference lists of rclevant publications. These papers reccived a rating based upon the
methodology as it appeared in the publication. No formal statistical analysis was performed
due to the large differences in study designs of the dietary intervention trials. The main
outcome mcasures for the systematic review, were percentage differences between treatment
and control groups for total blood cholesterol (TC), low-density lipoprotein cholesterol (LDL-
(), high-density lipoprotein cholesterol (HDL-C) and tnacyglycerols (TG).

Results: Regarding the main objective, we found that both the walnut and unsalted cashew
nut intervention diets had no significant effect on the lipid profile, serum fructosamine,
insulin, insulin sensitivity, insulin resistance, serum high sensitivity C-reactive protein, blood
pressure and serum uric acid concentrations when compared to the control dict. All three
groups experienced highly significant increases in serum insulin concentrations when
comparing the baselinc to end (P<0.05). In turn, insulin resistance increased while insulin
scnsitivity decreascd in all three groups. Plasma glucosc concentrations increascd
significantly in the cashew nut group compared to the control group (P<0.05). By contrast,
serum fructosaminc was unchanged in the cashew nut group while the control group had

significantly incrcascd concentrations of this short-term marker of glycaemic control.

The literature search for the systematic review yiclded 415 publications. After screening, 23
nut studics were included in the review with most of these studies including heart-healthy
diets. The majority of the studies were short (4-6 weeks) with only one study lasting 6
months. The number of subjects in most of the studics was sufficient to study the effects on
TC and LDL-C but not for HDL-C and TG. The results of three almond (50-100g/day), two
_peanut (35-68g/day), one pecan nut (72g/day) and four walnut (40-84g/day) studies showed

convincing evidence for a lipid lowering cffect of TC between 2-16% and LDL-C between 2-

19%, when compared to their control diets. Currently, there are indications from inadequately
designed intervention studies that hazelnuts (1g/day/kg body weight) and pistachios (20%E)
may have a lipid lowering effect. At this stage the evidence for macadamia nuts is less

convincing. Furthcrmore, it is apparent that the components in nuts further reduce TC and
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LDL-C concentrations beyond the effects predicted by cquations based solely on dietary fatty

acid profilcs.

Conclusions: In the controlled feeding trial, subjects displayved no improvement in the
markers of thc metabolic syndrome after following a walnut or unsalted cashew nut diet
compared to a control diet while maintaining body weight (8 weeks). Finally, we suspect that
the dramatic increasc in insulin resistance may have masked the protective effects of the
walnut and cashew nut diets in our subjects with the metabolic syndrome. Further research 1s

warranted before a consensus can be rcached.

From the systematic rcview it was concluded that the consumption of =50-100g (x1.5-3.5
servings) of nuts five or morc times/week as part of a heart-hcalthy diet with total fat content
(high in mono- and /or polyunsaturated fatty acids) of ~ 35% of energy may significantly

decrease TC and LDI.-C in normo- and hyperlipidemic individuals.

Recommendations:
A similar nut controlled feeding trial with some form of calorie restriction, should be donc on

participants having the metabolic syndrome.

Futurc research should usc randomized controlled studies with larger sample sizes and longer
duration to investigate the cffects of nuts on HDL-C and TG concentrations. Also, studics
should investigate the effects on the lipid profile of mixcd nuts and those individual nuts not
vet considered. In addition, the uniquc nutrient and non-nutrient composition of nuts requires
further research in order to elucidate the possible mechanisms responsible for the LDL-C

lowering effect

Key words: Mctabolic syndrome, nuts, insulin sensitivity, insulin resistance, hyperlipidemia,

hypertension, lipids, lipoproteins, triacylglycerol, fatty acids
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Afrikaanse titel: Dic cffekte van ncute op merkers van die metaboliese sindroom

Opsomming

Motivering: Die mctaboliese sindroom word gekenmerk deur die aanwesigheid van verskeie
risikofaktore vir kardiovaskulére sicktcs (KVS) naamlik oorgewig, dislipidemie, hoé
blocddruk, insulicnweerstand, glukose-onverdraagsaamheid of  nic-insulienafhanklike
diabetes mellitus (DM), protrombotiese en -inflammatoriesc toestande. In dic VSA is deur die
NHANES III studie gerapportecr dat diec voorkoms van metaboliese sindroom in mans en
vrouens 24% cn 23.4%, onderskeidelik was. Dic syfers dui daarop dat 47 miljocn
Amerikaners aan dic sindroom lei. In die THUSA (akroniem vir "Transition and Health in the
Urbanization of South Africans") studie in Suid-Afrika is gevind dat 12% van mans en 28.4%
van vrouens in die swart gemecnskap van die Noordwes Provinsie aan dric of meer van dic
afwykings wat die metaboliese sindroom kenmerk, Ici. Dit is dus duidclik dat die metabolicse
sindroom 'n gesondheidsproblecm vir ontwikkelende sowel as ontwikkclde lande is. As
gevolg hiervan, word hierdie sindroom geteiken vir dieetbchandelinge om die risiko vir KVS

en tipc 2 diabetes te verlaag.

Epidcmiologiese studics het oortuigend bewys dat daar 'n omgckcerde verwantskap tussen
dic inname van neutc cn morbiditeit en mortaliteit as gevolg van koronére hartsickte (KHS) in
verskillende bevolkingsgroepe bestaan. Ncutinname beskerm nie net teen hartsicktes nie,
maar kan ook tot langer lcwensverwagting bydra. Die voordelige effckte van neutinnamc
word deur dic "U.S. Food and Drug Administration" (FDA) erken deurdat hullc onlangs ’n
kwalitatiewc gesondheidsaanspraak vir die inname van ncute (1.5 onse/dag = 42.8 g/dag) en
KHS goedgckeur het. Die mecs bestudcerde mceganisme in die verband is die
hipocholesterolemiese effek van ncute. Daar bestaan cgter nog 'n tekort in dic literatuur

aangaande die effekte van ncutc op die metaboliese sindroom.

Doelwitte: Dic hoofdoelwit van die studic was om die uitwerking van 'n hoé okkerneut- cn ‘n
ho¢ ongesoute kasjocneutdieet op merkers van die metaboliesc sindroom in mense tc
ondcrsoek. 'n Sekondére doelwit was om 'n sistcmatiese oorsig oor dic cffck van neute op die
lipiedprofiel uit tc voer wat gedeeltelik as basis kan dien vir dic interpretering van dic

resultate uit die cersgenoemde doelwit.

Metodes: Die hoofondersoek was 'n gckontroleerde voedingstudic met 'n parallelle
cwckansig gekontroleerde studie-ontwerp op procfpersone wat die metabolicse sindroom
onder lede gehad het. Vier-cn-sestig proefpersone met hierdie sindroom (29 mans, 35

vrouens) met 'n gemiddelde (£SA) ouderdom van 45+10jr en wat aan die insluitingskriteria
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voldoen het, het vir 'n inloop-pcriode van dric weke lank die kontroledieet gevolg. Die
proefpersone is daarna volgens geslag en ouderdom gegroepeer en ewekansig in drie grocpce
verdeel wat vir 8 weke een van dic volgende diéte gevolg het: *n gekontroleerde dieet wat of
okkerneute (20% van totale cncrgie (E); 60-100 g/dag; proteienc:koolhidrate:vet =
18:42:40%E) of ongcsoute kasjoeneute (20%E; 66-115 g/dag; proteiene:koolhidratc:vet =
19:44:37%E) o6f geen neutc (proteienc koolhidrate:vet = 20:47:33%E) ingesluit het. Dic

procfpersone sc fisicke aktiwiteit en gewig het vir die duur van die studie konstant gebly.

Vir die sistematicse oorsig, is menslike intervensiestudics wat die onafhanklike cffckte van
neute op die lipicdkonsentrasies ondersock het, ingesluit. Medline en Web of Science
databasisse van dic begin van die databasis tot Augustus 2004, is vir die litcratuursoektog
gebruik en aangevul deur die bronnelyste van relevante publikasics na te gaan. Hierdic
artikels is gekeur volgens dic metodologie soos dit in die publikasies voorgekom het. Geen
formele statistiese analisc was uitgevoer nic as gevolg van die groot verskille in
studicontwerpe van die dicctintervensies. Die hoofuitkomste van die sistematicsc oorsig was
dic persentasie verskille tussen die behandeling- cn kontrolegroepe wat betref totale
bloedcholesterol (TC), lae-digtheidslipoprotciencholesterol (LDL-C), hoé-

digtheidslipoproteiencholesterol en triasielgliserol (TG).

Resultate: Met betrekking tot dic hoofdoclwit, is bevind dat beide die okkerneut- cn
ongesoutc kasjoeneutdieet geen cffck op die lipiedprofiel, scrumfruktosamien, -insulien,
insulienscnsitiwiteit, insulienweerstand, serum-hoé-sensitiwiteit-C-reaktieweproteien,
bloeddruk cn serumuriensuurkonscntrasics gehad het nie in vergelyking met die kontroledieet.
Al drie groepe het hoogsbetckenisvolle toenames in  scruminsulienkonsentrasies,
insulicnwecrstand en verlagings in insuliensensitiwiteit, van basislyn na end, getoon (P<0.05).
Dic plasmaglukosckonsentrasies hct betckenisvol verhoog in dic kasjoeneutgroep in
vergelyking met dic kontrole groep. In teenstclling hiermee, het die serumfruktosamien, n
korttermynmerker vir glukemiese beheer, in die kasjocneutgroep onveranderd gebly terwyl dit

in die kontrolegroep betekenisvol verhoog het van basislyn na end.

Die literatuursocktog vir die sistematiese oorsig het 415 publikasies opgelewer. Na 'n decglike
siftingsproses, was slegs 23 studies geskik om in die oorsig in te sluit. Die meerderheid van
dic neutdiéte het aan die riglyne vir die voorkoming van KHS voldoen. Die meeste studies
was kort (4-6 weke) met net een studic wat 6 maande geduur het. Dic proefpersoongetalle in
meeste van die studies was voldocnde om die effek op TC cn LDL-C te ondersoek, maar nie
in die geval van HDL-C en TG nie. Dic resultate van drie amandel- (50-100 g/dag), twee
grondboontjie- (36-68 g/dag), cecn pekanneut- (72 g/dag) cn vier okkerneut- (40-84 g/dag)



studies het oortuigende bewyse gelewer vir 'n lipiedverlagende effek tussen 2-16% vir TC cn
2-19% vir LDL-C, in vergclyking met die kontrolegroep. Huidiglik is daar aanduidings, uit
studies met onvoldoendc studie-ontwerpe, dat hazelneute (1 g/dag/kg liggaamsgewig) en
pimperncutc (20%E) ook moontlik 'n hipocholesterolemiese effck kan hé. Die bewysc vir 'n
hipocholesterolemise effek deur macadamianeute is tans onoortuigend. Dit is verder duidelik
dat die verskillende komponente in necute die TC en LDL-C konsentrasies tot 'n groter mate

verlaag as wat deur dic dieetvetsuurproficl voorspel word.

Gevolgtrekkings: Die gckontroleerde voedingsintervensie met okkerneute en kasjoencutc het
geen verbctering in terme van dic merkers van dic metaboliese sindroom teweeggebring in
vergelvking met “n kontroledicet terwyl liggaamsgewig vir 8 weke gehandhaaf is nie. Ons
vermoed dat die drastiese tocname in insulienwcerstand die voordelige cffekte van die
okkerneut- cn kasjoeneutdiéte kon verberg het. Verderc navorsing is nodig om konsensus oor

hierdie saak te verkry.

Dic sistematiese oorsig het bewys dat die inname van ~#50-100 g (=1.5-3.5 porsies) neute vyf
of meer kecr per week as deel van 'n KHS-voorkomingsdicct met ‘n totale vetinhoud (hoog in
mono- en/of polionversadigde vetsure) van = 35%E, 'n beduidende effek op dic verlaging van

TC en LDL-C konsentrasies in normo- en hiperlipidemiesc persone kan hé.

Aanbevelings: 'n Soortgelyke geckontroleerde neutintervensicstudie tesame met 'n matc van
encrgiebeperking moet uitgevoer word op proefpersone met dic metaboliese sindroom.
Verdere navorsing bchoort ewekansig gekontroleerde voedingintervensicstudies met groter
proefpersoongetallc ¢n langer duur in te sluit om die effekte van neutc op HDL-C en TG te
ondersoek. Dic cffckte van gemengde neute.cn neute wat nie voorheen bestudeer is nie op die
lipiedprofiel is ook noodsaaklik. Die unicke nutriént-en nie-nutriéntsamcstelling van neute as
moontlike meganismes verantwoordelik vir dic verlaging van LDL-C, bchoort ook verder

ondersoek te word.
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1 Background and motivation

1.1 Definition, pathogenesis and diagnosis of the metabolic syndrome

Metabolic syndrome is a term linking the clinical profiles of some of the world's major health
problems today, viz., obesity, heart disease, and diabetes. In particular, this syndromc is
charactcrized by a group of metabolic risk factors for cardiovascular diseasc (CVD) that
includcs android obesity, atherogenic dyslipidemia (high triacyglycerols (TG), decreased high
density-lipoprotein cholesterol (HDL-C), high apolipoprotcin B and small low density-
lipoprotein cholesterol (LDL-C) particles), clevated blood pressure (BP), insulin resistance
(IR), glucose intolerance or non-insulin dependant diabetes mcllitus (NIDDM), prothrombotic
statc (high fibrinogen and plasminogen activator mhibitor 1 (PAI-1)) and proinflammatory
state (elevated C-rcactive protein (CRP)) (Scott 2003; Roman & Hancu, 2004). In addition,
studies with simplc linear rcgression analysis revealed that serum uric acid concentration was
inversely correlated with insulin sensitivity (rate of glucose utilization) (Vuorinen-Markkola
& Yki-Jarvinen, 1994; Temclkova-Kurktschiev et al., 2002). Not only is CVD the primary
clinical outcome of metabolic syndrome (Isomaa er al., 2001) but the risk for type 2 diabetes

1s also higher. Diabetes is a major risk factor for CVD (Grundy ef al., 2004),

The pathogenesis of this syndrome appears to have 3 potcntial etiological categories: obesity
and disorders of adipose tissue; insulin resistance and a constellation of indcpendent factors
(cg, molccules of hepatic, vascular, and immunologic origin) that mecdiate spccific
components of thc metabolic syndrome (Grundy ef al., 2004; Wolever, 2000). Contributing

factors includes aging, proinflammatory state and hormonal changes (Grundy et al., 2004).

There are no universally accepted criteria for diagnosing the mctabolic syndrome. However,
the criteria proposed by the National Cholesterol Education Program-Adult Treatment Pancl
[I1 (ATP M) are the most currcnt and widely uscd (Grundy et al., 2004). This criteria
provides a practical tool to diagnose patients having the metabolic syndrome by identifying 5
diagnostic traits, that include:- abdominal obesity, waist circumference > 88 cm for women or
> 102 c¢cm for men; high fasting TG, 21.7 mmol/L; low HDL-C, <1.0 mmol/L for men, <1.3
mmol/L for women; high BP, 2130/85 mmHg and high fasting glucose, >6.1 mmol/L (Ford
et al., 2002). The ATP III report considcrs the presence of any 3 of these factors sufficient for
diagnosis. The World Health Organization (WHO) and American Association of Chinical
Endocrinologists (AACE) criteria require further oral glucose testing if impaired fasting

glucose (IFG) and diabetes arc absent. Impaired glucose tolerance (IGT) on oral glucose

tolerance test (OGTT) denotes greater risk-for diabetes than does metabolic syndrome without .

clevated fasting glucose (Roman & Hancu, 2004).
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1.2 Prevalence

The NHANES III study showcd the prevalence of metabolic syndrome to be 24.0% in mcn
and 23.4% in women in thc USA (Ford, 2004). Thesc authors found that the prcvalence of
metabolic syndrome increased from 6.7% among participants aged 20-29 years to 43.5% for
participants aged 60-69 years. It is estimated that about 47 million U.S. adults havc this
syndrome (Ford, 2004). In thc THUSA (acronym for Transition and Health in the
Urbanization of South Africans) study in South Africa it was found that 12% of mcn and
28.4% of women of the black population of the North West Province had 3 or more metabolic
disturbanccs characterizing the metabolic syndrome. The THUSA study showed that the
metabolic syndrome occurred in undernourished men (body mass index (BMI) <l8\5kg/m2)
and overnourished men and women (BMI >30 kg/m?) (Kruger A er al., 2004). Therefore, it is
evident that the metabolic syndrome is a hcalth problem not only for developed but also for

developing countries.

1.3 Treatment

Underlying causes of thc metabolic syndrome include overwcight/obesity, physical inactivity
and genetic factors. While insulin resistance may be a unifying factor in this syndrome,
obesity is also central. Obesity increases the tendency for clustering and is associated with
increased incidence of hypertension, diabetcs, and dyslipidemia (Wilson ef al, 1999).
Therefore, the treatment of this syndrome is a multifactorial process that includes dict,
excrcise, and pharmacological therapy (Scott, 2003). Despite, the role of diet in the etiology
of the mctabolic syndrome being poorly understood, ATP 111 has identified this syndrome as a
target for vigorous lifestyle intervention. In particular, dietary intervention has been targeted
in order to reduce the risk of CVD and devclopment of diabetcs mellitus (Pan ef al., 1997,

Isomaa et al., 2001).
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Table 1 Summary of the effects of diet/lifestyle on markers of the metabolic
syndrome (adapted from Grundy et al., 2004; Riccardi & Rivellese, 2000; Nestel, 2004;
Tapsell, 2004).

Abbreviations: SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids;
CHO: carbohydrate; GI: glycemic index.

decrease

increase

no change

?  uncertainties, inconsistencies and/or a lack of data in the literature
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From Table 1 1t is apparcnt that dictary or lifestyle factors play an important role in markers
of the metabolic syndrome. However, some uncertainties, inconsistencies and a lack of data in
the litcrature regarding the effect of most dietary factors on this syndrome still exist. One of
the most common and potent causes of insulin resistance is obesity (Riccardi er al., 2004)
with weight loss improving glucose tolcrance, decreasing TG concentrations, and lowering
BP (Wilson et al., 1999; Abbasi ef al., 2002). All 5 components of the metabolic syndrome
are improved by even modest amounts of weight loss achieved with dict and cxercise
(Avenell er al., 2004). Ultimately, the first-line of thcrapy should be weight reduction

reinforced with increased physical activity.

