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Background: The prevalence of metabolic syndrome (MS) accompanied with cardiometabolic complications has progressively
increased in Thailand. The roles of insulin resistance, leptin, adiponectin, and free testosterone as prognostic indicators of
MS among Thai population were evaluated.

Material and Method: Men and women aged 34 to 89 years (n = 308) having 0-5 criteria of MS according to NCEP II]
with Asian-specific cut-points for waist circumference were enrolled in this cross-sectional study. Blood glucose, lipids,
insulin, leptin, adiponectin, and free testosterone were measured.

Results: Each component of MS, especially the enlarged waist, adversely affected insulin sensitivity. MS subjects were at
higher risk for developing insulin resistance, decreasing of plasma adiponectin, and increasing of leptin and the leptin/
adiponectin ratio in comparison to non-MS individuals. The hormonal changes that have been shown to be associated with
increased cardiometabolic risk were amplified as more MS criteria have been met. Odds ratios of increased leptin/adiponectin
ratio among MS group were highest in comparison to others. Free testosterone levels declined with age and did not
discriminate men with MS.

Conclusion: The results indicate the benefit of hormonal assessment, particularly the leptin/adiponectin ratio in identifying
MS individuals with high cardiometabolic disease risk.
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The metabolic syndrome (MS) is composed
of abdominal obesity, dyslipidemia (high triglycerides
and low high-density lipoprotein cholesterol, HDLC),
elevated fasting blood glucose, and blood pressure.
According to the Ministry of Public Health Reports in
2010, the cardiovascular disease is one of the three
leading causes of death in Thailand. The hazards ratios
for cardiovascular disease events and all-cause
mortality between 1983 and 2002 survey among Thais
with MS were 2.41 and 1.60 respectivelyV.

Several hormonal changes in either their
secretion or actions are found in MS. Insulin resistance
is the main underlying cause and a predictor of
subsequent type 2 diabetes mellitus and cardiovascular
diseases in metabolic syndrome®¥. Leptin and
adiponectin are adipokine hormones affecting
insulin actions. Reduced leptin actions, as they occur
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in a leptin-resistant state, augment food intake, beta
cell dysfunction, insulin resistance, and obesity®.
Leptin increased in MS regardless of overall or
central obesity, and hyperleptinemia was a risk factor
for coronary heart disease®®. Adiponectin carries
insulin-sensitizing action. A reduction of adiponectin
caused insulin resistance and subsequently MS
development independent of obesity”. Moreover,
hypoadiponectinemia may indicate the presence of
cardiovascular disease in MS patients®. In addition,
MS is closely related to low testosterone level, their
interactions result in insulin resistance and vascular
endothelial dysfunction, which are potential causal
factors for increased cardiovascular diseases®.

The prevalence of MS according to the
National Cholesterol Education Program III (NCEP III)
criteria among Thai adults increased from 10 to 15%
in 2005 to 32.6% in 20111%!0, The prediction of MS
individuals at high risk of developing complicating
diseases therefore becomes necessary. This study
aimed at evaluating whether insulin resistance, leptin,
adiponectin, and free testosterone blood levels are
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useful for detecting persons with MS who are more
likely to have cardiometabolic complications among
the Thai population.

Material and Method
Subjects

Three hundred eight subjects with zero to
five components of MS according to the harmonized
criteria of six international expert groups with Asian-
specific cut-points for waist circumference!'? were
randomly selected from 1,530 volunteers attending
another community-based research. All participants
resided in Bangkok. With informed consent, history
taking and general physical examination were done.
Individuals with chronic illness or type 1 diabetes
mellitus and steroid or certain drug users were excluded
from the study. Fasting venous blood was drawn. Blood
samples were immediately analyzed for glucose and
lipid concentrations and kept as serum at -70°C until
assayed. Maximum storage period was three months.
In this cross-sectional study, participants were divided
into six groups of each sex by zero to five criteria of
MS diagnosis (Table 1). Participants who had zero to
two criteria of MS were classified as non-MS and those
with three to five MS criteria were classified as MS.
The research proposal was approved by the Human
Ethics Committee of the Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok, Thailand.

