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Abstract

Purpose Elevated copeptin, a vasopressin marker, is linked to metabolic disease, and obese rats with low-vasopressin
concentration had a decreased risk of liver steatosis. We here investigated the association between copeptin and nonalcoholic
fatty liver disease (NAFLD) and possible differences in copeptin concentration between ethnicities.

Methods In this cross-sectional study of 361 South Africans (n = 172 African black, 189 = Caucasian) with a mean age of
45 years and 45% men, plasma copeptin was measured and associated with NAFLD according to a validated fatty liver index
accounting for measures of BMI, waist, triglycerides, and gamma-glutamyltransferase.

Results There was no significant difference in copeptin concentrations between ethnicities after age and gender adjustment
(p = 0.24). Increasing copeptin tertile levels were significantly associated with obesity, overweight, and abdominal obesity,
respectively, after multivariate adjustment for age, gender, ethnicity, and high HOMA-IR (p = 0.02 for all). Individuals in
the second and third copeptin tertile had an increased odds (95% CI) of NAFLD of 1.77 (1.04-3.02) and 2.97 (1.74-5.06),
respectively, compared to the bottom tertile (p <0.001). The association between increasing copeptin tertile and NAFLD
remained significant after adjustment for age, gender, ethnicity, high HOMA-IR, self-reported current alcohol intake, and
statin treatment (p = 0.01).

Conclusions Elevated plasma copeptin is independently associated with NAFLD in a population with mixed ethnicities,
pointing at the pharmacologically modifiable vasopressin system as a new mechanism behind NAFLD.

Keywords Vasopressin * NAFLD - Triglycerides - Gamma glutamy] transferase

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most fre-
quent liver disease in Western countries [1], with a pre-
valence that has increased in parallel with increasing burden
of metabolic diseases [2]. The condition, which has a
multifactorial pathophysiological background, is defined as
either fat accumulation in the liver with more than 5% of
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hepatocytes containing visible intracellular triglycerides, or
steatosis affecting at least 5% of the liver volume or weight,
in the absence of a secondary cause such as alcohol or drugs
[3]. The validated Bedogni fatty liver index is a surrogate
marker for fatty liver which is calculated using body mass
index, waist circumference, triglycerides, and gamma-
glutamyltransferase (GGT) [1].

There is a close association between NAFLD and type 2
diabetes, obesity and dyslipidemia, respectively, and
NAFLD has been called the hepatic component of the
metabolic syndrome as its presence and severity is asso-
ciated with components of the syndrome [4]. Furthermore,
NAFLD is an independent risk factor for development of
type 2 diabetes [5], and is suggested to play a pathophy-
siological role in the development of atherosclerosis [6].

We previously showed in population-based studies that
high copeptin, a stable plasma marker of vasopressin (VP),
is independently associated with all components of the
metabolic syndrome [7-9], increased risk of developing
type 2 diabetes and overweight [7, 8] as well as increased
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risk of heart disease and cardiovascular mortality [10-12].
In the liver, VP stimulates hepatic production of triglycer-
ides [13]. Accordingly, recent data from 60 obese patients
showed that those with biopsy-proven NAFLD had sig-
nificantly higher copeptin concentrations than those without
NAFLD. Furthermore, experimental work show that obese
rats with water induced reduction of VP concentration in
plasma have decreased liver steatosis compared with control
obese rats [14]. It is not yet known whether the link between
high levels of circulating VP (copeptin) and metabolic
disturbances is causal, however, both an experimental study
in rats [14] and a human Mendelian randomization study
[15] point at a causal relationship.

Obesity, dyslipidemia, insulin resistance, type 2 diabetes,
and heart disease have thus all been shown to associate with
both fatty liver disease and elevated VP (copeptin) con-
centration. This study aims at for the first time investigating
the links between copeptin concentration and fatty liver
disease, as knowledge of the underlying causes of NAFLD
is a prerequisite for the identification of more specific life-
style and pharmacological treatment. Furthermore, as the
risk of developing NAFLD is suggested to differ by ethni-
city [16, 17], this study aims at for the first time investi-
gating copeptin concentration as well as links between fatty
liver disease and plasma copeptin concentrations in differ-
ent ethnic groups.

