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Abstract:Objective: To evaluate the relationship between serum adiponectin level and metabolic syndrome
and to identify factors influencing adiponectin level.

Methods: A cross-sectional study was performed for a period of 2 years, employing 90 subjects including 60
type 2 Diabetes Mellitus patients and 30 apparently normal individuals in Dept of Biochemistry RIMS in
collaboration with Department of Medicine, RIMS Imphal. Metabolic syndrome was identified in both groups
according to International Diabetes Federation Criteria (IDF).General characteristics,lipid parameters, HbAlc
value were obtained for each subject.

Results: In this first study of adiponectin value in the IndianManipuri population, the mean +SD value of
adiponectin is 8.76 +2.38 pg/ml in non metabolic group and is significantly decreased in metabolic syndrome
individuals ,i.e 5.92 +1.13 pg/ml (p=0.000). Serum adiponectin level was correlated negatively with waist
circumference ,triglyceride, and positively with HDL-cholesterol level. Both sexes with the lowest adiponectin
quartile had a higher prevalence of Metabolic Syndrome and its components than that with the highest quartile.
Females have higher level of adiponectin which was independently predicted by waist circumference. A cut off
value of hypoadiponectinemia (<7.425 pg/ml )is proposed to predict future occurrence of metabolic syndrome
in this ethnic population. Adiponectin reduce the risk of having metabolic syndome (0.405 times less
chance,p<0.001)

Conclusions: Hypoadiponectinemia is strongly associated with Metabolic Syndrome. Our results suggest that
the level of adiponectin may act as predictor of metabolic syndrome.
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I.  Introduction

Owing to rapid economic growth and change in diet and lifestyle, metabolic syndrome has become one
of the most widespread health challenges in India'. Metabolic syndrome is a cluster of multiple metabolic
abnormalities  including central obesity, hypertension, hypertriglyceridemia, low high-density lipoprotein
(HDL) cholesterol, and elevated fasting glucose and insulin resistance that identify individuals at increased risk
for type 2 diabetes and progression of cardiovascular disease.

Adipose tissue has been recognized as an active endocrine organ in addition to its role as the main
storage depot for triglycerides. While free-fatty acids released from adipose tissue have long been implicated in
the development of these obesity-related complications , there is growing evidence that adipocyte-derived
cytokines such as tumor necrosis factor-a (TNF o) , plasminogen activator inhibitor type 1, interleukin 6 ,and
complement C3 may also have a role?.

More recently, a novel adipose-specific protein, adiponectin,has been discovered ** . Adiponectin, the
gene product of the adipose most abundant gene transcript-1 (apM1) gene which is exclusively and abundantly
expressed in white adipose tissue, is a 244-amino acid protein with high structural homology to collagen VIII,
X, and complement C1g** as well as TNFa. °.

Adiponectin is the only adipose-specific plasma protein that is decreased in individuals with obesity,
type 2 diabetes and coronary artery disease®. It has been shown to be an insulin-sensitizing hormone and has
drawn substantial attention in research on metabolic syndrome.It suppresses hepatic glucose production,
promotes lipid oxidation in muscle and may have a protective role against atherosclerosis. A single nucleotide
polymorphism in the adiponectin gene was shown to be associated with hypoadiponectinaemia, insulin
resistance and increased risk of type2 diabetes mellitus. Moreover the protective effect of adiponectin was
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supported by human cohort studies in which hypoadiponectinaemia apparently predicted the development of
Type 2 diabetes in Pima Indians’.

A growing body of evidence suggests that hypoadiponectinemia may play a significant role in the
development of Metabolic Syndrome®. However, very few studies have assessed the ability of Adiponectin to
detect the presence of Metabolic Syndrome or to predict individual Metabolic Syndrome components.

Developing a robust biomarker that can predict Metabolic Syndrome instead of examining individual
features will be important from a population standpoint in screening, monitoring the natural history of the
disease, and measuring the response to therapeutic interventions®, and this is endorsed by International Diabetes
Federation™ for arriving a platinum definition of Metabolic syndrome, which is so far not yet satisfactory due to
ethnic variations.

Nevertheless, Adiponectin levels varied depending on gender, age and ethnic background and it is
therefore necessary to clarify its threshold for increased disease risk in specific groups before it can be
considered in clinical practice. Ample evidence suggested that close association between Adiponectin and
Metabolic syndrome in different ethnic groups such as Whites, Asian Indians, Koreans, and Japanese'’.
However, currently no data on adiponectin levels related to metabolic syndrome criteria and diabetes are
available for the Indian Manipuri population, presumed to be of Mongoloid origin. This is an important
omissign, given the increased focus on the prevalence of metabolic syndrome, diabetes and CVD in this
region™,

Aims And Obijects:

Thus, this study was conducted to determine the baseline level of adiponectin in this population and to
assess the correlation of plasma adiponectin value with various components of the metabolic syndrome among
diabetes subjects and apparently healthy individuals (whether obese or not) in the Manipuri population.

