
Abstract. Background/Aim: Gestational diabetes mellitus
(GDM) is a common pregnancy complication, characterized by
insulin resistance and low-grade systemic inflammation with a
pro-inflammatory immune system response. Our objective was
to study the peripheral Th1, Th2, Th17 and Treg response in
GDM compared to normal pregnancy. Materials and Methods:
Th1, Th2, Th17 and Treg subsets was determined by flow
cytometry based on staining for specific intracellular cytokines,
as well as C-reactive protein (CRP) and total IgE circulating
levels. The health status of all offspring was also assessed 6
months post-delivery. Results: Α total of 49 Caucasian adult
pregnant women were enrolled into a GDM (n=26) and Control
(n=23) group. At the third trimester of pregnancy, the GDM
group had a higher proportion of Th2, Th17 and Treg cells
compared to control. Contrary to the control group, the GDM
group exhibited no significant change in the Th1/Th2/Th17/Treg
profile postpartum. Furthermore, higher circulating CRP and
total IgE levels were noted in the GDM group compared to
controls. At the 6-month post-delivery assessment, 30.8% of the
offspring from the GDM group were found to have developed
atopic dermatitis, food allergy or allergic proctocolitis

compared to none from the control group. Conclusion:
Compared to an uncomplicated pregnancy, GDM exhibits a
significantly different peripheral T-cell profile at the third
pregnancy trimester characterized by higher proportion of Th2,
Th17 and Treg cells which persist six months post-delivery,
while the increased high sensitivity CRP (hsCRP) levels stressed
the low-grade inflammatory profile of this disease.  

Gestational diabetes mellitus (GDM) is defined as diabetes
first diagnosed during the second or third pregnancy
trimester which was neither preexisting type 1 diabetes nor
overt type 2 diabetes (T2DM) prior to gestation (1).
Currently, GDM constitutes one of the most common
complications of pregnancy and exhibits increased
prevalence in many countries worldwide, ranging from 1%
to 22% depending on the studied population and the applied
diagnostic criteria (2-5). Moreover, GDM is associated with
increased risk of complications for both the mother (e.g.,
increased risk for pre-eclampsia during pregnancy and for
developing overt T2DM and cardiovascular disease later in
life) and the fetus/offspring (e.g., increased risk for
macrosomia, shoulder dystocia, and for developing T2DM,
metabolic syndrome, cardiovascular and even atopic/allergic
disease later in life) (6-10). Thus, GDM is now recognized
as an emerging global epidemic which follows the
worldwide rise in obesity prevalence and poses an increasing
burden on the public healthcare systems (4, 5). 

Recent evidence indicates that GDM is characterized not
only by increased insulin resistance and glucose intolerance,
but also by a state of low-grade systemic inflammation and
dysregulation of the immune system which induces an
imbalance between type 1 and 2 T-helper cells (Th1 and Th2,
respectively) favoring pro-inflammatory responses (11, 12).
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Since T-helper cells constitute an integral part of the adaptive
immune response and are considered to be linked to epigenetic
effects, research is now also focused on studying the T-cell
response in both normal and complicated pregnancy (13-15).
Most of the existing studies in this field have mainly explored
the related changes in the circulating levels of cytokines that
reflect the Th1 [e.g., plasma levels of interferon gamma (IFN-
γ), interleukin-2 (IL-2), and tumor necrosis factor-α (TNF-α)]
and Th2 (e.g., plasma levels of IL-4 and IL-13) response (11).
However, additional T-cell subsets appear implicated in the
regulation of the immune response in multiple disease states,
including pregnancy complications (13, 15). Indeed, Th17
cells, which are characterized by IL-17 production, appear to
play a key role in chronic inflammation and autoimmune
disorders (16). Similarly, regulatory T cells (Treg cells), which
are characterized by IL-10 production, represent a relatively
new T-cell subset that modulates the Th1 and Th2 immune
response, as well as Th17 cells (17). Notably, both these
distinct T-cell subpopulations appear implicated in various
pregnancy complications; hence, it is now considered that,
compared to the old Th1/Th2 paradigm, the new
Th1/Th2/Th17/Treg paradigm represents more precisely the
underlying immunologic profile in normal and complicated
pregnancy (13, 15). 

To date, the data regarding changes in the expanded
immune profile of Th1, Th2, Th17, and Treg cells in GDM
are limited, with most available studies focusing only on the
plasma levels of the corresponding cytokines (11). However,
the latter are circulating markers of the function of these T-
cell subsets, while intracellular cytokine staining is now
emerging as the only available immunological method that
allows determination of antigen-specific T-cell phenotype
and function (18). As such, the aim of the present study was
to explore the peripheral Th1/Th2/Th17/Treg profile in GDM
compared to normal pregnancy by assessing the proportion
of these T-cell subsets, both at the third trimester and 6
months postpartum, via a flow cytometric method based on
staining of peripheral T-cells for the corresponding specific
intracellular cytokines (i.e., IFN-γ, IL-13, IL-17 and IL-10,
respectively). 

