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Objective: Gestational diabetes mellitus (GDM) is a medical complication of pregnancy. The aim of this
study was to evaluate the correlations between the salivary and blood levels of oxidative stress markers
and an adipokine chemerin, which play a role in the pathogenesis of GDM.
Materials and methods: Study groups (Control (n ¼ 29), GDM (n ¼ 22)) had been assessed clinically
healthy oral hygiene, according to the age range between 25 and 40 years, BMI<30 kg/m2, who were
non-smokers and who were not having systemic diseases. GDM was diagnosed using a 100 g OGTT. Saliva
samples were collected without stimulation between 08.30 and 10.00 a.m.. Chemerin and TrxR levels
were measured by ELISA. Malondialdehyde, sulfhydryl and NO levels were determined by spectropho-
tometric analysis. Statistical analysis were performed by Shapiro Wilk, Mann Whitney U, Student's t test.
Results: Blood pressure, BMI, and plasma chemerin, salivary chemerin, fasting glucose, LDL, triglyceride,
CRP levels in GDM were not different when compared to Control. There were significant differences
between Plasma TrxR and HDL levels. Also, significant differences between salivary TrxR and Malon-
dialdehyde levels were observed in GDM.
Conclusion: It was concluded that the optimal cut-off points for oxidative stress parameters and
chemerin level can be used to distinguish between healthy pregnant and GDM.
© 2021 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Gestational diabetes mellitus (GDM) is defined as glucose
intolerance with onset or first recognition during pregnancy. In-
sulin resistance (IR) can be developed resulting in higher maternal
post-prandial glucose levels during the second trimester in preg-
nancy [1]. Hyperglycaemia can lead to enhanced production of
reactive oxygen species, reactive nitrogen species, and promotes
oxidative stress in diabetes. Pregnancy is associated with devel-
oping oxidative stress accompanied by hyperglycaemia and IR
result in an increased circulating lipid levels (e.g., triglycerides (TG),
free fatty acid (FFA), total cholesterol (TC) and low-density lipo-
protein (LDL)). Increased plasma FFA concentrations are associated
with IR. GDM is associated with an elevated level of oxidative stress
due to both the overproduction of free radicals and a deficiency in
the antioxidant defense [2e4].
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The adipose tissue is the origin of IR that contribute to, or are
affected by, GDM. Adipose tissue actively secretes adipokines which
have metabolic effects [5]. Chemerin is an adipokine which may
regulate insulin sensitivity [6]. On the contrary, Yu et al. reported
that high levels of chemerin may improve IR [7]. Mamali et al.
showed that there was positive correlation between serum and
salivary adipokine levels [8]. Previous studies reported that circu-
lating chemerin levels increased in the third trimester or no differ-
ences were found between GDM and healthy pregnancy [9,10]. Hare
et al. showed that circulating chemerin level decreased in GDM [11].
It was demonstrated that chemerin could also correlate negatively
with total oxidative response, which suggested that dysregulation of
oxidative stress might be induced by chemerin [12].

Thiols contain a sulfhydryl group and play a significant role in
defense against reactive oxygen species. Decreased levels of thiols
have been considered in diabetes mellitus [13]. Thioredoxin (Trx)
is an antioxidant thiol protein and controls cellular redox balance.
Trx is reduced by Thioredoxin Reductase (TrxR), which is known
to be the only physiological reductant. The Trx/TrxR system plays
an important role in the cellular defense against oxidative stress,
y Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

iences University from ClinicalKey.com by Elsevier on April 
sion. Copyright ©2022. Elsevier Inc. All rights reserved.