In a recent study, it was concluded that reducing saturated fat intake will lower insulin
resistance in individuals having the metabolic syndrome (Dcen, 2004). Furthermorc,
reduction of saturated fat and trans fatty acids is beneficial for lowering LDL-C (Stamler &
Shekelle, 1988; Mensink et al, 2003). In the KANWU Study, (Vessby et al, 2001)
replaccment of saturated fat with monounsaturated fat was associated with improvement in
insulin sensitivity, which in turn could translate into reduced risk of developing type 2
diabetcs since resistance to the action of insulin is the underlying abnormality in most cascs of
type 2 diabetes (Mann, 2001). Studies have shown that a higher intake of monounsaturatcd
fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) improves insulin sensitivity
(Vessby et al., 2001; Houtsmuller er al., 1980; Heine er al, 1989). Emerging research has
suggested possible health bencfits associated with modest increases in dictary a-linolenic acid
(ALA) (PUFA), including reduced BP (Hunter, 1990, Fcrrara et al., 2000; Hermanscn, 2000).
Numerous studies conducted in healthy and hypertensive individuals have shown a beneficial
cffect of MUFA on a number of outcomes related to cardiovascular risk, including BP (Roche
et al., 1998). Zhao and colleagues (Zhao ef al., 2004), concluded that a diet high in ALA,
obtained from walnuts, walnut oil and flaxseed oil, elicited cardioprotective effects and
vascular anti-inflammatory effccts. Recently, some evidence has been presented for a
beneficial effect of MUFA on a number of outcomces related to cardiovascular risk, including

reduced inflammation (Hunter, 1990; Ferrara et al., 2000).

Pcreira and collaborators have suggested that diets with a lower GI and glycemic load (GL)
arc associatcd with lower insulin resistance as determined using the homeostasis model
assessment index (HOMA) mcthod (Pcreira et al., 1998). Consequently, participants with the
highest GI intakcs were 40% morc likely to have the metabolic syndromc than were
participants with the lowest dictary GI (Perez-Jimenez ef al., 2001). Deen and investigators

(Deen, 2004) recently showed that reducing high glycemic-index (GI) carbohydrate (CHO)
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intake lowcred TG concentrations and reducing sodium intake lowcred BP. Solublc fibre has
shown to reducc total- and LDL-C concentrations and improve glycemic control (Mann,

2001; Mann, 2002).

According to what is outlined above, a dict for individuals having the metabolic syndrome
should have the following requircments. This includes calorie restriction (if overweight),
reduccd saturated fat, and incrcased high fibre/low-Gl foods (e.g. vegetables, legumes, whole
grains, low-fat dairy products) should be uscd without specific limitations. The dictary
guidelines for thc metabolic syndrome includes percentage cnergy (%E) from
protcin:CHO:fat=15:45-55:30-40%. In addition thc diet should have a low salt content
(<4g/day) and limited alcohol intake (<30g/day) (Riccardi & Rivellese, 2000, Mann, 2002;
Dcen, 2004; Mann, 2001; van Dam ef al, 2000). Furthermorc, moderate amounts of
monounsaturated fat could be permitted, as they do not induce detrimental metabolic effects
(Riccardi & Rivellese, 2000). If the diet has these characteristics, it may not be neccssary to
drastically reducc the total amount of fat, as advocated in the past in order to provide CVD
protection. Thercfore, it is clear that within certain limits (not morc than 40% E from fat), the
quality rather than the total amount of fat really matters. In essence, provided that saturatcd
fat is reduced and most of thc CHO-rich foods have a high fibre/low-GI, some flexibility
might be allowed in the amount of fat and CHO, e.g. exchanging about 10% encrgy between
monounsaturated fat and CHO-rich foods with high GI (Riccardi & Rivellese, 2000).

Ultimatcly, the proper management of the individual abnormalities of this syndrome can

reduce morbidity and mortality (Isomaa ez al., 2001).

1.4 Nuts

Recently, it has been confirmed that the inclusion of nuts in the diet may result in a variety of
changes in the dictary composition (Jaceldo-Siegl et al., 2004). In this context, nuts may
change the dietary profile by decrcasing the SFA, trans fatty acids, GI and increasing the
MUFA, PUFA, fibre and antioxidant concentrations (Tablc 1).

The hcalth bencfits of nuts are apparent in numerous epidemiological studics. In particular,
they have consistently demonstrated an association of nut consumption on CHD morbidity
and mortality in different population groups (Sabate e al., 1999; Kris-Etherton ef al., 2001).
The Adventist Health Study reported that men and women who consumcd nuts 5 times/wk
lowered their risk of heart disease by 50% and increased their lifc expectancy by scveral years

compared with those who hardly ever ate nuts (Fraser, 1999a; Fraser ef al., 1992).
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Nuts have a low GI and they arc a rich source of protein, unsaturated fatty acids, vitamin E
(which may act as an antioxidant), Bs, folic acid, niacin, fibre, magnesium, potassium,
argininc, phytosterols and other phytochemical compounds (such as flavonoids, phenolic
components and ellagic acid). Most nuts are rich in MUFA (oleic acid), however, walnuts are
unique in that they are rich in PUFA (linoleic acid (LA) and ALA) (Dreher ef al., 1996). The
cardio-protective effects of nuts may be mediated through several mechanisms. These
include, a decrease in TC and LDL-C as well as the benecficial effects of the bioactive

components in nuts (c.g. fibre, vit E, arginine, phytosterols, antioxidants, magnesium).

Firstly, in a recent systematic review (Mukuddem-Petersen ef al., 2005) (Chapter 2) we found
that randomized, controlled intervention trials (3 almond, 2 peanut, 1 pecan nut and 4 walnut
studies) showed convincing evidence for a lipid lowering effect of TC between 2-16% and
LDL cholesterol between 2-19%, when compared to thcir control diets. The results for
macadamia nuts (50-100g/day) are less convincing. We concluded from this systematic
review that consumption =50-100g (=1.5-3.5 servings) of nuts 5 or more timcs/week as part
of a heart-healthy diet with total fat content of = 35% of energy may significantly decrcase
TC and LDL-C in normo-and hyperlipidemic individuals. Secondly, unsaturated fatty acids
and fibre may improve plasma lipids (by decrcasing TG and cholesterol concentrations),
decrcase platclet aggregation and prevent arrythmias (Alper & Mattes, 2003; Elin & Hosseint,
1993). Brown and colleagues conducted a meta-analysis (Brown et al., 1999) of 67 controlled
trials to quantify the cholesterol-lowering effect of major dietary fibres. They concluded that
soluble fibre of 2-10g/day was associated with small but significant decrcases in TC.
Arginine, the second most abundant amino acid found in nut proteins, may account for the
hypocholesterolemic effect observed in animal studics (Kurowska & Carroll, 1994). In
addition, this effect has becn seen in human intervention trials when the dosage of arginine in
the diet appeared to be very high (e.g onc study had 6-21g/day of arginine) (Maxwell et al.,
2000). Phytostcrols and other phytochecmical compounds such as flavonoids, phenolic
components and ellagic acid (Anderson ef al., 2001) may have scrum cholesterol modulating
effects (Law M, 2000; Vorster et al., 2003). In particular, well-designed studics have shown
that 2-2.2g of plant sterols significantly reduces cholcsterol absorption which in turn
decreases plasma and LDL-C concentrations (Law, 2000, Richellc ef af., 2004; Law, 2000). A
study by Anderson and collaborators demonstrated that walnut polyphenolics arc effective
inhibitors of in vitro plasma and LDL oxidation and therefore adds to nuts antiatherogenic
potential (Anderson ef al., 2001). It is apparent, that fibre, antioxidants (vitamin E), arginine,

_ phytosterols and other phytochemical compounds may have an important cholesterol lowering
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cffect. However, from practical intakes of nuts it is not sufficient to exert an individual
hypocholesterolemic cffect (Lampe, 1999). Thereforc, it is possible that therc are multiplc
small effects that add up, and these are mcdiated by more than cholesterol levels (Lampe,
1999).

Somec studies havc investigated the effects of nuts on diabetes mellitus (or on markers of this
diseasc e.g. glucose, insulin resistance), blood pressure and inflammation. In this context, data
from the Nurses’ Health Study (a large prospective cohort study of women, combincd with
other clinical and cpidemiological data) supports a nut diets’ potential for reducing type 1l
diabetes risk (Jiang er al., 2002). In particular, components of nuts, such as fibrc and
magnesium, together with the low GI of nuts may decrease insulin demand and resistancc and
have becn inverscly associated with the risk of type I diabetes (Resnick, 1993; Salmeron et
al., 1997). Also, cations, such as magnesium and potassium, may improve BP and arginine by
promoting the production of nitric oxide (NO) (Fraser, 1999b), a potent vasodilator that can
inhibit platelet adhesion and aggregation. Also, cvidence suggests a beneficial cffect of
MUFA (nuts are high in MUFA) on a number of outcomes related to cardiovascular risk,
including reduced inflammation (Hunter, 1990). In turn, a decrcase in inflammation may

decrease insulin resistance (Temelkova-Kurktschiev ef al., 2002).

When all of thesc beneficial effects of nuts are taken together it is comprehendible, although
not scicntifically proven, that a cholesterol lowering diet including nuts may facilitate the

prevention or trcatment of the metabolic syndrome.

2  The problem

Based on the results of the THUSA study (Kruger e al., 2004) 1t is clear that the metabolic
syndrome is likely to be an important health issue in South Africa as the prevalence is similar
to that found in dcveloped countries (Ford, 2004). Recently, the benefits of nuts werc
acknowledged by the U.S. Food and Drug Administration (FDA) when they approved a
qualified health claim that cating nuts (1.5 ounces/day = 42.8 g/day) may reducc the risk of
CHD (Brown, 2003).

It was cvident from the litcrature that nuts may reduce cardiovascular risk. However, data on
the cffects of nut dicts on patients having the metabolic syndrome required further study. In
response to this, the main project (The Nut study) was designed to probe this issue in South
Africa. Studies to date focused mainly on the effects of nuts on lipids. Therefore, as
background information for the main study, the effccts of nuts on lipids are discussed in the

systematic review in Chapter 2.
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The nuts chosen for the main study were walnuts and unsalted cashew nuts. Walnuts are rich
in PUFAs (47.2g of PUFAs/100g of walnuts) and they are unique because thcy are rich
sources of both n-6 and n-3 PUFAs, with a n-6:n-3 ratio of 4 (US Department of Agriculture,
2003). The inclusion of cashew nuts was motivated by the fact that no clinical studics have
been done using this type of nut before. Unlike walnuts, cashew nuts have a higher
concentration of MUFAs (27.3g of MUFAs/100g of cashew nuts) (US Department of
Agriculturc, 2003) by comparison to the composition of most other nuts. Finally, cashew and
walnut crops are cultivated in South Africa with the result that studies done on these nuts may
stimulate interest on a broad front (viz., consumers, nut industry, farmers, nut crackers

industry and health professionals) which in turn may impact the local economy.

3 Aims, goals and objectives of the study
3.1 Aims

The aim of this study was to examine for the first time the cffect of a high walnut diet and a

high-unsalted cashew nut diet on markers of the metabolic syndrome in humans (Chapter 3).

3.2 Goals and objectives

To investigatc the effects of a high walnut and a high unsalted cashcw nut diet on:
0 Markers of CHO metabolism: serum insulin, plasma glucose, OGTT, insulin sensitivity
(quantitative insulin sensitivity check index (QUICKI)), insulin resistance (HOMA) and
scrum fructosaminc
Serum lipids: TC, TG, HDL-C and LDL-C
BP

Serum uric acid

0O 0O 0O O

Serum high sensitivity C-reactive protein (S-hs CRP).

3.3 Secondary objective

To conduct a systematic rcview that investigates the effects of nuts on the lipid profile
(Chapter 2).

4 Hypothesis
4.1 Hypothesis developed for the study
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A high walnut and unsalted cashew nut diet will improve the markers of thc metabolic
syndrome comparcd to the control diet. In this regard, the markers, viz., insulin, glucose, oral
glucosc tolerance, insulin sensitivity, scrum fructosamine, serum TG, serum HDL, serum

LDL-C, BP, serum uric acid and S-hs CRP will improve.

4.2 Overall design of the study

This project was a parallel, randomized, controlled feeding trial on paticnts having the
metabolic syndrome that included a control group (Chapter 3). In this regard, because of a
large study population in rclation to a small metabolic kitchen, the study was done in 3
cohorts over a onc year period. It was preceded by a pilot study (n=9) aimed at tcsting the

controlled feeding protocols and eradicating any unanticipated problems.

4.3 Approach to test hypothesis

A muludisciplinary team of scientists participated in this project. It was, however, planned,
managed and controlled by the author of this thesis in collaboration with 2 study Icaders. To
test the hypothesis of the project the following tcam was recruited: nutritionists, Ph.D student
in Dictetics, a general practitioner, dictitians, clinical sisters, pharmacists, biochemists,
physiologists, a home cconomist, a rescarch assistant and 4" year dietctic students at the

Potchefstroom Campus of the North-West University (NWU-PC).

§ Structure of thesis

This thesis is constituted by chapters written specifically to comply with the requirements of
thc NWU-PC and journals to which manuscripts were submitted for possible publication. In
particular, directives in terms of the English language usage, formatting and bibliography
styles were strictly adherced to. All chapters and manuscripts will have their own reference

index.

The current chapter is introductory in nature and presents the background and motivation of
the study, as well as its objcctives, goals and hypothesis. Chapter 2 is a systcmatic review
about dietary intervention trials investigating the effects of nuts on lipid profiles. The said
chapter provides an overview of the effects of nuts on lipids and sketches the background
neccssary for the interpretation of some of the data in the main study (Chapter 3). Also, this
chapter highlighted the role of nuts in healthy or discased (hypcrcholesterolemic,
hyperlipidemic, type 2 diabetic, polygenic hypercholesterolemic) subjects. In Chapter 3, we

investigatc the effects of walnuts and unsalted cashew nuts on markers of the metabolic

10
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svndrome. As far as we know, this was the first controlled feeding trial of its kind in South
Africa. Lastly. Chapter 4 intcgrates the results of Chapters 2 and 3 in a gencral discussion and
conclusion. Recommendations regarding further rescarch and practical applications are made.
Attached as addendums are the Iastructions 1o the Authors concerning the requirements of the
specific journal for the 2 manuscripts (Chapter 2 and 3) as wecll as examples of forms.

questionnaires and a newsletter (the Nutcracker) uscd in the main study.

6 Co-authors and co-workers

The principal author of this thesis is Ms J Mukuddem-Petersen. In Tablc 2 contributions of

the co-authors and co-workers arc summarized.

The following is a statement from the co-authors confirming their role in the study and giving

their permission that the manuscripts may form part of this thesis.
[ declare that I have approved the above mentioned manuscripts, that my role in the study, as

indicated, is representative of my actual contribution and that [ hereby give my consent that it

may be published as part of the Ph.D thesis of Janine Mukuddem-Petersen.

Prof W Oost%/en v Pr7 IC /@rling

uidfeio e 7 Whk

Dr. SM Hanekom Ms Z White
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Table 2 Co-authors and co-workers and their contributions

Chapter Co-author Co-worker Contribution
Chapter 2 J. Mukuddem-Petersen - Responsible for literature searches, designing,
(Dietitian) planning, cxecution and documentation of the
study
Prof. W. Oosthuizen - Promotor, assisting in all aspects: designing,
(Nutritionist) planning, exccution and documentation of the
study.
Prof. J.C. Jerling Co-promotor, assisting in designing, planning,
(Nutritiontst) execution and documentation of the study.
Chapter 3 J. Mukuddem-Petersen - Responsible for literature searches, designing,

(Dietitian)

planning, execution, statistical analysis and
documentation of the study

Prof. W. Qosthuizen
(Nutritionist)

Promotor, assisting in all aspects: designing,
planning, exccution, statistical analysis and
documentation of the study.

Prof. J.C. Jerling
(Nutritionist)

Co-promotor, assisting in designing, planning,
execution, statistical analysis and documentation
of the study.

Dr. S.M. Hanckom (Dietitian)

Assisting  with the dietary histories (FFQ),
designing of menu plan & supervision of catering
team

7.. White
(Nutritionist)

Research assistant:- analysis of diet histories
(FFQ), nutrient analyses, analyses of food diaries,
biochemical analyses and assisting with the
Nutcracker newsletter

Sr. M.C. Lessing (registered general
nursc)

Assisting  with recruitment of subjects and
collection of blood samples

Dr. H. H. Vorster (Dietitian)

Assisting with dietary histories and designing of
menu plan

R. Breet (Dietitian)

M Opperman (Dietitian)

Assisting with diet histories (FFQ) and the
Nutcracker newsletter
Assisting with diet histories (FFQ)

Anthropometrist/Nutritionists
A. Greyling

C. de Witt

Assisting  with anthropometric mecasurements,
biochemical analyses and the Nutcracker
newsletter

Assisting with anthropometric measurcments and
the Nutcracker newsletter

Prof. C.S. Venter
(Dietitian)

Assisting with dietary histories (FFQ)

Prof. H.S. Kruger
(Dietitian & Pharmacist)

Assisting with planning, dietary histories (FFQ)
& pharmacological advice

E. Picnaar, J. Whecler, J. Bekker, C.
Jansen van Rensburg, M. Bailey, ..
Loots, V.van Scheltinga, L. Wiggett,
L. Davies, [.. van Wyk, E. Snyman, F.
Mpho and T. Holele,

Catering team

A. Van Graan, M. van Lieshout, .
Loots, M. Pieters-Loots, K. Moruisi,
M. Opperman and M. Phometsi

Assisting the catering team when necessary

|

Physiologist

Dr. A. Schutte
Dr. I1. Huisman
Dr. J. van Rooyen
S. Jordaan

Assisting with monitoring BP

Dr. I.E. Kotze (General Practitioner)

The supervising medical doctor on stand-by

Dr. I1. Van’t Riet
(Nutritionist)

Giving advice concerning the design and
planning of the study
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Dietary intervention trials investigating the

effects of nuts on lipid profiles: A systematic review

Janine Mukuddem-Petersen M.Sc, Welma Oosthuizen Ph.D, Johann C. Jerling Ph.D

ABSTRACT

Background: The inverse association of nut consumption and risk markers of coronary heart disease
(lipids) has sparked the interest of the scientific and lay community.

Objective: To conduct a systcmatic review that investigates the effects of nuts on the lipid profile.
Design: Mcdline and Web of Science databases were searched from the start of the database to August
2004 and supplemented by cross-checking refcrence lists of relevant publications. Human intervention
trials with the objective to investigate independent effects of nuts on lipid concentrations were
included. From the literature search, 415 publications were screened and 23 studies werc included.
These papers received a rating bascd upon the mcthodology as it appeared in the publication. No
formal statistical analysis was performed due to the large differences in study designs of the dictary
intervention trials.

Results: The results of 3 almond (50-100g/day), 2 peanut (35-68g/day), | pecan nut (72g/day) and 4
walnut (40-84g/day) studies showed convincing evidence for a lipid lowering effect of TC between 2-
16% and LDL cholesterol between 2-19%, when compared to their control diets. The results for
macadamia nuts (50-100g/day) arc lcss convincing.

Conclusions: Consumption of =50-100g (~1.5-3.5 servings) of nuts 5 or more times/week as part of a
hcart-hcalthy diet with total fat content (high in mono- and /or polyunsaturatcd fatty acids) of ~ 35%
of energy may significantly decreasc TC and LDL-C in normo-and hyperlipidemic individuals.

