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Abstract
Background The COVID-19 pandemic has had a profound impact on global mental health, particularly affecting 
vulnerable groups such as pregnant women. Post-traumatic stress disorder (PTSD) in this population may potentially 
hinder infant physical development, underscoring the necessity for specific interventions. This study seeks to explore 
the prevalence of PTSD among pregnant women during the pandemic and its implications for infant physical 
development, thereby providing evidence to mitigate the adverse effects of the pandemic on maternal and child 
health.

Methods A prospective cohort study was carried out involving 450 pregnant women from December 2022 to 
February 2023. Data included demographic details, PTSD evaluation using the PTSD Checklist-Civilian version (PCL-C) 
scale, coping mechanisms, and infant growth indicators at three months postpartum. Statistical methods included 
descriptive statistics, univariate analysis, and multivariate analysis of covariance (ANCOVA) to control for confounding 
factors.

Results The study enrolled a total of 450 pregnant women. Following exclusions and follow-up attrition, 422 
pregnant women were analyzed. There were 72 pregnant women with PTSD and 350 without PTSD. There was no 
statistically significant difference in birth weight between the two groups of participants. Three months after birth, 
infants of PTSD-positive mothers exhibited significantly lower weight percentiles at three months (P < 0.001), adjusted 
for birth weight, feeding method, and coping strategies. Multivariate analysis affirmed a 9.44-point reduction in 
weight percentile among infants in the PTSD-positive group (95% CI: 4.01–14.87, P = 0.001). Conclusion: Pregnant 
women suffering from PTSD during the pandemic are at risk of giving birth to infants with impaired physical growth. 
These findings highlight the critical need for mental health support for pregnant women to foster optimal infant 
development and to guide public health policies and clinical practices.
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Introduction
Between December 2022 and January 2023, China wit-
nessed a surge in Omicron variant infections after three 
years of stringent pandemic prevention and control mea-
sures initiated since December 2019. These measures 
exerted significant nationwide and global repercussions, 
resulting in substantial alterations in people’s daily rou-
tines. Numerous studies conducted during the COVID-
19 pandemic have documented a high prevalence of 
anxiety, depression, and psychological stress among the 
general populace, signifying a marked decline in men-
tal health [1, 2]. Pregnant women, constituting a unique 
cohort, encounter multifarious pressures during the pan-
demic, encompassing isolation, scarce medical resources, 
and apprehensions regarding their own and their new-
born’s well-being, all of which may elevate their suscepti-
bility to post-traumatic stress disorder (PTSD) [3].

PTSD is a psychological affliction that ensues subse-
quent to experiencing or witnessing a life-threatening 
incident, marked by recurrent distressing recollections, 
avoidance of trauma-associated stimuli, persistent hyper-
vigilance, and negative emotional dispositions [4]. Preva-
lent studies have demonstrated that the mental health 
condition of pregnant women is intimately linked to the 
physical growth and development of their offspring [5]. 
The stress levels of pregnant women can impinge on 
the growth of fetuses and infants via diverse conduits, 
including modifying the endocrine milieu of the mother, 
influencing the constitution of breast milk, and through 
the tenor of mother-infant interactions [6–8]. Conse-
quently, examining the repercussions of PTSD in preg-
nant women during the COVID-19 pandemic on the 
physical growth of infants holds great import for compre-
hending the protracted ramifications of the pandemic on 
early childhood development [9–12].

In the light of the above-presented background, the 
aim of this paper is to investigate the prevalence of 
post-traumatic stress disorder (PTSD) among pregnant 
women during the COVID-19 pandemic and to exam-
ine its potential impact on infant physical development. 
By providing empirical evidence, we intend to assess the 
association between PTSD in pregnant women and the 
physical growth of their infants at three months post-
partum, thereby informing public health policies and 
clinical practices aimed at supporting the mental well-
being of pregnant women and promoting optimal infant 
development. By instituting a prospective cohort study, 
we will amass data on the mental health status of preg-
nant women, the growth and development of infants, 
and other pertinent factors, with the aim of unveiling 
potential correlations between maternal PTSD and infant 
physical growth, and to furnish references for subsequent 
public health policies and clinical practices.

