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The aim of this study was to assess the correlation of physical fitness scores (PFS) with serum adiponectin, re-
sistin, and adiponectin/resistin ratio (AR ratio) in relation to body adiposity indices in healthy adult males.
This cross-sectional study was conducted at the Clinical Physiology Unit, Physiology Department, King Saud
University Medical City, King Saud University, Riyadh, from March 2017 to April 2018. We included 125 healthy
adult males. Serum samples were obtained after overnight fasting. Analysis was performed for fasting blood glu-
cose (FBG), glycosylated hemoglobin (HbA1c), basal insulin, lipid profile, resistin, and adiponectin. Bioimpedance
analysis (BIA) was used to assess body composition. Based on ideal body composition, PFS were computed as
previously published for all subjects and compared with serum markers.

There was a positive correlation of adiponectin with PFS (r=.218, p=0.015) and an inverse correlation with obe-
sity degree (OD), OD (r=-.239, p=0.001), body mass index (BMI) (r=-.244, p=0.001), and waist/hip ratio (WHR)
WHR (r=-.296, p=0.001). Moreover, it was correlated negatively with basal insulin (r=-.211, p=0.009) and ho-
meostatic insulin resistance model (HOMA-IR) HOMA-IR (r=-.221, p=0.013). Resistin was correlated negatively
with PFS (r=-.203, p=0.023), while its correlation with OD, BMI, WHR, and HOMA-IR was not significant. AR ratio
was positively correlated with PFS (r=.286, p=0.001) and negatively with OD (r=-.210, p=0.019), BMI (r=-.222,
p=0.013), WHR (r=-.308, p=0.001) and basal insulin (r=-.237, p=0.008). In linear regression analysis, the relation-
ship of PFS was significant with adiponectin (r=.218, p=0.015), resistin (r=-.203, p=0.023) and AR ratio (r=.286,
p=0.001). ROC curve analysis showed that individually the values of adiponectin and resistin were not signifi-
cantly correlated with PFS, but they were significant with the combined AR ratio with AUC 64.6% (p=0.029).
Serum adiponectin was positively correlated and resistin was negatively correlated with physical fitness scores
based on healthy body composition with low proportion of body adiposity and a higher proportion of fat-free
mass. However, the combined effect of adiponectin/resistin ratio is an even better predictor of physical fitness.
Moreover, the adiponectin/resistin ratio is even more highly associated with physical fitness than adiponectin
or resistin alone.
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Background

Physical inactivity is the fourth leading risk factor for stroke,
cardiovascular diseases, and diabetes, with the highest epi-
demiological impact on general population health globally, as
estimated by the Global Burden of Disease Study [1].

The Global Action Plan for Physical Activity and Fitness, initi-
ated in 2018 by the World Health Organization, with the no-
tion of “more active people for a healthier world”, addresses
physical activity with a ‘global’ and ‘whole-of-system’ approach
for effective promotion of physical activity at the national and
subnational levels [2]. Obesity and its repercussions, including
cardiovascular disease, cancers, sleep apnea, fatty liver, and
knee osteoarthritis, is a major health problem with high risk
of morbidity, decreased quality of life, and decreased life ex-
pectancy [3]. Adipose tissue not only acts as a depot of energy
storage, but also acts a complex endocrine organ that releases
certain hormones that play a potential role in the pathogen-
esis of insulin resistance, type 2 diabetes (T2DM), and obesi-
ty [4]. It is well recognized that obesity and, most important-
ly, visceral adipose tissue accumulation, lead to an increased
tendency to develop T2DM [5,6].

Many researchers have identified a substantial list of adipo-
kine proteins, including leptin, adiponectin, resistin, and ac-
ylation-stimulating protein, involved in the regulation of glu-
cose, lipid metabolism, and insulin resistance (IR) in obesity
and diabetes [7,8]. Therefore, high visceral fat accumulation
leading to high insulin resistance is independently related to
a prediabetic state and T2DM [9]. Dysregulation of adipose
tissue is associated with ectopic fat accumulation in the liv-
er and other abdominal visceral organs [10,11]. Furthermore,
it is characterized by a proinflammatory state and adipokine
dysregulation along with high IR. All these factors collective-
ly lead to a high risk of T2DM development compared to to-
tal body fat mass alone.

Resistin and adiponectin are important adipokines that regu-
late insulin sensitivity. The cardioprotective adipokine adiponec-
tin, which plays an important protective role in inflammatory
mechanisms, increases insulin sensitivity and improves lipid
profile, which act together to markedly reduce the atheroscle-
rotic risk in diabetes subjects. Plasma adiponectin concentra-
tions are reported to be decreased in patients with obesity and
coronary artery disease (CAD) [12,13]. Resistin is considered
an important link between obesity and T2DM since its levels
are positively correlated with IR both in vitro and in vivo [14].