KEY WORDS lipids, hpoprotein, nuts, triacyglycerol, dict
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INTRODUCTION

It is undisputed that dictary habits affect coronary risk factors and hence the risk of a coronary event.
In the search for bioactive components in foods that favourably affect cardiovascular disease (CVD)
risk, nuts have begun to attract attention (1). Nuts come from many different plant families and arc
classified as either tree nuts (a one-seeded fruit in a hard shell e.g. almonds, walnuts, macadamia nuts,

hazelnuts, pecans, coconuts) or ground nuts ¢.g. peanuts (a member of the Leguminosac family) (2).

Epidemiological studics have consistently demonstrated an association of nut consumption on
coronary heart discasc (CHD) morbidity and mortality in different population groups (3). Also,
numerous studies demonstrated that the isocaloric replacement of nuts for other foods in the dict docs
not Icad to weight gain (4-9). Compared to people who ate nuts less than once weekly, those who ate
them one to four times a week had a 25% reduced risk of dying from CHD; pcople who ate nuts five
or more times a week experienced an approximate 50% reduction in risk (10). Nut consumption may
not only offer protection against heart disease, but also increase longevity (11). Recently, the benefits
of nuts were acknowledged by the U.S. Food and Drug Administration (FDA) when they approved a
qualified health claim that eating nuts (1.5 ounces/day = 42.8 g/day) may reducc the risk of CHD (12).

There is significant evidence that nuts may have favourable effects on CHD through a variety of
mechanisms. In this regard, the most extensively studied mechanism involves the lipid lowering
effects. Nuts arc good sources of unsaturated fatty acids (monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA)) that are known for their favourablc cffects on blood lipids
(Figure 1). Furthermore, evidence suggests that components in nuts further reduce total cholesterol
(TC) and low-density lipoprotcin cholesterol (LDL-C) concentrations beyond the cffects predicted by
equations based solcly on fatty acid profiles (13;14). In particular, the magnitude of the cholestcrol-
lowering effect has been shown to be 25% greater than would be predicted based on the fatty acid
profiles of the test diets studied (3). Therefore, the possible mechanisms whereby nuts may improve
lipid profiles are not exclusively duc to the benceficial action of unsaturated fatty acids (PUFA and
MUFA) but may include the effects of fibre, micronutricnts such as vitamin E and C, folic acid,

copper, magnesium, plant protein (e.g. argining), plant sterols and phenolic components (Table 1) (3).

This systcmatic review evaluates the scientific evidence that is related to the cffects of nut

consumption on lipid profiles.
SUBJECTS AND METHODS

Subjects
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Dictary intervention studies with hcalthy or diseased (hypercholesterolemia, hyperlipidemia, type 2

diabctes) subjects were included in this systematic review.

Studies
Studies were included if the objective was to investigate the independent effect of nuts on lipid
concentrations and the study was conducted on humans. Trials werc cxcluded when these independent

effects could not be assessed and studics had incomplete or missing data.

Outcome measures
The main outcome measures were percentage diffcrences between treatment and control groups for

blood TC, LDL-C, high-density lipoprotein cholesterol (HDL-C) and triacyglycerols (TG).

Data sources

Dictary intcrvention trials with the primary objcctive to identify the effects of nuts on lipid
concentrations were identified through Medline (since inception to August 2004) and Web of Science
(from 1994 to August 2004) research databases, supplemented by contact with authors of papers, and
reference lists of relevant publications. Scarch terms used included MeSH terms (Medline) — Nuts
[MeSH] AND (“Lipoproteins”[McSH] OR “Cholesterol” | MeSH]) OR “Triacylglycerol”’ [MeSH]) and
key words (Web of Science) - (nuts OR walnut* OR almond* OR pecan* OR macadamia* OR
hazelnut* OR peanut*OR pistachio*) AND (cholesterol OR triacylglycerol OR lipoprotein).

Study selection and data extraction

Two reviewers independently assessed studies to determine eligibility, executed data extraction by
using a prepiloted standardized form, and determined the quality of all the identificd intervention
studies. Differences in data extracted or quality score was adjudicated by a third revicwer and then

finalized 1n discussion between the three authors.

Data synthesis

After careful scrutiny of selected studics, they received a rating based upon the methodology as it
appeared in the publication. The following criteria for quality assessment of the dietary intervention
trials were used (adapted from Vcrhagen et al) (15):

Study was controlled

Randomization was performed

Justified sample size (20 participants or < 20 with power calculation for TC or LDL-C)

Good compliance

Researchers were blinded (single-blind)
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Groups were similar at baseline regarding the most important prognostic indicators or differences in
baselinc characteristics were statistically controlled for

No order of treatment effect

The following quality scores were assigned:

1= if all of the above criteria items werc present

2=if controlled and two criteria items were missing

3= if not controlled or three or more criteria items werc missing

Furthcrmore, the letter a was assigned for controlled feeding trials and 4 for studies conducted under

free-living conditions.

Also, we did not consider the nut studies that received a 3 rating when drawing the conclusions. No
formal statistical analysis was performed due to large differences in study designs of the dictary

intervention trials.
RESULTS

Of the 415 articles screencd (titles and abstracts, original research and review papers), 71 were
considered in depth for inclusion. Forty-cight were excluded as a result of incomplete or missing data
and where the independent effects of nuts could not be assessed. Consequently, from this
comprehensive literature search, 23 original research papers were identificd that were suitable for
inclusion in this systematic review. Sixteen out of 23 studics received a 1 or 2 rating. In Table 2 (4;6-
9;16-33) we summarized all the dietary intervention trials investigating the effects of nut consumption
on lipid profiles. The experimental designs of these studies were variable; subjcct characteristics
differed (normolipidemic, hypercholesterolemic and diabetic), as did the degree of dictary control
(frec-living, controlled feeding), the type and amount of fat (ranging from 20% to 45%), dosc/modc of
nuts consumcd, duration of the studies, the control diets (high-fat, low-fat, Step I, Step I1, low-fat high
complex carbohydrate (CHO), avcrage American, olive-oil, habitual, Mediterranean, Japanese) and
sample sizes. In this systematic review, most of the nut intervention diets were in fact heart-healthy
diets, being low in saturatcd fatty acids, trans fatty acids, dietary cholesterol, high in unsaturated fatty
acids and dietary fibrc (Table 3). Only studies with a | or 2 rating will be discussed. Exceptions to this
rule applied in cases when the only studics available for a specific type of nut were studies with a
rating of 3. The majority of the studies were short (4-6 weeks) with only one study lasting 6 months
(9). Most of the studies (12 out of 16) included > 20 subjects/group. This is enough to detect clinical
significant changes in TC and LDL-C. However, according to power calculations (80% power at a
level of 5% significance) based on data from studies by Chisholm et al; Ros et al; Sabate et al;

Lovejoy et al and Jenkins et al. (19-21;27;33), it was clcar that all the studies did not have adequatc
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power to detect clinical significant changes in HDL-C and TG. At least 109 participants are needed to
detect an increase in HDL-C of 0.13mmol/L that may reduce the risk of CVD by 10% (34). For TG at
lcast 67 participants are needed to detect a decrease in TG of 0.3 1mmol/L that may in turn decrcase
the risk of CVD by 10% (35). Regarding the latter it is important to take into account the large (12.9%
to 40.8%) intra-individual variation (36;37) in thc TG concentrations. In essence, this intra-individual
variation may rcsult in a larger number (> 67) of participants needed to have sufficient power for TG

concentrations.

In Table 2, three out of four highly rated almond studies showed that a diet containing 50-100g of
almonds per day significantly dccrcased TC (between 4%-16%) and LDL-C (between 7%-19%) in
hypercholesterolemic (18;19) and normocholesterolemic (21) subjects compared to subjects on a
control diet (control, low-fat and Step I dict). The intervention diets that provided lcss than 50g of
almonds per day did not induce any significant change in the LDL-C concentrations (19;21). No
significant improvement in the lipid profile was seen when comparing the almond intcrvention diet
with the olive-oil based diet (18). Results of the study by Jenkins and investigators (19), where
hyperlipidemic subjects consumed 50-100g of almonds per day displayed a significant incrcasc in
HDL-C of 2% compared to a low-fat control diet (26% fat vs. 36% fat provided by the almond diet).
Lovejoy and collaborators (20) showed that 57-113g of almonds per day had no significant beneficial
effect on the lipid profile of diabetic subjects when compared to a high- and low-fat control group.
This study showed a significant decrease in HDL-C concentrations when compared to the
aforementioncd control groups. None of the 4 almond studies showed any significant effcct on TG

concentrations when comparing the nut intervention diet to the respective control dicts (18-21).

Two good macadamia nut studies have been summarized in Table 2. This nut diet significantly
lowered TC (5%), LDL-C (5%) and TG (9%) conccntrations when compared to the average American
diet (AAD) (7), but not when compared to a low-fat high complex CHO (23), or Step I diet (7). The
HDL-C concentration was not affected when compared to a Step 1 diet or to a low fat high complex
CHO diet (7;23). When compared to thc AAD, the macadamia nut diet showed a significant decrease
in HDL-C concentrations (4%) (7).

Two pcanut studics showed a significant decrease in TC concentrations when compared to a low-fat
control dict (7%) (9) and to the AAD (11%) and Step II diet (2%) (4). The LDL-C concentrations werc
significantly decrcased when compared to the AAD (14%) (4) and low-fat diet (9%) (9). The HDL-C
concentrations werc significantly decreased when compared to the low-fat diet (0.3%) (9). In the latter
study (9), the modest reduction in HDL-C concentration was due to changes in the cholesterol content
of the HDL; subfraction. The ratio of TC:HDL-C and LDL-C:HDL-C decreased by 0.05-0.11 in the

peanut intervention group comparcd to the low-fat control group (9). The TG concentrations decreased
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in both studies but this was only significant when compared to the AAD (13%) and Step II diet (22%)
(4). Therc was no significant change in the lipid profile when the peanut diet was compared to the

olive-oil diet (4).

A feeding trial conducted by Rajaram et al (8) showed that intakes of 72g of pecans/day by subjects
with normal-to-high cholesterol concentrations decreased serum TC (7%), LDL-C (10%), TG (11%)
and increased HDL-C (6%), beyond that seen in the Step I dict (Table 2).

Walnuts arc unique compared to other nuts because they are predominant in n-6 (linoleic acid) and n-3
(a- linolenic acid) PUFA’s rather than the MUFA’s that are dominant in most othcr nuts (Figure 1)
(2). Of all the nuts presented in this review, walnuts have been studied the most extcnsively. Four out
of 7 walnut studies (40-84g/day) displayed a significant decrease in TC (4-12%) and LDL-C (6-16%)
when compared to Step I (6), Mediterranean (28;33) and Japanese (32) diets. The smallest dosage of
nuts corrclated with the smallest percentage change in TC and LDL-C and vice versa (6;28). Three
studies showed no significant change in the lipid profilc of hyperlipidemic subjects who followed a
walnut intervention dict (41-78g/day) when compared to a low-fat (27), Mediterranean (30) and Step |
diet (31). In one walnut study the HDL-C concentrations decreased significantly when compared to a
Step 1 diet (6). Despitc the aforementioned significant decrease in HDL-C (6), the mean ratio of LDL-
C:HDL-C was 2.5+0.6 during the reference diet and decreased to 2.2+0.7 during the walnut diet
(P<0.001). The ratio of TC:HDL-C also decreased from 4.0+1.0 during the rcference diet to 3.7+1.0
during the walnut diet (P<0.001) (6). In most of the walnut studies HDL-C was not significantly
affected, as seen in the other nut studies. In addition, TG was not significantly affected in the walnut

diets compared to their respective control diets.

Only one hazelnut study and one pistachio nut study investigated the effects on lipid concentrations.
Both these nut studies received a 3b rating, therefore, the results should be interpreted with caution.
Firstly, in an uncontrolled study, Durak and collaborators showcd that hazelnuts, resulted in a
significant dccrease in TC (6%), LDL-C (19%) and a significant increase in HDL-C (7%) and TG
(25%) when compared to the baseline diet (Table 2) (22). Secondly, the small (n=10) pistachio nut
intervention study that substituted 20% of daily calories with pistachio nuts significantly improved the
TC (4%) and HDL-C (8%) concentrations and had no significant effect on LDL-C or TG in subjects

with hypercholestcrolemia when compared to the habitual diet (26).
DISCUSSION

Convincing evidence for a lipid lowering (decreasc in TC and LDL-C) cffect has been documented in

experimental studies with almonds (18;19;21) pcanuts (a legume) (4:9), pecan nuts (8) and walnuts
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(6:28:32:33) (Table 2). There are indications from inadequately designed intervention studics that
hazelnut (22) and pistachio (26) nut studies may have a lipid lowering effect. However, the evidence

for macadamia nuts (7) are not convincing enough.

The changes in plasma lipids and lipoproteins with dict stabilize within 2-3 weeks. Therefore, the
length of the diet periods of the clinical trials in this systematic revicw was sufficient to achieve
stabilization of blood lipids (38). The sustainability of the outcomes can, however, not be evaluated

with duration periods of 4-6 weeks (39).

Inconsistent trial results could possibly be explained in a number of ways.

The beneficial effects of almonds (18;19;21) on the lipid profile appeared to be dose dependant (Table
2). It could be suggested that the reason for no significant change in the lipid profile when the almond
diet was compared to the olive-oil based diet could be as a result of the similarities in fatty acid
composition of these two diets (18) (Table 2). The possible explanation for the increase in HDL-C in
the Jenkins study (19) could be as a result of the low-fat (26%) content of the control diet compared to
the intervention diet (36%). Low-fat dicts have been shown to decrease HDL-C concentrations (4).
The absence of an effect by Lovejoy and investigators may be linked to the similaritics in fatty acid
distribution of the almond dicts and the control diets (MUFA provided by olive and canola oil) as seen
in the study by Spiller et al (18). Also, it was the only nut study done on diabetic subjects (20), which
may suggest that other mechanisms came into play. Notably, the 2 aforementioned almond studics had
no significant cffect when compared to the olive-oil control diets (18;20). In this context, it could be
speculated that like the nut diets, the olive-oil control diets may also have additional cholesterol

lowering effects that may extend beyond its fatty acid composition.

The macadamia nut intervention that was compared to the AAD showed significant decreases in the
lipid profile (7). This nut diet and the AAD diet had the same percentage total fat (35% TF), however,
the control diet was high in SFA (14% vs. 9%) and low in MUFA (12% vs. 20%) (Table 3). The
absence of a beneficial lipid effect when comparing the macadamia nut diet to the low-fat high
complex CHO (23), or Step I diet (7) may in part be duc to the high concentration of palmitoleic acid
(C16 :1); a metabolite of palmitic acid, in these nuts. In this regard, macadamia nuts contain the largest
amount of palmitoleic acid (C16 :1, 12.7g/100g of nuts) compared to the other nuts (C16:1, 0-
0.5g/100g of nuts) discussed in this systematic review (2). A study by Nestel and collaborators showed
that palmitoleic acid behaves like a saturated and not a monounsaturated fatty acid in its effect on
LDL-C in hypercholesterolemic men (40). The non-significant outcome of the nut diet by Colquhoun
and rcscarchers may be explained by the large contrast between the very high concentration of total fat
(42%), SFA (11%) and low concentrations of CHO (39%) compared to the low-fat high complex CHO
control dict (21% TF, 9% SFA and 57% CHO) (23) (Table 3). Curb and collaborators concluded that
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the interpretation of the decrease in HDL-C may be difficult and further investigation of HDL-C
effects in longer-term macadamia nut studies with close attention to other dictary components is
warranted (7). Even though this study received a high rating, the authors did not provide information

about the exact amount of nuts eaten daily (7).

It is cvident from the two peanut intcrvention studies (4;9) that the TC and LDL-C concentrations of
both hyper- and normocholesterolemic subjects were significantly improved except when compared to
an olive-oil control dict (4). As mentioned previously, the olive-oil control diet may be similar to the
nut dict with rcgards to its hypocholesterolemic properties. Epidemiological and clinical data indicate
that the inversc relationship seen between HDL-C and premature atherosclerosis is stronger for HDL,-
C than for HDL;-C (41;42). Although HDL;-C decreased the concentration of HDL,-C and apo A-1
did not change in O’Byme’s study. The resultant ratio of LDL-C:HDL-C, therefore, showed a
beneficial downward trend. Conscquently, the protective role of HDL-C was probably not
compromised by the peanut intcrvention diet compared to the low-fat control dict (9). The significant
decrease in TG could be ascribed to the Step Il control diet that caused a significant increase in TG
concentrations (4). Also, Kris-Etherton and investigators concluded that a high-MUFA, cholesterol-
lowering diet that includes peanuts is an acceptable dietary approach towards favourably affecting
CVD risk status (4). Unfortunately, these authors did not report the dosage of peanuts ingested daily
4).

Pccans decreased TC and LDL-C concentrations comparcd to a Step 1 diet. The increase in HDL-C
and dccercasc in TG concentrations may in part be ascribed to the decrcasing effect of the HDL-C and
increasing effect of TG with the low-fat Step I diet (28% vs. 40% provided by the pecan diet) (Table
3).

It is clear from thc walnut interventions that the TC and LDL-C (Figure 2) concentrations dccreasing
effect extended beyond the cholcsterol decreasing effect seen with the Step 1 (6), Mediterranean
(28;33) and Japanese (32) diets (Table 3). These favourable changes in the TC and LDL-C appeared to
be dose related. It can be speculated that the study by Sabate and investigators (6) had the most
pronounced improvement because it had the largest dosagc of walnuts (i.c. 84g/day). However, these
dose-related speculations need to be confirmed by nut intervention studics investigating dose-response
before quantitative claims can be made. In two walnut intervention trials (64-78g/day compared to a
low-fat (27), and Step I diet (31)), no significant improvements in the lipid profilcs were seen that may
possibly be due to the large difference in the percentage fat between the nut dict (38%, 45%
respectively) and the control diets (30%, 33% respectively). Also, it is evident from all the walnut
studies that the significant favourable change in the lipid profile was amiss when the total percentage

fat in the dict was >37% (27;31). Nevertheless, the beneficial results in TC and LDL-C concentrations
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were cvident when the consumption ranged from ~ 40g-84g walnuts daily (= 1.5-3 servings daily). In
the study by Munoz ct al, the walnut diet compared to the Mcditerranean diet displayed no significant
change in the lipid profilc probably as a result of the small sample size (n=10) or other mechanisms
that may come into play in subjects having polygenic hypercholesterolemia (30). Generally, most of
the walnut diets appeared to have no significant effect on HDL-C concentrations when compared to
the aforementioned control diets (27;28;30-33). The study by Sabate and investigators showed a
significant decrease in HDL-C, however, it still displayed favourable TC:HDL-C and LDL-C:HDL-C
ratio’s (6). The decrecase in HDL-C may be ascribed to the high PUFA (17% vs10%), low SFA (6%
vs. 9%) and MUFA (7% vs. 9%) content of the walnut dict compared to the control diet. Saturated
fatty acids and MUFA arc known to increase HDL-C, whereas high intakes of PUFA (> 10%) are
known to decrease HDL-C (43).

