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Aim: The objective of the study was to identify the association if any, of inflammatory markers (adiponectin and IL-6)
with fasting glucose in normoglycemic (healthy), prediabetic (impaired fasting glucose), and hyperglycemic (diabetic)

people in Indian population.

Methods: Total 162 volunteers were distributed into 3 groups (nhormoglycemic, individuals with impaired fasting glu-
cose, and hyperglycemic) as per ADA criterion. The blood chemistry parameters were analyzed and serum adiponectin

and IL-6 levels were measured by ELISA.

Results: Significant reduction was observed in serum adiponectin level in hyperglycemic and impaired fasting glu-
cose population compared with normoglycemic population. Significant reduction in adiponectin was also observed in
impaired fasting glucose group compared with hyperglycemic group. Similarly significant increase was also observed in
IL-6 level in hyperglycemic and impaired fasting glucose groups compared with normoglycemic group.

Conclusions: From our data it can be summarized that there is a significant change in both adiponectin (reduc-
tion) and IL-6 (increase) levels in normoglycemic (healthy), prediabetic (impaired fasting glucose), and hyperglycemic
(diabetic) population in Indian population. There is a significant but gradual change during the progression of healthy

toward diabetic population via pre-diabetic condition.

Inflammation plays a significant role in human health."?
Optimal level of inflammation is required for immunity
enhancement while chronic inflammation is associated with
several metabolic disorders like type 2 diabetes, obesity, cardio-
vascular disease, etc. Though inflammation and type 2 diabetes
are directly associated, the cause and effect is not well defined.
Several reports have indicated that the progression and severity
of the metabolic disorders are well correlated with increased level
of inflammatory parameters.*® It has also been demonstrated
both in animals models and human studies that lowering of end
point markers (e.g., HbAlc) using pharmaceutical drugs like
Thiazolidinediones and GLP 1 analogs also reduced the levels of
inflammatory markers (e.g., IL-6, TNF a etc).”

It may be hypothesized that in healthy population, change
in pro-inflammatory markers should be compensated by altered
anti-inflammatory markers. Any deviation from this profile
would lead to systemic disorder. The two important regulators
in this context of metabolic disorders are adiponectin and IL6.
Adiponectin is a 244 amino acid long protein that is secreted
from adipocytes with anti-inflammatory and insulin-sensitizing
property.®*’ The other member is pro-inflammatory cytokine,
IL-6 which is known to be elevated in diabetes.!®!! These markers
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though well understood in terms of their regulation in diabetes
population are still lacking acceptance as clinical markers due to
the variation of levels among various ethnic groups.'>*

In recent times, the number of diabetic and obese people has
increased significantly in developing and emerging countries like
India and China. Various metagenomic studies indicated the
association of common gene variants encoding adipokines and
inflammatory markers with adiposity in Asian Indians and role
of truncal obesity accounting for the 2-fold excess incidence of
diabetes in Asian Indians.'*"> Unfortunately, two main factors are
not reported in these meta-genomic studies, i.e., gene function
manifestations in pre-diabetic population and comparison of gene

!¢ In this study, we focused on

function with other ethnic groups.
the importance of inflammation on type 2 diabetes and investi-
gated its association with the progression from normoglycemic to
hyperglycemic (type 2 diabetes) via pre-diabetic stage (impaired
fasting glucose specifically) in Indian population. In addition,
currently limited information is available on inflammatory
parameters in type 2 diabetes and people with impaired fasting
glucose in Indian population. In this manuscript we highlighted
the role of balance of inflammatory regulators (adiponectin and
IL 6) in progression of type 2 diabetes in Indian population.
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Table 1. Clinical and biochemical characteristics of the study groups

