Progress in Nutrition 2019; Vol. 21, N. 1: 174-182

DOI: 10.23751/pn.v21i1.7522 © Mattioli 1885

ORIGINAL ARTICLE

Association of serum irisin levels with anthropometric,

biochemical, and atherogenic indices in healthy adults

Nazanin Ommatt', Leila Nikniaz’, Reza Mahdavr’

!Student of nutrition science. Student Research Committee, Tabriz University of Medical Sciences, Tabriz, Iran.
Department of Nutrition, Faculty of Nutrition, Tabriz University of Medical Sciences, Tabriz, Iran; *Assistant professor.
Tabriz Health services management research center, Tabriz University of Medical Sciences, Tabriz-Iran; *Full professor.
Nutrition Research Center, School of Nutrition and Food Sciences, Tabriz University of Medical Sciences, Tabriz-Iran -
Email: mahdavirez@hotmail.com

Summary. Objective: Irisin, a myokine mostly expressed by muscle, is proposed to increase energy expen-
diture and reduce obesity and metabolic disorders. So, we evaluated the association between serum irisin
levels and various anthropometric, biochemical, and atherogenic indices. Mezhods: This cross-sectional study
was conducted on 90 apparently healthy males and females, aged 20-55 years, selected with simple random
sampling. Anthropometric and atherogenic indices, dietary intake, physical activity levels, serum irisin levels,
lipid profile, and fasting blood sugar (FBS) of the subjects were measured. Results: Median Irisin level was
1200 (500-8600) pg/ml which was higher in women than men (1250.00 (800-8600) V'S. 1050 (500-7700)).
In multivariate linear regression analysis, after controlling for potential confounders (age, total energy intake
and physical activity), irisin levels were significantly associated with BMI (r=-0.214; P=0.003), waist cir-
cumference (WC) (r=-0.002; P=0.004), hip circumference (HC) (r=-0.245; P=0.004), waist-to-height ratio
(WHtR) (r=-0.223; P=0.005), Body Roundness Index (BRI) (r=-0.214; P=0.008), Abdominal Volume Index
(AVI) (r=-0.189; P=0.009), and Body Adiposity Index (BAI) (r=-0.207; P=0.046). In male subjects, it was
significantly associated with BMI (r=-0.182, P=0.049), HC (r=-0.295; P=0.005), waist-to-hip ratio (WHR)
(r=0.279; P=0.038) and BAI (r=-0.418; P=0.001), while in females with BMI (r=-0.268; P=0.005), WC (r=-
0.236; P=0.030), WHtR (r=-0.223; P=0.047), and AVI (r=-0.226; P=0.047). No significant association was
observed between irisin and biochemical and atherogenic indices. Conclusions: In the present study, irisin level
was significantly associated with BMI, WC, HC, WHtR, BRI, and BAI. However, further studies are needed
to clarify the role of irisin in obesity and its comorbidities.
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Introduction

The muscular tissue has recently emerged as an
endocrine organ by releasing a variety of cytokines
(termed as myokines) into the circulation. Myokines
regulate physiological and metabolic pathways in-
cluding energy metabolism and the underlying
mechanisms of obesity, metabolic syndrome, and car-
diovascular disease (CVD)(1, 2). A novel myokine,

irisin, is the extracellular cleaved product of fi-
bronectin type III domain containing 5 (FNDCS5)
gene prior to be released into the circulation and is
regulated by the peroxisome proliferator-activated
receptor-y (PPAR-y) coactivator-1-alpha (PGC-
1-0). Irisin is mainly secreted during or after exercise
and it is possibly responsible for the thermogenesis
and many health benefits of physical-activity (3, 4).
Moreover, irisin is able to stimulate brown-fat-like
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development in white fat by increasing uncoupling
protein 1 (UCP1) levels, and hence increase total
energy expenditure (5, 6). Regarding to its modula-
tory effect in energy metabolism and thermogenesis,
several studies have indicated a possible relationship
between circulating irisin levels and diseases such as
obesity, CVD, type 2 Diabetes (T2D), chronic kid-
ney disease, nonalcoholic fatty liver disease, and can-
cer. Therefore, it has been suggested as a therapeutic
agent against metabolic disorders (7-11). In rodents,
irisin significantly increases total energy expenditure
and reduces obesity and insulin resistance (12).

