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Abstract

Background

Although the exact pathophysiology of preeclampsia is not well understood, autonomic ner-
vous system imbalance is suggested as one of the main factors.

Aims
To investigate heart rate variability (HRV) and autonomic modulations in Sudanese preg-
nant women with preeclampsia.

Subjects and Methods

A case-control study (60 women in each arm) was conducted at Omdurman Maternity Hos-
pital—Sudan, during the period from June to August, 2014. Cases were women presented
with preeclampsia and healthy pregnant women were the controls. Studied groups were
matched for important determinants of HRV. Natural logarithm (Ln) of total power (TP), high
frequency (HF), low frequency (LF) and very low frequency (VLF) were used to determine
HRV. Normalized low and high frequencies (LF Norm and HF Norm) were used to evaluate
sympathetic and parasympathetic autonomic modulations respectively.

Results

Patients with preeclampsia achieved significantly higher LF Norm [49.80 (16.25) vs. 44.55
(19.15), P = 0.044] and LnLF/HF [0.04 (0.68) vs. -0.28 (0.91), P = 0.023] readings, but lower
HF Norm [49.08 (15.29) vs. 55.87 (19.56), P = 0.012], compared with healthy pregnant
women. Although all other HRV measurements were higher in the patients with preeclamp-
sia compared with the controls, only LnVLF [4.50 (1.19) vs. 4.01 (1.06), P =0.017] and
LnLF [4.01 (1.58) vs. 3.49 (1.23), P = 0.040] reached statistical significance.

Conclusion

The study adds further evidence for the dominant cardiac sympathetic modulations on
patients with preeclampsia, probably secondary to parasympathetic withdrawal in this
group. However, the higher LnVLF and LnLF readings achieved by preeclamptic women
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compared with the controls are unexpected in the view that augmented sympathetic modu-
lations usually depresses all HRV parameters including these two measures.

Introduction

Preeclampsia is a multi-systemic disorder characterized by hypertension, proteinuria and/or
end-organ dysfunction after 20 weeks of gestation [1]. Manifestations of preeclampsia are
mostly attributed to placental ischemia that results in release of certain antiangiogenic sub-
stances into the circulation and ultimately endothelial dysfunction [2]. Although hypertension
associated with preeclampsia can be explained by endothelial dysfunction [3], its relation to the
concomitant derangement of neural control of cardiovascular system remains to be explored
by further investigations [4]. Several studies were conducted to evaluate pattern of autonomic
activity in pregnant and preeclamptic women based on levels of catecholamines [5-8].
Although some researchers were able to demonstrate higher resting plasma catecholamines
levels and consequently increased sympathetic activity in preeclampsia compared with normal
pregnancy [5, 6], other studies either failed to reproduce such differences [7] or prove the
reverse [8]. Recent reports on autonomic balance are mostly based on evaluation of the modu-
latory effects of sympathetic and parasympathetic nervous systems on the heart rate (HR) [9-
11] and the blood pressure [12].

Heart rate variability (HRV) is considered one of the most informative tools for assessment
of cardiac autonomic modulations [13]. HRV is frequently used as a prognostic measurement
for cardiac diseases [11, 13] and it is currently used to evaluate the impact of autonomic imbal-
ance on certain diseases [14-17].

Most studies based on these new techniques, namely HRV and blood pressure variability
(BPV), suggest that pregnancy per se shifts cardiac autonomic balance towards sympathetic
dominance [9, 10] and this shift is even more prominent if pregnancy is complicated with pre-
eclampsia [18]. In contrast, other studies failed to distinguish autonomic modulations of nor-
mal pregnancy from pregnancies complicated by preeclampsia based on HRV derived values
[19]. The previous studies evaluating HRV in preeclampsia had not considered variations in
HR as a possible confounder while comparing HRV parameters between the studied groups,
which may explain their contradictory findings [18, 19]. Furthermore, confounders like age
[20, 21], body mass index (BMI) [22], hemoglobin concentration [23], gestational age [24] and
HR [13] that might have possible influences on HRV were not considered when comparing
cardiac autonomic modulations between the studied groups.

