
Sexual & Reproductive Healthcare 35 (2023) 100820

Available online 7 February 2023
1877-5756/© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Comparing prenatal and postpartum stress among women with previous 
adverse pregnancy outcomes and normal obstetric histories: A longitudinal 
cohort study 

Hannakaisa Niela-Vilen a,*, Eeva Ekholm b, Fatemeh Sarhaddi c, Iman Azimi d, 
Amir M. Rahmani d, Pasi Liljeberg c, Miko Pasanen a, Anna Axelin a,b 

a Department of Nursing Science, University of Turku, 20014 University of Turku, Finland 
b Department of Obstetrics and Gynaecology, Turku University Hospital, Savitehtaankatu 5, 20520 Turku, Finland 
c Department of Computing, University of Turku, 20014 University of Turku Finland 
d Department of Electrical Engineering and Computer Science and School of Nursing, University of California Irvine, Irvine, CA, Engineering Hall, Irvine, CA 92697, 
United States   

A R T I C L E  I N F O   

Keywords: 
Adverse pregnancy outcome 
Heart rate variability 
Maternal outcomes 
Pregnancy 
Stress 
Subsequent pregnancy 

A B S T R A C T   

Objective: The aim of this study was to compare subjectively and objectively measured stress during pregnancy 
and the three months postpartum in women with previous adverse pregnancy outcomes and women with normal 
obstetric histories. 
Methods: We recruited two cohorts in southwestern Finland for this longitudinal study: (1) pregnant women (n =
32) with histories of preterm births or late miscarriages January–December 2019 and (2) pregnant women (n =
30) with histories of full-term births October 2019–March 2020. We continuously measured heart rate variability 
(HRV) using a smartwatch from 12 to 15 weeks of pregnancy until three months postpartum, and subjective 
stress was assessed with a smartphone application. 
Results: We recruited the women in both cohorts at a median of 14.2 weeks of pregnancy. The women with 
previous adverse pregnancy outcomes delivered earlier and more often through Caesarean section compared 
with the women with normal obstetric histories. We found differences in subjective stress between the cohorts in 
pregnancy weeks 29 and 34. The cohort of women with previous adverse pregnancy outcomes had a higher root 
mean square of successive differences between normal heartbeats (RMSSD), a well-known HRV parameter, 
compared with the other cohort in pregnancy weeks 26 (64.9 vs 55.0, p = 0.04) and 32 (63.0 vs 52.3, p = 0.04). 
Subjective stress did not correlate with HRV parameters. 
Conclusions: Women with previous adverse pregnancy outcomes do not suffer from stress in subsequent preg
nancies more than women with normal obstetric histories. Healthcare professionals need to be aware that 
interindividual variation in stress during pregnancy is considerable.   

Introduction 

Many pregnant women experience stress at some point in pregnancy, 
a major event in a woman’s life [1]. During stress, environmental de
mands exceed the individual resources available to cope; however, stress 
is a multidimensional concept [2]. Stress can be caused by major life 
events, daily hassles, work, or relationship issues [3]. Pregnancy-specific 
stress may arise from bodily changes and symptoms during pregnancy or 
from concerns about childbirth and the health of the unborn baby [4]. 

Stress activates the sympathetic nervous system and achieves 
different physiological responses in a human body. In general, a body 
recovers from stressful situations by normalizing the physiological re
sponses. However, extended periods of stress may keep the body’s re
sponses to stress elevated and lead to pathological conditions such as 
fatigue or depression [5]. Frequent sources of stress may lead to some 
level of adaptation to highly stressful environments [6]. One hypothesis 
is that maternal stress may program a stress response in the foetus [7]. In 
some studies, maternal stress during pregnancy is associated with 
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preterm birth, a low-birth-weight infant, pregnancy-induced hyperten
sion, and mental and behavioural disorders in children [8]. A recent 
meta-analysis suggested a link between high maternal prenatal stress 
and a child’s autism spectrum disorder, obesity, and infantile colic [7]. 
Thus, relieving stress may benefit both maternal and infant health. 

The level and experience of stress is subjective. It could be assumed 
that women with previous adverse outcomes in pregnancy (other than 
normal live birth) experience more psychological stress during subse
quent pregnancies compared to women with previous uncomplicated 
pregnancies. However, few studies are available on this subject. Previ
ous adverse pregnancy outcomes, such as miscarriages or preterm 
births, have been associated with poorer quality of life and more 
symptoms of anxiety and depression during subsequent pregnancies 
[9,10]. However, these studies include many other adverse outcomes, 
such as stillbirth and early neonatal death. Qualitative studies have 
shown that women appreciate being treated in specialist care after a 
previous preterm birth [11], and although they may be scared or ner
vous about their pregnancies, they are pleased with the extra care pro
vided [12]. 

