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Background: Gestational diabetes [GDM] is one of the most common
metabolic disorders associated with many adverse maternal and fetal
complications including cardiovascular events. This study aimed to evaluate
the function of the autonomic nervous system by heart rate variability [HRV]
between pregnant women with GDM and healthy pregnant women.

Methods: The study was a case-control observational study on 50 pregnant
women with GDM and 51 healthy pregnant women. They were assigned to the
study at 32-36 weeks of gestational age. Demographic and past medical
history and lab findings were gathered. HRV was assessed by a time-domain
analysis of 24-hour cardiac Holter monitoring including SDNN-SDANN-rMSSD
and pNN50 variables.

Results: The mean age of the participants was 28.69 [+ 5.5]. Data analysis
showed no significant difference in the age [p-value: 0.10], maternal
hypothyroidism [p-value: 0.2], and PCO [p-value: 1/000] between two groups.
There was no significant difference between SDNN [p-value: 0.21], SDANN [p-
value: 0.11], and rMSSD [p-value: 0.87] between two groups. pNN50 in GDM
group decreased significantly [P-value = 0.0001].

Conclusion: A significant decrease in the pNN50 index in GDM group may be
a marker of autonomic dysfunction. Reduced pNN50 could be explained by
decreasing parasympathetic activity and sympathetic overcome in pregnancy,
especially in pregnancy associated with diabetes, leading to instability of the
autonomic nervous system.
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GRAPHICAL ABSTRACT

Introduction

Pregnancy is perceived as a miracle. Many
women feel an inner glow and bond to the
growing fetus [1]. Glucose intolerance, which is
first diagnosed during pregnancy is defined as
gestational diabetes [2]. It mostly happens in the
second and third trimester [3]. Pregnancy-
induced physiological changes in glucose
metabolism can lead to glucose intolerance or
insulin resistance [4]. Pregnancy incidence of
GDM varies from 2% to 14% globally, which is
increasing [5], and parallel to the increment in
the prevalence of obesity and type 2 diabetes
mellitus [6]. Other risk factors related to the
incidence of gestational diabetes include a family
history of diabetes, high maternal age, low
physical activity and dietary habits [7].
Gestational diabetes leads to increased maternal
and fetal morbidity and mortality [8]. It is also a
risk factor for cardiovascular disease [9]. Cardiac
events such as myocardial infarction, heart
failure, arrhythmia, and sudden cardiac death
occur more frequently in these women [10].
Another important
cardiovascular disorders in this group of patients
is cardiac autonomic neuropathy, which is
strongly associated with hyperglycemia and
insulin resistance [11]. The autonomic nervous
system [ANS] regulates electrical activity and
contraction of the heart through the interaction
between sympathetic and parasympathetic
systems [12]. HRV is a quantitative measure for
the autonomic nervous system and its reduction
could be representative of cardiac autonomic
neuropathy [13].

This study was accordingly designed to evaluate
and compare HRV between pregnant women
with gestational diabetes and healthy pregnant
women in our region.

manifestation of

Materials and Methods

This inquiry is a case-control study. Pregnant
women between 32-36 weeks of pregnancy, who
referred to the women's clinic of Shohadye
Kargar Hospital, Amir obstetric Clinic, Qaemieh
obstetric Clinic, during the first half of 2017,
participated in the study. These clinics are public
and pregnant women are referred from primary
health care centers. The sampling method for
control group was simple randomization from all
pregnant women who were recruited in these
three centers. The cases were gathered by survey
method; with all of GDM with inclusion criteria
during first half of 2017 in these three centers.
The inclusion criteria of case and control groups
were: 32-36 weeks age
between 18-40 years old, and those who had
done oral glucose tolerance test [OGTT] between
24-28 weeKks,
comprised history or medication of hypertension,
cardiovascular disease, preeclampsia, type 1 or 2
diabetes, autonomic neuropathy, epilepsy or
seizure, psychological disorders. Group matching
of cases and controls were done according to
gestational age, maternal age and past medical
history.