It has been confirmed that the inclusion of nuts results in a change in the fatty acid composition of the
diet (44), and this change may in turn favourably affect lipid concentrations. It may therefore, be
debated that the improvements scen 1n the lipid profiles with the intake of nuts may be owing to the
changes in dietary fatty acid content and not nccessarily to the nuts per se (Table 2). In many of the
studies that showed a beneficial effect the nut dicts were higher in MUFA (4;7-9;18;19;21) or PUFA
(6;28;32;33) compared to the control diets. In addition, no effcct occurred when the almond (18;20)
and pcanut (4) diets were compared to an olive-oil control dict (with similar fatty acid distributions).
Howcver, Figure 2 confirms the beneficial effect of nuts beyond its fatty acid profile. By following the
lead of Kris-Etherton and collaborators (1), we compared the actual obscrved changes to predicted
changes in LDL-C and TC concentrations based on differences in the dietary fatty acid composition in
the nut and control diets using the predictive equation of Mensink and Katan (13). The nut dicts
combined resulted in a significant greater reduction in LDL-C and TC concentrations of 0.1 lmmol/L
and 0.12mmol/L compared to the predicted changes (Wilcoxon matched pairs test, P=0.01). In Figurc
2, all 3 macadamia nut interventions showed greater predicted decreases than the actual decreasc in
LDL-C concentrations and this may be duc to the effects of palmitoleic acid as discussed earlier. The
studies that did not show a greater reduction in LDL-C comparcd to the predicted change were studies
that used < 50g of almonds/day (19;21); the study of Lovejoy and colleagucs on diabetic subjects (20);
studies that used control dicts high in olive-oil (4;20) or a Step II control dict (4) and the walnut study

of Chisholm and investigators that was compared to a low-fat control dict (27).

Although the fatty acid profile of the nuts contributes to the hypocholestcerolemic cffect, the other
componcnts in nuts also have favourable effects on the lipid profile (1). In this regard, nuts are
comprised of & 7g/100g of dietary fibre, of which, =~ 25% is soluble fibre (45). Soluble fibre has
shown to reducc total- and LDL-C concentrations (46). This was confirmed by Brown and colleagues

who conducted a meta-analysis (45) of 67 controlled trials to quantify the cholesterol-lowering cffect
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of major dictary fibres. They concluded that soluble fibre of 2-10g/day was associated with small but
significant decreases in TC. Furthermore, the practical range for increasing soluble fibre only made a
small contribution to dictary therapy to lower cholesterol (45). Rimm and Stampfer (47) suggested that
plasma alpha tocopherol concentrations > 27.5umol/L may be necessary to reducc cardiovascular risk
by an approximate dictary intake of 15-30mg of vitamin E. Even though nuts are significant sources of
vitamin E, there is not sufficicnt cvidence to confirm a hypocholestcrolemic effect. Arginine, the
second most abundant amino acid found in nut proteins, may account for the hypocholesterolemic
effect observed in animal studies (48). In addition, this cffect has been seen in human intcrvention
trials when the dosage of arginine in the dict appcared to be very high (e.g. one study had 6-21g/day of
argininc) (49). Nuts are also sources of phytosterols (Table 1) and other phytochemical compounds
such as flavonoids, phenolic components and cllagic acid with possible serum cholesterol modulating
effects (50-54). In particular, studies have shown that 2-2.2¢g of plant sterols significantly reduccs
cholesterol absorption which in turn decreases plasma and LDL-C concentrations (50;52).
Furthermore, a study by Anderson and collaborators demonstratcd that walnut polyphenolics are
effective inhibitors of in vitro plasma and LDL oxidation and thereforc adds to nuts antiatherogenic
potential (50). It is apparcnt that fibre, vitamin E, arginine, phytosterols and phenolic components
from practical intakes of nuts is not sufficient to exert an individual hypocholesterolemic effect (55).
In essence, it is possiblc that there are multiple small effects that contribute, and thesc arc mediated by

more than the lipid lowering fatty acid composition.

Somc of the limitations of this review could include the fact that the independent effects of the type of
nut diets and the type of control diets may mask potential effects or accentuate others. Also,
diffcrences in the study populations whose lipid profile may be altered duc to underlying disease,
poorly designed studies (sample size, control, duration, sizc of intervention) publication bias and

insufficient reporting of results.

CONCLUSIONS

This systematic review highlights thc cvidence from well-designed nut intervention studies. As eluded
to previously, most of these nut intcrvention diets are in fact heart-healthy diets. In this regard,
moderate-fat diets (35% of energy) containing ~ 50-100g/day of nuts, cspecially almonds or peanuts
or pecan nuts or walnuts significantly lowered TC (2-16%) and LDL-C (2-19%) concentrations to a
greater degree than observed for lower-fat, cholcsterol-lowering diets without nuts or changes in
dietary fatty acid profiles. Currently, there are indications from inadequately designed intervention
studies that hazelnuts (1g/day/kg body weight) and pistachios (20% of daily energy intake) may have a
lipid lowering effect. At this stage the evidence for macadamia nuts is less convincing. This systematic

rating of the dietary intervention trials has confirmed the benefits of nut consumption with respect to
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the lipid profile. Since nuts are extremely versatile and can be consumed in many diffcrent ways,
consumers can easily incorporate them into their dicts. Based on the results of thesc nut intervention
studies, it could be suggested that normo-and hyperlipidemic individuals may consume a varicty of
nuts approximately 50-100g (x/.5-3.5 servings) at Icast 5 times per week. Neverthcless, emphasis
should still be placed on providing dietary guidance (56) to help people understand how to plan heart-
healthy diets that include nuts. Therefore, future food-based dietary strategies for improving plasma

lipid concentrations should take the lipid lowering effect of nuts into account.

Recommendations for future research

Future research should usc quality-feeding studies with larger sample sizes and longer duration to
investigate the effects of nuts on HDL-C and TG concentrations. In particular, this should apply to
mixcd nuts and those individual nuts not yct considered.

The unique nutrient and non-nutrient composition of nuts requires further research in order to

clucidate the possible mechanisms responsible for the LDL-C lowering effect.
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FIGURE 1. Fatty acid composition of nuts (2)
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TABLE 1
Selected nutritional information of nuts and peanuts (serving size is loz = 28.5¢g) (2)
Nuts and Energy Protein Total fat CHO Fibre Phytosterols Minerals, vitamin & amino acids
peanuts (kJ) (2 () (2 (® (mg) :
Mg P K Zn Cu Se Folate  Vit. E Arginine
(mg) (mg) (mg) (mg) (mg) (meg)  (meg) (mg) ®
Almonds 685.5 6.0 14.4 5.6 34 340 78.0 134.4 206.4 1.0 0.3 0.8 R.2 73 0.7
Brazil nuts. dried. 777.6 4.1 18.8 35 2.1 - 106.6 205.5 186.8 1.2 0.5 543.5 6.2 1.6 0.6
unblanched
Cashew nuts. raw 671.6 52 13.3 7.7 0.9 - 82.8 168.1 187.1 1.6 0.6 5.6 7.1 0.3 0.6
Hazelnuts 7453 4.2 17.2 4.7 2.8 27.2 40.2 822 192.8 0.7 0.5 0.7 32.0 43 0.6
Peanuts. raw 673.0 73 14.0 4.6 2.4 62.4 47.6 106.6 199.9 0.9 03 2.0 68.0 2.4 09
Pecans 819.0 2.6 20.4 3.9 27 289 343 78.5 116.2 1.3 0.3 1.1 6.2 0.4 03
Pistachio nuts. raw 661.1 5.8 12.6 79 29 60.7 343 1389 290.6 0.6 0.4 2.0 14.5 0.7 0.6
Macadamia nuts, 851.6 2.2 21.5 39 2.4 329 36.9 333 104.3 0.4 0.2 1.0 3.1 0.2 0.4
raw
Walnuts, English 776.2 4.3 18.5 39 1.9 20.4 44.8 98.1 125.0 0.9 0.5 1.4 27.8 0.2 0.7

Abbreviations: CHO, carbohydrates: Mg. magnesium: P, phosphorous: K. potassium: Zn. zinc: Cu, copper: Se. selemum; Vit. E. vitamin E.
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TABLE 2
Summary and quality assessment of dietarv intervention trals - Investigating the effects of nuts on the lipid profile
Study & subjects Study design Compared to Mean Duration of % Total fat from _ Nut diet end vs the control diet end * Quality score of
amount of intervention Nut Control TC LDL-C HDL-C TG publication
nuts/day diet diet
ALMONDS
Spiller et al, 1992 (16) Single Baseline diet 100g/day 9 weeks 36.9 28.5 -8.9% -12.4% NS 4.4% 3b
N=26 intervention p<0.03 p< 0.01 NS
13M, 13W
(hypercholesterolemic)
Abbey et al, 1994 (17) Sequential Control 84g/dav 3 weeks 359 35.7 -7% -10% NS +1.4% 3b
N=16M intervention p<0.01 p <0.001 NS
(normolipidemic) periods
Spiller et al, 1998 (18) Randomized, Control 100g/day 4 weeks 39 35 -15.6% -19% NS NS 2b
N=45 controlled, p <0.001 p <0.001
12M, 33W parallel design  Olive-oil 100g/day 4 weeks 39 35 87%NS  -98%NS NS NS
(hypercholesterolemic) based diet
Jenkins et al. 2002 (19) Randomized, Muflins- 25-50g/day 321 26.3 -2%** -1.9%** +2.2%** -3.2%** 2b
N=27 crossover control (half almond 4 weeks p<0.05 NS NS NS
15M (hvperlipidemic), design dose)
12W (postmenopausal, Muffins- 50-100g/day 4 weeks 36 26.3 4. 4%** -7.1%** +2.2%** -5.3%**
hyperlipidemic) control (tull almond p<0.01 p<0.01 p<0.05 NS
dose)
Lovejoy et al, 2002 (20) Randomized, High-fat 57-113g/day 4 weeks 39 36.8 -1.3% NS -27%NS -3.4% +54% NS la
(Study 2) double-blind control p=0.06 p=0.002
N=30 Crossover Low-fat 57-113g/day 4 weeks 272 26 NS NS -2.6% +5%
13M, 17TW design control p=0.002 NS
(type 2 diabetes)
Sabate et al, 2003 (21) Randomized Step [ diet +27g/day 4 weeks 35 30 -0.9% NS -1.1% NS  -0.9% NS NS 2a
N=25 CTOSS-OVver (10% of total
14M, 11W design, energy, low
(healthy) almond diet)
Step I diet +54g/day 4 weeks 39 30 4.4% -7% +1.7% NS -3.3% NS
(20% of total p<0.05 p<0.05
energy, high
almond diet)
HAZELNUT
Durak et al, 1999 (22) Single Baseline diet l1g/day/kg 1 month NR NR -6.1% -18.7% +7.2% +24.8% 3b
N=30 intervention body weight p<0.005 p<0.001 p<0.05 p<0.001
18M, [2W
(healthy)
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TABLE 2

Chapter 2

Sumumary and quality assessment of dietary intervention trials - Investigating the effects of nuts on the lipid profile (cont.)

Study & subjects Study design Compared to  Mean Duration of % Total fat from  Nut diet end vs the control diet end * Quality score of
amount of intervention publication
nuts/day Nut Control TC LDL-C HDL-C TG

diet diet

WALNUTS

Sabate et al, 1993 (6) Randomized, Step [ diet 84g/day 4 weeks 31.3 293 -12.4% -16.3% -4.9% -8.3% NS 2a

n=18M (healthy) controlled, (20% of dailv p<0.001 p< 0.001 p=0.009 p=0.10

single-blind, energy intake)
Crossover
design

Abbey et al, 1994 (17) Consecutive Control 68g/day 3 weeks 36.5 35.7 -5% -9% +3.13% NS +4.3% NS 3b

N=16 M supplemental p<0.01 p< 0.001

(normolipidemic) periods

Chisholm et al, 1998 (27)  Randomized, Low-fat diet 78¢g/day 4 weeks 38 30 -2% NS -3.9%NS  +2.5%NS +7.5% NS 2b

N=21M crossover

(hyperlipidemic) design

Zambon et al, 2000 (28) Randomized, Mediterranean  41-36g/day 6 weeks 332 312 -4.1% -3.9% +3.2% NS -6.1% NS 2b

N=49 crossover diet (18% of dailv p<0.001 p< 0.001 p=0.13 p=0.10

26 M, 23W design energy intake)

(hypercholesterolemic)

Almario et al, 2001 (29) Sequential Habitual diet 48g/day 6 weeks 372 314 -3% NS -1.7% NS -10.2% -10.19% NS 3b

N=18 mtervention (4 weeks) p<0.01

5M (hyperlipidemic), periods Low-fat diet ~ 48g/dav 6 weeks 33.7 19.7 -7.7% -12.3% +1.8% NS -1.3%NS

13W (hyperlipidemic, p<0.01 p< 0.01

postmenopausal)

Munoz et al, 2001 (30) Randomized, Mediterranean  41-56g/day 6 weeks 318 30.9 -4.2% NS -6% NS 0% NS -5.1% NS 2b

N=10M subset of the crossover diet p=0.18 p=0.09 p>0.2 p>0.2

Zambon study design

(polvgenic

hypercholesterolemic)

Morgan et al, 2002 (31) Randomized, Step I 64g/day 6 weeks 45 33 -3.3% -3% +6.7% -6.3% 2b

N=42 Cross-over NS NS NS NS

17M, 25W design

(borderhne

hypercholesterolemic)

Iwamoto et al. 2002 (32) Randomized, Japanese diet  44-358g/day 4 weeks 26 24 -4.5% -9.8% -1.3% NS 0% NS la

N=40 crossover (12.5% of p=0.001 p=0.001 p=0.49

20M, 20W design daily energy

(healthy) intake)
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TABLE 2

Summary and quality assessient of dietary intervention trials - Investigating the effects of nuts on the lipid profile (cont.)

Study & subjects Study design Compared to  Mean Duration of % Total fat from  Nut diet end vs the control diet end * Quality score of
amount of intervention publication
nuts/day

Nut Control TC LDL-C HDL-C TG
diet diet

Ros et al, 2004 (33) Randomized, Mediterranean  40-65g/day 4 weeks 33 332 4.3% -6.7% -1.3% NS +8.3% NS Ib

N=20 Crossover diet (18% of the p=0.02 p=0.01

8M, 12W design total energy)

(hypercholesterolemic)

Abbreviations: N, number of subjects; NR, not reported; NS, non-significant; M, men; W, women; TC, total cholesterol, LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol: TG, triacyglycerol: Step I, American Heart Association/National Cholesterol Education Program Step [ diet — 30% energy trom fat; Step 11, American

Heart Association/National Cholesterol Education Program Step Il diet — energy from tat 25%: CHO, carbohvdrate.

*In cases where the % difterence 1s not indicated, we used the formulae:-

End value nut diet — End value control diet X 100

End value control diet
or

where baseline values are compared to nut intervention end values

End value nut diet— Baseline value X 100

Baseline value

In cases where no values were given the changes were not reported

**In cases where baseline values were difterent, change trom baseline to end with the nut diet was compared to the change from baseline to end in the control diet
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TABLE 3
The fat, cholesterol. carbohydrate and fibre composition of nut and control diets of clinical trials*
Nut Diffs TF SFA MUFA PUFA chol CHO fibre Control diets TF  SFA MUFA PUFA chol CHO fibre
| % % % % mg/d % e/d % % % % mg/d % g/d
ALMONDS
Spiller L:l al. 1998 (18) 39 5 28 7 72 47 25 Control 35 17 15 3 269 47 26
| 39 5 28 7 72 47 25 olive-oil based diet 35 6 27 3 119 48 29
Jenkiné et al. 2002 (half-dose) 32 8 15 & 189 48 32 muffins control (25-50g/d) 26 7 9 8 170 55 31
(full-d&sc) (19) 36 7 19 8 161 45 33 muffins control (50-100g/d) 26 7 9 8 170 55 31
Lovejo‘y et al, 2002 (high) 39 7 23 11 226 46 31 high-fat control 37 7 21 9 270 49 17
(low) (20) 27 5 16 8 167 57 31 low-fat control 26 5 15 7 257 60 17
Sabatelet al, 2003 (low) 35 8 17 8 163 51 30 Step 1 27g/d) 30 8 12 6 202 56 28
(high) (21) 39 8 19 9 140 46 32 Step I (34g/d) 30 8 12 6 202 56 28
MACADAMIA
Colqul‘loun etal. 1996 (23) 42 11 27 4 189 39 3l low-fat complex CHO 21 9 8 5 218 57 33
Curb e‘l al. 2000 (7) 35 9 20 300 48 NR Step I diet 30 9 15 7 297 54 NR
| 335 9 20 300 48 NR AAD 35 14 12 9 305 48 NR
PEANUTS
O'B_\"rl‘le etal. 1997 (9) 26 5 14 2 130 53 22 low-fat diet 17 5 6 2 129 63 17
l\'ris-E‘lllcr‘Lon et al. 1999 (4) 36 8 18 10 200 47 NR AAD 34 16 11 7 400 50 NR
‘ 36 8 18 10 200 47 NR Step 11 25 7 12 6 200 59 NR
‘ 36 8 18 10 200 47 NR olive-oil based diet 34 7 21 6 200 50 NR
PECANS
Rajardm et al, 2001 (8) 40 b3 19 11 175 47 30 Step 1 28 8 11 [ 210 57 25
WALNUTS
Sabat? et al. 1993 (6) 31 6 7 17 125 sS4 37 Step 1 29 9 9 10 237 56 36
ChiShT)lm et al. 1998 (27) 38 10 10 16 230 40 30 low-fat diet 30 12 10 5 320 46 30
Zamb‘on et al. 2000 (28) 33 6 14 12 166 48 g** Mediterranean 31 7 18 5 221 S0 gx*
Munoz et al . 2001 (30) 32 6 13 11 167 49 g** Mediterranean 31 6 18 4 223 49 TE*
Morgz‘m etal, 2002 (31) 45 13 NR NR 213 41 NR Step 1 33 13 NR NR NR 50 NR
l\\‘aml)to ctal, 2002 (32) 26 5 7 15 252 60 22 Japanese diet 24 7 10 7 279 62 20
Ros of al, 2004 (33) 33 S 14 12 147 49 R** Mediterranean 33 6 20 4 183 49 8**

\
Abbreviations: TF, total fat: SFA, saturated fatty acid: MUFA. monounsaturated fatty acid: PUFA. polvunsaturated fatty acid. chol, cholesterol: CHO. carbohvdrate Step 1. American Heart Association/National
Cholesterol Education Program Step I diet ~ 30% energy from fat. Step 1I. American Heart Association/National Cholesterol Education Program Step 11 diet — energy from fat 25%:
AAD. averﬁge American diet: NR. not reported.
*Only clinigal trials that recetved a 1 or 2 rating were included in this table.
**Grams (5) of soluble fibre/day
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Difference between actual and predicted change in LDL-C
(mmol/L)

0.20

0.10

0.00 +—

-0.10

-0.20

-0.30

£y p) e D R IR L e e sl i OGN

-0.50

Almonds Macadamia Peanuts Pecan Walnuts All nuts

FIGURE 2. The difference between the actual and predicted changes (based on fatty acid distribution) (13) in
LDL-C with nut diets compared to control diets. Only clinical trials that received a 1 or 2 rating were included

in this figure. *Actual change was significantly different from the predicted change, P < 0.05 (Wilcoxon matched
pairs test).
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The effects of a high walnut and high cashew nut
diet on markers of the metabolic syndrome:

A controlled feeding trial

Janine Mukuddem-Petersen, Welma Oosthuizen, Johann C. Jerling, Grieta M.
Hanekom and Zelda White

ABSTRACT

Background: Numerous questions surround the prevention and treatment of the mctabolic syndrome.
Dcspite this, it is clear that nuts have shown to be bencficial to health.