Measurements
Blood pressure was recorded after a 10 minutes
rest. Waist circumference was measured at the midpoint

Table 1. Criteria for diagnosis of metabolic syndrome
(NCEP III)

Criteria Categorical cut points

>90 c¢cm in men*
>80 c¢cm in women*

Waist circumference

Elevated blood pressure  >130 mmHg systolic and/or
>85 mmHg diastolic or

on antihypertensive drug

Elevated triglycerides >150 mg/dl or

on triglyceride-lowering drug
Abnormal fasting blood ~ >100 mg/dl or
glucose on glucose-lowering drug
Reduced HDLC <40 mg/dl in men or

<50 mg/dl in women

NCEP III = national cholesterol education program III;
HDLC = high density lipoprotein cholesterol
*Adapted for Asian population'?
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between the lower margin of the last palpable rib and
the top of the iliac crest. BMI was calculated by divided
body weight (kg) by the square of their height (m?).

Blood glucose and lipids were measured
by enzymatic method using Hitachi 917 automatic
analyzer. Serum insulin, leptin, and adiponectin were
analyzed using the lodine-125 radioimmunoassay kits
for human hormones (Linco Research, Inc.). Free
testosterone (the biologically active form) was assessed
by solid phase enzyme-linked immunosorbent assay
kit (IBL International GMBH). Intra- and inter-assay
variability of plasma hormone measurement within our
laboratory was less than 10%. Homeostatic model
assessment of insulin resistance (HOMA-IR) was
calculated according to a formula: fasting plasma
glucose (mmol/]) x fasting plasma insulin (uU/ml)/22.5.
HOMA-IR value more than 3.13, which was mean
plus two SD value obtained from subjects who had
no MS component'® was used to identify insulin
resistance. The ratios between leptin and adiponectin
as well as between adiponectin and HOMA-IR were
determined.

Statistical analysis

Most data were not normally distributed, thus,
Mann-Whitney U test or Kruskal-Wallis test was used
for the comparison. Normally distributed variables
were compared using student’s paired t-test. Spearman
Rank Correlation was performed for the association
study. Binary logistic regression analysis was used to
determine the relationship between component of
metabolic syndrome and insulin resistance as well as
between an outcome of metabolic syndrome and
change of studied hormone. Data analysis was done
using SPSS version 13 software for Windows. A
p<0.05 was considered statistically significant.

Results

The demographic and biochemical
characteristics of participants stratified by MS and
non-MS groups are shown in Table 2. Age and BMI in
the MS group were higher than the non-MS group. The
MS group demonstrated significantly higher HOMA-
IR, leptin, and leptin/adiponectin ratio but lesser
adiponectin, and adiponectin/HOMA-IR ratio in
comparison to the non-MS group (Table 3).

As shown in Fig. 1, HOMA-IR tended to
increase as numbers of components of MS increased
from three to five. The MS group demonstrated higher
chance of having insulin resistance (HOMA-IR >3.13)
in comparison to their counterpart (age-adjusted OR
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107.00 (92.00-123.75)!

101.50 (88.00-118.00)*

111.00 (95.75-132.25)?

88.00 (83.25-95.00) 89.00 (84.75-95.00)!

89.50 (85.00-95.00)

Values in mean + SD or median (25"-75" percentile); FBS

FBS (mg/dl)

blood pressure

metabolic syndrome; BP

body mass index; MS =

fasting blood sugar; BMI =

Significant differences between non-MS and MS groups at p<0.0001!

Significant differences between sex within MS or non-MS group at p<0.052

2.97,95% CI 1.56-5.66, p<0.001). Positive association
between waist circumference and HOMA-IR was
found (Spearman’s rank correlation, r_ = 0.48,
p<0.0001). Enlarged waist had the greatest impact
on the occurrence of insulin resistance (Table 4).
Significant positive correlation between HOMA-IR
and leptin (r, = 0.47, p<0.0001) and negative
correlation between HOMA-IR and adiponectin
(r,=-0.36, p<0.0001) were detected.

MS subjects had higher circulating leptin
but lesser adiponectin concentrations than non-MS
subjects (Table 3). In addition, as more MS criteria
have been met, increasing levels of leptin, decreasing
adiponectin, and rising of the leptin/adiponectin
ratios were observed (Fig. 1). Moreover, both crude
and adjusted OR of increased leptin/adiponectin
ratio in MS were highest when compared with a
decreased adiponectin/HOMA-IR ratio and sole
changes of insulin, leptin, adiponectin, HOMA-IR
or free testosterone (Table 5). Leptin/adiponectin
ratio was found to directly correlate with HOMA-IR
(r,=0.55, p<0.0001).