Normoglycemia (n =81) | Impaired fasting glucose (n1=49) | Hyperglycemia (n =32)
Age (y) 46.53 +0.89 46.22 + 1.06 47.66 = 1.51
Gender M-39, F-42 M-25, F- 24 M-14,F-18
Height (m) 1.58 £0.01 1.59 £0.01 1.6 +0.01
Weight (kg) 59.68+1.18 65.75+1.22° 65.83 + 1.54°
BMICal (kg/m?) 23.72+0.36 25.92 +0.35° 25.85+0.57°
Waist (cm) 83.49+1.06 91.21 + 1.06° 90.78 + 1.48°
Hip (cm) 97.20+0.82 102.56 + 0.9° 104.05 + 1.25°
Waist-to-hip ratio 0.86 +0.01 0.89+0.01° 0.87 +0.01
Cholesterol (mmol/L) 463 £0.1 5.22+0.15% 5.14+0.21
Triglyceride (mmol/L) 1.52 £ 0.09 230+0.17° 2.75+0.35%
High density lipoprotein cholesterol (mmol/L) 1.05+0.03 0.93 +0.03° 0.87 +0.03°
Low density lipoprotein cholesterol (mmol/L) 2.99 +0.08 3.39+0.14° 3.21+0.21
Very low density lipoprotein (mmol/L) 0.68 + 0.04 1.04 £ 0.08° 1.24+0.16*
TC/HDL 4.65+0.13 578 £0.22° 6.08 +0.31°
Bilirubin (wmol/L) 10.3£0.63 9.15+£0.7 10.9 £1.09
Aspartate aminotransferase (AST) (U/L) 21.03£1 2592 +3.7 234+1.84
Alanine aminotransferase (ALT) (U/L) 18.69 + 0.86 28.38+4.77° 26.04 +3.11
AST/ ALT 1.2 +0.04 1.03+£0.04* 1.01 £0.05*
Alkaline Phosphatase (ALP) (U/L) 81.22+25 91.93+4.32 104.40 +4.51°
Gamma-glutamyl transpeptidase (GGTLI) (U/L) 2292 +2.14 3436 +4.6° 39.18 £ 5.06°
High sensitivity C reactive protein (mg/L) 0.30+0.05 0.39 +0.04 0.53 +0.07°
Glucose (mmol/L) 4,98 +0.04 6.25 + 0.06° 10.42 +0.79b¢
HbA1c mmol/mol; (%) 36 +0.5; (5.42 = 0.05) 44 +0.9; (6.14 £ 0.08) 65 +4.3;(8.1£0.39"9)

Data are represented as mean + SE.?P < 0.05 compared with normoglycemia, °P < 0.001 compared with normoglycemia, P < 0.001 compared with impaired

fasting glucose.

Results

Table 1 lists the clinical and biochemical parameters of the
three groups. Total cholesterol, triglycerides, LDL contents
increased significantly and HDL content decreased significantly
in serum of diabetic and pre-diabetic groups compared with
the normoglycemic individuals. In addition, the liver function
enzymes also increased significantly in pre-diabetic and hyper-
glycemic groups compared with normoglycemic individuals.

Serum IL 6 levels were significantly higher in IFG population
compared with normoglycemic population (2.00 + 0.14 pg/ml vs
1.77 £ 0.23 pg/ml, P < 0.05). On comparing the hyperglycemic
population with normoglycemic population, the increase was
statistically significant (2.84 + 0.62 pg/ml vs 1.77 + 0.23 pg/ml,
P < 0.01). No significant difference was observed between IFG
and hyperglycemic groups. The result is as shown in Figure 1.

Significant difference was observed in serum adiponectin lev-
els as shown in Figure 2. The level was highest in the normogly-
cemic population (6.9 + 0.45 pg/ml) and found to be lesser in
the remaining 2 groups as per disease progression. Significant
lowering in the adiponectin levels in serum was observed in IFG

(5.57 £ 0.53 wg/ml) and hyperglycemic group (4.0 + 0.42 ng/ml)
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compared with normoglycemic group (P < 0.05 and P < 0.001
respectively). In addition, the adiponectin levels in serum reduced
significantly in hyperglycemic group when compared with IFG
group (P < 0.05).

Diabetes is an inflammatory disease and when the ratios of
adiponectin (anti-inflammatory adipokine) to IL 6 (pro inflam-
matory cytokine) were compared among the three groups, there
was a significant decrease in the ratio (Fig. 3) with progres-
sion from normoglycemia to IFG (2 < 0.005) to hyperglycemia
(P <0.001). The decrease in the ratio with the progression of IFG
to hyperglycemia is a statistically significant (P < 0.05) change.

In addition, when the levels of inflammatory markers, i..,
high sensitivity C reactive protein and IL 6 were divided into ter-
tiles, the largest proportion of normoglycemia individuals were in
the first tertile of these markers (which is the normal physiologi-
cal range) whereas the larger proportion of the IFG and hyper-
glycemia when compared with normoglycemia individuals were
in the third tertile of the markers (higher level of inflammation)
(Figs. 4 and 5).