Materials and methods
Study design and participants

The population of this study is derived from the sympathetic
activity and ambulatory blood pressure in Africans
(SABPA) study, a target population study with a total of
409 teachers that was conducted from 2008 to 2009. The
reason for this selection was to obtain a homogenous
sample from a similar socioeconomic class and is well-
described elsewhere [18]. Out of the 409 participants, 200
were Africans (101 males and 99 females) and 209 were
Caucasians (101 males and 108 females). Participants were
between 20 and 62 years of age. The original exclusion
criteria for the SABPA study were pregnancy, lactation, use
of alpha- or beta-blockers, psychotropic substance abuse,
vaccination or blood donation within 3 months prior to
participation and a body temperature above 37.5 °C. Fur-
thermore, participants who tested positive for the human
immunodeficiency virus were excluded (n = 19). Out of the
remaining 390 subjects, we were able to determine baseline
plasma copeptin in 361 individuals, which is the final study
sample.

Clinical examination

Clinical assessments were conducted over a 2-day period.
On the first morning, 24 h ambulatory blood pressure
monitoring was conducted during a working day. It was
programmed to measure blood pressure at intervals of
30 min between 08:00 and 22:00 h and intervals of 60 min
between 22:00 and 06:00 (Cardiotens CE120°, Meditech,
Budapest, Hungary). Participants were transported at 16:30 h
to the Metabolic Unit Research Facility of the North-West
University. After receiving a standardized dinner, partici-
pants were encouraged to go to bed at around 22:00 h and
were woken up at 05:45 h the following morning to undergo
a battery of clinical assessments. Registered nurses collected
fasting venous blood samples after participants were in a
semi-recumbent position for at least 30 min. Information
about prescribed medications and medical history were
obtained. Anthropometric measurements were taken in tri-
plicate by registered anthropometrists.

Laboratory measurements

Sodium fluoride, plasma, and serum samples from fasting
blood were stored at —80 °C before the analyses. Fasting
sodium fluoride (glucose) and serum samples for high
density lipoprotein (HDL) cholesterol, triglycerides, GGT,
and high-sensitivity C-reactive protein (CRP) were ana-
lyzed using two sequential multiple analyzers (Konelab 20i;
Thermo Scientific, Vantaa, Finland; Unicel DXC 800—
Beckman and Coulter’, Germany). Fasting serum insulin
was measured using an immunoassay (Elecsys 2010,
Roche, Basel, Switzerland). Whole blood was used to
measure HbAlc using a turbidometric inhibition immu-
noassay (Cobas Integra 400, Roche, Switzerland).

Fasting plasma copeptin concentration was measured
using a KRYPTOR Compact Plus device and commercially
available chemiluminescence sandwich immunoassay
copeptin ProAVP kit with coated tubes from samples stored
at —80 °C (Thermo Scientific BRAHMS Copeptin proAVP
KRYPTOR).

Calculation and definition of metabolic variables

The validated Bedogni fatty liver index, an algorithm based
on body mass index (BMI), waist circumference, trigly-
cerides and GGT was calculated. The index varies between
0 and 100 and an index 260 is considered to rule in liver
steatosis [19, 20]. Thus, a fatty liver index =60 was defined
as NAFLD.

Overweight was defined as BMI>25 and obesity was
defined as BMI>30 [21]. Abdominal obesity was defined
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as waist circumference >102cm in men and >88cm in
women [22]. Twenty-four hour hypertension was defined as
>130 and/or 80 mmHg.

HOMA-IR was calculated using the following algorithm:
fasting glucose (mmol/L) * fasting insulin (mU/L)/22.5
[23]. To classify insulin resistance, we used high HOMA-IR
>3.8 and top quartile of insulin concentration.

Low HDL was defined as a concentration <1.0 mmol/L
for men and <1.3 mmol/L for women [22].

Statistical analyses

Statistical analyses were performed using SPSS statistical
software (version 24.0). Group-wise differences in con-
tinuous variables were tested with the Student's ¢ test and
reported as mean + SD if normally distributed and with the
Mann—Whitney U test and reported as medians and inter-
quartile ranges if not normally distributed. Variables that
were not normally distributed were transformed with the
natural logarithm when analyzed as continuous variables.
Frequency differences in dichotomous variables were
evaluated using chi-square test. As copeptin is known to be
significantly higher in men than in women, we used sex-
specific pooled tertiles of copeptin throughout the
manuscript.