Serum free testosterone (free T) concentrations
in male subjects was negatively associated with age
(r, = -0.34, p<0.0001) and systolic blood pressure
(r,=-0.26, p<0.01). Serum free T levels in men with
and without MS were not significantly different
though men with MS were significantly older than
men without MS (Table 2). Likewise, the OR of
lowering free T in MS males over non-MS males was
statistically insignificant.
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Fig.1  Changes of HOMA-IR values, leptin and
adiponectin concentrations and their ratio
according to the number of MS components
(value in median and 25"-75" percentile).
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Table 3. Hormone concentrations in non-MS and MS subjects

Non-MS (n=157)
median (25"-75" percentiles)

MS (n=151)
median (25"-75" percentiles)

Insulin (mU/ml) 12.08 (8.56-18.16) 13.44 (9.57-19.10)
HOMA-IR 2.59 (1.88-4.19)! 3.80 (2.53-5.32)!
Leptin (ng/ml) 6.35 (3.23-12.70)' 12.85 (6.85-22.07)'
Adiponectin (mg/ml) 6.75 (4.48-9.84)! 5.25 (3.77-7.47)'
Leptin/ADP ratio 0.95 (0.47-2.23)! 2.48 (1.18-4.74)!
ADP/HOMA-IR ratio 2.41 (1.17-4.90)! 1.40 (0.73-2.70)"
Free T (pg/ml)* 4.98 (3.58-6.81)* 4.74 (2.70-6.01)*

HOMA-IR = homeostasis model assessment of insulin resistance; ADP = adiponectin; Free T = free testosterone
* Free testosterone was measured only in male subjects (n = 78 for non-MS, n = 67 for MS)
Significant differences between non-MS and MS groups at p<0.0001!

Table 4. Association between component of metabolic syndrome and insulin resistance

Crude OR (95% CI) Adjusted OR (95% CI)
4.97 (3.03-8.15)! 3.19 (1.74-5.84)!
2.10(1.33-3.31) 1.40 (0.82-2.41)

MS components

Large waist circumference (>90 cm in men, >80 cm in women)

High blood pressure (=130 mmHg systolic and/or 85 diastolic mmHg or
on antihypertensive drug)

High triglyceride levels (>150 mg/dl or on triglyceride-lowering drug) 2.49 (1.56-3.97)!
4.58 (2.74-7.64)!
1.94 (1.13-3.32)?

n =308; OR = odds ratio for MS group; Adjusted odds ratio for age, sex and other 4 MS components
Significance of OR at p<0.0001' and p<0.05%; Insulin resistance = HOMA-IR >3.13

1.33 (0.74-2.38)
3.39 (1.84-6.24)!
0.77 (0.43-1.39)

Abnormal fasting blood glucose (>100 mg/dl or on glucose-lowering drug)
Low HDLC levels (<40 mg/dl in men or <50 mg/dl in women)

Table 5. Odds ratios of changes in studied hormones due to metabolic syndrome

Crude OR (95% CI)
1.54 (0.89-2.66)
3.30 (1.86-5.85)!
4.76 (2.64-8.59)!
2.45 (1.39-4.29)
6.52 (3.55-11.97)!
3.48 (1.96-6.18)!
1.39 (0.62-3.11)

Hormonal alterations Adjusted OR (95% CI)
0.52 (0.22-1.25)
1.42 (0.63-3.19)
2.39(0.75-7.59)
2.68 (1.26-5.68)*
5.58 (2.31-13.48)"
2.80 (1.37-5.75)

0.96 (0.26-3.54)

Increased insulin

Increased HOMA-IR

Increased leptin

Decreased adiponectin

Increased leptin/adiponectin ratio
Decreased adiponectin/HOMA-IR ratio

Decreased free testosterone

n of free testosterone = 145 (from running out of some samples) and n = 308 for other hormones
OR = odds ratio for MS group; Adjusted odds ratio for age, sex and other hormones
Significance of OR at p<0.0001!, p<0.052

Discussion

Consistent with other previous studies,
increased prevalence of insulin resistance in MS
subjects and its direct association with increasing
number of MS components were found in this
study®!9. Though insulin resistance may not always
occur together with MS, it is inseparably involved in
the MS pathogenesis. Impaired fasting glucose is a
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result of insulin resistance in the liver and peripheral
tissues as well as from a defective B-cell glucose
sensitivity"®. Accumulation of visceral adipose tissue
can cause insulin resistance by producing inflammatory
cytokines and metabolically toxic products that impair
insulin signaling®. Insulin resistance enhances free
fatty acid (FFA) production from fat cells and impairs
FFA oxidation by endothelial lipoprotein lipase.

