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INTRODUCTION

In India, the frequency of gestational diabetes mellitus (GDM) is on the rise, with an increase 
in type 2 diabetes mellitus, with prevalence rates ranging from 3.8% to 41%. And it is estimated 
that around 42 million women are affected with GDM at any point in time in India.[1] Insulin 

ABSTRACT
Objectives: Various physiological mechanisms counteract insulin resistance (IR) during normal pregnancy. 
Psychological stress is a known, independent risk factor for developing IR. Pregnancy-specific psychological 
stress may cause IR and increase the risk of overt diabetes. Hence, the study aims to evaluate maternal 
psychological stress using multiple stress markers and their association with changes in IR during pregnancy 
and postpartum.

Materials and Methods: Anthropometric measurements such as height, weight and skinfold thickness were 
measured using standard techniques. The stress markers were assessed using perceived stress scales (K10 
questionnaire), a physiological marker of stress (Heart rate variability [HRV] measures) and biochemical stress 
markers (Saliva, hair cortisol levels). IR was estimated using homeostasis model assessment-estimated IR 
(HOMA-IR). The association of stress markers with IR was studied among fifty healthy pregnant women during 
pregnancy and postpartum.

Results: The psychological stress scores and saliva cortisol were significantly higher during pregnancy than 
postpartum (P = 0.000). A  comparison of cardiac autonomic function as assessed by HRV measures shows 
that high frequency in normalised units (HFnu) was significantly higher during the postnatal period than in 
the prenatal period (P = 0.000). High frequency (HF) spectral power in absolute units was also significantly 
higher (P = 0.002) in the postpartum period (2612.30 ± 432.24) when compared with the prenatal period 
(1446.10 ± 299.15). Low frequency in normalised units (LFnu), low frequency (LF)/HF ratio was significantly 
higher during the prenatal period than in the postnatal period (P = 0.000). As assessed by HOMA-IR values, 
IR  was significantly higher during the prenatal period than postpartum (P = 0.04). There was a significant 
positive correlation between prenatal psychological stress scores, HRV parameters (LFnu, LF/HF) and 
postnatal IR.

Conclusion: Pregnancy is associated with higher psychological stress levels and IR than postpartum. Furthermore, 
the maternal cardiac autonomic marker could predict postnatal IR among healthy pregnant women.
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resistance (IR) occurs as a physiological adaptation during 
pregnancy to meet the increasing demands.[2] IR in pregnancy 
results from reduced insulin secretion, reduced tissue 
sensitivity to insulin and increased secretion of hormones 
with an anti-insulin effect, such as human placental lactogen, 
free cortisol and prolactin.[3] During a healthy pregnancy, IR 
is counteracted by increasing insulin secretion or switching 
to other energy sources such as fat. However, when insulin 
secretion capacity is insufficient to meet the IR, glucose 
intolerance develops, resulting in GDM. In 2–3% of all 
pregnancies, glucose tolerance deteriorates to the extent that 
it fulfils the diagnostic criteria for GDM.[3]

Stress is inevitable in day-to-day life and causes stimulation 
of neural and hormonal pathways.[4] Several neuroendocrine, 
metabolic and inflammatory changes occur during stressful 
situations.[5] A strong association has been reported 
between chronic psychological stress and cardio-metabolic 
dysfunction.[6] Acute and chronic stress is an independent 
risk factor for the development of IR.[5,7] Up to 23% of 
women experience depression, 15–35% have anxiety and 
75% experience stress during pregnancy.[8] Evidence suggests 
that pregnancy is associated with dampened maternal 
physiological responsivity to a stimulus or stressor, especially 
during the third trimester.[9]

The stress response is mediated mainly by the hypothalamus-
pituitary-adrenal axis, the renin-angiotensin system and the 
automatic nervous system (ANS).[4] ANS is a primary stress 
regulatory system that plays a critical role in modulating 
the stress response.[10] Psychological stress is a well-
known risk factor for the development of IR.[11] Hence, IR 
due to psychological stress may be associated with ANS 
dysregulation.[12] An impaired autonomic function has 
been associated with elevated serum insulin concentrations 
and decreased insulin sensitivity, independent of glucose 
levels.[13] The autonomic dysfunction occurs in the early stage 
of glucose intolerance,[13,14] even before the clinical onset of 
diabetes mellitus.[15] Therefore, impairment of autonomic 
function predicts the development of overt diabetes.[13,16] 
However, autonomic dysfunction due to pregnancy-specific 
psychological stress and its role in the development of IR is 
not well established.