There are few studies exploring pattern of HRV in preeclampsia and none of them was con-
ducted in Sudan, where preeclampsia/eclampsia is the main cause of maternal mortality [25].
The aim of the present study is to investigate HRV and autonomic modulations in pregnant
Sudanese women with preeclampsia and to add to the recent studies on pathophysiology of
preeclampsia [26-29].

Materials and Methods

A case-control study was conducted at Omdurman Maternity Hospital—Sudan, during the
period from June to August, 2014. Cases were women presented with preeclampsia, which is
defined as the occurrence of hypertension (systolic blood pressure >140 mm Hg or diastolic
blood pressure > 90 mm Hg) after 20 weeks of gestation in woman who is normotensive
before, and proteinuria (presence of 300 mg or more of protein in 24 h urine sample or > 2

+ on dipstick) [1]. Preeclampsia was considered mild or severe according to the diastolic blood
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pressure of < 110, or >110 mmHg respectively. The controls were healthy pregnant women.
Women with thyroid disease, hypertension, renal disease, diabetes, liver disease and those who
received medication for hypertension were excluded.

After signing an informed consent, medical and obstetrics history (age, parity, and gesta-
tional age) was gathered and recorded. Weight and height were measured and BMI was calcu-
lated via weight in kilograms divided by the square of height in meters. Systolic and diastolic
blood pressures were assessed in supine position using mercury sphygmomanometer by the
same investigator (SMM). All women were enrolled during the morning hours (8 AM -12 PM)
and before receiving any medications.

HRYV parameters were derived from 5-min electrocardiogram (ECG) recordings in the
supine position using clean ECG signals during comfortable breathing without movement arti-
facts. The Biocom 3000 ECG recorder also calculated the mean heart rate (MHR) at the time of
ECG recording as recently described [17]. Time and frequency domains analysis were used to
determine HRV and cardiac autonomic modulations in both cases and controls. Natural loga-
rithm (Ln) of the standard deviation of the NN intervals (LnSDNN), the square root of the
mean squared differences of successive NN intervals (LnRMSSD), total power (LnTP), very
low frequency (LnVLF), low frequency (LnLF) and high frequency (LnHF) were used to evalu-
ate HRV. Normalized low frequency (LF Norm) and high frequency (HF Norm) were used to
determine sympathetic and parasympathetic autonomic modulations respectively [11, 13, 17].
LnTP and LnSDNN broadly reflect the overall HRV [13]. LaRMSSD correlate well with LnHF
and both are commonly used to assess the influence of parasympathetic regulation of the heart
[11]. The physiological basis of the Ln VLF is controversial, but is likely influenced by parasym-
pathetic outflow [11, 13]. LnLF is usually used as an indicator of sympathetic modulations,
although some reports claimed it is a parasympathetic index [11, 13].

A sample size of 60 women in each arm of the study was calculated to give the significant
difference in the mean of the HRV parameters with 80% power and a difference of 5% at o =
0.05.

The study received ethical clearance from the Research Committee of the Research Board of
the Faculty of Medicine, Al Neelain University, Sudan.

Data were entered in the computer using SPSS for windows version16.0 (SPSS Inc., Chicago,
IL, USA). Continuous and categorical data were compared between the two groups using t-
and Chi-square tests, respectively. Using a general linear model, MHR was introduced as a
covariate while comparing HRV parameter between the studied groups. Linear regression anal-
yses were conducted where (Ln) of HRV parameters were the dependent variables and socio-
demographic, clinical and biochemical characteristics were the independent variables. P < 0.05
was considered significant.

Results

The two groups were well matched in their age, gestational age, body mass index, hemoglobin
concentration and MHR, Table 1.

There was no significant difference in LnSDNN, LnRMSSD, LnTP, and LnHF between
patients with preeclampsia and the controls, Table 2.

