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The Effect of Maternal Autonomic Regulation on 
fetal Hemodynamic Fluctuations and Growth
Igor V. LAKHNO1

Objective. The development of fetal autonomic regulation has a crucial influence on fetal hemody-
namics. Heart rate variability (HRV) captures the continual changes in sympathetic and parasympa-
thetic balance. 
The study was focused on the detection of the relationship between maternal HRV, fetal HRV, neo-
natal biometry, and Apgar score.
Methods. This study was performed among 71 pregnant women at 22-36 weeks. Fetal HRV data 
were collected using non-invasive fetal electrocardiography (NI-FECG) with the “Cardiolab Baby 
Card” system, which registered RR-intervals from the maternal abdominal wall over 30–60 minutes. 
Additionally, the study recorded neonatal biometry (birth weight, body length, and head circumfer-
ence) and the 1-minute Apgar score.
Results. Maternal stress index (SI) demonstrated strong or moderate negative correlation with 
acceleration capacity (AC) maternal (r=-0.71; p<.001), deceleration capacity (DC) maternal (r=-0.78; 
p<.001), AC fetal (r=-0.42; p<.001), DC fetal (r=-0.37, p=.001), and STV (r=-0.27, p=.022). A positive 
moderate correlation was found in pairs Apgar score vs AC fetal (r=0.31; p=.009), DC fetal vs Apgar 
score (r=0.35, p=.003), STV (r=0.27; p=.024), and LTV (r=0.25; p=.038). A negative moderate correla-
tion was detected between the SI fetal and Apgar score (r=-0.27; p=0.02). The multivariate logistic 
regression detected the relationship between maternal SI and neonatal body weight.
Conclusion. Maternal stress-related sympathetic activity is intrinsically linked to fetal autonomic 
regulation and neonatal outcomes. Utilizing maternal SI as a prognostic marker could provide clini-
cians with a fundamental tool for developing models to predict fetal growth restriction and ensure 
timely intervention.
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INTRODUCTION

The maturation of the fetal autonomic nervous system 
is a critical factor in the regulation of fetal hemody-
namics and development. During the end of the sec-
ond trimester, “neurological maturation” occurs, which 
changes how the fetal heart rate reacts to movement. 
Heart Rate Variability (HRV) serves as a non-invasive 
instrument to investigate these autonomic tones, cap-
turing the continuous shifts between sympathetic and 
parasympathetic balance. While fetal regulation is not 
a direct mirror of maternal mechanisms, evidence sug-
gests a significant coupling between maternal and fetal 
autonomic tones, which may influence fetal growth1. 
The mother-placenta-fetus unit operates as a dynamic, 
multiscale network of physiological subsystems (car-
diovascular, autonomic, endocrine, immune, neural). 
Transient, nonlinear couplings—mediated by placental 
conduction of hemodynamic fluctuations, hormones, 
cytokines, extracellular vesicles, and neurotransmit-
ters—generate emergent adaptive states that orches-
trate fetal neurodevelopment and maternal neuroplas-
ticity. These interactions are bidirectional: maternal 
network dynamics program fetal brain networks, while 
fetal/placental signals reshape maternal brain archi-
tecture2. The issue of whether a maternal autonomic 
system is a controlling signal for fetal hemodynamics, 
growth, and maturation has not been resolved yet. 

The nature of fetal and maternal cardiac coupling is 
not clearly understood. The opinion of disturbed fetal 
and maternal autonomic interaction in pre-eclampsia 
and other placenta-related disorders is known3. HRV is 
involved in the ergotrophic and trophotrophic reactions. 
The theory of possible dependence of fetal gestational 
age and the power of autonomic tone is already imple-
mented. Therefore, HRV demonstrated a prospect in 
diagnosing fetal growth restriction (FGR)4,5. Probably, 
this method could be of use in the early detection of 
fetal excessive growth in gestational diabetes mellitus 
(GDM). 

Fetal non-invasive electrocardiography (NI-FECG) 
is a prospective method for assessing fetal cardiac 
rhythm6. A range of HRV variables is rather wide. 
There are temporal or spectral parameters. Some of 
them refer to the reflection of sympathetic or parasym-
pathetic branches of the autonomic nervous system. 
The sympathetic tone is increased in fetal deteriora-
tion. The complex parameter reflecting sympathetic 
stress-induced reaction is a stress index (SI)7. The 

phase rectified signal averaging – acceleration capac-
ity and deceleration capacity (AC/DC) are useful in 
fetal well-being assessment8. Several parameters were 
obtained from cardiotocography (CTG) – short-term 
variations (STV) and long-term variations (LTV). They 
are known to be useful in diagnosing fetal distress in 
case of a nonreactive pattern of a non-stress test9. 