Materials and Methods

Study cohort and design. For the present cross-sectional study, adult
(>18 years old) pregnant women were recruited into the following
two study groups: (i) a group of pregnant women diagnosed with
GDM during the 24th-26th gestation week without any other
comorbidities; and (ii) a control group of healthy pregnant women
without GDM. All pregnant women were recruited from the
outpatient clinic of the 2nd Department of Obstetrics & Gynecology,
Medical School, National and Kapodistrian University of Athens
(Aretaieion University Hospital, Greece) at a scheduled visit
between the 24th and 26th gestation week. During this visit, a 2-h
75 g Oral Glucose Tolerance Test (OGTT) was performed in order

to screen for GDM (19). All OGTTs were performed in the morning
after overnight fasting, and GDM was diagnosed when fasting
plasma glucose was ≥92 mg/dl, or 1-h OGTT plasma glucose was
≥180 mg/dl, or 2-h OGTT plasma glucose was ≥153 mg/dl (1, 20).

Only primigravida women without T2DM were considered
eligible for this study. To exclude women with overt T2DM the
following criteria were considered: (i) hemoglobin A1c (HbA1c)
≥6.5%; (ii) fasting plasma glucose ≥126 mg/dl; (iii) 2 h OGTT
plasma glucose ≥200 mg/dl; (iv) symptomatic women with random
plasma glucose ≥200 mg/dl (21). In addition, the study exclusion
criteria also included smoking, presence/history of other
systemic/inflammatory disease (e.g., autoimmune thyroidopathies,
psoriasis, atopy, asthma, rhinitis, atopic dermatitis, food allergy) and
history of any prescribed medications within the last one year.
Withdrawal criteria for this study included development of other
complications during pregnancy, and requirement of insulin
treatment or any other treatment that could impact on the study aims
(e.g., corticosteroids).

All recruited women underwent a scheduled study assessment at
the third trimester of pregnancy (between 28th and 34th gestation
week). Study participants diagnosed with GDM had regular glucose
monitoring and were well-controlled with diet. Delivery mode and
birth characteristics of all offspring were recorded. All recruited
women completed a second study visit 6 months post-delivery,
where the health status of all offspring was also documented,
including development of atopic disease such as atopic dermatitis,
food allergy (e.g., allergy to milk or egg) and allergic proctocolitis. 

The present study was approved by an independent ethics review
committee of the Aretaieion University Hospital, Athens, Greece
and was performed in accordance with the Declaration of Helsinki.
All study participants provided written informed consent prior to
any study activities.

Study sampling and immunologic analyses. According to the study
protocol, all recruited women underwent blood sampling in the
morning after overnight fasting at both scheduled study visits,
namely at the third trimester of pregnancy (28th to 34th gestation
week) and 6-months post-delivery. Plasma/serum samples were
prepared, aliquoted and stored at –80˚C until assayed.

Measurements of circulating C-reactive protein and total IgE
antibodies. C-reactive protein (CRP) circulating levels (mg/l) were
measured by a high-sensitivity CRP assay (CardioPhase hsCRP,
DADE Behring, Siemens, Marburg, Germany) in all samples before
and after delivery. 

Total IgE concentrations (IU/ml) were also measured in all
samples at the two study timepoints by an enzyme allergosorbent
method (Specific and Total IgE EIA kit, HYTEC, HYCOR
Biomedical Ltd., Garden Grove, CA, USA), following the
manufacturer’s protocol.  