The sample size of 101 patients was determined
based on similar studies findings and according
to two group proportion comparisons. Subjects
were divided into case and control groups
according to the presence or absence of GDM
with the OGTT findings between 24-28 weeks of
pregnancy. OGTT test was carried out with 75 g
oral glucose, those with fasting blood sugar
[FBS]> 92, or 1-hour glucose greater than 180 or
2-hours glucose greater than 153, and glucose 3
hours more than 140.

pregnant women,

while the exclusion criteria

Informed consent was obtained from all

participants. Baseline information such as
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maternal age, gravity, body mass index [BMI],
family history of diabetes, personal past history
of GDM, hypothyroidism, and PCO were checked.
Hypothyroidism were defined as thyroid
stimulating hormone [TSH]<2.5 in first trimester
and on levothyroxine treatment. HRV parameters
were obtained by analyzing the 24-hour heart
rate Holter [Holter Recorder TELESMART from
Medset, Germany]. The required parameters
including SDNN, SDANN, Square rMSSD and the
percentage of intervals >50 msec different from
preceding [PNN50]
through the Cardio smart 4.2.1.0 software.
Statistical data
deviation, the correlation between variables,
relative frequency, and comparison between

interval were obtained

analysis such as standard

women with and without GDM was done by SPSS
17. Normality was checked by Kolmogorov
Simonov test. Non parametric tests were done.
We used Chi-Square, and Mann-Whitney U test. A
P-value less than

statistically significant.

0.05 were considered

Results and Discussions

Among 101 subjects, 50 women were in GDM
group and 51 women were in the control group.
The total mean [+SD] age of studied population
28.69 [%5.5] old. The
characteristics of GDM and control groups are
presented in Table 1. Totally, 70% of pregnant
women with GDM had BMI over 25 and there was
a significant relationship between BMI and GDM.

was years baseline

Table 1: The baseline characteristics of GDM (Gestational diabetes) and control group

GDM group[n=50] Control group[n=51] P-value
Age Mean [+SD] 29.5 [+ 5.8] 27.7[ £5.2] 0.11
BMI
26.5[+39 24.7 [+ 4.5 0.036
Mean [+SD] [ ] [ |
Personal past history of GDM 15[30%] 0 0.0001
Frequency [%]
Family history of GDM
24[489 16[31.9 0.033
Frequency [%] [48%] [31.%]
Hypothyroidism 13[26%] 8[15%] 0.20
Frequency [%] ° ° '
PCO (Polycystic ovarian syndrome)
4 [89 5189 1.00
Frequency [%] [8%] [8%]
P li irth
regnancy outcome [live birth] 50 [100%] 51 [100%] 1.00
Frequency [%]

Table 2 shows the means of SDNN, SDANN and
rMSSD were not statistically significant. The
power analysis showed acceptable power of each
of the studied HRV indices. The mean percentage
of pNN50 was 5.7 [+ 5.9] in the GDM group and
9.8 [+ 8.5] in the control group. Statistical
analysis showed a significant reduction in pNN50
among subjects with GDM [P-value < 0.0001].
After multivariate analysis,
in HRV indices was significantly
correlated with the presence of hypothyroidism
[P-value: 0.001 for pNN50], PCO [P-value: 0.015
for SDANN and 0.004 for pNN50], past history of
GDM [P-value: 0.03 for rMSSD], family history of
diabetes [P-value: 0.012 for pNN50], insulin or
metformin treatment compared with diet alone
[P-value: 0.001 for SDANN and 0.0001 for SDNN].

we found that
reduction

In this study, HRV status was evaluated by
analyzing the 24-hour heart rate Holter. The
results showed a significant decrease in mean
pNN50 in GDM group, compared with healthy
pregnant women. Poyhdnen-Alho reported that
in GDM, HRV parameters significantly reduced
especially in the frequency domain of the high
frequency [HF] parameter [14]. This parameter
[HF] is closely related to the pNN50. Meanwhile,
another study assessed the effect of GDM on
hemodynamics and cardiovascular regulation.
They that the frequency-based
parameters including high frequency [HF], low
frequency [LF], and very low frequency [VLF] did
not significantly change in pregnant women with
GDM [15-17].