Measuring stress is challenging due to individual variations and the 
multifaceted nature of stressful experiences [13]. In maternity care, 
researchers recommend that the level of psychological stress be exam
ined at every antenatal appointment [7,13]. Previous studies mainly 
have used self-reporting to assess stress [7]. However, objective mea
sures to assess stress in pregnant and postpartum women could help 
healthcare professionals provide timely support. 

Heart rate variability (HRV) reflects changes in autonomic nervous 
control and, therefore, represents physiological responses to various 
psychological and environmental stimuli [5]. HRV can be used to esti
mate psychological stress in adults [14] as well as pregnant women [15]. 
Pregnancy itself has an impact on HRV because of changes in the 
autonomic nervous and cardiovascular systems [16,17]. HRV is tradi
tionally measured using electrocardiography (ECG) in laboratory cir
cumstances, but it can also be measured reliably with 
photoplethysmography (PPG) [18], which is a non-invasive optical 
method and can be applied in normal daily life. 

Our research group has developed a monitoring system using the 
Internet of Things platform (IoT), consisting of a smartphone application 
for subjective measures of stress and a smartwatch equipped with a PPG 
sensor measuring HRV as an estimate of psychological stress [19]. As 
high-level prenatal stress may have severe adverse effects on both the 
mother and her baby, and long-term objective measurement of prenatal 
stress has not been conducted; applying this monitoring system to 
pregnant women is justified. The aim of this study was to compare 
subjectively and objectively measured stress during pregnancy and three 
months postpartum in women with previous adverse pregnancy out
comes (preterm births or late miscarriages) and women with normal 
obstetric histories (full-term births and no pregnancy losses). 

Methods 

Study design 

We used a longitudinal cohort study design. We asked the partici
pants to wear a smartwatch to measure HRV and to use a smartphone 
application to collect subjective stress levels. We performed the data 
collection from gestational week (gwk) 12 to 15 and for three months 
following delivery. 

Participants 

We recruited two cohorts of pregnant women for the study via social 
media advertisements or maternity clinics in southwestern Finland. 
Regarding social media, we used different pregnancy-related groups on 
Facebook. All eligible participants had to have singleton pregnancies 
currently in gwk 12–15. Furthermore, they had to be Finnish-speaking 

and have an Android or iOS smartphone. The sample size was chosen 
in order to complete data collection in a reasonable amount of time. The 
first cohort of pregnant women (n = 32) with histories of preterm births 
(22–36 gwks) or late miscarriages (12–21 gwks) was recruited between 
January and December 2019. The second cohort of pregnant women (n 
= 30) with histories of full-term births (gwks 37–42) and no pregnancy 
losses was recruited between October 2019 and March 2020. 

Based on the advertisement or preliminary information provided 
from the maternity clinic, pregnant women contacted the researchers by 
email, and/or the researcher phoned the interested women. After this 
initial contact, we arranged a meeting to sign a written informed consent 
and provide the study equipment. 

Measurements 

HRV was measured using a smartwatch equipped with PPG sensors. 
The standard deviation of normal-to-normal interbeat intervals (SDNN) 
and the root mean square of successive differences between normal 
heartbeats (RMSSD) as time-domain HRV metrics were calculated [14]. 
We used only night-time data to avoid motion artefacts due to hand 
movements and to capture HRV at resting heart rate. We assessed sub
jective stress via a smartphone application [19]. The application 
included a question about the level of stress during the past week, asked 
every-seven days. The participant was able to answer the question any 
time that day. The question was developed for this study and not vali
dated before data collection. The wording of the question was similar 
each week: “How would you rate your stress level in the last week?” The 
participants rated their stress levels numerically from 0 (no stress) to 
100 (very high). Different levels of stress were not indicated in the 
question or based on numerical responses. 

Data collection 

A cross-platform mobile application was developed and installed on 
participants’ smartphones to collect subjective and self-reported data. 
We delivered a Samsung Gear Sport smartwatch to each participant and 
asked them to wear the watch continuously from their recruitment until 
three months postpartum. 

The Samsung Gear Sport smartwatch is a lightweight open-source 
smartwatch equipped with adequate internal memory, a processing 
unit, and a PPG sensor. The open-source platform enabled us to develop 
customized data collection and data transmission applications on the 
watch. Our customized smartwatch application collected 12 min of PPG 
signals every second hour. The setup enabled us to collect a sufficient 
amount of data and, at the same time, ensure a satisfactory smartwatch 
battery life (i.e., two to three days after a full charge). The sampling 
frequency of the PPG signals was 20 Hz (Hz), and the data were stored 
on the watch’s internal memory. A smartwatch application was devel
oped to send the collected data to a cloud server through a Wi-Fi 
connection. We instructed the participants to upload their data regu
larly (once a week) to the cloud server. They were notified via text 
messages or emails if they forgot to upload the data. 

