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Assessment of serum and salivary adiponectin levels in
newly diagnosed Type Il diabetes mellitus patients

R Suma Kalyani, Vandana Raghunath

Department of Oral Pathology, Narayana Dental College and Hospital, Nellore, Andhra Pradesh, India

Abstract

Background: Adiponectin, an adipocytokine, plays an important role in the development of Type 2 Diabetes
Mellitus (T2DM) in obese and cardiovascular disease patients, with few studies having observed low
plasma concentrations. Persistent low-grade inflammation, an important feature in T2DM and obesity,
bears an indirect influence on insulin resistance and insulin secretion and is reflected by increased plasma
levels of C-reactive protein (CRP). Thus, low levels of anti-inflammatory cytokine, adiponectin, depicts
that inflammation could be the link between T2DM, obesity and adiponectin. Since these factors need
to be explored to prevent or adequately treat T2DM, especially among Indian diabetics, this study was
undertaken. Also of interest was to assess its salivary concentrations.

Aim: This study aimed to assess serum and salivary adiponectin levels in newly diagnosed T2DM
individuals along with postprandial blood sugar (PPBS) and glycosylated hemoglobin (HbA, ) and
high-sensitivity-CRP (hs-CRP).

Materials and Methods: Serum and salivary levels of adiponectin, PPBS, HbA]c and hs-CRP were assessed
in 30 newly diagnosed T2DM (Group I) individuals and compared with 30 healthy individuals (Group II,
healthy control). Glucose oxidase peroxidase, automatic analyzer, turbidimetric immunoassay and ELISA
methods were adopted for PPBS, HbAIC, hs-CRP and adiponectin estimation.

Results: Statistically significant decrease in mean serum (16.93 = 3.86) and salivary (24.96 = 8.21)
adiponectin levels, were observed in Group I compared to Group Il individuals with a p value of 0.00 and
0.04 respectively. In Group I individuals a significant p value of 0.02 was noted only between salivary
adiponectin and PPBS. None of the other parameters correlated significantly with serum adiponectin levels.
Conclusion: Decreased serum and salivary adiponectin levels in T2DM furthered the importance of its
role in Indian T2DM. Decreased salivary adiponectin levels probably reflected salivary hypofunction. This
being the preliminary study in saliva, more studies are required to emphasize its role both as a diagnostic
marker and as an anti-inflammatory cytokine in T2DM.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) formerly known as
noninsulin-dependent DM, is the most common form of
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DM characterized by hyperglycemia, insulin resistance (IR)
and relative insulin deficiency accompanied by a greater
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or lesser impairment in the metabolism of carbohydrates,
lipids and proteins. Globally, as of 2011, an estimated 366
million people were diabetic, with T2DM making up about
90% of the cases, and this figure is estimated to cross 552
million by 2030.1"

A newly discovered adipocytokine, i.e., adiponectin by
stimulating oxidation in muscle and decreasing IR in the
liver indicated its possible involvement in the development
of T2DM (proven in both human and animal studies).”
Reduced adiponectin levels are mainly due to the low levels
of high molecular weight (HMW) hexameric form of
the gene which is present in patients with cardiovascular
disease or IR. These gene mutations impair the formation
of HMW adiponectin hexamers resulting in less release of
adiponectin from adipocytes.”! Decreased levels of plasma
adiponectin can cause decreased glucose uptake, increased
gluconeogenesis and decreased fatty acid oxidation in the
skeletal muscles and the liver. The decrease of fatty acid
oxidation causes the increase of free fatty acids, following
increase of IR, which leads to further decrease in glucose
uptake. The decrease in glucose uptake and the increase
of neoglucogenesis ultimately results in increase of plasma
glucose and T2DM. Oxidative stress in T2DM individuals
also results in increased IR and decreased adiponectin
production.l

Adiponectin acts to increase insulin sensitivity, fatty acid
oxidation, as well as energy expenditure and reduces the
production of glucose by the liver. It sensitizes the effects
of insulin in liver without affecting peripheral glucose
disposal. Thus, its deficiency might contribute to the
development of T2DM.P!

