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Abstract 
Background: Patients with hypertensive pregnancy disorders often exhibit impaired regulation of the 
autonomic nervous system. HRV measurement provides a non-invasive method to assess autonomic control of 
the heart.  
Objective: The objective was to determine if HRV is capable of detecting variations in autonomic nervous 
system activity between women with hypertensive pregnancy disorders and normotensive pregnant controls.  
Methods: A comprehensive literature search was conducted in EMBASE, Medline, and the Cochrane 
CENTRAL database to identify studies evaluating HRV in PIH cases or those with a prior history of PIH, 
compared with normotensive pregnant women.  The data is taken from original articles published 2016 onwards.  
Results: The systematic search initially identified more than 50 publications, original & review articles of 
which 5 fulfilled the inclusion criteria. These studies involved a total of 150 women with hypertensive 
pregnancy disorders and 150 normotensive controls. Despite the variability in research, a consistent finding 
emerged: women with preeclampsia exhibited significantly reduced overall heart rate variability (HRV) 
compared with normotensive pregnant controls. In addition, several studies indicated a trend toward an 
increased low-frequency to high-frequency (LF/HF) ratio in women with preeclampsia, suggesting a relative 
shift toward sympathetic predominance.  
Conclusion: Evidence from this review supports the concept that PIH & preeclampsia is marked by sympathetic 
hyperactivation in conjunction with parasympathetic withdrawal.  
Keywords: HRV, PIH, Preeclampsia, LF/HF ratio. 
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Introduction 

Pregnancy induced hypertension includes 
gestational hypertension, preeclampsia and 
eclampsia. 5–10% of all pregnancies are affected 
by it worldwide [1,2,3,4,5,6,7]. Hypertension is rise 
of blood pressure (systolic & diastolic) which 
remains sustained. systolic blood pressure 
140 mmHg or more and/or diastolic blood pressure 
90 mmHg or more [1,6,7,8,].  

PIH typically develops after 20 weeks of 
pregnancy, where proteinuria (>300 mg/day) with 
raised blood pressure represents preeclampsia. It 
can present with vital organ dysfunction [6,7,8,9]. 
Previously diagnosed cases of hypertensive females 
when get conceived are called as cases of chronic 
hypertension with pregnancy [10]. Most frequently 
encountered clinically are the cases of PIH mainly 
gestational hypertension & preeclampsia [11,12]. 
Pregnancy induced hypertension remains one of the 

leading contributors to maternal and perinatal 
morbidity and mortality on a global scale [6,7,13]. 
Beyond pregnancy complications, PIH is 
increasingly recognized as predictors of heightened 
cardiovascular disease risk in affected women 
during later stages of life [14,15,16,19,20]. 

The precise etiological factors of PIH are not fully 
established; however, growing evidence suggests 
that the primary pathological alterations occur 
within the cardiovascular system [17,18,]. In 
normal pregnancy, the maternal circulation 
undergoes profound hemodynamic changes, 
including an increase in cardiovascular volume 
load and a reduction in pressure load, which serve 
as compensatory responses to the early gestational 
decline in peripheral vascular resistance [17,18]. 
These adaptations are critically regulated by the 
autonomic nervous system, which plays a pivotal 
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role in maintaining cardiovascular stability 
throughout pregnancy [21,22]. 

Pathophysiology Rationale: PIH are thought to 
arise from defective modification of the maternal 
spiral arteries in combination with inadequate 
cardiovascular adaptations to pregnancy, ultimately 
leading to elevated blood pressure and increased 
vascular resistance [18,19].  

Several studies implicate dysfunction of the 
autonomic nervous system as a major factor in the 
development of PIH [12,17,18]. Cardiac autonomic 
function can be evaluated through heart rate 
variability (HRV) analysis, a widely recognized, 
non-invasive method [23,24]. HRV reflects the 
influence of both central and peripheral autonomic 
regulatory circuits on cardiovascular dynamics 
[24,25]. Therefore, abnormalities in HRV may 
serve as an indicator of autonomic nervous system 
dysfunction, providing insight into the 
pathophysiological mechanisms underlying 
Pregnancy Induced Hypertension [26]. 

Objective  

To study HRV modulations indicating autonomic 
nervous system changes in women with PIH 
compared to normotensive pregnant women. 

Methodology: Inclusion and Exclusion Criteria for 
Review on HRV in Preeclampsia. 