The previous studies on prenatal stress have confined 
themselves to assessing general stress, which was evaluated 
using self-administered inventories. Physiologic and 
hormonal responses to stress during pregnancy or the effects 
of pregnancy-specific stress on changes in IR using multiple 
markers like heart rate variability (HRV), biochemical 
markers (saliva, hair cortisol) and perceived stress scales 
were sparsely investigated. This study aims to evaluate 
maternal psychological stress using multiple stress markers 
and their association with changes in IR during pregnancy 
and postpartum.

MATERIALS AND METHODS

Study participants

This is a longitudinal study involving fifty healthy pregnant 
women with a singleton pregnancy, age group of 25–35 years, 
visiting the tertiary hospital in India. The menstrual history 
(Last Menstrual Period) and the first-trimester ultrasound 
scan confirmed their gestational age. The experimental 
procedures were conducted during the morning session after 
a brief medical history and clinical examination.

Ethical considerations

The Central Ethics Committee of the institution has approved 
the study protocol, NU/CEC/2020–2021/043, dated March 
14, 2020 and all procedures were performed after obtaining 
written informed consent.

Study design

Selection criteria

Volunteers willing to undergo delivery in the hospital and 
agreeing to follow-up postpartum were recruited during 
their 3rd trimester (>32 weeks). Subjects with any acute illness 
in the preceding 2  weeks, multiple pregnancies, any foetal 
abnormalities as detected by ultrasound, history of diabetes 
mellitus/GDM, hypertension or other medical condition 
requiring treatment, history of breathlessness, chest pain, 
orthopnoea, those with habituation to tobacco and alcohol, 
any psychiatric illness were excluded from the study.

Study variables

All the participants underwent the following experimental 
protocols during 3rd trimester and 6 weeks postpartum.
1.	 Anthropometric measurements such as height, weight 

and skinfold thickness were measured using standard 
techniques. Body mass index (BMI) was calculated as 
weight (kg) divided by height (m) squared. The physical 
activity of the past month was assessed using a pre-
validated physical activity questionnaire.[17]

2.	 Assessment of psychological stress levels:
a.	 K-10 questionnaire[18] has ten questions about 

negative emotional states experienced during the 
4 weeks with five-level response scales for each item. 
Scores for the ten items are then summed, yielding 
a minimum possible score of 10 and a maximum 
possible score of 50. High scores signify extreme 
psychological stress, whereas low values imply 
minimal psychological stress.

b.	 Biochemical analysis:

	 Salivary cortisol level estimation: Saliva samples 
of the subject was collected using the standard 
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technique.[19] Cortisol levels were estimated by the 
enzyme-linked immunosorbent assay (ELISA) method 
(DRG Instruments, GmbH, Marburg, Germany). The 
values were reported as ng/mL. The reference value for 
the saliva cortisol level was 0.09–30 ng/mL.

	 Hair cortisol level estimation: Hair samples were taken 
from the vertex posterior of the head and were stored at 
room temperature in a labelled paper envelope. Hair was 
processed for steroid extraction using an appropriate 
procedure[20] and analysed by the ELISA kit (DRG 
Instruments, GmbH, Marburg, Germany). The values 
were reported as pg/mg. The reference value for hair 
cortisol level was 17.7–153.2 pg/mg.
c.	 Assessment of cardiac autonomic activity: All 

