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To investigate the relationship between visceral fat, habitual dietary intake and circulating levels of
three adipokines in Saudi females. A total of 127 apparently healthy female students were randomly
recruited from Medicine College at KAU, Saudi Arabia. Anthropometric measurements were performed
and a questionnaire was used to assess demographic variables, general health, medication use and
dietary intake. Biochemical parameters were measured in fasting blood samples. Subjects were
categorized into 2 subgroups according to presence or absence of visceral obesity, which was defined
by a waist circumference (WC) value above 75th percentile. Significantly lower serum adiponectin
(p<0.01) in addition to significantly higher serum lipid parameters, glucose, insulin (p<0.0001), leptin
and dietary protein levels (p<0.05) were found among subjects with WC279 cm than those with WC<79
cm. Multiple regression analysis identified serum adiponectin (= -0.71, P=0.013), leptin (B= 0.335,
P=0.05) and daily intake level of adjusted protein (f= 2.817, P=0.011) as independent predictors for WC.
Hypoadiponectemia, hyperleptinemia and high dietary protein level adjusted for total caloric intake are
suggested to be associated with visceral fat among a group of Saudi females independent of body

weight.
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INTRODUCTION

Obesity is a major risk factor for chronic diseases and
plays a central role in the insulin resistance (IR) and
metabolic syndrome (MetS); the latter comprises
hyperinsulinemia, hypertension, hyperlipidemia, impaired
glucose tolerance, and is associated with an increased
risk of cardiovascular disease (CVD) (WHO, 2000).
Hence obesity that often has its origins in childhood may
precede the hyperinsulinemic state, and its increasing
prevalence globally is likely to result in a substantial
public health burden in the near future (Sinaiko et al.,
2001).

In recent years it has become clear that the distribution
of adipose tissue is an important determinant for the in-
creased risk of CVD in obese people (Yusuf et al., 2005;
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Schneider et al., 2010). As an overall index of obesity,
body mass index (BMI) cannot distinguish fat mass from
muscle mass, nor can it reflect the relative fat distribution
(visceral versus subcutaneous); hence, it may not be the
most appropriate measure for predicting risk of diseases
(Green, 2009). Waist circumference (WC) has been
found to be a better anthropometric predictor of metabolic
risk factors than BMI (Valsamakis et al., 2004). Skinfold
thickness is also used as a measure of adiposity, but
studies comparing its predictive ability to other measures
of adiposity have produced inconsistent findings (Jones
et al.,, 1992; Birmingham et al., 1993). An additional
measure of adiposity is bioelectrical impedance analysis
of the total body fat. However, whether it maintains
stronger associations with CVD risk factors compared
with simpler measures, such as BMI or WC, remains
unknown (Nakanishi et al.,2000; Tseng, 2003).

Although largely influenced by genetic and
environmental factors (Wellen and Hotamisligil, 2003),



obesity is a very strong correlate of cardio-metabolic risk,
especially in the presence of visceral obesity (Goodman
et al., 2005). Whilst there is no consensus cutoff for WC,
visceral obesity has been defined as a WC above the
75th percentile for age and gender in the population
studied (Moreno et al.,, 2002; de Ferranti et al., 2004;
Katzmarzyk et al., 2004).

The adipocyte-derived hormones resistin, adiponectin,
and leptin may play a role in the development of
hypertension, MetS, and IR, but the data in humans are
equivocal, and nearly all studies have been done in
adults (Steppan et al., 2001; Mukherjee et al., 2005).
Although the increase of adipose tissue, particularly
visceral fat mass, is considered a risk factor of IR, its
secretory products (adipokines) are acquiring a
recognized role as determinants of IR (Fruhbeck et al.,
2001).

Several dietary factors have been linked to the
aetiology of diabetes mellitus (DM), CVD and MetS. Thus
dietary modification presents a powerful means by which
to both prevent and manage MetS. Although the intake of
various macronutrients such as carbohydrates, dietary
fiber, and fat have been related to individual components
of MetS (Aleixandre and Miguel, 2008; Skilton et al.,
2008; Chen et al., 2009), the role of mixed diet in
contributing to MetS is not well understood.

Previous evidence from intervention and observational
studies on the dietary determinants of visceral adiposity
is limited and conflicting (Halkjaer et al., 2006;
Romaguera et al., 2009). However, little is known of the
relationship between dietary factors and circulating
adipokines concentrations in youth. Thus, the purpose of
our study was to investigate the relationship between
visceral fat, habitual dietary intake and circulating levels
of three adipokines in young adult Saudi females.

METHODS
Study design and subjects

We have used a cross-sectional study design in which apparently
healthy female medical students were randomly recruited from the
college of Medicine at King Abdul Aziz University (KAU) in Jeddah,
Saudi Arabia. Informed consent was obtained from all subjects and
the study was approved by the Ethics committee of KAUH. A power
calculation estimated that 120 subjects would be necessary for our
study. One hundred and forty subjects were recruited. Of these 127
subjects satisfied the study criteria and were also willing to provide
the required blood samples.

Exclusion criteria were inflammatory diseases, hepatic and renal
diseases, impaired glucose tolerance or diabetes, and obesity
secondary to genetic or metabolic disorders.

Anthropometric and blood pressure measurements

Anthropometric measurements were performed by a trained staff
following standard operating procedures with height being
measured without shoes to the nearest 0.1 cm using a rigid
stadiometer and weight in light indoor clothing measured to the

Alissa and AlKadi 115

nearest 0.1 kg. WC was measured at the mid-point between the
lower costal margin and the level of the anterior superior iliac crest
to the nearest 0.1 cm. Hip circumference (HC) was measured as
the maximal circumference over the buttocks. Blood pressure was
measured twice with the participant in the sitting position and
resting for 5 min.