We also tested whether adiponectin is a valid robust biomarker that can predict Metabolic Syndrome.

Il. Material And Methods
Subjects:

This cross sectional study involved ninety subjects comprising sixty already diagnosed type 2 diabetic
patients that were recruited randomly from the Diabetes Clinic, Medicine Department, Regional Institute of
Medical Sciences, Imphal from September 2009 to August 2010 and another thirty non-diabetic apparently
healthy control volunteers from the Biochemistry Department, RIMS Imphal .Interested persons were required
to perform oral glucose tolerance test (OGTT) to exclude undiagnosed diabetes. The study was performed
according to the principles expressed in the Declaration of Helsinki. Informed consent was obtained from each
subject after full explanation of the purpose, nature, and risk of all procedures used. Approval from the
Institutional Ethics committee was taken for the study.

The ninety studied subjects were subdivided into two groups based on fulfillment of criteria of
Metabolic syndrome as per International Diabetes Federation (2005) definition. Diabetes mellitus was diagnosed
as per WHO definition. A standardized medical history was obtained. Patients were excluded from the study if
they had CAD or history of CAD or clinical evidence of atherosclerosis, severe hepatic or renal impairment.
Also subjects on thiazolindiones medication and insulin therapy were excluded from the study.
Anthropometry and Abdominal Fat Distribution :

Standardised protocols were used to measure body weight, height and waist circumference. Height was

measured without shoes on a stadiometer affixed to the wall .Measurements were recorded to the nearest cm.
Weight was measured on a digital scale wearing light clothing, without shoes. Weight was recorded to the
nearest 0.1 kg. Body mass index (BMI) was calculated as weight (kg) divided by the square of the height (m2).
Waist circumference is measured at a level midway between the lower rib margin and iliac crest with the tape all
around the body in horizontal position.
Hip circumference was measured as the maximal circumference over the buttocks. Waist Hip ratio is also
calculated by dividing the waist circumference measurement by the hip circumference measurement. BP was
defined as the average of the last two measurements with a standard mercury sphygmomanometer taken at
intervals longer than 2 minutes after the participants had been sitting for at least 30 minutes according to the
American Heart Association guidelines.

1. Biochemical Measurements
After an overnight fasting, blood samples were withdrawn at 9-10 am and analyzed for various
parameters. Aliquots of these samples were used for the biochemical analysis immediately, but aliquots for
plasma adiponectin were stored at -80°C until collection of the desired samples for study.
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Total cholesterol was measured by CHOD PAP Method *,  HDL cholesterol was measured by
Precipitation technique using Human Cholesterol Liquicolor Test kit'.Serum Triglyceride was measured by
GPO-PAP Method with calorimetric determinations™. Low-density lipoprotein cholesterol (LDL-C) level was
estimated using the Friedewald formula'®. Fasting glucose was determined by a glucose oxidase-based assay.
HbA,c was measured by lon Exchange Resin method '’ using Glycosylated Haemoglobin Test Kit
manufactured by Human Wieshaden, Germany. Adiponectin was measured by a validated sandwich enzyme
linked immunosorbent assay *®(Mercodia cat no 10-1193-01) using ELISA reader.

V. Definition of metabolic syndrome:

There is not a standard definition of the metabolic syndrome in India. In the present study, we
tentatively defined it by IDF ( International Diabetes Federation ) criteria as recommended by an Indian
consensus statement *° that is, a person having Central obesity (defined as waist circumference > 90 cm  for
Asian men and > 80 cm for Asian women ,with ethnic specific values for other groups) plus any two of the
following four factors : i)Raised TG level > 150 mg/dl or specific treatment ii)Reduced HDL cholesterol < 40
mg/dl (men ) and <50 mg/dl (women) or specific treatment iii) Raised BP : Systolic BP > 130 or Diastolic BP
> 85 mm Hg or specific treatment iv)Raised fasting Plasma Glucose (FPG > 100 mg/dl,or previously diagnosed
type 2 Diabetes.

V. Statistical Analysis

All statistical analyses were performed using the SPSS program for Windows (version 16 statistical
software; Texas Instruments, IL, USA). Data was explored for outliers, skeweness, and normality. For
continuous variables, results were expressed as mean + SD or median (minimum, maximum).Category variables
were represented by frequency counts, and comparisons between 2 groups were analyzed by the chi-square test.
Significant group differences in the parameters were compared by one-way ANOVA. Intergroup and intra-
group differences in the parameters were performed using student t, or Mann-Whitney test when appropriate.
The Pearson correlation coefficient was used to evaluate the strength association between two variables.
Multiple linear regression analysis was employed to further quantify the strengths of associations between
plasma adiponectin and the variables of interest; BMI, fasting glucose, waist circumference, triglycerides and
HDL-C, BP etc. The level of p < 0.05 was considered as cut-off value for significance.

