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Aim: To assess the ability of leptin, adiponectin and leptin: adiponectin ratio (LAR) to discriminate
apparently healthy subjects with metabolic syndrome in Southwest Nigeria.

Methods: One hundred and twenty three subjects with metabolic syndrome (cases) were age matched
with 123 subjects without metabolic syndrome. The serum adiponectin and leptin levels were measured

Key"‘f"rdsﬂ ) ) using standard procedures. The ability of serum adiponectin, leptin and LAR to discriminate metabolic

ier’?“'Ad‘poneCtm ratio syndrome and its components were determined using the receiver operating curve and linear regression.
epun - Results: The median age of the cases (49 IQR 42, 56 years) was not significantly different from the
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Metabolic syndrome controls (48 IQR 39, 56 years) p = 0.252. The adiponectin levels was reduced with increasing number of

Nigeria the components of metabolic syndrome from 11.6 (IQR 9.6, 13.5) among subjects without any component

of metabolic syndrome to 6.5 (IQR 5.7, 7.7) in subjects with more than three components of metabolic
syndrome. For leptin and LAR, the values increased with increasing components (p < 0.001). LAR (AUC
0.960) discriminated metabolic syndrome better than adiponectin (AUC 0.865) and leptin (AUC = 0.918)
in males and females (LAR AUC = 0.966, adiponectin AUC = 0.888, leptin AUC = 0.929).
Conclusion: LAR had better ability to discriminate the risk of metabolic syndrome than adiponectin and
leptin alone in males and females among apparently healthy subjects from Southwest Nigeria.

© 2019 Published by Elsevier Ltd on behalf of Diabetes India.

1. Introduction

Over the past decade adipose tissue has been redefined as a
dynamic metabolic, endocrine organ secreting various cytokines,
called adipokines in a paracrine, autocrine, and endocrine fashion
[1,2]. Its dysfunction is an important contributor in defining the
mechanism related to the pathogenesis of metabolic diseases such
as type 2 diabetes, obesity, hypertension and metabolic syndrome
[3,4].

Adiponectin and leptin are two major adipokines in the regu-
lation of energy homeostasis. Adiponectin, the most abundant
adipokine in circulation plays a major role in insulin sensitivity,
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glucose metabolism, central fat distribution, tissue inflammation
and endothelial function [5,6]. Leptin is an adipokine which re-
duces appetite, increases energy expenditure, facilitates glucose
utilization, increases sympathetic activity and improves insulin
sensitivity [7]. Reduced adiponectin and elevated leptin levels are
associated with metabolic syndrome, obesity and insulin resistance
[8—10].

Although leptin and adiponectin are separately associated with
the risk of metabolic syndrome, type 2 diabetes and CVD, their
opposite effects on subclinical inflammation, glucose and fat
metabolism birth the hypothesis of the ratio of LAR as a better
marker of metabolic syndrome than leptin and adiponectin alone
[11,12].

Few studies from Nigeria have demonstrated association be-
tween adiponectin and leptin with obesity, type 2 diabetes and
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metabolic syndrome [13—16]. To the best of the authors’ knowledge
no study has examined the association of LAR with metabolic
syndrome in Nigeria. This present study which is a follow up to the
study that assessed the prevalence of metabolic syndrome in a rural
and urban community in Southwest Nigeria using three different
definitions [17], is aimed at assessing the ability of leptin, adipo-
nectin and LAR to discriminate apparently healthy subjects with
metabolic syndrome in Southwest Nigeria.

2. Methods

A case control study was designed to assess whether LAR
discriminated metabolic syndrome and its components better than
adiponectin and leptin among apparently healthy subjects in
Southwest Nigeria. Cases were subjects identified as having
metabolic syndrome who were age matched with subjects without
the metabolic syndrome (controls).