Questionnaire and dietary assessment tool

Self-completed questionnaires were used to assess demographic
variables, general health, medication use and history of any chronic
illness, in the participant as well as in the family, including DM,
hypertension, and CVD. A previously validated food frequency
questionnaire (FFQ) was used to investigate the usual foods and
beverages intake of the subjects in the past year (Alissa et al.,
2005a). The FFQ included 93 different food items. The nutrient
database used was based primarily on the UK food composition
tables (McCance et al., 1991) supplemented by the food com-
position tables for use in East Asia (1972) and the US handbook of
food composition (Watt and Merrill, 1963) and all were used for
computing the nutrients. Measured dietary components were total
caloric intake and micronutrients including fiber and cholesterol.

Biochemical measurements

Overnight fasting blood specimens were collected by venipuncture
for measurement of serum lipids and plasma glucose. Blood
specimens were centrifuged and plasma was stored at —80°C until
laboratory assay.

Fasting plasma glucose, total cholesterol (TC), and triglycerides
(TG) were assessed enzymatically using commercially available kits
(Crescent Diagnostics, KSA). High-density lipoprotein (HDL)
cholesterol was measured after dextran-magnesium precipitation.
The concentration of low-density lipoprotein (LDL) cholesterol was
calculated by using the Friedewald equation for participants with a
TG level lower than 4.5 mmol/L. The intra-assay and inter-assay
coefficients of variation for TC were 9.4 and 8.4% respectively, for
HDL-C were 5.4 and 11.4% respectively, and for TG were 5.6 and
13.0% respectively.

The insulin resistance index was assessed by the homoeostasis
model assessment score (HOMA-IR), calculated as the product of
the fasting serum glucose in mmol/L and fasting insulin level in
mU/L, divided by 22.5 (Matthews et al., 1985).

Serum adipokines levels

Serum leptin, adiponectin and resistin concentrations were
evaluated in one run using a commercially available ELISA Kkits
(ALPCO Diagnostics, Salem, NH, USA) with a detection limit of
<0.5 ng/ml (leptin) and of <100 pg/ml (in adiponectin and resistin)
according to the supplier’'s package insert. Determination of plasma
insulin was carried out by a sandwich chemiluminescence
immunoassay method using commercial kits (DiaSorin, Italy).

Statistical analysis

Continuous variables are presented as mean * standard errors of
mean for normally distributed variables and as median (inter-
quartile ranges) for non-normally distributed variables. t-tests and
Man- Whitney U-test were used for comparison of continuous
variables that had normal and non-normal distribution respectively.
The relationships between variables were assessed by Pearson
correlation coefficient, or by Spearman’s correlation for variables
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Table 1. Demographic, anthropometric and biochemical characteristics in the study participants (n= 127)
categorized according to the 75th percentile of waist circumference.

Variables WC< 79 cm; n=95 (75%) WC2 79 cm; n= 32 (25%) P
Age (years) 20.28 £0.15 20.59 £ 0.34 NS
Weight (kg) 58.19 £1.13 87.83+3.13 <0.0001
Height (cm) 158.0 £ 0.68 160.1 £ 1.05 NS
BMI (kg/m?) 23.26 £ 0.41 34.29 £1.19 <0.0001
WC (cm) 66.42 £ 0.64 88.38 £2.13 <0.0001
HC (cm) 96.61 £0.79 116.4 £ 2.34 <0.0001
WHR 0.69+0.0 0.76 £ 0.01 <0.0001
SBP (mmHg) 105.4 +£1.23 112.6 £ 1.98 <0.01
DBP (mmHg) 70.96 £ 0.61 73.75£1.32 NS
TC (mmol/L) 4.77 £0.08 5.48 +0.09 <0.0001
TG (mmol/L) 1.52 (1.25 - 1.64) 1.76 (1.61 —1.84) <0.0001
LDL-C (mmol/L) 3.42+0.10 3.85+0.13 <0.05
HDL-C (mmol/L) 1.21 (0.31 - 1.68) 1.52 (0.69 — 1.83) NS
FBG (mmol/L) 4.80 £ 0.06 5.42 +0.11 <0.0001
Fasting insulin (uU/ml) 8.08 £ 0.40 16.65 + 1.85 <0.0001
HOMA 1.74 £0.10 4.06 £ 0.44 <0.0001
Adiponectin (ng/ml) 9.75 (8.64 - 11.15) 9.08 (7.97 —9.81) <0.05
Leptin (ng/ml) 13.73 (11.68 — 16.55) 17.19 (13.49 — 20.15) <0.05
Resistin (ng/ml) 13.49 £ 0.26 13.79+£0.27 NS

Normally distributed data presented as mean + SEM. Continuous data were compared by unpaired t tests. BMI: body
mass index, DBP: diastolic blood pressure, FBG: fasting blood glucose, HC: hip circumference, HDL-C: high density
lipoprotein cholesterol, HOMA: homoeostasis model assessment, LDL-C: low density lipoprotein cholesterol, NS: not
significant, TC: total cholesterol, TG: triglycerides, SBP: systolic blood pressure, SEM: standard error of mean, WC:

waist circumference, WHR: waist hip ratio.

not normally distributed. Stepwise multiple regression analysis was
used to determine a subset of independent predictors for WC.
SPSS version 15.0 (SPSS, Inc. Chicago, IL) was used for statistical
analysis; the significance level was set at P < 0.05.

RESULTS

The study population was categorized into 2 subgroups
according to the presence or absence of visceral obesity,
which was defined by a WC value above the 75th
percentile.