Human studies on the association between cir-
culating irisin levels and anthropometric parameters
are conflicting; some authors reported a negative cor-
relation between circulating irisin levels and Body
Mass Index (BMI) (13, 14), whereas others reported
a positive correlation (15-17). Although limited hu-
man studies have examined the relationship between
irisin and some abdominal obesity indices such as
Waist Circumference (WC) and Waist-to-Hip Ratio
(WHR) (18, 19), its association with other novel and
more feasible indices such as Conicity Index (CI), A
Body Shape Index (ABSI), and Abdominal Volume
Index (AVI) has not yet been investigated. These in-
dices evaluate body fat distribution effectively which
is important in obesity-related co-morbidities. Body
Roundness Index (BRI) is a new index to predict per-
centage of body fat and visceral adipose tissue (20,
21). Recent studies demonstrated a predictive ability
of the BRI for predicting CVD and diabetes (22).
Furthermore, Body Adiposity Index (BAI) has been
proposed for estimating the percentage of body fat
(23). Regarding the importance of abdominal obesity
indices and body fat percentage indices in predicting
obesity-related co-morbidities, exploring the asso-
ciation between different myokines and these indices
seems valuable.

Studies on the association between circulating
irisin levels and biochemical indices are conflicting,
as well. Choi et al. (13) found that circulating irisin
levels negatively correlated with oral glucose toler-
ance test (OGTT), glycated hemoglobin (HbA1C),
and triglyceride (T'G). However, Liu et al. (24) found
that circulating irisin was positively correlated with
total cholesterol (T'C), TG, Low-density lipoprotein

cholesterol (LDL-C) and fasting blood sugar (FBS).
Although several studies have been carried out to de-
termine the association between serum irisin levels and
biochemical indices, no study have examined the rela-
tionship between irisin and atherogenic indices. Ath-
erogenic indices such as atherogenic index of plasma
(AIP), atherogenic coeflicient (AC), castelli risk index
I and II (CRI) and non-HDL Cholesterol (NHC) are
derived from lipid profile and are better predictors of
coronary heart diseases rather than the traditional lipid
profile (25-27).

Controversial results were reported regarding the
association of irisin and anthropometric and biochem-
ical indices in previous studies. Moreover, the associa-
tion of irisin with novel anthropometric and athero-
genic indices has not yet been evaluated. Therefore, the
aim of current study was to explore the association of
serum irisin levels with abdominal and atherogenic in-
dices along with body composition, lipid profile, total
energy intake, and physical activity levels in healthy
subjects.

Materials and Methods

Subjects

The present cross sectional study was conducted
on 90 apparently healthy volunteers of both sexes (%
50 male), aging between 20 and 55 years. Participants
were selected by simple random sampling from an
outpatient clinic belonging to Tabriz University of
Medical Sciences between October 2016 and February
2017. Subjects were excluded if they were pregnant,
lactating, menopause or cigarette smokers.

The study protocol was approved by the Ethics
committee of Tabriz University of Medical Sciences,
Tabriz, Iran (ethical code: TBZMED.REC.1395.685).
All subjects were made aware of the content of the
study and a written informed consent document was
obtained.

Anthropometric measurements

Weight was measured to the nearest 0.1 kg us-
ing Seca scale in light outdoor closing without shoes.
Height was measured to the nearest 0.5 cm using a
portable stadiometer in subjects standing in standard
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position. BMI was calculated by dividing weight in
kilograms by the square of the height in meters. WC
was measured at the midpoint between the lowest rib
and the iliac crest with a flexible anthropometric tape
on the midaxillary line (28). HC was measured over
thin clothing at the level of the maximum circumfer-
ence of the buttocks posteriorly in a horizontal plane,
without compressing the skin. Waist-to-Hip Ra-
tio was calculated as WC (cm) divided by HC (cm),
WHItR was calculated as WC (cm) divided by height
(cm) and WHHR was calculated as WHR divided by
height (cm) (21, 29, 30).