J Med Assoc Thai Vol. 97 No. 1 2014



Increased circulating and hepatic influx of FFA
augment the hepatic synthesis, release triglyceride-rich
very-low-density lipoprotein into blood, and lower
HDLC formation”. In addition, impairment of
nitric oxide production and vascular-endothelial cell
functions from high circulating FFA and insulin
resistant status can induce blood pressure increment!®.
In the present study, waist circumference most
directly associated with HOMA-IR. This signifies that
abdominal obesity may be the most important risk
factor for insulin resistance among Thai MS patients
which is similar to finding in other Asian population®.

Leptin and adiponectin changed in the
opposite direction in MS subjects. Alterations of these
two adipokines and their ratio (leptin/adiponectin
ratio), which have been amplified by increasing MS
components in Thai population, are consistent with
the data reported in other nationalities®’2%. Leptin
decreases insulin secretion while enhances insulin
sensitivity; thus, leptin resistant status as marked by
hyperleptinemia could result in the development of
insulin resistance™®®. Adiponectin exerts a direct
insulin-sensitizing effect in human; hence, an insulin
resistance would occur in the hypoadiponectinemic
condition®?. However, a possibility that low adiponectin
levels may be a consequence of insulin resistance with
compensatory hyperinsulinemia is also suggested®?.
Significant linear relationships between HOMA-IR
and serum levels of leptin and adiponectin as well as
their ratio found in the present study emphasize the
links of these two adipokines with insulin resistance
in pathophysiology of MS as previously described by
other investigators®*-2223,

The metabolic disruption in adipoinsular axis
and its consequences including insulin resistance,
tissue inflammation, endothelial dysfunction, and
disorder of lipid metabolism, as occur in MS subjects
are the risk factors of cardiovascular diseases®?.
Likewise, the leptin/adiponectin ratio has been
shown to be a good marker of intima media thickness
in healthy subjects with or without MS®@. Since
the leptin/adiponectin ratio had the strongest
association with MS, it may be a better predictor of
the cardiometabolic risk in MS patients. Besides,
therapeutic means for reduction of leptin and/or
stimulation of adiponectin synthesis may be helpful
for management of MS and its related complications.
However, our study is limited by a cross-sectional in
design; further study using longitudinal design is
needed to investigate the relationships between
these hormonal markers and the cardiometabolic

J Med Assoc Thai Vol. 97 No. 1 2014

complications. Besides, effects of confounding
variables such as drug-induced hormonal changes
should be controlled in further studies.

The present study showed an age-related
decline in serum free T among Thais similar to
those reported in other populations®?. Testosterone
reduction was shown to increase visceral fat and
was identified as a risk factor for the development of
MS in men®”. Alternatively, it may be possible that
synthesis of testosterone is suppressed by MS.
However, in the present study, free T concentrations
as well as its adjusted OR calculated between MS
and non-MS males was not statistically different.
This relationship is inconclusive as previous studies
reporting conflicting results®*3%. Additionally, sex
hormone binding globulin but not testosterone was
shown to be associated with the risk of MS in the
Framingham’s heart study®". The relationship between
testosterone and MS has not yet been fully understood
and needs further investigation. Nevertheless, either
age-related or MS-related decreased free T are
hazardous to health among men, as prospective cohort
studies point to the effect of low free T in increasing
all-cause mortality and cardiovascular disease®>*?,

In conclusion, hormonal changes in either
their secretion or actions in MS have been shown
from previous literature review. In comparison to
non-MS individuals, the present study shows that
Thai individuals with MS have higher chance of
promoting harmful changes in hormones that may
lead to increased risk of cardiovascular diseases.
Leptin/adiponectin ratio was found to have the
strongest association with MS among Thais, and thus,
may be a useful prognostic marker of the syndrome.
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What is already known on this topic?

Increasing of MS prevalence has been
reported in several epidemiological studies in Thai
population. Additionally, the risk for cardiovascular
diseases and all-cause mortality among Thais with
MS are higher than non-MS. The pathophysiological
basis for the relationship between MS and cardio-
vascular diseases has been associated with hormones,
especially adipokines and insulin resistance. However,
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relationships between changes in these crucial
hormones and MS diagnostic criteria have never
been studied in Thais.

What this study adds?

The present study demonstrates higher chance
for undesirable changes in hormones that may lead to
increased risk of cardiovascular diseases among Thais
with MS in comparison to the non-MS. Measurements
of these hormones and adequate manipulations to
normalize their blood levels should be considered
when managing MS patients to reduce the risks of
cardiovascular complications.
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