Low plasma adiponectin concentrations were observed in
obesity, T2DM and in patients with coronary artery disease
where it was predictive of prospective diabetes.” Circulatory
levels of adiponectin were found to correlate negatively with
IR, serum triglycerides, fasting serum insulin and fasting
plasma glucose concentrations.

Saliva is such sample, which is abundant, noninvasive
and very easily obtained without any harm to the patient.
Several analytes are present in saliva in amounts that relate
to blood." The relationship between protein levels in saliva
and plasma makes saliva an attractive diagnostic tool that
could be used as an alternative to blood in tests measuring
biomarkers.

Thus, few abroad and only three Indian studies have
recorded decreased serum adiponectin levels in T2DM, but
none were in newly diagnosed T2DM individuals. Only two

abroad studies™ and none in the Indian population have
explored the salivary adiponectin levels.

MATERIALS AND METHODS

Our study included 30 individuals with newly diagnosed
T2DM and age-matched 30 healthy nondiabetic individuals,
who served as controls (Healthy Control [HC]) [Table —IJ.
Newly diagnosed diabetic individuals (T2DM) (Group-I)
were selected from the Endocrinology Outpatient
Department, Narayana Super Specialty Hospital. They were
diagnosed as having T2DM by the endoctinologist and had
laboratory values of postprandial blood sugar (PPBS)
>140 mg/dl and glycosylated hemoglobin (HbA, ) >6.5 (as
per the criteria established by the Expert Committee on
Diagnosis and Classification of Diabetes Mellitus [1998])
[Table — I])." The healthy individuals (HC) (Group-II)
were chosen from the outpatient pool of department
of oral medicine. They were assessed for PPBS and
HbA,_levels. Those with PPBS values <140 mg/dl and
HbA _levels <6.5 were included in the study [Table — 1J.
Exclusion criteria of tobacco smoking, oral lesions other
than dental caries, gingivitis and periodontitis were
considered common to both groups while the individuals
of T2DM group were excluded if they presented with
diabetic complications (retinopathy, peripheral neuropathy
and nephropathy), systemic illnesses (other than T2DM)
and malignancies. Ethical approval for the present study
was obtained from the Institutional Ethical Committee.

Serum collection

A volume of 4 ml of peripheral venous blood was
drawn from the antecubital fossa by venipuncture
method, using a 20-gauge needle with a 5-ml syringe.
The blood was then transferred to the vacutainer tubes
and immediately transferred to the laboratory. The
blood sample was allowed to clot at room temperature
and after 1 h, serum was separated from the blood by
centrifuging at 3,000 rpm for 15 min. 0.5 ml of serum
was utilized for PPBS by glucose oxidase-peroxidase
method (Kit-M/S Excel Diagnostics Pvt. Ltd., India) and
HbA, . estimation (Kit-Nycocard, India) was performed
in an automatic analyzer (BIO-RAD D-10-HPLC
ANALYZER) only for Group-1I individuals. The serum of
all individuals from both groups was stored in Eppendorf
tubes for adiponectin and high-sensitivity-C-reactive
protein (hs-CRP) estimation.

Saliva collection

Following the blood collection, unstimulated whole
salivary samples (spit technique) were collected in a sterile
graduated plastic container for 10 min, for each patient
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under standardized conditions. The collected salivary sample
containers were stored at —20°C in cold storage room.

High sensitivity-C-reactive protein estimation

It was done using hs-CRP Turbidimetric Immunoassay
method (Kit-Particle Enhanced Immuno Turbidimetry,
ARKRAY Health Care Pvt. Ltd., India).

Assessment of serum and salivary adiponectin

Adiponectin levels were assessed with HUMAN
ADIPONECTIN ELISA KIT (Chongqing Biospes Co.,
Ltd, China (Catalog No.: BEK1196), using Enzyme-linked
Immunosorbent assay method. Anti-adiponectin polyclonal
antibody was precoated onto 96-well plates. Moreover, the
biotin-conjugated anti-adiponectin polyclonal antibody was
used as detection antibody. The standards, test samples and
biotin-conjugated detection antibody were added to the
wells subsequently, followed by washing it with wash buffer.
Then, avidin-biotin-peroxidase complex was added, and
unbound conjugates were washed away with wash buffer
solution. Then, TMB substrates were used to visualize HRP
enzymatic reaction. TMB was catalyzed by HRP to produce
a blue color product which was changed into yellow after
adding acidic stop solution. The density of yellow was
proportional to the adiponectin amount of sample captured
in plate. O. D. absorbance was read at 450 nm in a microplate
reader, and then adiponectin concentration was calculated.