Objective: We investigated the cffects of a high walnut dict and a high unsalted cashcw nut diet on
markcrs of the metabolic syndrome.

Design: In a randomizcd, parallel, controlled study design, 64 subjects having the metabolic syndrome
(29 men, 35 women) with a mean (= SD) age of 45+10 y and who met the selection critcria were all
fed a 3-week run-in control diet. Hereafter, participants were grouped according to gender and age and
then randomized into three groups receiving a controlled feeding diet including walnuts, or unsalted
cashew nuts or no nuts for & weeks.

Results: Both the walnut and the unsalted cashew nut intervention diets had no significant effect on
the HDL-C, TG, TC, LDL-C, scrum fructosamine, insulin, insulin sensitivity, insulin resistance, S-hs
CRP, BP and scrum uric acid concentrations when comparcd to the control dict. All 3 groups
cxpericnced highly significant increases in serum insulin concentrations when comparing the baseline
to end. In turn, insulin resistance increased whilc insulin sensitivity dccreased. Plasma glucosc
concentrations increascd significantly in the cashew nut group compared to the control group. By
contrast, serum fructosamine was unchanged in the cashew nut group while the control group had
significantly increascd concentrations of this short-term marker of glycaemic control.

Conclusions: Subjccts displayed no improvement in the markers of the metabolic syndrome after
following a walnut diet or a cashew nut diet compared to a control diet while maintaining body

weight.

KEY WORDS Metabolic syndrome, cashew nuts, walnuts, insulin sensitivity, insulin
resistance, hyperlipidemia, hypertension, lipids, fatty acids.

Submitted to American Journal of Clinical Nutrition -

46



Chapter 3

INTRODUCTION

The National Cholesterol Education Program's Adult Treatment Panel Il (ATP 1) defines the
metabolic syndrome by casily measured clinical parameters that include: increased abdominal
circumference, elevated triacyglycerol (TG), low high-density lipoprotein-cholesterol (HDL-C),
clevated fasting blood glucose and / or elevated blood pressurc (BP). Threc of these five arc required
for diagnosis (1). Other abnormalities associated with this syndrome include insulin resistance with
hyperinsulinacmia, prothrombotic and pro-inflammatory state, hyperinsulinacmia and

microalbuminuria (2).

From the NHANES II (3) and THUSA study (Kruger A, Vorster HH, Oosthuizen W, Margcetts BM,
2004) it is evident that thc incrcasing prevalence of the metabolic syndrome is a health problem not

only for developed countries but also for devcloping countries.

This syndrome has been identificd as a target for dietary therapics (4) to reduce the risk of
cardiovascular diseasc (CVD) (5) and type 2 diabetes (6). However, the role of diet in the etiology of
the metabolic syndrome is still poorly understood (7). Riccardi and co-workers (8) concluded that the
diet for the treatment of the metabolic syndromc should be limited in the intake of saturated fat, while
high fibre/low-glycaemic-index (GI) foods should be used without specific limitations (9). Recently,
in the Framingham Offspring cohort, the researchers found Gl and glycemic load (GL: a measure of
both carbohydrate (CHO) quality and quantity) were positively associated with both insulin resistance
(homeostatsis model assessment (HOMA)) and the prevalence of the metabolic syndrome (10). The
so-called prudent dietary pattern is increasingly favoured for a beneficial effect on a number of health
outcomes (11-13). The prudent dict docs not have to be a low-fat one, because a varicty of vegetablc
foods rich in monounsaturatcd fatty acids (MUFA) that arc good sources of antioxidants, such as high-
oleic acid oils and nuts can be incorporated to increasc palatability and compliance, with a good

chance of furthering health bencfits (14).

Epidemiological findings indicate that frequent nut consumption offers protection from fatal and non-
fatal coronary heart disease (CHD) events (13). Nuts have a low GI (16) and are a rich source of
protein, unsaturated fatty acids (MUFA and polyunsaturated fatty acids (PUFA)), vitamin E, B, folic
acid and niacin, fibre, magnesium, potassium, arginine, phytostcrols and other phytochemical
compounds (such as flavonoids, phenolic components and ellagic acid) (17). The protective cffects of
nuts are mediated through scveral mechanisms. There arc no studies to date that investigated the

- effects of nuts on markers-of the metabolic syndrome. Therefore, the primary objective of our study

was to determinc the effects of a high walnut diet and a high unsalted cashew nut dict on markers of -

the metabolic syndrome compared to a control diet. In particular these markers included: scrum lipids

47



Chapter 3

(total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), HDL-C and TG), serum
fructosamine, serum insulin, plasma glucose, insulin scnsitivity, insulin resistance, BP, scrum uric acid

and serum high sensitivity C-rcactive protein (S-hs CRP).
SUBJECTS AND METHODS

Subjects

All participants gave written informed consent and the study was approved by the Ethics Committee of
the Potchefstroom Campus of the North-West University (NWU-PC). Sixty—-eight voluntcers with the
metabolic syndrome wecre recruited mainly from the NWU-PC and surrounding areas in
Potchefstroom, South Africa. The power calculation was based on the results of Desscin and co-
workers (18). To providc 80% power at 5% significance and taking a 15% change in the quantitative
insulin sensitivity check index (QUICKI) as significant, a total number of 22 subjects were nceded per
group (i.¢. a total of 66 subjects). Sixty-four subjects completed the study (dropouts discussed later).
The ATP 111 criteria for the diagnosis of the metabolic syndrome was used. In this regard, the
metabolic syndrome was defined as the presence of 3 or more of the following criteria (19): abdominal
obesity (waist circumfcrence (WC) > 88 cm for women or > 102 cm for men); fasting TG >1.7
mmol/L; HDL-C <1.0 mmol/L for men, <1.3 mmol/L. for women; BP 2130/85 mmHg (the usc of anti-
hypertensive medication was also an indication of high BP) and fasting glucose 26.1 mmol/L (fasting

™

finger prick blood glucosc concentrations were measured with a SureStep ™ blood glucose meter

(Lifescan Inc., Milpitas, CA, USA), using Finc Point lanccts, and SureStep'™ test strips (code 11).

Additional inclusion criteria included subjects being able to comply with controlled fecding
conditions; being willing and ablc to eat walnuts and cashew nuts and participants had to be older than
21 and youngecr than 65 ycars. Pregnancy or lactation, thiazide (> 25mg/day) and beta-blocker (non-
specific, B;and ;) use, subjects having nut allergics and diagnosed diabetes formed part of the

exclusion criteria.

Study design

A randomized, controlled, parallel, study design was uscd. The study protocol consisted of a 3-wk run-
in period during which the subjects consumed a control diet (pcrcentage of total energy (%E) intakc
from protcin:CHO:fat = 20:47:33%E (Table 1)). After the run-in period participants were groupcd
according to gender and age and then into three groups by randomly drawing numbers from a hat.
Group one received walnuts (n=21), group two, unsalted cashew nuts (n=21), while group thrce
continued with the control diet without any nuts or nut-based ingredients (n=22). Furthcrmore, these 3

- intervention dicts were followed for 8 weeks. Dug to practical reasons the study was divided into three
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cohorts distributed over a onc year period. All the food was provided to the participants for the
duration of the trial. Fasting blood samples, oral glucose tolerance tests (OGTT), anthropometric
measurements, and BP mcasurcments were taken before (after the 3 week run-in period) and after the
intervention period (8-wecks controlled feeding). Body mass index (BMI) (kg/m*) was calculated. In
addition, the weighing of subjects were done twice weekly throughout the run-in-period and the

experimental phase. The subjects were informed of all aspects of the study before commencement.

Diet

Twenty percent of the total encrgy (ranging from 63-108g/day) came from nuts in group one and two.
Except for the nuts, the diets were identical. This was achieved by making proportional reductions to
all food portions in the walnut and the unsalted cashew nut diet menus to accommodate the energy
supplied by the respective nuts (Table 1 & Table 2). The study featured a highly controlled feeding
protocol. In this regard, all subjects werc required to have their lunch at the metabolic ward of the
Department of Nutrition at the North-West University (Potchefstroom Campus). Breakfast and dinner
was provided in take-away format. Using pre-packed food parcels and a variety of set menu options
ensured compliance over weekends. Ten percent of the total energy intake was calculated in the form
of “additional points” to be eaten daily. In this regard, a list of foods with their associatcd number of
points werc provided to the participants. In order to ensurc total energy intake and some frecdom of
choice, participants were advised to choosc any foods from the list, provided they added up to the
allotted number of points for their respective energy intakes for that day. A validated food frequency
questionnaire (FFQ) and physical activity questionnaire (PAQ), measuring activity index, were
analyzed in order to determine the correct encrgy intake (El) requirements for the maintenance of
body weight for each participant. The validated PAQ is based on the Baecke physical activity
questionnaire (20). Underreporting was established when the ratio of energy intake (El): basal
metabolic rate (BMR) was less than 1.2 (21;22).

A 14-day menu-cycle was designed for 5 amounts of energy intake, ranging from 8000 to 14000
kl/day (1905 to 3333kcal/day). It was planned by using the FoodFinder 2 program (Medical Research
Council of South Africa, Tygerberg), which is based on the South African food composition tables
(23). The macronutrient profiles and fatty acid distribution of the 3 dicts were analyzed chemically to
validate the diet composition. Duplicate portions of breakfast, lunch and dinner for the 14-day menu
cycle were collected daily, homogenized and pooled in a container and frozen at -84°C until the

analysis was done.
Compliance to dietary intervention

Quality control and compliancc with the protocol were ensured among study participants by the

following means: 1) foods werc weighed to the nearest gram before being served to the participants; 2)
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the principal investigator, a registered dietitian, supervised mealtimes and ensured the complete intake
of all study foods; 3) participants kept food diaries of the additional points used and possible lefi-overs
were collected and weighed (by researchers). In addition, any deviation from the study protocol were
recorded in these diaries (these diaries werc reviewed by the investigators during the study); 4)
participants were weighed twice weekly and the caloric intake was adjusted (especially during the first
3 week run-in period) in order to maintain body weight; and 5) participants were urged to maintain the
samc activity level throughout the study. Lastly, thosc individuals who used chronic medication at

baseline were instructed to continue use and to maintain the same dosage for the duration of the trial.

Blood sampling and oral glucose tolerance test

The subjects were required to fast overnight (12 hours). A qualified nursing sister collected venous
blood samples. For the preparation of serum, 20ml of blood was drawn and left to clot. For
determination of plasma glucosc concentrations Sml blood was collected in tubes containing

potassium oxalate (10mg) and sodium fluoride (12.5mg).

After the fasting blood samples were collected, the OGTT was continued. Seventy-five grams of
glucose was dissolved in 300ml of water. Blood samples for the measurement of glucosc and insulin
were drawn again after 2 hours. Blood was centrifuged for 15 minutes at 2000g to yield serum and
plasma respectively. Aliquots of serum and plasma were stored at -82°C until the analysis was

performed.

Insulin sensitivity and insulin resistance

The QUICKI mcthod is said to provide a reproducible and robust cstimate of insulin sensitivity and we
used it primarily because of its good correlation with the “gold standard”, the hyperinsulinemic
euglycemic glucose clamp method (24).

The formula is as follows: QUICKI = 1/[log (fasting insulin) + log (fasting glucose)] (24).

Insulin resistance was determined by using the HOMA method (24). The use of the current HOMA
model performed well in comparison with the hyperglycaemic clamp, the frequently sampled
intravenous glucose tolerance test (IVGTT) or the oral glucose tolerance test (OGTT) (25-28). The
formula is as follows (24): HOMA = (Insulin (uWlU/ml) x glucose (mmol/1))/22.5.

Analytical methods

The fatty acid composition of the nuts and diets was mcasured by gas chromatography as described by
Van Jaarsveld and colleagues (29). The percentage protein was analyzed by a general combustion
mcthod (AOAC Method 992.23) (30) by using a LECO FP 528 (LECO Corporation, Michigan, USA),
the percentage fat by a GAVIEZEL® method using the Biichi B 820 fat determination system with the
Biichi B 815 extraction unit (Biichi Labortcchnik AG, Flawil, Switzerland), the percentage fiber by the
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filter bag technique using the ANKOM 220 fiber analyzer with F57 filter bags (ANKOM
Technologics, Fairport, New York, USA), the pereentage moisture with the air-oven (aluminium plate)
method (AACC method 44-16) (31) and percentage ash with the AOAC Official Method 942.05 (30).
The CHO content was then calculated as the sum of the protein, fat, fibcr, moisture and ash subtracted

from 100.

Coefficients of variance (CV) for all the laboratory analyses of blood samples, were less than 5%.
Serum TC. HDL-C, TG, uric acid and plasma glucosc werc measured on a Vitros DT60 II Chemistry
System (Ortho-Clinical Diagnostics, Rochester, New York, USA) with Vitros reagents (cataloguc
numbers 153 2175, 133 5504, 153 2159, 153 2134 and 1532316, respectively) and controls (catalogue
numbers 842-0317, 144-8042). Serum LDL-C was calculated using the Friedewald formula: (LDL-C
(mmol/L) = TC-TG/2.2 -HDL). Serum insulin was determined with an ELISA mcthod on the Immulite
2000 Analyzer (Diagnostic Products Corporation, Los Angelcs, USA). Serum high sensitivity C-
reactive protcin was measured using the Synchron LX20 clinical system, (Beckman Coulter, Inc.,
Fullerton, CA, USA). Serum fructosamine was measured with a calorimetric method, (Roche Basel,
Switzerland, catalogue number 1930010). Blood pressurc mcasurements were obtained by taking a 7-
minute continuous measurement of cardiovascular parameters using the Finometer™ device (FMS,

Finaprcs Measurement Systems, Armhem, Netherlands).

Statistical analyses

The computer softwarc package Statistica® (Statsoft Inc, Tulsa, OK, USA) was uscd for the analyses
of the data. The statistical analysis was done in five steps. Initially, the variables were tested for
normality using the Shapiro-Wilk's W-test. Non-normally distributed data were transformed into an
approximately normal distribution by logarithmic and square-root transformations and again testcd for
normality. Thercafter, descriptive statistics were done. Data that were normally distributed are
expressed as mean [95% confidence intervals (CI)]. Data that arc not normally distributed or
logarithmic and square-root transformed are cxpressed as median (25, 75 percentiles). Furthermore,
changes within groups, from baseline to end, were tested for significance by using the r-test for
dependent samples in the case of parametric data and the Wilcoxon matched pairs tcst in the case of
nonparametric data. Also, differences in baseline and delta (change from baseline to end) between the
three groups were determined by using the analysis of variance (ANOVA) for parametric data and the
Kruskall Wallis ANOVA for nonparamctric data. When significance between the changes in the three
groups was indicated with the ANOVA, the Tukey honest significant difference test for uncqual N for
parametric data were used to determine between which groups the differences occurred. Lastly, weight
adjusted diffcrences in baseline and delta between the three groups were determined by using the

- analysis of covariance (ANCOVA). Significance was set at P < 0.05.
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RESULTS

Subjects

Four subjects discontinued the study for the following reasons: 2 had work obligations outside
Potchefstroom, | had an unrclated medical condition, and 1 went on a holiday during the study period.
The remaining 64 subjects (29 men and 35 women, aged 45 = 10 y) all completed onc of the three
intervention diets. Ninety percent compliance with the experimental diets was calculated. Weight,
waist circumference (WC) and BMI did not change from baseline to end for all three intervention
groups. Also, activity level was maintained throughout the study. In this regard, most of the
participants had a scdentary lifestyle. The baseline characteristics of the subjects did not differ
between groups (ANOVA) (Table 3). Most of the subjects were obese with a high WC, approximately
two-thirds of the subjects had high TG, BP and low HDL-C and lcss than a third had high fasting
glucose concentrations. Therefore, the subject characteristics at bascline were indicative of the

metabolic syndrome. Also, of the cntire study population 4 were smokers (Table 3).

Diet composition

The participants’ habitual energy intakes ranged from 5500 to 13000 kJ/d (1310 to 3095keal/d),
however, 52% of the subjects underreported their cnergy intake. The chemical analysis of the
composition of the diets was comparable to the calculated diets, cxcept for the total fat and CHO
content of the walnut dict (Table 1). The analyzed fat content was higher because the actual fat content
of the walnuts was higher than indicated in the Food Composition Tables (Table 2). All 3
cxperimental diets had a low to moderate GI and GL (32;33) (Tablc 1). The composition of walnuts
(high in a-linolenic acid (ALA) and linoleic acid (LA)) and cashew nuts (high in oleic acid) (Table 2)
were reflected in the diets and resulted in the anticipated increase in PUFA and MUFA concentrations,
in the diets respectively. In particular, the fatty acid composition of the walnut, cashew nut and control
diets (cxpresscd as % of total fatty acids) was 6.42% ALA, 46.31% LA, 25.65% olcic acid; 1.05%
ALA, 27.82% LA, 43.65% oleic acid and 0.86% ALA, 27.13% LA, 32.88% oleic acid respectively.

Lipid profiles

In Table 4, the scrum lipid concentrations displayed no significant changes between walnut, cashew
nut and control groups at baseline and in response to the intervention. The subjects in the control diet
group showed a small significant increase in HDL-C compared to baselinc (Tablc 4). Results from
both nut diets displayed no significant change in HDL-C, TG, TC or LDL-C concentrations when

compared to the baseline.