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:draysebulut@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tjog.2021.05.019&domain=pdf
www.sciencedirect.com/science/journal/10284559
http://www.tjog-online.com
https://doi.org/10.1016/j.tjog.2021.05.019
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.tjog.2021.05.019
https://doi.org/10.1016/j.tjog.2021.05.019


A. Bulut, G. Akca, A. Keskin Aktan et al. Taiwanese Journal of Obstetrics & Gynecology 60 (2021) 695e699
physiology of the adipose tissue, insulin sensitivity, metabolic
syndrome and obesity. Activity of TrxR maintains Trx redox
cycling which is required for counteraction of oxidative stress
[14e16]. Trx system is stimulated when Reactive Oxygen Species
are generated. TrxR is overexpressed upon oxidative stress [17,18].

Saliva can be collected easily and painless. Therefore, saliva can
be a preferable diagnostic material than blood analysis [19]. The
parameters that evaluated in this study were examined in either
blood or saliva in previous studies.

The aim of this study was to examine the relationship between
the 2nd and 3rd trimesters in the study groups of blood and salivary
malondialdehyde (MDA), nitric oxide (NO), sulfhydryl (RSH), TrxR,
chemerin levels and to determine whether there is any correlation
by examining both the saliva and blood levels of the relevant
parameters.

Materials and methods

General information and subjects grouping

The subjects were 51 pregnant women (Control (n ¼ 29), GDM
(n ¼ 22)) who were selected from the outpatient clinic of obstetrics
and gynaecology department at the Faculty of Medicine. They were
routinely screened between 2nd-3rd trimester of gestation for
GDM. The Ethical approval were taken from the Ethics Committee
of Gazi University with an accession number: 10.02.2014/78. All
participants provided informed consent.

Inclusion and exclusion criteria

GDM was diagnosed if two or more plasma glucose levels were
elevated during a 100 g, 3 h oral glucose tolerance test [20]. After
diagnosis, 22 women with GDM were clinically managed by
diet alone. A certified clinical nutritionist provided GDM women
with nutritional guidance. GDM are recommended to be fed with
bodyweight x 30 kcal/per day (58% carbohydrate, 16% protein, 27%
lipid, 1500 mg calcium, 30 gr fibre). All participants had been
assessed clinically healthy oral hygiene by the principle dental
researcher, according to the age range between 25 and 40 years, the
body mass index (BMI) < 30 kg/m2, who were non-smokers and
who were not having systemic diseases. The exclusion criteria were
the following: Women with a pre-gestational BMI>30 kg/m2;
diagnosis of pre-gestational diabetes; chronic underlying systemic
disease; smoking; gestation number >3; age >40 years; periodontal
disease and deep caries, and exposure to cancer treatment.

Assays

Blood and unstimulated saliva samples were prepared simul-
taneously after overnight fasting. Two hours prior to the saliva
collection, all participants were instructed to brush their teeth. The
collection was carried out at the same time of day (between
08:30e10:00 a.m.). Unstimulated whole saliva (about 3 ml) was
collected over 5 min from each subject. During the saliva collec-
tion, the participants sat in a relaxed position with their heads
bent forward, allowed to drain into a plastic container. Blood
samples were collected into vacutainer tubes. The blood and saliva
samples were centrifuged at 2500 g for 5 min, and stored at�80 �C
until analysis.

Plasma and salivary chemerin concentrations were measured
using ELISA according to the manufacturers' guidelines spectro-
photometrically (BosterBio, USA, Catalog Nr: EK1329). The sensi-
tivity of the chemerin ELISA was <20 pg/ml, while the intra-assay
and inter-assay coefficients of variation were between 4.7e7.6%
and 6e9.3%, respectively with a detection range for chemerin of
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0.78e50 ng/ml. Plasma and salivary TrxR levels (mmol/min/mL)
were measured using ELISA (Cayman’s Thioredoxin Reductase
(TrxR) Assay Kit, USA, Catalog Nr:10007892) according to the
manufacturers' guidelines spectrophotometrically. The intra-
assay and inter-assay coefficients of variation were 2.3% and
6.1%, respectively with a detection range of the assay is from 0.013
to 0.063 mmol/min/ml of TrxR activity, which is equivalent to an
absorbance increase of 0.01e0.05 per minute under the stan-
dardized conditions of the assay. All serum and salivary samples
were tested in duplicated in the same assay plate. Serum and
salivary chemerin or TrxR were expressed in terms of their
respective standards.