Statistical analysis

Descriptive statistics and analysis were performed in IBM
SPSS Version 22.0, IBM, Armonk, NY, US. For continuous
variables, the data values were plotted as mean + standard
deviation. Student’s test was used to test the mean
difference between two groups. Pearson’s correlation test
was considered to test the correlation between the groups.
All the results with a p value of < 0.05 were considered as
statistically significant.

RESULTS

Serum adiponectin levels were significantly lowered in
Group I with a mean value of 16.93 + 3.86, compared to
Group II with a mean value of 25.33 £ 1.48 [Table — II].
It was statistically significant with a p value of 0.00 [Table
— 1I]. Even the salivary adiponectin levels decreased in
Group I individuals with a mean value of 24.96 * 8.21
compared to Group Il individuals with a mean value of
29.82 * 9.62 and was significant with a p value of 0.04
[Table —11]. On correlating (Pearson correlation coefficient
test), the adiponectin levels between serum and saliva, a
pearson correlation co-efficient of 0.25 with a p value of
0.183 was observed, which was not significant [Graph-1I].

Group 1 (T2DM) individuals exhibited statistically
significant (p value < 0.01) increase in mean values
of PPBS (150.33 + 11.17), HbA _(7.28 £ 1.16) and
hs-CRP (2.45 * 1.48) compared to Group 11 (HC)
individuals (104.13 £ 12.45), (5.23 £ 0.5) and (1.1 * 0.53),
respectively [Table — I11]. Upon establishing a correlation
using Pearson correlation test, none of the parameters
(PPBS (p value 0.261), HbA, _(p value 0.954) and hs-CRP
(p value 0.660)) correlated significantly with that of
serum adiponectin [Table - IV]. However a p value of
0.020 (i.e p value < 0.05) was observed on correlating
salivary adiponectin with PPBS with a Pearson correlation
coefficient of -0.422. No significant correlation was noted

Table 1: Study characteristics
Cases (n=30)

Baseline Data Control (n=30)

T2DM HC
AGE” 47.73 8.71 47.40 7.33
PPBS >140mg/dl <140mg/dl
HbA1c >6.5 <6.5
Gender Female 13 43% 14 47%
Male 17 57% 16 53%

~

mean (SD) as summary measure. T2DM - Type-1I Diabetes Mellitus ;
HC - Healthy control

Table 2: Mean Values of Salivary & Serum Adiponectin of both Groups (T2DM & HC)

ADIPONECTIN Cases (n=30) T2DM Control (n=30) HC Mean 95% Confidence Interval of the difference P
Mean SD Mean SD difference Lower Upper

SERUM ADIPONECTIN 16.93 3.86 25.33 1.48 -8.41 -9.92 -6.9 0.00*

SALIVARY ADIPONECTIN 24.96 8.21 29.82 9.62 -4.86 -9.48 -0.24 0.04*

T2DM - Type-II Diabetes Mellitus ; HC - Healthy control. *Statistically significant result (P<0.05)

Table 3: Mean Values of PPBS, HbA1c and Hs-CRP of both Groups (T2DM & HC)

Parameters Cases (n=30) T2DM Control (n=30) HC Mean 95% Confidence Interval of the difference P
Mean SD Mean SD difference Lower Upper

PPBS 150.33 11.17 104.13 12.45 46.2 40.09 52.31 0.00*

HbA1C 7.28 1.16 5.23 0.5 2.05 1.59 2.51 0.00*

Hs-CRP 2.45 1.48 1.1 0.53 1.35 0.77 1.93 0.00*

T2DM - Type-II Diabetes Mellitus; HC - Healthy control. *Statistically significant result (P<0.01), PPBS: Postprandial blood sugar, HSCRP: Highsensitivity

Creactive protein, HbA1C: Glycated hemoglobin
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CORRELATION OF SERUM ADIPONECTIN WITH SALIVA IN T2DM (Cases)

R? Linear = 0.063
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Graph 1: Correlation of serum adiponectin with salivary adiponectin
in T2DM (Group — ) individuals

between salivary adiponectin and HbAlc (p value 0.924)
and hs-CRP (p value 0.686) [Table - V].