"~ Markers of CHO metabolism
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In Table 5, scrum fructosamine, serum insulin (t=0min and t=120min), plasma glucose (t=Omin and
t=120min), insulin sensitivity and insulin rcsistance showced no significant difference at baseline
between groups. Also, therc was no significant difference in serum fructosamine, scrum insulin,
insulin sensitivity and insulin resistance between groups after the intervention diets. Plasma glucose
concentrations (t=0) increased significantly by 0.70mmol/L (P=0.04) in the cashew nut group
compared to the control group. Unlike the nut dicts, fructosamine significantly increascd in the control
dict group at the end of the study period, when compared to the baseline concentrations. Both fasting
serum insulin and serum insulin mecasured 2 hours later significantly increased in all 3 intcrvention
groups when compared to the baseline. Therefore, the resultant insulin sensitivity was significantly
decreased and in turn, the insulin resistance was significantly increcased when compared to baseline.
Insulin sensitivity had a tendency (P=0.07) to decrease morc in the cashew nut compared to the control
group. The 2-hours OGTT showed that there was no significant difference between the groups and

when comparing baselince to end values.

BP, uric acid and S-hs CRP

Of all 3 intervention diets, systolic and diastolic BP as well as uric acid concentrations, displayed no
significant changc between groups at baselinc and from baselinc to end. The changes in S-hs CRP did
not differ significantly between groups (Table 6). There was a significant incrcase in S-hs CRP
concentrations in the walnut intervention group from baseline to cnd and no significant change in the
cashew nut and control groups when comparing bascline to cnd values. Although not statistically
significant, S-hs CRP was also increased, approximately to the same cxtent, in the control and cashew
nut groups. The increase in the walnut group is thercfore, probably not an independent cffect of

walnuts.

DISCUSSION

As far as we know this well-designed parallcl, randomized controlled feeding trial investigating the
effects of nuts on participants having the metabolic syndrome is the first study of its kind. Regarding
our main objective, we found that both the walnut and the unsalted cashew nut intcrvention diets had
no significant effect on the HDL-C, TG, TC, LDL-C, serum fructosamine, insulin, insulin sensitivity,
insulin resistance, S-hs CRP, BP and scrum uric acid concentrations when compared to the control
diet. All 3 groups cxperienced highly significant incrcases in serum insulin concentrations when
comparing the baseline to end. This in turn implied that insulin resistance incrcased and insulin
sensitivity decreased in all three groups. Plasma glucose concentrations increased significantly in the
cashew nut group compared to the control group resulting in a tendency for insulin sensitivity to

decrcase more in this group compared to the control group.
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In a recent systematic review (Mukuddem-Petersen J, Oosthuizen W, J erling JC, 2005) 1t was
concluded from randomized controlled intervention trials that the consumption of 50-100g (~1.5-3.5
servings) of nuts 5 or morc times/week as part of a heart healthy diet with a total fat content (high in

mono- and /or polyunsaturated fatty acids) of *35%E may significantly dccrease TC and LDL-C.

Contrary to the outcomes of our controlled feeding trial, 4 out of 7 well-designed walnut studies (40-
84g/day) displayed a significant decrease in TC and LDL-C when comparced to Step [ (healthy) (34),
Mcditerranean (hypercholesterolemic) (35;36) and Japanese (healthy) (37) diets. The average %E
from fat in the aforementioned nut diets and the control diets were 31% and 29%, respectively. Two of
the studies that showed no significant change in the lipid profile of hyperlipidemic subjccts who
followed a walnut intervention dict (41-78g/day) when compared to a low-fat (30%E from fat) and
Step I diet (33%E from fat) provided > 38%E from fat (38). Similarly, in the current study, the walnut
diet (60-100g/day) was high in fat (41%E from fat) compared to the control diet (33%E from fat).
Thercfore, these large differences in the percentage fat in the nut and control dict could possibly

account for the absence of an effect on the lipid profile.

As no clinical trials have been done on cashew nuts before, we considered almond studies as they are
similar in composition to cashew nuts. We expected the cashew nut study to have a beneficial effect
on TC and LDL-C concentrations as scen in previous almond nut studies. In this context 3 out of 4,
well-designed almond studies (54-100g/day) ranging from 32% to 39%E from fat, significantly
decreased TC and LDL-C in hypercholesterolemic (39;40) and normocholesterolemic (41) subjects
compared to subjects on a control dict (35%E from fat), low-fat (26.3%E from fat) and Step I dict
(30%E from fat) (41). In this study, the cashew nut (66-115g/day) diet (37%E from fat) had no
significant beneficial effect on the lipid profile (Table 4) when comparced to the control diet that is
lower in fat (33%E from fat). This outcome was very similar to results found by Lovejoy and
collaborators (42) who showed that 57-113g of almonds per day (39%E from fat) had no significant
bencficial effect on the lipid profile of diabetic subjects when comparced to a high fat (37%E from fat)
control group. The same outcome was achieved when the same amount of almonds (27%E) as part of
a low fat diet was compared to a low fat (26%E from fat) control diet (42). Therefore in this context,

reasons other than a high fat diet causing non-significance in lipid concentrations needs to be explored.

No direct studies have been done to investigate the effects of nuts on BP. Despite this, we anticipated
an improvement in the BP readings with the walnut and cashcw nut diets based on its fatty acid
composition. In particular, emerging research has suggested possible health benefits associated with
modest increascs in dictary ALA (walnuts), including reduced BP (43-45). Also, numerous studies
conducted in healthy and hypertensive individuals have shown a beneficial effect of MUFA (cashew

nuts) on a number of outcomes rclated to cardiovascular risk, including BP (46). However, no
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improvement in BP rcadings was scen after the nut intervention diets in the current controlled feeding

trial.

Zhao and colleagues (47), concluded that a diet high in ALA, obtained from walnuts, walnut oil and
flaxseed oil, elicited cardioprotective effects and vascular anti-inflammatory cffects. Regarding the
lattcr, it has been reported that walnuts are amongst the dietary plants that contain the most
antioxidants (48) and several health effects have been ascribed to flavonoids (an antioxidant) including
reduccd inflammation (49). In our study, the walnut diet (high in ALA) resulted in an increase in S-hs
CRP concentrations, although this was probably not an indcpendent effect of walnuts. Recently, some
evidence has been presented for a beneficial cffect of MUFA on a number of outcomes related to
cardiovascular risk, including reduccd inflammation (44). Consequently, a cashew nut diet (high in
MUFA) could be expected to improve the inflammatory parameter CRP. However, this was not

evident in our study.

Numerous studics compared a low fat diet (21% ; 23%; 29%E from fat) (50-53) to a high-MUFA diet
(35%; 40%E from fat ) (50). The results of thesc studies provided similar glycemic control, as
assessed by fasting glucose and insulin concentrations. Those authors concluded that provided the
intake of saturated fatty acids (SFA) 1s low, a MUFA diet with a total fat content of up to 40%E has
effects on glycemic control that are similar to thosc of the traditional high-CHO diet with fat limited to
25-30%E. An almond nut study conducted by Lovejoy and colleagues shown no cffect on plasma
glucose and insulin concentrations compared to a low-fat (26%E from fat) control group (olive and
canola oil) in diabetics (42). In contrast to these findings, the significant increasc of the plasma blood
glucose (t=0) seen in the cashew nut dict (high MUFA (36.5%E from fat) group was unexpected. Even
though serum fructosamine is a short-tcrm marker of glycacmic control, its concentrations remained
unchanged in the cashew nut group compared to the control group that increased. The unanticipated
increase in insulin concentrations and consequent increased insulin resistance and decreased insulin
sensitivity statc in all 3 groups is difficult to explain. No other variables associated with insulin (e.g.
TG), displayed significant changes after the experimental diets. The increascd insulin concentrations
cannot be ascribed to measurement crrors. In particular, factors such as seasonal variation, timing of
baselinc and end analyses, differences in reagent batches used, temperatures of the fridges, duration of

storage, method of analyses etc, were systematically cxcluded as possible explanations.

It can be speculated that the controlled feeding intervention may have contributed to the increase in
insulin as a result of cither an increasc in CHO (quality and quantity), increase in fat or an increase in
protein compared to the habitual diet. Increascd dietary GL can create a sclf-perpctuating insulin
resistance state and predicts greater CHD risk (54). However, this does not appear to be the reason for

the increasc in insulin resistance in this study, as all 3 dietary interventions had a low/modcrate GI and
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a moderate GL (Table 1). No comparisons can be madc with the habitual diet, because its GI and GL
were not determined. Secondly, the dramatic increase in insulin in our 2 nut diet groups may be
explained by an increase in dietary fat compared to their habitual dict. Evidence from both animal and
human studies show that insulin resistance is associated with an oversupply of lipids regardlcss of the
origin (53;56). However, the aforementioned “dietary fat theory” is not applicable to the control group
because they received a relatively lower fat diet (33%) which appears to be the same as the
participants habitual diet. Thirdly, a recent, S-week intervention study on type 2 diabetics (57) showed
that an increase in dictary protein (from 15% to 30%E) and a decrease in CHO content (from 55% to
40%E) resultcd in a significant reduction in total glycohemoglogin, a decrease in postprandial glucose
concentrations and a modest increase in insulin concentrations. Notably, the aforementioned (high
protcin) study (40) only showed a modest increase in insulin compared to our dramatic increase. It
could be speculated that this difference could in part be due to the fact that our subjects had the

metabolic syndrome and not only Type 2 diabetes.

In our (moderate protein) study (17.5% to 19.6%E from protein), after the 3-week run-in period very
high insulin concentrations (as seen after 8 wecks) was not evident (in the control group). This is
possibly as a result of short duration, and therefore the dramatic increase was only visiblc after an

additional 8 weeks.

One of the most common and potent causes of insulin resistance is obesity (8). In addition, it could be
argued that the balanced caloric intake and the lack of physical activity provided the necessary
impetus for the increased insulin resistance in our subjccts having the metabolic syndrome (58).
Furthermorc, ATP Il rccommends that obesity should be the primary target of intervention for the
metabolic syndrome. In tum, the first-line of therapy should be weight reduction reinforccd with
increascd physical activity. Consequently, as most of the study population was obese (average
BMI=35) and sedentary thereforc it could be speculated that with such a high degree of obesity that
cven a “good diet including nuts” would not suffice in inducing beneficial effects without weight loss.

Future nut rescarch on this aspect is nceded.

We have exhausted all possible explanations for this increase in insulin concentrations but a plausible
one still eludes us. However, it must be noted that investigating insulin resistance was not the main

aim of this study.

In conclusion, individuals having the metabolic syndrome showed no improvement in the markers of
this syndrome after following a walnut dict or a cashew nut diet (8 weeks) compared to a control diet

while maintaining body weight. The possibility that the dramatic increase in insulin resistance may
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have masked the protective effccts of the walnut and cashew nut dicts in people having the metabolic
syndrome can however not be excluded. Further research will be needed before a consensus can be

reached.
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'l‘“ABLE 1

Planned and analyzed composition of diets as well as the habitual dicts
! Habitual diet Walnut diet (n=21)

‘ prior to dietary

Cashew nut dict (n=21)

Control diet (n=22)

J‘Nutrients, glycemic index & intervention
'glycemic load (n=64)

: FFQ' Planned’ Analyzed’ Planned’ Analyzed’ Planned" Analyzed®
" Protein (% of energy) 15.1 15.7 175 16.2 19.1 16.4 19.6
' Carbohydrate (% of energy) 49.2 48.9 42.1 46.8 44.4 513 472
' Fat (% of energy) 33.2 35.0 40.3 37.1 36.5 32.8 33.2
' SFA (% of encrgy) 11.0 749 82 9.25 94 7.7 12.2
. MUFA (% of energy) 11.3 10.6 10.7 15.9 16.3 94 11.3
' PUFA (% of energy) 75 15.1 214 7.83 10.8 8.1 9.5
' Cholesterol (mg/d) 316 226 - 224 - 246 -
' Fibre (g/d) 30.7 341 - 334 - 2738 -

" Glycemic index (33)° - 547 - 53° - 56° -

. Glycemic load (33)° - 143 . 14 i |53 i

! fLaborator_v analysis
“Calculated with the aid of the Gl and GL tables by Foster-Powell et al., 2002 (33)

" "Determined by using the FoodFinder 2 Program (Medical Research Council of South Africa. Tygerberg) - Mean of 14-day menu

‘ FFQ: Food Frequency Questionnaire: SFA: Saturated fatty acid: PUFA: Polvunsaturated fatty acid: MUFA: Monounsaturated fatty acid.
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TABLE 2
Macronutrient composition of 100g of walnuts and unsalted cashew nuts
Selected Nutrients Walnuts Cashew nuts
Laboratory Food Laboratory Foogi 4
analysis composition analysis composition
tables (59;60) tables (59;60)
Energy
kJ)) 2686 2402
(kcal) 642 574
Protein (g) 13.0 14.3 20.5 15.3
CHO (g) 3.89 13.5 19.4 26.6
Fibre (g) 5.75 6.10 5.62 4.80
Total fat (g) 73.2 61.9 48 4 46.4
MUFA (g) 13.4 (18.3) 14.2 25.6 (52.9") 273
Oleic acid (C18:1) (g) 13.2 (18.0) 215 25.5(52.6") 578
PUFA (g) 53.8 (73.5") 39.1 15.3 (31.6") 7.84
Linoleic acid (C18:2) (g) 44.7 (61.0") 513 15.0 (31.0") 16.5
a-Linolenic acid (C18:3) (g) 9.15 (12.5) 11.0 0.247 (0.51") 0.34
SFA (g) 6.0 (8.207) 5.59 7.51 (15.59) 9.16
Palmitic acid (C16:0) (g) 4.41(6.02") 6.85 4.08 (8.43") 9.38
Stearic acid (C18:0) (g) 1.47 (2.01") 1.74 3.09 (6.38") 6.40

CHO: Ccarbohydrate, MUFA: Monounsaturated fatty acid: PUFA: Polyunsaturated fatty acid.
SFA: Saturated fatty acid.
"Percentage of total fatty acids.
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TABLE 3

Characteristics at baseline for all subjects

Variables Walnut diet (n=21) Cashew nut diet (n=21)  Control diet (n=22)
Mean 95% CI Mecan  95% CI Mean 95% CI

Men/Women 10/11 - 8/13 - /11 -

Age (y) 45 40.4,50.2 46 40.7,50.7 45 40.8,49.3

Weight (kg) 107 994,115 99 92.5, 106 106 99.2, 113

BMI (kg/m?) 36.0 333,387 344 322,366 35.1 328,374

WC (cm) 109 103, 115 105 98.5, 111 108 102, 113

Cigarctte smokers 1 - 0 - 3 -

CIL: Confidence intcrval: BMI: Body mass index: WC: Waist circumference; TC: Total
cholestcrol.
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Chapter 3

TABLE 6 |
Blood pressure, uri¢ acid and C-reactive protein changes within and between groups during intervention
| Walnut diet Cashew nut diet Control diet
P-value
Markers ‘ P-value P-valuc P-value between
1 Mean 95% CI Mean 59 n 95% CI
| ? (Bvs. E) 95% Cl (Bvs. E) Mea 0 (Bvs. E) groups
| (ANOVA)
Blood pressure (mmig)
Svstolic : B 128 126, 131 (.26 131 126, 135 (.28 131 125,137 0.40 0.66
| E 130 126, 133 128 123, 134 133 128, 137
A 2.21 -1.74,6.16 -2.45 -7.09. 2.19 1.74 -2.45,5.92 0.22
Diastolic ! B 78.7 76.3,81.0 0.49 77.0 74.0, 80.0 0.72 79.2 76.1,82.2 0.79 0.50
| E 79.1 759, 82.0 76.0 73.1, 80.0 79.6 76.9.82.4
A 1.21 -2.39. 481 -0.39 -4.01, 283 0.48 301,407 0.76
Serum uric acid (pmol)"L) B 388 347,429 0.30 373 329,418 0.65 412 368,456 0.57 0.42
| E 401 361, 440 377 328,426 416 376,457
A 12.6 -12.2,373 3.86 -13.5,21.2 4.64 -12.1,214 .78
|
|
‘ 25.75 P-val 25.75 P-value 25.75 P-value P-value
. 3,73 -value . 5.7 -valu . 5.73 R¥:
Media - s : X between
| edian Percentiles (Bvs. E) Median Percentiles (Bvs. E) Meduan Percentiles (Bvs. E) groups
‘ (ANOVA)
S-hs CRP (mg/L) | B 240 0.60, 4.80 0.01 4.30 1.80, 5.50 0.07 3.05 1.30,6.10 0.21 0.17
E 3.00 1.10, 3.50 4.20 2.10, 6.40 3.65 2.20,7.30
: A 0.50 0.10, 1.50 0.20 -0.50, 3.20 0.65 -0.30, 2.20 0.38

B: Baseline; E: End; A: Change from baseline to end; B vs E : P-values for change from baseline to end of intervention period S-hs CRP: Serum

high sensitivity C-reactive protein.
Significance was set at > < 0.05.
|
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4

Discussion and Conclusions
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1 Introduction

This chapter, discusses the strengths, limitations and problems cxperienced in the study, a
summary of the main findings, conclusions and recommendations. In particular, more details

of some of the aforementioned issues are given in Chapters 2 and 3.

The overall purpose of this study was to investigate the role of a nut dict in individuals having
the metabolic syndrome. In this rcgard, thc main objective was to cxplore the effects of
walnuts and unsalted cashcw nuts on markers of this syndrome. This objective was realized

by conducting a randomized, controlled fecding trial (The Nut study) (n=64).

Our secondary objective was to conduct a systematic review on dictary intcrvention trials that
investigates the effects of nuts on the lipid profile. This review scrved as a background to

facilitate the interpretation of some of the data from the main study.
2 Strengths of the study (Chapter 2 & 3)

o The topic addressed by the systematic review is unique (has not been discussed in full
detail before) and pertincnt to both the scientific and lay community (Chapter 2).
O A systcmatic revicw has the following advantages (adapted from Greenhalgh, 1997):-

¥ It allows for a largc number of studies on a topic to be identified,
summarized and cvaluated.

¥ Both the reliability and accuracy of conclusions are enhanced by
the review procedure.

® Bias is limited by using explicit mcthods when identifying and
rejecting studies.

® There is a reduction in elapsed time between research
discoveries and implementation of cffective diagnostic and
therapeutic strategies.

® New hypothescs can be generated and reasons for heterogeneity
identificd about particular subgroups.

"

The findings of different studies can bc compared formally to

establish generalisability and consistency of results.
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This systematic review cncapsulates the findings of various clinical trials and
suggested guidelines are given (idcal quantity and frequency of nut consumption per
day) for normo- and hyperlipidemic individuals (Chapter 2).

All clinical trials that comply to thc inclusion criteria were included in this systematic

review (Chapter 2).

The main study is the first to investigatc the effccts of nuts (walnuts and unsalted
cashew nuts) on the markcrs of the metabolic syndrome (Chapter 3).

The fact that this study was well-designed (controlled, randomized and in the form of
a controlled feeding trial) adds to the reliability of the results (Chapter 3).

The duration (3 wecks run-in period, 8 wecks experimental period) and sample size

(n=64) enhanccs the study design (Chapter 3).