Table 1 lists the demographic and anthropometric
characteristics of individuals in the study. The study
groups were of similar age (p>0.05). On average, weight,
BMI, HC, WHR and SBP values were all statistically
higher in individuals with WC=79 cm than those with
WC<79cm (p<0.01).

Biochemical parameters of study participants are
summarized in Table 1. As would be expected, fasting
lipid parameters, fasting glucose and insulin levels and
HOMA-IR were significantly higher among subjects with
WC=79cm than those with WC<79cm (p<0.0001).
Differences were also observed with respect to serum
adiponectin (p<0.01) and serum leptin (p<0.05) but not
serum resistin (p>0.05).

Concerning reported food intake, Table 2 presents the

dietary characteristics of individuals in the study. Dietary
intake was hypercaloric in both groups; the mean intake
of macronutrients was within the acceptable range,
except for total fat, saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA) and cholesterol,
which exceeded the recommended limit. Conversely,
dietary fiber and polyunsaturated fatty acids (PUFA)
intakes were less than the recommended limit. Only the
daily intake of protein either as crude intake, adjusted for
energy level, or in the form of % of total caloric intake
showed significant differences between both groups
(p<0.05).

Table 3 shows analysis of associations between
visceral obesity and various parameters for the entire
population. Fasting serum adiponectin levels were
inversely correlated with WC (Figure 1) and fasting serum
leptin levels were positively correlated with WC (Figure
2). Resistin concentrations were not associated with WC
in univariate analyses. WC was shown to be correlated
with daily intake of proteins, SFA and cholesterol. These
associations were no longer significant when assessed
by multivariate analysis except for dietary protein.

Finally, multiple regression analysis of data, identified
serum adiponectin (B= -0.71, P=0.013), serum leptin (B=
0.335, P=0.05) and daily intake level of adjusted protein
(B=2.817, P=0.011) as independent predictors for WC in



Table 2. Daily intake levels of dietary nutrients of the study participants (n= 127) categorized according to the 75" percentile of waist

circumference.
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Variables RNI WC<79 cm; n=95 (75%) WC279 cm; n= 32 (25%) P
Energy (kcal) 1940 (15-18year) 2182.6 2378.0 NS
1900 (19-59 year) (1600.2-2741.1) (1923.5-2807.0)
Unadjusted protein (g) 80.78 £2.72 91.99 £4.23 <0.05
Energy-adjusted protein (g) 82.78 £0.10 83.19+£0.16 <0.05
% of energy 15% 14.68 +0.22 15.64 £ 0.35 <0.05
Unadjusted carbohydrates (g) 269.65 +7.65 286.54 +15.4 NS
Energy-adjusted carbohydrates (g) 260.68 £0.10 260.67 £0.19 NS
% of energy 55% 49.59 + 0.65 48.36 +1.18 NS
Unadjusted total fat(g) 88.47 £ 3.44 93.33 £ 4.21 NS
Energy-adjusted total fat (g) 84.87 £0.10 84.75+£0.19 NS
% of energy 30% 35.73 £+ 0.64 36.00 + 1.08 NS
Cholesterol (mg) 200 mg 273.85+13.76 280.92 + 23.64 NS
Unadjusted SFA (g) 33.02 £1.37 36.61 £2.06 NS
Energy-adjusted SFA (g) 32.86 £0.10 32.97 £0.19 NS
% of energy 10% 14.79 £ 0.33 15.56 + 0.61 NS
Unadjusted MUFA (g) 31.29+1.34 33.09 +1.73 NS
Energy-adjusted MUFA (g) 29.54 £0.10 29.44 £ 0.20 NS
% of energy 10% 13.97 + 0.31 14.22 + 0.60 NS
Unadjusted PUFA (g) 14.57 £+ 0.62 14.70 £ 0.60 NS
Energy-adjusted PUFA (g) 13.60 £ 0.11 13.36 £ 0.14 NS
% of energy 10% 6.61 £0.17 6.38 £ 0.22 NS
Fiber 18 gm 15.70 £+ 0.77 14.97 + 0.94 NS

Normally distributed data presented as mean * SEM and non-normally distributed data presented as median (inter-quartile range).

Continuous data were compared by unpaired t tests or Mann-Whitney tests for non-normally distributed data. MUFA: monounsaturated fatty

acids, NS: not significant, PUFA: polyunsaturated fatty acids, RNI: recommended nutritional intake, SEM: standard error of mean, SFA:

saturated fatty acids, WC: waist circumference.

Table 3. Correlation coefficients between visceral obesity and various parameters for the study
participants (n= 127). Pearson's or Spearman's correlation coefficients were calculated for

normally distributed data and non-normally distributed data respectively.

Variables r P
Age (years) 0.200 <0.05
Weight (kb) 0.896 <0.0001
Height (cm) 0.203 <0.05
BMI (kg/m?) 0.892 <0.0001
HC (cm) 0.907 <0.0001
WHR 0.717 <0.0001
SBP (mmHg) 0.316 <0.01
DBP (mmHg) 0.283 <0.01
TC (mmol/L) 0.452 <0.0001
TG (mmol/L) 0.325 <0.0001
LDL-C (mmol/L) 0.237 <0.0001
HDL-C (mmol/L) 0.145 NS
FBG (mmol/L) 0.419 <0.0001
Fasting insulin (uU/ml) 0.542 <0.0001
HOMA 0.564 <0.0001
Adiponectin (ng/ml) -0.267 <0.01
Leptin (ng/ml) 0.296 <0.01
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Table 3. Contd.