This study investigated the relationship between 
maternal HRV, fetal HRV, neonatal biometry, and 
Apgar scores. 

MATERIALS AND METHODS

This descriptive cross-sectional study was perfor-
med among pregnant women who were admitted to 
Kharkiv Municipal Perinatal Center between 1 April 
2024 and 31 October 2025. The data was obtained 
from the hospital automation system. Ethics approval 
was received from the Research Council and Ethical 
Committee of Kharkiv National Medical University, 
No28.0224p. Informed consent was obtained from all 
the patients. Patients from the department of mater-
nal-fetal medicine were selected randomly. The tech-
nique of automated numbers was used. The FGR was 
diagnosed in case fetal weight parameters were lower 
than the 10th percentile according to ultrasound. The 
ultrasonic investigations were performed longitudinally 
following current clinical protocols 10. Inclusion crite-
ria: healthy pregnancy with appropriate fetal growth, 
FGR, GDM. Exclusion criteria: chromosomal abnor-
malities, multiple pregnancy, threatened preterm birth, 
severe pre-eclampsia, preexisting medical disorders like 
diabetes mellitus, metabolic syndrome, cardiac diseases, 
renal disease, and thyrotoxicosis.

The study was a descriptive cross-sectional investi-
gation involving 71 pregnant women between 22 and 
36 weeks of gestation. Participants were categorized 
into three groups: those with appropriate fetal growth, 
FGR, and GDM. Fetal HRV data were collected 
using NI-FECG with the “Cardiolab Baby Card” sys-
tem, which registered RR-intervals from the mater-
nal abdominal wall over 30–60 minutes. Several key 
metrics were analyzed: Stress Index (SI): a complex 
parameter used to reflect sympathetic stress-induced 
reactions. Phase-Rectified Signal Averaging (AC/DC): 
used to determine acceleration and deceleration capac-
ities for assessing fetal well-being11. Short-term and 
Long-term Variations (STV/LTV): variables derived 
from cardiotocography (CTG) tracing to diagnose 
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potential fetal distress. Additionally, the study recorded 
neonatal biometry (birth weight, body length, and head 
circumference) and the 1-minute Apgar score. All 
recordings were performed during maternal rest after 
meals in a recumbent position. 

The Statistical Package for Social Sciences (SPSS) 
program (IBM SPSS Statistics for Windows, Version 
25.0. Armonk, NY: IBM Corp.) was used for statistical 
analysis. Results were presented as means and standard 
deviations for numerical variables, and frequencies 
and percentages for categorical data. The suitability of 
numerical variables to normal distribution was evalu-
ated using skewness values and histograms.

The Independent sample t-test was used in com-
paring numerical variables fitting normal distribution. 
Variables that did not conform to normal distribution 
were analyzed by the Mann-Whitney U test. The Chi-
Square (or Fisher’s exact) test was used for comparing 
categorical variables. Depending on their distribution, 
Spearman or Pearson correlation analysis was used to 
assess the relationships between numerical variables. 
For multivariate examinations, a logistic regression 
analysis with the entered model was used. Sample size 
was calculated using confidence level 95 % and margin 
of error 5 %. A p-value of <0.05 was considered suffi-
cient for statistical significance.

RESULTS

The appropriate fetal growth was found in 52 patients. 
FGR was diagnosed in 12 cases. The possible fetal 
overgrowth (tendency to macrosomy) was detected in 
7 pregnant women with GDM. The mean age among 
the study population was 26.82±7.64. The quantity of 
primigravidae was 63.38 %. The mean interval between 
HRV registration and delivery was 5.38±1.92 days. 
The data obtained showed differences between normal 
growth, FGR, and GDM subgroups (Table 1). The 
maximal quantitative changes of the maternal and fetal 
HRV parameters, neonatal biometry were detected in 
GDM. However, the small number of cases of GDM 
did not allow statistical significance to proceed. The 
lowest Apgar score was in the FGR subgroup. 

Table 1. Mean values of the variables in the study 
population.