VI. Results

Prevalence of the Metabolic Syndrome:

Based on IDF criteria, 37 subjects (47.11%) are having metabolic syndrome . Out of this 37.77% are
(n=34) diabetic patients and 3.33% (n=3) are apparently healthy control. These prevalence of metabolic
syndrome is more in females viz., 64.9% as compared to males viz. 35.15%. The prevalence of metabolic
syndrome is seen more in urban population than rural (56.8% vs 43.25). The prevalence increased from 15.1%
among subjects aged 31-40 years to 28.3% among those aged 41-50 years, and 32.1% among 51-60 years but
decreased to 7.5% among 61-70 years. Therefore, the prevalence of the metabolic syndrome was highest in 51-
60 years age group.

Comparison of the baseline variables in the metabolic and non metabolic subgroups is shown in
Tablel.
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Table 1. Comparison of the baseline variables in the metabolic and non metabolic syndrome

Non-metabolic metabolic
Parameter syndrome n=53) | syndrome n=37) Df t-value P-value

Mean+SD Mean+SD
Age(yr) 50.04 +12.85 54.30 + 8.62 87.9 1.9 0.063
Weight (Kg) 56.78 +7.75 60.14 +10.18 63.8 1.7 0.096
Systolic BP (mm Hg ) | 126.36 +9.00 132.05 +11.27 66.1 2.6 0.013
Diastolic BP (mm Hg | 82.30+6.13 84.32 +7.25 88.0 1.4 0.157
Fasting blood sugar 101.15 £ 25.96 115.92 £ 30.17 88.0 2.5 0.015
HbAlc ( %) 6.25+1.32 7.79+1.42 88.0 5.3 0.000
Waist circumference 81.91+£9.19 89.16 £ 7.11 88.0 4.7 0.000
WHR 0.86 + 0.06 0.90 £+ 0.05 88.0 3.1 0.003
BMI 22.56 +2.51 24,13 +3.32 63.4 2.4 0.018
TG (mg/dl) 127.02 £ 45.71 184.43 + 67.99 58.3 4.5 0.000
TC (mg/dl) 197.66 + 34.01 232.49 + 55.06 55.0 3.4 0.001
VLDL (mg/dl) 25.34 +9.36 37.16 +13.43 88.0 4.9 0.000
HDL (mg/dl) 65.15 +11.39 57.81+13.76 88.0 -2.8 0.007
LDL (mg/dl) 107.80 + 31.54 136.79 + 49.03 56.5 3.2 0.002
Adiponectin (pg/ml) | 8.76 £2.38 592 +1.13 79.0 -7.5 0.000

The plasma level of adiponectin were lowered in the subjects with metabolic syndrome as compared with those
without the syndrome viz.,5.92+1.12 pg/dl vs 8.76+ 2.38 ug/dl ( p=0.000). The adiponectin value for male and
female metabolic syndrome subject was 5.81+1.16 pg/ml and 5.98+1.15 pg/ml respectively.

A significant increasing trend (p<0.05) was noted with increased proportion of higher ranges of
Triglyceride, total cholesterol, LDL Cholesterol and Glycated Hb in metabolic syndrome than in non
metabolic .The meant SD BMI of metabolic syndrome case is 24.13+ 3.32 and the control is 2256.£2.51 (p
<0.05). Only 11.3% of metabolic syndrome has BMI range > 25. However, waist circumference and waist hip
ratio increase significantly in metabolic syndrome.

Total Cholesterol is significantly higher in metabolic syndrome (232.49+ 55.0 6mg/dl ) than non
metabolic ( 197.66 + 34.01 mg/dl ). Low density lipoprotein (LDL) significantly increases from non metabolic
(107.80+ 31.54 mg/dl) to metabolic (136.79 + 49.03 mg/dl). VLDL cholesterol significantly increases from
25.34 £ 9.36mg/dl (non metabolic) to 37.16 +£13.43 mg/dl in metabolic syndrome.

Table 2.  Adiponectin levels as means + SD in subjects positive to individual components of metabolic
syndrome according to IDF criteria, and in those not having the components of Metabolic syndrome

Metabolic syndrome (n) Non metabolic syndrome( n)
Parameter Plasma Adiponectin | Plasma Adiponectin (ug/ml) | P-value

(ug/ml) Mean+SD Mean+SD
metabolic syndrome 2:93211 12 2:7%:12 38 0.000
Systolic BP (> 130mmHg) P . 0.000
Diastolic BP( >80 mm Hg ) 2:9293+ 118 320186+2 74 0.000
Waist circumference (| n=23 n=13 0.000
female>80 cm) 5.98+1.18 9.9+2.7 '
Waist circumference ( male> 90 | n=13 n=24 0.000
cm) 5.81 +4.10 7.90 £ 0.05 '
Fasting blood sugar(>100mg/dl ) 220276 +1.02 924284 +191 0.003

n=27 n=14
T6(>150 mg/dl) 5.97 +1.18 7.28 +2.03 0.011
HDL (male , 40 mg/dl) n=0 32810 NA
HDL ( female ,50 mg/dl ) o 116 o a1 0.000
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Adiponectin levels were compared with different components of the metabolic syndrome defined by IDF. Table
2 reveals the mean adiponectin concentration in relation to the clinical features and components of metabolic
syndrome. It is observed that adiponectin levels were associated with most features (p< 0.05).