Resisitin (ng/ml) 0.066 NS
Energy (kcal) 0.142 NS
Unadjusted protein (g) 0.264 <0.01
Energy-adjusted protein (g) 0.291 <0.01
% of energy from protein 0.281 <0.01
Unadjusted carbohydrates (g) 0.067 NS
Energy-adjusted carbohydrates (g) -0.112 NS
% of energy form carbohydrates -0.160 NS
Unadjusted total fat(g) 0.121 NS
Energy-adjusted total fat (g) 0.125 NS
% of energy from total fat 0.074 NS
Cholesterol (mg) 0.176 <0.05
Unadjusted SFA (g) 0.177 <0.05
Energy-adjusted SFA (g) 0.036 NS
% of energy from SFA 0.017 NS
Unadjusted MUFA (g) 0.122 NS
Energy-adjusted MUFA (g) -0.120 NS
% of energy from MUFA - 0.042 NS
Unadjusted PUFA (g) 0.143 NS
Energy-adjusted PUFA (g) - 0.065 NS
% of energy from PUFA - 0.052 NS
Fiber -0.018 NS

BMI: body mass index, DBP: diastolic blood pressure, FBG: fasting blood glucose, HC: hip
circumference, HDL-C: high density lipoprotein cholesterol, HOMA: homoeostasis model assessment,
LDL-C: low density lipoprotein cholesterol, MUFA: monounsaturated fatty acids, NS: not significant,
PUFA: polyunsaturated fatty acids, SBP: systolic blood pressure, SFA: saturated fatty acids, TC: total
cholesterol, TG: triglycerides, WC: waist circumference, WHR: waist hip ratio.
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Figure 1. Scatter plot demonstrating the correlation between waist Figure 2. Scatter plot demonstrating the correlation between waist
circumference and serum adiponectin concentration among the circumference and serum leptin concentration among the whole

whole population (r = -0.279, p <0.01). population (r = 0.296, p <0.01).
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Table 4. Multiple regression analysis between visceral obesity and independent predictors in the study participants (n= 127).

Independent predictors B 95% CI for B (lower limit-upper limit)
Adiponectin -0.710 0.013 -1.27 -0.15
Leptin 0.335 0.0 0.67
Energy adjusted protein 2.817 0.011 0.66 4.97

95% Cl: 95% confidence interval.
Total R® = (0.384)% = 14.8 %.

Table 5. Correlation coefficients between the three adipokines with dietary factors in the study participants (n= 127).
Pearson's or Spearman's correlation coefficients were calculated for normally distributed data and non-normally

distributed data respectively.

Adipokines Dietary factors r P
Adiponectin Energy adjusted protein -0.264 <0.01
% of energy from protein -0.251 <0.01
Leptin Unadjusted SFA 0.203 <0.05
Resistin % of energy from total fat 0.215 <0.05
% of energy from SFA 0.178 <0.05

SFA: saturated fatty acids.

the study population (Table 4).

Table 5 displays correlations of the three adipokines
with dietary factors irrespective of visceral fat. Overall,
statistically significant associations among the total
cohort were only observed: between serum adiponectin
and mean proteins either adjusted for energy level or as
% of total energy intake, between serum leptin and crude
intake of SFA, between serum resistin and % energy
from both of total fat and SFA.

DISCUSSION

Obesity is a multi-factorial condition that may influence
sensitivity to insulin (Solga et al., 2004). Differences in
lifestyle behaviors, in particular, dietary habits may play a
role in determining sensitivity to insulin. There are major
gaps in knowledge linking the intake of some macro-
nutrients with the prevention and treatment of chronic
diseases like MetS, DM.

The purpose of our study was to examine the inter-
relationship between habitual dietary intake, circulating
adipocytokine levels and visceral fat in young adult Saudi
females.

As mentioned earlier, there is no consensus cutoff for
WGC; however, visceral obesity has been defined as a WC
above the 75" percentile for age and gender in the
population studied (Moreno et al., 2002; de Ferranti et al.,
2004; Katzmarzyk et al., 2004). As expected, clinical and
biochemical parameters were less favorable in subjects
with visceral obesity. Concordantly, WC has been

positively associated with anthropometric indices, blood
pressure elevation, fasting glucose and lipid abnor-
malities in our study subjects. Population-based studies
concerning the correlation between anthropometric
indices and risk factors for chronic disease in adults have
documented that visceral fat confers increased risk of
metabolic complications such as dyslipidemia, high
fasting glucose, and high blood pressure (Yusuf et al.,
2003; Katzmarzyk et al., 2004; Valsamakis et al., 2004).

As far as dietary habits are concerned, our entire popu-
lation of young adult females reported a trend to higher
consumption of total energy intake, total fat, and
saturated fat, a pattern consistent with a Western diet, as
reported previously (Alissa et al., 2005b). A Western diet
is high in saturated fat, simple sugars, and cholesterol,
and is associated with several metabolic abnormalities;
including IR and inflammation, the initiating factors to the
development of MetS (Bullo et al., 2007). Over the last
few decades, tremendous urbanization and economic
development has led KSA into a stage of the nutrition
transition defined by the adoption of western lifestyle and
a high prevalence of non-communicable diseases which
has greatly increased concerns for public health (Reddy,
2002).

WC association with dietary levels of SFA, cholesterol
and protein (expressed either as unadjusted, adjusted for
caloric intake or as a percentage of total energy intake)
are in accordance with the unequivocal role of high fat
diet as the main environmental trigger for visceral obesity
(Togashi et al., 2010). Novel finding of this study include
the  predictive role of hypoadiponectinemia,
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hyperleptinemia and high dietary protein level adjusted
for total caloric intake on WC. Both leptin and adiponectin
have been independently shown to be associated with
WC, albeit in opposite directions (Moran and Phillip,
2003; Shargorodsky et al., 2009). However, a clear
functional link between these two hormones has yet to be
extensively described, although suggested.