Univariate and multivariate adjusted logistic regression
models were used to test the relationship between tertiles of

copeptin and binary outcome variables, whereas univariate
and multivariate adjusted linear regression models were used
to test the relationship between tertiles of copeptin and
continuous outcome variables. A two-sided p <0.05 was
considered statistically significant. Interaction was tested by
introducing interaction terms on top of all other covariates in
the logistic regression model to test for interaction on pre-
valence of high fatty liver index (copeptin tertile x insulin
concentration and copeptin X ethnicity, respectively).

Results

The present study consisted of a South African population.
Out of 409 participants, complete data was available in the
majority of participants (n =361) who had a mean age 45
years, 45% were men and 48% were African (Table 1).
There was no significant difference in copeptin concentra-
tion between ethnicities (African/Caucasian) after age and
gender adjustment (p = 0.24).

Increasing copeptin tertile was after adjustment for age,
gender, and ethnicity significantly associated with elevated
HbAlc, insulin, HOMA-IR, BMI, overweight, obesity,
abdominal obesity, waist circumference, and decreased
HDL, whereas the association between copeptin and fasting
glucose and GGT, respectively, did not remain significant
after multivariate adjustment (Table 2). The association

Table 1 Population description

All participants African ethnicity, Caucasian ethnicity, p Value,
(N=361) N=172 N=189 Aftican vs.
Caucasian

Age (y) 44.8 (9.7) 44.4 (8.4) 45.1 (10.8) 0.49
Sex, n (%) men 163 (45.2) 82 (47.7) 81 (42.9) 0.36
Copeptin (pmol/L)* 4.45 (3.18; 7.27) 4.70 (3.40; 7.52) 4.20 (3.01; 6.83) 0.07
BMI (kg/m?) 28.9 (6.7) 30.4 (7.0) 27.5 (6.0) <0.001
Obesity, n (%) 133 (36.8) 85 (49.4) 48 (25.4) <0.001
Overweight, n (%) 247 (68.4) 130 (75.6) 117 (61.9) 0.005
Waist circumference (cm) 92.9 (15.8) 93.8 (15.5) 92.1 (16.0) 0.32
Abdominal obesity (%) 154 (42.7) 83 (48.3) 71 (37.6) 0.04
Fatty liver index® 49 (14; 81) 64 (31; 87) 31 (8;72) <0.001
High fatty Liver Index 152 (42.1) 91 (52.9) 61 (32.3) <0.001
>60, n (%)

24 h Hypertension, n (%) 115 (31.9) 82 (47.7) 33 (17.5) <0.001
% HbA1c* 5.6 (5.3;5.9) 5.7 (5.5;6.2) 54(5.2;5.7) <0.001
Glucose (mmol/L)* 5.8 (5.4; 6.3) 59 (5.4;64) 5.8 (5.5;6.2) 0.23
Insulin (mU/L)* 10.89 (7.46; 15.76) 12.32 (8.48; 17.11) 9.52 (6.65; 14.51) <0.001
HOMA-IR* 29(1.9; 4.5) 3.3 (2.1;5.5) 2.5 (1.7; 3.8) <0.001
HOMA-IR >3.8, n (%) 119 (33.0) 73 (42.4) 46 (24.3) <0.001
Triglycerides (mg/dl)* 90.7 (63.7; 134.2) 95.7 (66.4; 132.8) 83.2 (61.1; 124.3) 0.04
HDL (mmol/L) 1.19 (0.38) 1.15 (0.33) 1.22 (0.41) <0.05
Low HDL, n (%) 196 (54.3) 100 (58.1) 96 (50.8) 0.16
C-reactive protein® 2.8 (1.0; 6.6) 5.1 (2.1, 9.9) 1.6 (1.0-3.8) <0.001
Gamma 27.0 (15.4; 47.4) 40.1 (27.5; 67.0) 17.0 (12.0; 28.0) <0.001
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Data are given as mean = SD if nothing else specified

“Expressed as median (25th; 75th percentile)
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Table 2 Glucometabolic factors in sex-specific tertiles of copeptin

Copeptin tertile 1 median ~ Copeptin tertile 2 Copeptin tertile 3 median P value P value

(min-max) copeptin: (4.05 median (min—max) (min—-max) copeptin: (10.98 univariate =~ multivariate®

