
Citation: Omazić, J.; Muller, A.;
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Abstract: Gestational diabetes mellitus (GDM) is a public health problem with increasing prevalence.
Analyses of metabolic and immune profiles have great potential for discovering new markers and
mechanisms related to the development of GDM. We monitored 61 pregnant women during the first
and third trimesters of pregnancy, including 13 pregnant women with GDM, 14 pregnant women
with elevated glucose in the first trimester and 34 healthy pregnant women. A number of metabolic
and immunological parameters were measured, including glucose, insulin, lipid status, fatty acids,
lymphocyte profile, adiponectin, IL-6, IL-10 and TNF-a. A higher number of T-helper lymphocytes
and a higher ratio of helper/cytotoxic lymphocytes was found in the control group in the first
trimester of pregnancy. Pregnant women whose glucose threshold values were measured in the first
trimester, but who did not develop GDM, showed a higher percentage of neutrophils and a lower
percentage of lymphocytes in the third trimester. Differences in polyunsaturated fatty acids levels
were observed between healthy pregnant women and those with glucose metabolism disorders in
the first trimester of pregnancy. The results of this pilot study demonstrate that there are differences
in the profiles of T lymphocytes, NK cells and polyunsaturated fatty acids between the examined
groups of pregnant women, which can serve as a direction for future research.

Keywords: gestational diabetes; pregnancy; glucose; glucose intolerance; lymphocytes; fatty acids

1. Introduction

Gestational diabetes mellitus (GDM) is a condition characterised by abnormal glucose
tolerance, which appears during pregnancy and usually disappears after the delivery [1]. Its
prevalence is increasing along with increases in the prevalence of obesity and type 2 diabetes
mellitus [1]. A large survey of the global prevalence of GDM during the year 2021 showed
a prevalence of 14.0%. According to research data, the highest prevalence of 27.6% was
observed in the Middle East and North Africa, followed by 20.8% in Southeast Asia, 14.7%
in the Western Pacific and 14.2% in Africa. In South and Central America, the prevalence
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was 10.4%, while in North America and the Caribbean, it was 7.1%. The prevalence in
Europe in 2021 was 7.8% [2]. Gestational diabetes mellitus is the most common metabolic
disorder in pregnancy, not only affecting pregnancy and childbirth but also potentially
leading to long-term consequences for the mother and the foetus [3]. Although the first
records of gestational diabetes date back to the 19th century, the pathophysiology of
gestational diabetes is still not fully understood [4]. There are several known risk factors
for the development of gestational diabetes, including maternal age, polycystic ovary
syndrome, foetal macrosomia in a previous pregnancy, obesity, family history of diabetes
and significant weight gain during pregnancy [5]. It has been reported that 35% of women
who have had GDM will develop diabetes during their lifetime [6].

Pregnancy is a state characterised by physiological insulin resistance, which primarily
develops under the influence of placental hormones (e.g., human placental lactogen, pro-
gesterone, oestrogen), as well as prolactin and cortisol. It grows slowly during pregnancy,
reaches its peak between the 24th and 28th weeks and then stabilises. Diabetic pregnant
women have a higher degree of insulin resistance compared to the physiological resistance
that occurs during pregnancy [7]. Due to the insulin resistance of the peripheral tissues,
the pancreas compensates by producing more and more insulin, which results in beta-cell
hypertrophy and hyperinsulinemia. Beta cells are thought to fail due to excessive insulin
production in response to peripheral tissue resistance, which eventually depletes them [8].

Analyses of immune profiles have great potential for discovering new markers and
mechanisms related to insulin resistance and the development of GDM [9,10]. The immune
system protects an organism by distinguishing foreign substances from its own. It has two
parts: innate and acquired immunity. Lymphocytes are immune cells that recognise and
respond to foreign substances, of which there are three types: T lymphocytes, B lympho-
cytes, and natural killer (NK) cells. These cells can be identified using flow cytometry. T
and B lymphocytes are essential for immune responses. Cytotoxic T lymphocytes destroy
target cells, while helper T lymphocytes coordinate other immune cells. B lymphocytes
help to regulate inflammation in fat tissue. NK cells are a type of T cell that help to regulate
immune responses, including those involved in obesity and diabetes [11–14]. GDM is char-
acterised by an abnormal immune response, often accompanied by low-grade inflammation
and negative health consequences for the mother. This inflammatory response stems from
disruptions within the maternal immune system. Both innate and adaptive immune cells
are involved, with excessive tissue infiltration and heightened activation in response to
high glucose and insulin resistance, leading to the release of various inflammatory markers.
However, the specific immune cell types driving the pathology of GDM remain an area of
active research [13].

GDM is usually diagnosed during the second trimester of pregnancy, according to the
recommendations of the International Association of Diabetes and Pregnancy Study Groups
(IADP-SG) [15]. According to these studies, fasting glucose or glycosylated haemoglobin
(HbA1c) testing should be performed for all pregnant women during the first trimester of
pregnancy. Pregnant women with normoglycemia should carry out an oral glucose toler-
ance test (OGTT) between weeks 24 and 28 of pregnancy in order to diagnose gestational
diabetes. Gestational diabetes is diagnosed if glucose in the fasting OGTT is ≥5.1 mmol/L,
≥10 mmol/L after the first hour or ≥ 8.5 mmol/L after the second hour.

Given that the pathophysiology of GDM and the immunological and metabolic
changes in pregnant women with GDM have yet to be fully investigated and elucidated,
we aimed to examine and compare the metabolic and immune profiles in the first and third
trimesters of pregnancy between pregnant women with GDM, healthy pregnant women
and pregnant women with fasting glucose disorder in the first trimester. The aim of our
research was to compare the differences between the mentioned groups of pregnant women
in terms of their T and B lymphocyte profiles, including subpopulations of B lymphocytes
with regard to the CD5+ marker, differences in the secretion of cytokines and adiponectin,
and the profile of fatty acids. In the existing literature, we did not find a single study
that included an examination of T and B lymphocytes, as well as the subpopulation of
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B lymphocytes with regard to the CD5+ marker. This research is a pilot study, through
which we aimed to investigate whether the mentioned parameters can help improve our
understanding of the pathophysiology of GDM and if there is a marker that can indicate
whether a pregnant woman in the first trimester of pregnancy will develop GDM.

