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Abstract: Zonulin, a protein that regulates intestinal permeability, has attracted attention as a potential
biomarker for GDM. Therefore, this study aims to investigate whether there are differences in zonulin
levels between the GDM group and control groups, especially between those receiving different
treatments (diet and insulin). Based on this idea, we included 90 patients with a gestational age
between 24 and 28 weeks in our study. While GDM was not detected in 33 of these patients, as a result
of OGTT, 57 patients were diagnosed with GDM and these patients were followed throughout their
pregnancy. Gestational diabetes was diagnosed by an OGTT performed between 24 and 28 weeks of
gestation according to American Diabetes Association (ADA) standards. During follow-up, GDM
patients were divided into two groups according to whether they required insulin treatment. Plasma
zonulin levels were determined using enzyme-linked immunosorbent assay (ELISA) techniques.
The GDM group had significantly higher plasma zonulin levels than the control group (p < 0.005).
According to our research, zonulin may be a non-invasive biomarker involved in the etiology of
GDM. Large-scale research on this topic is still needed.

Keywords: zonulin; gestational diabetes mellitus; gestational diabetes mellitus therapy

1. Introduction

Gestational diabetes mellitus (GDM) is a common medical complication of pregnancy,
affecting approximately 7% of all pregnancies worldwide [1]. It is characterized by high
blood glucose levels that develop during pregnancy and, if left unchecked, can lead to
a number of adverse outcomes for both mother and child, including increased risk of
preeclampsia, preterm birth, macrosomia, and neonatal hypoglycemia [2]. Despite exten-
sive research, the exact mechanisms underlying the development of GDM remain poorly
understood. Recently, however, there has been an increased interest in the possible role of
the gut microbiome and gut permeability in the development of GDM [3].

Zonulin is a protein that regulates intestinal permeability by controlling the opening
and closing of tight junctions between intestinal epithelial cells [4]. Elevated zonulin levels
have been found in a number of conditions, including inflammatory bowel disease, celiac
disease, and type 1 diabetes [5]. Zonulin has recently emerged as a potential biomarker
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for GDM, as several studies have reported that women with GDM have higher circulating
zonulin levels than women with normal glucose tolerance [6]. The role of zonulin in
the development of GDM has not been fully elucidated. However, it is believed that
elevated zonulin levels lead to increased intestinal permeability, allowing toxins and
other inflammatory mediators to enter the bloodstream, which may contribute to insulin
resistance and the development of GDM [6]. In addition, zonulin has been shown to
directly affect glucose metabolism by influencing the expression of genes involved in
glucose homeostasis [5]. Although there are many studies investigating the relationship
between zonulin levels and GDM, there are no current studies comparing zonulin levels in
patients with GDM under different treatments. Understanding the differences in zonulin
levels between patients on a diet and those taking insulin may shed light on the mechanisms
of pathogenesis of GDM and potential treatment approaches.

The exact mechanisms by which insulin therapy might contribute to increased zonulin
levels in GDM are not fully understood. One possibility is that insulin therapy leads to
changes in the gut microbiota, which in turn could increase gut permeability and zonulin
levels [7]. Alternatively, insulin therapy could directly affect intestinal permeability through
its effects on glucose metabolism and inflammation. Overall, while further research is
needed to fully elucidate the relationship between zonulin levels and different treatment
modalities in GDM, these studies suggest that zonulin may be a useful biomarker for
monitoring the efficacy of different treatment approaches in GDM. With this information in
mind, we aimed to determine in this study whether there was a difference between zonulin
levels in the GDM group compared with the control groups and the different treatments
(diet versus insulin).

2. Materials and Methods

Study Design: This study was conducted prospectively between February 2020 and
November 2020 at the Perinatology Clinic of the Turkish Ministry of Health, Zübeyde
Hanım Gynecology and Obstetrics Training and Research Hospital. Written informed
consent was obtained from all subjects who participated in this study. This study was
conducted in accordance with the principles of the Declaration of Helsinki and approved
by the ethics committee of the hospital (approval number: 2020/36).

Patient Selection: Patients were diagnosed with GDM according to the recommenda-
tions of the American Society of Obstetrics and Gynecology (ACOG) and the International
Association of Diabetic Pregnancy Working Groups (IADPSG) [8]. From 24 to 28 weeks of
gestation, all participants were screened for GDM with the 50 g OGTT. In patients whose
1 h glucose level on the 50 g OGTT was ≥140 mg/dL, we used the 100 g OGTT after at
least 8 h of fasting. Diagnostic criteria were based on the American Diabetes Association
guidelines, including the following: fasting blood glucose level of >95 mg/dL, 1 h blood
glucose level of ≥185 mg/dL on the 100 g OGTT, 2 h blood glucose level of >155 mg/dL,
and 3 h blood glucose level of ≥140 mg/dL [9]. A positive test for the diagnosis of GDM
was defined as two or more high glucose levels at or above these thresholds. Pregnant
women diagnosed with GDM were offered appropriate treatment.