Details of study background and sampling were earlier published
[17]. Briefly, subjects were apparently healthy volunteers aged 18
years and above without any medical history of hypertension or
diabetes; who had resided at least 2 years in selected sites prior to
recruitment into the study. Multi-stage sampling technique was
used to select the two communities while volunteer subjects were
consecutively recruited. On recruitment, sociodemographic details
of the subjects were collected using a proforma after which
anthropometric and blood pressure measurements were done.
Venous blood was collected after an overnight fast for lipid profile,
blood glucose, leptin and adiponectin estimation using standard
procedures. Identification of metabolic syndrome was done using
the Joint interim Statement of the International Diabetes Federation
(IDF) Task force criteria (JIS) [17].

3. Measurements and classification of outcome variable
3.1. Measurement of anthropometric variable

Measurement of waist circumference was done using a flexible
tape. The top of the illiac crest was located and measurement was
taken horizontally around the abdomen above the level of the illac
crest. Measurement was done to the nearest 0.1 cm.

3.2. Measurement of blood pressure

Blood pressure (BP) measurement was done in the morning in
sitting position after about 5 min rest using a calibrated OMRON
automated BP monitor (Omron Healthcare, Kyoto, Japan) that uses
an upper arm cuff. The average of two measurements taken on the
right arm of the subjects was recorded.

3.3. Biochemical analysis

Venous blood was collected from the subjects after an overnight
fast (10—14 h). Blood samples were collected in appropriate tubes
(fluoride oxalate for fasting blood glucose, potassium ethylene
diamine tetra acetic acid (K3EDTA) for lipid profile and plain bottles
for adiponectin and leptin analysis). All serum and plasma samples
were prepared in the laboratory using standard methods and
stored at —20°C until analyses were performed. Fasting plasma
glucose (FPG), triglyceride and high density lipoprotein cholesterol
(HDL-C) were estimated by enzymatic methods using commercial
kits (Randox laboratories limited, United Kingdom). Leptin and
adiponectin were measured using enzyme linked immunosorbent
assay (DRG Instrument GmbH, Germany).

Commercial quality control samples were included within each
batch of test assay to monitor the accuracy and precision of

biochemical tests.
3.4. Definition of metabolic syndrome

Metabolic syndrome was defined using the criteria proposed by
the joint interim statement of the IDF Task Force (JIS). It was rec-
ommended that metabolic syndrome should be diagnosed when
three or more of the following conditions are fulfilled [18]: (1)
Elevated triglycerides: 150 mg/dl (1.7 mmol/l) or history of specific
treatment for this lipid abnormality; (2) Reduced HDL-C: < 40 mg/
dl (1.03 mmol/l) in men and <50 mg/dl (1.29 mmol/l) in women or
history of specific treatment for HDL-C; (3) Raised BP: systolic BP
130 mmHg or diastolic BP 85 mmHg or on treatment for previously
diagnosed hypertension; (4) FPG >100 mg/dl or previously diag-
nosed type 2 diabetes mellitus; (5) Waist circumference >94 cm in
men or >80 cm in women (as recommended for Europeans).

3.5. Ethical considerations

Approval for the study was obtained from the Health Research
and Ethical Committee of the Lagos State University Teaching
Hospital (LASUTH) Ikeja. Subjects were assured of strict confiden-
tiality and relevant subjects information were anonymized.

3.6. Data analysis

Data was entered and analyzed using the Statistical Package for
Social Sciences (SPSS) IBM. Armonk NY, USA version 22. Percent-
ages, median and interquartile range of numeric variables were
determined. The distribution of outcome variables were assessed
using Kolmogorov-Smirnov statistics and histogram plots. Mann
Whitney U test was used to compare median of two independent
groups. Spearman rho correlation was used to assess the relation-
ship between two numerical variables. Linear regression of the
components of metabolic syndrome on adiponectin, leptin and LAR
was determined. The ability of adiponectin, leptin and LAR to
discriminate metabolic syndrome was assessed using receiver
operating characteristic curve (ROC). For all statistical tests the
confidence interval was set at 95% and statistical test were
considered significant if p < 0.05.