The correlation between maternal and fetal HRV, 
neonatal biometry, and Apgar score is shown in Table 2. 
The analysis revealed significant correlations between 
maternal and fetal parameters. Maternal SI correlations: 

the maternal SI demonstrated a strong negative correla-
tion with maternal AC (r=-0.71) and DC (r=-0.78), as 
well as moderate negative correlations with fetal AC 
(r=-0.42), fetal DC (r=-0.37), and STV (r=-0.27). Apgar 
score relationships: fetal AC (r=0.31), DC (r=0.35), 
STV (r=0.27), and LTV (r=0.25) all showed positive 
moderate correlations with the 1-minute Apgar score. 
In contrast, the fetal SI was negatively correlated with 
the Apgar score (r=-0.27).

Table 2. The linear correlation and significance 
between the detected variables in the study population. 

Growth and Biometry: while direct correlations 
between HRV and biometry were not initially appar-
ent, multivariate logistic regression identified a signifi-
cant relationship between the maternal SI and neonatal 
birth weight (p=0.044) (Table 3). The model itself was 
meaningful. The different models with maternal or fetal 
AC, DC, STV, and LTV did not show any relationships 
with biometry variables.

Table 3. Multivariate logistic regression model with 
SI coefficient.

DISCUSSION

Maternal HRV demonstrates a biphasic pattern of 
changes during pregnancy. Parasympathetic tone is 
activated till the second half of gestation. Then, sym-
pathetic regulation resetting occurs with its gradual 
increase 12. However, excessive growth of sympathe-
tic tone is associated with pre-eclampsia 13. Our study 
demonstrated the coupling between maternal SI and 
fetal HRV variables: AC, DC, and STV. The negative 
correlation supported the speculation that the mater-
nal sympathetic branch of autonomic regulation could 
suppress fetal HRV. Thus, maternal adrenal stress-rela-
ted influences can contribute to fetal deterioration. The 
obvious mechanism of this link is unknown. However, 
it could be thought that maternal sympathetic over-
activity could affect fetal hemodynamic fluctuations 
through the placental bed 14, 15, 16.

The correlation between Apgar score and fetal AC, 
DC, SI, STV, and LTV supported the use of these vari-
ables in diagnosing fetal distress 17. These data provide 
a prospect for the use of NI-FECG in electronic fetal 
monitoring. 

Therefore, our study showed that maternal SI has a 
moderate negative correlation with fetal AC, DC and 
STV. This sympatho-adrenal mediated variable was a 
controlling signal for fetal HRV. Fetal AC, DC, STV, 
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Parameter Fetal growth pattern Frequency Mean Std. Deviation Minimum Maximum
AC maternal Appropriate 52 8.51 2.88 3.54 17.44

FGR 12 8.57 2.91 4.51 15.44
GDM 7 7.62 2.47 3.75 10.69

DC maternal Appropriate 52 8.7 2.8 4.29 17.13
FGR 12 8.2 2.02 4.73 10.85
GDM 7 7.39 1.83 3.9 9

AC fetal Appropriate 52 1.98 0.53 1.18 3.71
FGR 12 1.8 0.98 0.77 3.54
GDM 7 1.99 0.7 1.35 3.31

DC fetal Appropriate 52 2.37 0.64 1.24 4.04
FGR 12 2.16 1.3 0.78 4.37
GDM 7 2.28 0.89 1.46 3.98

SI maternal Appropriate 52 165.35 104.85 32 523
FGR 12 194.33 105.42 57 457
GDM 7 225 237.25 59 744

SI fetal Appropriate 52 1005.02 500.86 326 2623
FGR 12 1494.92 1305.72 251 4569
GDM 7 1187.86 703.17 460 2503

STV Appropriate 52 7.41 2.55 2.5 15
FGR 12 6.5 4.04 1.2 12.2
GDM 7 7.3 3.27 2.8 11.9

LTV Appropriate 52 37.71 14.21 17.1 95.6
FGR 12 34.68 19.86 9.3 71
GDM 7 37.61 17.62 13.7 64.4

Neonatal weight Appropriate 52 3247.02 602.42 1800 4650
FGR 12 1709.17 917.58 410 2680
GDM 7 3800.71 914.45 2665 5530

Neonatal body length Appropriate 52 50.94 4.17 39 61
FGR 12 39.75 8.07 27 50
GDM 7 51.71 4.86 47 62

Head circumference Appropriate 52 34.5 1.74 30 37
FGR 12 27.83 5.11 19 34
GDM 7 35.57 1.4 34 38

Apgar score Appropriate 52 7.87 0.91 5 9
FGR 12 5.5 2.91 0 8
GDM 7 7.43 1.13 5 8

Table 1. Mean values of the variables in the study population 

and LTV demonstrated a positive moderate correlation 
with Apgar score. Fetal SI had a negative moderate 
correlation with Apgar score. The logistic regression 
did not find any relationship between fetal HRV and 
parameters of neonatal biometry. However, the link 
between maternal SI and body weight at birth was sup-
ported. This fact captured the regulatory trophotrophic 
influence of sympathetic regulation on fetal growth. 
The obtained result could be fundamental for develop-
ing prognostic models using maternal SI as a possible 
biophysical marker for FGR. 