Methods
Study design and participants
This research constituted a prospective cohort study. All 
pregnant women who delivered at the obstetrics depart-
ment of our hospital between December 1, 2022, and 
February 28, 2023, were invited to complete a structured 
questionnaire. The supplementary inclusion criterion 
entailed voluntary participation in the study and the abil-
ity to read accurately or communicate verbally. Exclu-
sion criteria included pregnant women with a history 
of mental illness, psychological disorders (such as anxi-
ety, depression, phobias, obsessive-compulsive disorder, 
schizophrenia, etc.), as well as those with severe medical 
conditions that may affect lactation (such as organ fail-
ure), and those whose newborns were twins, premature 
infants, low birth weight infants, or had been transferred 
to pediatrics for treatment due to asphyxia, infection, 
etc. Upon enrollment in the study, pregnant women 
were furnished with informed consent that encompassed 
information pertaining to the study’s objectives, proce-
dures, benefits of participation, and voluntary nature of 
participation.

The diagnosis of each participant was performed 
according to the Diagnostic and Statistical Manual of 
Mental Disorders - the 5th edition (DSM-V) [13]. Then 
data were collected at two time points: (a) at the base-
line when the pregnant woman was between 2 and 4 days 
postpartum, we measured the mother’s PTSD symp-
toms, and collected data from medical records regard-
ing the diagnosis, treatment, outcomes of COVID-19, 
demographic information, and coping strategies; (b) at 
3 months (90 + 0 ~ 20 days) after delivery, the infant were 
invited returning to the pediatric department for physi-
cal growth measurements. The measurements included 
standardized anthropometric measures (weight, length, 
head circumference), and percentiles were recorded.

Study tool
The study tool consists of three parts: basic information, 
PTSD, and coping strategies. The basic information sec-
tion includes diagnosis, treatment, outcomes of COVID-
19, demographic information, and coping strategies.

For PTSD assessment, the PTSD Checklist-Civilian 
version (PCL-C) scale was selected, which is a civilian 
version of the scale for evaluating PTSD, suitable for 
assessing the experiences of ordinary people (as opposed 
to war) after encountering trauma in everyday life. The 
scale requires the respondent to independently evaluate 
their actual situation over the past month, using a 5-point 
scoring standard, with scores ranging from “completely 
disagree” to “fully agree” in ascending order. The scale 
consists of 17 items across 3 dimensions, with a total 
score ranging from 17 to 85. A total score of 17 to 37 
scores is indicative of “without PTSD symptoms,” 38 to 
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49 scores indicating “potential risk of PTSD,” and 50–85 
scores indicating “full PTSD diagnosis”. The question-
naire is valid and reliable to use in the Chinese popula-
tions [14]. The reliability results of PCL-C show that the 
Cronbach’s alpha coefficient is 0.94 [14]. In this survey, 
the instructions provided to the respondents are as fol-
lows: “Referring to the current situation of COVID-19 
outbreak, indicate how you feel for each of the following 
questions in the past month”.

The coping strategies of participants consist of 10 
items, also using a 5-point scoring standard, with scores 
ranging from “completely unable to do” to “fully able to 
do” in ascending order, with a total score ranging from 
10 to 50. The reliability results of coping strategies score 
show that the Cronbach’s alpha coefficient is 0.81. Please 
refer to the supplementary file for detailed content.

Statistical analysis
A descriptive analysis was conducted, revealing demo-
graphic profiles, PTSD scores, coping strategies, and 
potential influencing factors. Categorical variables are 
presented as frequencies and percentages, while continu-
ous variables are expressed as the means and standard 
deviations for normally distributed data or medians and 
interquartile ranges for data with a skewed distribution. 
Univariate analysis was used to analyze the correlation 
between potential risk factors and outcome variables, 
and chi-square tests were employed to compare differ-
ences between PTSD positive and negative group.