In case of adiponectin, as expected, the reverse was observed
with the largest proportion of normoglycemia individuals in the
third tertile (maximum level of anti-inflammation) and larger
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proportion of the IFG and hypergly-
cemic individuals in the first tertile
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Figure 1. Levels of serum IL 6 in three groups of individuals. Data are represented as mean =+ SE. P < 0.05
compared with normoglycemic group.
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Figure 2. Levels of serum adiponectin in three groups of individuals. Data are represented as mean + SE.
2P < 0.05 and °P < 0.001 compared with normoglycemic group, and ®P < 0.05 compared with Impaired
fasting glucose group.

of progression of insulin resistance

and in cardiovascular events, and its

potent influence in components of the metabolic syndrome, have
made it a highly promising therapeutic target.’®*! Numerous
clinical studies have reported the inverse relationship between
adiponectin and insulin resistance.”? Low circulating adiponec-
tin levels is associated with a decrease in whole body insulin sen-
sitivity in humans and has been shown to be predictive of future
development of diabetes in few studies.”? In diabetes prevention
program studies, subjects who are at the risk of type 2 diabetes
were followed up for the progression to type 2 diabetes. Low lev-
els of baseline adiponectin had a strong correlation with the onset
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of T2DM. The subjects who progressed to T2DM within one
year had very low baseline value of adiponectin. This study con-
cluded adiponectin as a powerful marker of diabetes risk in sub-
jects at high risk for diabetes, even after adjustment for weight.
An increase in adiponectin in the lifestyle and placebo groups
was associated with a reduction in diabetes risk.??

The populations where adiponectin as marker were investi-
gated were from various ethnic groups.'**% There is a need to
evaluate adiponectin levels in Indian population as there is limited
population based evidence among Indians during the progression
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Adiponectin: IL6
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vitro studies have shown that IL-6
treatment downregulates adiponec-
tin mRNA suggesting a negative
role of IL-6 in adiponectin regula-
tion.”’
cross-sectional analyses have shown
that circulating IL-6 is associated
with hyperglycemia and insulin
resistance. It has also been shown

that circulating IL-6 increases with
28,29

Experimental studies and

the degree of insulin resistance.
Though these studies evaluated the
levels of the cytokine in healthy, IGT,
and diabetic individuals, individuals
with impaired fasting glucose were
not considered. The level of CRP
and IL-6 reported is approximately
' 10-fold higher than what we have
observed in our study population.?
It has been reported in German
populations that serum adiponec-

b, d
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Figure 3. Ratio of adiponectin to IL 6 levels in serum. Data are represented as mean + SE. 2P < 0.005,
5P < 0.001 compared with normoglycemic group, ¢P < 0.05 compared with impaired fasting glucose

tin, hsCRP, and IL-6 levels were not
significantly different between IFG
and IGT individuals®® but no infor-
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gression. Various other studies have

shown that increase in the levels of
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Figure 4. Proportion of group in each tertile of serum high sensitivity C reactive protein in three groups of
individuals. Dots, Tertile 1 (T1) represents hsCRP levels < 0.1 mg/L; checkerboard, Tertile 2 (T2) represents
hsCRP levels 0.1-0.3 mg/L; stripes, Tertile 3 (T3) represents hsCRP levels > 0.3 mg/L.

with later development of type 2
diabetes.?** Both adipocyte hyper-

of normoglycemic to hyperglycemic condition. A recent study
done by Mohan et al. indicated profiling of serum adiponectin
in healthy, IGT, and diabetic individuals.** Adiponectin levels in
IFG individuals were not evaluated in that study.

IL-6 is a major pro-inflammatory cytokine, secreted from
leucocytes, adipocytes, skeletal muscle and endothelial cells. In
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trophy and lipodystrophy results in
increase in inflammatory cytokines
like IL-6 and release of fatty acids into the circulation. The
excessive deposition of triglycerides inside the liver along with
the inflammatory cytokines could induce hepatocellular dam-
age which may lead to an increase in high levels of circulating
liver enzymes.*® It is also hypothesized that elevation in ALT, a
gluconeogenic enzyme whose gene transcription is suppressed by
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insulin could indicate impairment in
insulin signaling rather than hepa-
tocyte injury.”® The ratio of AST to
ALT showed a decreasing trend along
with the disease progression. This is
in congruence with similar study
done in Thailand population where
ALT levels were strongly indicative
of future risk of developing IFG and
type 2 diabetes.>

Another observation in our study
was the increase in the high sensi-
tivity C-reactive protein (hsCRP)
in diabetics. High sensitivity CRP
is synthesized in hepatocytes and
is widely recognized as a marker
for  subclinical  inflammation.
Prospective studies have shown that
high hsCRP is predictive of meta-
bolic syndrome, type 2 diabetes, and
coronary heart disease. Studies have
also shown positive correlation with
abdominal obesity and CRP in Asian
Indians.?”3® In Japanese populations
high levels of hsCRP was a strong
predictor of non-alcoholic fatty liver
disease.?”” Recently increased levels of
hsCRP have been reported in Indian
population.® In case of individuals
with impaired glucose tolerance, the
levels of hsCRP were higher than
that of individuals with impaired
fasting glucose. In addition it was
also observed in that study that there
were gender based differences in the
levels of hsCRP across all groups.
Similarly, we have observed that there
are significant gender based differ-
ences in normoglycemic individuals
both in the case of hsCRP and adi-
ponectin levels (P < 0.05); in IFG,
this was observed only in the case of
adiponectin (P < 0.005) whereas in
hyperglycemic condition, this was
observed only in the hsCRP levels
(P < 0.05). The gender-specific dif-
ferences (increased levels in females)
observed in this group of people are
in line with a study conducted on a

