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Introduction

The increasing prevalence of Type 2 Diabetes has become a major
public health challenge throughout the world, with 366 million
prevalent diabetic cases in 2011 and a projected 552 million cases
expected by the year 2030". Both lifestyle factors, including diet and
physical activity, and genetic factors contribute to the accelerating
diabetes epidemic . The designation of the adipose tissue as a
pivotal active endocrine organ has indeed drawn much scientific
interest in the last few years. The adipose tissue is now viewed as the
largest endocrine organ in the body ® It secretes numerous
bioactive proteins, collectively known adipocytes, into the
circulation.’The most abundant of these adipo-cytokines is the
adiponectin which is secreted by white adipose tissue and
accounts for 0.01% oftotal plasma proteins.*®

Adiponectin (also referred to as GBP 28, apM1, AdipoQ and Acrp30)
is a protein which in humans is encoded by the ADIPOQ gene" It is
involved in regulating glucose levels as well as fatty acid
breakdown. Adiponectin shares homology with collagen and
complement 1q family.” It consists of 244 amino  acids, which
form four differentdomains®™

Adiponectin  modulates a number of metabolic processes via
the activation of 5°-adenosine monophosphate-activated protein
kinase (AMPK) and perox- isome proliferator activated receptor-a
(PPAR-a)"™

In addition, it plays an important role in the suppression of the
metabolic derangements that cause insulin resistance and type 2
diabetes mellitus (type 2DM)”

Interestingly, although adiponectin is secreted by mature
adipocytes , its plasma level shows a negative correlation with
body fat mass. It has been found that adiponectin plasma level
in obese individuals was lower than in non-obese
ones.""Adiponectin has been also shown to be negatively
correlated with obesity-related diseases such asType 2 Diabetes.
Furthermore, low adiponectin levels predicts the incidence of Type
2 Diabetes"” Over 30 million have now been diagnosed with
diabetesin India. The CPR (Crude prevalencerate) in the urban areas
of India is thought to be 9 per cent. In rural areas, the prevalence is
approximately 3 per cent of the total population.The estimate of the
actual number of diabeticsin Indiais around 40 million.(Diabetes UK
Report). Adiponectin is the exclusive adipokine of which the plasma
concentration is reduced when the adipose tissue volume is
increased™ Hypoadiponectinemia has been detected in Type 2
Diabetes" In the current study, a meta-analysis of 07 individual
studies and 01 Meta analysis with a total of 5403 subjects was
conducted to determine whether there was a relationship between
serum adiponectin value and Type 2 Diabetes.

Materials and Methods

Search Strategy: Articles were identified through a
comprehensive systematic electronic search of PubMed , Google
scholar and other databases up to year 2017 using the following
MeSH terms: 'impaired glucose tolerance, 'Type 2 Diabetes, and

'adiponectin. Also, reference lists of relevant articles were screened
for eligibility. Our meta-analysis was carried out according to the
Meta-analysis of Observational Studies in Epidemiology
guidelines" The research studies from year 2008 to 2017 were
selected. The selected studies had to be in accordance with the
following major criteria.

a) The serum adiponectin level and Type 2 Diabetes must be
evaluated.

b) The Type 2 Diabetes diagnosis criteria were derived from the
American Diabetes Association fasting plasma criteria (2005).

Criteria for Diabetes Diagnosis: 4 options
FPG =126 mg/dL (7.0 mmol/L)*
Fasting is defined as no caloric intake for =8 hours
2-hr PG 2200 mg/dL (11.1 mmol/L) during OGTT (75-g)*
Using a glucose load containing the equivalent of 75g anhydrous
glucose dissolved in water
A1C =6.5% (48 mmol/mol)*
Performed in a lab using NGSP-certified method and standardized to
DCCT assay
Random PG =200 mg/dL (11.1 mmol/L)
In individuals with symptoms of hyperglycemia or hyperglycemic
crisis

c) Theindividual studies should be case-control or cohort studies
published in the official journals or peer-reviewed
postgraduatedissertations.

d) Data of total adiponectin mean and standard deviation (SD), or
sufficient data to estimate adiponectin mean and SD should be
provided.

e) No medications known to influence circulating adiponectin
were used.

We excluded literature reviews, letters to the editor, cross-sectional
studies, randomized controlled trials, studies of animals or cell lines,
studies of genetic variation in adiponectin related genes and
studies of gestational diabetes. We also excluded studies on
populations with diseases other than Type 2 Diabetes.