The results support the theory that maternal auto-
nomic activity acts as a controlling signal for fetal HRV. 
Specifically, maternal sympathetic overactivity—often 

associated with stress or conditions like pre-eclampsia—
may suppress fetal HRV by affecting hemodynamic 
fluctuations through the placental bed. This connection 
highlights the regulatory “trophotrophic” influence that 
the maternal sympathetic branch has on fetal growth. 
The high predictive value of fetal AC, DC, and SI for 
neonatal Apgar scores suggests that NI-FECG is a 
robust tool for electronic fetal monitoring and the early 
detection of distress. Furthermore, maternal SI shows 
great promise as a biophysical marker for diagnosing 
and managing fetal growth restriction18.

The lower fetal HRV is a moderate-to-strong bio-
marker of short-term compromise and signals long-
term neurodevelopmental vulnerability, especially in 

Igor V. LAKHNO.
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Table 2. The correlation and significance between the detected variables in the study population

Parameter Cor-relation AC 
maternal

DC 
maternal

AC 
fetal

DC 
fetal

SI 
maternal

SI 
fetal STV LTV

Neonatal 
body 

weight

Neonatal
body 

length

Head 
circum-
ference

Apgar 
score

AC maternal Cor-relation 1 0.95 0.19 0.15 -0.71 -0.01 0.05 0 -0.09 -0.07 -0.1 0.01
p <.001 .115 .204 <.001 .943 .685 .981 .453 .588 .411 .902

DC maternal Cor-relation 0.95 1 0.21 0.18 -0.78 0.01 0.07 -0.02 -0.06 -0.05 -0.05 0.03
p <.001 .079 .132 <.001 .923 .581 .84 .635 .657 .681 .792

AC fetal Cor-relation 0.19 0.21 1 0.91 -0.42 -0.64 0.91 0.81 -0.04 0.04 0.18 0.31
p .115 .079 <.001 <.001 <.001 <.001 <.001 .736 .747 .135 .009

DC fetal Cor-relation 0.15 0.18 0.91 1 -0.37 -0.63 0.91 0.83 -0.05 0.05 0.15 0.35
p .204 .132 <.001 .001 <.001 <.001 <.001 .672 .682 .216 .003

SI maternal Cor-relation -0.71 -0.78 -0.42 -0.37 1 0.05 -0.27 -0.11 -0.03 -0.01 -0.06 -0.1
p <.001 <.001 <.001 .001 .674 .022 .342 .819 .925 .643 .411

SI fetal Cor-relation -0.01 0.01 -0.64 -0.63 0.05 1 -0.74 -0.84 0.1 -0.03 -0.14 -0.27
p .943 .923 <.001 <.001 .674 <.001 <.001 .413 .807 .254 .02

STV Cor-relation 0.05 0.07 0.91 0.91 -0.27 -0.74 1 0.9 -0.05 0.04 0.19 0.27
p .685 .581 <.001 <.001 .022 <.001 <.001 .696 .746 .116 .024

LTV Cor-relation 0 -0.02 0.81 0.83 -0.11 -0.84 0.9 1 -0.03 0.03 0.22 0.25
p .981 .84 <.001 <.001 .342 <.001 <.001 .8 .791 .067 .038

Neonatal body
weight

Cor-relation -0.09 -0.06 -0.04 -0.05 -0.03 0.1 -0.05 -0.03 1 0.78 0.76 0.46

p .453 .635 .736 .672 .819 .413 .696 .8 <.001 <.001 <.001
Neonatal body 
length

Cor-relation -0.07 -0.05 0.04 0.05 -0.01 -0.03 0.04 0.03 0.78 1 0.65 0.62

p .588 .657 .747 .682 .925 .807 .746 .791 <.001 <.001 <.001
Head circum-
ference

Cor-relation -0.1 -0.05 0.18 0.15 -0.06 -0.14 0.19 0.22 0.76 0.65 1 0.5

p .411 .681 .135 .216 .643 .254 .116 .067 <.001 <.001 <.001
Apgar score Cor-relation 0.01 0.03 0.31 0.35 -0.1 -0.27 0.27 0.25 0.46 0.62 0.5 1

p .902 .792 .009 .003 .411 .02 .024 .038 <.001 <.001 <.001

high-risk pregnancies5-7, 16. This supports its role in 
Network Physiology-guided monitoring alongside 
maternal-fetal coupling and placental hemodynamics. 
Preserved or improving fetal HRV trajectories appear 
protective. Further pooled analyses would benefit from 
raw data sharing.