Inclusion Criteria 

Study Population 

• Pregnant women diagnosed with preeclampsia 
(mild or severe), gestational hypertension, or 
PIH. 

• Studies including control groups of 
normotensive pregnant women. 

Study Design 

• Original research articles: observational studies 
(cross-sectional, case-control, cohort). 

• Longitudinal or continuous monitoring studies 
assessing HRV during pregnancy. 

 

Outcome Measures 

• Studies reporting Heart Rate Variability 
(HRV) as a measure of autonomic function. 

• HRV assessed using time-domain (SDNN, 
RMSSD, pNN50), frequency-domain (LF, HF, 
LF/HF ratio). 

Publication Characteristics 

• Published in peer-reviewed journals. 
• Full-text available in English language. 
• Articles published from 2016 onwards (to 

include modern HRV analytic methods). 

Relevance: Directly related to maternal autonomic 
function and HRV changes in preeclampsia. 

Exclusion Criteria 

Population 

• Non-pregnant women, men, or studies 
exclusively in fetal HRV without maternal 
HRV data. 

• Studies including mixed hypertensive 
disorders with primary hypertension with 
pregnancy & without separate reporting for 
preeclampsia. 

Study Design 

• Reviews, meta-analyses, editorials, conference 
abstracts, case reports. 

• Animal studies, simulation studies, or in-vitro 
HRV research. 

Outcomes 

• Studies not reporting HRV indices separately 
(e.g., studies using only BP, HR, or 
baroreflex). 

• HRV assessed but data not stratified by 
preeclampsia vs controls. 

Publication Characteristics 

• Articles not in English. 
• Non-peer-reviewed publications. 
• Grey literature, dissertations, or unpublished 

data.
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Figure 1: PRISMA Flow shows the search process in steps. 

 
HRV definitions: Heart rate variability (HRV) 
refers to the fluctuations in time intervals between 
consecutive heartbeats, arising from the interplay 
of cardiac–neural mechanisms, hormonal 
influences, and autonomic pathways regulating the 
heart, vasculature, and renal system [24,25,26]. 

Electrocardiography (ECG) serves as the principal 
tool for HRV measurement, where derived data are 
interpreted by applying time and frequency-based 
analytical techniques [24].  

Frequency-domain features: Frequency domain 
analysis of HRV evaluates the distribution of 
power across different frequency bands, reflecting 
autonomic regulation of the heart.  

The low-frequency component is influenced by 
both sympathetic and parasympathetic activity, 
while the high-frequency band predominantly 
indicates parasympathetic (vagal) control. Ratios 
such as LF/HF are often used to estimate the 
balance between sympathetic and parasympathetic 
nervous system activity. 

 
Table 1: Heart Rate Variability (HRV) Parameters and Their Physiological Significance 

Domain Parameter Definition Physiological Significance 

Time-Domain 
Measures 

SDNN (Standard 
Deviation of NN intervals) 

Standard deviation of all 
normal-to-normal (NN) R-
R intervals over a given 
period 

Reflects overall autonomic 
variability; higher values 
indicate good adaptability, 
lower values suggest reduced 
autonomic flexibility. 

RMSSD (Root Mean 
Square of Successive 
Differences) 

Square root of the mean 
squared differences 
between successive NN 
intervals 

Marker of parasympathetic 
(vagal) activity; high RMSSD 
indicates stronger vagal tone. 

pNN50 Percentage of consecutive 
NN intervals differing by 
>50 ms 

Indicator of parasympathetic 
modulation; often reduced in 
autonomic dysfunction. 

NN50 Absolute count of NN 
interval pairs differing by 
>50 ms 

Similar to pNN50; evaluates 
short-term vagal activity. 

HR Max–Min Difference between Reflects overall autonomic 
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maximum and minimum 
heart rate during a period 

modulation; reduced 
variability is a marker of 
impaired autonomic function. 

Frequency-
Domain Measures 
 

VLF (Very Low 
Frequency, <0.04 Hz) 

Power in the very low-
frequency range of HR 
oscillations 

Associated with 
thermoregulation, hormonal 
and renin-angiotensin system 
influences. 

LF (Low Frequency, 
0.04–0.15 Hz) 

Power in the low-
frequency band of HRV 
spectrum 

Represents a mix of 
sympathetic and 
parasympathetic modulation; 
reflects baroreflex activity. 