concluded
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Table 2: HRV (heart rate variability) indices between two studied groups

GDM Control p-val p
-value ower
Mean [£SD] Mean [£SD]
SDNN (standard devia.tion of all normal to normal 95.62 [+ 24] 100.18 [£21.4] 021 0.77
R-R intervals)

SDANN (standard deviation of fiv.e minutes 79.94 [+ 20.6] 86.26 [+ 18.6] 011 0.87
averages normal to normal R-R intervals)
rMSSD (root of the mean of the squares of

successive normal to normal R-R interval 33.1 [+ 23.2] 33.0 [+ 18.8] 0.97 0.11

differences)
pNN50 (The percentage of intervals >50 msec) 5.7 [+ 5.9] 9.8 [+ 8.5] 0.0001 1.00

Other HRV parameters including SDNN, SDANN,
and rMSSD decreased in GDM women but did not
have a significant difference with the healthy
group. The absence of a significant difference in
other HRV parameters between the two groups
was accounted for by the fact that each index
reflected a part of autonomic nervous system
activity and there was precedence in changing
these parameters [18-20]. According to Umentani
et al,, the fastest and earliest change in autonomic
neuropathy is a decrease in the pNN50 index.
Also, it should be noted that SDNN and SDANN
reductions are gradual [16, 21-23].

According to the results of the current inquiry, in
[BMI> 25]
diabetes, a further decrease in mean pNN50 was
observed. In Yadav's study, the effect of body fat
mass on the function of the autonomic system
and its effect on HRV was evaluated. The results
that SDNN, rMSSD, and pNN50
parameters in subjects with BMI> 30 significantly
reduced [17, 24-26]. It is probably because
obesity sympathetic activity and
suppresses parasympathetic function so it can
lead to poor cardiac autonomic control, which
can be further impaired by conditions such as
diabetes and insulin resistance.

We found that the presence of hypothyroidism
with GDM results in further reduction of HRV
parameters. Another study performed by Xing et
al., showed that hypothyroidism may lead to
autonomic dysfunction especially in time-axis
parameters [18, 27-29].

The results of our study showed that the mean
pNN50 and SDANN significantly reduced among
individuals with a history of PCO. And the mean
of these indices significantly decreased in the

obese women with gestational

showed

increases

GDM group with a history of PCO. Gui found that
in women with PCO, SDNN and pNN50 are
significantly lower than the those of control
group [19, 30-33]. Women with polycystic
ovaries suffer from autonomic neuropathy due to
decreased  parasympathetic
increased sympathetic tone. Besides, PCO is
associated with obesity and insulin resistance.
Our analysis revealed a significant difference in
HRV parameter [SDNN and SDANN] between
subjects treated with insulin or metformin
compare with those treated with diet alone. In
general, metformin-treated patients had a greater
reduction in these indices. HRV parameters did
not differ significantly between insulin-treated
individuals and those treated with metformin. In
an RCT on animal models performed by Apaijai, it
was concluded that despite previous evidence of
cardio protective effects of metformin, this drug
has a very limited effect on HRV indices [20, 34-
36]. study reflected that
treatment in a patient with insulin resistance
cannot improve autonomic system function [21,
37-39]. In another study in the United States, it
was found that the blood level of insulin was
inversely proportional to HF and LF parameters,
and in fact, people with high levels of insulin in
their blood have a lower HRV.

function and

Paolisso's insulin

Conclusions

[t seems that there is a correlation between
cardiovascular autonomic system imbalance and
gestational diabetes, especially in the pNN50
index. This parameter is strongly indicative of
parasympathetic activity. In addition, in cases of
hypothyroidism, history of PCO, and previous
history of GDM, there is further impairment of
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autonomic system function measured by HRV
indices. In women with insulin or metformin
therapy, despite proper glycemic control,
cardiovascular regulation has not been balanced.
It is like because pregnant women who only
received diet, have better glycemic status at the
time of diagnosis and during pregnancy, which
could result in a better autonomic system
function.
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