subjects were requested to refrain from strenuous 
physical activity for 24  h and any caffeinated/non-
caffeinated beverages for 2 h before recording. Basal 
blood pressure was measured using a non-invasive 
intermittent automated blood pressure monitoring 
device (Omron IA2 model  -  HEM-7011-C1, 
Kyoto, Japan) in the supine position. Resting HRV 
measurements were performed after voiding the 
urine in a single session in a quiet, temperature-
controlled room (23 ± 1°C). During the procedures, 
subjects were instructed to breathe normally. The 
lead II ECG was recorded using a computerised 
4-channel data acquisition module (Power lab 
26-T, AD instruments, New South Wales, Australia) 
in the supine position for 5 min at a sampling rate 
of 1000  Hz. Ectopics and artefacts were excluded 
from the raw recordings manually. Power spectral 
analysis was performed using a non-parametric Fast 
Fourier transformation-based approach with the 
HRV module of Lab Chart V7, AD Instruments. The 
power spectrum was expressed as low frequency (LF) 
(0.04–0.15 Hz), high frequency (HF) (0.15-0.4 Hz), 
total power in absolute units, LF in normalised units 
(LFnu), HF in normalised units (HFnu) and LF/HF 
ratio. LF components represent parasympathetic 
and sympathetic modulations, whereas HF is 
associated with parasympathetic modulation. LF/
HF constitutes an evaluation of the ANS balance 
(sympathetic/parasympathetic). If this ratio is <1, it 
shows a parasympathetic predominance, whereas a 
ratio above 1 reflects sympathetic dominance.

3.	 Assessment of IR:
a.	 Fasting blood glucose: Venous blood sample was 

collected after an overnight fast using a sterile 
technique and blood glucose levels were estimated 
by glucose oxidase and peroxidase method.

b.	 Serum C peptide: Venous blood sample was 
collected in plain tubes using a sterile technique. 
The serum was separated and C-peptide levels were 

estimated using the ELISA kit (DiaMetra S.r. l, Via 
Pozzuolo, Italy). The reference value for serum C 
peptide level: 0.7–1.9 ng/mL.

	 IR was estimated using Homeostasis model assessment-
estimated IR (HOMA-IR). HOMA-IR using C-peptide 
was calculated by replacing insulin with C-peptide in 
HOMA-IR formula:[21] Fasting plasma glucose (mmoL/L) 
times fasting serum insulin (mU/L) divided by 22.5.

Statistical analysis

Data are expressed as mean, accompanied by standard 
deviation. If data were normally distributed, a paired t-test 
was performed to compare parameters between the antenatal 
and postnatal periods. For non-parametric distribution, the 
Wilcoxon Signed Ranks Test was performed to compare 
indices between the prenatal and postpartum period and 
expressed as median accompanied by interquartile range. The 
strength of the association between various stress markers 
and IR during prenatal and postnatal periods was assessed 
using Spearman’s rank correlation test. Statistical significance 
was considered at a probability value of P < 0.05. Statistical 
Package for the Social Sciences (SPSS) 20.0. (SPSS-Inc., 233 
South Wacker Drive, Chicago, IL, USA) Software package 
was used to perform the statistical analysis.

RESULTS

The present study is a longitudinal study among fifty subjects 
in the age group of 26 ± 2  years recruited during the third 
trimester and followed up 6  weeks after delivery. The 
comparison of subject characteristics and anthropometric 
measurements of study participants during the prenatal and 
postnatal periods showed that the anthropometric parameters 
such as weight, BMI, fat percentage and fat-free mass did not 
vary significantly between antenatal and postnatal periods. 
The heart rate and systolic blood pressure were significantly 
higher in the prenatal period than in the postnatal period 
[Table  1]. Participants reported a significantly higher 
(P  =   0.000) physical activity level during pregnancy (1.76 
[1.56, 2]) than during postpartum period (1.48 [1.34, 1.72]).

As measured by the K10 questionnaire, the psychological 
stress scores were significantly higher during the prenatal 
period than during the postnatal period. Saliva cortisol 
level, the biochemical marker of acute stress, was 
significantly higher during the prenatal period compared 
to the postpartum period [Table  2]. The biomarker for 
chronic stress, hair cortisol level was 21.51 ± 0.71  pg/mg 
during the prenatal period. A  comparison of HRV indices 
shows a significant difference in HF, LF spectral power in 
normalised units and LF/HF ratio [Figure  1]. HFnu was 
significantly higher during the postnatal period than during 
the prenatal period. HF spectral power in absolute units 
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was also significantly higher (P = 0.002) in the postpartum 
period (2612.30 ± 432.24) when compared with the 

prenatal period (1446.10 ± 299.15). LFnu, LF/HF ratio was 
significantly higher during the prenatal period than in the 
postnatal period. The average HR between the antenatal and 
postpartum periods was significantly different (P = 0.01), 
with prenatal HR (93.88 ± 1.9) being significantly higher 
than that of postnatal HR (87.16 ± 1.55). However, there was 
no difference in other indices of HRV, such as Total Power 
(TP) and LF, in absolute units. A  comparison of IR during 
the prenatal and postnatal periods shows that fasting blood 
glucose levels and HOMA-IR values were significantly higher 
during the prenatal period [Table 3].