Detection of T-lymphocyte subsets expressing specific cytokines by
flow cytometry. Blood samples at the two study timepoints were also
collected in lithium heparin tubes (BD Vacutainer; BD Bioscience,
San Jose, CA, USA). Peripheral blood mononuclear cells (PBMCs)
were separated using gradient centrifugation (Ficoll Paque;
Amersham Biosciences AB, Uppsala, Sweden; 10 min 400 xg, 18˚C),
and subsequently washed twice with phosphate buffer saline (PBS).
After suspension of these cells in RPMI 1640 medium (Sigma-
Aldrich, St. Louis, MO, USA), the following steps were followed for
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the detection of T-lymphocyte subsets expressing specific intracellular
cytokines (i.e., IFN-γ, IL-13, IL-17, and IL-10): 
(a) Each half of these samples was stimulated with 25 μl of 
25 ng/ml phorbol myristate acetate (PMA, Sigma-Aldrich) and 20 μl
of 1 μg/ml ionomycin in the presence of 20 μl of protein secretion
inhibitor 10 μg/ml brefeldin A (BFA; Sigma-Aldrich). The other half
of each sample was processed only with ionomycin and BFA, as a
control sample (unstimulated sample). Both samples (stimulated and
unstimulated) were incubated at 37˚C in a water bath for 4 h. 
(b) After adding 50 μl of ethylenediaminetetraacetic acid (EDTA),
these samples were vortexed and incubated for 15 min at room
temperature. Immediately after this step, samples were treated with
5 ml FACS Permeabilizing Solution (BD Biosciences, San Jose,
CA, USA) diluted 1:10 with water for injection (WFI), and then
vortexed and incubated for 10 min. Subsequently, these samples
were stored at –80˚C until further analyzed.
(c) For analysis, all stored samples (stimulated and unstimulated)
were reheated in a water bath (37˚C) and then washed with 7 ml
CellWash with mild stirring, after being centrifuged (250 x g for 
10 min). Subsequently, the supernatant was discarded and 0.5 ml of
CellWash was added. Each of these stimulated and unstimulated
samples was aliquoted into three vials (100 μl each; 3 stimulated
and 3 unstimulated vials). Each of these stimulated and unstimulated
100 μl samples/vials was stained with: (i) 20 μl γ2-γ1-CD4
(control) (BD Biosciences); (ii) 20 μl CD69FITC (BD Biosciences),
5 μl CD4 APC (BD Biosciences), 5 μl CD3 APC-Cy7 (BD
Biosciences) (vial-2); and (iii) 20 μl CD69FITC, 5 μl CD4 APC, 
5 μl CD3 APC-Cy7 (vial-3) (Biolegend, San Diego, CA, USA). All
these samples/vials were vortexed and incubated in the dark for 
10 min. Following washing (300 xg/5 min; twice) with CellWash 
(2 ml) and after the supernatant was discarded, they were vortexed
and 250 μl Cytofix/Cytoperm was added. After vortexing, they were
incubated for 20 min at 4˚C and then washed twice with PermWash
Buffer (diluted 1:10 with WFI, 1 ml for every vial).
(d) In the final step, 20 μl IFN-γ PE (Biolegend) and 5 μl IL-10 PE-
Cy7 (Biolegend) were added in the second vials (vial-2) of the
stimulated and unstimulated samples, while 20 μl IL-13 PE and 20
μl IL-17 PE-Cy7 were added in the third vials (vial-3) (Biolegend).
These were vortexed and then incubated in the dark for 30 min at
4˚C. Washing with PermWash Buffer was repeated twice and after
450 μl PBS was added, all these samples were analyzed on a BD
FACSCantoII flow cytometer (BD Biosciences).
At least 105 cells were acquired, so that T-lymphocyte subsets
expressing the aforementioned intracellular cytokines could be
recorded. The gating for the population of T-lymphocyte subsets
was set on PBMCs according to Forward and Side Scatter
Characteristics and to sequential gating of CD3+CD4+ cells.

Statistical analysis. For statistical testing of normality, Q-Q plots
and the Kolmogorov–Smirnov test were used. Unless stated
otherwise, data are presented as means and standard deviation or
median and quartiles where non-normal distribution was identified.
Comparisons of continuous and categorical variables between study
groups were performed using t-test and chi-square test, respectively.
Non-parametric tests, i.e. Mann–Whitney U-test and Wilcoxon’s
signed rank test, were performed to determine any significant
differences between study groups and timepoints for each group,
respectively. Spearman’s rank order correlation coefficient was used
to explore correlations between measured T-cell subsets at each of
the two study timepoints. Results were considered statistically

significant when p<0.05. Statistical analyses were performed using
the R software (https://ftp.cc.uoc.gr/mirrors/CRAN/).

Results

Study groups. A total of 49 Caucasian adult pregnant women
were enrolled into the two study groups: (i) GDM group: 26
otherwise healthy, pregnant women diagnosed with GDM;
and (ii) Control group: 23 healthy pregnant women. The two
study groups were matched for age (34.0±3.7 and 31.6±5.2
years for the GDM and control group, respectively; p=0.07)
and BMI (29.5±11.8 kg/m2 and 26.2±8.5 kg/m2 for the GDM
and control group, respectively; p=0.7). None of the women
in the GDM study group required insulin treatment
throughout the study, and all exhibited normal OGTT results
post-delivery. There were no preterm deliveries in either
study group, while in the GDM group 9 cases (34.6%) of
caesarian delivery were noted (not significantly different
compared to controls; p=0.20). No other complications
during pregnancy or delivery were noted in this study. 

