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Abstract

Background: This study investigates the influence of maternal stress during pregnancy on maternal insulin sensitivity and Interleukin-6
(IL-6) levels in pregnant women (N = 277) in dependence of pre-pregnancy Body-Mass-Index (BMI). Methods: Gestational diabetes
was diagnosed in 80 women. We used the Patient Health Questionnaire (PHQ-D) to investigate maternal stress during pregnancy with
a higher scoring indicating higher maternal stress level. IL-6 and cortisol were measured and maternal insulin sensitivity was assessed
with the non-esterified fatty acid insulin sensitivity index (NEFA-ISI). Generalized Linear Model analysis was used to analyze effects
within different stress groups. Results: Maternal low stress symptoms during pregnancy showed no significant association with maternal
insulin sensitivity or IL-6. Higher cortisol levels during pregnancy were associated with elevated IL-6 concentrations. Pre-pregnancy
BMI had the strongest positive effect on IL-6 levels andwas negatively associatedwith insulin sensitivity during pregnancy. Conclusions:
Therefore, preconceptional interventions to reduce BMI are needed to improve maternal metabolism during pregnancy.
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1. Introduction
The cytokine Interleukin-6 (IL-6) has important func-

tions in immune response, hematopoiesis, and inflamma-
tion [1]. Together with other components of the immune
system, IL-6 plays an important role in maintaining preg-
nancy by controlling the inflammatory environment [2]. In-
creased IL-6 levels can have far-reaching effects on preg-
nancy outcome and increase potential risk factors for dis-
ease later in life [3].

Not only inflammation but also maternal stress is a
risk factor for elevated IL-6 levels during pregnancy [4–
6]. Previous studies demonstrated an association between
maternal stress and metabolism of the offspring including
increased risk of obesity in childhood and adulthood [7].
Even in non-pregnant subjects, a significant correlation be-
tween BMI and IL-6 levels were reported [8].

Several studies showed evidence that psychosocial
stress increases IL-6 and fetal and maternal cortisol in late
pregnancy and reduces maternal insulin sensitivity [9–11].
During late gestation, the activity of the fetal stress sys-

tem is enhanced and the placenta is considered as a stress-
sensitive organ. In case of an adverse intrauterine envi-
ronment, such as inflammation, a premature activation of
this system may occur [11]. A recent report has shown
that IL-6/cortisol levels are also measurable in cord blood
[12]. But the placenta also has protective properties. These
are mainly regulated by 11β-hydroxysteroid dehydroge-
nase type 1 which controls fetal exposure to glucocorticoids
like cortisol [12]. In non-pregnant subjects, a correlation
between cortisol levels, IL-6 and BMI was reported [13].
With regard to high stress, it is well known that maternal
stress levels have an impact on cortisol levels [14] and are
associated with the womens’ BMI during pregnancy [15].

The present study aimed to decipher the interplay be-
tween the pre-pregnancy BMI, maternal stress, IL-6 and
maternal insulin sensitivity during late pregnancy in a large
sample of deeply phenotyped pregnant women including
gestational diabetes.

Our hypotheses were:
(1) Elevated stress levels during pregnancy are asso-
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ciated with an increase in maternal IL-6 in dependence of
pre-pregnancy BMI.

(2) Elevated stress levels during pregnancy are asso-
ciated with a decrease in maternal insulin sensitivity in de-
pendence of pre-pregnancy BMI.

(3) Increased IL-6 values are associatedwith a reduced
maternal insulin sensitivity.

In an exploratory approach, we aim to investigate the
relation between cortisol and IL-6 as well as cortisol and
insulin sensitivity.

2. Materials and methods
2.1 Study population

We analyzed data of the ongoing German Gestational
Diabetes Study (PREG study) (Clinical trials identifier:
NCT04270578), which investigates metabolic disturbances
during pregnancy between gestational week 24th–31st +
6th. By in-depth phenotyping of the mother and her off-
spring, we aim to elucidate the relationship of maternal hy-
perglycemia during pregnancy and adequate treatment and
its impact on the long-term health for both, mother and off-
spring. Women are examined during pregnancy as well as
1, 2, 5 and 10 years after delivery. In this analysis, we an-
alyzed data from pregnant participants. The study sample
included 277 women, 80 with gestational diabetes (GDM).

2.2 Maternal psychological parameter
To assess stress we used the validated German trans-

lation of Patient Health Questionnaire (PHQ-D) [16]. The
women completed the questionnaire mainly with paper pen-
cil during the study visit or at home afterwards. The ques-
tionnaire consists of 78 items in total. Diagnostic criteria for
major depression and other depressive disorders, panic dis-
order and other anxiety disorders, bulimia nervosa, binge-
eating disorder, somatoform disorder and alcohol abuse are
asked. There is a two to five-level response scale for each
question.