Adiponectin, leptin, and resistin are adipokines that
have been suggested to play a role in regulating energy
homeostasis (Wozniak et al., 2009). Hormonal and
nutritional factors have been proposed to influence their
concentrations in humans (Pittas et al., 2004).

It has been reported that serum leptin, which has an
important role in the regulation of appetite and energy
balance, is increased in obese subjects and correlates
with the percentage of body fat (Considine et al., 1996).
In this study in female young adults, serum leptin levels
were found to be associated with weight (r=0.290,
p<0.001) and BMI values (r=0.300, p<0.001). A
suspected role for leptin has been proposed in the
aetiology of IR and DM (Cohen et al., 1996, Segal et al.,
1996) whereas reduced adiponectin concentrations are
suggestive to be associated with high risk of obesity,
MetS, DM, and CVD (Weyer et al., 2001; Kumada et al.,
2003; Kadowaki et al., 2006). Our findings revealed that
individuals with high WC values had lower serum
adiponectin and higher serum leptin levels than those of
normal WC.

The inverse association between waist and adiponectin
are already established and are thought to remain con-
stant over adulthood (Lindsay et al., 2002). In agreement
with this fact, serum adiponection levels were found to be
inversely associated with weight (r= -0.200, p<0.05) and
BMI values (r=-0.196, p<0.05) among the study subjects.

Unlike most other adipocyte-derived hormones,
adiponectin, which has anti-inflammatory and cardio-
protective properties, exerts prominent effects on lipid
profiles and might play a protective role in the develop-
ment of IR and DM (Spranger et al., 2003). Our results
indicate such a potential role as we found a positive
association between fasting serum levels of adiponectin
and HDL-C (r= 0.217, p<0.05) and a negative association
with LDL-C (r=-0.188, p<0.05).

Further, serum concentrations of leptin have been
associated positively with IR, whereas adiponectin is
associated negatively (Yannakoulia et al., 2003; Cambuli
et al., 2008). Given the potential role of insulin in the
regulation of circulating leptin concentrations (Pratley et
al., 2000), it would be plausible to explain the association
between insulin and leptin (r=0.311, p<0.00001), in
particular, in our population. However, the relationship
between serum resistin and IR, DM and visceral obesity
remains controversial (Steppan et al., 2001; Utzschneider
et al., 2005; Burnett et al., 2006). Although our study
showed weak association (r=0.187, p<0.05) between
serum resistin and IR (as estimated by HOMA), the role
of insulin in the regulation of circulating resistin is still

subject to controversy (Janke et al., 2002; McTernan et
al., 2002).

Given the role fat mass and distribution as well as total
energy and macronutrient intake play in both obesity and
IR, the identification of dietary factors that are associated
with circulating adiponectin, resistin, and leptin levels
could be of clinical importance. There are few studies on
dietary determinants of blood pressure, IR, and the three
adipokines concentrations in normal and overweight
individuals, and their data are inconsistent (Vessby et al.,
2001). Despite documented beneficial effects of high
protein diet on weight loss and blood lipids (Ouellet et al.,
2007), it has been shown recently to increase insulin
resistance and diabetes risk (Weickert et al., 2011). The
positive effects of dietary protein against the development
of insulin resistance in experimental animals have been
attributed to fish protein (Lavigne et al., 2001). However,
relationship between these adipokines with dietary
protein level remains to be clarified.

Cross-over design studies have shown that diets higher
in SFA reduce insulin sensitivity more so than do diets
higher in other types of FA (Vessby et al., 2001).
Interestingly, serum leptin concentration was found to be
correlated with intake level of SFA in the whole popu-
lation of female young adults. Although a Western dietary
pattern (Fung et al., 2001) and high-fat diet (Cooling et
al., 1998) have been positively associated with leptin
concentrations, negative associations have been shown
in other studies in women (Havel et al., 1999). The above
conflicting data may reflect variations in the study design
and experimental conditions, but more importantly they
may reflect the lack of adjustment for potential
confounding factors, i.e. gender, body mass.

In contrast to leptin, limited data are available regarding
the relationships between dietary factors and serum
adiponectin levels, and none regarding serum resistin in
humans.

Fasting serum adiponectin level was found to be
adversely correlated with dietary protein level (adjusted
for caloric intake or as a percentage of total energy
intake) in our population of healthy young adult females.
These associations are in accordance with the proposed
role of this hormone as mediators of visceral obesity and
IR (Lihn et al., 2005).

Resistin is a protein involved in glucose homeostasis,
lipid metabolism (Rajala et al., 2003). The weak
association between serum resistin and total fat and SFA
in our study is intriguing and deserves some remarks.
However, the evidence for serum resistin role as a
metabolic or lipid marker is less consistent with some
studies reporting a positive association (Azuma et al.,
2003) and others finding no relation (Reilly et al., 2005).
Further interventional studies controlling for potential
confounding factors and focusing on the role of these
hormones in mediating the effect of visceral obesity on IR
are warranted.

There are several study limitations. This study uses a



cross-sectional design, and hence cannot explain
causality but only association between variables. Further-
more, although we adjusted for potential confounders, the
existence of residual confounding is always a limitation in
observational studies. Also, FFQ like any other dietary
assessment instrument are subjected to reporting errors
such as under-reporting of energy intake. This could be
due to the tendency of subjects to conceal their true
intake in case of obesity. Finally, the present findings
may only be applicable to Saudi young adult overweight/
obese females.

