Salivary Adiponectin and Leptin Levels are Increased in
Women with Gestational Diabetes Mellitus and Gingival
Inflammation
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Purpose: Gestational diabetes mellitus (GDM) is defined as glucose intolerance with first onset or diagnosis in
pregnancy. This study evaluated clinical and biochemical parameters in a possible association between GDM and
gingival inflammation.

Materials and Methods: A total of 87 pregnant women — 44 with GDM and 43 without (NGDM) — were included.
Subgroups were created according to gingival inflammation. Plaque index (Pl), bleeding on probing (BOP), and prob-
ing depth (PD) were recorded.

Results: Age, anthropometric variables and baby weight (g) were all statistically significantly higher in the GDM
group (p < 0.0001). Systolic and diastolic blood pressure (mmHg), saliva, serum leptin and adiponectin levels were
similar in the GDM and NGDM groups (p = 0.605, p = 0.662, p = 0.737, and p = 0.596, respectively). Salivary adi-
ponectin levels were statistically significantly higher in the two subgroups with gingivitis compared to those with
clinically healthy periodontium (p < 0.01). Serum adiponectin levels were statistically significantly higher in the
NGDM subgroup with gingivitis than the NGDM group with clinically healthy periodontium (p < 0.05). Statistically
significant positive correlations were found between PD, Pl, BOP and saliva adiponectin levels in the GDM group
(p < 0.05). Positive correlations were also found between clinical periodontal parameters and saliva, serum levels
of adiponectin in the control group without GDM (p < 0.05).

Conclusion: The higher salivary adiponectin levels in the gingivitis groups suggest that gingival inflammation is
more likely to influence local inflammatory parameters both in the presence and absence of GDM. Further larger-

scale studies are required to better clarify the possible interactions between gingival inflammation and GDM.
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Gingivitis is characterised by reddened gingiva, an in-
creased tendency for bleeding and increased probing
depth due to the presence of oedema. Chronic infectious
diseases, e.g. periodontal diseases including gingivitis, can
cause a persistent inflammatory state. A close relationship
has been reported between pregnancy and periodontal dis-
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eases, and pregnancy may increase preexisting periodontal
inflammatory response.22

Gestational diabetes mellitus (GDM) is defined as vary-
ing glucose intolerance with first onset or diagnosis in preg-
nancy.® GDM represents a failure of the pancreas to appro-
priately increase B-cell mass32 and insulin secretion® as a
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response to the progressive insulin resistance of the latter
stages of gestation. Approximately 4%-10% of all pregnant
women have GDM, and it is associated with statistically
significantly increased risks of maternal and infant morbid-
ity.1 Pancreatic B-cell destruction can result from the pro-
inflammatory imbalance created by a sustained elevation of
cytokines.26 Current evidence shows that diabetes mellitus
(DM) causes more rapid and severe periodontal tissue de-
struction; further, a bidirectional relationship between peri-
odontal disease and type-2 DM has been suggested.10 To
date, few studies have examined a possible relationship
between periodontal disease and GDM.37,38,40 Viable bac-
teria, bacterial products from the microbial dental plaque
and pro-inflammatory cytokines secreted by the inflamed
periodontal tissues can enter the circulation and trigger a
maternal systemic inflammatory response.2.21

Leptin and adiponectin are adipokines that are secreted
primarily by adipose tissues and are not only involved in
energy storage but also have an endocrine function.13,30
Leptin plays a key role in the regulation of energy intake
and energy expenditure. It also regulates T lymphocyte pro-
liferation, activation and cytokine production; elevated lev-
els of leptin are present during infection and inflamma-
tion.11,24,43 Adiponectin is associated with modulation of
inflammatory responses, via attenuation of tumor necrosis
factor-alpha (TNF-a) effects41.44 and inhibition of nuclear
factor kappa B and interleukin (IL)-6 production, as well as
induction of anti-inflammatory cytokines IL-10 and IL-1 re-
ceptor antagonist.36

Adiposity is an important modifiable risk factor for the
development of GDM.6 Increased leptin levels may contrib-
ute to insulin resistance in GDM.12 Adiponectin is thought
to have beneficial effects on insulin sensitivity,42 and ad-
ministration of adiponectin to diabetic mice has been
shown to enhance insulin activity.” Several studies have
reported an association between severity of periodontitis
and leptin levels in serum or gingival crevicular fluid
(GCF).8:19.20 |ncreased circulating levels of leptin, TNF-a C-
reactive protein (CRP) and decreased levels of adiponectin
have been reported in women with GDM.25 However, the
possible relationship between GDM, gingival inflammation
and local, systemic levels of adiponectin or leptin has not
yet been investigated.