All anthropometric indices were calculated ac-
cording to the following formula (30-37):

ABSI = we@m)

BMI3(kg/m?2)* height%(m)
AVT = [2 (WC)2(cm)+ 0.7 (WC - HC)? (cm)]/1000

wc(m)

CI = 0.109 weight(kg)
) +| Height(m)
_ o) (cm)
BAI = Height15(m)

- _ (we my/@n)?
BRI = 36423655 x /1 Gos reighty o)

Dietary assessment and Physical activity

Participants’ dietary intake was assessed using a
validated interviewer-administered semi-quantitative
79 item food frequency questionnaire (FFQ) (38),
which included all of the major food groups. To assess
physical activity (PA), validated International Physical
Activity Questionnaire — short form (IPAQ-SF) (39)
was used, in which individuals reported the number of
days and the duration of the vigorous, moderate, and
walking activities during one week. According to IP-
AQ’s scoring protocol, each individual was categorized
to one of “inactive”, “minimally active”, and “Health
Enhancing Physical Activity (HEPA)” categories.

Assessment of biomarkers

Blood samples were taken in the morning (8:00
—9:00 AM) after 12 h of fasting. Serum lipid profiles,
including TG, TC and high-density lipoprotein cho-
lesterol (HDL-C) were also measured using enzymatic
methods. Low-density lipoprotein cholesterol was cal-
culated using the Friedewald’s formula (40). Fasting
blood sugar was measured by the hexokinase method.

Circulating irisin levels were quantified in serum sam-
ples using commercial ELISA kits (ZellBio GmbH,
Germany) (Cat. No: ZB-132535-H9648) (13).
Lipid indices were calculated according to the

following formulas (25-27):

AIP =1log (TG / HDL)

CRI-I=TC/HDL

CRI-II = LDL / HDL

AC = (TC-HDL)/HDL

NHC =TC - HDL

Statistical analyses

Statistical analysis was performed using Statisti-
cal Package for the Social Sciences (SPSS) software
version 21 (SPSS Inc., Chicago, IL). Kolmogorov-
Smirnov test was used to check the normality of distri-
butions of continuous variables. Data were presented
as mean * standard deviation (SD) and median (maxi-
mum — minimum). The differences in mean between
two groups were compared with independent samples
t-tests or Mann—Whitney test. Chi-square test was
used for between group comparisons, in case of cat-
egorical variables. Multiple linear regression analysis
was used to identify variables independently associated
with irisin levels. P < 0.05 was considered as statisti-
cally significant.

Results

The mean age of all participants was 35.59 + 9.73
years and the mean BMI (Kg/m?) was 27.83 + 5.18 Kg/
m? (Table 1). There was no significant difference be-
tween the BMI levels of male (27.52 + 4.82 Kg/m?) and
female subjects (28.14 + 5.56 Kg/m?) in this study. Male
subjects had significantly higher levels of weight (Kg)
than female subjects (P < 0.05). The daily energy intake
of men (2984.13 + 623.22 Kcal) was significantly higher
than women (2591.61 + 729.20 Kcal) (P < 0.05) (Table
1). Based on three categories of IPAQ-SF, 68.2, 22.7
and 9.1 percent of men and 54.5, 40.9 and 4.5 percent
of women were categorized as inactive, minimally active
and health enhancing physical activity.

Laboratory characteristics of all participants are
detailed in Table 2. There was no significant difference
in biochemical characteristics including TC, LDL-C



Association of serum irisin levels with anthropometric, biochemical, and atherogenic indices in healthy adults 177

Table 1. Baseline anthropometric characteristics, dietary intake and physical activity of total, male and female subjects

Variables Total (n=90 Male (n=45) Female (n=45) P-value
Age (years) 35.59+9.73 37.47 £ 9.47 33.70 £ 9.73 0.069
Weight (kg) 78.64 + 15.92 83.20 + 14.67 74.08 £ 15.97 0.006
BMI (Kg/m?*)* 27.83 +5.18 27.52 + 4.82 28.14 + 5.56 0.575
WC (cm) 90.12 + 13.94 93.88 + 12.21 86.36 + 14.67 0.011

HC (cm) 105.09 £ 11.00 103.20 £ 9.09 106.97 + 12.45 0.108

WHR ' (cm/cm) 0.85 +0.08 0.90 = 0.06 0.80 + 0.07 <0.001
WHItR * (cm/cm) 0.53 £+ 0.08 0.54 +0.07 0.53 +0.09 0.679
WHHR * (cm/cm/cm) 0.50 + 0.04 0.52 + 0.04 0.49 + 0.05 0.010
CI* (m**/kg"?) 1.21 £ 0.10 1.24 £ 0.08 1.17 £ 0.10 0.001