In comparison with the controls, patients with preeclampsia had significantly higher LnVLF
[4.50 (1.19) vs. 4.01 (1.06), ms*/Hz, P = 0.019], LnLF [4.01 (1.58) vs. 3.49 (1.23) ms*/Hz,
P = 0.047], LF Norm [49.80 (16.25) vs. 44.55 (19.15) nu, P = 0.044] and LnLE/HF [0.04 (0.68)
vs. -0.28 (0.91), P = 0.033], Table 2, Fig 1. In contrast, HF Norm was significantly lower in
patients with preeclampsia [49.08 (15.29) nu] compared with the controls [55.87 (19.56) nu,
P =0.023], Table 2, Fig 1.
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Table 1. Comparison between the mean (SD) of the studied variables between preeclamptic and control women.

Variables Preeclampsia (n = 60) Controls (n = 60) P

Age, years 30.6 (6.0) 30.0(6.2) 0.582
Gestational age, weeks 33.8(4.3) 32.9(4.0) 0.213
Body mass index, kg/m? 31.0(6.3) 29.7(6.1) 0.256
Hemoglobin, g/dl 11.6(1.5) 11.7(1.0) 0.735
Systolic blood pressure, mm/Hg 172.5(16.8) 116.6(9.3) < 0.001
Diastolic blood pressure, mm/Hg 108.1(9.8) 74.7(6.7) < 0.001
MHR, beat /minute 95.1(15.8) 96.0(12.7) 0.721

doi:10.1371/journal.pone.0152704.t001

All HRV measurements were not different when patients with mild preeclampsia were com-
pared with those with severe form of the disease, Table 3.

In linear regression, preeclampsia was significantly associated with LnVLF (0.461 ms*/Hz,
P =0.023) and LnLF (— 0.681 ms*/Hz, P = 0.013) after adjusted for MHR, Table 4.

Likewise, preeclampsia was significantly associated with HF Norm (7.143, nu, P = 0.039)
and LnLF/HF (— 0.311, P = 0.038), Table 5.

Discussion

The main finding of the current study was the different patterns of HRV and autonomic modu-
lations in patients with preeclampsia compared with healthy pregnant women. The higher LF
Norm and LnLF/HF readings in preeclamptic women compared with the controls point to
augmented cardiac sympathetic modulations in the first group. Enhanced sympathetic modu-
lation in patients with preeclampsia is likely due to parasympathetic withdrawal among
patients with preeclampsia as indicated by the lower HF Norm values they achieved. The trend
of cardiac autonomic modulations of patients with preeclampsia is comparable with the recent
studies in the field [12, 30], but not others [19]. Noteworthy, the interpretation of cardiac auto-
nomic modulations of the present results was largely based on normalized LF and HF which,
in contrast to absolute values of LF and HF powers, are inversely proportional. Normalized LF
and HF are therefore considered as better indicators of sympathetic and parasympathetic mod-
ulations respectively [17, 19].

Yang et al observed higher LF/HF and LF, but lower HF, in pregnant compared with the
non-pregnant women [18]. In addition, the preeclamptic group demonstrated lower HF, but
higher LF/HF, compared with the non-pregnant as well as normal pregnant women [18]. The

Table 2. Comparison of mean (SD) of HRV measurements between preeclamptic and control women.

Preeclampsia Controls P
Variables N =60 N =60 Not Adjusted for MHR Adjusted for MHR
LnSDNN 3.74 (0.80) 3.50 (0.55) 0.056 0.053
LnRMSSD 3.76 (0.75) 3.60 (0.59) 0.198 0.214
LnTP (ms?/Hz) 5.40 (1.45) 4.99 (1.10) 0.088 0.077
LnVLF (ms?/Hz) 4.50 (1.19) 4.01 (1.06) 0.019 0.017
LnLF (ms?/Hz) 4.01 (1.58) 3.49 (1.23) 0.047 0.040
LnHF (ms®/Hz) 3.93 (1.87) 3.71 (1.34) 0.463 0.523
LF Norm (nu) 49.80 (16.25) 44.55 (19.15) 0.108 0.044
HF Norm (nu) 49.08 (15.29) 55.87 (19.56) 0.036 0.012
LnLF/HF 0.04 (0.68) -0.28 (0.91) 0.033 0.023

doi:10.1371/journal.pone.0152704.t1002
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Fig 1. Comparison of (A) LnVLF, (B) LnLF, (C) LF Norm, (D) HF Norm and (E) LnLF/HF between preeclamptic and control women.