In conclusion, the present study suggests that
hypoadiponectemia, hyperleptinemia and high dietary
protein level adjusted for total caloric intake are
associated with visceral fat among a group of young adult
Saudi females independent of body weight, a finding
consistent with our hypothesis. Although no associations
were observed with resistin in the cohort as a whole, we
did detect a relationship with insulin sensitivity. Simple
dietary and physical activity modifications are believed to
have positive effects on metabolic and clinical para-
meters in overweight/obese young adults. Our findings
provide an initial step towards examining the relationship
between dietary factors and adipokines profile with MetS
as the main outcome in future youth studies.

ACKNOWLEDGEMENTS

This study was supported by a grant number (014-5429)
from King Abdulaziz University, Jeddah, Saudi Arabia.
The authors wish to thank Professor Gordon Ferns
(Institute for Science and Technology in Medicine, Keele
University, United Kingdom) for critical review of the
manuscript.

REFERENCES

Aleixandre A, Miguel M (2008). Dietary fiber in the prevention and
treatment of metabolic syndrome: a review. Crit. Rev. Food Sci. Nutr.,
48:905-912.

Alissa EM, Bahijri SM, Ferns GA (2005b). Dietary macronutrient intake
of Saudi males and its relationship to classical coronary risk factors.
Saudi Med. J., 26(2):201-207.

Alissa EM, Bahjri S, Al-ama N, Ahmed WH, Starkey B, Ferns GA
(2005a). Dietary vitamin A may be a cardiovascular risk factor in a
Saudi population. Asia Pac. J. Clin. Nutr., 14:137-144.

Azuma K, Katsukawa F, Oguchi S, Murata M, Yamazaki H, Shimada A,
Saruta T (2003). Correlation between serum resistin level and
adiposity in obese individuals. Obes. Res., 11:997-1001.

Birmingham B, Dyer AR, Shekelle RB, Stamler J (1993). Subscapular
and triceps skinfold thicknesses, body mass index and cardiovascular
risk factors in a cohort of middle-aged employed men. J. Clin.
Epidemiol., 46:289 —302.

Bullo M, Casas-Agustench P, Amigo-Correig P, Aranceta J, Salas-
Salvadé J. (2007). Inflammation, obesity and comorbidities: the role
of diet. Public Health Nutr., 10(10A):1164—1172.

Burnett MS, Devaney JM, Adenika RJ, Lindsay R, Howard BV (2006).
Cross-sectional associations of resistin, coronary heart disease, and
insulin resistance. J. Clin. Endocrinol. Metab., 91:64—68.

Cambuli V, Musiu MC, Incani M, Paderi M, Serpe R, Marras V, Cossu
E, Cavallo MG, Mariotti S, Loche S, Baroni MG (2008). Assessment

Alissa and AlKadi 121

of Adiponectin and Leptin as Biomarkers of Positive Metabolic
Outcomes after Lifestyle Intervention in Overweight and Obese
Children. J. Clin. Endocrinol. Metab., 93(8):3051-3057.

Chen X, Pang Z, Li K (2009). Dietary fat, sedentary behaviors and the
prevalence of the metabolic syndrome among Qingdao adults. Nutr.
Metab. Cardiovasc. Dis., 19:27-34.

Cohen B, Novick D, Rubinstein M (1996). Modulation of insulin activities
by leptin. Science, 274: 1185-1188.

Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens TW,
Nyce MR, Ohannesian JP, Marco CC, McKee LJ, Bauer TL, Caro JF
(1996). Serum immune reactive leptin concentrations in normal-
weight and obese humans. N. Engl. J. Med., 334:292 — 295.

Cooling J, Barth J, Blundell J (1998). The high-fat phenotype: is leptin
involved in the adaptive response to a high fat (high energy) diet? Int.
J. Obes. Relat. Metab. Disord., 22:1132.

de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW,
Rifai N (2004). Prevalence of the metabolic syndrome in American
adolescents: findings from the Third National Health and Nutrition
Examination Survey. Circulation, 110:2494-2497.

Food composition tables for use in East Asia (1972). US department of
health. Education and welfare and UN Food and Agriculture
Organization, pp. 5-148.

Fruhbeck G, Gomez-Ambrosi J, Muruzabal FJ, Burrell MA (2001). The
adipocyte: a model for integration of endocrine and metabolic
signalling in energy metabolism regulation. Am. J. Physiol.
Endocrinol. Metab., 280:E827-E847.

Fung TT, Rimm EB, Spiegelman D Rifai N, Tofler GH, Willett WC, Hu
FB (2001) Association between dietary patterns and serum
biomarkers of obesity and cardiovascular disease risk. Am. J. Clin.
Nutr., 73:61-67.

Goodman E, Dolan LM, Morrison JA, Daniels SR (2005) Factor analysis
of clustered cardiovascular risks in adolescence: obesity is the
predominant correlate of risk among youth. Circulation,
111(15):1970-1977.

Green DJ (2009). Is body mass index really the best measure of obesity
in individuals? J. Am. Coll. Cardiol., 53(6):526.

Halkjaer J, Tjonneland A, Thomsen BL, Overvad K, Sgrensen TI (2006).
Intake of macronutrients as predictors of 5-y changes in waist
circumference. Am. J. Clin. Nutr., 84:789-797.

Havel PJ, Townsend R, Chaump L, Teff K (1999). High-fat meals
reduce 24-h circulating leptin concentrations in women. Diabetes,
48:334-341.

Janke J, Engeli S, Gorzelniak K, Luft FC, Sharma AM (2002). Resistin
gene expression in human adipocytes is not related to insulin
resistance. Obes. Res., 10(1):1-5.