ABSI {(m'kg 2°) 0.07 + 0.00 0.07 = 0.00 0.07 £ 0.00 <0.001
AVI* (cm?) 16.63 + 4.99 17.92 + 4.69 15.33 £ 5.00 0.014

BRI* 4.19 £ 1.64 4.24 +1.49 4.15+1.79 0.796

BAI* (cm/m'*-18) 30.49 + 6.45 27.08 + 4.72 33.90 + 6.18 <0.001
Total energy intake (kcal/d)" 2787.87 + 702.67 2984.13 + 623.22 2591.61 £ 729.20 0.008
Physical activity (Met-minutes/week) * 594 (0.00-23916) 480 (0.00-23916) 693 (0.00-3732) 0.341

bbreviations: BMI: Body mass index; WC: waist circumference; HC: Hip circumference; WHR: waist-to-hip ratio; WHER: waist-to-height ratio, WHHR:
waist-to-hip-to-height ratio; CI: Conicity Index; ABSI: A Body Shape Index; AVI: Abdominal Volume Index; BRI: Body Roundness Index; BAI: Body
Adiposity Index. 1 The P value was obtained by independent samples t-test for normal distributed variables and represented as mean + SD. # The P value was
obtained by Mann-Whitney test for non-normally distributed variables and represented as median (interquartile range). Bold values mean that the value is
statistically significant, P < 0.05.

Table 2. Laboratory characteristics of total, male and female subjects

Variables Total (n=90) Male (n=45) Female (n=45) P value
FBS (mg/dl)* 89.98 + 8.16 92.75 + 8.50 87.21 +6.85 0.001
TG (mg/dl) 133.50 (43-481) 174.50 (43-481) 114.50 (50-300) <0.001
TC (mg/dl) ' 181.62 + 38.74 183.97 £ 35.07 179.26 + 42.37 0.571

HDL-C (mg/dl) 45.91 + 8.34 43.20 = 7.82 48.62 + 8.05 0.002
LDL-C (mg/dl) * 93.13 + 24.82 95.70 + 28.16 90.56 + 20.98 0.334
Irisin (pg/ml) % 1200 (500-8600) 1050 (500-7700) 1250.00 (800-8600) 0.086
AIPf 0.46 (- 0.2-1.16) 0.62 (- 0.2-1.16) 0.35 (- 0.1-0.83) <0.001

ACt 3.09 +1.15 3.36 = 1.00 2.81+1.22 0.023
CRI-I* 4.09 £ 1.15 4.36 + 1.00 3.81+£1.22 0.023
CRI-ITY 2.07 +0.62 2.25 +0.66 1.90 £ 0.52 0.008
NHC* 135.70 = 40.11 140.77 £ 34.93 130.64 + 44.52 0.238

Abbreviations: FBS: fasting blood sugar; TG: triglyceride; TC: fotal cholesterol; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C:
Low-Density Lipoprotein Cholesterol; AIP: Atherogenic Index of Plasma; AC: Atherogenic Coefficient; CRI-I: Castelli’s Risk Index- I;
CRI-II: Castelli’s Risk Index- II; NHC: Non HDL Cholesterol. 1 The P value was obtained by independent samples t-test for normal dis-
tributed variables and represented as mean + SD. F The P value was obtained by Mann-Whitney test for non-normally distributed variables

and represented as median (interquartile range).
Bold values mean that the value is statistically significant, P < 0.05

and NHC between male and female participants (P
> 0.05). However, the FBS, TG, AIP, AC, CRI-I and
CRI-II were significantly higher in men than women
(P < 0.05). There were no significant differences in the

levels of irisin between the men and women (P > 0.05).
The range of minimum and maximum values of irisin
were 500 — 8600 pg/ml in total, 500 - 7700 pg/ml in
men and 800 -8600 pg/ml in women.
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CRI-I CRI-II NHC
Male Male