It is hypothesised that chronic gingival inflammation can
induce a sustained systemic inflammatory response, which
can have a confounding effect in pregnancy-induced insulin
resistance. Additionally, GDM may exacerbate clinical and/
or biochemical findings of gingival inflammation. Therefore,
the aim of the present study was to evaluate a possible in-
teraction between GDM and gingival inflammation via local
and systemic levels of leptin and adiponectin.

MATERIALS AND METHODS
Study Population

Forty-four pregnant women with GDM (aged 26.0 to 38 years)
and 43 counterparts without GDM (aged 27 to 36 years) were
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recruited from September 2012 to March 2013 at the Endo-
crinology and Metabolism outpatient clinic, Aydin State Hos-
pital, Aydin, Turkey. The study was conducted in full accor-
dance with ethical principles, including the World Medical
Association’s Declaration of Helsinki, as revised in 2008.
The study protocol was approved by the Ethics Committee of
the Medical Faculty of Ege University (protocol number 13-
2/9). The study protocol was explained, and written informed
consent was received from each individual before enrolment
in the study. The study conforms to STROBE guidelines for
observational studies.35 Medical and dental histories were
obtained from each individual, and saliva and serum samples
were obtained before clinical periodontal examination. The
inclusion criteria were being in the third trimester, not having
any other diagnosed systemic diseases requiring medica-
tions, such as antibiotics, nonsteroidal anti-inflammatory
drugs, corticosteroids or drugs that cause gingival over-
growth. Smoking status was determined according to the self-
reports of the pregnant women. The exclusion criteria were
having a body mass index (BMI) value > 30 (kg/m?2), being a
current smoker or having been a smoker before pregnancy.
American Diabetes Association criteria were used for
clinical diagnosis. Women at 24-28 weeks of gestation not
previously diagnosed with overt diabetes and participants
with a 75-g oral glucose tolerance test (OGTT) with plasma
glucose measurement fasting and at 1 h and 2 h were di-
agnosed as GDM.3 GDM was based on only one blood glu-
cose value above the specified cut-off points (fast-
ing: > 92 mg/dl [5.1 mmol/I], 1 h: > 180 mg/dl
[10.0 mmol/], 2 h: > 153 mg/dl [8.5 mmol/I]). All preg-
nant women known not to have prior diabetes and not
meeting the diagnostic criteria for GDM were assigned to
the non-GDM (without GDM) (NGDM) control group.
Diagnosis of gingivitis was assigned when bleeding on
probing (BOP) was present at > 50% of all sites2 and probing
depth (PD) was < 3 mm at 90% of the measured sites, but
no more than one site had a PD > 4 mm and clinical attach-
ment level (CAL) of 1 mm, and no clinical sign of periodontitis
was evident.4 All participants had at least 20 teeth present.
The periodontally healthy females had BOP at < 30% of the
measured sites and no clinical sign of alveolar bone loss.215

Saliva Sampling

Whole saliva samples were obtained simply by having the
participants expectorate into polypropylene tubes prior to
the clinical periodontal measurements or any periodontal
intervention, and in the morning following an overnight fast
during which participants were requested not to drink (ex-
cept water) or chew gum.28 The samples were then immedi-
ately frozen and stored at -40°C until the sample collection
period was completed. Samples were thawed immediately
before assays.