Comparison of peripheral T-lymphocyte subsets and
inflammatory/atopic circulating markers between the two
study groups and timepoints. The detected T-lymphocyte
(CD3+CD4+) subsets (i.e., IFN-γ+, IL-13+, IL-17+, and IL-
10+) in proportion to the lymphocyte population, and the
results for circulating CRP and total IgE levels are presented
in Table I (comparisons presented for each timepoint
between the GDM and control group) and Table II
(comparisons presented for each study group between the
two study timepoints).

Regarding the Th1 response, both at the first and second
study timepoints (third pregnancy trimester and 6 months post-
delivery, respectively), the proportion of CD3+CD4+IFN-γ+
cells showed no significant differences between the GDM and
control group (Table I; p=0.08 and p=0.84, respectively;
Figure 1). Between the two study timepoints, no statistically
significant change was noted in the proportion of these cells
in both study groups (Table II; p=0.48 and p=0.16,
respectively; Figure 1). 

Regarding the Th2 response, in the GDM group the
proportion of IL-13 expressing cells (CD3+CD4+IL-13+) was
significantly higher compared to the control group at the
third pregnancy trimester (Table I; first study timepoint;
p=0.001; Figure 1). This was reversed at 6 months after
delivery when the prevalence of these Th2 cells in the
control group was significantly higher compared to the GDM
group (Table I; second study timepoint, p=0.001; Figure 1).
The proportion of CD3+CD4+IL-13+ increased significantly
between the two study timepoints only in the control group
(Table II; p=0.001; Figure 1). 

The proportion of CD3+CD4+IL-17+ cells (Th17
response) at the third pregnancy trimester was significantly
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higher in the GDM group compared to control (Table I; first
study timepoint, p<0.001; Figure 1). No significant
difference was noted between the two groups 6 months post-
delivery (Table I; second study timepoint, p=0.82), mostly
due to a significant increase in the proportion of IL-17
expressing cells in the control group (Table II; p=0.001;
Figure 1). 

Regarding the Treg response, at the third pregnancy
trimester the proportion of the CD3+CD4+IL-10+ cells was
significantly higher in GDM group compared to the control
(Table I; first study timepoint, p<0.001; Figure 1). However,
at the 6-month post-delivery study timepoint, the proportion
of these Treg cells was comparable between the two study
groups (Table I, p=0.34; Figure 1). A statistically significant
increase in the proportion of the CD3+CD4+IL-10+ cells
between the two study timepoints was noted only in the
control group (Table II, p=0.04; Figure 1). 

Finally, the GDM group exhibited statistically significant
higher circulating CRP levels both at the third pregnancy
trimester and 6 months post-delivery compared to controls
(Table I; both p-values p<0.001). Between these two study
timepoints, the circulating CRP levels dropped significantly
only in the control group (Table II; p=0.001). In addition,
total IgE plasma levels in the GDM group were significantly
higher compared to controls at both study timepoints (Table
I; p=0.001 and p<0.001, respectively). The circulating levels
of total IgE did not change significantly in either study group
between the third pregnancy trimester and the 6-month post-
delivery timepoint (Table II; p=0.89 and p=0.5,
respectively). 

Correlations between T-lymphocyte subsets at the two study
timepoints. At the third pregnancy trimester, in the GDM
group a strong positive correlation was observed between T-
cells positive for IFN-γ and IL-17 (r=0.81, p<0.001), whilst
a significant, but less potent, positive association was also
present between IL-10 and IL-17 expressing T-cells (r=0.471,
p<0.01). At this first study timepoint, in the control group
there was a strong positive correlation between T-cells
expressing IL-17 and IL-10 (r=0.854, p<0.001), IL-13 and
IL17 (r=0.79, p<0.001), and IL-13 and IL-10 (r=0.744,
p<0.001). 

At the 6-month post-delivery study timepoint, in the GDM
group a strong positive correlation was present between 
T-cells expressing IL-17 and IL-10 (r=0.594, p<0.001), as
well as between IL-17 and IFN-γ expressing T-cells
(r=0.578, p<0.001), while a more modest positive correlation
was present between IFN-γ and IL-10 expressing T-cells
(r=0.496, p=0.004). At this second study timepoint, in the
control group there was a strong positive correlation between
T-cells expressing IFN-γ and IL-13 (r=0.741, p<0.001), IFN-
γ and IL-17 (r=0.711, p<0.001), and IL-13 and IL-17
(r=0.703, p<0.001).