Plasma and salivary MDA (nM/MDA/mL), RSH (nM/RSH/mL)
and NO (mM/L) levels were determined by spectrophotometric
analysis [21].

Statistical analysis

Data analysis was performed using the IBM Statistical Package
for Social Sciences (SPSS), version 25 (IBM SPSS Statistics, Armonk,
NY, USA). While the mean differences between groups were
compared by Student’s t test, otherwise, Mann Whitney U test was
applied for comparisons of the medians. Categorical data were
analysed by Pearson's chi-square or Fisher's exact test, where
appropriate. Degrees of association between continuous variables
were evaluated by Spearman’s Rank Correlation analysis. The
optimal cut-off points for laboratory measurements distinguish
between Control and GDM were evaluated by ROC analysis as
giving the maximum sum of sensitivity and specificity for the sig-
nificant test. Diagnostic performance (i.e. sensitivity, specificity,
positive and negative predictive values) for each clinical measure-
ment were also calculated. A p value of less than 0.05 was
considered statistically significant. But, all possible multiple com-
parisons, the Bonferroni Correction was applied for controlling
Type I error.

Results

The demographics, clinical characteristics and selected labora-
tory parameters of the study participants are summarized at
Table 1.

The plasma and salivary laboratory measurements are shown in
Table 2. The salivary MDA (p¼ 0.001) and TrxR levels (p¼ 0.001) in
GDMwere significantly increased, plasma TrxR levels in GDMwere
significantly decreased compared to Control (p ¼ 0.041). There
were not statistically significant in other measurements between
Control and GDM.

The salivary MDA (AUC ¼ 0.812, 95% confidence interval:
0.694e0.929, p< 0.001), plasma TrxR (AUC¼ 0.680, 95% confidence
interval: 0.517e0.843, p ¼ 0.041) and salivary TrxR (AUC ¼ 0.813,
95% confidence interval: 0.681e0.945, p < 0.001) measurements
regarding AUC were found statistically significant to distinguish
between Control and GDM (Table 3). The optimal cut-off points for
plasma TrxR (<6.82), salivary TrxR (>3.599) and salivary MDA
(>11.7) measurements distinguish between two groups which are
shown in Table 4.

Salivary TrxR and MDA were significantly elevated in GDM
during 2nd trimester when compared to Control (p < 0.025). There
were not statistically significant in other measurements during 2nd
and 3rd trimester between Control and GDM (Table 5).

Plasma chemerin levels positively correlated with plasma TrxR
(r ¼ 0.324, p ¼ 0.032) for all participants. Salivary TrxR levels
positively correlated with salivary chemerin (r ¼ 0.307, p ¼ 0.043),
salivary RSH (r ¼ 0.333, p ¼ 0.027), and salivary MDA (r ¼ 0.355,
p ¼ 0,018) for all participants. Salivary chemerin levels positively
iences University from ClinicalKey.com by Elsevier on April 
sion. Copyright ©2022. Elsevier Inc. All rights reserved.



Table 1
Demographic, clinical characteristics, selected routine laboratory parameters and blood pressures of Control and GDM.