Data analysis 

We analysed the PPG signals using short-term HRV analysis, a 
standard analysis that uses five-minute segments of PPG signals to 
extract HR and HRV parameters [20]. We performed the data analysis in 
the cloud server. Our data analysis pipeline took five-minute segments of 
PPG signals as input and consisted of several steps. 

First, we extracted reliable PPG signals. PPG signals can be distorted 
due to environmental noise and motion artefacts. Such noise is inevi
table in everyday life and impacts the quality of the signals and, sub
sequently, the accuracy of extracted parameters [21]. Therefore, 
unreliable PPG signals should be detected and discarded. For this pur
pose, we exploited a support vector machine for classification and 
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programmed it using several morphological features extracted from the 
PPG signal. The PPG signal features used for classification were skew
ness, kurtosis, approximate entropy, Shannon entropy, and spectral 
entropy. 

Second, we performed peak detection and interbeat interval (IBI) 
extraction. We used a bandpass filter with cut-off frequencies of 0.7 Hz 
to 3.5 Hz to filter frequencies not in the range of human heart rates. 
Then, we used a moving average method with adaptive thresholds to 
detect all the peaks and remove false peaks. The output consisted of 
systolic peaks and normal IBIs. We implemented the peak detection and 
IBI extraction method using the HeartPy library in Python. 

Third, we extracted the heart rate and HRV parameters from the IBI 
signals. The heart rate was calculated as the average number of peaks 
per minute in each segment. The HRV parameters indicated the varia
tion of IBIs in each segment. We used IBIs in five-minute segments of 
reliable signals to extract the SDNN and RMSSD. 

HRV parameters significantly correlate with the average heart rate, 
which increases during pregnancy [22]. Therefore, we used normalized 
HRV parameters to control for the change in baseline heart rate during 
pregnancy. For normalization, we divided IBIs by average IBI values in 
each segment of the PPG signal [23]. Then, we extracted the normalized 
SDNN (nSDNN) and the normalized RMSSD (nRMSSD) using normalized 
IBIs per each five-minute segment. 

The background characteristics of the participants were described 
using median, range, frequencies, and percentages. The characteristics 
between the cohorts were compared using a chi-square test or a two- 
sample t-test (or a Mann–Whitney U test for non-normal data). Linear 
mixed models were used for modelling the change within the cohorts 
and the difference in the change for the subjectively assessed stress 
levels, nSDNN, and nRMSSD. Gwk 14 was used as a baseline because 
gwks 12 and 13 had too few participants. To detect possible differences 
between the cohorts, we performed t-tests for subjectively assessed 
stress and HRV parameters each week. We calculated weekly correla
tions between subjectively assessed stress and objectively measured 
HRV parameters for both cohorts using the Pearson correlation coeffi
cient. For all analyses, we used the mean of the weekly nSDNN and 
nRMSSD for each participant. Statistical analysis was performed using R 
version 4.0.2. 

Ethical issues 

The Ethics Committee of the Hospital District of Southwest Finland 
evaluated the study proposal and provided a favourable statement 
(Dnro: 1/1801/2018) before data collection was initiated. A written 
informed consent was obtained from each participant. 

Results 

Participants 

A total of 32 women with previous adverse pregnancy outcomes and 
30 women with normal obstetric histories participated in the study. In 
both cohorts, we recruited women at a median 14.2 gwks with a range of 
10.1–16.6 gwks in the cohort of women with previous adverse preg
nancy outcomes and a range of 12.4–15.7 gwks in the cohort of women 
with normal obstetric histories. Four participants from the cohort of 
women with previous adverse pregnancy outcomes withdrew from the 
study before the end of the follow-up, but the data collected by then 
were included in the analyses. 

Data from the women was tracked approximately-six–seven months 
during pregnancy and three months following birth. The background 
characteristics of the participants in both cohorts were similar. The 
participants’ subjectively assessed stress before pregnancy and at 
recruitment greatly varied at an individual level; however, we found no 
differences between the cohorts (Table 1). 

The pregnancy outcomes of the cohorts differed significantly. The 

women with previous adverse pregnancy outcomes had more caesarean 
sections, a shorter gestational time, and by implication, a lower median 
birth weight of their infants (Table 2). In the cohort of women with 
previous adverse pregnancy outcomes, six women delivered prema
turely (<37 gwks), whereas in the cohort of women with normal ob
stetric histories, one woman had a preterm infant. 

Subjectively assessed stress levels 

We found significant differences between the cohorts at 29 gwks 
when the cohort of women with previous adverse pregnancy outcomes 
displayed lower stress and at 34 gwks when the same cohort had higher 
stress. The weekly mean values of stress during pregnancy varied be
tween 29 and 53 in the cohort of women with previous adverse preg
nancy outcomes and between 38 and 55 in the cohort of women with 
normal obstetric histories. 