4. Results

One hundred and twenty three subjects with metabolic syn-
drome (cases) were age matched with 123 subjects without
metabolic syndrome (controls). The median age of the cases (49 IQR
42, 56 years) was not significantly different from the controls (48
IQR 39, 56 years) p = 0.252. The median serum level of leptin and
LAR was higher among the cases than controls (27.3, IQR 21.7, 34.5
vs 12.3 IQR 8.8, 16.7) and (3.7 IQR 2.7, 5.1 vs 1.1 IQR 0.8, 1.5)
respectively p < 0.001. However, adiponectin, leptin and LAR were
higher in females compared with males (p <0.001) as shown in
Table 1.

The adiponectin levels was reduced with increasing number of
metabolic syndrome components from 11.6 (IQR 9.6, 13.5) among
subjects without any component of metabolic syndrome to 6.5 (IQR
5.7,7.7) in subjects with more than three components of metabolic
syndrome. For leptin and LAR, the values increased with increasing
components (p <0.001) (Table 2).

The correlation of adiponectin, leptin and LAR with the com-
ponents of metabolic syndrome in males and females is shown in
Table 3. In both males and females, leptin and LAR had positive
correlation with all the components of metabolic syndrome except
HDL-C. However, the contrary is the case for adiponectin. Among
the males, the correlation of leptin with waist circumference
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Table 1

Adiponectin, Leptin levels and Leptin:Adiponectin ratio by gender and presence of metabolic syndrome.
Variables Median (IQR) Median (IQR) U p
Group Controls (n = 123) Cases (n =123)
Adiponectin (pg/ml) 10.7 (IQR 8.9, 12.7) 7.4 (IQR 6.2, 9.3) 9.060 <0.001
Leptin (ng/ml) 12.3 (IQR 8.8, 16.7) 273 (IQR 21.7, 34.5) 10.934 <0.001
Leptin:Adiponectin ratio 1.1 (IQR 0.8, 1.5) 3.7(IQR 2.7, 5.1) 12.511 <0.001
Age 48.0 (IQR 39, 56) 49 (IQR 42, 56) 1.145 0.252
Gender Males (n =74) Females (n =172)
Adiponectin (pg/ml) 8.4(IQR 6.2, 9.8) 9.6 (IQR 7.4, 11.9) 4172 <0.001
Leptin (ng/ml) 10.5 (IQR 7.5, 18.1) 23.9 (IQR 16.3, 32.0) 8.654 <0.001
Leptin: Adiponectin ratio 1.3 (IQrR 0.7, 2.6) 2.5(IQR 1.3,4.5) 5.020 <0.001

Table 2

Association of Adiponectin, Leptin and Leptin:Adiponectin ratio with increasing components of metabolic syndrome.

Number of components n Adiponectin (pg/ml) Median (IQR) Leptin (ng/ml) Median (IQR) LAR Median (IQR)

0 23 11.6(IQR 9.6, 13.5) 8.5 (IQR 3.3, 13.3) 0.7 (IQR 0.4, 0.8)

1 52 11.4 (IQR 9.6, 12.8) 12.9 (IQR 8.5, 17.3) 1.1(IQR 0.8, 1.4)

2 48 9.8 (IQR9.2, 11.8) 12.7(IQR 10.5, 21.2) 1.4 (IQR 0.9, 2.4)

3 74 8.1 (IQR 6.7, 9.6) 25.7 (IQR 21.2, 31.6) 3.1(IQR 2.4, 4.3)

>3 49 6.5(IQR 5.7, 7.7) 31.3 (IQR 22.8, 43.7) 4.9 (IQR 34, 6.1)
Table 3 Table 5 shows that LAR (AUC 0.960) discriminated metabolic

Correlation of Adiponectin, Leptin and Leptin:Adiponectin ratio with increasing
components of metabolic syndrome.