Table 3. Group-wise correlation between adiponectin and other parameters

Parameter metabolic syndrome Non-metabolic syndrome
(n=37) () (n=53) (r)

Age 0.078 -0.334
Weight -0.276 0.047
Waist circumference -0.287 0.054
WHR -0.262 -0.088
Systolic BP 0.010 0.104
Diastolic BP 0.059 0.093
Fasting BS 0.118 -0.482
HbAlc -0.159 -0.614
BMI -0.223 0.012

TG 0.178 * -0.469

TC -0.091 -0.352
VLDL 0.143 -0.449
HDL 0.065 0.579
LDL -0.146 -0.455

* Pearsons Correlation coefficient , +p >0.05 ,othersp <0.05
Generally any correlation coefficient is considered only when correlation is > 0.4 or < -0.4. Any Sig. (1-
tailed) p-value < 0.05 is said to be significant for that estimate like Pearson Correlation coefficient
in Correlations
: The correlation coefficient between plasma adiponectin and various parameters of the
Metabolic syndrome is shown in Table 3.

In univariate analysis, the dependent variable in total study subjects HbAlc, gender, glucose, waist
size, waist-hip ratio, DBP, HbAlc, TG, HDL-C predicted the variability in adiponectin significantly (p < 0. 05).
In total number of the subjects (90), simple linear regression analysis yielded highest correlation of serum
adiponectin to to HbAlc (r = -0.615; p = 0.000), HDL-C (r =0.474; p = 0.000), LDL cholesterol (r = -
0.429;p = 0. 000), serum triglyceride (r = -0.427; p = 0.000), fasting blood glucose ( r=-0.379; p= 0.000) waist
hip ratio (r=-0.278;p=0.004) and BMI (r =-0.194;p = 0. 033).

The presence of insulin and thiazolinedione group of drugs may influence the plasma value of
adiponectin and relation with blood glucose and other lipid parameters in diabetes patient. Therefore, those
patients receiving these group of drugs were excluded.

In metabolic syndrome group, adiponectin levels were negatively and statistically significantly correlated with
BMI, waist circumference, waist to hip ratio, LDL cholesterol and Total Cholesterol in decreasing strength.
HDL cholesterol (r= 0.065, p< 0.05), age were positively correlated with adiponectin.

In non metabolic syndrome subjects, Adiponectin is found to be positively correlated with HDL cholesterol and
negatively correlated with triglyceride ,total cholesterol ,HbAlc, waist hip ratio and age.

Adiponectin at different quartiles:

The interquartile cut off points of plasma adiponectin concentration were determined in the study
population ( n=90 ) and found to be 5.8, 6.95, and 9.2 pg/ml .Accordingly four categories are made :category
1:3.8- < 5.8 pg/ml ; category 2 : > 5.8 -< 6.95 pg/ml ; category 3 : > 6.95 - < 9.2 pg/ml; category 4: > 9.2-
14.21 pg/ml . The median value was 6.2 pg/ml  and the effective range was 3.8-14.21 pg/ml.

Distribution of adiponectin quartiles in Diabetes with metabolic syndrome

There is more prevalence of diabetes in the first, second and third quartile. 91.3% of diabetes fall in
lowest adiponectin quartile range, whereas maximum percentage of highest adiponectin quartile is seen in 87 %
of apparently healthy individuals.Diabetes cases with metabolic syndrome have lower range of adiponectin (first
and second quartile ). Fourth quartile is absent among those diabetes with metabolic syndrome.
Multiple Linear regression analysis was done using Adiponectin as a dependent variable in total subjects
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Table 4. Multiple Linear regression using Adiponectin as dependent variable

Coefficients?

Unstandardized Coefficients
Model B Std. Error t Sig.
7 (Constant) 17.871 2.878 6.210 .000
Glycated HB % -.420 163 -2.584 .011
Age -.044 .016 -2.770 .007
Hdlch .064 .018 3.599 .001
Whratio -7.168 2.942 -2.437 .017
total cholesterol (mg/dl) -.013 .005 -2.864 .005
a. Dependent Variable: total adiponectin level ug/ml
Excluded Variables"
Model Beta In T Sig.
7 Bmi -.1029 -1.365 176
Fasting blood glucose( mg%) .158¢ 1.616 110
LDL Cholesterol (mg/dl) .266° .940 .350
S Triglyceride ( mg/ dl ) -.087° -.968 .336
VLDL ( mg/dl) -.081¢ -.879 .382

g. Predictors in the Model: (Constant), Glycated HB %, age, hdlch, whratio, total cholesterol (mg/dl)

h. Dependent Variable: total adiponectin level ug/ml

Table 4 represents the results of multiple linear regression analysis carried out using serum adiponectin

as the dependent variable in all the subjects. In this analysis, only those variables were considered which had a
significant correlation in the simple linear regression analysis.