Data extraction: The data were abstracted according to a standard
protocol. Studies that did not follow the Inclusion criteria, those
considered double publications, or those that provided inadequate
data were excluded. If the same data appeared in different studies,
the data were used only once. The following information was
extracted from each eligible study:

a) Firstauthor'sname, year of publication, region of studies,

b) Type of study design,samplesize,

c¢) Methods of adiponectin measurement, the type of blood
sample,

d) Adiponectin levels of cases and controls (mean and SD),

e) Thenumberof malesand females, the age of cases and controls
(meanand SD).

Statistical Analysis: The mean, SD or standard error (SE) on plasma
or serum adiponectin levels were extracted in all included studies.
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The meta-analysis was based on sufficient information directly
providing the mean and SD. Weighted mean differences (WMDs)
along with the corresponding 95% confidence intervals (Cls) in
adiponectin levels of all suitable cases and controls were
estimated.”” Many subgroups were analyzed according to
geographic region, sample size, age, blood sample, method, quality
score and sex"” Furthermore, cumulative meta-analysis was carried
out to evaluate the evolution of the combined estimates over time
according to the ascending date of publication."

Study Characteristics: The meta-analysis of 08 studies involved
5403 participants out of which 2702 were cases of type Il diabetes
and 2701 were healthy controls. The studies were published
between 2008 and 2014, including case-control studies.

Geographically, all the studies were carried out in Asia. Adiponectin
levels were measured by enzyme-linked Immunosorbent assay in
maximum studies, whereas Immunoturbidimetric assay was also
used in few studies. Studies used serum specimens to measure the
adiponectin level. Furthermore, 05 studies elucidated that no
participanttook medications that could affect the adiponectin level,
whereas 03 studies did not mention the medication records.

Results:

By searching above databases 06 case control studies with 920 cases
and 4688 controls were included in meta-analysis. Very few studies
were published in India and maximum articles were published in
Asia.The serum adiponectin level was included. Most of the articles
were hospital based case control studies.

Study Region | Type of Method Sample Size | Sex Age Adiponectin
Sample Control|cases| M | F | Control cases Control cases

S Yamamoto et al Asia Serum |Immunoturbidimetric| 4377 | 214 |437|16| 52.2+9.9 55.9+8.7 |7.93+4.09 | 6.82+3.57
Shereen Aleidi et al Asia Serum ELISA 19 61 |31(12}43.05£9.19/56.15 £ 12.02|5.71 £ 2.35|5.05 £ 2.61
V.C.Renju et al Asia Serum ELISA 20 60 | - |-| 41454 46.4+6.2 [11.6+£14.51|6.86+4.99
Yoshinari Obata et al Asia Serum |Immunoturbidimetric| 200 | 504 | - | - | 67.4-93 | 56.6-9.9 |12.0+5.02| 3.3+2.97
V. Urbanavicius et al Asia Serum RIA 24 33 | - | - |47.87 £9.06| 55.82 + 8.45 (14.37+4.08| 7.63+2.57
Mojtaba Izadi et al Asia Serum ELISA 48 48 | - | -| 45+9.2 44+9  |11.34+3.26| 5.3 +1.23

Pooled analysis:
In whole population a significant association was found between
serum Adiponectinand Type [ DM.

Study WMD 95% CL
LOW HIGH
S Yamamoto et al -1.110 -1.603 0.617
Shereen Aleidietal | -0.660 -1.903 0.583
V. C.Renju et al -4.750 -11.233 1.733
Yoshinari Obata etal | -8.700 -9.442 -7.958
V. Urbanavicius etal | -6.740 -8.700 -4.780
Mojtaba Izadi et al -6.040 -7.026 -4.780
S Yamamoto et al -1.130 -1.150 -1.510
WMD 95% CL
LOW HIGH |
-1.110 -1.603 0.617 -
-0.660 -1.903 0.583 —_—
-4.750 | -11.233 1.733 .
-8.700 -9.442 -7.958 -
-6.740 -8.700 -4.780 -
-6.040 -7.026 -4.780 i r—
-1.130 | -1.150 | -1.510 Forest Plot

e Subgroup meta-analysis for adiponectin levels in diabetes
patients and healthy controls by geographic region. Results are
expressed as weighted mean difference (WMD) and 95%
confidence intervals (95% Cl). Significant decrease of
adiponectin levels was observed between diabetes patients
and healthy controlsin theincluded studies carried out in Asia