Control (n ¼ 29) GDM (n ¼ 22) p

Age[years]a 30.2 ± 4.1 32.1 ± 4.3 0.134
Gestational age, weeksb 25 (24e28) 28.5 (17e39) 0.001*
Gestational age, weeksc 0.001*
2nd Trimester 24 (82,8%) 7 (31.8%)
3rd Trimester 5 (17,2%) 15 (68.2%)
Number of gestationsb 2 (1e3) 3 (1e3) 0.144
BMI[kg/m2]a 24.2 ± 2.9 25.7 ± 2.5 0.058
GDM historyd 0 (0.0%) 3 (13.6%) 0.074
Cesarean section historyd 6 (20.7%) 0 (0.0%) 0.031*
Birthweight[g]b 3160 (940e3800) 3420 (2600e4670) 0.486
Fasting plasma glucose[mg/dL]a 91.1 (67.1e125.3) 84.0 (70.0e106.0) 0.058
Triglyceride[mg/dL]a 172.8 ± 51.7 202.7 ± 57.6 0.063
LDL-C[mg/dL]a 135.9 ± 33.7 142.9 ± 32.1 0.470
HDL-C[mg/dL]a 82.5 ± 18.7 70.8 ± 11.8 0.016 *
Total cholesterol[mg/dL]a 253.0 ± 46.0 254.2 ± 36.6 0.920
CRP[mg/L]b 5.2 (0.7e18.4) 5.4 (1.1e14.4) 0.896
Urine densityb 1015 (1005e1020) 1012.5 (1004e1025) 0.551
Urine ketone[mg/dL]d 0 (0.0%) 2 (10.0%) 0.168
Urine glucose[mg/dL]d 0 (0.0%) 2 (10.0%) 0.168
SBP[mmHg]b 100 (80e120) 100 (90e120) 0.736
DBP[mmHg]b 60 (50e80) 60 (60e80) 0.116

*: Statistically significant (p < 0.05) (bold).
a Student's t test
b Mann Whitney U test
c Pearson's chi-square test
d Fisher's exact test.

Table 2
The oxidative stress and insulin resistance parameters of two groups.

Control GDM pa

Plasma
NO[mM/L] 6.1 (2.8) 7.2 (5.0) 0.214
Chemerin[ng/mL] 2.7 (6.4) 2.9 (2.4) 0.412
TrxR[mM/min/mL] 6.8 (1.0) 6.6 (0.5) 0.041*
Sulfhydryl[nM/mL] 131.6 (30.7) 138.8 (48.8) 0.914
MDA[nM/mL] 7.9 (3.0) 10.5 (7.5) 0.211
Saliva
NO[mM/L] 25.7 (58.4) 22.6 (52.8) 0.976
Chemerin[ng/mL] 0.36 (0.11) 0.37 (0.15) 0.693
TrxR[mM/min/mL] 3.5 (0.1) 3.6 (0.1) 0.001*
Sulfhydryl[nM/mL] 14.0 (4.4) 18.7 (14.8) 0.102
MDA[nM/mL] 10.5 (8.8) 16.2 (7.7) 0.001*

*: Statistically significant (p < 0.05).
a Mann Whitney U test.

Table 3
AUC and 95% confidence intervals for laboratorymeasurements distinguish between
Control and GDM.

AUC 95% Confidence Interval p

Min Max

Plasma
NO[mM/L] 0.605 0.440 0.770 0.214
Chemerin[ng/mL] 0.570 0.401 0.739 0.412
TrxR[mM/min/mL] 0.680 0.517 0.843 0.041
Sulfhydryl[nM/mL] 0.509 0.330 0.689 0.914
MDA[nM/mL] 0.604 0.428 0.780 0.211
Saliva
NO[mM/L] 0.507 0.343 0.670 0.936
Chemerin[ng/mL] 0.534 0.364 0.704 0.693
TrxR[mM/min/mL] 0.813 0.681 0.945 0.001
Sulfhydryl[nM/mL] 0.635 0.473 0.797 0.102
MDA[nM/mL] 0.812 0.694 0.929 0.001

Statistically significant (bold).
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correlated with salivary RSH (r ¼ 0.336, p ¼ 0,021) assessed by
Spearman’s correlation method (p < 0.05) for all participants.
Plasma chemerin levels positively correlated with plasma TrxR
(r ¼ 0,501 ve p ¼ 0,108) in Control assessed by Spearman’s corre-
lation method (p < 0.025). There were no significant correlations
between any of the other parameters.