Offspring characteristics at 6 months postpartum. Selected
study-relevant characteristics of the offspring of the women
in the two study groups are presented in Table III. A
significant difference was noted only regarding the
documented atopic profile of the offspring. Indeed, within
the first six months after delivery, eight (30.8%) of the
offspring from the GDM group had developed atopic
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Table I. Lymphocyte subsets (CD3+CD4+) expressing specific intracellular cytokines (cytokine+) proportionally to the lymphocyte population, and
circulating levels of C-reactive protein (CRP) and total IgE in the recruited women with gestational diabetes (GDM group) and healthy controls
(Control group) at the first (third trimester: 28th to 34th gestational week) and second (6 months post-delivery) study assessment. Comparisons
presented for each timepoint between the GDM and control group.

                                                                      GDM group (n=26)                                       Control group (n=23)                                           p-Value

                                                                                                                         1st study timepoint (28th-34th gestation week)                          
CD3+CD4+IFN-γ+ (%)                                    22.5 (2.5-29.5)                                          13.4 (6.15-17.35)                                                     0.08
CD3+CD4+IL-13+ (%)                                      0.15 (0.1-0.9)                                               0 (0-0.1)                                                              0.001
CD3+CD4+IL-17+ (%)                                      0.85 (0.4-1.2)                                            0.1 (0-0.4)                                                            <0.001
CD3+CD4+IL-10+ (%)                                      0.2 (0.1-0.3)                                                  0 (0-0.1)                                                            <0.001
CRP (mg/dL)                                                      5.4 (4.3-5.7)                                              3.6 (3.4-4.4)                                                         <0.001
Total IgE (IU/mL)                                           30.4 (11.25-75.9)                                          10 (7-18.25)                                                          0.001
                                                                                                                          2nd study timepoint (6 months post-delivery)                           
CD3+CD4+IFN-γ+ (%)                                    18.75 (11.8-22.7)                                    20.25 (0.2-27.5)                                                         0.84
CD3+CD4+IL-13+ (%)                                      0.1 (0-0.2)                                                  0.4 (0.1-0.7)                                                           0.001
CD3+CD4+IL-17+ (%)                                      0.55 (0.2-1.1)                                          0.75 (0.4-1)                                                              0.82
CD3+CD4+IL-10+ (%)                                      0.2 (0.1-0.3)                                              0.1 (0.1-0.2)                                                           0.34
CRP (mg/dL)                                                     5 (4.2-5.6)                                                   3.3 (3.3-3.5)                                                         <0.001
Total IgE (IU/mL)                                           34.33 (15.36-55.76)                                11.97 (7-18.24)                                                        <0.001

Data are presented as median (interquartile range). p-values <0.05 are considered significant (Mann–Whitney U-test). GDM: Gestational diabetes
mellitus; IFN-γ: interferon gamma; IL-13: interleukin 13; IL-17: interleukin 17; IL-10: interleukin 10.



dermatitis, food allergy or allergic proctocolitis compared to
none of the offspring from the control group (p=0.01). 

Discussion

This study presents novel data showing that pregnant women
with GDM exhibit a significantly different peripheral T-cell
profile at the third pregnancy trimester compared to healthy
pregnant women, which remains practically unchanged six
months post-delivery. Indeed, based on staining of T-cells for
specific intracellular cytokines (i.e., IFN-γ, IL-13, IL-17 and
IL-10), at the third pregnancy trimester the GDM women in
our study exhibited a higher proportion of Th2, Th17 and
Treg cells compared to the age- and BMI-matched healthy
pregnant women in the control study group. These
differences between the two study groups were not evident
6 months post-delivery due to a significant increase in the
proportion of these peripheral T-cell subsets in the control
group once the immunomodulatory endocrine milieu of
pregnancy was lifted. Interestingly, no significant changes in
any of the Th1, Th2, Th17 and Treg subsets were
documented in the women with GDM between the third
pregnancy trimester and six months after delivery. 

It is well-established that the precise regulation of the
balance between Th1 and Th2 immunity is crucial in order
to achieve and maintain a favorable immunologic

environment for the fetal semi-allograft throughout gestation,
since abnormal pro-inflammatory responses may trigger
deleterious inflammatory cascades/pathways linked to
pregnancy complications (e.g., pre-eclampsia and GDM) (14,
22). Thus, in order to better facilitate the normal progression
of pregnancy and the survival of the fetus in the maternal
uterus, during an uncomplicated pregnancy the balance
between Th1 and Th2 immunity is progressively shifted
towards the latter under the effects of maternal and placental
hormones (e.g., cortisol, progesterone, estradiol and human
chorionic gonadotropin) (14, 15, 22, 23). Late in gestation,
this is followed by a progressive Th1 shift (22). Moreover,
normal pregnancy is regarded as a controlled state of
enhanced systemic inflammation (24, 25), and progressively
increasing insulin resistance which peaks in the third
trimester (26). In this pregnancy environment that already
poses a significant metabolic and immune challenge, GDM
superimposes an enhanced degree of low-grade systemic
inflammation and uncompensated insulin resistance, which
is considered further linked to a dysregulation of the
underlying immune response (11, 12, 26).