Variables Pearson Correlation coefficient p
Males

Adiponectin (pg/ml) —0.427** 0.004
Leptin (ng/ml) 0.636** <0.001
LAR 0.683** <0.001
Females

Adiponectin (pg/ml) -0.292* 0.010
Leptin (ng/ml) 0.376** 0.004
LAR 0.462** <0.001
ALL

Adiponectin (pg/ml) —0.590* <0.001
Leptin (ng/ml) 0.682** <0.001
LAR 0.758** <0.001

NB: ** Correlation significant at 0.01 level (2 tail).
Correlation significant at 0.05 (2 tail).
LAR = Leptin: Adiponectin ratio.

(r=0.567) and diastolic BP (r = 0.542) was stronger than the cor-
relation of adiponectin and LAR with waist circumference
(r=-0.341 vs r =0.498) and diastolic BP (r=—-0.375 vs r = 0.515)
respectively. The correlation of adiponectin with systolic BP
(r=-0.545) and triglyceride (r =-0.250) was as higher than the
correlation of leptin and LAR with systolic BP and triglyceride.
Among the female subjects, the correlation of LAR with waist
circumference (r = 0.484), Systolic BP (r =0.285) and diastolic BP
(r=0.3150) was higher than the correlation of adiponectin and
leptin with waist circumference, systolic and diastolic BP. There was
no significant correlation of adiponectin, leptin and LAR with HDL-
Camong males (p > 0.05) however among females the contrary was
the case.

The regression of the components of metabolic syndrome on
adiponectin, leptin and LAR is shown in Table 4. Serum levels of
adiponectin was associated with reduced waist circumference and
systolic BP in males while among the females it was associated with
reduced waist circumference, diastolic BP and FPG and increased
with HDL-C. Serum level of leptin was associated with increased
waist circumference and fasting plasma glucose in the males and
triglyceride in females and reduced HDL-C in males and females.
LAR was associated with increased WC, FPG in males and triglyc-
eride in females.

syndrome better than adiponectin (AUC 0.865) and leptin
(AUC = 0.918) in males and females (LAR AUC = 0.966, adiponectin
AUC = 0.888, leptin AUC = 0.929).

5. Discussion

Metabolic syndrome is a constellation of interrelated risk factors
of metabolic origin which has become a growing public health
concern [19]. The roles of leptin and adinopectin in the develop-
ment of metabolic syndrome have been reported in different ethnic
populations [20,21]. Studies have further proposed LAR to be a
better marker for predicting the risk of metabolic syndrome than
with than leptin and adinopectin alone [22,23]. This present study
demonstrates that LAR had a higher predictive power than serum
adiponectin and leptin for risk of metabolic syndrome in both men
and women. This finding is similar to what was reported in a
prospective study from China where the AUC for LAR was larger
than adiponectin and leptin [24]. Cross sectional studies from China
and sub Saharan Africa also suggested LAR to be better predictor of
metabolic syndrome than adiponectin and leptin [11,12]. High
adiponectin and low leptin levels could offer some protection
against the development of metabolic syndrome [25]. Studies have
shown high leptin to be associated with vascular injury, elevation of
blood pressure and vascular endothelial cell proliferation [26,27]
while high adiponectin levels is said have anti-inflammatory effects
and protective against atherosclerosis [28,29].

The gender differences in levels of leptin and adiponectin has
been documented. This study shows that serum levels of adipo-
nectin and leptin were higher in women than men similar to what
was reported in other studies [12]. Leptin levels are higher in
women than men because of the higher proportion of adipose
tissue and elevated production of leptin per unit adipose tissue in
women [30]. However, it has been suggested that adiponectin in-
hibition by androgen is responsible for the higher levels of adipo-
nectin in women [31].