The inclusion criteria were as follows: pregnant women diagnosed with GDM in the
second trimester (between 24 and 28 weeks of gestation), women aged between 18 and
40 years, women with singleton pregnancy, and women who gave their informed consent
to participate in this study. The exclusion criteria were as follows: women with a history
of diabetes or other metabolic disorders, gastrointestinal disease or inflammatory bowel
disease, autoimmune disease, use of antibiotics or probiotics in the past 4 weeks, fetal
abnormalities, or intrauterine growth restriction.

After obtaining informed consent, a detailed history and clinical examination were
performed on each participant. Demographic data (age, body mass index (BMI), parity,
gestational age, and obstetric history), details of GDM diagnosis (glucose tolerance test
results and treatment received), dietary information and adherence, insulin therapy details
(type, dose, and frequency), and maternal serum zonulin levels (measured in the second
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trimester at the time of GDM diagnosis) were collected. In addition, 3 mL serum samples
from blood samples collected between 24 and 28 weeks from the cases diagnosed with GDM
and the control group were filled into Ependorf tubes. During the follow-up of the pregnant
women with GDM, they were divided into two groups based on their blood glucose levels:
those who were on a diet only (A1GDM) and those who required insulin (A2GDM). A
statistical comparison was performed to determine whether there was a difference between
the zonulin levels of the three groups (diet-only blood glucose (A1GDM), insulin-regulated
blood glucose (A2GDM), and control group).

Analysis of zonulin level: Maternal serum zonulin levels were analyzed using a
commercially available enzyme-linked immunosorbent assay (ELISA) (Human Zonulin
ELISA Kit, MyBioSource, San Diego, CA, USA). Samples were collected in the morning
after an overnight fast. Serum was separated by centrifugation and stored at −80 ◦C until
analysis. All samples were analyzed in duplicate and the mean was used for analysis.

Statistical analysis: Data were analyzed using SPSS software version 25.0 (IBM Corpo-
ration, Armonk, NY, USA). Descriptive statistics were used to summarize the demographic
and clinical characteristics of the study population. Continuous variables were expressed as
mean ± standard deviation (SD) and categorical variables as percentages. The independent
t-test and one-way analysis of variance (ANOVA) were used to compare mean serum
zonulin levels between groups. A p-value of less than 0.05 was considered statistically
significant.

Sample size calculation: Sample size calculation was performed using G*Power soft-
ware version 3.1.9.7. With an alpha error of 0.05, a power of 80%, and a ratio of 1:1:1 between
the three groups, the minimum sample size required was estimated to be 14 patients in
each group. In our study, a larger sample was obtained than originally planned. Instead of
the 42 patients originally considered necessary, 33 patients without GDM, 36 patients with
diet-regulated GDM (A1GDM), and 21 patients with insulin-regulated GDM (A2GDM), a
total of 90 patients, were enrolled in this study.

3. Results

The demographic characteristics, clinical findings, and laboratory parameters of the
pregnant women are summarized in Table 1. Analysis of the data revealed no statistical
differences between groups in BMI (p = 0.146), parity (p = 0.053), birth weight (p = 0.271),
APGAR score (p = 0.855), and preterm birth (p = 0.048). Maternal age, number of pregnan-
cies, number of live infants, and BMI were significantly higher in the A2GDM group than in
the other two groups (Table 1). While there was a significant difference between the history
of GDM in previous pregnancies, the control group, and the A2GDM group, there was no
difference between the control group and the A1GDM group or between the A1GDM and
A2GDM groups. For family history of diabetes, there was a difference between the control
group and the two GDM groups, but no difference between the A1GDM and A2GDM
groups. For polyhydramnios, there was a significant difference between the control group
and the A2GDM group, but no difference between the control group and the A1GDM
group or between the A1GDM and A2GDM groups. When zonulin levels were considered,
a statistically significant difference was found between the control group and the two GDM
groups (p < 0.001) (Table 2). The patient group with GDM had higher zonulin levels than
the control group.