In the present study, based on staining for intracellular
IFN-γ and IL13, at the third pregnancy trimester the GDM
pregnant women exhibited no difference in the Th1 profile,
but higher proportion of Th2 cells compared to controls. This
is in line with the results of a previous study showing no
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Table II. Lymphocyte subsets (CD3+CD4+) expressing specific intracellular cytokines (cytokine+) proportionally to the lymphocyte population, and
circulating levels of C-reactive protein (CRP) and total IgE in the recruited women with gestational diabetes (GDM group) and healthy controls
(Control group) at the first (third trimester: 28th to 34th gestational week) and second (6 months post-delivery) study assessment. Comparisons
presented for each study group between the two study timepoints.

                                                                                      1st study timepoint                                 2nd study timepoint                                     p-Value
                                                                                (28th-34th gestation week)                       (6 months post-delivery)

                                                                                                                        GDM group (n=26)

CD3+CD4+IFN-γ+ (%)                                                    22.5 (2.5-29.5)                                      18.75 (11.8-22.7)                                           0.48
CD3+CD4+IL-13+ (%)                                                       0.15 (0.1-0.9)                                        0.1 (0-0.2)                                                    0.12
CD3+CD4+IL-17+ (%)                                                       0.85 (0.4-1.2)                                        0.55 (0.2-1.1)                                               0.58
CD3+CD4+IL-10+ (%)                                                       0.2 (0.1-0.3)                                          0.2 (0.1-0.3)                                                 0.21
CRP (mg/dl)                                                                       5.4 (4.3-5.7)                                             5 (4.2-5.6)                                                 0.36
Total IgE (IU/ml)                                                             30.4 (11.25-75.9)                                  34.33 (15.36-55.76)                                       0.89

                                                                                                                      Control group (n=23)

CD3+CD4+IFN-γ+ (%)                                                    13.4 (6.15-17.35)                                  20.25 (0.2-27.5)                                             0.16
CD3+CD4+IL-13+ (%)                                                          0 (0-0.1)                                             0.4 (0.1-0.7)                                                 0.001
CD3+CD4+IL-17+ (%)                                                       0.1 (0-0.4)                                             0.75 (0.4-1)                                                  0.001
CD3+CD4+IL-10+ (%)                                                          0 (0-0.1)                                             0.1 (0.1-0.2)                                                 0.04
CRP (mg/dl)                                                                       3.6 (3.4-4.4)                                          3.3 (3.3-3.5)                                                 0.001
Total IgE (IU/ml)                                                            10 (7-18.25)                                           11.97 (7-18.24)                                              0.5

Data are presented as median (interquartile range). p-Values <0.05 are considered significant (Wilcoxon signed ranked test). GDM: Gestational
diabetes mellitus; IFN-γ: interferon gamma; IL-13: interleukin 13; IL-17: interleukin 17; IL-10: interleukin 10.



difference in circulating IFN-γ levels in GDM compared to
non-GDM pregnancies (27). However, Ategbo et al. have
reported down-regulation of Th1-related cytokines with
decreased circulating IFN-γ levels in GDM compared to
non-GDM pregnant women (28). Similarly, previous studies
have reported that IL-4 plasma levels (Th2-related cytokine)

are either unchanged or increased in GDM compared to
normal pregnancy (29-31), whilst there is also limited
evidence on GDM-related changes in circulating levels of
IL-13 (another key cytokine also reflecting the Th2 anti-
inflammatory response) (27). These non-conclusive and
often conflicting findings in the existing literature illustrate
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Figure 1. Box plots representing the percent proportion of IFN-γ+, IL-13+, IL-17+ and IL-10+ T-cell subpopulations among CD3+CD4+ lymphocytes
in the recruited women with gestational diabetes (GDM group) and healthy controls (Control group) at the third pregnancy trimester (28th-34th
gestational week) and 6 months post-delivery. Horizontal line: median; box: interquartile range. p-Values <0.05 were regarded significant. IFN-γ:
Interferon gamma; IL-13: interleukin 13; IL-17: interleukin 17; IL-10: interleukin 10; Th1: T-helper 1 cells; Th2: T-helper 2 cells; Th17: T-helper
17 cells; Treg: regulatory T cells.



the difficulty in precisely identifying the complex T-cell
immune response in GDM pregnancy based on the
circulating levels of the corresponding cytokines. Moreover,
it should be also noted that there is a paucity of studies
exploring changes in the T-cell immune response in GDM
pre- and post-delivery. 