Serum Sampling

Five millilitres of venous blood were taken from the antecu-
bital vein by a standard venipuncture method, and serum
was separated from blood by centrifugation at 1500 x g for
10 min. The serum samples were then stored at -40°C until
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Table 1 Clinical periodontal measurements and anthropometric parameters of the GDM and NGDM groups

GDM NGDM

N=44 N=43
Clinical variable Mean £ SD Mean £ SD p
Age (years) 329145 27.92 £ 4.7 < 0.0001
PD (mm) 21+11 1.8+0.9 =0.137
Pl (%) 53.07 £29.1 45.07 £ 27.1 =0.169
BOP (%) 53.01 + 29.07 43.02 + 26.03 =0.106
Gingivitis/healthy 24/20 22/21
Anthropometric parameters Mean = SD Mean £ SD p
Pregestation weight (kg) 71+15 57+7 < 0.001
BMI (kg/m?2) 29.4+4.4 21.5+21 < 0.001
Fasting glucose (mmol/I) 91.3+14 82.3+8 < 0.001
1. hour (mmol/1) 202 + 21 161 + 14 < 0.001
2. hour (mmol/I) 176 £ 21 130 + 16 < 0.001
Fasting insulin (uUL/m) 14.5 £ 3.51 11.6 £ 1.98 < 0.001
HOMA-IR 3.27 £0.99 2.33+£0.44 < 0.001
Baby weight (g) 3373.69 + 425 3193 + 288 0.008
Systolic blood pressure (mmHg) 116.1 £ 11.18 117.1 £ 9.3 0.792
Diastolic blood pressure (mmHg) 71£9 70£9 0.691
GDM: gestational diabetes mellitus; NGDM: without GDM; PD: pocket depth; Pl: plaque index; BOP: bleeding on probing; BMI: body mass index. Age was
statistically significantly higher in the GDM group. All parameters apart from the systolic and diastolic blood pressure values showed statistically significant
differences between the study groups in anthropometric parameters.

subsequent biochemical analyses and thawed immediately
before assaying.

Clinical Periodontal Measurements

Before GCF sampling, clinical periodontal recordings were per-
formed using a Williams periodontal probe (Hu-Friedy; Chi-
cago, IL, USA) at four sites (mesio-buccal, mid-buccal, disto-
buccal, mid-lingual) of each tooth except the third molars, and
included the following: 1) PD; 2) Pl as present or absent; and
3) BOP as present or absent. BOP was deemed positive if it
occurred within 15 s after periodontal probing. Visible plaque
accumulation was recorded dichotomously by visual examina-
tion.29 The measurements were conducted by periodontists
who were trained and calibrated initially and every 6 months
during the study period (00, AA, PG). The endocrinologist (BC-
0) knew whether the pregnant woman had gestational diabe-
tes or not, and the three periodontists were blinded to the
study group during the clinical periodontal evaluation.

Measurement of Leptin and Adiponectin in Saliva and
Serum Samples

Commercial enzyme-linked immunosorbent assay (ELISA)
kits were purchased for the measurement of leptin and adi-
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ponectin (R&D Systems; Minneapolis, MN, USA), and the
analyses were performed according to the manufacturer’s
instructions.

Statistical Analysis

Sample size analysis of the present study was based on a
pilot experiment in which adiponectin concentrations were
measured and a 15% difference between two groups in
adiponectin concentrations was obtained. These results
were used for statistical power calculations. An adjust-
ment to type-1 error (a = 0.05) was made to allow for com-
parisons among groups. Statistical power exceeded 80%
when the average number in each group was 20. The dis-
tribution of the data was validated using the D’Agostino-
Pearson omnibus normality test, and statistical analysis
was performed using non-parametric methods. Compari-
sons between the study groups and subgroups were made
using the Kruskal-Wallis test. Statistical analyses were
conducted using statistical software (GraphPad Prism ver-
sion 6.00c for Mac OS X, GraphPad Software; La Jolla, CA,
USA), and statistical significance was set at p < 0.05. Cor-
relations between parameters were analyzed by Spear-
man’s correlation test.
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RESULTS

Clinical periodontal measurements revealed similar findings
in the study groups (p > 0.05) (Table 1). The mean mater-
nal age of the women in the GDM group was statistically
significantly higher than that of the NGDM group (32.91 and
27.92 years, respectively, p < 0.0001), with median values
of 33 years in the GDM group and 26.82 years in the
NGDM group. The number of patients with gingivitis was
similar in the groups.