Jones CA, Klag MJ, Sakai Y, Itoh I, Comstock GW (1992). Skinfold
thickness and cardiovascular risk factors in American and Japanese
telephone company executives. Int. J. Epidemiol., 21:229 —235.

Kadowaki T, Yamauchi T, Kubota N, Hara K, Ueki K, Tobe K (2006).
Adiponectin and adiponectin receptors in insulin resistance, diabetes,
and the metabolic syndrome. J. Clin. Invest., 116:1784-1792.

Katzmarzyk PT, Srinivasan SR, Chen W, Malina RM, Bouchard C,
Berenson GS (2004). Body mass index, waist circumference, and
clustering of cardiovascular disease risk factors in a biracial sample
of children and adolescents. Pediatrics. 114:e198-205.

Kumada M, Kihara S, Sumitsuji S, Kawamoto T, Matsumoto S, Ouchi N,
Arita Y, Okamoto Y, Shimomura |, Hiracka H, Nakamura T,
Funahashi T, Matsuzawa Y, Osaka CAD Study Group. Coronary
artery disease (2003). Association of hypoadiponectinemia with
coronary artery disease in men. Arterioscler. Thromb. Vasc. Biol.,
23:85-89.

Lavigne C, Tremblay F, Asselin G, Jacques H, Marette A (2001).
Prevention of skeletal muscle insulin resistance by dietary cod protein
in high fat—fed rats. Am. J. Physiol. Endocrinol. Metab., 281: E62—71.

Lihn AS, Pedersen SB, Richelsen B (2005). Adiponectin: action,
regulation and association to insulin sensitivity. Obes. Rev., 6:13-21.
Lindsay, R.S., Funahashi, T., Hanson, R.L. Matsuzawa Y, Tanaka S,
Tataranni PA, Knowler WC, Krakoff J (2002). Adiponectin and
development of type 2 diabetes in the Pima Indian population.
Lancet. 360:57 —58.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC (1985). Homeostasis model assessment: insulin



122 Int. J. Nutr. Metab.

resistance and beta-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia, 28:412—-419.

McCance RA, Widdowson EM, Holland B (1991). McCane and
Widdowson’s: the composition of foods. 5th revised edition. London:
HMSO.

McTernan CL, McTernan PG, Harte AL, Levick PL, Barnett AH, Kumar
S (2002). Resistin, central obesity, and type 2 diabetes. Lancet,
359:46 —47.

Moran O, Philip M (2003). Leptin: obesity, diabetes and other
peripheral effects—a review. Pediatr. Diabetes, 4(2):101-109.

Moreno LA, Pineda |, Rodriguez G, Fleta J, Sarria A, Bueno M (2002).
Waist circumference for the screening of the metabolic syndrome in
children. Acta Paediatr., 91:1307-1312.

Mukherjee R, Villarreal D, Reams GP, Freeman RH, Tchoukina I, Spear
RM (2005). Leptin as a common link to obesity and hypertension.
Drugs Today (Barc)., 41:687—-695.

Nakanishi N, Nakamura K, Suzuki K, Matsuo Y, Tatara K (2000).
Associations of body mass index and percentage body fat by
bioelectrical impedance analysis with cardiovascular risk factors in
Japanese male office workers. Ind. Health, 38:273-279.

Quellet V, Marois J, Weisnagel SJ, Jacques H (2007). Dietary cod
protein improves insulin sensitivity in insulin-resistant men and
women: a randomized controlled trial. Diabetes Care. 30: 2816—-2821.

Pittas A, Joseph N, Greenberg A (2004). Adipocytokines and Insulin
Resistance. J. Clin. Endocrinol. Metab., 89(2):447-452.

Pratley RE, Ren K, Milner MR, Sell SM (2000). Insulin increases leptin
mRNA expression in abdominal subcutaneous adipose tissue in
humans. Mol. Genet. Metab., 70:19-26.

Rajala MW, Obici S, Scherer PE, Rossetti L (2003). Adipose-derived
resistin and gut-derived resistin-like molecule-beta selectively impair
insulin action on glucose production. J. Clin. Investig., 111:225-230.

Reddy KS (2002). Cardiovascular diseases in the developing countries:
dimensions, determinants, dynamics and directions for public health
action. Public Health Nutr., 5:231-237.

Reilly MP, Lehrke M, Wolfe ML, Rohatgi A, Lazar MA, Rader DJ (2005).
Resistin is an inflammatory marker of atherosclerosis in humans.
Circulation, 111:932—-939.

Romaguera D, Norat T, Mouw T, Mouw T, May AM, Bamia C, Slimani
N, Travier N, Besson H, Luan J, Wareham N, Rinaldi S, Couto E,
Clavel-Chapelon F, Boutron-Ruault MC, Cottet V, Palli D, Agnoli C,
Panico S, Tumino R, Vineis P, Agudo A, Rodriguez L, Sanchez MJ,
Amiano P, Barricarte A, Huerta JM, Key TJ, Spencer EA, Bueno-de-
Mesquita HB, Bichner FL, Orfanos P, Naska A, Trichopoulou A,
Rohrmann S, Kaaks R, Bergmann M, Boeing H, Johansson I,
Hellstrom V, Manjer J, Wirfalt E, Uhre Jacobsen M, Overvad K,
Tjonneland A, Halkjaer J, Lund E, Braaten T, Engeset D, Odysseos
A, Riboli E, Peeters PH (2009). Adherence to the mediterranean diet
is associated with lower abdominal adiposity in European men and
women. J. Nutr., 139:1728-1737.