The limitations of the study include the following 
points: small Sample Size in Specific Subgroups. A pri-
mary limitation was the small number of cases within 
the GDM group, which consisted of only 7 partici-
pants. This small sample size prevented the research-
ers from achieving statistical significance for changes 
in maternal and fetal HRV parameters and neonatal 
biometry specifically within the GDM subgroup.

Restrictive Exclusion Criteria: the study’s general-
izability is limited by the exclusion of several high-risk 
conditions. Specifically, the research excluded patients 
with chromosomal abnormalities, multiple pregnancies, 
threatened preterm birth, and severe pre-eclampsia. It 

also excluded those with preexisting medical disorders 
such as diabetes mellitus, metabolic syndrome, cardiac 
diseases, renal disease, and thyrotoxicosis.

Temporal Gap Before Delivery: There was a mean 
interval of 5.38±1.92 days between the registration of 
HRV and the actual delivery. This time gap could poten-
tially influence the correlation between the recorded 
HRV data and the final neonatal outcomes.

Initial Statistical Challenges: In simple correlation 
analysis, no significant relationship was initially detected 
between maternal or fetal HRV variables and neonatal 
biometry. A significant link between maternal SI and 
neonatal birth weight only became apparent when using 
multivariate logistic regression.

Single-Center Scope: The data were obtained exclu-
sively from the Kharkiv Municipal Perinatal Center, 
which may limit the broader application of the findings 
to different populations or healthcare settings.

The Effect of Maternal Autonomic Regulation on fetal Hemodynamic Fluctuations and Growth
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Parameter Unstandardized 
Coefficients

Standardized 
Coefficients 95% confidence interval for B

Model B Beta Standard error t p lower bound upper bound
(Constant) 123.51 233.59 0.53 .599 -343.92 590.94
AC maternal 0.63 0.01 10.97 0.06 .954 -21.32 22.58
DC maternal -30.22 -0.65 11.63 -2.6 .012 -53.48 -6.95
AC fetal -56.92 -0.3 56.8 -1 .32 -170.58 56.75
DC fetal -10.88 -0.07 44.75 -0.24 .809 -100.43 78.66
SI fetal 0.01 0.07 0.02 0.51 .61 -0.03 0.06
STV 4.31 0.1 15.25 0.28 .778 -26.21 34.84
LTV -0.19 -0.02 1.74 -0.11 .912 -3.67 3.28
Neonatal body 
weight -0.07 -0.51 0.03 -2.06 .044 -0.13 0

Neonatal body 
length 4.31 0.23 4.97 0.87 .389 -5.63 14.26

Head circum-
ference 14.54 0.43 8.45 1.72 .091 -2.38 31.45

Apgar score -12.33 -0.17 13.31 -0.93 .358 -38.96 14.3

Table 3. Multivariate logistic regression model with SI coefficient

CONCLUSION

Maternal stress-related sympathetic activity is intrinsi-
cally linked to fetal autonomic regulation and neonatal 
outcomes. Utilizing maternal SI as a prognostic marker 
could provide clinicians with a fundamental tool for 
developing models to predict fetal growth restriction 
and ensure timely intervention.

CLINICAL SIGNIFICANCE

The study establishes that the maternal SI can serve as 
a valuable biophysical marker for the early detection 
of FGR. It highlights that NI-FECG is an effective 
tool for monitoring fetal autonomic variables, such as 
acceleration and deceleration capacities, which are sig-
nificant predictors of neonatal Apgar scores. These fin-
dings indicate that maternal sympathetic overactivity 
may influence fetal development through the placental 
bed, suggesting that maternal autonomic monitoring 
offers a novel pathway for identifying fetal distress and 
improving the management of high-risk pregnancies.
List of abbreviations.
FGR – fetal growth restriction; HRV – heart rate variability; 
NI-ECG – non-invasive electrocardiography; STV – short-
term variation; AC – acceleration capacity; DC – decelera-
tion capacity; SI – stress index; CTG – cardiotocography; 
SPSS – Statistical Package for Social Sciences. 
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