We found no significant differences between the cohorts in the 
postpartum period. The weekly mean values varied between 28 and 50 
in the cohort of women with previous adverse pregnancy outcomes and 
33–48 in the cohort of women with normal obstetric histories (Fig. 1). 

Regarding the changes in time, no trends in subjectively assessed 
stress levels were detected during pregnancy or after birth in either of 
the cohorts. 

Table 1 
Characteristics of the participants in both cohorts.   

Women with previous 
adverse pregnancy 
outcomes 
n = 32 

Women with 
normal obstetric 
histories  

n = 30 

P 
value 

Age, years median (range) 32.5 (24–43) 31.5 (23–39)  0.746 
BMI, median (range) 24.7 (18.0–40.4) 25.1 (17.8–45.9)  0.592 
Married/cohabiting 31 (97 %) 30 (100 %)  0.516 
Smoking during 

pregnancy 
1 (3 %) 0 (0 %)  0.516 

Pregnancy planned, n(%) 30 (94 %) 27 (90 %)  0.667 
University level 

education, n(%) 
10 (31 %) 8 (27 %)  0.102 

Employed/full-time 
student 

26 (81 %) 28 (93 %)  0.205 

Gestational age at 
recruitment, median 
(range) 

14.2 (10.1–16.6) 14.2 (12.4–15.7)  0.778 

Subjective stress level 
before pregnancy 
(0–100), median 
(range) 

45.5 (10–80) 41.5 (1–90)  0.500 

Subjective stress level at 
recruitment (0–100), 
median (range) 

53.5 (9–100) 42.5 (3–100)  0.314  

Table 2 
Pregnancy outcomes in both cohorts.   

Women with previous 
adverse pregnancy 
outcomes 
n = 25* 

Women with normal 
obstetric histories 
n = 29* 

P value 

Vaginal birth, n (%) 18 (69 %) 27 (93 %)  0.025 
Gestational age at 

delivery, median 
(range) 

38.4 (32.6–41.9) 40.1 (36.6–41.9)  <0.001 

Infant birth weight, 
g, median (range) 

3316 (2052–4154) 3800 (3152–4630)  <0.001 

*Missing data, n = 7 in a cohort of women with previous adverse pregnancy 
outcomes and n = 1 in a cohort of women with normal obstetric history. 
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Objectively measured stress levels 

No significant differences in the SDNN were found between the co
horts during pregnancy. Concerning the RMSSD, the cohort of women 
with previous adverse pregnancy outcomes had significantly higher 
values compared with the other cohort at 26 gwks (64.9 vs 55.0, p =
0.04) and 32 gwks (63.0 vs 52.3, p = 0.04). 

Considering the cohort of women with previous adverse pregnancy 
outcomes, the HRV parameters remained stable during the first study 
weeks (14–17 gwks). Both the SDNN and RMSSD decreased at 18 gwks. 
The SDNN remained at a lower level compared with the initial level until 
31 gwks and decreased again at 33 gwks before increasing and returning 
closer to the initial level at 14 gwks. The RMSSD remained at lower 
levels until 38 gwks and returned close to the initial level during the last 
weeks of pregnancy. 

In the cohort of women with normal obstetric histories, the HRV 

parameters remained stable during 14–20 gwks. The RMSSD decreased 
at 21 gwks, and the SDNN at 24 gwks. Both remained significantly lower 
compared with the initial level until 35 gwks. Thereafter, during the last 
weeks of pregnancy, the SDNN returned to almost the same initial level. 
The recovery of the RMSSD was slower, as it was again significantly 
lower at 37 and 38 gwks before returning close to the initial level 
(Fig. 2). 

During the three months postpartum period, no significant differ
ences in the HRV parameters were detected between the cohorts. 
Furthermore, both the SDNN and RMSSD remained stable, and we 
detected no significant changes compared with the third trimester at 36 
gwks in either of the cohorts (Fig. 3). 

Weekly mean values of nSDNN, nRMSSD, and subjective stress are 
presented in a supplementary table. 

Fig. 1. The weekly subjective stress level assessments (mean and confidence intervals) in both cohorts during pregnancy and after the birth.  
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Correlation between subjective and objective stress in both cohorts 

Subjectively assessed stress levels did not correlate with objectively 
measured HRV parameters during the pregnancy or postpartum periods, 
and low negative and positive correlations alternated throughout the 
measurement period (Fig. 4). 

Discussion 

Women with previous adverse pregnancy outcomes did not suffer 
from more stress than women with normal obstetric histories during 
subsequent pregnancies and during the three-month postpartum period. 
The level of stress was measured using both subjective weekly assess
ments and a continuous night-time HRV. In all participants, the HRV 
parameters, SDNN, and RMSSD decreased as the pregnancy proceeded 
but started to increase at the end of the pregnancy. Subjectively and 
objectively measured stress did not correlate. 