AC

AIP

Table 5 .The association of atherogenic indices with irisin

Female

Total Male Female Total

Female

Male Female Total Male Female Total

Total

Irisin -.017 .869 .019 .898 -.058 .718 .024 .831 -.134 .406 .135 .412 .024 .831 -.134 .406 .135 .412 -.060 .588 .131 .418 -.191 .251 -.014 .906 -.016 .925 .071 .653

336 .001 .378 .015 .190 .204 .276 .011 .196 .217 .379 .015 .276 .011 .196 .217 .379 .015 .175 .103 -.037 .816 .306 .048 .151 .174 .142 .400 .135 .411

Age

Total

Energy .346 .001 .152 .311 .442 .005 .087 .427 -.159 .315 .157 .304 .087 .427 -.159 .315 .157 .304 .188 .086 .067 .674 .163 .289 -.028 .804 -.049 .762 -.056 .733

Intake
Physical

.065 .494 .089 .565 .036 .800 .165 .117 -.069 .672 .373 .013 .165 .117 -.069 .672 .373 .013 .169 .108 .247 .137 .240 .104 .112 .303 .065 .687 .157 .323

Activity

Abbreviations: AIP: Atherogenic Index of Plasma; AC: Atherogenic Coefficient; CRI-I: Castelli’s Risk Index-I; CRI-II: Castelli’s Risk Index- II; NHC: Non HDL Cholesterol;

P values are from linear regressions adjusted for age, total energy intake and physical activity;

Bold values mean that the value is statistically significant, P < 0.05

To adjust the potential confounders involved in
the association of irisin with anthropometric indices,
we performed multiple linear regression analysis. As
shown in Table 3, irisin was negatively and significantly
associated with BMI (B= - 0.214, P= 0.003), WC (B=
- 0.200, P=0.004), HC (B= - 0.245, P= 0.004), WHtR
(B= - 0.223, P= 0.005), AVI (B= - 0.189, P= 0.009),
BRI (B= - 0.214, P= 0.008), and BAI (B= - 0.207, P=
0.046) after adjusting for age, total energy intake and
physical activity. In addition, irisin had a significant as-
sociation with BMI (B= - 0.182, P= 0.049), HC (B=
- 0.295, P= 0.049), WHR (B= 0.279, P= 0.038), and
BAI (B= - 0.418, P= 0.001) in men and BMI (B= -
0.268, P= 0.005), WC (B= - 0.236, P= 0.030), WHtR
(B=-0.223,P=0.047) and, AVI (B= - 0.226, P= 0.047)
in women. According to table 4, irisin was positively
associated with FBS and negatively associated with
TC, HDL, LDL and TG which was not statistically
significant. As presented in table 5, irisin was positive-
ly associated with AC and CRI-I and negatively as-
sociated with AIP, CRI-II and NHC; however, these

differences were not statistically significant.

Discussion

In this study, no significant difference was found
between male and female subjects in circulating irisin
levels , which was similar to Karan et al. study (41).
On the other hand, some studies reported contradic-
tory results. Al-Daghri and colleagues (42) observed
higher irisin levels in girls compared with boys. While
in another study, irisin levels were higher in men than
women (43). This contradiction can be explained by
the differences in characteristics of participants.

We also found a significant and negative associa-
tion between serum irisin levels and BMI in total, male
and female subjects. Existing evidence about associa-
tion of irisin with BMI is controversial. Some studies
reported a negative correlation between irisin and BMI
(13, 14, 44, 45). Choi YK et al. (13) found that circulat-
ing irisin levels reduced in recently diagnosed T2D. In
addition, in the study performed by Moreno-Navarrete
et al. (14), serum irisin level was lower in obese patients
compared with normal weight subjects. Reverse corre-
lation between circulating irisin levels and BMI might
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be due to a decreased expression of FNDC5 gene in
adipose tissue, obesity-associated lower amounts of
brown or beige adipocytes or impaired conversion of
FNDCS5 to irisin in obese patients. On the other hand,
some studies reported a null or positive correlation. In
a research performed in a relatively small sample size,
Jameel et al. (18) reported that irisin was not associated
with BMI. Whilst, Stengel et al. (16) reported that sub-
jects with high degree of obesity (BMI > 35) had higher
levels of serum irisin than those with normal weight.
Also, Liu J] et al. observed that in the healthy subjects,
serum irisin levels had a positive correlation with BMI
and metabolic factors. In another study performed by
Park et al. (46), BMI was positively correlated with iri-
sin. The controversial results in different studies along
with different BMI levels, could be possibly due to
methodological differences and variation in sensitivity
and specificity of different kits used in different studies
or other intervening variables such as age, gender, race
and physical activity.