HF (High Frequency, 
0.15–0.40 Hz) 

Power in the high-
frequency band 

Marker of parasympathetic 
(vagal) activity, closely 
linked to respiratory sinus 
arrhythmia. 

Frequency-
Domain Measures 
 

LF/HF Ratio Ratio of low-frequency to 
high-frequency power 

Index of sympathovagal 
balance; higher values 
suggest sympathetic 
dominance, lower values 
suggest parasympathetic 
predominance. 

Total Power (TP) Sum of power across all 
frequency bands (VLF, LF, 
HF) 

Reflects overall HRV; 
reduction indicates poor 
autonomic adaptability or 
pathological stress. 

 
Results 
 

Table 2: PRISMA-Based Scoring: HRV Studies in PIH 
Domain Chaswal et al. 

(2018) 
Hossen et al. (2017) Musa et al. 

(2016) 
Lakhno 
(2017) 

Title & Abstract 2 2 2 2 
Rationale & Objectives 2 2 2 2 
Methods – Participants 2 1 2 2 
Methods – HRV Assessment 2 2 2 2 
Results – Baseline Data 2 2 2 2 
Results – HRV Findings 2 2 2 2 
Results – Statistical Analysis 2 2 2 2 
Discussion – Key Results 2 2 2 2 
Discussion – Implications 2 2 2 2 
Ethics 2 2 2 2 
Total (out of 20) 20 19 20 20 
 
4 Original articles were reviewed which fulfilled 
the inclusion criteria.  

These studies involved a total of 150 women with 
hypertensive pregnancy disorders and 150 
normotensive controls. Considerable difference 
was evident across the included studies in terms of 
methodology and outcome measures. Despite this 
variability, a consistent finding emerged: women 

with preeclampsia exhibited significantly reduced 
overall heart rate variability (HRV) compared with 
normotensive pregnant controls.  

In addition, studies indicated a trend toward an 
increased low-frequency to high-frequency 
(LF/HF) ratio in women with preeclampsia, 
suggesting a relative shift toward sympathetic 
predominance.

 
 
 

 
 
 

Table 3: results of HRV Measures in Preeclampsia (Time & Frequency Domain) 
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Study Time-Domain 
Measures (SDNN, 
RMSSD, pNN50, NN50) 

Frequency-Domain 
Measures (VLF, LF, HF, 
LF/HF Ratio, TP) 

Key Findings  & 
Interpretation 

Chaswal et al. (2018) ↓ SDNN, ↓ RMSSD, ↓ 
pNN50 → overall 
reduction in variability 

↓ HF, ↓ LF, ↑ LF/HF ratio 
→ sympathetic 
predominance 

Preeclampsia shows 
reduced parasympathetic 
tone and overall variability, 
with shift toward 
sympathetic dominance. 

Hossen et al. (2017) Not primary focus; 
limited time-domain 
reporting 

↓ HF power, ↓ LF power, 
altered wavelet-based 
indices 

Spectral HRV analysis 
distinguished PE from 
controls; findings suggest 
general autonomic 
imbalance with reduced 
HRV power spectrum. 

Musa et al. (2016) ↓ SDNN, ↓ RMSSD, ↓ 
pNN50 → marked fall in 
time-domain indices 

↓ HF, ↓ LF, ↑ LF/HF ratio 
→ sympathetic 
overactivity 

Strong evidence of 
autonomic dysregulation in 
PE, with reduced vagal 
activity and higher 
sympathetic drive. 

Lakhno (2017) ↓ SDNN and RMSSD 
(maternal HRV) 

↓ HF, ↓ LF, ↑ LF/HF 
ratio; fetal HRV also 
reduced 

Demonstrated maternal and 
fetal autonomic imbalance 
in PE, indicating 
circulatory compromise 
affecting both mother and 
fetus. 

 

HRV changes in PIH: Notable reduction in 
overall HRV was observed in women with 
preeclampsia   compared with normotensive 
pregnant controls. [27] 

In particular, women with moderate preeclampsia 
tended to exhibit a higher LF/HF ratio relative to 
normotensive pregnancies, suggesting a shift 
toward sympathetic predominance.[28] Supporting 
this, these studies reported an increased LF/HF 
ratio in women who developed PIH, indicating that 
autonomic imbalance may precede the clinical 
manifestation of the disorder. [27,28] 

Discussion 

HRV in Hypertensive Pregnancy Disorders: 
This comprehensive review supports the existing 
evidence on heart rate variability (HRV) in PIH. 
The findings related to frequency-domain indices 
were consistent across studies, even though there 
was heterogenecity in study populations, 
methodology, and analytical approaches.   