doi:10.1371/journal.pone.0152704.g001

study concluded that normal pregnancy readjust autonomic modulation towards predomi-
nance of sympathetic over parasympathetic tone and this readjustment is further augmented if
the pregnant women developed preeclampsia [18]. In a recent report, the enhanced cardiac
sympathetic tone persists following delivery in cases with past history of preeclampsia, but not
normal pregnancy [30]. The attenuated parasympathetic modulations of patients with pre-
eclampsia showed in our results and Yang et al study were also approved in a naive research

Table 3. Comparison of mean (SD) of HRV measurements between women with severe and mild preeclampsia.

Severe preeclampsia Mild preeclampsia P
Variables N =60 N =60 Not Adjusted for MHR Adjusted for MHR
LnSDNN 3.7(0.7) 3.8(0.8) 0.716 0.995
LnRMSSD 3.8(0.8) 3.5(0.5) 0.221 0.085
LnTP (ms?/Hz) 5.4(1.5) 5.2(0.9) 0.557 0.244
LnVLF (ms?/Hz) 4.4(1.2) 4.6(0.8) 0.548 0.728
LnLF (ms?/Hz) 4.0(1.7) 3.8 (0.9) 0.566 0.245
LnHF (ms®/Hz) 4.0(2.0) 3.6(1.3) 0.549 0.206
LF Norm (nu) 4.0(1.7) 3.8(0.9) 0.566 0.341
HF Norm (nu) 4.0(2.0) 3.6(1.3) 0.549 0.347
LnLF/HF 0.008(0.6) 0.1(0.7) 0.560 0.363

doi:10.1371/journal.pone.0152704.1003
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Table 4. Factors associated with LnVLF and LnLF (ms?/Hz) in preeclamptic and controls pregnant women using linear regression analyses.

Variable LnVLF (ms?/Hz) LnLF (ms?Hz)
Coefficient SE P-value Coefficient SE P-value

Age, year —0.018 0.017 0.289 —0.041 0.276 0.072
Parity 0.118 0.241 0.625 —0.601 3.961 0.071
Gestational age, weeks —0.006 0.027 0.832 0.017 0.041 0.646
Body mass index, (kg)/ (m)? —0.010 0.016 0.555 —0.011 0.265 0.612
Hemoglobin, g/dl 0.051 0.071 0.479 0.040 1.169 0.680
Preeclampsia* 0.461 0.199 0.023 —0.681 3.269 0.013
Mean heart rate —0.029 0.006 <0.001 —0.047 0.008 0.013

SE = standard error
*adjusted for MHR

doi:10.1371/journal.pone.0152704.t004

conducted on 385 American military women to determine the relationship between HRV and
the incidence of hypertensive diseases of pregnancy [12]. In contrast, an old study designed by
Eneroth and Storck failed to demonstrate differences in HRV between normal pregnant
women and patients with preeclampsia [19]. According to Eneroth and Storck results, preg-
nant women with preeclampsia had prolonged NN intervals during daytime compared to the
controls; however, all frequency domain HRV measures were comparable in the studied
groups.