There is limited evidence about the association of
irisin with abdominal obesity indices. In the present
study, irisin was significantly associated with WC, HC,
WHtR, and AVI in all study subjects. Also, it was as-
sociated with HC and WHR in male subjects and with
WC, WHtR and AV in female subjects, which indi-
cates that irisin was significantly related to central obe-
sity. Jameel et al. (18) reported that irisin was not associ-
ated with WHR. In a cross-sectional study conducted
by Liu et al. (22) on more than 1000 Chinese adults with
metabolic syndrome, irisin was associated with WC (an
indicator of abdominal obesity). In addition, Moreno-
Navarrete et al. (14) demonstrated that circulating irisin
levels was negatively correlated with WHR. In contrast,
Park et al. (47) showed that irisin levels were positively
correlated with WC. In the current project, for the first
time, we investigated the association of irisin with body
fat percent indices including BRI and BAI. 'The results
of our study showed a negative association in the total,
male and female groups. In agreement with our results,
Moreno-Navarrete et al. (14) reported that irisin was
negatively correlated with percent fat mass. However, in
the study performed by Jameel and co-workers (18), se-
rum irisin levels inversely associated with percent body
fat among men, but not women. In contrast, another
study found that circulating irisin was positively corre-

lated with body fat mass (47). Contradictory results may
be due to the different experimental and physiological
conditions, and the different health status of the par-
ticipants.

In this study, no significant association was ob-
served between circulating irisin levels and biochemical
indices including FBS, TC, HDL, LDL and TG levels.
Evidence indicating the association between irisin and
biochemical indices are limited. Our results were similar
to the Jameel et al. (18) findings who observed no sig-
nificant relationship between serum irisin and glucose,
TG, TC, HDL, and LDL levels. However, there are a
number of studies which have reported significant rela-
tionships. Liu et al. (24) observed a positive correlation
between serum irisin levels and TC, TG, LDL-C, and
FBG. In contrary, Choi and colleagues (13) reported
a negative correlation between irisin level and OGTT,
HbA1c, and TG. The controversy over the associations
between circulating irisin and glycaemic and lipid pro-
file among different studies might be explained due to
the variation in experimental design, differences in the
biochemical analytical assays, different BMI levels, con-
founding variables such as age, race, sex, physical activity
and the variation in health status of study participants.

In multivariate linear regression analysis, after con-
trolling for potential confounders such as age, total ener-
gy intake, and physical activity, no significant associations
between serum irisin levels and atherogenic indices were
found.This result suggest that age, total energy intake,
and physical activity are the main confounders.

In elderly subjects, the percentage of muscle tissue
decreases, and subsequently the amount of irisin se-
cretion decreases. Tanisawa et al. reported that serum
irisin levels were significantly lower in elderly subjects
than in young subjects (48). Scharf et al. reported that
the endocrine release of myokines from skeletal muscle
might be impaired in sarcopenia, and irisin is on the
list of potential candidates in this regard (49).

This study had some strengths but also some limi-
tations. The strengths included the homogeneity of the
population in living conditions and health status, as-
sessment of food intake and physical activity by vali-
dated questionnaires, consideration of the confound-
ing factors such as smoking, age, total energy intake,
and physical activity. This is also the first report that

revealing the association between serum irisin levels
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and new anthropometric and atherogenic indices. The
limitations of this investigation were the low number
of sample size and the cross-sectional design of the
study that couldn’t show the causality and provide in-
formation on a prospective manner.

In conclusion, our results indicated negative as-
sociations between serum irisin levels and various
anthropometric measurements including BMI, WC,
HC, WHtR, BRI, AVI and BAI in total healthy par-
ticipants, without any associations with biochemical
and atherogenic indices. The present research could
raise credible hypotheses to be extended by future
studies with prospective design, larger sample size and
different BMI categories to clarify the role of irisin in
obesity and its comorbidities.
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