Since both adiponectin and resistin have important biologi-
cal activities in glucose and lipid metabolism, the comparison
of the effects of these adipokines on glucometabolic control
needs further research. The present study aimed to assess the
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correlation of physical fitness scores (PFS) computed from body
composition indices with blood circulating levels of adiponec-
tin, resistin, and adiponectin/resistin ratio.

Material and Methods

This cross-sectional study was carried out at the Physiology
Department of King Saud University, Riyadh, from March 2017
to April 2018. The Institutional Review Board (IRB) of the College
of Medicine, King Saud University approved the study and all
subjects signed the consent form for participation in the study.
The study adhered to the Helsinki Declaration. We initially re-
cruited 135 subjects from the university staff by convenience
sampling technique and the final selection included 125 healthy
adult males as per our selection criteria. All participants were
healthy individuals with mean age of 40.23+11.62 (range 21-70
years) without any acute or chronic health problems. Individuals
with diabetes states, acute renal failure, chronic renal failure,
thyroid disease, infections, history of stroke, or steroid intake
were excluded. Clinical and demographic data from all partic-
ipants were recorded on a predesigned form which included
waist/hip ratio (WHR), weight, height, and BMI measurements,
and exercise habits. Venous blood samples were obtained after
10-12 h of overnight fasting and stored at -80°C. Serum analysis
included estimation of fasting blood glucose (FBG), glycosylated
hemoglobin (HbA1c), basal insulin, and routine lipid profiles en-
compassing triglycerides (TGs), total cholesterol (TC), low-densi-
ty lipoprotein cholesterol (LDL-c), and high-density lipoprotein
cholesterol (HDL-c). Moreover, adiponectin and resistin levels
were also measured. Human insulin, adiponectin, and resistin
immunoassays were carried out by a standard sandwich ELISA
technique that used resistin-specific monoclonal antibodies
kits from R&D Systems (Abingdon, United Kingdom). The insu-
lin resistance index of the homeostasis model assessment of
insulin resistance (HOMA-IR) was determined using the formu-
la HOMA-IR=(basal insulin (mU/L)xFBG (mmol/L))/22.5 [15]. A
detailed history was taken from the subjects and demographic
data were recorded. All patients underwent body composition
analysis. Bioelectrical impendence analysis was used to measure
body composition with an InBody3.0 (BioSpace, Korea) body an-
alyzer according to the manufacturer’s instructions. All assess-
ments were made in the early morning fasting state, wearing
light clothing, and after emptying of the urinary bladder [16,17].

InBody 3.0 is an 8-point tactile electrode system (contact with
the hands and feet). It has high validity and reliability for es-
timating body composition for both children and adults in re-
search and clinical settings [18,19]. All participants were di-
rected to wipe and clean their soles with wet tissue and then
stand over the foot electrodes for 3 5 min. The machine esti-
mated the following parameters; weight, BMI, obesity degree
(OD), body protein, body muscle mass, body fat mass, and body
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Table 1. Demographic and clinical data of all study participants.

Variables Mean

Age (years) 40.23
Proteinmass (kg 1094
CFatmass(ke) 2393
leanbodymass (k) s470
Body weight kg) 7882
Heightem) 16732
B 980
CWHR O o0es
 Physical fitness score 7004
 Obesity degree %) 13205
CBMIGgmd) 2806

HUMAN STUDY

SD Minimum Maximum

11.62 21.00 70.00
"""" 190 660 1560
80 620 5270
892 33720 7950
""" 1370 458 12500
804 14700 18700
o756 1250 4980
o007 o717 116
623 5300 8400
""" 200 7400 19400
""" a7 1560 4230

BMI — body mass index; WHR — waist/hip ratio.

fat percentage (BF%). Fitness scores were determined from the
recorded values in reference to ideal body physical condition
plotted against ideal values according to age and gender. Based
on the ideal body composition and our previous studies, phys-
ical fitness scores (PFS) were recorded for each subject. The
maximum fitness score calculated is 100, and, based on the
prediction equations, we calculated the PFS for each subject.
A score of >70 indicted good physical fitness and scores lower
than this value indicated poor physical fitness [17].

Statistical Analysis

Data analysis was performed using SPSS (IBM SPSS Statistics
for Windows, Version 20.0. Armonk, NY: IBM Corp.). Descriptive
data are expressed as mean+ SD along with range (minimum
and maximum). Kolmogorov-Smirnov an dShapiro-Wilk tests
were performed for normality. Skewed data were analyzed by
non-parametric Mann-Whitney test. Normally distributed con-
tinuous data groups were compared by the t test. Correlation
was determined by Spearman’s correlation analysis for serum
adiponectin, resistin, and A/R ratio with adiposity and insu-
lin resistance indices. We also performed a linear regression
analysis with fitness score as the dependent variable and ad-
iponectin, resistin, and A/R ratio as independent variables af-
ter adjustment for age and BMI. ROC curve analysis was done
to assess the comparative predictive value of physical fitness
scores with adiponectin, resistin, and AR ratio. Statistical sig-
nificance was defined as a p value of <0.05.