A significant positive correlation existed between prenatal 
psychological stress measures assessed by stress scores 
and postnatal IR [Figure  2]. There exists a significant 
positive correlation between prenatal LFnu (P = 0.03, 
r = 0.33), LF/HF [Figure 3] and postnatal IR. Furthermore, 
a significant positive correlation existed between postnatal 
HRV parameters like LF spectral power in both absolute 
(P =  0.02, r = 0.35) as well as normalised units (P = 0.02, 
r = 0.31) and postnatal IR. There was a significant negative 
correlation between HF spectral power in absolute units 
(P = 0.04, r = −0.31) and postnatal IR [Figure 4].

Correlation statistics were performed to study the association 
between the biochemical parameters (saliva and hair cortisol 
levels) and IR during pregnancy and postpartum. However, 
there was no statistically significant association.

DISCUSSION

The study compared various psychological stress measures 
and IR during the prenatal and postnatal periods and 
evaluated the association of various psychological stress 
measures with IR. In this study, stress was measured 
by assessing (a) psychological stress scores, (b) cardiac 
autonomic markers of stress and (c) biochemical markers 
of stress during the 3rd  trimester of pregnancy and 6 weeks 
postpartum.

The results of the study showed that maternal psychological 
stress level was higher during the prenatal period compared 
to the postnatal period. There was higher sympathetic 

Table 1: Comparison of subject characteristics and anthropometric 
measurements during the prenatal and postnatal period.

Variables Prenatal Postnatal P‑value
Mean±SD Mean±SD

Weight (kg) 57.65±9.31 58.51±5.65 0.7
Height (m) 1.56±0
BMI (kg/m2) 23.68±3.3 24.12±2.63 0.23
Pulse rate  
(beats/minute)

76±7 72±7 0.007*

Systolic blood 
pressure (mm Hg)

115±10 112±10 0.04*

Diastolic blood 
pressure (mm Hg)

77±8 74±9 0.1

*P<0.05 is considered to be statistically significant. BMI: Body mass 
index, SD: Standard deviation

Table 2: Comparison of psychological stress parameters during 
the prenatal and postnatal period (n=50).

Variables Prenatal period Postnatal period P‑value

Psychological 
stress scores

16 (10, 25) 10 (10, 12) 0.000*

Saliva 
cortisol  
(ng/mL)

14.39 (11.77, 17.53) 7.63 (3.48, 11.14) 0.000*

*P<0.05 is considered to be statistically significant. Data is expressed as 
median (interquartile range), n: number

Figure 1: Comparison of heart rate variability during the prenatal 
and postnatal period *P < 0.05 considered to be statistically 
significant. HFnu: High-Frequency in normalised units, 
LFnu: Low-Frequency in normalised units, LF/HF: Low frequency/
high-frequency ratio.

Table 3: Comparison of Insulin resistance during the prenatal and 
postnatal periods.

Variables Prenatal period Postnatal period P‑value

Fasting blood 
glucose  
(mg/dL)

80 (78, 90) 74 (71, 78) 0.000*

HOMA‑IR 1.72 (1.18, 2.63) 1.48 (1.03, 2.24) 0.04*
*P<0.05 is considered to be statistically significant. 
HOMA‑IR: Homeostasis model assessment‑estimated insulin resistance, 
Data are expressed as median (interquartile range)
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activity, as suggested by a significantly increased LF spectral 
power, LF/HF, a surrogate marker of sympathetic autonomic 
function, during the third trimester of pregnancy. These 
findings were supported by significantly higher stress scores 
and saliva cortisol levels during the prenatal period. However, 
following delivery, there was a shift of sympathovagal 
balance towards parasympathetic predominance. A  higher 
parasympathetic autonomic function was suggested by 
significantly increased HF spectral power. A  study among 
healthy pregnant women that assessed the ANS activity in 
different stages of pregnancy to the psychosocial stressor 
showed similar findings.[22] The findings of present the study 
are similar to another cross-sectional study that compared 
frequency and time domain parameters of HRV among 
pregnant women and non-pregnant controls.[23] A study by 
Gandhi et al.[24] showed a significant increment in frequency 
domain parameters, LF power normalised and absolute 
values during the third trimester of gestation.