Anthropometric parameters are also shown in Table 1.
Pre-gestation weight (kg), BMI (kg/m2), fasting glucose
(mmol/I), 1-h and 2-h blood glucose levels (mmol/l), fasting
insulin (uUL/ml), HOMA-IR (Homeostatic Model of Assess-
ment-Insulin Resistance) and birth weight (g) were all statis-
tically significantly higher in the GDM group than in the con-
trols (p < 0.0001). Systolic and diastolic blood pressure
(mmHg) levels were similar in the study groups.

Saliva and serum leptin as well as adiponectin levels
were similar in the GDM and NGDM groups (p = 0.605,
p=0.662, p=0.737, and p = 0.596, respectively)
(Table 2). When the study groups were divided into sub-
groups regarding with the presence or absence of gingivitis,
serum and saliva leptin levels revealed similar values
(p > 0.05) (Table 3). Salivary adiponectin levels were statis-
tically significantly higher in the two subgroups with gingivi-
tis (GDM with gingivitis and NGDM with gingivitis) compared
to those with clinically healthy periodontium (p < 0.01).
Serum adiponectin level was statistically significantly higher
in the NGDM subgroup with gingivitis than the NGDM group
with clinically healthy periodontium (p < 0.05).

Correlations between the clinical and biochemical data
are presented in Tables 4 and 5. Statistically significant
positive correlations were found between PD, Pl, BOP and
saliva adiponectin levels in the GDM group (p < 0.05). Pos-
itive correlations were also found between the clinical peri-
odontal parameters and saliva, serum levels of adiponectin
in the NGDM group (p < 0.05). There were no correlations
between HOMA-IR and saliva, serum levels of leptin and
adiponectin in the GDM or NGDM groups (p > 0.05).

DISCUSSION

The aim of the present study was to compare the clinical
periodontal findings as well as the serum and saliva levels
of leptin and adiponectin between women with or without
GDM. Smoking, obesity and DM are among the major risk
factors for periodontal diseases. Therefore, non-obese and
non-smoking women were included in the present study. To
the best of our knowledge, this is the first study comparing
salivary and serum levels of leptin and adiponectin in preg-
nant women with or without GDM. According to the present
findings, saliva and serum leptin and adiponectin levels were
similar in women with GDM and their non-GDM counterparts.

Pregnancy is not a primary cause of periodontal disease
but rather an exacerbating factor for pre-existing inflamma-
tory periodontal conditions.22 The newly developed peri-
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odontal pockets resolve after delivery, and maintenance of
good periodontal health during pregnancy has been sug-
gested as a therapeutic goal.27 In a case control study,
Xiong et al3® reported that the presence of at least one site
with BOP was more frequent and the mean PD was higher
in women with GDM compared to non-GDM controls. How-
ever, the authors did not provide any information on plaque
scores.39 In the present study, PD, BOP and plaque scores
were similar in the study groups.

Advanced maternal age is associated with adverse preg-
nancy outcomes, including GDM. Lui et al23 stated that ma-
ternal risks are higher during the adolescent period but par-
ticularly at advanced maternal ages above 40 years. The
mean maternal age in the present GDM group was higher
than that in the NGDM group, but none of the participants
were older than 35 years. Therefore, this age difference be-
tween the study groups is not likely to have played a role in
the presence or absence of GDM.