Results

Table 1 shows the demographic data of all subjects. Table 2
expresses biochemical and adipokine profile data of all study
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participants. Table 3 shows the correlation of adiponectin, re-
sistin, and AR ratio with adiposity and insulin resistance indi-
ces. Adiponectin was correlated positively with PFS (r=.218)
and negatively with adiposity indices of OD (r=-.239), BMI
(r=-.244,), and WHR (r=-.296). Additionally, it was correlated
negatively with basal insulin (r=-.211) and HOMA-IR (r=-.221),
with p for all values <0.05. Resistin was correlated negatively
with PFS (r=-.203) and positively with WHR (r=0.176). AR ra-
tio was correlated positively with PFS (r=.286) and negatively
with OD (r=-.210), BMI (r=-.222), WHR (r=-.308), and basal in-
sulin (r=-.237). Linear regression analysis was performed to as-
sess the relationship of fitness score as the dependent variable
with (a) adiponectin, (b) resistin, and (c) AR ratio (Figure 1).
The relationship was significant for the 3 parameters [adipo-
nectin (r=.218, p=0.015), resistin (r=-.203, p=0.023), and AR
ratio (r=.286, p=0.001), respectively]. The participants were
dichotomized into 2 groups based on PFS of good and poor
scores from our previous research [16,17]. ROC curve analy-
sis was performed to assess the predictive value of fitness
scores of adiponectin, resistin, and AR ratio (Figure 2). It was
observed that individually the value of adiponectin and resis-
tin was nonsignificant, but when AR ratio was taken, the val-
ue became significant. Therefore, AR ratio was observed to be
a better predictor for PFS, with AUC 64.6% (p=0.029).

Discussion

To the best of our knowledge, the present study is the first to
determine the correlation of physical fitness assessed by PFS
with circulating adipokines adiponectin, resistin, and AR ra-
tio in relation to body adiposity indices. Measures that could
increase adiponectin levels and lower resistin levels might be
valuable future targets for decreasing the higher coronary artery
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Table 2. Lipid profile, insulin indices, and adipokine levels in all study participants.

Analytes Mean SD Minimum Maximum
FBG (mmol/L) 5.04 0.89 2.90 12.60
CBasallnsulin @/m) 220 ns3 1415 13215
HOMAR 50 33 258 3230
TCmoy 466 0% 290 620
TG (mmolt) 22 o722 03 63
CDLc(mmold) 286 0717 1 448
CHDL< (mmol) 117 o3 o075 157
 Serum adiponectin (ng/m) 12003 488 3828 30825
Serumresistin (ng/m) 245 108 o5 558
ARrato 6467 ste7 1582 30563

FBG — fasting blood glucose; HOMA-IR — homeostasis model assessment of insulin resistance; TC — total cholesterol; TGs — triglycerides;
LDL-c - low-density lipoprotein cholesterol; HDL-c — high-density lipoprotein cholesterol; AR ratio — adiponectin/resistin ratio.

Table 3. Pearson’s Correlation coefficients between adiponectin, resistin, AR ratio, adiposity indices, and insulin resistance index.

Basal

FBG . .
insulin

HOMA-IR Adiponectin Resistin

AR ratio

HOMA-IR .300** .332* .282** 489 .906™* 1.000

CAdiponectin  218* 239" -244%  -206%  -122 211 w22 1000
CResistin -203* 082 101 176" -215% 129 013 092 1000
CARmatio 286" 2100 222 -308% 081 237 160 672" 767 1000

* p<0.05, ** p<0.01. PFS — physical fitness score; OD — obesity degree; BMI — body mass index; WHR — waist/hip ratio; (FBG — fasting
blood glucose; HOMA-IR — homeostasis model assessment of insulin resistance; AR ratio — adiponectin/resistin ratio.

disease (CAD) risk in people with diabetes. This study high-
lights the importance of exercise and better physical fitness
to achieve a better biochemical blood profile that can lower
the cardiovascular risk. Moreover, the relative role of the ad-
ipokines resistin and adiponectin is reported. Lower levels of
adiponectin in obese subjects are inversely related to higher
levels of resistin and are considered to be involved in the de-
velopment of insulin resistance and accelerated atherogene-
sis [20]. Plasma adiponectin levels are negatively correlated
with adiposity. Moreover, low serum adiponectin titers and in-
creased WHR are independently associated with high sensitiv-
ity C reactive protein (hsCRP) concentrations in normoglycemic
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individuals [21-23]. Since there are gender differences between
men and women with regard to adipokine levels, we included
only men in the current study to avoid the possibility of the
confounding effect of gender [24].