The ROC (receiver operating characteristic) analysis performed in this study to eval-
uate the significance of serum zonulin level in GDM is shown in Table 3 and Figure 1.
In Figure 1, the AUC (area under the curve) of serum zonulin level was 0.7559 (95% CI:
0.657–0.843) (CI—confidence interval), with a p value < 0.001. The ROC curve in Figure 1
shows that the curve for zonulin covers a large area off the baseline, indicating the ability
of zonulin to positively predict GDM. Our data suggest that a cut-off value of >20 ng/mL
is the value that positively discriminates among women most likely to develop A2GDM
(Table 3). This optimal cut-off point was determined by calculating the ROC pairs of
sensitivity and specificity and selecting the pair with the smallest distance between them.
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The sensitivity for these values is 78.95% and the specificity is 63.4%. The positive odds
ratio (+LR) (LR—likelihood ratio) was 2.17 and the negative odds ratio (−LR) was 0.33
(Table 3, Figure 1). With a specificity of 90.9% for zonulin, the cut-off value was 28 ng/mL.
Using PPV or NPV, this study showed that zonulin level can be used to effectively predict
those who are likely to develop A2GDM. However, serum zonulin level was found to
have no significant difference in discriminating between A1GDM and A2GDM groups
(AUC = 0.595, 95% CI: 0.457–0.723, p = 0.208) (Table 4, Figure 2).

Table 1. Pregnancy characteristics of the study population.

A1GDM
(N = 36)

A2GDM
(N = 21)

Control
(N = 33)

Totals
(N = 90) p

Age, years mean ± SD 30.8 ± 5.71a 34.1 ± 4.49b 30.4 ± 5.70a 31.4 ± 5.58 0.047 *
Body Mass Index

(kg/m2), mean ± SD
30.3 ± 5.36 32.2 ± 4.18 29.8 ± 3.61 30.6 ± 4.56 0.146 *

Parity,
N, median (IQR) 2 (1–4)a 3 (3–4.5)b 2 (2–4)a 3 (2–4) 0.048 **

Gestational Age,
days mean ± SD 180 ± 7.9 182 ± 5.5 180 ± 7.3 181 ± 7.1 0.801 *

History of GDM, n (%) 5 (13.9)ab 6 (28.6)a 0 (0)b 11 (12.2) 0.007 ***
Family DM History, n

(%) 17 (47.2)a 13 (61.9)a 8 (18.2)b 36 (40) 0.003 ***

Abbreviations: A1GDM—diet-controlled gestational diabetes; A2GDM—insulin controlled gestational diabetes;
IQR—interquartile range; DM—diabetes mellitus; GA—gestational age; SD—standard deviation; n—number;
kg—kilogram; m2—square meter. Mean values marked with different letters differ significantly. Data expressed as
n (%), median (minimum–maximum), or mean (± standard deviation). * ANOVA test (Post-hoc test: Bonferroni
correction), ** Kruskal–Wallis (Bonferroni correction Mann–Whitney U test), *** Chi-square test.

Table 2. Laboratory values and pregnancy outcomes of the study groups.

A1GDM
(N = 36)

A2GDM
(N = 21)

Control
(N = 33)

Totals
(N = 90) p

50 g GGT 1.
Hour, mg/dL
median (IQR)

181.5b
(160–193.25)

167b
(161–194)

103a
(85.5–121.5)

162
(117.25–188.25) <0.001 *

Hb a1c, g/dL
median (IQR)

5.5
(5.1–5.8)

5.8
(5.6–6.2) - 5.67

(5.4–6.07) 0.008 *

Mode of birth n (%)
VD 27 (75) 16 (76.2) 22 (66.7) 65 (72.2)

0.667 **
CS 9 (25) 5 (23.8) 11 (33.3) 25 (27.8)

Neonatal birth weight
grams, median (IQR)

3270
(2935–3465)

3080
(2957.5–3370)

3265
(3077.5–3520)

3250
(2977.5–3465) 0.271 *

Apgar 1
min, median (IQR) 9 (9–9) 9 (9–9) 9 (9–9) 9 (9–9) 0.855 *

Apgar 5
min, median (IQR) 10 (10–10) 10 (10–10) 10 (10–10) 10 (10–10) 0.855 *

Zonulin, ng/mL
median (IQR)

25.5a
(19.25–33.75)

28a
(22–35.5)

18b
(14–25)