In all the total subjects, When multiple regression enter method , is applied for variables that were

significant in simple regression, followed by stepwise regression for all studied parameters, HbAlc ,age, waist
hip ratio , serum HDL cholesterol and total cholesterol were parameters predicting plasma adiponectin levels.

adiponectin level was performed .

The receiver operating characteristic (ROC) analysis of the criteria for metabolic syndrome by serum
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Fig 1. ROC Curves of Plasma total adiponectin levels for the prediction of Metabolic syndrome (fig 1-A) and
Simultaneous presence of diabetes (figl1-B)
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Figure 1(A) depicts the ROC curve for the criteria of metabolic syndrome according to the serum adiponectin
level (irrespective of presence of diabetes). The area under the ROC curve for serum adiponectin level was
0.859+0.039. The cut-off value was 7.425 pg/ml, the sensitivity was 69.8%, and the specificity was 91.9%.

The ROC curve of plasma adiponectin for prediction of metabolic syndrome is further analysed with
respect to simultaneous presence of diabetes fig 1(B). The area under the ROC curve for serum adiponectin
level as a criteria of metabolic syndrome was 0.728+0.068 (in case of patient already suffering from diabetes).
The cut-off value was 6.15 pg/ml, the sensitivity was 80.8%, d the specificity was 58.80 %.

Multiple logistic regression analysis was done employing Hosmer and Lemeshow Test. While doing
Logistic regression analysis for Metabolic syndrome we omitted the variables which are used to calculate the
Metabolic syndrome Based on the results it is better to use simple logistic regression for adiponectin
as predictor variable for Metabolic syndrome. The other variables are excluded because of non-realistic results.
The simple logistic regression shows that, for a unit increase in the adiponectin there is 0.405 times (less
chance) of having metabolic syndrome. That is, increase in the adiponectin reduces the risk of having metabolic
syndrome. This risk reduction is statistically significant (P<0.001).

VIL. Discussion
This is the first study conducted in the Indian Manipuri to evaluate the adiponectin level in diabetic,
metabolic syndrome and normal individuals.
In this study the prevalence of metabolic syndrome was 47.11 % by IDF, males constitute 35.13 % and
females constitute 64.87 %.This is in agreement with published data from North Indians, where it is reported
ggat metabolic syndrome (IDF) is found in 47.4 % subjects and it was more prevalent among females (59.6%)

Although there have been various reports about the prevalence of metabolic syndrome in the general
population, this study have evaluated the prevalence of Metabolic Syndrome in diabetic subjects. This study
demonstrates that metabolic syndrome is common among diabetic patients (37.77%), making it a risk factor for
the development of diabetes and, subsequently, its complications. It is however, having a lower incidence than
a recent study in urban India ?* ,where the prevalence of Metabolic syndrome ( ATP I11) among urban Indian
diabetic patients was 77.2% and was significantly higher in women (87.71%) as compared to men (69.33%)
(p<0.001).

The mean level of adiponectin with corresponding BMI in the normal subjects of this ethnic
population is relatively lower than the other published reports of adiponectin level in European (9.85 + 2.33 vs
10.89 +0.86 pg/ml; 23.47 vs 27.5) or even from the mainland India(9.85 + 2.33 Vs 16.7 £7.6 pg/ml; 23.47 vs
26.1) 2. However the mean value of adiponectin and mean BMI is almost similar with those reported from
Chinese (9.85 + 2.33 vs 8.52+0.57 pg/ml; 23.47 Vs 23.8) and South Asian population (9.85 + 2.33 vs 8.26
+0.45 pg/ml; 23.47 Vs 26.1. Several reports showed that adiponectin is significantly lowerin South Asians than
in European 2.
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Glycemic foods are known to induce both hyperglycemia and hyperinsulinemia. South Asian
populations including this present study population largely consume a diet consisting of foods with a high
glycaemic index. It has been recognized that glycaemic foods influence body fat, which suggests that the effects
could be at least partly mediated by adipose tissue—related pathways®*.

The present study agrees previous findings that type Il diabetes and metabolic syndrome were
associated with low serum adiponectin concentrations ®#%>%.

Following the need for establishment of criteria appropriate for Asian populations ,recently application
of lower cutoff of body mass index (BMI) (Asian criteria of overweight: 23—25 kg/m2 and obesity:>25kg/m2)
has led to increase in prevalence figures of obesity in several Asian countries .