In a previous study, serum samples were taken from 33
patients with chronic perodontitis and 18 healthy individu-
als.33 The serum leptin and adiponectin levels were mea-
sured before and after nonsurgical periodontal treatment,
and statistically significant differences were found between
the healthy control and periodontitis groups. The serum
leptin level was associated with mean probing depth, mean
clinical attachment level, mean alveolar bone loss, and
BMI. Nonsurgical periodontal treatment resulted in statisti-
cally significant decreases in serum leptin levels.33 In a
study with four groups of individuals with a. normal weight
and no periodontitis (n = 20), b. normal weight and chronic
periodontitis (n = 20), c. obesity and no periodontitis
(n=18) and d. obesity and chronic periodontitis (n = 20),
serum and gingival crevicular fluid levels of adipocytokines
were evaluated both in shallow and deep sites.4> Adiponec-
tin levels were lower in the periodontitis than in non-peri-
odontitis groups, whereas the normal weight non-periodon-
titis group presented the lowest serum leptin levels. Those
authors concluded that periodontitis mainly influenced the
circulating levels of adiponectin, and both obesity and peri-
odontitis affected the circulating levels of leptin in favour of
pro-inflammation.4% In the present study, saliva and serum
leptin as well as adiponectin levels in the GDM and NGDM
groups were not statistically significantly different. This dis-
crepance between the studies can be explained by the dif-
ferent clinical periodontal diagnoses of the study groups.
But when our study groups were further divided into sub-
groups according to the presence or absence of gingivitis,
the two subgroups with gingivitis exhibited statistically sig-
nificantly higher salivary adiponectin levels than those with
clinically healthy periodontium. Serum adiponectin levels
were also higher in the two subgroups with gingivitis, but
the difference reached the level of statistical significance
only in the NGDM group. Adiponectin has anti-inflammatory
functions, via inhibition of tumor necrosis factor-alpha (TNF-
0),4%,44 nuclear factor kappa B and interleukin (IL)-6 produc-
tion.36 Chronic infectious diseases such as gingivitis in-
crease the inflammatory cytokine levels. The increased
level of adiponectin in the present gingivitis groups may be
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Table 2 Salivary and serum levels of leptin and adiponectin

in the GDM and NGDM groups

GDM NGDM
N=44 N=43
Saliva data Mean + SD Mean + SD p
Leptin (ng/ml) 0.423 + 0.140 0.463 = 0.203 0.605
Adiponectin (ng/ml) 12.94 +12.4 10.75+ 9.3 0.662
Serum data
Leptin (ng/ml) 14.91 £ 11.55 15.61 £ 11.68 0.737
Adiponectin (ng/ml) 11.46 £ 5.07 12.37 £ 9.9 0.596
GDM: gestational diabetes mellitus; NGDM: without GDM. There were no statistically significant differences between the study groups.
Table 3 Biochemical data in the subgroups with or without gingival inflammation
GDM NGDM
N=44 N=43
Periodontally Periodontally
With gingivitis healthy With gingivitis healthy
N=24 N=20 p N=22 N=21 p
Saliva
Leptin (ng/ml) 0.39 £ 0.06 0.46 £ 0.20 0.803 0.40 £ 0.07 0.51 +£0.25 0.101
Adiponectin (ng/ml)  17.11 + 13.93% 6.924 £ 6.19 0.001 13.57 £ 10.14* 7.98 £7.18 0.008
Serum
Leptin (ng/ml) 13.98 £ 11.96 16.25 £ 11.12 0.340 15.46 £ 10.74 15.75 £ 12.60 0.801
Adiponectin (ng/ml) 12.07 £5.83 10.58 + 3.69 0.604 14.70 £ 13.34* 9.78 £ 2.57 0.034
GDM: gestational diabetes mellitus; NGDM: without GDM. *Statistically significantly higher in the NGDM gingivitis than NGDM periodontally healthy.
T Statistically significantly higher in the GDM gingivitis than GDM periodontally healthy.

Table 4 Correlation between the clinical periodontal

parameters and the biochemical data in the GDM group

Table 5 Correlation between the clinical periodontal
parameters and the biochemical data in the NGDM group

Biochemical Clinical periodontal parameters Biochemical Clinical periodontal parameters
data data
PD (mm) Pl (%) BOP (%) PD (mm) Pl (%)  BOP (%)

r 0.067 0.022 0.029 Salivary leptin  r -0.237 -0.257 -0.215
Salivary leptin

p 0.664 0.886 0.851 p 0.124 0.096 0.164
Salivary r 0.464 0.483 0.492 ggil’ijv;:ictin* r 0.547 0.487 0.508
adiponectin* 0.001 0.001 0.001 b 0.001 0.001 0.001

r -0.056 -0.020 -0.030 Serum leptin r -0.082 -0.048 -0.056
Serum leptin

p 0.713 0.892 0.844 p 0.598 0.759 0.720
Serum r 0.082 0.099 0.082 Serum r 0.339 0.360 0.363

- : adiponectin*

adiponectin P 0.593 0.521 0.595 P 0.026 0.017 0.016
PD: pocket depth; Pl: plaque index; BOP: bleeding on probing. PD: pocket depth, PI: plaque index, BOP: bleeding on probing.
*Saliva adiponectin levels were positively correlated with the clinical *Salivary and serum levels were positively correlated with the clinical
periodontal parameters. periodontal parameters.
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explained by a possible attempt of the host response to
compensate for the already increased inflammatory cyto-
kine production.