2. Materials and Methods

This prospective cohort study included pregnant women recruited in the first trimester
of pregnancy (8–12 weeks of gestation), who were monitored throughout their pregnancy.
OGTT was performed between 24 and 28 weeks of gestation, and additional data and blood
samples were also taken from them in the third trimester of pregnancy (30–40 weeks), when
all metabolic and immune profile analyses conducted in the first trimester of pregnancy
were performed again. The main criterion used to select the pregnant women was that
they were currently in good general health and had no known immunological diseases.
The exclusion criteria were failure to sign informed consent, diagnosis of diabetes outside
pregnancy and other metabolic diseases outside pregnancy.

Gestational age was determined using the first day of the last menstrual cycle and
confirmed by early ultrasound. If there was a discrepancy, the ultrasound finding was used.
The study was conducted at the Clinic of Gynecology and Obstetrics and Department of
Clinical Laboratory Diagnostic of the University Hospital Centre Osijek, the Department
for Laboratory and Transfusion Medicine of the “Dr. Juraj Njavro” National Memorial
Hospital Vukovar and the Department of Medical Biology and Genetics of the Faculty
of Medicine Osijek between February 2022 and December 2023, in accordance with the
standards set by the last revision of the Declaration of Helsinki [16]. The research protocol
and procedures were approved by the Ethics Committees of all institutions involved in the
research. Written informed consent was obtained from all participants and their anonymity
was guaranteed.

2.1. Participants

The study enrolled 61 pregnant women, who were divided into three groups in the
third trimester of pregnancy after OGTT: 13 pregnant women with gestational diabetes,
14 pregnant women who were diagnosed with a glucose disorder in the first trimester
(based on the results of fasting blood glucose measured in the first trimester and the
OGTT result) and 34 healthy pregnant women as a control group. Pregnant women with
normal glucose and HbA1c levels, no gestational diabetes or other pregnancy pathologies, a
normal OGTT result, no family history of diabetes and no known autoimmune or metabolic
diseases outside of pregnancy were included in the control group of participants. Pregnant
women diagnosed with GDM during the current pregnancy according to the IADP-SG
guidelines were included in the group of pregnant women with GDM. Pregnant women
with glucose (5.1 mmol/L or higher) levels in the first trimester and normal OGTT results
were included in the third group of participants.

2.2. Blood Sampling

Each pregnant woman had her blood collected, in fasting state, in the morning between
8 and 10 a.m., in the first and third trimesters of pregnancy. In the first trimester, we
collected three tubes of peripheral venous blood in a BD Vacutainer (BD, NJ, USA) with
anticoagulant K3EDTA and one serum tube of peripheral venous blood in a BD Vacutainer
(BD, NJ, USA) from each pregnant woman. In the third trimester, we collected two tubes of
peripheral venous blood in a BD Vacutainer (BD, NJ, USA) with anticoagulant K3EDTA
and one serum tube of peripheral venous blood in a BD Vacutainer (BD, NJ, USA) from all
subjects. Analyses of samples of fresh whole blood, serum and plasma were performed.
Serum and plasma were prepared by centrifuging a serum tube and one K3EDTA tube at a
speed of 3000 g for 10 min at room temperature.
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2.3. Routine Biochemical and Haematological Analyses

Glucose levels were determined according to the enzymatic method using hexokinase
on a cobasPro (Roche Diagnostic, Basel, Switzerland) analyser. Using the same analyser,
total cholesterol, HDL and LDL cholesterol, triglycerides, high-sensitivity CRP (hs-CRP), im-
munoglobulins (class IgG, IgM and IgA), HbA1C, interleukin (IL)-6, insulin and C-peptide
were determined. Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) was
performed using the glucose and insulin levels measured for all participants. The total
blood count was determined using an Advia 2120i analyser (Siemens Healthineers, Er-
langen, Germany). Lymphocyte, NK and NKT cells from the whole blood samples of
pregnant women were analysed via flow cytometry (cytometer BD LSR II with acquisition
software BD FACSDiva 8.0.1. and FloJo analysis, BecktonDickinson, Germany), by combin-
ing the surface cell markers CD3+, CD5+, CD3+CD4+, CD3+CD8+, CD3-CD16+CD56+,
CD3+CD16+CD56+, CD19+CD20+ and CD19+CD5+, which define individual leukocyte
subpopulations and determine their functions. Surface markers for lymphocytes, NK cells
and NKT cells were analysed using commercial reagents containing specific monoclonal
antibodies labelled with fluorochrome (Beckton Dickinson, Germany): BD Multitest CD3
FITC/CD8 PE/CD45 PerCP/CD4 APC and BD Multitest CD3 FITC/CD16 + 56 PE/CD45
PerCP/CD19 APC.

2.4. ELISA Tests

IL-10, tumour necrosis factor alpha (TNF-α) and adiponectin concentrations were
determined using commercial ELISA tests from serum samples that had been stored at
−70 ◦C from the time of sampling until analysis. For IL-10, we used a Human IL-10 ELISA
Kit (Millipore, Sigma-Aldrich, Inc., St. Louis, MA, USA); for TNF-a, we used a Human
TNF alpha SimpleStep ELISA Kit (abcam, Cambridge, UK); and, for adiponectin, we used
a Human ADP ELISA Kit (ELK Biotechnology, Denver, CO, USA).

2.5. Determination of Fatty Acids

Fatty acids were determined from EDTA plasma samples that had been stored at
−70 ◦C immediately after sampling until analysis. Total lipids were extracted using
a mixture of chloroform/methanol (2:1 v/v) via a modified method according to
FOLCH et al. [17]. Lipid extracts were concentrated in a tabletop Centrivap vacuum
concentrator, equipped with a Centrivap cooling unit and a diaphragm vacuum pump
at 230 V and 50/60 Hz (Labconco, Kansas City, MO, USA). Fatty acids (FAs) from the
total lipid extract were converted to methyl esters (FAMEs) via transesterification with
methanolic HCl, according to international standard procedure ISO 5509 (2000).