Based on previous studies, perceived stress has either decreased [24] 

or increased [25] as pregnancy proceeded, but in this study, we detected 
no such trends. The differences between the cohorts are difficult to 
explain because we were not able to control all the factors influencing 
HRV. Many physical conditions, lifestyle choices, or medication may 
affect HRV results [5]. In contrast to our hypothesis, women with pre
vious adverse pregnancy outcomes did not report considerably higher 
levels of subjectively assessed stress [9,10]. Women who experienced 
adverse, or even traumatic events during their previous pregnancies 
may have recovered before becoming pregnant again [26]. Secondly, 
the perceived emotional support of a pregnant woman may have facil
itated recovery from acute stress [6]. In Finland, the care of preterm 
infants in the neonatal intensive care units (NICUs) is of high quality. 
Many NICUs follow family-centred care principles that may decrease 
psychological distress, such as the postnatal depression of mothers [27]. 
Thirdly, the experience of having already coped, despite adverse preg
nancy outcomes, may decrease distress in a subsequent pregnancy. 

Support in stressful situations and life events should be available. 
The Finnish maternity care system provides regular visits and support 

Fig. 2. The trends of HRV variables (means and confidence intervals of SDNN and RMSSD) in both cohorts during pregnancy.  
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for each pregnant woman. At antenatal visits, it is very important to 
screen or ask about stress from a pregnant woman, as well as her ability 
to cope with stress, to be able to tailor support accordingly [7]. Notably, 
participating women in this study were highly educated, non-smoking, 
and married, with planned pregnancies; thus, we could assume they 
had social support and good resources to cope with stress. However, 
interindividual variation in subjective stress scores during recruitment 
and across pregnancies was considerable. The subjective assessment of 
stress poses challenges for comparisons, as the experience of stress is 
very personal [13]. Furthermore, the sources of stress may have varied 
and were not investigated in this study. In future studies, this should be 
considered because the sources of stress could support the interpretation 
of the HRV results. For example, some of the participants may have 
suffered from high stress caused by major life events and nothing related 
to pregnancy [3]. 

This study suggests that previous adverse pregnancy outcomes do not 
increase maternal stress in subsequent pregnancies as evaluated through 
HRV. However, the interpretation of different HRV parameters is not 
straightforward. Many physical and environmental factors as well as 
lifestyle habits affect HRV [5]. Furthermore, the state of pregnancy is 
known to affect maternal HRV, also shown in the present study [17]. 
Although subjective and objective stress measures yielded similar re
sults, the measures did not correlate. According to Klinkenberg et al. 
[15], subjective stress perception may not follow changes in HRV, 
whereas Shah et al. [28] found a correlation between perceived stress 
and HRV. Manifestation of stress varies, and the symptoms of stress can 
be emotional, physical, cognitive, or behavioural [29]. The individual 
nature of stressful experiences may partly explain the missing 
correlation. 

Few studies on HRV during the postpartum period are available. In a 

Fig. 3. The trends of HRV variables (means and confidence intervals of SDNN and RMSSD) in both cohorts during the twelve weeks postpartum period.  
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follow-up study, Brown et al. [30] reported an increase of the RMSSD 
and High-Frequency power (HF) between the third trimester and four
–six weeks postpartum. In this study, no such change was detected 
during the three-month postpartum period, whereas the HRV started to 
recover already at the end of each pregnancy. Previous studies [16,17] 
have conducted few or no measurements of HRV during the last weeks of 
pregnancy; thus, the possible increase in HRV might not have been 
detected. 

The data collection of this study was partly conducted during the 
COVID-19 pandemic. The results concerning the effect of the lockdown 
on stress in pregnant women is conflicting (e.g., [31,32]). Most of the 
women with previous adverse pregnancy outcomes had given birth by 
the time of the first wave of the pandemic in Finland, as their cohort was 
recruited earlier. Correspondingly, most of the women with normal 
obstetric histories gave birth during the pandemic. The circumstances 
were different as the pandemic caused many restrictions to social con
tact; however, in this study we detected no significant differences in the 
data collected. It could be speculated whether the group of women with 
normal obstetric histories would have had significantly lower stress 

levels without the pandemic. However, our previous detailed HRV 
analysis before and during the lockdown period suggested that pregnant 
women coped well with pandemic-related restrictions [32]. 

To our knowledge, this is the first research project in which HRV was 
continuously measured throughout pregnancy and the three months 
postpartum in a free-living environment using PPG sensors. In previous 
studies, HRV was measured intermittently during pregnancy using ECG 
in laboratory environments (e.g., [33]) or Holter monitoring [34]. PPG 
sensors in pregnant women have also been used to measure their resting 
HRV in laboratory settings [18]. Although some compromises persist 
regarding the quality of the data, the feasibility of continuous moni
toring with smart devices using PPG sensors is promising [35]. 