However, our data showed that central obesity was an independent negative predictor of serum
adiponectin and reaffirms the concept that adiponectin may represent a link between central obesity and type 11
diabetes. It have been suggested that adipose tissue-derived cytokines negatively regulate adiponectin synthesis
and release. In particular, TNF-a and interleukin-6 have been shown to reduce adiponectin mRNA content and
inhibit adiponectin release in 3T3-L1 cells. Some authors have suggested that a parcrine loop exist in the
adipose tissue by demonstrating that adipocytes co-cultured with macrophages upregulate proinflammatory
cytokines ( TNF-a ) and in counterpart, those inflammatory proteins downregulate adiponectin
expression®,

In this study, the relationship of adiponectin with WHR, and waist circumfernce appeared to be
stronger than other obesity indices or BMI, indicating that central fat distribution (visceral obesity) is a better
determinant of circulating adiponectin than total fat mass.

Similar to the findings of this study, Cnop et al ** have reported recently that intra-abdominal fat (but
not BMI) was significantly and independently associated with adiponectin, whereas a Japanese study ** has
reported an inverse association between adiponectin and WHR in morbidly obese patients but not in overweight
and moderately obese patients.

This study considered sex specific differences in adiponectin levels and their interaction with diabetes.
As expected, the adiponectin levels were higher in women than in men. Sex hormones, including estrogen,
progesterone and androgen may affect the plasma adiponectin level %, Androgens decreased the plasma
adiponectin level and that androgen-induced hypoadiponectemia may be related to a high risk of insulin
resistance and atherosclerosis in men *.

There was a positive and strong correlation between serum adiponectin and HDL-cholesterol in the
two groups, as previously reported in Japanese subjects **. Such a strong correlation between adiponectin
and HDL cholesterol levels may likely be explained by the activation of peroxisome proliferator- activated
receptor-a which influences the expression of genes encoding for proteins involved in HDL metabolism *.

In the present study, the plasma concentration of adiponectin was significantly correlated with each
component of the metabolic syndrome. Plasma adiponectin may therefore become a useful biomarker for the
metabolic syndrome The major finding of our study was that in both the sexes, those subjects in the lowest
adiponectin quartile exhibited a significantly higher probability of having MS when compared with those in the
highest quartile.

Kumada M et al * reported that subjects with plasma adiponectin concentration less than 4.0ug/ml in
Japanese population had a 2-fold increase in the incidence of CAD.

In this study it is proposed to set up a plasma adiponectin concentration of less than 7.425 pg/ml, (
sensitivity 69.8%, specificity 91.9%) as the cut-off point for hpoadiponectinemia to predict metabolic
syndrome. And another cut off point of plasma adiponectin concentration less than 6.15 ug/ml (sensitivity
80.8%, specificity 58.80 %) is proposed to predict metabolic syndrome in presence of diabetes.

Weight reduction increases the plasma adiponectin concentration; 21% reduction in BMI resulted in a
46% increase of plasma adiponectin concentration in obese subjects Therapeutic agents (ie, adiponectin
promoters) can elevate the plasma adiponectin concentration. In mice and humans adiponectin promoters have a
non classical peroxisome proliferator responsive element, which activates receptor gamma ligands,
thiazolidinediones, promoting adiponectin activity and raise its plasma concentration. It has also been reported,
still controversially, that blockade of the renin — angiotensin system and the sulfonylurea reagent, glimepiride,
increase the plasma adiponectin value *.

Limitation : This study is cross-sectional, which does not allow inferring causality from its results. Total
adiponectin and not high molecular weight fraction which has been proposed to have a stronger correlation with
insulin resistance is estimated in this study.

The strength of our study include a relatively homogeneous cohort comprising of diabetic patients.
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VIII. Conclusion
Adiponectin level in Indian Manipuri population is similar to the values of South Asians and Chinese,
but lower than Europeans. The study agrees previous findings that type Il diabetes and metabolic syndrome
were associated with low serum adiponectin concentrations .This study demonstrates that metabolic syndrome is
extremely common among diabetic patients, making it a risk factor for the development of diabetes and,
subsequently, its complications. Adiponectin is significantly and independently associated with several
components of metabolic syndrome and can therefore be an independent predictor of Metabolic syndrome

IX. Recommendations
Because of the epidemic of obesity and a sedentary lifestyle worldwide, metabolic syndrome is
becoming increasingly commonly recognised. Development of a method for convenient prediction of metabolic
syndrome in daily clinical practice presents a major challenge for physicians and public health policy makers.
The present study provided evidence of the usefulness for estimation of total adiponectin level as a convenient
and sensitive biomarker for the prediction of metabolic syndrome. Prospective and population based studies
along with interventions to increase adiponectin level are however required to confirm the associations.

Acknowledgement :
All the patients and healthy volunteers, Director RIMS for sponsoring the study kits, and Faculties of
Centre of Statistical Application and Training,Dr V Seshiah Diabetes Research Institute,Chennai for statistical
evaluation.The Department of Biotechnology ,North Eastern Cell ( Tezpur University ) for financial grant of the
study.