Nayak et al showed that serum adiponectin levels decrease with
arise in adiposity and insulin resistance regardless of diabetes
status. Among non-obese subjects, adiponectin was negatively
correlated with TG, IL-6, and HOMA-IR and positively correlat-
ed with HDL. Diabetes status, tumor necrosis factor-o. (TNF-ov),
and BMI were identified as independent predictors of adipo-
nectin levels. Glucose and adiponectin are useful indicators of
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90 r=0.218, p=0.015

Fitness score

504

200.00 300.00

Adiponectin ng/ml

.00 100.00

901 r=0.203, p=0.023

Fitness score

504

T T T

.00 1.00 2.00 3.00 4.00 5.00 6.00
Resistin ng/ml

c 90

Fitness score

50

r=0.286, p=0.001

.00 100.00

200.00
AR ratio

300.00 400.00

Figure 1. Linear regression analysis of physical fitness scores as dependent variable on (A) adiponectin, (B) resistin, and (C) AR ratio.

T2DM. Moreover, insulin-mediated glucose turnover is signifi-
cantly affected by adiponectin and TNF-a [25]. The inverse as-
sociation of serum adiponectin levels with cardiovascular risk
determined by CRP has been reported in African Americans.
These results also support our data [26]. Adiponectin was neg-
atively correlated with BMI after adjustment for age, gender,
and glycemic state. In an interesting study, Lau et al proposed
a novel index of adiponectin and resistin levels combined as
an adiponectin/resistin (AR) index and an insulin resistance
(IRAR) index. The predictive value of this index was better than
adiponectin and resistin levels alone for metabolic dysregula-
tion and disorders. IRAR proved to be a better diagnostic in-
dicator of insulin activity [27].
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Different adipocytokines that have been implicated in meta-
bolic syndrome pathogenesis, including leptin, interleukin-6
(IL-6), resistin, TNF-o, angiotensinogen, and plasminogen ac-
tivator inhibitor-1 (PAI-1) [28]. The present study also reveals
that resistin might play an important role in the pathogenic
mechanisms leading to high adiposity and insulin resistance.
We reported previously that higher resistin levels in T2DM have
a significant relationship with body fat mass [29]. Adiponectin
is a cardioprotective adipokine; therefore, circulating adiponec-
tin levels are lower in obese individuals [7]. The therapeutic ef-
fects of metformin are associated with the upregulation of ad-
iponectin and suppression of leptin and resistin in blood [30].

Possible limitations of the present study are its cross-section-
al design, from which a strong causative conclusion cannot
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ROC curve
1.0
0.8 1
0.6
=
=
g
A
0.4 4
Source of the curve
0.2 — Adiponectin ng/ml
—Resistin ng/ml
AR ratio
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
—oco -
Test results variables(s) AUC | Pvalue Asymptatic 95% confidence interval
Lower bound Upper bound
Adiponectin ng/ml 619 076 485 753
Resistin ng/ml 394 114 275 513
AR ratio .646 .029 522 7

Figure 2. Linear regression analysis of physical fitness scores
as dependent variable and its relationship with
adiponectin, resistin, and adiponectin/resistin ratio.

be derived. Secondly, we tried to homogenize the group by
studying only one gender with lower cardiovascular disease
(CVD) risk since they all were normoglycemic. Therefore, we
need more studies including females and different ethnicities
to explore the contributions of adipokines in obesity and di-
abetes pathogenesis. Large-scale prospective studies are re-
quired to further explore the true homeostatic roles of adipo-
nectin and resistin in relation to obesity and diabetes mellitus.
Since these adipokines are related to glucose and lipid me-
tabolism, it would be worth studying them with an integrat-
ed approach with prospective studies in relation to different
pharmacological interventions, and exercise training programs.
This might determine the true role of integrated biomarkers
in prediction of metabolic dysfunctions and high cardiovas-
cular risk in obesity.
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Conclusions

Serum adiponectin is positively correlated and resistin is nega-
tively correlated with physical fitness scores based on healthy
body composition with low proportion of body adiposity and
a higher proportion of fat-free mass, which indicates that bet-
ter fitness has a positive relationship, while increased adipos-
ity has a negative association with adiponectin and resistin.
However, the adiponectin/resistin ratio is even more highly as-
sociated with physical fitness than adiponectin or resistin alone.

Recommendations

We recommend further research to explore the relationships
of adipokines with cardiovascular risk markers, including both
traditional and nontraditional risk markers.
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