Finnish population.” This study did

not note any significant difference in the levels of hsCRP as in
the case of our study. Similar to the Finnish study, we observed
that adiponectin concentrations in women decreased relatively
more compared with men across individuals with normoglyce-
mia, IFG, and type 2 diabetes, whereas inflammatory markers

increased relatively more in women.
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Figure 5. Proportion of group in each tertile of serum IL-6 in three groups of individuals. Dots, Tertile
1 (T1) represents IL-6 levels < 1.0 pg/ml; checkerboard, Tertile 2 (T2) representing represents IL-6 levels
1.0-3.0 pg/ml; stripes, Tertile 3 (T3) represents IL-6 levels > 3.0 pg/ml.
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Figure 6. Proportion of group in each tertile of serum adiponectin in three groups of individuals. Dots,
Tertile 1 (T1) represents adiponectin levels 0-7.0 wg/ml; checkerboard, Tertile 2 (T2) represents adiponec-
tin levels 7.0-14.0 w.g/ml; stripes, Tertile 3 (T3) represents adiponectin levels 14.0-21.0 p.g/ml.

genders across all groups (Table 2).

From our data it can be summarized that there is a significant
change in both adiponectin and IL-6 levels in healthy, predia-
betic, and diabetic population in Indian population. There is a

In the case of IL 6, there was no significant difference between

significant but gradual change during the progression of healthy

Adipocyte

43




Table 2. Gender based differences in the levels of inflammatory markers

Normoglycemia IFG Hyperglycemia
M 0.19£0.05 0.34+0.05 0.35+0.1
hsCRP (mg/L)
F 0.41 +0.09* 0.44 +0.07 0.67 £ 0.08°
M 141+0.17 2.11+£0.25 1.94+0.39
IL6 (pg/ml)
F 1.71+£0.13 1.89+0.14 25+0.26
M 5.82+0.48 4.05+0.5 4.29+0.82
Adiponectin (p.g/ml)
F 8.26 £0.78° 7.17 £0.85° 3.74 £0.42¢

Data are represented as mean + SE. 2P < 0.05 and PP < 0.005 when the two genders are compared. °P < 0.005 when compared with corresponding normo-

glycemic group, 4P < 0.05 when compared IFG group.

toward diabetic population via pre-diabetic condition. This is a
pilot study and needs to be validated in larger cohort.

Materials and Methods

The study was approved by the Unilever Independent Research
Ethics Committee (UIEC), India. Pregnant or lactating females,
subjects with renal diseases, smokers, and subjects consuming
more than 60 ml alcohol/week or exercising more than 10 h/
week were excluded from the study. Diagnosis of Type 2 diabe-
tes was based on fasting blood glucose and American Diabetes
Association guidelines. The cohort consisted of 162 volunteers
(78 males, 84 females) aged between 28—60 y (mean age 46 y)
and of Indian origin. Diabetic (7 = 32) and prediabetic (7 = 49)
volunteers were gender and age matched with volunteers who are
normoglycemic (7 = 81). Informed consent was obtained from all
the volunteers before initiation of the study.

The groups were classified as per ADA norm: Normoglycemia
or healthy (fasting glucose < 100 mg/dl), impaired fasting glu-
cose or pre-diabetes (fasting glucose > 100 mg/dl to < 126 mg/
dl), and hyperglycemia or diabetes (fasting glucose > 126 mg/dl).

Physical examination included height and weight measure-
ments, and the body mass index (BMI) was calculated using
the formula: weight (kg) divided by height in meters squared.
Waist and hip measurements were made in the standing posi-
tion using standard techniques. A fasting blood sample was
taken and the serum was separated and used for the assay.
Clinical measurements: total cholesterol, low density lipopro-
tein cholesterol (LDL-C), high density lipoprotein cholesterol
(HDL-C), triglycerides (TG), blood urea, glycated hemoglobin
(HbAlc), blood glucose, creatinine, serum bilirubin, aspartate
aminotransferase (ASAT), alanine aminotransferase (ALAT),
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