These statistically significant differences together with
the positive correlations between PD, PI, BOP and saliva
adiponectin levels in the GDM group and the positive cor-
relations between the clinical periodontal parameters and
both saliva and serum levels of adiponectin in the NGDM
group provide further support for the association of adipo-
nectin and gingival inflammation.

In another study, 24 obese and 24 normal-weight pa-
tients all with chronic periodontitis received nonsurgical
periodontal therapy.1? Serum levels of leptin and adiponec-
tin were evaluated at baseline and after completion of non-
surgical periodontal treatment. Serum leptin levels were
higher in the obese patients than in the normal-weight coun-
terparts. Serum levels of leptin and adiponectin were simi-
lar in the obese and normal-weight groups after nonsurgical
periodontal therapy.1?7 Kardesler et all8 investigated the
serum leptin and adiponectin levels in 13 well-controlled
(glycated hemoglobin [HbAlc] <7%) and 12 poorly con-
trolled (HbAlc >7%) patients with type 2 diabetes and 15
systemically healthy patients all with chronic periodontitis.
They found that adiponectin levels decreased significantly
in the well-controlled diabetic group 3 months after the non-
surgical periodontal treatment but increased in the system-
ically healthy group. Leptin levels were similar at all times
in the study groups. After completion of the nonsurgical
periodontal treatment, leptin levels significantly increased
at the 1-month control in the well-controlled diabetic group,
and decreased at the 3-month control in the systemically
healthy group.18

A meta-analysis of 9 prospective studies on adiponectin
and 8 prospective studies on leptin indicated that adiponec-
tin levels during the first or second trimester of pregnancy
were lower in pregnant women who later developed GDM
compared to the women without GDM, whereas leptin levels
were higher.5 In our study, serum leptin and adiponectin
levels were similar in the study groups. Larger-scale and
prospective studies with assessment of adipokines during
pregnancy are needed to understand the trajectories and
dynamic associations of adipokines with GDM risk.®

The results of a study investigating insulin resistance
using the homeostasis model assessment of insulin resis-
tance (HOMA-IR) indicated a statistically significant correla-
tion between the HOMA-IR and leptin concentration, but not
between the HOMA-IR and adiponectin concentration.34
There was a significant inverse correlation between the
HOMA-IR and adiponectin:leptin ratio.34 In the present
study, we could not find any correlation between HOMA-IR
and serum or saliva leptin and adiponectin levels in the
GDM and NGDM groups.

GDM is an inflammatory condition and various cytokines
have been implicated in its physiopathology, but their role
has not yet been clarified.16.31 Hyperglycemia in GDM is
transient and of short duration, and this may not persist
long enough to initiate or exacerbate periodontal tissue de-
struction. Therefore, periodontal diseases have been specu-

546

lated to be a cause rather than a result of GDM.39:40 Lo-
cally produced inflammatory cytokines and bacterial
products trigger systemic inflammation, which may eventu-
ally destroy pancreatic B-cells.39.40 Periodontal diseases
existing before the onset of pregnancy can increase the
prevalence of insulin resistance and lead to GDM during
pregnancy. Accordingly, the clinical severity of gingival in-
flammation has been correlated with sex steroid hormone
levels during pregnancy.14.39

CONCLUSION

The present finding of similar clinical periodontal data in
women with or without GDM s likely to explain the similar
serum and salivary levels of adiponectin and leptin in these
groups. On the other hand, the higher salivary adiponectin
levels in the two subgroups with gingivitis suggest that adi-
ponectin acts as an anti-inflammatory mediator in chronic
gingival inflammation, and it is more likely to influence local
inflammatory parameters. Future studies on a larger scale
as well as periodontal intervention may help to better un-
derstand the possible relationship between adipokines and
inflammatory periodontal diseases and GDM.
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