(1.19-5.05) in men, 2.30  copeptin: (6.47 (8.17-23.73) in men, 5.50

(1.08-3.02) in women, (5.10-8.13) in men, 3.60 (4.26-62.4) in women,

pmol/l) N =120, 45% (3.03-4.23) in women, pmol/l) N =120, 57%

African ethnicity pmol/l) N=121, 41% African ethnicity

African ethnicity

Glucose (mmol/L) 57 (5.4;6.2) 5.8 (5.4;6.2) 5.9 (5.5; 6.5) 0.01 0.09
% HbAlc 5.5(5.3;5.9) 5.5 (.3;57) 5.7 (54; 6.1) 0.002 0.03
Insulin (mU/L) 8.7 (6.3; 14.8) 10.7 (7.6; 14.6) 13.1 (9.4; 19.5) <0.001 <0.001
HOMA-IR 2.3 (1.6; 3.8) 2.7 (1.9; 4.1) 3.5(2.3;57) <0.001 <0.001
HOMA-IR >3.8 (%) 25.0 28.1 45.8 0.001 0.003
Triglycerides (mmol/L) 0.95 (0.69; 1.38) 0.94 (0.70; 1.56) 1.09 (0.78; 1.45) 0.16 0.35
HDL (mmol/L)° 1.24 (0.37) 1.21 (0.42) 1.12 (0.32) 0.01 0.003
Low HDL (%) 48.3 50.4 64.2 0.01 0.009
C-reactive protein (mg/L)  2.42 (0.99; 5.68) 2.29 (0.99; 5.48) 3.77 (1.40; 8.32) 0.02 0.13
BMI (kg/m?)® 26.7 (5.4) 29.0 (6.8) 31.0 (7.1) <0.001 <0.001
Overweight (%) 57.5 67.8 80.0 <0.001 0.001
Obesity (%) 242 38.8 47.5 <0.001 0.001
Waist circumference (cm)®  87.5 (13.0) 92.9 (15.8) 98.2 (16.6) <0.001 <0.001
Abdominal obesity (%) 31.7 40.5 55.8 <0.001 0.001
Gamma 26.4 (13.0; 41.8) 22.8 (15.0; 50.2) 30.1 (21.7; 56.3) 0.03 0.19
Glutamyltransferase (U/L)
NAFLD (%) 29.2 42.1 55.0 <0.001 <0.001

Data expressed as median (25th; 75th percentile) if nothing else specified

P value in linear regression
*Multivariate linear regression adjusted for age, sex, and ethnicity

bExpressed as mean (standard deviation)

between increasing copeptin tertile and obesity, overweight
and abdominal obesity, respectively, remained after addi-
tional adjustment for high HOMA-IR (p =0.02 for all).
Furthermore, increasing copeptin tertile had an increased
odds (95% CI) of NAFLD (according to the Bedogni high
fatty liver index) of 1.77 (1.04-3.02) and 2.97 (1.74-5.06),
respectively, compared to the bottom tertile (p <0.001). The
association remained significant after adjustment for age,
gender, and ethnicity (Table 2) as well as after additional
adjustments for high HOMA-IR, self-reported current
alcohol intake and statin treatment (p = 0.01). The effect of
all variables in the multivariate adjusted analyses (i.e.,
copeptin tertile, gender, age, ethnicity, and high HOMA-IR)
on the occurrence of measures of obesity and NAFLD is
shown in Table 3.

As hyperinsulinemia is common in subjects with fatty
liver and thus expected to be a marker of fatty liver in the
general population, and as copeptin is known to be asso-
ciated with hyperinsulinemia at a population level [7], we
additionally used another measure of insulin resistance than
high HOMA-IR, i.e., top quartile of insulin concentration,

when analyzing the association between NAFLD and
increasing copeptin tertile, but did not find the multivariate
adjusted association to be affected (p < 0.001). Furthermore,
we investigated if there were any significant interaction
between insulin concentration and copeptin tertile on the
prevalence of high fatty liver index, which we did not find
(p=0.94).

Finally, there was no significant interaction between
ethnicity and copeptin tertile on prevalence of high fatty
liver index (p =0.51).