Moreover, most studies assessed HRV over three trimesters 
during pregnancy but did not compare antenatal and 
postpartum HRV changes. In contrast to these findings, a 
study reported no difference in autonomic indices during 
different gestational ages[25] and among pregnant and non-
pregnant women;[26] however, the autonomic function tests 
were performed only during the first trimester. One study 
that compared HRV parameters among normotensive 
women during pregnancy and postpartum reported that 
LF spectral power and LF/HF ratio significantly increased 
during pregnancy and returned to normal following 
delivery.[26] The findings of the present study were 
similar to the earlier reports. This indicates sympathetic 
predominance during late pregnancy and sympathovagal 
balance returns to normal following delivery. Sympathetic 
dominance during pregnancy may be due to aortocaval 
compression caused by enlarging gravid uterus with 
increasing gestational age.[27] The return of ANS activity 
to normal is attributed to the relief of aortocaval 
compression.[28]

A study that compared hair cortisol with diurnal salivary 
cortisol throughout pregnancy and in the first 3  months 
postnatally reported that both saliva and hair cortisol levels 
significantly increased across pregnancy, followed by a 
postnatal decline.[29] Even in the present study, saliva cortisol 
level, a biomarker of acute stress, was higher during the 
prenatal period when compared with the postnatal period.

The present study uses HRV measures as a psychological stress 
marker during pregnancy. A  parallel change in biochemical 
stress markers supports the HRV findings of altered 
sympathovagal balance. Apart from various physiological and 
physical changes, the psychological adaptations during the 
prenatal period may be challenging for a mother.

A comparison of IR in prenatal and postnatal periods 
showed a significant difference in IR as assessed by 

Figure 2: Correlation between prenatal psychological stress measures 
and insulin resistance during the postnatal period. *P  < 0.05 is 
considered to be statistically significant. HOMA-IR:  Homeostasis 
model assessment-estimated insulin resistance.

Figure  3: Correlation between prenatal HRV parameters and 
postnatal IR. HRV: Heart rate variability, IR: Insulin resistance, 
HOMA-IR: Homeostasis model assessment-estimated insulin 
resistance, LF/HF: Low frequency/High-frequency ratio.

Figure  4: Correlation between HRV and IR during the postnatal 
period. HRV: Heart rate variability, IR: Insulin resistance, 
HOMA-IR: Homeostasis Model Assessment-estimated insulin 
resistance.
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HOMA-IR. The HOMA-IR values were significantly 
higher during the third trimester and decreased to 
normal values 6 weeks following delivery. A study among 
three pregnant women confirms that insulin sensitivity 
in patients with GDM is comparable with that of non-
pregnant women within 3  days after childbirth.[30] A 
longitudinal study among healthy obese women with 
normal glucose tolerance during and after pregnancy 
concluded that IR was reversed within 15–16  weeks 
after delivery.[31] Similarly, in the present study, higher 
HOMA-IR values during the third trimester return to 
normal following delivery. Another longitudinal study 
by Kirwan et al. that followed up nine women from late 
pregnancy to 1 year following birth has shown that IR that 
develops during late pregnancy reverses to normal within 
1 year postpartum.[32] However, the data about the time of 
reversibility of IR during the postpartum period in women 
with normal glucose tolerance during pregnancy remains 
speculative due to the lack of longitudinal studies with 
large sample sizes. Further, the present study is the one 
that assessed the effect of pregnancy specific stress on IR 
during healthy pregnancy and postpartum.