Analysis of FA methyl esters was performed on a gas chromatograph (Agilent 8860;
Agilent Technologies. Inc., Sancta Clara, CA, USA) equipped with a flame ionisation detec-
tor (FID). The temperatures of the injector and detector were 200 ◦C and 240 ◦C, respectively.
Chromatography was performed on a DB-23 capillary column (Agilent Technologies, Santa
Clara, CA, USA) with length of 60 m, inner column diameter of 0.25 mm and active layer
thickness of 0.25 µm. The temperature regime was as follows: 150 ◦C for 2 min, increased to
230 ◦C by 5 ◦C/min, and held for 20 min. Hydrogen at a flow rate of 1 mL/min was used
as the carrier gas. The results were processed using the computer programme OpenLAB
CDS ChemStation, Workstation VL. FAMEs were identified by comparing retention times
with methyl standards (Sigma Aldrich Chemie, GmbH, Taufkirchen, Germany and Supelco,
Bellefonte, PA, USA). Quantification was performed using nonadecanoic acid methyl ester
(C19:0). The fatty acid composition was calculated as the percentage of each individual
FA relative to the total FA. FAMEs were categorised according to their chain length and
structure; namely, they were categorised as saturated (SFA) if they did not contain any
unsaturated double bond and any methyl branches; as monounsaturated (MUFA) if they
contained one double bond; and as polyunsaturated (PUFA) if they contained more than
one double bond.
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Stearoyl-CoA desaturase (SCD) activity indices were estimated by computing the ratio
of product/(substrate + product) in plasma: SCDi-16, (16:1/(16:1 + 16:0)100); SCDi-18,
(18:1/(18:1 + 18:0)100).

2.6. Statistical Analysis

The statistical programme MedCalc® Statistical was used for data analysis (Software
version 20.218; MedCalc Software Ltd., Ostend, Belgium; https://www.medcalc.org; ac-
cessed on 1 July 2024). Categorical data are represented by absolute and relative frequencies.
The normality of the distribution of numerical variables was tested with the Shapiro–Wilk
test and, due to the non-normality of the distribution, the data are described using the
median and the limits of the interquartile range. Differences in categorical variables were
tested with Fisher’s exact test. Differences in numerical variables between two independent
groups were tested with the Mann–Whitney U-test. Non-parametric statistical tests, includ-
ing the Friedman test and Kruskal–Wallis test, were used to compare the values obtained
at the measurement points within and between the examined groups. All p values were
two-sided. The significance level was set at 0.05.

3. Results
3.1. General Characteristics and Lifestyle of Pregnant Women

The general characteristics and lifestyles of the pregnant women in the individual
groups are detailed in Table 1. No statistically significant differences were observed between
the three groups of participants in terms of age, BMI, waist-to-hip ratio, eating habits and
physical activity and general health status.

Table 1. General characteristics and lifestyle of the participants.

Number (%) of Participants

p *Control
(n = 34)

GDM
(n = 13)

Glucose Disturbance
in First Trimester

(n = 14)

Summary
(n = 61)

Age
[Median (IQR)] 30 (26–33) 34 (30–36) 31 (28–36) 31 (27–34) 0.06 †

Gestational week
[Median (IQR)] 9 (8–11) 9 (8–11) 8 (8–10) 9 (8–11) 0.31 †

BMI before pregnancy

<19 3 (8.8) 0 (0) 2 (14.4) 5 (8.2) 0.24

19–24.9 24 (70.6) 6 (46.2) 10 (71.4) 40 (65.6)

25–29.9 5 (14.7) 4 (30.7) 1 (7.1) 10 (16.4)

>30 2 (5.9) 3 (23.1) 1 (7.1) 6 (9.8)

Waist-to-hip ratio

<0.8 15 (44.1) 6 (46.2) 7 (50) 28 (46) 0.98

0.81–0.85 9 (26.5) 3 (23.1) 4 (28.6) 16 (26)

>0.86 10 (29.4) 4 (30.7) 3 (21.4) 17 (28)

Physical activity

Never 2 (6) 1 (8) 2 (14) 5 (8) 0.86

Rare 15 (44) 6 (46) 6 (43) 27 (44)

Periodically 13 (38) 3 (23) 4 (29) 20 (33)

Regularly 4 (12) 3 (23) 2 (14) 9 (15)

https://www.medcalc.org
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Table 1. Cont.

Number (%) of Participants

p *Control
(n = 34)

GDM
(n = 13)

Glucose Disturbance
in First Trimester

(n = 14)

Summary
(n = 61)

Daily activity

<30 min 25 (74) 8 (62) 9 (64) 42 (69) 0.66

>30 min 9 (26) 5 (38) 5 (36) 19 (31)

Varied nutrition 31 (91) 11 (85) 14 (100) 56 (92) 0.30

IQR, interquartile range; * Fisher’s exact test; † Mann–Whitney U-test.

3.2. Past Gynaecological and Obstetric Anamnesis

Looking at the gynaecological and obstetric anamnesis (Table 2), a statistically signifi-
cant difference was found in the weight of the newborn for the previous pregnancy in the
group of pregnant women who developed GDM, compared to the control group and the
group of pregnant women with glucose disorders at the beginning of pregnancy (p = 0.03).

Table 2. Gynaecological and obstetric history of the participants.