Discussion

In this study, we show for the first time in a population
based study a strong association between elevated copeptin
and NAFLD. Furthermore, to our knowledge this is the first
population based study designed to investigate levels of
copeptin between different ethnicities. We did not find any
significant difference in copeptin concentration between
ethnicities. Neither did we find that the association between
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Table 3 The effect of copeptin

. . Variables in the Comparison Odds ratio (95% CI) p Value
tertile, gender, age, ethnicity, analysis multivariate
and high HOMA-IR on
occurrence of measures of Obesity
obesity and NAFLD . .

Copeptin tertile 2vs. 1 2.26 (1.21-4.25) 0.01
3vs. 1 2.08 (1.11-3.91) 0.02
Gender Female vs. Male 2.25 (1.32-3.83) 0.003
Age 1.00 (0.97-1.03) 0.99
Ethnicity Caucasian vs. 0.41 (0.25-0.68) <0.001
African
HOMA-IR High (>3.8) vs. low 7.05 (4.08-12.18) <0.001
Overweight
Copeptin tertile 2vs. 1 1.65 (0.92-2.95) 0.09
3vs. 1 2.03 (1.07-3.86) 0.03
Gender Female vs. Male 1.08 (0.65-1.81) 0.76
Age 1.02 (0.996-1.05) 0.10
Ethnicity Caucasian vs. 0.70 (0.41-1.17) 0.17
African
HOMA-IR High (>3.8) vs. low 16.38 (6.37-42.14) <0.001
Abdominal obesity
Copeptin tertile 2vs. 1 1.57 (0.86-2.88) 0.14
3vs. 1 2.00 (1.08-3.69) 0.03
Gender Female vs. Male 2.99 (1.73-5.16) <0.001
Age 1.02 (0.99-1.05) 0.18
Ethnicity Caucasian vs. 0.91 (0.55-1.49) 0.70
African
HOMA-IR High (>3.8) vs. low 10.44 (5.84-18.69) <0.001
NAFLD
Copeptin tertile 2vs. 1 2.18 (1.13-4.22) 0.02
3vs. 1 2.35 (1.21-4.56) 0.01
Gender Female vs Male 0.54 (0.32-0.92) 0.02
Age 1.00 (0.97-1.03) 0.89
Ethnicity Caucasian vs. 0.54 (0.32-0.92) 0.02
African
HOMA-IR High (>3.8) vs. low 13.70 (7.66-24.49)  <0.001

copeptin and NAFLD was affected after adjustment for
ethnicity, which underlines that our data seems to be gen-
eralizable to a mixed population.

Our finding that high circulating concentrations of the
VP marker copeptin was linked to higher occurrence of
NAFLD is in line with our previous findings that obese rats
with water induced reduction of VP concentration have a
lower risk of liver steatosis compared with control rats [14]
and that obese patients with biopsy-proven NAFLD had
significantly higher copeptin concentrations than both obese
patients without NAFLD and nonobese individuals [24]. As
fatty liver is known to be the liver component of the
metabolic syndrome, the NAFLD finding was not surpris-
ingly paralleled with associations between copeptin and
measures of obesity and impaired glucose tolerance, find-
ings which are completely corresponding to our previous
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studies in which we established elevated copeptin as an
independent risk factor involved in development of diabetes
and the metabolic syndrome [7-9]. By now showing that
copeptin, independently of age, gender, and ethnicity, was
positively associated to elevated insulin, BMI, and waist
circumference, and negatively associated to HDL, we are
not only able to replicate our previous findings [7, 9], but
these data also add to the current knowledge by showing
that the finding are generalizable to a population with mixed
ethnicities. Furthermore, we now found a completely novel
association between copeptin and elevated HbAlc.
Metabolic effects from altered VP secretion (measured as
copeptin) can thus be expected, and previous experiments in
rats [14] and a human mendelian randomization study [15]
suggests causality between elevated VP and metabolic
dysregulation. There are several potential mechanistical
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explanations behind this link; VP mediates gluconeogenesis
and glycogenolysis through VP la receptors which are
widely expressed in the hepatic tissue [25, 26]. Further-
more, VP stimulates secretion of either glucagon or insulin
through VP 1b receptors in the pancreas [27]. Moreover, VP
mediates ACTH release through VP 1b receptors in the
anterior pituitary, which thus elevates glucocorticoid levels
in plasma upon stressful stimuli [28]. This VP-induced
ACTH release has been reported to be resistant to gluco-
corticoid feedback in contrast to the corticotropin-releasing
hormone-induced ACTH release [29]. It may suggest that
excessive VP release, induced by, for example, relative
dehydration, stress, or genetic predisposition, over-
stimulates the HPA axis and elevates glucocorticoid levels,
leading to development of a mild Cushing-like phenotype
with overweight, obesity, and insulin resistance [30].