The correlation between measures of prenatal stress with 
IR in postnatal periods showed a significant association 
between prenatal psychological stress measures such as 
HRV indices, psychological stress scores and postnatal 
IR. A  significant positive correlation existed between the 
stress scores, the surrogate marker of sympathetic activity 
(LF spectral power), sympathovagal balance (LF/HF) and 
postnatal IR. Both pregnancy and postpartum periods 
increase the vulnerability of women to mental stress as 
well as impaired glucose metabolism. Knowledge regarding 
the association of maternal prenatal psychological stress 
with postnatal IR is meagre, especially among the healthy 
population. A study that assessed the relationship between 
IR and activity of the ANS using power spectrum analysis 
of HRV analysed from long-term, 24-h ECG recordings 
among healthy nondiabetic subjects showed an association 
between altered sympathovagal balance and IR.[33] Laitinen 
et al.[34] demonstrated similar findings following insulin 
infusion during a euglycemic clamp. Therefore, impaired 
autonomic function may result from IR among nondiabetic 
individuals.

A longitudinal study regarding the incidence of diabetes 
mellitus among women with GDM concluded that fasting 
blood glucose values at a normal upper range can predict 
postpartum diabetes.[35] A prospective cohort study 
that evaluated modifiable risk factors for GDM, such as 
psychological stress, physical activity level and lifestyle-
related factors among different ethnic groups, showed 
an association between psychological stress and the 
development of GDM.[36] These studies were among patients 
with GDM and focused on determining the risk of diabetes 

among mothers with GDM. They did not study the effects of 
prenatal maternal stress on postnatal IR.

Psychological stress-induced IR may be due to the activation 
of the sympathetic nervous system and the hypothalamic-
pituitary-adrenal axis.[5] The sympathetic nervous system 
returns to normal when stress fades.[37] However, whether 
the autonomic imbalance contributes to the development 
of IR or a consequence of IR is unclear. An impaired 
autonomic function may be a mechanism associated with 
early glucose dysmetabolism. Thus, autonomic dysfunction 
may be involved in the pathogenic pathway leading to 
the development of diabetes. Animal studies showed 
that an increased sympathetic modulation of vessels and 
the heart preceded metabolic dysfunction in fructose-
consuming mice.[38] A Framingham heart study reported 
that autonomic imbalance, as measured by decreased HRV 
and increased resting heart rate, predicted the development 
of metabolic syndrome within 12  years.[39] A recent study 
of 1298 individuals with different numbers of metabolic 
abnormalities showed that altered cardiac autonomic 
function existed in individuals with one or two metabolic 
abnormalities. Hence, the authors suggested that altered 
cardiac autonomic function precedes the presence of IR 
in metabolic syndrome.[40] However, the role of autonomic 
imbalance during the antenatal period as a predictor of 
postnatal IR is unclear. The present study highlights the 
association between psychological stress-induced autonomic 
dysfunction during pregnancy and postnatal IR.

Hence, the measurement of HRV can be an accurate, non-
invasive, inexpensive and quantitative tool for detecting an 
autonomic imbalance in the prenatal period and may be 
helpful in the forecast of postnatal IR among healthy and 
those with GDM. Assessment of cardiac autonomic function 
provides an opportunity to prospectively evaluate modifiable 
risk factors such as psychological stress for GDM and 
gauge the magnitude of the problem in the prenatal period. 
Furthermore, it offers a chance to propose appropriate 
guidelines for screening, diagnosis and early treatment of 
postpartum DM. Early maternal lifestyle modifications in 
pregnancies at risk for GDM might offer the opportunity 
not only for a reduction in the risk of type  2 diabetes in 
the mother but also for the risk of diabetes and obesity in 
children.

Limitations of the study

The present study assessed association of various stress 
markers with IR during prenatal period and postnatal period. 
However, the study will have more clinical significance if 
the parameters were evaluated pre-pregnancy, across three 
trimesters during pregnancy and postpartum. Further the 
study can be extrapolated among patients with GDM as well 
as overt DM.
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CONCLUSION

The findings of the study show that maternal psychological 
stress level is higher during the prenatal period compared 
to the postnatal period, as assessed by HRV, salivary 
cortisol levels and psychological stress scores. Furthermore, 
pregnancy is associated with higher IR compared to 
postpartum. The present study also concludes an association 
between prenatal stress measures and postnatal IR. Maternal 
prenatal cardiac autonomic marker (HRV measures) could 
predict postnatal IR among healthy pregnant women.
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