Control GDM
Glucose

Disturbance in
First Trimester

Summary p *

Age during the first
menstruation

[Median (IQR)]

13 (12–14)
[range 11–17]

13 (12–14)
[range 11–15]

13 (12–13)
[range 11–14]

13 (12–14)
[range 11–17] 0.29 †

Menstrual cycle 0.65

Normal 7 (21) 1 (8) 3 (21) 11 (18)

Abundant 2 (6) 0 (0) 0 (0) 2 (3)

Scarce 4 (12) 2 (15) 0 (0) 6 (10)

Irregular 21 (62) 10 (77) 11 (79) 42 (69)

Spotting between cycle 1 (3) 0 (0) 1 (7) 2 (3) 0.70

PCOS 6 (18) 3 (23) 4 (29) 13 (22) 0.54

Number of births
[Median (IQR)]

0 (0–1)
[range 0–2]

1 (0–1)
[range 0–1]

1 (0–2)
[range 0–4]

1 (0–1)
[range 0–4] 0.47 †

Hypertension in
previous pregnancy 0 (0) 1 (5) 0 (0) 1 (3) 0.23

Thyroid hormone
disorders in previous

pregnancy
2 (10) 3 (33) 2 (20) 7 (18) 0.35

GDM in previous
pregnancy 2 (10) 3 (33) 1 (10) 6 (15) 0.32

Newborn weighs more
than 4000 g in previous

pregnancy
1 (5) 4 (44) 1 (10) 6 (15) 0.03

Bold denotes statistical significance. IQR—interquartile range; PCOS—polycystic ovary syndrome; * Fisher’s
exact test; † Mann–Whitney U-test.

3.3. Metabolic and Immunological Parameters in Pregnancy

A statistically significant difference was found in all points of the OGTT, both in preg-
nant women with GDM and in pregnant women with glucose disorders at the beginning
of pregnancy, compared to the control group of pregnant women (Table 3).
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Table 3. Results of OGTT between groups.

Median (Interquartile Range)

p†
Control p * GDM p *

Glucose
Disturbance in
First Trimester

p *

Fasting glucose
(nmol/L)

4.45
(4.18–4.53)

<0.001

5.1
(4.4–6.2)

<0.001

4.8
(4.4–4.9)

0.002

0.002

1 h after administration
of glucose (nmol/L)

6.80
(6.03–7.93)

9.0
(8.7–10.5)

7.3
(6.7–9.0) 0.001

2 h after administration
of glucose
(nmol/L)

6.05
(5.40–7.0)

8.1
(7.0–9.3)

5.8
(4.8–7.8) 0.01

Bold denotes statistical significance. * Friedman’s test; † Kruskal–Wallis test (post hoc Conover).

Differences were also observed in the weight obtained between the two blood sampling
time points in both groups. Pregnant women with GDM had the least difference in body
weight, while pregnant women with glucose disorders at the beginning of pregnancy
gained the most weight between the two blood samplings.

The results of the flow cytometry analysis indicate that the control group of healthy
pregnant women had more T-helper lymphocytes and a higher ratio of helper/cytotoxic
lymphocytes compared to the other two investigated groups in the first trimester of preg-
nancy. In the third trimester, statistically significant differences between groups were
observed only in hsCRP and iron.

Statistical analysis of the obtained results showed that, in healthy pregnant women,
there were statistically significant differences in erythrocytes, platelets, leukocytes, the
percentage of T lymphocytes, T-helper lymphocytes, the ratio of helper and cytotoxic
lymphocytes, NK cells and the percentage of B lymphocytes and CD 5+ and CD5- B lym-
phocytes between the first and third trimester. Statistically significant differences were also
found in the obtained values of insulin, C peptide, HOMA index, HbA1c and immunoglob-
ulin G. Similar results were obtained in pregnant women with GDM; however, in that
group of subjects, there were no statistically significant differences in B lymphocytes and
CD5+ and CD5- B lymphocytes. Pregnant women who had their glucose threshold values
measured in the first trimester, but did not develop GDM, showed a higher percentage
of neutrophils and a lower percentage of lymphocytes in the third trimester compared to
the first trimester. As in pregnant women who developed GDM, there was no statistically
significant difference in the percentage of B lymphocytes; however, a difference was found
in the comparison of CD5+ and CD5- lymphocytes between the first and third trimesters.
In these pregnant women, a statistically significant difference was obtained in the mea-
sured glucose values between the first and third trimesters, as well as in the inflammatory
parameters hsCRP and immunoglobulins G and M (Table 4, Table 5).

Analysis of fatty acids indicated statistically significant differences in MUFAs, PUFAs,
SFAs and unsaturated fatty acids (UFAs) between pregnant women in the first and third
trimesters. When only the first trimester was considered, a statistically significant difference
was found in PUFA between pregnant women with GDM and those with impaired fasting
glucose in the first trimester compared to healthy pregnant women. The ratio of PUFAs and
SFAs was statistically different only between healthy subjects and subjects with impaired
fasting glucose in the first trimester (Table 6).
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Table 4. Haematological, biochemical and immunological parameters in the first trimester of pregnancy.

Median (Interquartile Range)
p *

Control GDM Glucose Disturbance
in First Trimester

Erythrocytes (×1012/L) 4.28 (4.07–4.53) 4.45 (4.3–4.82) 4.46 (4.21–4.63) 0.09
Haemoglobin (g/L) 132 (123.75–138) 135 (131–142.5) 131 (115–140) 0.17
Platelets (×109/L) 248.5 (204–280.25) 228 (196.5–289.5) 279 (253.25–330.5) 0.04

Leukocytes (×109/L) 8.3 (6.68–9.5) 8 (6.95–10.45) 9.45 (7.15–9.93) 0.64
Neutrophils (%) 70.5 (66–74) 70 (65.5–76.5) 67.5 (62.75–69.5) 0.18

Lymphocytes (Ly) (%) 23 (20–28) 23 (20–26) 25 (22.5–33) 0.29
Monocytes (%) 4 (3–6) 4 (3.5–5.5) 5 (2.75–6.25) 0.83
Eosinophils (%) 1 (1–2) 2 (1–2) 2 (1–2.25) 0.78
Basophils (%) 0 (0–0.25) 0 (0–1) 0 (0–1) 0.41

Ly (%) (flow cytometry) 18 (15.75–21.25) 19 (14–22.5) 18.5 (16–21.25) 0.89
T-Ly (%) CD3+ 75.55 (73.08–80.13) 75.6 (72.6–81.25) 70.3 (68.55–77.83) 0.14