Limitations and problems experienced in the study

The following limitations were identificd in the systematic review (Chapter 2):

a

The independent effects of the control dicts (high-fat, low-fat, Step 1, Step II, low-fat
high complex carbohydrate (CHO), average American, olivc-oil, habitual,
Meditcrranean, Japanesc) may have masked potential effects or accentuated others.
The differences in the study populations duc to underlying discase, may have resultcd
in altcred lipid metabolism.

The results of all the studics werc included, however, no discussions were done or
conclusions drawn for those that were poorly designed and had insufficicnt reporting
of results.

Due to small sample sizes, all the studies did not havc adequate power to detect
clinical significant changes in high-density lipoprotein cholesterol (HDL-C) and
triacyglyccrol (TG). In this regard, conclusions about HDL-C and TG could not be
drawn.

The length of the diet periods of the clinical trials in this systematic review was
sufficient to achieve stabilization of blood lipids. However, sustainability of thc
outcomes could not be cvaluated with duration periods of 4-6 weeks.

Publication bias (the tendency on the part of investigators, revicwers, and cditors to
submit or accept manuscripts for publication based on the direction or strength of the

study findings) may have taken placc.

The following limitation was identified in the main study (Chapter 3):

71



Chapter 4

O Despite the fact that the 3 dietary interventions were planned to be the same, the
chemical analyses of the walnuts used in the study showed the fat composition to be
much highcr than that found in thc food composition tables (used to calculate the
dictary composition). Thercfore, the varying composition of thesc 3 dictary
intervention groups makes comparisons a bit morc difficult than if they had similar

macronutrient distributions.
4  Summary of the main findings

Firstly, it was apparent from the systematic review that the rcsults of thc almond, pcanut,
pecan nut and walnut studics showed convincing evidence for a lipid lowering effect of total
cholesterol (TC) between 2-16% and low-density lipoprotein cholesterol (LDL-C) between 2-
19%, when compared to their control dicts. Moreover, there are indications from inadequately
designed intervention studies that hazelnuts and pistachio nuts may also have a lipid lowering
effect. Currently, the evidence for macadamia nuts is less convincing. In addition, it seems
that the components in nuts further reducc TC and LDL-C concentrations beyond the effects

predictcd by equations based solely on fatty acid distribution of dietary interventions.

Secondly, with regard to our main objective, we found that both the walnut and unsalted
cashew nut intervention diets had no significant cffect on thc lipid profile, serum
fructosamine, insulin, insulin sensitivity, insulin resistance, serum high sensitivity C-reactive
protein (S-hs CRP), blood pressurc (BP) and serum uric acid concentrations when compared
to the control diet. All 3 groups experienced highly significant incrcascs in serum insulin
concentrations when comparing the baseline to end (P<0.05). In turn, insulin resistance
increased while insulin sensitivity decreased in all threc groups. Plasma glucose
concentrations increased significantly in the cashew nut group compared to the control group
(P<0.05). By contrast, serum fructosamine was unchanged in the cashew nut group while the
control group had significantly incrcased concentrations of this short-tcrm marker of

glycacmic control.
5 Conclusions

The results of this study met the main aims and sccondary objective set in Chapter 1.
From the systcmatic review it was concluded that the consumption of =~50-100g (~1.5-3.5
servings) of nuts 5 or more times/week as part of a heart-healthy diet with total fat content of

~ 35% of encrgy may significantly decrease TC and LDL-C in normo-and hyperlipidemic
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individuals. This review provided the necessary background for the intcrpretation of some of
the data from the main study. Regarding the latter, subjects displayed no improvement in the
markers of the metabolic syndrome after following a walnut diet or a cashew nut dict
compared to a control diet while maintaining body weight (8 weeks). Firstly, we suspect that
the effects of nuts on people having the metabolic syndrome may be different to the effects on
hyperlipidemic individuals. Secondly, it may be possible that the dramatic increase in insulin
resistancc may have masked the protective effects of the walnut and cashew nut diets in
people having the metabolic syndrome. The two nut intcrvention diets, especially the walnut
diet, did not prove to havc any dctrimental cffects. However, in this context, additional

research is needed before reaching a verdict.

The results of our studies are therefore valuable in augmenting the current knowledge about
nuts and how they may impact our health. Ultimately, the strength of our research lies in its
novelty, topicality and results achicved. Notably, our studies have 3 firsts associated with
them. The topic addressed has not been presented in the peer reviewed literature in the form
of a systematic review before. The Nut Study was the first study to examinc the effects of
nuts on markers of the metabolic syndrome. Lastly, it was the first controlled feeding trial in

South Africa.

Our studies make a contribution to the improvement of cconomic and therapeutic activities
related to nuts. In particular, cashew and walnut crops are cultivated in South Africa with the
nut industry, farmers and the nut cracking industry having a vested interest in the outcomes of
nut-related rescarch. Furthermore, studies of this nature may stimulatc interest among
consumers, which in turn impacts the profitability of the nut industry and the state of the local
cconomy. Furthermore, an increasc in the quantity and quality of rescarch studies on
metabolic syndrome positively affect the standard of dictary treatment by the medical
community. In this context, based on conclusions from the systematic rcview, health
professionals will be able to cncourage hyperlipidemic patients to have the frcquent

consumption of nuts form part of their heart-healthy lifestyle.

6 Recommendations

The results from our investigations provide the impctus for conducting future rescarch. In this
rcgard, improved feeding studies with larger sample sizes and longer duration should

investigate the effects of nuts on TG and HDL-C concentrations. This should apply to mixed
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nuts and those individual nuts not yet considered. In addition, the unique nutrient and non-
nutrient composition of nuts requires further research in order to clucidate the possible

mechanisms responsible for the LDL-C lowering effect.

It is well known that all 5 components of the metabolic syndrome are improved by even
modest amounts of weight loss achieved with dict and cxercise (Avenell ef al., 2004).
Thereforc, the first-line of therapy should be weight reduction reinforced by increased
physical activity. In particular, a similar nut controlled feeding trial with calorie restriction
should be conducted on participants having the metabolic syndrome. In this regard, chemical
analyses of the intcrvention diet should be donc during a pilot study in order to ensure that the
calculated dietary composition based on Food Composition Tables correspond to the actual
dictary composition. However, more scientific investigations relatcd to thc metabolic

syndrome remain to bc done.
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The Nut Study: CALENDAR — Cohort 1

Day August September October
Wed 1 SR
Thur 2 e
Fri 1 3 e
Sat 2 4
Sun 3 5
Mon |4 1 6 B
Tue |5 2
Wed |6 3 {8 |
Thur |7 4
Fri 8 5 o
Sat 9 6 (11 |
Sun [ 10 7 (12 §
Mon |11 8 -
Tue |12 - 9 114 |
Wed |13 . . 10 (15 @
Thu |14 & 11 [ 16 [
Fi |15 - 12 17 |
Sat 16 il 13
Sun [ 17 e 14
Mon |18 o | 15 (20 |
Tue |19 Bel & | 16
Wed [20 [ e 17
Thur |21 o 18
Fa |22 & L} 119
Sat |23 | 20
Sun 24 sl i 21
Mon |25 e 20 e
Tue |26 | A 0 23 |
T T2 F
FE 9 i l—ul 26
e e B
Sun | 31 |28
Mon 29
Tue 30
¥ M
Days that blood samples will be drawn Measurements /anthropometry
BP A sl
Blood pressure Arterial stiffness Weighing

* All meals will be received (including weekends)

*

3 week run-in period: 12 August to 1 September

8 week experimental period: 2 September to 31 October

*¥ Participants need to book one of these days for the drawing of blood samples, etc
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The Nut Study —
Food Frequency Questionnaire (FFQ)

or
FREKWENSIEVRAELYS OM GEBRUIKLIKE

Nuts about nuts VOEDSELINNAME TE MEET

Proefpersoonnommer:
Naam Geslag
Adres: Geboortedatum:
Etniese groep: Taal: Datum van opname:
Beroep: Beroep van gesin se broodwinner:

BEANTWOORD ASSEBLIEF DIE VOLGENDE VRAE:

1.

o

$R ] B

Hoeveel persone eet gewoonlik by die huis?
Volwassenes (u ingesluit): 5 ot 16-jariges: 1 tot 4-jariges
jonger as 1-jaar:

Is u op ‘n spesiale dieet? (spesifiseer)
Gebruik u een van die volgende dieetaanvullings? Onderstreep / spesifiseer:

vitamiene (1), tonikums (2), gesondheidskosse (3), liggaamsboumiddels (4), dieetvesel (5),
gewigsverliesmidels (6), ander (spesifiseer)
Gebruik u addisionele sout aan tafel? (hoeveel)
Hoe gereeld eet u kerrievoedsel: (sterk/matig)
Hoe gereeld gebruik u knoffel en ander kruie?
Sny u die vet van vleis af voor voorbereiding?
Hoeveel keer per week eet u dierlike proteien (vleis/vis/vark/hoender)

HIERDIE VRAELYS HANDEL OOR DIE VOEDSEL WAT U GEWOONLIK EET.

Dui asseblief die hoeveelhede* en die hoeveelheid kere wat u ‘n voedsel eet, aan. As daar meer as een opsie by ‘n
vraag op u van toepassing is, onderstreep dit wat van toepassing is en merk die voedsel en sy hoeveelhede met ‘n
teken, byvoorbeeld: boontjies, ertjies, brusselse spruitjies, sodat die hoeveelhede maklik met die tipe voedsel in
verband gebring kan word.

*Hoeveelhede word as volg aangedui (gebruik simbool in hakies)

gram (g), koppie (k), teelepel (t), eetlepel (E), milliliters (ml), snye (s), porsies (p).
Die dikte van snye brood is as volg:

dun: 1 cm en minder

medium: tussen 1 en 2 cm

dik: 2 cm en meer

v



Addendum

Hoeveelheid per Kere gedet Kode
VOEDSELITEM EN BESKRYWING keer (k, t ens.)
per dag | per per nooit/
week maand selde

BROOD/BROODROLLE: Volgraan/bruin/wit;
dun/medium/dik

Ander: brosbrood, provita, matzos, cream crackers ens.

| PAP: Hawermout, Maltabella, Mielie (slap, styf of
putupap)

GRAANKOS: Pro Nutro, ‘Rice Crispies’, Muesli, All
Bran, ander:

Suikerbedekte (bv. ‘Sugar Puffs’)

Ander:

SUIKER: (saam met pap of graankos gebruik)

GRAAN: Rys (Bruin/wit), Koring

Mielierys, stampmielies, heel mielies

Stampmielies en bone (gee die verhouding)

PASTA: Noem tipe, asook gereg bv. noedels,
spaghetti bolognaise, macaroni en kaas

KOEK EN TERT:

Soet: Skons, pannekoek, vetkoek, laagkoek, terte, ens.

Sout: Worsrolletjies, samoesas, ens.

BESKUIT: (noem tipe)

SKYFIES: (aartappelskyfies, springmielies, ens.)

NAGEREG: jellies en waterbasisnageregte

Melkbasis bv. kitspoedings en vla

Gebakte/gestoomde poedings

LEKKERS: Suiglekkers (noem soort)

Toffies ‘fudge’ (noem soort)

Sjokolade (stafies en blokke) (noem soort)

KONFYT, HEUNING, STROOP (noem soort)

BROODSMEER: grondboontjiebotter, ‘marmite’,
vissmeer, ens.

MELK: As ‘n drank (vars,/suur/dikmelk), (vol,/ lae-vet,/
afgeroom)

MELKDRANKE: milo, melkskommels, ens.

MELK: (by tee of koffie, pap of ontbytkosse)

SUIKER (bygevoeg by tee/koffie)

POEIERMELK (volroom/afgeroom) dro& poeier/
aangemaak?

MENGSELS VAN VARS EN POEIERMELK (noem
verhouding)

INGEDAMPTE OF KONDENSMELK

| NIE-SUIWELVERROMERS: bv. ‘Cremora’

KAAS: noem tipe bv. cheddar, soetmelk,ens ~—— -~ |

MAASKAAS/GEROOMDE KAAS:
(vetvry/laevet/gewoon)

ROOM: Vars/’orley whip’

ROOMYS: (noem soort)

EIERS: gekook, geposjeer, gebak (vet of olie) omelet,

Roereiers, soufflés, ens.
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Hoeveelheid per Kere geéet Kode
VOEDSELITEM EN BESKRYWING keer (k. t ens.)
per dag | per per nooit/
week | maand | gelde

VLEIS: HOEVEEL KEER PER WEEK EET U VLEIS?

ROOIVLEIS: (spesifiseer gerooster, gebak, gekook,
gebraai; dit sluit gemaalde vleis in)

Beesvleis (met vet/sonder vet)

Skaapvleis (met vet/sonder vet)

Varkvleis/spek (met vet/sonder vet)

Wors (spesifiseer soort)

Maalvleis

PLUIMVEE: (spesifiseer gerooster, gebak, gekook,
gebraai) wit vieis / donker vleis

ORGAANVLEIS: Afval, lewer, niertjies, spesifiseer

KOUE EN GEPROSESEERDE VLEIS spesifiseer

VLEISPASTEIE EN BREDIES (spesifiseer soort)

SOUSE EN VLEISEKSTRAK (spesifiseer soort)

SOUSE: bv. tamatiesous, atjar, bruinsous, spesifiseer

Fﬂg: bv. Haring, tuna, visvingers. (Spesifiseer vars,
gevries/geblik en gerooster/ gebak of gestoom , gebraai)

SKULPVIS: (spesifiseer)

GEDROOGDE PEULGROENTES: (bone, erte lensies)
spesifiseer

NEUTE: (spesifiseer)

PLANTPROTEIENPRODUKTE: Toppers, TVP,
Sossies, ens.

SOP: water- of melkbasis (geblik of in pakkies of
tuisgemaak). spesifiseer , bv. ertjiesop

GROENTE: (vars/gevries/geblik) Tipe:

HOEVEEL PORSIES GROENTE EET U PER DAG?

Rou slaaigroentes bv. tamatie kropslaai ens

Gekookte slaaigroentes bv. beet en aspersies

Groen blaargroentes bv. spinasie ens

Groen groentes bv. ertjies, groenbone, ens

Uie/tamaties (gekook)

Geelgroentes, bv. pampoen, wortels, ens.(soet/sout)

Wit groentes, bv. blomkool, radyse, ens

Groenmielies

Gemengde groente (soet/sout)

Eiervrug of sampioene

Aartappels (gekook, gebak, fyn, aartappelslaai)

Witsous/kaassous by groente

VYRUGTE: (vars, geblik, gedroog)

HOEVEEL PORSIES VRUGTE EET U PER DAG?

Appels en pere

Steenvrugte (perskes, pruime, ens.)

Sitrusvrugte

Piesangs

Koejawels
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VOEDSELITEM EN BESKRYWING fe‘g"(flf’:;dsg’e' Kere geget Kode
perdag | per per nooit/
week | maand | gelde
Ander (spesifiseer)
Avokado’s of olywe
Bessievrugte

Gestoofde of geblikte vrugte (met/sonder suiker)

Vrugterolle of verglansde vrugte

VETTE EN OLIES: op brood, in slaaie, groente

Botter

Margarien: (sag/hard) Tipe:

Vet, olie, kaiings, ens.

Mayonnaise, slaaisous, (volvet/ lae-vet/ vetvry)

DRANKE:

Koffie of tee

Suiker gebruik per koppie

Vrugtesap (vars, ‘liquifruit’, ens noem soort)

Ander: koeldranke bv Oros, ens

Gaskoeldranke (‘Coca Cola’, ‘Lemon Twist’, ens)

Magou

ALKOHOLIESE DRANKE:

Sorghumbier (Tlokwe ens)

Bier

Sjerrie, Vermoet, Portwyn, ens. (soet, medium, droog)

Tafelwyn (medium, soet of droog)

Spiritualie€ bv brandewyn, whisky, jenewer

Likeur (noem soort)

Mengeldrankies (spesifiseer)
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The Nut Study —

Nuts about nuts Physical activity questionnaire (PAQ)
Date: Place: Interviewer:
The information on this questionnaire is confidential
Name:
1.  Subject number (1-4)
2.  Gender [Male |1 | Female |2 (5)
3.  What is your main
' L e
Low level: office work, housework, scholar 1
Middle level: factory work, carpentry, farming, hospital nurse, 2 (6)
plumber
High level (“sweat work™): construction work, digging, manual 3
labour
4.  Atwork I sit 1. never 2. seldom 3. 4.often | S.alwa | (7)
sometimes ys
5. AtworkI 1. never 2. seldom 3 4.often | S.alwa | (8)
stand sometimes ys
6. Atwork I walk | 1. never 2. seldom 3. 4.0ften | S5.alwa | (9)
sometimes ys
7. At work I lift 1. never 2. seldom : 3 4.often | S.alwa | (10)
heavy loads sometimes ys
8. AtworkIam 1.never 2.seldom 3 4.often | S.alwa | (11)
tired sometimes ys
9. AtworkI 1.never 2.seldom 3 4.often | S.alwa | (12)
sweat sometimes yS
10. Do you commute? yes 1
no p.
11. If yes, how do you get to work/school? walk 1
cycle 2 (13)
car/taxi | 3
12.  How long does it take you to walk/cycle to 0-15 min 1
work/school?
(or to the taxi rank/ bus stop/ train station) 16-30 min 2
31-60 min 3
1-2 hours 4 (14)
13. If you walk or cycle to work/school, what is your casual strolling 1
usual pace?
(or to taxi rank/bus stop/ train station) fairly brisk 2
brisk/fast 3 |15
14. Do you climb stairs often? yes 1
no 2 | (16)
15. If yes, how many flights of stairs do you climb each day? (1 flight = 10 (17)
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steps)
16. How many days per week do you climb steps? (18)
17. Do you play sport? yes 1
no 2 1(19)
18. Which sport do you play most low level: bowling, golf, billiards 1 {0.76%
frequently?
middle level: tennis, athletics, 2 1126
cycling
high level: soccer, rugby, netball, 3 | 1.76(2
boxing 0)
If other, specify
19. (21-23)
How many hours per week do you practice?<1/ 1-2/2-3/ 3-4/ >4
(Wrizte appropriate code in space) 0.5,1.5,25,3.5,
4.5*%
20. How many months per year ? <1/ 1-3/ 4-6/ 79/ >9 (24-26)
(Write appropriate code in space) 0.04,0.17,0.42,
0.67, 0.92%
*! intensity code of sport, ** time code for sport, ** proportion of
year
21. Ifyou play a second sport, which is | low level: bowling, golf, billiards 1 ]0.76*
it?
middle level: tennis, athletics, 2 |1.26
cycling
high level: soccer, rugby, netball, 3 | 1.76Q2
boxing 7)
Other, specify
22. How many hours per week do you practice? <1/ 1-2/2-3/ 3-4/ >4 (28-
0.5,1.5,2.5,3.5, 30)
4.5+
23. How many months per year? <1/ 1-3/ 4-6/ 7-9/ >9 (31-
0.04,0.17, 0.42, 0.67, 33)
0.92+
24. During leisure time | watch TV/do | l.nev | 2.sel- | 3.som | 4.often | S.al- | (34)
sitting activities (read, study, play | er dom |e- ways
cards) times
25. During leisure time I walk/ do l.nev | 2.sel- | 3.som | 4.often | S.al- | (35)
standing activities (gardening, er dom |e- ways
housework) times
26. Other leisure-time 2.sel- | 3.som | 4.often | S.al- | (36)
activities:........ceeurrnnnnns (leisure-time dom |e- ways
= time off from work/school). times

Definitions and explanation of the questionnaire (interviewer’s notes)
Item 1: Write in the subject number as on the name label provided at the recruitment station.
Item 2: Circle gender: male or female

Item 3. Occupation:

childminding

Write in the occupation stated and circle 1,2 or 3 (low level, middle level or high level)

Item 4-9:

®:
seldom: D

never:

never, almost never

one-quarter of the workday or workweek

paid job or unpaid duties for most of the day; including school, housework,
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sometimes: @ half the workday or workweek
often: @ three-quarters of the workday or workweek
always: @ almost all the time

Item 14: If the subject does not climb stairs, go on to question 17.