Specially, results for normalized low-frequency 
(LF) and high-frequency (HF) components 
demonstrated greater consistency. Among pregnant 
women with preeclampsia, three of the four 
available studies reported elevated LF/HF ratio. 
Taken together, these findings indicate a trend 
toward sympathetic over activity and diminished 
parasympathetic tone in PIH, although variability 
in frequency-domain parameters underscores the 
need for methodological standardization across 
future studies.[29] 

Conclusion 

This comprehensive study supports the hypothesis 
that sympathetic overdrive & parasympathetic 
withdrawal is associated with pregnancy induced 
hypertension. However, the included studies in our 
review showed large diversity in the methods 
applied.  

Highlights 

• Autonomic nervous system changes are 
frequently observed in individuals with PIH. 

• Measurement of HRV provides information 
about autonomic control of the cardiovascular 
system. 

• Overall heart rate variability was significantly 
lower in preeclampsia than in healthy pregnant 
controls. 

• An upward shift in the LF/HF ratio has been 
noted in cases of preeclampsia. 

• Autonomic imbalance in PIH is characterized 
by sympathetic predominance and diminished 
parasympathetic activity. 

• Heart rate variability in hypertensive 
pregnancy disorders has been explored through 
a systematic review. 

References  

1. Chaswal M, Kapoor R, Batra A, Verma S, 
Yadav BS. Heart rate variability and 
cardiovascular reflex tests for assessment of 
autonomic functions in preeclampsia. Int J 
Hypertens. 2018; 2018:8163824. doi:10.1155/ 
2018/8163824 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Shaha et al.                                      International Journal of Current Pharmaceutical Review and Research  

278   

2. Hossen A, Barhoum A, Jaju D, Gowri V, Al-
Hashmi K, Hassan MO, et al. Identification of 
patients with preeclampsia from normal 
subjects using wavelet-based spectral analysis 
of heart rate variability. Technol Health Care. 
2017; 25(4):641–9. doi:10.3233/THC-160681 

3. Musa SM, Adam I, Lutfi MF. Heart rate 
variability and autonomic modulations in 
preeclampsia. PLoS One. 2016; 11(4):e0152 
704. doi:10.1371/journal.pone.0152704 

4. Lakhno I. Autonomic imbalance captures 
maternal and fetal circulatory response to pre-
eclampsia. Clin Hypertens. 2017; 23:5. 
doi:10.1186/s40885-016-0061-x 

5. Sarhaddi F, Azimi I, Axelin A, Niela-Vilen H, 
Liljeberg P, Rahmani AM. Trends in heart rate 
and heart rate variability during pregnancy and 
the 3-month postpartum period: continuous 
monitoring in a free-living context. JMIR 
Mhealth Uhealth. 2022; 10(6):e36299. 
doi:10.2196/36299 

6. Moors S, Staaks KJJ, Westerhuis MEMH, 
Dekker LRC, Verdurmen KMJ, Oei SG, et al. 
Heart rate variability in hypertensive 
pregnancy disorders: a systematic review. 
Pregnancy Hypertens. 2019; 18:150–8. doi: 10. 
1016/j.preghy.2019.09.006 

7. Shah S, et al. Epidemiology of pre-eclampsia 
and the other hypertensive disorders of 
pregnancy. Best Pract Res Clin Obstet 
Gynaecol. 2011; 25(4):391–403. doi:10.1016/j. 
bpobgyn.2011.01.006 

8. Khan KS, et al. Hypertensive disorders of 
pregnancy. Cardiol Clin. 2019; 37(3):345–54. 
doi:10.1016/j.ccl.2019.04.006 

9. Ghossein-Doha C, et al. Preeclampsia and the 
brain: neural control of cardiovascular changes 
during pregnancy and neurological outcomes 
of preeclampsia. Clin Sci (Lond). 2016; 
130(16):1417–34. doi:10.1042/CS20160004 

10. Losilla JM, et al. Pre-eclampsia: a twilight 
zone between health and cardiovascular 
disease? J Am Coll Cardiol. 2018; 71(11):11 
87–9. doi:10.1016/j.jacc.2018.01.040 