T-helpers (%) CD3+CD4+ 43.45 (38.93–48.43) 42.8 (39.05–51.35) 36.45 (34.6–45.5) 0.02
T-cytotoxic (%) CD3+CD8+ 28.1 (23.13–33.03) 26.6 (22.5–31.7) 29.65 (26.4–32.13) 0.37

HELPERS/CYTOTOXIC 43.45 (38.93–48.43) 21.4 (19.53–25.68) 12.15 (11.53–15.2) <0.001
NK-cells (%) CD3-CD16+56+ 11.1 (7.88–14.58) 10.1 (8.65–13.75) 16.75 (13.08–21.9) 0.03

NKT-cells (%) CD3+CD16+56+ 6.5 (4–10.28) 5 (4.15–8.5) 9.4 (4.53–10.55) 0.37
NK/NKT 1.89 (0.84–3.28) 2.26 (1.01–3.27) 2.05 (1.08–4.03) 0.96

B-Ly (%) CD19+20+ 10.55 (7.78–12.2) 10.2 (7.75–13.8) 8.1 (7.35–10.48) 0.16
B-Ly subset (%) CD19+CD5+ 2.35 (1.68–3.83) 2.2 (1.75–3.75) 2.05 (1.7–3.1) 0.83

Glucose (mmol/L) 4.6 (4.4–4.8) 4.8 (4.15–5.5) 5.2 (5.1–5.33) <0.01
Insulin (mIU/L) 7.9 (5.05–9.63) 8.6 (6.05–10.35) 9.1 (5.45–17.28) 0.45

C-peptide (nmol/L) 0.57 (0.46–0.7) 0.63 (0.5–0.78) 0.55 (0.49–0.77) 0.61
HOMA-IR 2 (1–2) 2 (1–2.5) 2 (1–4.25) 0.33

HbA1c (mmol/mol) 33 (32–35) 35 (32–38.5) 34 (31–35.25) 0.24
CRP (mg/L) 2.75 (1.0–5.68) 4.2 (2.6–10.45) 1.45 (0.8–2.65) 0.01

IgG (g/L) 10.7 (9.76–12.23) 11.8 (9.46–12.9) 10.8 (9.65–12.88) 0.82
IgM (g/L) 1.09 (0.84–1.9) 1.09 (1.02–1.58) 1.46 (1.15–1.72) 0.37
IgA (g/L) 1.7 (1.34–2.28) 1.64 (1.2–2.19) 1.72 (1.42–2.2) 0.90

Iron (umol/L) 22.5 (19–27.25) 22 (17–23.5) 21.5 (16–27.25) 0.48
Ferritin (ug/L) 48 (24–70.25) 52 (43–86) 26 (19.5–44.75) 0.02
B12 (pmol/L) 336.5 (250.75–394.5) 352 (272.5–466) 302.5 (228.5–346.8) 0.32

Folic acid (nmol/L) 41.4 (28.45–57) 42.4 (37.85–55.3) 32.2 (29.1–57.95) 0.59
Cholesterol (mmol/L) 4.5 (3.88–4.9) 4.5 (4.2–4.9) 4.25 (3.98–4,8) 0.77

HDL Cholesterol (mmol/L) 1.8 (1.6–2.1) 1.6 (1.35–2) 1.7 (1.38–1.93) 0.12
LDL Cholesterol (mmol/L) 2.25 (1.88–2.7) 2.4 (2.25–2.8) 2.3 (2.18–2.95) 0.25

Triglycerides (mmol/L) 0.9 (0.7–1.15) 1.2 (0.95–1.5) 0.8 (0.78–1.2) 0.12
IL-6 (ng/L) 2.85 (1.5–3.58) 3.2 (1.5–5) 3.7 (2.13–4.68) 0.37

TNF-a (pg/mL) 0.4 (0.0–1.7) 0.0 (0.0–1.8) 0.0 (0.0–0.7) 0.64
IL-10 (pg/mL) 18.65 (6.07–43.15) 20.13 (0.0–53.93) 37.05 (0.00–65.29) 0.80

Adiponectin (ng/mL) 19.54 (8.6–44.6) 25.27 (12.17–37.64) 31.6 (21.3–52.6) 0.30

Bold denotes statistical significance. * Mann–Whitney U-test.

Table 5. Haematological, biochemical and immunological parameters in the third trimester of pregnancy.

Median (Interquartile Range)
p *

Control GDM Glucose Disturbance
in First Trimester

Erythrocytes (×1012/L) 3.89 (3.77–4.14) 4.01 (3.78–4.48) 4.04 (3.84–4.38) 0.30

Haemoglobin (g/L) 117.5 (114.75–126) 124 (118–125.5) 125 (120–129.75) 0.09

Platelets (×109/L) 228.5 (200.75–267.5) 215 (184–270) 233 (192–288) 0.83

Leukocytes (×109/L) 9.95 (8.43–11.25) 10.2 (7.6–12.25) 9.45 (8.48–10.4) 0.80
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Table 5. Cont.

Median (Interquartile Range)
p *

Control GDM Glucose Disturbance
in First Trimester

Neutrophils (%) 70 (66–74) 72 (68–75) 72.5 (66.75–76) 0.44

Lymphocytes (Ly) (%) 23.5 (20–27) 21 (17–25.5) 21 (17.75–25) 0.27

Monocytes (%) 5.5 (4–6) 4 (2–6) 5 (4–6.25) 0.17

Eosinophiles (%) 1 (1–2) 1 (0.5–2.5) 1 (1–2) 0.98

Basophils (%) 0 (0–1) 0 (0–0) 0 (0–1) 0.23

Ly (%) (flow cytometry) 18 (14–21) 16 (13–19) 16 (14.75–19.5) 0.42

T-Ly (%) CD3+ 78.8 (75.15–83.1) 80.1 (77.7–84.1) 77.55 (71.48–81.38) 0.20

T-helpers (%) CD3+CD4+ 47.35 (42.78–50.78) 46.5 (43.45–55.9) 39.65 (36.38–48.93) 0.10

T-cytotoxic (%) CD3+CD8+ 29.2 (25.9–33.73) 27.8 (22.2–32.2) 30.25 (26.8–36.43) 0.50