Schneider HJ, Friedrich N, Klotsche J, Pieper L, Nauck M, John U, Dérr
M, Felix S, Lehnert H, Pittrow D, Silber S, Voélzke H, Stalla GK,
Wallaschofski H, Wittchen HU (2010). The predictive value of
different measures of obesity for incident cardiovascular events and
mortality. J. Clin. Endocrinol. Metabol., 95:1777-1785.

Segal KR, Landt M, Klein S (1996). Relationship between insulin
sensitivity and plasma leptin concentration in lean and obese men.
Diabetes, 45: 988—-991.

Shargorodsky M, Boaz M, Goldberg Y, Matas Z, Gavish D, Fux A,
Wolfson N (2009). Adiponectin and vascular properties in obese
patients: is it a novel biomarker of early atherosclerosis? Int. J.
Obes., 3(5): 553-558.

Sinaiko AR, Jacobs DR Jr, Steinberger J, Moran A, Luepker R, Rocchini
AP, Prineas RJ (2001). Insulin resistance syndrome in childhood:
associations of the euglycemic insulin clamp and fasting insulin with
fatness and other risk factors. J. Pediatr., 139:700-707.

Skilton MR, Laville M, Cust AE, Moulin P, Bonnet F (2008). The
association between dietary macronutrient intake and the prevalence
of the metabolic syndrome. Br. J. Nutr., 100:400-407.

Solga S, Alkhuraishe AR, Clark JM, Torbenson M, Greenwald A, Diehl
AM, Magnuson T (2004). Dietary composition and nonalcoholic fatty
liver disease. Dig. Dis. Sci., 49:1578-1583.

Spranger J, Kroke A, Mohlig M, Bergmann MM, Ristow M, Boeing H,
Pfeiffer AF (2003). Adiponectin and protection against type 2
diabetes mellitus. Lancet, 361:226-228.

Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee RR, Wright CM,
Patel HR, Ahima RS, Lazar MA (2001). The hormone resistin links
obesity to diabetes. Nature, 409:307-312

Togashi K, Masuda H, Iguchi K (2010). Effect of diet and exercise
treatment for obese Japanese children on abdominal fat distribution.
Res. Sports Med., 18(1):62-70.

Tseng CH (2003). Body composition as a risk factor for coronary artery
disease in Chinese type 2 diabetic patients in Taiwan. Circ. J.,
67:479-484.

Utzschneider KM, Carr DB, Tong J, Wallace TM, Hull RL, Zraika S, Xiao
Q, Mistry JS, Retzlaff BM, Knopp RH, Kahn SE (2005). Resistin is not
associated with insulin sensitivity or the metabolic syndrome in
humans. Diabetologia, 48:2330—2333.

Valsamakis G, Chetty R, Anwar A, Banerjee AK, Barnett A, Kumar S
(2004). Association of simple anthropometric measures of obesity
with visceral fat and the metabolic syndrome in male Caucasian and
Indo-Asian subjects, Diabet. Med., 21:1339-1345

Vessby B, Unsitupa M, Hermansen K, Riccardi G, Rivellese AA, Tapsell
LC, Nélsén C, Berglund L, Louheranta A, Rasmussen BM, Calvert
GD, Maffetone A, Pedersen E, Gustafsson IB, Storlien LH, KANWU
Study. (2001). Substituting dietary saturated for monounsaturated fat
impairs insulin sensitivity in healthy men and women: the KANWU
Study. Diabetologia, 44:312-319.

Watt B, Merrill A (1963). Composition of foods. US department of
agriculture, Agriculture Handbook, 8:6-158.

Weickert MO, Roden M, Isken F, Hoffmann D, Nowotny P, Osterhoff M,
Blaut M, Alpert C, Gégebakan O, Bumke-Vogt C, Mueller F, Machann
J, Barber TM, Petzke KJ, Hierholzer J, Hornemann S, Kruse M, lliner
AK, Kohl A, Loeffelholz CV, Arafat AM, Moéhlig M, Pfeiffer AF (2011).
Effects of supplemented isoenergetic diets differing in cereal fiber
and protein content on insulin sensitivity in overweight humans. Am.
J. Clin. Nutr., Jun 1. (doi: 10.3945/ajcn.110.004374).

Wellen KE, Hotamisligii GS (2003). Obesity-induced inflammatory
changes in adipose tissue. J. Clin. Invest., 112(12): 1785-1788

Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE,
Tataranni PA (2001). Hypoadiponectinemia in obesity and type 2
diabetes: close association with insulin resistance and
hyperinsulinemia. J. Clin. Endocrinol. Metab., 86:1930-1935.

World Health Organization (2000) Obesity: Preventing and Managing
the Global Epidemic. WHO Technical Report. Series No. 894, WHO,
Geneva.

Wozniak SE, Gee LL, Wachtel MS, Frezza EE (2009). Adipose tissue:
the new endocrine organ? A review article. Dig. Dis. Sci., 54(9):1847-
1856.

Yannakoulia M, Yiannakouris N, Bluher S, Klimis-Zacas D, Mantzoros
CS (2003). Body fat mass and macronutrient intake in relation to
circulating soluble leptin receptor, free leptin index, adiponectin, and
resistin concentrations in healthy humans. J. Clin. Endocrinol.
Metab., 88:1730-1736.

Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG, Commerford
P, Lang CC, Rumboldt Z, Onen CL, Lisheng L, Tanomsup S, Wangai
P Jr, Razak F, Sharma AM, Anand SS; INTERHEART Study
Investigators (2005). Obesity and the risk of myocardial infarction in
27,000 participants from 52 countries: a case-control study. Lancet,
2005; 366(9497):1640-1649.