Within the PHQ-D there are both categorical and con-
tinuous variables. A dimensional evaluation is possible
for the somatization module (“PHQ-15”), the depression
module (“PHQ-9”) and the stress module (“Schweregrad
Stress”). For the analysis we explicitely used the “Stress”
subscale to determine the stress level of the women. The
subscale “Stress” contains ten items with the rating 0 (“not
impaired”), 1 (“slightly impaired”) or 2 (“severely im-
paired”). In the “Stress” subscale, the result is a sum of
scales between 0 (no stress) to 20 (high stress).

2.3 Maternal physiological parameters
In all participants, a 5-point oral glucose tolerance test

(OGTT) with 75 g glucose was performed in the morn-
ing after an overnight fast. GDM was diagnosed following
the national guidelines of the German Diabetes Association
(DDG) [17] in accordance with the International Associ-
ation of Diabetes in Pregnancy Study Groups (IADPSG)
[18]. Women without gestational diabetes diagnosis were

defined as women with normal glucose tolerance (NGT).
Maternal insulin sensitivity was calculated with

the non-esterified-free-fatty-acids insulin sensitivity index
(NEFA-ISI) [19].

Pre-gestational weight and height was taken from ma-
ternal medical logs and the pre-pregnancy BMI (preBMI)
was calculated weight (kg)/height2 (m2). Women were as-
signed to three groups, depending on their preBMI: women
with normal weight (BMI 18.5–24.9; N = 179), overweight
(BMI 25.0–29.9; N = 44), and obesity (BMI≥30.0; N = 72)
(see Supplementary Table 1).

Maternal IL-6 concentrations (ng/L) were analyzed
with High Sensitive Enzyme Linked Immunosobent as-
say (ELISA) (R&D systems, Minneapolis, MN, USA; as-
say range: 0–10 pg/mL, minimum detectable dose: 0.031
pg/mL) according to the manufacturer’s instructions. Cor-
tisol levels were analyzed on an automated ADVIA Cen-
taur XPT immunoassay system (Siemens Healthineers, Es-
chborn, Germany, assay range: 5.6–2100 nmol/L).

2.4 Statistical analysis

All statistical analyses were performed with IBM
SPSS Statistics software version 26 (IBM Corp., Armonk,
NY, USA). Outliers were identified using three standard de-
viations as cutoff. We used a Generalized Linear Model
(GzLM) with gamma as distribution and log as canonical
link function. GzLM was used to test effects of mater-
nal stress on IL-6 and effects of IL-6 on maternal insulin
sensitivity. To determine the goodness of fit of the differ-
ent statistical models and to prevent overfitting, we used
the Akaike-Information-Criterium (AIC). For testing the
effects in the model, a Wald-Chi-Square test with a sig-
nificance level at p < 0.05 was used. In case of signif-
icant model effects, pairwise comparisons for factors and
interactions were computed and parameter estimates are re-
ported. To account for multiple comparisons, Bonferroni-
Holm correction was applied. Missing values in the PHQ-
D questionnaire were handled as described in Kocalevent et
al. [20]. PreBMI, GDM status, gestational age (in weeks)
(GA) and cortisol level were independent variables in the
model. Two-way interactions between stress and the other
variables were computed. To determine relations between
cortisol and stress or IL-6, we performed a Pearson’s cor-
relation (in case of normally distributed data) or Spearman
correlation (in case of non-normally distributed data).

3. Results
3.1 Population and procedure

Themain sample included 277 women, 80 with GDM.
Detailed characteristics are displayed in Table 1. Overall,
we observed a right skewed distribution of the stress levels,
indicating that the majority of subjects were only moder-
ately/mildly stressed. According to the study of Braig et al.
[21] we divided the subjects based on their stress scores in
three groups: no stress (ratings 0 and 1), low stress (ratings
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Table 1. Detailed anthropometric and metabolic characteristics for GDM and NGT women (in total, N = 277).
Parameter NGT GDM p-value

N 197 80
AGE (years) 31.85 (4.68) 33.12 (4.82) 0.043
BMI (kg/m2) 26.22 [23.43, 29.76] 28.86 [25.75, 32.61] 0.001
Pre-pregnancy BMI (kg/m2) 23.19 [21.60, 26.85] 25.84 [22.78, 30.80] 0.001
Gestational Age (weeks) 26.90 (2.01) 26.74 (1.76) 0.519
NEFA-ISI 3.44 [2.66, 4.38] 2.35 [1.89, 3.40] <0.001
Parity (%)

multiparous 85 (43.1) 46 (57.5) 0.042
nulliparous 112 (56.9) 34 (42.5)

Cortisol (nmol/L) 721.00 [622.00, 804.00] 705.50 [617.75, 859.00] 0.686
IL-6 (ng/L) 0.91 [0.56, 1.34] 1.19 [0.78, 1.73] 0.002
PHQ-D Subscale:

Severity of stress (Schweregrad Stress) 3.00 (2.75) 3.29 (2.89) 0.437
Stress groups

mild stress 69 (35.0) 29 (36.2) 0.643
low stress 63 (32.0) 29 (36.2)
no stress 65 (33.0) 22 (27.5)

Data are presented as means (SD), median [IQR] and counts (%). IQR, interquartilerange; SD, standard deviation;
N, sample size; GDM, women with gestational diabetes; NGT, women with normal glucose tolerance.