Our study shows that waist circumference is positively corre-
lated with leptin and LAR; and negatively correlated with adipo-
nectin in both men and women which is in harmony with some
studies which showed that leptin and adiponectin are positivity
and negatively linked respectively with visceral fat [32,33]. There is
association between leptin and adiponectin and body fat. Excess
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Table 4

Regression of adiponectin, leptin, Leptin: Adiponectin ratio with components of metabolic syndrome (n = 246).
Metabolic syndrome components Adiponectin (pg/ml) Leptin (ng/ml) LAR
Males
Waist circumference (cm) -0.292, 0.017 0.535, <0.001 0.456, <0.001
Systolic blood pressure (mmHg) —0.632, <0.001 0.058, 0.663 0.154, 0.276
Diastolic blood pressure (mmHg) 0.313, 0.068 0.236, 0.088 0.121, 0.407
HDL-C (mg/dl) —0.115, 0.277 —0.199, 0.022 —0.122, 0.182
Triglyceride (mg/dl) 0.045, 0.734 -0.181, 0.085 -0.218, 0.060
FPG (mg/dl) -0.271, 0.055 0.442, <0.001 0.521, <0.001
Females
Waist circumference (cm) —0.339, <0.001 0.261, <0.001 0.279, <0.001
Systolic blood pressure (mmHg) 0.025, 0.805 0.090, 0.373 0.046, 0.628
Diastolic blood pressure (mmHg) —0.199, 0.040 0.097, 0.319 0.161, 0.081
HDL-C (mg/dl) 0.261, <0.001 —0.158, 0.014 —0.211, 0.001
Triglyceride (mg/dl) 0.021, 0.762 0.199, 0.004 0.153, 0.021
FPG (mg/dl) —0.268, <0.001 0.263, <0.001 0.311, <0.001

Results presented represent b values (p values) assessed by linear regression adjusted for age; (b) coefficient for the relationship between the dependent variables (adi-
ponectin, leptin and LAR) and the independent variables (components of metabolic syndrome).

HDL-C = High density lipoprotein cholesterol.
FPG = Fasting plasma glucose.

Table 5

Area under the ROC curve of Adiponectin, Leptin and Leptin:Adiponectin ratio that best predicts metabolic syndrome.
Variables Area Under ther curve (AUC) 95%CI p
Males
Adiponectin (pg/ml) 0.868 0.777—0.960 0.000**
Leptin (ng/ml) 0.918 0.857—-0.979 0.000*
Leptin:Adiponectin ratio 0.960 0.923—0.998 0.000*
Females
Adiponectin (pg/ml) 0.888 0.841-0.936 0.000*
Leptin (ng/ml) 0.929 0.888—0.970 0.000*
Leptin:Adiponectin ratio 0.966 0.944—0.988 0.000*

adiposity is linked with down regulation of adiponectin and up
regulation of leptin production which could results in insulin
resistance and type 2 diabetes and metabolic syndrome [34,35].
In this study adiponectin, leptin and LAR exhibited opposite and
variable correlations with the components of metabolic syndrome.
Leptin and LAR were associated with increased blood pressure,
triglyceride and fasting plasma glucose, which is in accordance
with what was reported in a study from sub Saharan Africa and
Yemen [11,36]. There was gender difference in the association of
LAR with glucose and lipid components of metabolic syndrome in
this study similar to what was reported in another study [37]. The
gender differences in glucose and lipid metabolism could be
responsible for our finding [38,39]. The correlation of increasing
components of metabolic syndrome with LAR was better than with
adiponectin and leptin in this study. The reason is not known,
however the greater ability of LAR to predict metabolic syndrome
than adiponectin and leptin in this study may be responsible.

6. Conclusion

LAR had better ability to discriminate the risk of metabolic
syndrome than adiponectin and leptin alone among apparently
healthy subjects in this study. This may be an indication that LAR
could be an important biomarker to predict the risk of metabolic
syndrome. However, further studies will be needed to ascertain
this.
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