Limitations 

The sample size was rather small to draw strong conclusions. 
Although both preterm births and late miscarriages are traumatic ex
periences [9], the outcomes of these pregnancies greatly differ. 
Miscarriage inevitably leads to the death of a foetus, but preterm birth 

Fig. 4. Weekly correlations between subjectively assessed stress and normalised HRV parameters in both cohorts during pregnancy and postpartum period.  
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can result in a completely healthy baby. In future studies, investigating 
these groups separately would be interesting. 

The low sampling rate of HRV constitutes a limitation. In ECG 
measurements, a sampling rate of 1 kHz is often used, and for PPG 
measurements conducted via smartwatches, the sampling frequency is 
inevitably lower. In our study, the sampling frequency was 20 Hz, which 
should provide reliable results based on Choi & Shin [36], where lower 
sampling frequencies were compared with 10 kHz ECG. We used time- 
domain measures (SDNN and RMSSD) in which the low sampling fre
quency should be sufficient [36]. PPG signals are also highly susceptible 
to motion artefacts, which was considered when processing the data. 
Furthermore, the subjective assessment of stress was based on a non- 
validated single question on a weekly basis. Using more detailed ques
tions or a validated instrument could have changed the results. How
ever, the single question was chosen to minimize the burden on the 
participants. For the same reason, the sources of stress were not asked. 
Despite the limitations, this study has provided unique long-term data of 
pregnant women’s HRV and stress levels. Although the results as such 
may not be generalizable, the knowledge about PPG sensors as long- 
term measures of stress could be utilized more widely. 

Conclusions 

Women with previous adverse pregnancy outcomes, such as late 
miscarriages or preterm births, do not suffer from psychological stress in 
subsequent pregnancies more than women with normal obstetric his
tories. As there seems to be great interindividual variation in stress 
levels, pregnant women with high stress levels need to be identified to 
prevent any adverse effects. Therefore, the results of this study 
strengthen the recommendation of examining the level of psychological 
stress at every antenatal appointment. Further, PPG sensors seem to be a 
feasible method to measure continuous HRV in free-living conditions. In 
future studies, larger samples are needed, and the sources of stress 
should be measured more precisely. Continuously developing smart 
devices using PPG may provide even more accurate measures for stress 
in the future. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgement 

We would like to acknowledge the voluntary pregnant women who 
participated in the study and committed to the long data collection 
period. 

Funding sources 

This work received support from the Academy of Finland [grant 
numbers 313448, 313449, 316810 and 316811] and from the U.S. Na
tional Science Foundation [grant number CNS-1831918]. The funders 
played no role in the design of the study, data collection, analysis, 
interpretation, writing manuscript, or decision to publish. 

References 

[1] McCarthy M, Houghton C, Matvienko-Sikar K. Women’s experiences and 
perceptions of anxiety and stress during the perinatal period: a systematic review 
and qualitative evidence synthesis. BMC Pregnancy Childbirth 2021;21(1):811. 
https://doi.org/10.1186/s12884-021-04271-w. 

[2] Lazarus, R., Folkman, S., 1984. Stress, Appraisal, and Coping. Springer Publishing 
Company, New York. 

[3] Kashanian M, Faghankhani M, YousefzadehRoshan M, EhsaniPour M, 
Sheikhansari N. Woman’s perceived stress during pregnancy; stressors and 

pregnancy adverse outcomes. J Matern Fetal Neonatal Med 2021;34(2):207–15. 
https://doi.org/10.1080/14767058.2019.1602600. 

[4] Ibrahim SM, Lobel M. Conceptualization, measurement, and effects of pregnancy- 
specific stress: review of research using the original and revised Prenatal Distress 
Questionnaire. J Behav Med 2020;43(1):16–33. https://doi.org/10.1007/s10865- 
019-00068-7. 

[5] Kim HG, Cheon EJ, Bai DS, Lee YH, Koo BH. Stress and Heart Rate Variability: A 
Meta-Analysis and Review of the Literature. Psychiatry Investig 2018;15(3): 
235–45. https://doi.org/10.30773/pi.2017.08.17. 

[6] Tung I, Krafty RT, Delcourt ML, Melhem NM, Jennings JR, Keenan K, et al. Cardiac 
vagal control in response to acute stress during pregnancy: Associations with life 
stress and emotional support. Psychophysiology 2021;58(6):e13808. 

[7] Caparros-Gonzalez RA, de la Torre-Luque A, Romero-Gonzalez B, Quesada- 
Soto JM, Alderdice F, Peralta-Ramírez MI. Stress During Pregnancy and the 
Development of Diseases in the offspring: A Systematic-Review and Meta-Analysis. 
Midwifery 2021;97:102939. https://doi.org/10.1016/j.midw.2021.102939. 