In order to better understand the pathophysiology of
pregnancy complications, increasing research attention is now
also focused on the underlying response of Th17 cells, which
are effector T-cells with a distinct lineage from Th1 and Th2
cells and are characterized by the secretion of IL-17 (13, 32-
34). Through IL-17 secretion, Th17 cells induce the release
of pro-inflammatory mediators, as well as neutrophil
recruitment, activation and migration (15, 34). Thus, these
cells play an overall pro-inflammatory role that is vital for
the defense against extracellular pathogens, but also appear
implicated in the pathogenesis of chronic inflammatory and
autoimmune diseases (e.g., rheumatoid arthritis, psoriasis,
atopic and allergic disease) (15, 16, 34). Of note, Th17 cells
are considered to decrease in uncomplicated pregnancy
compared to non-pregnant women, whilst their peripheral
levels appear to stay low without significant variation during
the gestation period (15, 35, 36). The significantly increased
proportion of Th17 cells at the third pregnancy trimester in
the GDM women of our study compared to controls supports
the notion of a more pronounced pro-inflammatory state in
GDM compared to uncomplicated pregnancy. Interestingly, a
previous study has reported that increased circulating IL-17
levels in GDM appear to also originate from other sources
(e.g., from innate lymphoid cells 3) (37, 38), suggesting that
the Th17 cell population in the peripheral blood of GDM
women may not correlate with the IL-17 plasma levels. Thus,
directly detecting the Th17 subpopulation, as in this study,
may characterize more accurately the peripheral T-cell profile
in GDM.

Adding to the complexity of identifying the precise
peripheral profile of the T-cell immune response in GDM,
it is nowadays also considered important to further detect
the subset of Treg cells in the circulation (13, 15). These T-
cells are considered essential for maintaining the desired
immune homeostasis and tolerance, since they regulate and
suppress the immune response (13, 15). In the present study
the peripheral subset of IL-10-secreting Treg cells was
measured, showing that at the third pregnancy trimester this
T-cell subpopulation was significantly higher in the GDM
pregnant women compared to controls. Taking into account
the suggested link between the Th17 and Treg response (15,
34), it appears plausible that the noted higher levels of this
regulatory/anti-inflammatory Treg subpopulation is linked
to the concurrently higher levels of the pro-inflammatory
Th17 cells in the GDM women of our study. Existing data
indicate that Treg cells increase during pregnancy, peaking
during the second trimester and playing a key anti-
inflammatory role in the required immuno-tolerance (11, 15,
39). However, other studies have also suggested that Treg
cells remain unchanged or even decrease during pregnancy
(11, 40). Further research is clearly required to study the
changes in these specific T-cell subpopulations from the first
trimester of gestation in order to clarify the precise
evolution of the Treg and Th17 response during GDM and
uncomplicated pregnancy. This need is further highlighted
by the fact that, in the existing literature unchanged,
increased or even decreased IL-10 levels have been reported
in the circulation of women with GDM compared to
controls (11). 

Circulating CRP levels were also measured in the context
of our study, to exclude any underlying active inflammation
and as a surrogate marker of the degree of the underlying
low-grade inflammation in GDM and uncomplicated
pregnancy (28). In line with the compelling evidence which
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Table III. Selected clinical, obstetrical and atopy-related data for the offspring of the recruited women with gestational diabetes (GDM group) and
the healthy controls (Control group).

Offspring characteristics                                                      GDM group (n=26)                             Control group (n=23)                                p-Value

Gender (male)                                                                            12 (46.2%)                                              12 (52.2%)                                            0.78
Birth Weight (kg)                                                                     3.1 (2.6-3.5)                                            3.2 (3.0-3.3)                                           0.17
Birth Length (cm)                                                                      50 (48-51)                                            50.5 (49.3-51.5)                                      0.12
Birth Head perimeter (cm)                                                     33.5 (32.5-34.8)                                     33.5 (32.5-35)                                         0.56
Breastfeeding (months)                                                               4 (1-5)                                                     3 (1-5)                                                 0.59
Introduction to formula (months)                                               1 (1-3)                                                     1 (1-2.5)                                              0.76
Introduction to solid foods (months)                                          5 (4.5-5.5)                                               5 (4.5-5.5)                                           0.6
Atopic profile*                                                                            8 (30.8%)                                                0 (0%)                                                 0.01