HELPERS/CYTOTOXIC 1.69 (1.3–1.99) 1.64 (1.38–2.37) 1.28 (1.06–1.82) 0.20

NK-cells (%) CD3-CD16+56+ 9.25 (7.15–12.83) 8.2 (6.55–11.35) 11.85 (10.5–19.63) 0.03

NKT-cells (%) CD3+CD16+56+ 6.1 (4.03–8.6) 4.8 (4–9.95) 6.45 (5.18–10.95) 0.62

NK/NKT 1.42 (0.86–2.82) 1.47 (0.75–2.02) 2.07 (0.61–3.35) 0.71

B-Ly (%) CD19+20+ 8.8 (6.68–12) 9.2 (6.05–12.85) 7.95 (6.28–11.63) 0.76

B-Ly subset (%) CD19+CD5+ 1.65 (0.98–2.48) 1.4 (0.95–2.5) 1.8 (0.9–2.2) 0.97

Glucose (mmol/L) 4.45 (4.3–4.8) 4.8 (4.4–5.3) 4.7 (4.45–4.93) 0.06

Insulin (mIU/L) 11.15 (8.1–15.13) 12.7 (9.1–19.3) 12.85 (9.1–16.85) 0.48

C-peptide (nmol/L) 0.81 (0.7–1.04) 1.02 (0.71–1.5) 0.78 (0.67–1.06) 0.30

HOMA-IR 2 (2–3) 3 (2–4) 3 (2–3.25) 0.39

HbA1c (mmol/mol) 35 (32.75–37) 37 (33–40.5) 34.5 (30–37.25) 0.24

CRP (mg/L) 3.6 (2.1–5.83) 6.4 (2.45–9.15) 2.7 (1.28–4.03) 0.04

IgG (g/L) 8.11 (7.26–9.75) 9.5 (7.76–10.95) 8.78 (7.16–9.95) 0.46

IgM (g/L) 1.01 (0.82–1.96) 1.15 (0.94–1.52) 1.17 (0.96–1.47) 0.96

IgA (g/L) 1.73 (1.14–2.03) 1.5 (1.16–1.93) 1.73 (1.37–2.04) 0.82

Iron (umol/L) 13 (8.75–16) 15 (11–21) 20 (12.25–23.75) 0.03

Ferritin (ug/L) 14 (11–21.5) 16 (9.5–23) 23.5 (12.75–30.25) 0.14

B12 (pmol/L) 213.5 (173–279) 223 (209.5–311) 217 (144.5–260.5) 0.58

Folic acid (nmol/L) 29.4 (18.83–42.68) 33.6 (14.9–58.5) 41.7 (32.43–60.55) 0.19

Cholesterol (mmol/L) 6.8 (6.18–7.93) 6.4 (5.95–7.45) 7.55 (6.53–8.43) 0.26

HDL cholesterol (mmol/L) 2 (1.7–2.33) 1.9 (1.55–2.25) 1.85 (1.58–2.33) 0.70

LDL cholesterol (mmol/L) 4.1 (3.58–5.05) 3.7 (3.05–4.5) 4.65 (4.05–5.55) 0.07

Triglycerides (mmol/L) 2.4 (2.08–3) 3 (2.5–3.45) 2.5 (2.25–3.23) 0.11

IL-6 (ng/L) 2.7 (1.88–4.4) 2.65 (1.98–3.45) 2.9 (1.65–3.7) 0.75

TNF-a (pg/mL) 0.4 (0.0–1.7) 0.2 (0.0–1.6) 0.0 (0.0–0.8) 0.20

IL-10 (pg/mL) 12.21 (0.40–20.71) 14.7 (0.0–105.4) 33.21 (4.33–484.28) 0.40

Adiponectin (ng/mL) 16.5 (4.56–37.4) 7.77(3.06–101.4) 16.91 (10.26–43.13) 0.60

Bold denotes statistical significance. * Mann–Whitney U-test.
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Table 6. Fatty acid results in first trimester of pregnancy.

Median (Interquartile Range)
p *

Control GDM Glucose Disturbance in
First Trimester

SFAs (%) 46.7 (41.67–53.00) 46.49 (42.3–53.18) 44.92 (40.94–49.57) 0.06
MUFAs (%) 22.68 (17.37–29.80) 24.1 (21.41–26.51) 23.49 (19.17–26.62) 0.64
PUFAs (%) 30.23 (25.51–35.34) 29.41 (22.72–35.75) 31.93 (26.70–35.26) 0.04
UFAs (%) 53.30 (47.00–58.30) 53.51 (46.82–57.70) 55.08 (50.43–59.51) 0.06

UFAs/SFAs (%) 1.14 (0.89–1.40) 1.15 (0.88–1.36) 1.23 (1.02–1.47) 0.06
PUFAs/SFAs (%) 0.64 (0.53–0.81) 0.62 (0.43–0.85) 0.71 (0.57–0.87) 0.03

AA/DHA (%) 0.21 (0.09–0.71) 0.23 (0.12–0.54) 0.19 (0.06–0.58) 0.39
AA/EPA (%) 0.19 (0.09–0.93) 0.21 (0.07–0.45) 0.16 (0.06–0.60) 0.56

EPA/DHA (%) 1.02 (0.59–2.72) 1.27 (0.44–2.62) 1.08 (0.65–1.78) 0.76

Bold denotes statistical significance. SFAs—saturated fatty acids; MUFAs—monounsaturated fatty acids; PUFAs—
polyunsaturated fatty acids; UFAs—unsaturated fatty acids; AA—arachidonic acid; DHA—docosahexaenoic acid;
EPA—eicosapentaenoic acid. * Mann–Whitney U-test.