11. Lewinsky RM, et al. Heart rate and blood 
pressure variabilities are increased in 
pregnancy-induced hypertension. Am J Obstet 
Gynecol. 1997; 177(5):1208–14. doi:10.1016/ 
S0002-9378(97)70044-7 

12. Pal GK, et al. Autonomic imbalance in 
preeclampsia: evidence for increased 
sympathetic tone in response to the supine-
pressor test. Obstet Gynecol. 1998; 92(2):234–
9. doi:10.1016/S0029-7844(98)00165-6 

13. Noben L, et al. The magnitude of sympathetic 
hyperactivity in pregnancy-induced hyperte 
nsion and preeclampsia. Am J Hypertens. 
2003; 16(9):772–5. doi:10.1016/S0 895-706 
1(03)00974-2 

14. ACOG Practice Bulletin No. 202. The 
relationship of autonomic imbalance, heart rate 
variability and cardiovascular disease risk 
factors. Int J Cardiol. 2010; 144(3):338–40. 
doi:10.1016/j.ijcard.2010.04.001 

15. Umesawa M, et al. Gestational hypertension 
and preeclampsia. Obstet Gynecol. 2017; 
129(2):e95–e106. doi:10.1097/AOG.00000000 
00001900 

16. Wagner SJ, et al. Epidemiology of 
hypertensive disorders in pregnancy: 
prevalence, risk factors, predictors and 
prognosis. Hypertens Res. 2017; 40(3):213–20. 
doi:10.1038/hr.2016.126 

17. Kalafat E, et al. Hypertensive pregnancy 
disorders: current concepts. J Clin Hypertens 
(Greenwich). 2007; 9(6):409–14. doi:10.1111/ 
j.1751-7176.2007.tb00096.x 

18. Folk DM. Cardiovascular origins of 
preeclampsia. Curr Opin Obstet Gynecol. 
2017; 29(2):123–9. doi:10.1097/GCO.0000000 
000000351 

19. Tooher J, et al. Preeclampsia and future 
cardiovascular risk. J Pregnancy. 2017; 
2017:9248496. doi:10.1155/2017/9248496 

20. Reyes LM, Usselman CW, Davenport MH, 
Steinback CD. All hypertensive disorders of 
pregnancy increase the risk of future 
cardiovascular disease. Hypertension. 2017; 
70(4):798–803. doi: 10.1161/Hypertensionaha. 
117.09246 

21. Yousif D, et al. Sympathetic nervous system 
regulation in human normotensive pregnancy 
and preeclampsia. Auton Neurosci. 2019; 
220:102558. doi:10.1016/j.autneu.2019.04.001 

22. Schobel HP, et al. Preeclampsia – a state of 
sympathetic overactivity. N Engl J Med. 1996; 
335(20):1480–5. doi:10.1056/NEJM19961114 
3352002 

23. Brown CA, et al. Maternal heart rate 
variability and fetal behavior in hypertensive 
and normotensive pregnancies. Biol Res Nurs. 
2008; 10(1):38–48. doi:10.1177/10998004083 
19053 

24. Task Force of the European Society of 
Cardiology and the North American Society of 
Pacing and Electrophysiology. Heart rate 
variability: standards of measurement, 
physiological interpretation, and clinical use. 
Circulation. 1996; 93(5):1043–65. doi:10.116 
1/01.CIR.93.5.1043 

25. Rang S, et al. Non-invasive assessment of 
autonomic cardiovascular control in normal 
human pregnancy and pregnancy-associated 
hypertensive disorders: a review. J Hypertens. 
2002; 20(11):2111–9. doi:10.1097/00004872-
200211000-00020 

26. Musa S. Sympathetic activity in preeclampsia: 
a study of heart rate variability. J Hypertens. 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Shaha et al.                                      International Journal of Current Pharmaceutical Review and Research  

279   

2018; 36(1):85–91. doi:10.1097/HJH.0000000 
000001539 

27. Guyenet PG. The sympathetic control of blood 
pressure. Nat Rev Neurosci. 2006; 7(5):335–
46. doi:10.1038/nrn1902 

28. Julius S, et al. The changing face of 
sympathetic overactivity in hypertension. Ann 

Med. 2000; 32(5):365–70. doi:10.3109/07853 
890008995942 

29. Acharya UR, et al. Heart rate variability: a 
review. Med Biol Eng Comput. 2006; 
44(12):1031–51. doi: 10.1007/s11517-006-
0119-0.

 