DISCUSSION

Diabetes mellitus has earned a place among those
noncommunicable diseases which have emerged as the
leading causes of death globally, killing more people
each year than all other causes combined.”! As per
the International Diabetes Federation, the number of
individuals with T2DM is on the rise in almost every
country. With currently, 387 million people with diabetes
across the world, it is expected to rise to a whooping figure
of 592 million in 2035.'" The need of the hour is eatly
detection of DM, so that appropriate treatment can be
initiated at an eatly stage itself, preventing morbidity and
early mortality. Hence, the race is on, not only limited to
identifying the presence of modifiable risk factors such
as obesity and physical inactivity but also to explore those
biomarkers both in serum and saliva which could not only
serve as an adjunct to the routine PPBS or HbA or oral
glucose tolerance tests but also help in linking those risk
factors to the disease.

The present study focused on identifying whether serum
and salivary adiponectin (ACRP30) levels could serve as a
diagnostic marker, in newly diagnosed T2DM individuals
belonging to an age range 30—060 years, by correlating with
their PPBS and HbAlc levels and also comparing it with
age-matched healthy nondiabetic (HC) individuals. The
inflammatory link between T2DM and adiponectin was
also studied by correlating adiponectin with hs-CRP levels,
an inflammatory marker in T2DM individuals.

Table 4: Correlation of Serum Adiponectin with other
parameters In T2DM individuals (Group - 1)
Cases (n=30) CORRELATION VALUE P
(Pearson Correlation
co-efficient)

SERUM ADIPONECTIN & PPBS -0.212 0.261
SERUM ADIPONECTIN & HBA1C 0.011 0.954
SERUM ADIPONECTIN & HS-CRP -0.084 0.660

None of the variable is significantly correlated with Serum Adiponectin

Table 5: Correlation of Salivary Adiponectin with other
Parameters in T2DM individuals (Group - I)
Cases (n=30) CORRELATION VALUE P
(Pearson Correlation
co-efficient)

SALIVARY ADIPONECTIN & PPBS -0.422 0.020*
SALIVARY ADIPONECTIN & HBA1C -0.018 0.924
SALIVARY ADIPONECTIN & HS-CRP -0.077 0.686

*Statistically significant result (P<0.05)

Table 6: Studies showing Serum adiponectin levels in T2DM
individuals compared to Healthy Controls (HC)

STUDIES T2DM HC
Supanee Thanakun et.a/ 8.09+£14.01 17.96+46.84
Christian Weyer et.al 7.6x2.6 10.2+4.3
Makota Daimon et.al 8.01+2.55 9.06£2.41
Chamukuttan Snehalatha et.a/ 11.3£5.5 16.7+7.6
Kikkuko Hotta et.al 6.6+0.4 7.9+0.5
Valsamakis et.al 2.945.5 3.4+6.6
Present study in newly 16.93+3.86 25.33+1.48

diagnosed T2DM individuals
T2DM: Type 2 diabetes mellitus, HC: Healthy controls

Newly diagnosed diabetes mellitus individuals (T2DM)
were chosen to nullify the effects of anti-diabetic medicines
on serum and salivary adiponectin values if any and also
to avoid the effect of systemic complications of T2DM
on serum adiponectin values.

Statistically significant decreased serum adiponectin levels
was noted in newly diagnosed T2DM (Group-I) compared
to control group (HC). This was in accordance with all the six
studies done in previously diagnosed T2DM [Table - VI].2>!14
Some studies related to adiponectin and other adipocytokines
in T2DM have considered obesity-related anthropometric
measurements also as a parametet.>'>!l Although reports claim
that these adipocytokines are related to obesity, many Indians
belong to the lean sector or show central obesity.>!!