4. Discussion

In our study, there were no statistically significant differences in between the examined
groups with regard to the general characteristics and lifestyles of pregnant women; in
particular, no statistically significant difference was observed in terms of age, BMI, waist-
to-hip ratio, eating habits and physical activity and general health. Unlike in our study, in
most other studies there was a statistically significant difference in BMI between healthy
pregnant women and pregnant women who developed GDM, with pregnant women with
GDM having a higher BMI [18–20]. Therefore, high BMI in early pregnancy is associated
with altered lipid metabolism that may contribute to an increased risk of GDM. Mirabelli
et al. proved, in their study, that the BMI of the mother prior to pregnancy plays a key role
in determining GDM. BMI is an indicator of visceral obesity and systemic insulin resistance
and is a modifiable risk factor for GDM; therefore, the authors of the study suggested it as
a suitable target for raising public awareness about GDM [21].

We found statistically significant differences in all points of the OGTT, both in pregnant
women with GDM and in pregnant women with glucose disorders at the beginning of
pregnancy compared to the control group of pregnant women. As expected, a study
that involved a significantly larger population of pregnant women (i.e., 690 participants)
showed similar results regarding fasting plasma glucose and glucose levels after the OGTT
load, where plasma glucose after 1 and 2 h was significantly higher in the GDM group
than in the group of healthy subjects [22]. In our study, pregnant women from the group
with GDM had significantly higher values for all three points of the OGTT, which is to
be expected from a physiological standpoint, considering that they have impaired insulin
resistance and β-cell function of the pancreas and, for this reason, they developed diabetes
during pregnancy. Pregnant women who had a fasting glucose value of 5.1 mmol/L or
higher in the first trimester also had higher fasting glucose values than the control group of
pregnant women during the OGTT. In those pregnant women, the second measurement
point (an hour after ingestion of the solution) was also higher than the control group of
pregnant women, which may indicate that the examined group of pregnant women has a
glucose metabolism disorder that did not manifest as GDM.

Statistical analysis of the obtained results showed that, in healthy pregnant women,
there are statistically significant differences in erythrocytes, platelets, leukocytes, the per-
centage of T lymphocytes, T-helper lymphocytes, the ratio of helper and cytotoxic lympho-
cytes, NK cells and the percentage of B lymphocytes and CD 5+ and CD5- B lymphocytes
between the first and third trimesters. In a large study conducted over six years ago, Zhang
et al. obtained similar results for haematological parameters, including an increase in the
number of leukocytes and a decrease in the number of platelets and erythrocytes over the
course of pregnancy (which was more pronounced in GDM) [23]. Fashami et al. reported
an association between the risk of developing GDM and parameters of the red blood count,
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where the highest association with an increased risk for GDM was observed for an elevated
haematocrit level in the second trimester [24]. Yang et al. have reported that elevated
numbers of erythrocytes, leukocytes and platelets are associated with GDM, and that a
blood count may be considered as a low-cost prenatal test for GDM. Unfortunately, our
research included a much smaller number of subjects than the study of Yang et al. (which
included 614 women), and we did not observe a difference in the parameters of the blood
count [25]. Sissala et al., in their study on 1828 pregnant women with GDM, observed
higher haemoglobin values in GDM, and so they reported higher haemoglobin levels in the
mother as an independent risk factor for GDM; however, they also reported that this has
little effect on the perinatal outcome [26]. In our study, there was no statistically significant
difference in haemoglobin values between healthy pregnant women and pregnant women
with GDM, although pregnant women with GDM had higher haemoglobin values, as
previously reported. Mehrabian and Hosseini have also claimed that high haemoglobin
in the first trimester is associated with a higher risk of pre-eclampsia and GDM [27]. It is
possible that we did not find a statically significant difference due to the small number of
subjects in the study population, especially in the group of pregnant women with GDM.

Several other studies have linked increased WBC, neutrophils, monocytes and an
increased neutrophil–lymphocyte ratio (NLR ratio) in early and mid-pregnancy and their
high levels during pregnancy with a higher risk of GDM [28–31]. Researchers have found
that an elevated neutrophil count in the first trimester of pregnancy is an independent risk
factor and predictive factor for GDM. However, the relationship between lymphocytes
and GDM is much more controversial, and NLR is considered as the best indicator as it is
less affected by infection and stress, and as it is an indicator of inflammation and immune
regulation [32]. An increase in NLR in diabetics may be a consequence of a decrease in the
number of lymphocytes and a lack of immune regulation [33]. Our study did not show
differences in the number of neutrophils, either in the first or third trimester, between
the control group and group of patients with GDM, while previous studies showed a
strong correlation between the number of neutrophils and the risk of developing GDM [33].
However, in our study, pregnant women with glucose threshold values measured in the
first trimester, but who did not develop GDM, showed a higher percentage of neutrophils
and a lower percentage of lymphocytes in the third trimester compared to the first trimester.
Our study is a pilot study that included a small number of participants, in contrast to
previous extensive studies that included a significantly larger number of participants.
However, even with this small number of subjects, we observed a difference in neutrophils
and lymphocytes in the group of women with fasting glucose disorders in the first trimester.
There is no doubt that the NLR and the percentage of its components differ in healthy
pregnant women and pregnant women with some pregnancy-related pathology, including
GDM, considering that these are the body’s defence cells. It is important to remember
that lymphocytes and neutrophils change under various inflammatory conditions and
pathologies, and so they cannot be considered as good markers of GDM by themselves
without other markers.