Data are expressed as median (interquartile range) for continuous variables and as number (percentage) for categorical variables. p-Values for
comparisons between groups were given from t-test and chi-square test, respectively. Statistical significance was considered for p<0.05 for all
comparisons. *Atopic profile: development of atopic dermatitis, food allergy (e.g. allergy for milk or egg), or allergic proctocolitis up to the 6-
month post-delivery study assessment.



highlights GDM as a state of heightened low-grade systemic
inflammation (11, 12, 26, 41), at the third pregnancy
trimester the GDM group of this study exhibited significantly
higher circulating CRP levels compared to controls. At the
6-month post-delivery study timepoint when both study
groups were free of the overall pro-inflammatory load of
pregnancy, the circulating CRP levels remained essentially
unchanged in the GDM group, whereas decreased
significantly in the control group. 

Finally, it should be noted that in the present study we
noted no significant differences in the two study groups
regarding complications (e.g., preterm delivery, caesarian
delivery, macrosomia) which could be GDM-related. This
may be potentially attributed to the relatively small sample
size and/or the study design based on which only GDM
women treated exclusively with diet and without other
pregnancy complications were included in the study.
However, it is noteworthy that a significant difference was
documented in the atopic profile of the offspring in the
present study, with 30.8% of the offspring from the GDM
group developing atopic dermatitis, food allergy or allergic
proctocolitis during the first six months post-delivery
compared to none of the offspring from the control group.
Of note, this finding potentially agrees with the significantly
higher total IgE levels noted in the GDM study group
compared to controls at both study timepoints. Indeed,
Hicks et al. have shown that the prenatal total IgE levels of
non-atopic mothers exhibit a positive association with
increased risk of eczema (atopic dermatitis) in their
preschool-aged (approximately up to two years old)
offspring (42). Overall, the existing evidence on the relation
between atopic/allergic disease and GDM is scarce.
Nevertheless, there are available epidemiological data
suggesting that GDM may increase the risk of early
childhood atopic manifestations (e.g., atopic dermatitis)
independently of fetal growth and maternal pregnancy BMI
(10). Future studies are required to specifically explore
whether antenatal exposure to the dysregulated metabolic
and immune environment of GDM may have an epigenetic
impact on the neonatal immune function and increase the
risk of subsequent atopic disease.

Study limitations. The relatively small sample size of the
study is a limitation. Furthermore, the lack of measurements
of the corresponding cytokines in the plasma (i.e., IFN-γ, 
IL-13, IL-17 and IL-10 plasma levels), as well as of other
circulating metabolic/ hormonal biomarkers (e.g. circulating
levels of pro-inflammatory and anti-inflammatory
adipokines) may constitute an additional study limitation.
However, the primary objective of the present study was to
directly assess the peripheral Th1/Th2/Th17/Treg profile by
flow cytometry based on staining for the corresponding
specific intracellular cytokines, rather than focus on related

surrogate circulating biomarkers. Finally, only Caucasian
pregnant women participated in this study, and, thus, the
present findings cannot be directly extrapolated to pregnant
women of other ethnic groups.

Conclusion

The present study adds to the existing evidence regarding the
immune response in GDM by offering novel data indicating
that the peripheral T-cell profile is significantly different in
GDM compared to uncomplicated pregnancy at the third
pregnancy trimester, remaining practically unchanged six
months after delivery. Of note, the peripheral
Th1/Th2/Th17/Treg profile in GDM women at the third
pregnancy trimester was characterized by a higher proportion
of Th17 cells (pro-inflammatory response) which was balanced
with a parallel higher proportion of Th2 and Treg cells (anti-
inflammatory response) compared to controls. The higher
circulating CRP levels both pre- and post-delivery in the GDM
group of our study further supports the notion of GDM as a
state of increased low-grade systemic inflammation, and could
also reflect the noted enhanced pro-inflammatory immune
response in this group. Finally, compared to the control group,
the GDM women in our study exhibited significantly higher
total IgE levels at both study timepoints, while significantly
higher incidence of early atopic disease (atopic dermatitis, food
allergy or allergic proctocolitis) was noted in the offspring from
these GDM mothers. Future studies are required to confirm
these findings in larger cohorts and study the changes in the
peripheral Th1/Th2/Th17/Treg profile in GDM in conjunction
with the corresponding circulating cytokines. Longer studies
should also be conducted in order to assess changes of the 
T-cell profile from the first pregnancy trimester, and further
study how these may affect the long-term risk of subsequent
atopic disease in the offspring of GDM mothers.
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