23
(17.75–29.25) <0.001 *

Preterm delivery
(<37 weeks) n (%) 3 (8.3) 1 (4.8) 2 (6.1) 6 (6.7) 0.89 **

Polyhydramnios, n (%) 2 (5.6)ab 5 (23.8)a 1 (3)b 8 (8.9) 0.045 **
Abbreviations: A1GDM diet—controlled gestational diabetes; A2GDM—insulin controlled gestational diabetes,
HbA1C—hemoglobin A1C; C/S—cesarean section; GTT—glucose tolerance test; SD—standard deviation; n—
number; mg—milligram; dL—deciliter; L—liter; g—gram; ng—nanogram; IQR—interquartile range.; VD—
vaginal delivery. Mean values marked with different letters differ significantly. Data expressed as n (%), median
(minimum–maximum), or mean (± standard deviation). * Kruskal–Wallis (Bonferroni correction Mann–Whitney
U test), ** Chi-square test.
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Table 3. Receiver operating characteristic (ROC) curve analysis for the discrimination of zonulin level
between both GDM groups and the control group.

AUC 95% CI p Cut-Off Sensitivity
(%)

Specificity
(%) +LR −LR

Zonulin Level 0.7559 0.657–0.843 <0.001 >20 78.95 63.64 2.17 0.33

AUC—area under the curve; LR—likelihood ratio; CI—confidence interval.
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4. Discussion

Gestational diabetes mellitus (GDM) is a glucose tolerance disorder that occurs during
pregnancy and has adverse effects on maternal and fetal health [9]. In our study, we
investigated the association between zonulin levels between 24 and 28 weeks of gestation
and the development of GDM later in pregnancy. Our study showed that women who
later developed GDM had significantly higher serum zonulin concentrations between 24
and 28 weeks of gestation than women who remained normoglycemic throughout the
gestational period. The aim of this study was to evaluate the significance of serum zonulin
concentrations in distinguishing GDM and in differentiating between diet-controlled and
insulin-controlled groups in patients with GDM. This finding is consistent with studies
showing increased zonulin levels in people with GDM and type 2 diabetes mellitus [10].
The possible mechanism by which zonulin may play a role in the development of GDM is
that it impairs insulin receptor function and stimulates inflammation. In addition, when
the intestinal barrier is breached, infectious pathogens and antigens from food can enter
the body via mucosal immune elements, leading to increased immune responses and
the destruction of pancreatic beta cells and possibly increased cytokine production [10].
Therefore, an increase in zonulin levels is expected to lead to an increase in proinflammatory
adipocytokines such as leptin [11]. A previous study has shown that leptin levels increase
in the first trimester in women who later develop GDM.

Zonulin is a protein molecule involved in the regulation of intercellular tight junctions
and generally plays an important role in maintaining the integrity of the intestinal barrier [2].
This protein is necessary to increase or decrease the permeability of this barrier and thus
regulates the entry of macromolecules, microorganisms, and toxins from the intestine into
the general circulation [2]. In recent years, evidence has emerged that overproduction
of zonulin plays a role in the development of a number of diseases. In particular, high
levels of zonulin have been associated with celiac disease, type 1 and type 2 diabetes,
obesity, polycystic ovary syndrome, and a number of other inflammatory and autoimmune
diseases [12]. These diseases are often characterized by increased intestinal permeability,
making zonulin a potential biomarker for better understanding the pathogenesis of these
diseases [13]. Our results showed that serum zonulin level was a discriminator between
patients with and without GDM (AUC = 0.7559, 95% CI: 0.657–0.843, p < 0.001). Notably,
patients with a serum zonulin level of >20 ng/mL were found to be more likely to have
GDM. These results suggest that serum zonulin level has some discriminatory power in
distinguishing GDM and that a value of >20 ng/mL may be a useful cut-off value for
accurately predicting the disease. These findings are also supported by data from other
studies. For example, Zhang et al. found that serum zonulin level was an independent risk
factor for determining the risk of GDM [14]. In addition, Moreno-Navarrete et al. (2012)
showed that zonulin is associated with insulin resistance and diabetes [15].