Several previous studies have highlighted the important role of T lymphocytes in the
development of GDM, which is why we examined the ratios of cytotoxic and helper lym-
phocytes between the examined groups [34–36]. Our investigation revealed a statistically
significant difference in the ratio of cytotoxic and helper lymphocytes in pregnant women
with GDM, pregnant women with impaired fasting glucose and healthy pregnant women.
A recently published study by Musumeci showed results similar to ours, demonstrating
a statistically significant difference in NK cells, T lymphocytes and monocytes between
pregnant women who developed GDM and healthy pregnant women. There was also a
statistically significant difference in the value of IL-6 between the examined groups, in
contrast to our results, in which the IL-6 values were low in all subjects and there were
no statistically significant differences between them [37]. Hara et al. have claimed that
the number of NK cells decreases and that the number of NKT cells increases in pregnant
women with GDM, which is in accordance with our results [38].
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We did not observe a difference in the percentage of B lymphocytes in either the first
or third trimester in pregnant women with GDM, in the group with glucose disorder at
the beginning of pregnancy or in healthy pregnant women, although a previous study
reported a correlation between B lymphocytes and insulin resistance in GDM patients [39].
The previous study by Zhuang et al. included 192 subjects, of which 124 subjects had GDM.
In our study, the number of subjects with GDM may have been too small to demonstrate a
difference in the percentage of B lymphocytes. However, a difference in the total number
of B lymphocytes does not have to exist between the examined groups, given that B
lymphocytes can have both proinflammatory and anti-inflammatory effects. For this
reason, in our study, the percentage of B lymphocytes that have a CD5+ cluster—which is
associated with the onset of metabolic syndrome and insulin resistance—was examined.
Our expectation was that the percentage of these lymphocytes would be higher in the
group of pregnant women with GDM compared to the group of healthy pregnant women.
While a statistically significant difference in the percentage of B lymphocytes with CD5+
cluster was not found between the groups, we observed that pregnant women with GDM
had higher percentages of these lymphocytes, and we believe that a statistically significant
difference would be unveiled if the study had a larger number of test subjects.

A study conducted in 969 Chinese pregnant women showed that C-peptide is a
good predictive biomarker for the development of GDM [40]; however, the study in our
population did not confirm this result. Similarly to insulin and insulin resistance, C-peptide
values increased during the development of pregnancy in all three examined groups in our
study, which is why neither C-peptide nor insulin proved to be good predictive markers of
GDM. Furthermore, unlike in the previous studies—which covered the same gestational
weeks of the first trimester as ours—HOMA-IR did not prove to be a good predictor of
GDM in our study [41,42]. HbA1c was considered as a possible predictive biomarker for
the development of GDM, and as a potential test that could replace the OGTT. However, in
agreement with previous research, our research confirmed that it cannot be used, as there
was no statistically significant difference in its values in the first trimester between healthy
pregnant women and pregnant women who developed GDM later in pregnancy [43]. In
our research, HbA1c values increased throughout pregnancy, which can be explained by
the physiological changes that occur during pregnancy, i.e., increased insulin resistance
and decreased haemoglobin concentration [44]. The parameter that proved to be a potential
predictor of GDM was hsCRP, which had higher values in the first trimester in pregnant
women who later developed GDM. Previous researchers obtained the same result; however,
they also stated that additional studies are needed [45]. The values of hsCRP in the first
trimester in healthy pregnant women ranged from 1.0 to 5.68 mg/L, while the values in
pregnant women who later developed GDM were between 2.6 and 10.45 mg/L. Considering
its non-specificity and the overlap of the intervals in which it changed in the examined
groups of pregnant women, we believe that it is still not a good predictive marker of GDM.

In our study, we did not find statistically significant differences between the examined
groups in terms of proinflammatory (IL-6 and TNF-α) and anti-inflammatory cytokines
(IL-10) and adiponectin. Previous studies have shown contradictory results regarding the
mentioned parameters [46–50]. For example, a 2008 study that included 250 pregnant
women showed that adiponectin values were lowered in GDM, such that it could have
a predictive role, while there was no statistically significant difference in IL-6 and IL-10
between healthy pregnant women and those with GDM [48]. Reduced adiponectin in
GDM, as well as increased values of TNF-α, IL-6 and anti-inflammatory IL-10 in GDM were
shown in the results of Ategbo et al., who conducted their study on a group of 120 pregnant
women [47]. Other studies and review articles have also pointed to different results of
testing for adiponectin, IL-6, IL-10 and TNF-α, and their importance in GDM [48–50]. We
believe that the key limitation of our research is the small number of participants, as in
similar studies, due to which the data are not fully uniform and relevant.

The fatty acids are associated with the GDM pathology, given that nutritional status
is an important factor before and during pregnancy. SFAs are abundant in foods and,
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according to several studies, they can have negative impacts on insulin sensitivity and may
lead to a high risk of GDM, while PUFAs are associated with a low risk of GDM [51,52].
In our research, we confirmed that there was a difference between pregnant women with
disturbed glucose metabolism and healthy pregnant women regarding PUFAs and the
PUFA/SFA ratio. DHA was associated with glucose disorder but, along with AA, is
essential for foetal immune system regulation and CNS development. In our study, we did
not find statistically significant differences in AA and DHA between groups. Perhaps due
to the small number of participants, as was the case in previous research [53], our study did
not reveal MUFAs as a good GDM marker, although it is believed that supplementation
with these fatty acids could contribute to glucose tolerance in pregnancy.

5. Conclusions

Pregnancy is a specific state of an organism in which physiological changes in the
immune and metabolic profiles occur. GDM is an increasingly common pathology that
occurs in pregnancy and leads to additional metabolic and immunological changes. Unfor-
tunately, it often remains unrecognised. Screening for GDM during early pregnancy and in
the second trimester of pregnancy is necessary for the timely treatment of pregnant women
and the prevention of complications for both the mother and foetus. The biggest barrier
in the research on potential markers for early detection of GDM and a good knowledge
of immunological and metabolic changes in GDM is represented by the limitations of
studies focused on pregnant women (regarding the need for a representative number of
subjects and the gestational week in which the research was conducted). Future extensive
research is necessary to gain better insight into the immunological and metabolic profiles
of healthy pregnant women and those with GDM. In our pilot study—which included only
61 pregnant women—we observed a difference in the profiles of T lymphocytes, NK cells
and PUFAs between healthy pregnant women, pregnant women with GDM and pregnant
women with a fasting glucose disorder in the first trimester of pregnancy. Considering
the widespread use of flow cytometry in clinical laboratories, we propose that analysing
lymphocyte, NK and NKT cell profiles could be a straightforward approach for assessing
the risk of GDM in pregnant women. These results can serve as a good basis for future
investigations in larger numbers of subjects, which would further contribute to understand-
ing the pathophysiology of GDM. Knowing the pathophysiology of GDM would allow for
the possibility of its earlier recognition, thus promoting better treatment and reduction of
complications that can cause GDM.
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