Item 17: If the subject does not play sport, go on to question 24.

Item 18: Circle 1/2/3

Item 19 and 22: Write time code in space, note decimal point
Item 20 and 23: Write code in space, note decimal point

Item 21: Circle 1/2/3
Item 24-26: never: & never, almost never
seldom: ® one-quarter of off-time, 1-2 days per week
sometimes: &> half my off-time, 3-4 days per week
often: ® three-quarters of my off-time, 5-6 days per week
always: @® almost all the time, mostly 7 days per week
Item 24: sitting activities: watch TV, listen radio, reading, writing, knitting,
needlework, playing cards, visiting friends
Item 25: standing activities: gardening, walking with friends, cleaning, cooking, doing
laundry, ironing, dishwashing after work at your own home
Item 26: other leisure-time activities: name any other leisure-time activities that you do

and how often you do these activities.
NB: leisure-time is time after work, school, or housework is finished.
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Potchefstroomse Universiteit

vir Christelike Hoér Onderwys

Founding 1869
50 years of independence 2001

THE NUT STUDY

CLINICAL ASSESSMENT FORM FOR SUBJECTS

Name of subject:

Subject number:

Birth date:

Visits:

Date:

Blood sample taken:

Blood pressure (nmHg):

Temperature:

Clinical signs:

Thyroid:

Hair:

Skin:

Eyes:

OGTT: glucose concentrations (finger prick):

Date TO (baseline) T30 T60 T120

SIGNIUIE. e et
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Addendum
The Nut Study — Example of “additional points” system

Additional Foods to Select

Following is a list of foods and its nutritional value translated in terms of points.
You are allowed to select any food/beverage that adds up to your allocated number of
additional points.

Subject name: Subject no.: Date:
e of diet: ————

Additional points

The following table provides the number of additional points for the different types of diets:

Each participant will be informed about his or her respective type of diet. Furthermore, all subjects should utilise
this table in conjunction with the table provided below containing the different food options. It is imperative to
try and use the correct number of points for your respective diet:-



Addendum

i .
Date Fruit Starch, fat, alcohol, sugar Protein
Type of diet- - 11000 | 12500 | 14000 [§ 8000 | 9500 | 11000 | 12500 | 14000 12500 | 14000 J| 8000 | 9500 | 11000 | 12500 | 14000
Walnuts kJ kJ kJ kJ kJ KJ kJ kJ kJ kJ \
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Walnut Diet

The following table should be completed daily throughout the study period. Please tick off the number of points of the various foods listed below that you ingested on a given day.

Subject name: Subject no.: Date: Type of diet:
Fruit Points | Tick Starch, fat, alcohol and sugar Points | Tick Protein Points | Tick
Starch:
250 mi strawberries 1 2 thin slices (60g) bread 2 1 egg 2
80 g apple 1 3 Provita’s 1 15g cheddar cheese 1
2 medium (100g) apricots 1 3 Cream crackers 1 1 vienna 2
2 heel (15g) dried dates i 6 Salticracks 2 20g cottage cheese (low fat) 1
12 grapes 1 2 (25g) dry biscuits 3
4 medium grenadilas 1 1 small (20g) rusk 3
2 small guavas 1 750 ml popcorn (Ster-Kinekor) 3
1 medium (100g) orange 1 1 packet Fruit Gummi 4
5 whole litchies 1 45 g Pretzels 5
1 medium mango 2 1 Energy bar 5
1 large tangerine 1 1 Stay Trim bar 5
100g paw-paw 1 13 g Fizzers 2
1 small (100g) pear 1 Powerade/Energade 4
Fat:
1 medium (100g) peach 1 1 tsp margarine/butter/oil 1
1 medium (100g) banana 2 5 small olives 1
2 tsp low-fat sandwich spread e.g. Sandwhich
42 medium (125g) grapefruit 1 spread 1
Y2 cup of pineapple cubes 1 1 Tbs cream/cream cheese 3
30 ml raisins 1 1 small packet chips 4
Alcohol:
340 ml beer, usual 4
200 g sweet melon | 340 ml beer, lite 2
2 large (50g) figs 1 45 ml strong drink* 3
250 ml watermelon cubes 1 30 ml Brandy* 2
120 ml Wine:
Dry white 2
Red 2
Sweet 3
12 g dried fruit sweets 1 Light 1
100 ml Champagne, sweet 120 ml 2
Milk Points | Tick Champagne, dry 2
60 ml Cherry 2
Y2 cup ice-cream 4 50 ml Port 2
90 ml Vermoet, dry 3
250 ml low-fat milk 4 90 ml Vermoet, sweet 4
Sugar:
2 tsp honey/jam/syrup/sugar (white or brown
Y2 cup low-fat flavored yoghurt 2 sugar)

10 g Jelly babies

10 g Peppermints

10 g Sparkles
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Addendum

Subject number:

The Nut Study - Illness Diary

Instructions:

In case you were ill, please mention the date, duration and the nature of your illness. All illnesses
including colds, flu, diarrhea, fever, any infection, etc. must be reported in this diary. If you used
any medication, injections or supplements for the above mentioned illnesses or for any other

condition, please list the date of use, type and the dosage.

Date

Illness

Medication use
(type & dose )

from

To
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Addendum

14-day menu cycle

or

Spyskaarte en porsies vir 13 dae plus een braaidag

1 Ontbytgraan/Pap Keuse Keuse Keuse Keuse Keuse Keuse Keuse

2 Melk, afgeroom > - > 0. =3 2> -

3 |Suiker = = = = = e >

4  [Brood = = o =3 = = e

5 Margarien = b =5 = = =2 =

6  |[Konfyt/Smeer Keuse Keuse Keuse Keuse Keuse Keuse Keuse

7 Bygereg Ontbytskons Plaatkoekies Ongelooflike muffins{ Volgraanbeskuit | Rosyntjie muffins Ontbytskons Wortelbroodjie
8  [Vrugtesa Keuse Keuse Keuse Keuse Keuse Keuse Keuse

Mieliepap /

10 [Stysel Mielies Geurige rys Noedels Geroomde aartappels Skondeeg Worsbroodjie Aartappelslaai
Potgebraaide Gebakte / gebraaide
11 |Protein Gebakte stokvisgereg| Varktjops Noedelhoender beesvleisstukke Visrol Boerewors skaaptjops
Tamatie, mayonnaise
12 Sous Appelsous Soet-suursous en blatjangsous | Tamatie en uiesmoor
Blaarslaai, appel en |  Koolslaai met
13 Groente A Brokkoli met neut | Komkommer-skywe| Gestoofde kool |Gestoofde groenbone| Tamatiewiggies uie mayonnaise
Wortel en Pampoenkoekies met
14 |Groente B Beetslaai Patats in stroop Erte Soetpampoen pynappelslaai | Groenboontjie-slaai kaneelsuiker
15 |Nagereg (Wo) Ingemaakte perskes Vrugteslaai
16  [Sous vir nagereg Vlasous Gegeurde youghurt
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Addendum

17  [Stysel Pasta Skons Hamburger-broodjie Soetpatats Geurige rys Witrys
Gemarineerde Geurige
18 [Protein Ham en pastagereg | Mexican Quiche | Maalvleiskoekies Gebakte wors Hoenderdye Macaroni en kaas kerriemaalvleis
Mostert of
19 [Sous mayonnaise Chutney Marinadesous
Tamatie- en
Wortel en uieskywe &
20 [Groente/Slaai lemoenslaai Drieboneslaai blaarslaai Gemengde groente | Blomkool met neut Somerslaai
Piesangslaai met
21  [Vrug Keuse Keuse Keuse Keuse Keuse Keuse mayonnaise
22 |Brood > > > > > 2> >
23 |Margarien =) o 2 = == = Ly
24  |Konfyt/smeer = = = = = =» =
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Week 2

D10

D11

D12

D13

1 Ontbytgraan/Pap Keuse Keuse Keuse Keuse Keuse Keuse Keuse
2 |Melk, afgeroom =5 = = = =3 = =
3 |Suiker = > Eh > = = 2>
4  |Brood = = = > > -3 =
5 [Margarien = 7 o = = = -
6  |[Konfyt/Smeer Keuse Keuse Keuse Keuse Keuse Keuse Keuse
7 [Bygereg Plaatkoekies  |Ongelooflike muffins| Botterbroodjies Volgraanbroodjie Rosynemuffins Croissants Karringmelkbeskuit
8 Vrugtesa Keuse Keuse Keuse Keuse Keuse Keuse Keuse
Kapokaartappel met Mieliepap /
10 [Stysel Noedelslaai Kapokaartappel Witrys pietersielie Geurige rys Geelrosynerys  |roosterkoek /broodjie
Smelt-in-die-mond Mexikaanse
11 |Protein Gebakte soutvleis Frikkadelle biefstuk vleisskywe Gebakte hoender Bobotie T-been skyf /steak
12 [Sous Mosterdsous Tamatie en uiesous Sous I Soet-suur sous Tamatie en uiesous
Tamatie, uie en
13 |Groente A Groenmengelslaai Ertjie Tamatiewiggies Koolslaai blaarslaai Groenbone met uie Mengelslaai
Butternuts met Pynappel en
14 |Groente B Blomkool met neut | Gestoofde wortels [Gestoofde groenbone|  kaneelsuiker Soetertjies blaarslaai
Gebakte sjokolade
15 [Nagereg (Wo) Asynpoeding nagereg
16  |Sous vir nagereg Vlasous Vlasous
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Addendum

17 [Stysel Noedels Broodrolletjie
Volgraanbroodrolletj| Geroosterde hoender Franse brood met
18  |Protein ie met tunaslaai met mayonnaise Souttert Wors en rysgereg Skelvis roulade pizza-vulsel Kaas
19 [Sous
Lemoen- Tamatieskyfies en
20  [Groente/Slaai Komkommer-skywe|  pampoentjies Tropiese slaai Mielies Mengelslaai Baby marrow blaarslaai
21 [Vrug/sap Keuse Keuse Keuse Keuse Keuse Keuse Keuse
22
23
24
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Mmmm, liewe Kers-
vader, ek soek ‘n
vakansiehuis in
“Plet” en ‘n rooi
sportsmotor en ‘n
diamantring en ‘n
nuwe klerekas
en....en...ei...

Ek wonder
hoekom voel
ek so senu-

weeagtig?

Deur Christelle
De Witt

Oh the
life of a

queen!

Kan sy hoor of ek
gister ‘n stuk
‘chocolate’ koek
geéet het......

Tot ‘n volgende aksicbelaaide Nutcracker
groet ek julle met ‘n snik!!! Hope u had fun

with the photo’s,
because I surely
did!!!




I love deadlines. I especially love the whooshing sound they make as they fly

by.
INSULIN -;D{:Jfg.r‘;:.\ Adams Author, Hitchhiker's Guide to the Galaxy. a0 fo the store; lay dewn
What is insulin resistance? ﬁ:dﬂ?“ﬁmﬁﬁf
RESISTANCE Insulin resistance (IR) is an impaired biological response/cellular resis- vikeos, and F-m_ﬂ- hl:;c vest of
By Ronel Breet tance to either exogenous or endogenous insulin). Insulin stimulates . TS g
glucose uptake into tissues, and its ability to do so varies greatly
among individual persons. In insulin resistance, tissues have a di-

e o o @

minished ability to respond to the action of insulin. To compensate
for resistance, the pancreas secretes more insulin. Insulin-resistant

. . L
persons, therefore, have high insulin levels. ND - gg‘* Woiiis b i e

OME - = 1= * REST *

The syndrome can be defined as a cluster of abnormalities, includ-
ing obesity, hypertension, dyslipidemia and type 2 diabetes, that are
associated with insulin resistance and compensatory hyperinsuline-
mia.

How is it diagnosed?

Factors associated with increased likelihood of IR. Once you can accept the universe is matter expanding into
Strong family history of diabetes. nothing that is something, wearing stripes with plaid
History of gestational diabetes. comeseasy.

Polycystic ovary syndrome. --Albert Einstein

Impaired glucose metabolism: fasting glucose level between 6.1 — 7.1 mmol/L or impaired glucose tolerance, with a

2h post-75-g glucose load level between 7.8-11.1 mmol/L.

Obesity: Body mass index of 30 kg/m2 or more.

Increased waist-to-hip ratio: 1.0 in men and 0.8 in women.

Acanthosis nigricans (characterized by hiperpigmented, velvet plaques of body folds, though involvement in other areas occurs as
well) is caused by hyperinsulinemia, a consequence of IR that occurs associated with obesity.

What can 1 do about it?

£ - Non pharmacological approach to insulin resistance syndrome.
_ Exercise: 30 minutes of moderate-intensity physical activity most —
Now pay attension, :
Fim ondy going o ) or, preferably, all — days of the week.

e  Weight reduction: dietary modification to attain a healthy body  weight.
e Dietary fiber: include foods high in fiber in their diet (fruit, vegetables and

Sucide Bombers o, - 4 whole grains).

Things to re-

Women and cats will do as they

member please, and men and dogs should
Bv: relax and get used to the idea.
o MZI'm s —Robert A. Heinlein

Petersen

e The additional points for your respective energy intakes are noT
optional but included in calculating you're various energy intakes.

It is vital for the success of this study that no food is wasted and all ad- ‘
ditional points utilized.
Ensure that your forms are completed according to the correct menu day |
as it appears in the dinning hall.

Forms are to be placed in the red box daily.

Tuesdays and Fridays you will be weighed prior to having lunch.
Individual changes can be made to meals if really necessary and upon

request. Honest criticism is hard to take, particularly
To make the lunch time meal more delightful, you are welcome to bring a from a relative, a friend, an acquaintance, or a
companion to join you- please inform us at least 2 days in advance. ISIET

--Franklin P. Jones



One has fear in front of a goat, in
back of a mule, and on every side 0f
a fool

—Edgar Watson Howe

Mexikaanse Quiche
Totale aantal porsies: 6

Porsie grootte: 260g

Skondeeg Vulsel
Betanddele Metode Betanddele Metode
350g skondeeg Voer pasteibak uit met skon-
3 ml kookolie Smeer pasteiskottel. deeg
; 12.5ml olie Braai uie in warm olie vir
50g margarien Sny in klein stukkies. 10min of tot deurskynend
175g uie, gekap
175 koekmeel Sif meel, bakpoeier en
A sout saam. Plaas in die 1x425g blikkie Meng uie, vis en blatjang lig-
Fmk s mengbak van die pilchards in ta- | gies. Skep in uitgevoerde
1.5g (2ml) sout menger. matiesous pasteibak
Voeg melk by meel- 37.5¢ blatjang
mengsel en klits tot goed - -
100ml melk deurgemeng, Ver- 100g kaas, Strooi oor vis
meerder melk indien | gerasper -
nodig as deeg te styfis. 175ml melk Meng melk, eiers, sout en peper
- goed en giet oor vis in pastei-
Bestrooi werksopperv- 1 eier bak
125 ml koekmeel lakte met meel en rol
deeg 2cm dik uit. Sout & peper na
Vs eier Klits eier goed saam met smaak
die 5ml melk. Bestryk
s die deeg met die eier en Bak by 200°C vir 20min of totdat die mengsel gestol
Giet die vulsel vir die Mexikaanse Quiche in

Never tell your
mom her diet's

not working.
—-Joel, 14 Ad-
vice from Kids

Jokes, quotes & layout by Arno Greyling
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Introduction

Clearly statc the purpose of the article. Summarize the ra-
tionale and background for the study or observation, giving
only strictly pertinent references. Do not include methods, data,
results, or conclusions from the work being reported. The
Introduction should be limited to 1.5 typewritten pages.

Subjects (or Materials) and methods

Describe clearly your selection of the experimental and
control subjects and provide eligibility and exclusion critcria
and dctails of randomization. Describe the methods for, and
success of, any masking (blinding) of observations. Report any
complications of experimental treatments. Identify thc mecth-
ods, apparatus (manufacturer’s name and location in parenthe-
ses), and procedures in sufficient detail to allow other research-
ers to reproduce the results. When referring to centrifugation,
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mark names, such as Teflon, as generic terms. Give references
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references and brief descriptions of methods that have been
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chemicals used, including generic names, dosages, and routes
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dicate that the procedures followed were in accordance with the
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committee on human experimentation or in accordance with
the Helsinki Declaration of 1975 as revised in 1983. Do not usc
patients’ names, initials, or hospital identification numbers.
When reporting experiments on animals, indicate approval by
the institution’s animal welfare committee and state whether
the National Rescarch Council’s guide for the care and use of
laboratory animals was followed.

Statistics. Describe statistical methods with enough detail to
enable a knowledgeable reader with access to the original data
to verify the reported results. When possible, quantify findings
and present them with appropriate indicators of measurement
error or uncertainty (eg, Cls, SDs, or SEs), even for differences
that were not significant. Report the numbers of observations.
When appropriate, cxplain the choice of sample size in terms of
the power to dctect cffects. References for study design and
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rather than to articles in which designs or methods were orig-
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uscd, including the version number and the manufacturer’s
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methods in the Subjects (or Materials) and Methods section and
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whether variables were transformed for analysis. Provide de-
tails about what hypotheses were tested, what statistical tests
were used, and what the outcome and explanatory variables
were (where appropriate). Indicate the level of significance
used in tests.

If the study design involves direct control of more than one
factor or measurement of factors that are reasonably uncorre-
lated with each other (such as sex and age), the statistical
analysis should consider all factors simultaneously. For exam-
ple, if serum DL was mcasured in both men and women in 3
age pgroups, the analysis should be a two-factor analysis of
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variance with interaction, including sex and age group as main
effects, rather than 2 separate one-factor analyscs. Within-
group analyses should be done only if significant interactions
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Results
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and do not duplicate data from tables or figures in the text,
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Emphasizc concisely the novel and important aspects of the
study and the conclusions that follow from them. Do not repeat
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Results. Include the implications of the findings and their
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