Zonulin level seems to be used as a screening test in the diagnosis of gestational
diabetes mellitus (GDM). The data from our study suggest that zonulin level has a good
AUC (area under the curve) (0.7559) in detecting GDM, indicating that zonulin level is
a good combination of sensitivity and specificity. At a cut-off value of 20 ng/mL, the
sensitivity of the test was 78.9% and the specificity was 63.6%. This indicates that zonulin
level has a high ability to accurately detect the presence of GDM, but there is still a
possibility of false-positive results. In contrast, the specificity of the test increased to 90.9%
at a cut-off value of 28 ng/mL, but the sensitivity decreased. This shows that with its cut-off
value, the test can be a very effective screening test to accurately detect those without GDM
and that at this value, a diagnostic glucose load test can be performed in pregnant women
with higher zonulin levels. GDM is an important public health problem worldwide and in
Turkey [16]. According to the World Health Organization (WHO), the global prevalence
of GDM varies between 2 and 10%, while the rate in Turkey is 7.7% (range: 1.9–27.9%)
according to 2019 data [16]. In view of these data, our country belongs to the group of
countries with a higher prevalence of GDM, and therefore screening for GDM is becoming
increasingly important [16]. Compared with the 50 g oral glucose tolerance test (OGTT),
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zonulin level measurement is a less invasive test [6]. In recent years, discussions in the
media about the OGTT in Turkey have significantly influenced the preference of pregnant
women for this test [17]. Following these discussions, many pregnant women avoid this
test due to concerns about the potential risks of the test and their perception that the
OGTT may harm them or their baby [18]. This has led to a significant decrease in the
number of pregnant women who accept the OGTT. The results of the phenomenon, which
Hoffman et al. called the “celebrity effect”, are also supported by studies [19]. According to
studies, especially after 2014, there was a serious prejudice against the 50 g OGTT in Turkish
society due to some unfounded statements in the media that the 50 g OGTT had serious side
effects on the fetus, so the number of pregnant patients undergoing these screening tests has
decreased in recent years [20]. A dramatic decline has been observed. In a study conducted
in 2018 in a third-level center in our country, while the rate of pregnant women who agreed
to have a sugar challenge test was 7.55% in 2013, this rate decreased to 3.9% in 2017 [21].
In addition, there are pregnant women who do not want to have these tests because they
had mild side effects (nausea, vomiting, diarrhea) in their previous pregnancies after a
50 g OGTT [22]. For all these reasons, it is important to evaluate alternative screening
tests in societies with a high prevalence of GDM, as in our country. However, the OGTT
is the most sensitive test accepted and is used for GDM screening [18]. Further research
is needed for the screening and diagnostic use of serum zonulin levels, particularly to
reduce the false-negative rate, determine the optimal cut-off value, and improve the overall
performance of the test. In addition, how zonulin levels interact with other demographic
and clinical variables and how to manage these interactions should be investigated.

However, in this study, the power of serum zonulin levels to discriminate treatment
strategies in GDM patients was limited (AUC = 0.595, 95% CI: 0.457–0.723, p = 0.208).
Zonulin levels did not differ in the treatment approach of patients with GDM, i.e., no
significant difference in zonulin levels was observed between GDM patients who could
be controlled by diet and those who required insulin therapy. In contrast to some studies
showing that the association between zonulin levels and GDM is consistent, several studies
have not confirmed this association [23]. These inconsistencies are thought to be due
to studies conducted in different populations and in individuals of different ages. This
suggests that further studies are needed to fully understand the effects of zonulin levels on
the pathophysiology of GDM. The use of zonulin for screening and diagnosis of gestational
diabetes mellitus (GDM) has potential limitations. Some of these include the problem of
consistency and comparability between laboratories because there is no standard method
for measuring zonulin levels, the test is expensive and less accessible compared to more
common and less expensive traditional GDM screening and diagnostic tests, and there is a
lack of validation studies. These factors may limit the use of zonulin as a screening and
diagnostic test for GDM. However, as more research is conducted on this topic, some of
these limitations may be overcome.

5. Conclusions

The results of our study suggest that zonulin may be a potential biomarker for the
diagnosis of GDM and that it has limited utility in discriminating between different treat-
ment options. However, further investigation and studies with larger samples may help us
to better understand the role of zonulin in the pathogenesis of GDM and the efficacy of its
clinical application. In addition, ROC analysis of the relationship between zonulin levels
and GDM in this study showed that the ability of zonulin levels to discriminate GDM was
average. However, these results should be interpreted with caution. ROC analysis can
evaluate the ability of a biomarker to detect disease, but this does not necessarily mean that
it is effective in clinical practice [6]. Therefore, further studies are needed to evaluate the
effectiveness of zonulin level in clinical practice.

However, this study has some limitations. First, our study population included only a
limited number of patients. Therefore, larger studies are needed to provide further insight
into the ability of serum zonulin level to determine GDM and treatment strategies in a
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larger sample. Second, only serum zonulin levels were examined in this study, so the role of
other potential biomarkers in the pathophysiology and treatment of GDM was not a focus.

In conclusion, the results of this study suggest that zonulin level may be a potential
biomarker for the diagnosis of GDM. However, further studies are needed to evaluate its
usefulness in clinical application.
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