References

[1] Ramachandran A, Satyavani K, Snehalata C ,et al.Clustering of cardiovascular risk factors in urban Asian Indians . Diabetes Care
1998;21:967:71

[2] Fernandez-real JM & Ricart W. Insulin resistance and chronic cardiovascular inflammatory syndrome. Endocrine Reviews 2003;
24:278-301.

[3.] Nakano Y, Tobe T,Choi-Muira NH,Mazda T,Tomita M.lsolation and Characterisation of GBP28,a novel gelatine —binding protein
purified from human plasma . J Biochem(Toky0)1996; 120: 803-12.

[4.] Maeda K, Okubo K, Shimomura I,Funahashi T, Matsuzawa Y Matsubara K.cDNA cloning and expression of a novel adipose
specific collagen-like factor,apMI(Adipose Most abundant Gene transcript 1). Biochem Biophys Res Commun 1996;221: 286-9.

[5.] Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeda K, Kuriyama H, Hotta K, Nishida M,Takahashi M, Muraguchi M, Ohmoto Y,
Nakamura T, Yamashita S, Funahashi T, Matsuzawa Y .Adiponectin, an adipocyte-derived plasma protein, inhibits endothelial NF-
kappaB signalling through a cAMP-dependent pathway. Circulation 2000; 102:1296-1301.

[6.] Yaturi S, Bridges JF,Subba Reddy DR. Decreased levels of plasma adiponectin in Prediabetes, Type2 diabetes and coronary artery
disease .Med Sci Monit 2006;12;CR 17-CR20.

[7] Krakoff J,Funahashi T,Stehower CD et al. Inflammation markers ,adiponectin and risk of Type2 diabetes in the
Pimalndian.Diabetes care 2003 ;26: 1745-51

[8.] Spranger J, Kroke A, Mohlig M,Bergmann MM,Rislow M,Boeing H,Pfiffer AF. Adiponectin and protection against Type 2
Diabetes mellitus.Lancet [erratum(2002) 361:1060]2003;361:226-8.

[9.] Devaraj S, Swarbrick MM, Uma Singh, Beverley AH, Havel PJ, Ishwarlal). CRP and Adiponectin and Its Oligomers in the
Metabolic Syndrome-Evaluation of New Laboratory-Based Biomarkers. Am J Clin Pathol 2008;129:815-822 .

[10.] 10. www.idf.org/metabolic_syndrome, website of the International Diabetes Federation accessed June  10,2010.

[11] Ryo M,Nakamura T,Kihara S et al . Adiponectin as a biomarker of the metabolic syndrome ,Cir J 2004 ;68: 975-81.

[12] Premchand Th, A D, Biren Th. Prevalence of Diabetes in Manipur ,In: Shah S editor. Diabetes Update 1st edition Guwahati: North
eastern diabetes society Guwahati; 2001.p. 13-17.

[13.]  Allain CC, Lucy SP ,Cicely CSG, Richmond W ,Paul CF. Enzymatic determination of total seum Cholesterol . Clin.Chem1974;
20(4):470-81.

[14]  Steel BW, Donald FK, Miquel MA, Thomas PB, Kantak,Mary ED. Enzymatic determination of Cholesterol in High Density
Lipoprotein fraction prepared by a precipitation technique. Clin Chem 1976; 22:98-101.

[15.] Bucold G, Harold D .Quantitative determination of serum Triglyceride by the use of enzyme . Clin chem. 1975 ;19(5):478-81.

[16.] Friedwald, Fredickson DS , Dey RI . Estimation of the concentration of Low density cholesterol in plasma without the use of
preparative ultracentrifuge. Clin Chem 1972; 18: 499-504.

[17.]  Goldstein DE ,Little RR,Wildmeyer HM.Glycated haemoglobin estimation in 1990’s : A review of assay methods and clinical
interpretation . Diabetes Annual 1994:193-212.

[18.] Sinha MK, Songer T, Qiang Xiao, SloanJH ,Wang J,Shaoquen J, Alborn WE, Davis RA, Swarbrick MM,Stanhope KL, Wolfe
BM, Havel PJ, Schraw T,Konrad RJ, Scherer PE,Mistry JS.Analytical Validation and Biological Evaluation of a High—Molecular-
Weight Adiponectin ELISA. Clinical Chemistry 2007;53(12): 2144-51.

[19.] Misra A, Chowbey P, Makkar BM, Vikram NK, Wasir JS, Chadha D, Shashank R Joshi, Sadikot S, Gupta R, Seema Gulati,
Munjal YP. Consensus Statement for Diagnosis of Obesity, Abdominal Obesity and the Metabolic Syndrome for Asian Indians and
Recommendations for Physical Activity, Medical and Surgical Management. JAPI 2009 ;57: 163-70.

[20.] Mangat C, Goel NK, Dinesh K W, Neeraj A, Munesh K S,Jasbhinder Kaur, Ram Singh and Gagandeep Singh. Metabolic Syndrome:
a challenging health Issue in highly urbanized Union Territory of north India. Diabetology & Metabolic Syndrome 2010; 2:19-24.