2 and 3) and mild stress (ratings ≥4).

3.2 Maternal stress is not associated with IL-6 levels
during pregnancy

The GzLM revealed no significant main effect of ma-
ternal stress on IL-6 (Fig. 1). However, a main effect for
preBMI on IL-6 was observed (χ2 = 36.64, p < 0.001).
With increasing preBMI, women had significant higher IL-
6 values. We found higher IL-6 in GDM compared to
women with normal glucose tolerance (NGT) (χ2 = 5.25
p = 0.022, beta = 0.181). In an explorative approach, we
found a significant positive correlation of cortisol with IL-
6 (χ2 = 6.21 p = 0.013, beta = 0.001) (Table 2).

Fig. 1. Maternal stress categories and Interleukin-6 (IL-6) lev-
els. no stress: N = 76; low stress: N = 87; mild stress: N = 97.

Table 2. Effect of maternal stress on Interleukin-6, complete
model of GzLM analysis.

Predictor χ2 p-value

Maternal stress n.s.
PreBMI 36.64 p < 0.001
Group (GDM/NGT) 5.25 p = 0.022
IL-6 6.21 p = 0.013
GDM, Women with gestational diabetes; NGT,
Women with normal glucose tolerance; IL-6,
Interleukin-6; PreBMI, pre-pregnancy BMI; IS,
insulin sensitivity; n.s., not significant.

We analyzed the effect of cortisol on maternal stress
and found no effect in the GzLM analysis. With increasing
IL-6, women had significant higher cortisol levels. We ob-
served no significant main effect for group (GDM/NGT) or
preBMI.

3.3 Maternal stress is not associated with insulin
sensitivity

We found no significant effect of maternal stress on
insulin sensitivity. We found a significant main effect of
preBMI on maternal insulin sensitivity (χ2 = 97.76, p <

0.001). With increasing BMI, women had significant lower
insulin sensitivity. We observed a significant main effect
for group (GDM/NGT), with increased insulin sensitivity in
NGT opposed to GDMwomen (χ2 = 20.28, p = 0.001). IL-
6 values were negatively associated with insulin sensitivity
(χ2 = 16.53, p < 0.001, beta = –0.106) (Table 3).
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Table 3. Effect of maternal stress on insulin sensitivity,
complete model of GzLM analysis.

Predictor χ2 p-value

Maternal stress n.s. 
PreBMI 97.76 p < 0.001
Group (GDM/NGT) 20.28 p = 0.001
IL-6 16.53 p < 0.001
GDM, Women with gestational diabetes; NGT,
Women with normal glucose tolerance; IL-6,
Interleukin-6; PreBMI, pre-pregnancy BMI; IS,
insulin sensitivity; n.s., not significant.

4. Discussion
In our study population, maternal low stress symp-

toms during pregnancy were not associated with maternal
insulin sensitivity or IL-6, independent of presence or ab-
sence of gestational diabetes. Women with pre-pregnancy
overweight or obesity showed higher IL-6 and lower insulin
sensitivity compared to women with normal weight. These
effects are also independent of the presence of GDM. Un-
expectedly, the degree of maternal stress was not associated
with IL-6. This might be explained by the rather low stress
in our cohort (scores not higher than 13 on a scale between
0 and 20). It is well-known that decreased insulin sensi-
tivity is the key pathophysiological mechanism underlying
the development of gestational diabetes [22] and that ma-
ternal IL-6 levels are increased in pregnancies with GDM
[23]. Besides, a study reported an increased IL-6 concen-
tration by obesity independently of insulin resistance status
[24]. A study by Cousson-Read [9], demonstrated a signif-
icant association between prenatal stress and the cytokine
profile in pregnant women across pregnancy. Valsamakis
and colleagues [11] reported a negative correlation between
prenatal anxiety symptoms and maternal insulin sensitivity
in eighty-two pregnant women but did not report any cor-
relation between prenatal stress and IL-6. Our study shows
that pre-pregnancy BMI is associated with maternal insulin
sensitivity and IL-6 levels in the third trimester of preg-
nancy. IL-6 is secreted from adipose tissue [25,26] and
obesity is recognized as a state of subclinical inflammation,
which contributes to insulin resistance. An association of
adiposity and proinflammatory cytokines, including IL-6,
was shown during pregnancy [27] arguing for a direct ef-
fect of BMI on IL-6 levels.

One limitation of our study is that we used a question-
naire which asked about the general stress level. Subtle or
other minor stress symptoms and pregnancy-related ques-
tions were not explicitly queried.

5. Conclusions
The mechanisms between IL-6 levels and maternal

psychosocial stress and the direction of causality is not yet
fully understood and needs to be further investigated. This

is necessary to provide women with optimal care during
pregnancy or even in the preconception phase with regard to
the pre-pregnancy BMI and stress management programs.
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