A study on isolated rat hepatocytes showed that VP sti-
mulates hepatic production of triglycerides [13]. Further-
more, knock-out mice lacking expression of the VP la
receptors have increased lipolysis compared to wild-type
mice [31], and we previously showed that genetic variation
in the human VP 1la receptor was associated with altered
BMI and a fenotype resembling the knock-out mice,
including elevated glucose and low triglycerides [32, 33].
Hypothetically, elevated VP (measured as copeptin) may
thus play a direct role in intrahepatic fat accumulation by
stimulating the VP 1a receptors expressed in the liver and in
this way modulate lipid metabolism toward anti-lipolysis.

According to the literature, there are known differences in
incidence and severity of liver steatosis between different
ethnic groups. Most notably, black ethnicity is known to be
protective, whereas Hispanic groups are at higher risk [16].
However, we did not find any significant interaction between
ethnicity and copeptin tertile on prevalence of NAFLD (p =
0.51), and the number of individuals with NAFLD was
significantly higher among Africans (60%) than among
Caucasians (32%) in our population. As described pre-
viously, the African and Caucasian sample was well matched
for age and sex distribution. However, in general, the Afri-
cans demonstrated more metabolic and cardiovascular risk
factors, including higher ambulatory systolic and diastolic
blood pressure, triglycerides, BMI, CRP, and a higher pre-
valence of metabolic syndrome [34]. Thus, the much higher
prevalence of NAFLD among the Africans is in line with
previously published data on the differences in metabolic risk
between different ethnicity in the current population.

As there are not any clinically accepted definitions for
insulin resistance, we choose to use two different classifi-
cations of insulin resistance, high HOMA-IR >3.8 and top
quartile of insulin concentration. The latter definition was
chosen as we previously used this definition when investi-
gating links between copeptin and insulin sensitivity in a

Swedish middle-aged population [7], whereas a HOMA-IR
>3.8 was chosen as this cut-off level was previously shown
to have very good sensitivity and specificity in a Hispanic
population with very similar prevalence of insulin resistance
as in our population (39% insulin resistance in the Hispanic
population, 34% in our population if using the HOMA-IR
>3.8 definition) [35].

The VP system has been thoroughly studied in relation to
the development of liver cirrhosis. Baroreceptor-induced
secretion of VP is seen in liver cirrhosis, and copeptin has
been shown to be associated with clinical decompensation,
development of complications, and mortality of liver cir-
rhosis [36]. Furthermore, VP receptor antagonism has been
suggested for the treatment of hyponatremia in cirrhosis
[37]. In this study, none of the participants had a liver cir-
rhosis diagnosis.

Limitations

Most importantly, the study has a cross-sectional design,
and no conclusions can thus be drawn on the cause—effect
relationship of the found associations.

Ethanol intake is suggested to play a role in development
of fatty liver [38]. We additionally adjusted for self-reported
current alcohol intake in the model analyzing the impact of
copeptin on prevalence of NAFLD which did not affect the
association. However, the alcohol intake variable was a self-
reported questionnaire-based variable with only current
consumption, yes or no, as alternatives. As previously
shown, the Africans reported a lower use of alcohol, but
both African alcohol users and nonusers demonstrated
higher levels of GGT than the Caucasians [34]. The ele-
vated GGT may be a reflection of higher prevalence of
NAFLD in the African part of the population, but may also
reflect higher alcohol intake among Africans than among
Caucasians.

The limitations of the study underlines the importance of
further investigating the association between copeptin and
fatty liver disease, preferably using more sensitive methods
to define NAFLD such as ultrasonography or computerized
tomography of the liver.

In conclusion, our data show for the first time a link
between altered regulation of the VP system measured as
elevated circulating copeptin concentration, and presence of
NAFLD in the population, suggesting an completely new and
potentially modifiable risk factor behind fatty liver disease.
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