In the current study; all absolute values of time and frequency domains measures are higher
in the patients with preeclampsia compared with the control group; however, only LnVLF and
LnLF achieve statistical significance. Higher LnVLF and LnLF readings attained by preeclamp-
tic women are interesting because attenuated parasympathetic modulations in this group are
expected to depress all HRV parameters including these two measures [31, 32]. In an experi-
ment exploring the mechanism of VLF oscillations, parasympathetic blockade decreased VLF
band of frequency domain HRV by 92% [33]. The absolute LF power was accepted by many
authorities as an indicator of sympathetic modulations [34-36]. However, recent studies dem-
onstrated that the absolute value of LF is mainly determined by baroreflex and consequently
reflect parasympathetic influences on the heart [31, 36]. Based on the foregoing narrative, the
significantly high LnVLF and LnLF in patients with preeclampsia compared with the normal

Table 5. Factors associated with LF Norm, HF Norm and Ln LF/ HF in preeclamptic and controls pregnant women using linear regression
analyses.

Variable LF Norm (nu) HF Norm (nu) Ln LF/ HF
Coefficient SE P-value Coefficient SE P-value Coefficient SE P-value

Age, year —0.338 0.271 0.215 0.360 .286 0.212 —0.014 0.012 0.255
Parity —2.837 3.951 0.474 2.998 4.162 0.473 —0.197 0.181 0.278
Gestational age, weeks 1.011 0.436 0.022 —0.985 0.459 0.034 0.046 0.020 0.024
Body mass index, (kg/m?) 0.284 0.265 0.287 —0.332 0.280 0.238 0.015 0.012 0.224
Hemoglobin, g/dl 1.138 1.161 0.329 —0.277 1.221 0.821 0.037 0.053 0.486
Preeclampsia* —5.707 3.239 0.081 7.143 3.418 0.039 —0.311 0.148 0.038
Mean heart rate 0.351 0.109 0.002 —0.311 0.112 0.006 0.015 0.005 0.003

SE = standard error
*adjusted for MHR

doi:10.1371/journal.pone.0152704.1005
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pregnant women in spite of lower parasympathetic modulations in first group is mysterious
and should motivate researchers for further investigations.

Previous studies showed important effects of age [20, 21], BMI [22], hemoglobin concentra-
tion [23], gestational age [24] and MHR [11, 13] on HRV. In the present study, gestational age
and MHR, but not the other confounders we matched for, significantly affect the variations in
indicators of autonomic modulations observed among the studied groups. According to our
result, HF Norm decreases, but LF Norm and LnLF/HF increases, with gestational age. Compa-
rable pattern of change in HRV with gestational age was observed by Tejera et al while evaluat-
ing HRV among normal, hypertensive and preeclamptic pregnant women [24]. According to
Tejera et al, HF significantly decreases while all other frequency domain parameters linearly
increase with gestational age. Other studies were able to demonstrate significant rise of LF in
the third trimester compared with earlier stages of pregnancy in women who later developed
preeclampsia [37, 38]. Alternatively, the influence of MHR on HRV is not only physiological,
but also mathematical [39]. Due to the non-linear relationship between MHR and RR interval,
HRYV is enhanced by lower values of MHR and vice versa [40]. This fact explains the extremely
significant association between MHR and HRV parameters subjected to regression analysis in
our study. It also explains why MHR was introduced as a covariate while comparing HRV of
different groups in the present study and others [15, 17].

In the current study women were enrolled before starting any anti-hypertensive medica-
tions. Previous studies showed either negative influence [24] or no effect [41] of antihyperten-
sive treatments of preeclampsia on LF band of frequency domain HRV and consequently
sympathetic tone.

A potential limitation of the present study is that it did not consider other measurements of
autonomic activity. If done, concurrent evaluation of sympathetic/parasympathetic activity by
other techniques could have offered other tools for further strengthening of the present
conclusions.

Conclusion

This study adds further evidence for the dominant cardiac sympathetic modulations in patients
with preeclampsia compared with normal pregnant women, probably due to parasympathetic
withdrawal in the first group. However, the higher LnVLF and LnLF readings achieved by pre-
eclampsia pregnant women compared with the controls are unexpected in the view that aug-
mented sympathetic modulations usually depresses all HRV parameters including these two
measures. Explanation of this contradiction remains to be uncovered by further researches.
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