Discussion

Obesity and GDM are the extensive metabolic abnormalities
due to decrease in maternal pregravid insulin sensitivity or
increased IR [22].

The chemerin exacerbates glucose intolerance and disrupts
glucose tolerance [23]. Yang et al. reported a significantly increased
level of plasma chemerin level in patients with type 2 diabetes
with hypertension than patients with type 2 diabetes mellitus and
normal controls. The circulating levels of chemerin were signifi-
cantly associated with key markers of metabolic syndrome, espe-
cially high blood pressure [24]. Previous studies reported that,
serum chemerin levels and CRP were not significantly different
between GDM and Control, and serum chemerin levels positively
697
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correlated with blood pressure and CRP are consistent with the
present study [25,26]. No difference was observed in blood pres-
sure between GDM and Control in present study. Plasma chemerin
level was significantly associated with maternal BMI, TG and blood
pressure [23]. In our study there were no statistically significant
differences in plasma and salivary chemerin levels between Con-
trol and GDM. This may be due to the GDM women having their
diabetes well controlled with a very strict diet and adjusted for
pre-pregnancy BMI<30. Up today, no report could be found the
comparison of the salivary chemerin levels between GDM and
healthy pregnancy.

Thioredoxin reductase plays a role in maintaining the cellular
redox balance. Ghanem et al. demonstrated that serum thioredoxin
reductase level was decrease in Type 2 DM [14,27]. In present study,
TrxR levels of Control and GDMwere not different in the second and
third trimester. The plasma TrxR value in GDM was significantly
decreased, and the salivary TrxR value in GDM was significantly
increased when compared to Control. The salivary TrxR level of GDM
iences University from ClinicalKey.com by Elsevier on April 
sion. Copyright ©2022. Elsevier Inc. All rights reserved.



Table 4
The optimal cut-off points for laboratory measurements distinguish between Con-
trol and GDM, and diagnostic performance of plasma TrxR, salivary TrxR and MDA.

Cut-off points Sensitivity Specificity PPV NPV

Plasma TrxR <6.82 90.9% 50.0% 64.5% 84.6%
Salivary TrxR >3.599 68.2% 86.4% 83.3% 73.1%
Salivary MDA >11.7 81.8% 69.0% 66.7% 83.3%

PPV: Positive predictive values, NPV: Negative predictive values.

Table 5
Salivary laboratory measurements of two groups during gestational 2nd-3rd
trimesters.

Control GDM p*

NO[mM/L]
2nd Trimester 23.9 (60.2) 10.3 (92.4) 0.945
3rd Trimester 34.4 (48.7) 28.2 (47.5) 0.893
p# 0.933 0.799
Chemerin[ng/mL]
2nd Trimester 0.35 (0.10) 0.38 (0.09) 0.466
3rd Trimester 0.41 (0.09) 0.35 (0.20) 0.530
p# 0.132 0.837
TrxR[mM/min/mL]
2nd Trimester 3.5 (0.08) 3.6 (0.08) 0.010
3rd Trimester 3.6 (0.05) 3.6 (0.06) 0.360
p# 0.308 0.368
Sulfhydryl[nM/mL]
2nd Trimester 14.7 (5.4) 22.4 (19.4) 0.199
3rd Trimester 13.3 (2.8) 17.3 (13.3) 0.098
p# 0.114 0.581
MDA[nM/mL]
2nd Trimester 9.9 (10.5) 15.9 (7.2) 0.004
3rd Trimester 11.0 (6.7) 16.2 (8.4) 0.081
p# 0.382 1.000

*: Bonferroni-corrected Mann Whitney U test was used for the comparisons be-
tween two groups in 2nd and 3rd trimesters and p < 0.025 were accepted statis-
tically significant, #: Bonferroni-corrected Mann Whitney U test was used for the
comparisons between 2nd and 3rd trimesters of two groups separately and
p < 0.025 were accepted statistically significant (bold).
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was significantly increased than Control in the second trimester. This
may be because of diet composition which was given to GDM.