Discussion

This meta-analysis of relevant studies suggests that patients with
type 2 diabetes have lower value of serum adiponectin when
compared with healthy controls. A meta-analysis published in
Journal of the American Medical Association in 2009 with a total of
14,598 participants and 2,623 incident cases showed that lower
adiponectin levels were associated with a higher incidence of
insulin resistance and Type 2 Diabetes in humans. Furthermore, a
most recent and up-to-date cohort study in 2014 carried out by
Yamamoto Sin Japan suggested that higher levels of circulating
adiponectin are associated with a lower risk of Type 2 Diabetes and
that adiponectin could confer a benefit in both persons with and
without pre-diabetes"” The same results were shown in other
studies™” Thus, the relationship between adiponectin values and
insulin resistance or inflammation is unclear as a result of other
confounding diseases'”’'The insulin-sensitizing effect of
adiponectin was summarized by three independent routes”” First,
in vitro studies have suggested that both isoforms of adiponectin

receptor (AdipoR1 and AdipoR2) can increase adenosine
monophosphate-activated protein kinase phosphorylation and
peroxisome proliferator-activated receptor-a activity by
adiponectin binding, thus increasing fatty acid oxidation and
glucose uptake™The mechanism is related to phosphorylation of
acetyl coenzyme A carboxylase, fatty-acid oxidation, glucose
uptake and lactate production in myocytes, and reducing
gluconeogenesis in the liver” Second, in skeletal muscle,
adiponectin activates the expression of involved molecules in fatty-
acid transport, such as uncoupling protein is required. During
energy dissipation and CD36, acyl-coenzyme A oxidase involved in
combustion of fatty acid *’ These changes result in decreased
triglyceride content in skeletal muscle.Third, adiponectin activates
fatty-acid combustion and energy consumption through
peroxisome proliferators-activated receptor-a activation” which
leads to decreased triglyceride content in the liver and skeletal
muscle, and thus increased insulin sensitivity. An animal study
carried out by Maeda et al®” showed that adiponectin/ACRP30-
knockout mice delayed clearance of free fatty acid in plasma, lower
levels of fatty-acid transport protein 1 messenger ribonucleic acid in
muscle, higher levels of tumour necrosis factor-alpha messenger
ribonucleic acid in adipose tissue and high plasma tumour necrosis
factor-alpha concentrations, resulting in severe diet-induced insulin
resistance. Iwabu et al ” found that decreased levels of adiponectin
and AdipoR1 in obesity could have causal roles in mitochondrial
dysfunction and insulin resistance seen in Muscle-R1KO mice. In the
present study, the meta-analysis showed that there was large
heterogeneity among studies. To the best of our knowledge, this is
the most comprehensive meta-analysis to estimate the association
between adiponectin levels and Type 2 Diabetes. Adequate
numbers of cases and controls were included from all available
publications concerned with circulating adiponectin levels and
diabetes, which greatly increased the statistical power of the
analysis and provided enough evidence for us to make a correct
conclusion. Furthermore, no publication bias was detected in the
present meta-analysis, which showed that the pooled results of our
study should be reliable. To summarize, these results confirm the
strengths of our meta-analysis the possible limitations of the
present study should also be considered. First, 07 case—control
studies and 01 meta-analysis, but no randomized controlled trial
included in the meta-analysis, might substantially weaken the
quality of this study. Second, our results were concluded without
adjusting the confounding factors, such as smoking status,
alcoholic consumption, environmental factors and other diet
lifestyle factors. Third, this meta-analysis included small sample size
studies and the backgrounds of patients varied, which would result
in low statistical power and inconsistent results among studies.
Finally, insufficient data were available. The influence of visceral
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adiposity could not be evaluated, as waist circumference or waist-
to-hipratiowas not available in the majority of studies.

Despite these limitations, the present findings could provide useful
information on the diseases, and might help impose a stricter follow
up and possibly an early treatment initiation, thus preventing the
progression to diabetes. Furthermore, our findings might motivate
more randomized controlled trials to be carried out to obtain better
understanding of causal relationships between the level of
adiponectinand diabetes.

Conclusion

In conclusion, higher levels of serum adiponectin were associated
with decreased risk of type 2 diabetes. This conclusion contributes
to the formulation of more effective individual Type 2 Diabetes
therapy strategies.

In consideration of the aforementioned limitations, 3more large-
scale studies as per Indian scenario are necessary to validate the
significance of our findings.
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