[8] Korja R, Nolvi S, Grant KA, McMahon C. The Relations Between Maternal Prenatal 
Anxiety or Stress and Child’s Early Negative Reactivity or Self-Regulation: A 
Systematic Review. Child Psychiatry Hum Dev 2017;48(6):851–69. https://doi. 
org/10.1007/s10578-017-0709-0. 

[9] Couto E, Couto E, Vian B, Gregorio Z, Nomura M, Zaccaria R, et al. Quality of life, 
depression and anxiety among pregnant women with previous adverse pregnancy 
outcomes. Sao Paulo Med J 2009;127(4):185–9. https://doi.org/10.1590/s1516- 
31802009000400002. 
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[23] Gąsior JS, Sacha J, Jeleń PJ, Pawłowski M, Werner B, Dąbrowski MJ. Interaction 
Between Heart Rate Variability and Heart Rate in Pediatric Population. Front 
Physiol 2015;6:385. https://doi.org/10.3389/fphys.2015.00385. 

[24] Goletzke J, Kocalevent R-D, Hansen G, Rose M, Becher H, Hecher K, et al. Prenatal 
stress perception and coping strategies: Insights from a longitudinal prospective 
pregnancy cohort. J Psychosom Res 2017;102:8–14. https://doi.org/10.1016/j. 
jpsychores.2017.09.002. 

[25] Wang W, Wen L, Zhang Y, Wang L, Wang L, Chen Z, et al. Maternal prenatal stress 
and its effects on primary pregnancy outcomes in twin pregnancies. J Psychosom 
Obstet Gynaecol 2020;41(3):198–204. https://doi.org/10.1080/ 
0167482X.2019.1611776. 

[26] Greene MM, Schoeny M, Rossman B, Patra K, Meier PP, Patel AL. Infant, Maternal, 
and Neighborhood Predictors of Maternal Psychological Distress at Birth and Over 
Very Low Birth Weight Infants’ First Year of Life. J Dev Behav Pediatr 2019;40(8): 
613–21. https://doi.org/10.1097/DBP.0000000000000704. 

[27] Axelin A, Feeley N, Campbell-Yeo M, Silnes Tandberg B, Szczapa T, Wielenga J, 
et al. Symptoms of depression in parents after discharge from NICU associated with 

H. Niela-Vilen et al.                                                                                                                                                                                                                            

https://doi.org/10.1186/s12884-021-04271-w
https://doi.org/10.1080/14767058.2019.1602600
https://doi.org/10.1007/s10865-019-00068-7
https://doi.org/10.1007/s10865-019-00068-7
https://doi.org/10.30773/pi.2017.08.17
http://refhub.elsevier.com/S1877-5756(23)00010-1/h0030
http://refhub.elsevier.com/S1877-5756(23)00010-1/h0030
http://refhub.elsevier.com/S1877-5756(23)00010-1/h0030
https://doi.org/10.1016/j.midw.2021.102939
https://doi.org/10.1007/s10578-017-0709-0
https://doi.org/10.1007/s10578-017-0709-0
https://doi.org/10.1590/s1516-31802009000400002
https://doi.org/10.1590/s1516-31802009000400002
https://doi.org/10.1080/0167482X.2016.1271979
https://doi.org/10.1080/0167482X.2016.1271979
https://doi.org/10.1186/s12884-017-1232-9
https://doi.org/10.1186/s12884-017-1232-9
https://doi.org/10.1016/j.srhc.2010.05.001
https://doi.org/10.1016/j.srhc.2010.05.001
https://doi.org/10.1007/s10995-020-02978-4
https://doi.org/10.1007/s00421-010-1776-0
https://doi.org/10.1007/s00421-010-1776-0
https://doi.org/10.1080/00016340802566762
https://doi.org/10.1080/00016340802566762
https://doi.org/10.1007/s10286-020-00667-4
https://doi.org/10.1007/s10286-020-00667-4
https://doi.org/10.1016/s0002-9378(99)70670-8
https://doi.org/10.1007/s10484-018-9389-1
https://doi.org/10.1007/s10484-018-9389-1
https://doi.org/10.3390/s21072281
https://doi.org/10.3389/fpubh.2017.00258
https://doi.org/10.3390/bioengineering3040021
https://doi.org/10.3390/bioengineering3040021
https://doi.org/10.1186/s12916-019-1399-1
https://doi.org/10.1186/s12916-019-1399-1
https://doi.org/10.3389/fphys.2015.00385
https://doi.org/10.1016/j.jpsychores.2017.09.002
https://doi.org/10.1016/j.jpsychores.2017.09.002
https://doi.org/10.1080/0167482X.2019.1611776
https://doi.org/10.1080/0167482X.2019.1611776
https://doi.org/10.1097/DBP.0000000000000704


Sexual & Reproductive Healthcare 35 (2023) 100820

9

family-centred care. J Adv Nurs 2022;78(6):1676–87. https://doi.org/10.1111/ 
jan.15128. 