Todoroki et al. reported that Trx level in the breast milk was
found higher than in plasma level [28]. Content of the Trx may vary
depending on the type of tissue examined and the salivary glands
which have the highest value. Increased diameters of duct cells of
salivary glands showed increased levels of TrxR [29,30]. These
findings that obtained in previous studies may be an explanatory
for the salivary TrxR levels in our study. No report could be found
the comparison of the salivary TrxR levels in GDM. The best cut-off
points for plasma and salivary TrxR levels distinguish between
Control and GDM may be important in follow up the pregnancy.

There was statistically significant and positive correlation be-
tween plasma chemerin and TrxR level in Control. Plasma chem-
erin levels positively correlated with plasma TrxR for all
participants. Salivary TrxR levels positively correlated with salivary
chemerin, salivary RSH, and salivary MDA levels for all participants.
Salivary chemerin levels positively correlated with salivary RSH
levels for all participants.

Insulin resistance are associated with oxidative stress. Oxidative
stress may be a major regulator of the development of insulin
resistance.

In this study, there was no statistically significant difference the
plasma and salivary NO levels between two groups. Salivary NO
levels increased in type 1 and type 2 DM. NO levels may depend on
diet and pH in gingival tissues [31,32]. Carbohydrate prescriptions
for lunch and dinner may have to remain <45% for low postprandial
glucose levels in GDM [33]. In the present study, the diet
698
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prescription with calories from carbohydrate 58% may have an
additive effect in reducing the concentrations of maternal glucose
in GDM. Regulated of maternal glucose levels with diet in GDMmay
be considered to explain that there is no difference plasma and
salivary NO values between two groups. Such a diet strategy may
have important implications to prevent fetal complications and
improve maternal health outcomes.

Serum HDL levels were significantly lower in GDM. There were
no statistically significant difference the fasting blood glucose levels,
TG, LDL and TC, CRP, urine density, urine ketone, urine glucose and
blood pressure levels between two groups. Plasma HDL, TG, LDL, TC,
and CRP values between two groups were consistent with the pre-
vious studies andwere attributed to the effect of diet intervention to
GDM [9,25,34]. Lower HDL levels in GDM may be related to the
country where the data were collected and fat accumulation stop
due to decreased lipoprotein lipase (LPL) activity in the last three
months of pregnancy [35]. Urine ketone value of two groups was
consistent with Major's study [36].

Three times more free radicals can be neutralized by plasma
compared to the same saliva volume. FreeMDA can pass from blood
to saliva. GDM treated with diet may have high antioxidant enzyme
activity and high salivary MDA concentration [37]. The increase in
plasma MDA levels in GDM was not statistically significant. The
salivary MDA levels in GDM were significantly higher than Control
in the second trimester. There was no statistically significant dif-
ference in salivary MDA levels between two groups in the third
trimester. Salivary MDA levels may be affected prior to the plasma
level by the oxidative stress. The optimal cut-off point for salivary
MDA distinguish between two groups is 11.7. The sensitivity of the
salivary MDA is significantly higher in differentiating between two
groups. According to these results, it can be preferred to follow up
the pregnancy by the help of salivary MDA levels when compared
to plasma levels.

Consistent with study by Zygula et al. we found that plasma RSH
levels were ~10 times higher than salivary levels in GDM and
Control [37].

Conclusion

In conclusion, some features in pregnancy such as BMI<30, a
good glycaemic control, no diabetic complication, no blood pres-
sure difference, proper lipid profile, non-smoking and healthy oral
hygiene describe the similarity of oxidative stress and insulin
resistance markers between GDM and Control.

The optimal cut-off points for oxidative stress parameters and
chemerin level can be used to distinguish between healthy preg-
nant and GDM.

Besides that, the development of the fetus and its complications
can be more easily followed up with the assignment of these pa-
rameters just in saliva without venopuncturing.
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