Similar to the serum adiponectin levels which lowered,
salivary adiponectin levels too decreased significantly
in T2DM individuals compared to Healthy Controls, in
newly diagnosed T2DM (Group-1) compared to control
group (HC). This was in accordance with only one study
of SupaneeThanakun ez a/s (2014)" observation of
decreased mean levels (1.05 & 6.48) in T2DM as compared
to controls (7.91 * 6.23) and contrary to that of Jaedicke
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et al’s (2011)® observation of increased mean levels (2.0
+ 2.7 in T2DM v/s 1.4 £ 1.6 in HC). But Jaedicke et al
(2011)® also considered the gingival and petiodontal status
as they were commonly seen inflammatory conditions in
T2DM individuals and attributed the increase in salivary
adiponectin levels to the diseased state.” Saliva though is
considered as an ultrafiltrate of plasma, owing to the age,
postmenopausal effects, repertoire of oral microorganisms,
salivary pH and flow rate, diet, maintenance of oral hygiene
and a plethora of other factors, the salivary constituents
especially the proteins may show variations. In T2DM as
aresult of the involvement of parenchyma of the salivary
glands and salivary gland hypofunction, the salivary
flow rates decrease thereby concentrating the salivary
proteins.'“""1 This could explain the variations in salivary
protein levels recorded in other studies including that of
ours. A positive correlation between serum and salivary
adiponectin levels was noted, though not significant.

It is a golden rule that both PPBS and HbA, _ levels get
increased in diabetic state,'®*"! which was also a significant
(p value < 0.01) finding in the present study. Thus, they
have been quoted as the standalone diagnostic tests for
DM.?U Although the statistically significant higher mean
values of PPBS and HbA, . affirmed the diabetic status in
Group-I individuals, none of these parameters showed a
significant correlation (p value > 0.05) with serum adiponectin
levels. This was in contrast to that of Weyer et al’s (2001)
observation."!! Further though the cortelation between serum
adiponectinand HbA , attempted only in our study remained
insignificant, more studies in this regard could be helpful in
ascertaining adiponectin as a diagnostic marker for T2DM.

The hs-CRP levels too remained statistically significant (p value
<0.01) in the T2DM group, which is again an important finding
as noted by Pan ¢#al., Pitzner and Forst, Ebersole ezal, Tutuncu
et al*?*% Although the CRP levels tend to increase in diabetic
state, their association still remains questionable, as some studies
which reported increased CRP levels in T2DM individuals, did
not confirm it as a diagnostic marker." Studies exploting other
inflammatory markers, such as interleukin (IL)-1, IL-6, 1L-8,
transforming growth factor 1, tumor necrosis factor-0t linked
it to subclinical inflammatory end-organ damage in diabetes.
521 Thus in our study though we noted that both hs-CRP
and adiponectin levels increased in T2DM individuals they
were not significantly correlating, Added to this remains the
fact that adiponectin is an anti-inflammatory cytokine. Hence
more studies need to lend credence to this fact.

Our study remains the first study to correlate salivary
adiponectin with the serum parameters of PPBS, HbA, _and
hs-CRP in T2DM individuals. Surprisingly only PPBS yielded

a significant correlation with a p value = 0.020, which was not
observed with serum adiponectin.

CONCLUSION

Lowered Serum and salivary adiponectin levels in T2DM
individuals definitely reflected their diabetic status, though
the inflammatory link could not be proved and the
periodontal status and obesity of T2DM individuals were
not considered. Thus, both the serum and the salivary
adiponectin assay holds promise and needs to be done
considering large populations, more inflammatory markers,
periodontal disease and obesity related parameters. Our
study is the first preliminary salivary adiponectin study in
the Indian population. However its correlation with serum
adiponectin levels and other parameters like PPBS, HbA, .
and hs-CRP needs to be established further, so that saliva
being easily available could be used as an alternative to
blood in the diagnosis and disease monitoring of T2DM
patients. The limitations could be a lack of availability
of these biomarkers in routine pathology laboratories,
compounded by the associated increased expenses and
assay standardization along with the complexities of the
oral environment and the salivary factors.
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