[28] Shah Z, Pal P, Pal GK, Papa D, Bharadwaj B. Assessment of the association of heart 
rate variability and baroreflex sensitivity with depressive symptoms and stress 
experienced by women in pregnancy. J Affect Disord 2020;277:503–9. https://doi. 
org/10.1016/j.jad.2020.08.039. 

[29] World Health Organization WHO. Stress: Questions and answers. 2021. Available 
at https://www.who.int/news-room/questions-and-answers/item/stress. 

[30] Brown RL, Fagundes CP, Thayer JF, Christian LM. Longitudinal changes in HRV 
across pregnancy and postpartum: Effect of negative partner relationship qualities. 
Psychoneuroendocrinology 2021;129:105216. https://doi.org/10.1016/j. 
psyneuen.2021.105216. 

[31] Kołomańska-Bogucka D, Micek A, Mazur-Bialy AI. The COVID-19 Pandemic and 
Levels of Physical Activity in the Last Trimester, Life Satisfaction and Perceived 
Stress in Late Pregnancy and in the Early Puerperium. Int J Environ Res Public 
Health 2022;19(5):3066. https://doi.org/10.3390/ijerph19053066. 

[32] Niela-Vilén H, Auxier J, Ekholm E, Sarhaddi F, Asgari Mehrabadi M, 
Mahmoudzadeh A, et al. Pregnant women’s daily patterns of well-being before and 

during the COVID-19 pandemic in Finland: Longitudinal monitoring through 
smartwatch technology. PLoS One 2021;16(2):e0246494. https://doi.org/ 
10.1371/journal.pone.0246494. 

[33] Moertl MG, Ulrich D, Pickel KI, Klaritsch P, Schaffer M, Flotzinger D, et al. Changes 
in haemodynamic and autonomous nervous system parameters measured non- 
invasively throughout normal pregnancy. Eur J Obstet Gynecol Reprod Biol 2009; 
144(Suppl 1):S179–83. https://doi.org/10.1016/j.ejogrb.2009.02.037. 

[34] Niwa K, Tateno S, Akagi T, Himeno W, Kawasoe Y, Tatebe S, et al. Arrhythmia and 
reduced heart rate variability during pregnancy in women with congenital heart 
disease and previous reparative surgery. Int J Cardiol 2007;122(2):143–8. https:// 
doi.org/10.1016/j.ijcard.2006.11.045. 

[35] Grym K, Niela-Vilén H, Ekholm E, Hamari L, Azimi I, Rahmani A, et al. Feasibility 
of smart wristbands for continuous monitoring during pregnancy and one month 
after birth. BMC Pregnancy Childbirth 2019;19(1):34. https://doi.org/10.1186/ 
s12884-019-2187-9. 

[36] Choi A, Shin H. Photoplethysmography sampling frequency: pilot assessment of 
how low can we go to analyze pulse rate variability with reliability? Physiol Meas 
2017;38(3):586–600. https://doi.org/10.1088/1361-6579/aa5efa. 

H. Niela-Vilen et al.                                                                                                                                                                                                                            

https://doi.org/10.1111/jan.15128
https://doi.org/10.1111/jan.15128
https://doi.org/10.1016/j.jad.2020.08.039
https://doi.org/10.1016/j.jad.2020.08.039
https://doi.org/10.1016/j.psyneuen.2021.105216
https://doi.org/10.1016/j.psyneuen.2021.105216
https://doi.org/10.3390/ijerph19053066
https://doi.org/10.1371/journal.pone.0246494
https://doi.org/10.1371/journal.pone.0246494
https://doi.org/10.1016/j.ejogrb.2009.02.037
https://doi.org/10.1016/j.ijcard.2006.11.045
https://doi.org/10.1016/j.ijcard.2006.11.045
https://doi.org/10.1186/s12884-019-2187-9
https://doi.org/10.1186/s12884-019-2187-9
https://doi.org/10.1088/1361-6579/aa5efa

	Comparing prenatal and postpartum stress among women with previous adverse pregnancy outcomes and normal obstetric historie ...
	Introduction
	Methods
	Study design
	Participants

	Measurements
	Data collection
	Data analysis
	Ethical issues

	Results
	Participants
	Subjectively assessed stress levels
	Objectively measured stress levels
	Correlation between subjective and objective stress in both cohorts

	Discussion
	Limitations
	Conclusions
	Declaration of Competing Interest
	Acknowledgement
	Funding sources
	References