[21.] Surana SP, Shah DB, Gala K, Susheja S, Hoskote SS, Niharika Gill, Joshi SR, Panikar V. Prevalence of Metabolic Syndrome in
An Urban Indian Diabetic Population Using The NCEP ATP Il Guidelines. JAPI 2008; 56:865-68.

[22.]  Pischon T, Girman CJ, Hotamisligil GS, Rifai N, Hu FB & Rimm EB . Plasma adiponectin levels and risk of myocardial infarction
in men. JAMA 2004;291: 1730-37.

www.iosrjournals.org 42 | Page



Plasma Adiponectin Is an Independent Predictor of Metabolic syndrome

[23]

[24]

[25]

[26]

[27]
[28]
[29]
[30]
[31]

[32]

[33]

[34]

[35]

[36.]

Andrew M, Fahad R, Beng, Stefan SB. Vuksan V, Darlene D , Ruby M, Koon T, Hertzel G, Arya M, Salim Y,Sonia .Ethnic
Variation in Adiponectin and Leptin Levels and Their Association With Adiposity and Insulin Resistance. Diabetes Care
2010;33:1629-34.

Mente A, Razak F, Blankenberg S, et al.Study of the Health Assessment And Risk Evaluation; Study of the Health Assessment And
Risk Evaluation in AboriginalPeoples Investigators. Ethnic variationin adiponectin and leptin levels and their association with
adiposity and insulin resistance. Diabetes Care 2010;33:1629-34.

Yang, Wei-Shiung, Lee WJ, Funahashi T, Sachiyo T, Matsuzawa Yet al. Plasma adiponectin levels in overweight and obese Asians.
Obes Res. 2002;10:1104-10.

Yamamoto Y, Hirose H, Saito |, Tomita M, Taniyama M, Matsubara K, Okazaki Y, Ishii T, Nishikai K & Saruta T .Correlation of
the adipocyte derived protein adiponectin with insulin resistance index and serum high-density lipoprotein cholesterol, independent
of body mass index, in the Japanese population. Clin Sci 2002; 103:137-142.

Snehalata C, Mukesh B, Simon M, Viswanathan V. Plasma Adiponectin is an independent Predictor of type 2 Diabetes in Asian
Indians. Diabetes Care 2003; 26 :3226-9.

WHO Expert Consultation Appropriate body-mass index for Asian populations and its implications for policy and intervention
strategies. Lancet 2004;363:157-163.

Hotamisligil GS, S Shargill NS, Spiegelman BM. Adipose expression of tumor necrosis factor-alpha: direct role in obesity-linked
insulin resistance .Science 2010;259: 87-91.

Suganami T, Nishida J, Ogawa Y . A paracrine loop between adipocytes and macrophages aggravates inflammatory changes: role
of free fatty acids and tumor necrosis factor a. Arterioscler Thromb Vasc Biol2005; 25:2062-8.

Cnop M, Havel PJ, Utzschneider KM, Carr DB, Sinha MK, Boyko EJ, et al.Relationship of adiponectin to body fat distribution,
insulin sensitivity and plasmalipoproteins: evidence for independent roles of age and sex. Diabetologia 2003;46(4): 459-69.
Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K,Mori Y, Ide T, Murakami K, Tsuboyama-Kasaoka N, Ezaki
O,Akanuma Y, Gavrilova O,Vinson C, Reitman ML, Kagechika H,Shudo K, Yoda M, Nakano Y, Tobe K, Nagai R,Kimura S,
Tomita M, Froguel P, Kadowaki T . The fat-derived hormone adiponectin reverses insulin resistance associated with both
lipoatrophy and obesity. Nat Med2001; 7:941-6.

Lanfranco F, Zitzmann M, Simoni M, Nieschlag E. Serum adiponectin levels in hypogonadal males: influence of testosterone
replacement therapy. Clin Endocrinol (Oxf). 2004; 60:500-7.

Yamamoto Y, Hirose H, Saito |, Tomita M, Taniyama M, Matsubara K, et al. Correlation of the adipocyte-derived protein
adiponectin with insulin resistance index and serum high-density lipoprotein-cholesterol, independent of body mass index, in the
Japanese population. Clin Sci (Lond) 2002; 103(2): 137-42.

Kumada M, Kihara S, Sumitsuji S, Kawamoto T, Matsumoto S, Ouchi N,Arita Y, Okamoto Y, Shimomura I, Hiraoka H, Nakamura
T, Funahashi T,Matsuzawa . Association of hypoadiponectinemia with coronary artery disease in men. Arterioscler Thromb Vasc
Biol. 2003;23: 85— 89.

Hulstrom V, Hojlund K, Vinten J, Beck-Nielsen H, Levin K. Adiponectin and its response to thiazolidinediones are associated with
insulin-mediated glucose metabolism in type 2 diabetic patients and their first-degree relatives. Diabetes Obes Metab. 2008 :18-23.

www.iosrjournals.org 43 | Page