Additionally, we employed analysis of covariance 
(ANCOVA) for multivariate analysis to control for 
potential confounding variables. ANCOVA is a multi-
variate statistical technique that combines the features 
of ANOVA and regression analysis, used to compare the 
means of two or more groups on a continuous depen-
dent variable while adjusting for one or more continuous 
covariates. Prior to conducting ANCOVA, we first per-
formed normality tests and homogeneity of variance tests 
on all continuous variables to ensure that the prerequi-
sites for analysis are met. During the model-building pro-
cess, the main independent variables and covariates was 
included, and maximum likelihood estimation to fit the 
model was used. The overall significance of the model 
was assessed through an F-test and test the significance 
of each independent variable and covariate through a 
t-test. Additionally, effect sizes was calculated to evalu-
ate the proportion of variance in the dependent variable 
explained by each variable. To control for the increase 
in Type I error rate due to multiple comparisons, Bon-
ferroni correction was employed. All analysis were con-
ducted using SPSS version 18.0 (SPSS, Inc., Chicago, 
Illinois, USA). All reported p-values were two-tailed, 
with a significance level of 0.05 indicating statistical 
significance.

This study adheres to the principles of the Declara-
tion of Helsinki, and the study protocol were approved 
by the ethical review boards of China-Japan Friendship 
Hospital. Informed consent was obtained prior to inclu-
sion. In case of any participant under the age of 16 was 
enrolled in the study, informed consent to participate 
was obtained from their parents or legal guardians.

Results
The study enrolled a total of 450 pregnant women and 
their newborns, with exclusions of 4 cases of twins, 13 
cases of premature or low birth weight, and 3 cases of 
neonatal asphyxia. By the time of the 3-month follow-up, 
8 cases were lost to follow-up, resulting in a total of 422 
cases. The reasons for loss to follow-up included refusal 
to participate in follow-up (4 cases), relocation of the 
child to another area (3 cases), and inability to contact 
the parturient or family (1 case). There was no statisti-
cally significant difference in sociodemographic charac-
teristics between participants in the follow-up study and 
those lost to follow-up. Seventy-two participants tested 
positive for PTSD Group and 350 participants tested 
negative for non-PTSD Group. Sample sizes of 72 and 
350 achieve 100.000% power to reject the null hypothesis 
of equal means with a significance level (alpha) of 0.050 
using a two-sided two-sample equal-variance t-test.

Sociodemographic characteristics of the participants
The demographic characteristics, perinatal information, 
and feeding methods of the study subjects in the two 
groups are detailed in Table 1.

The total PTSD score for pregnant women was 
29.07 ± 9.53 (median 28) points, with 72 participants test-
ing positive for PTSD, resulting in a positive rate (≥ 38 
points) of 17.06%. Among these, the scores for the three 
symptom clusters of avoidance, re-experiencing, and 
hyperarousal were 11.24 ± 4.00 (range 7–24), 7.82 ± 3.47 
(range 4–18), and 10.00 ± 4.00 (range 6–23) points, 
respectively.

Comparison of weight percentiles at 3 months of age 
between the two groups of infants
The study compared the weight percentiles of infants at 
3 months of age in both groups, finding that the weight 
of infants in the PTSD positive group was significantly 
lower than that in the PTSD negative group, with a statis-
tically significant difference (P < 0.001) (Tables 2).

Univariate comparison of factors influencing infant weight 
in the two groups
Further comparison of different influencing factors on 
the weight of infants in the two groups revealed that 
boys, non-exclusive breastfeeding, multiparous mothers, 
and vaginal delivery were associated with higher weight 
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at 3 months of age. In contrast, girls, exclusive breast-
feeding, primiparous mothers, and cesarean section or 
forceps delivery were associated with lower weight at 3 
months. Additionally, infants with higher birth weight 
and mothers with better coping strategies had higher 
weight at 3 months (P < 0.05). Following Bonferroni cor-
rection (0.05/6), sex of infant, parity, birth weight of the 

infant, and score of coping strategies were associated 
with weight at 3 months (Table 3).

Multivariate analysis of factors influencing infant weight in 
the two groups
This study employed multivariate analysis of covari-
ance to assess the impact of PTSD-positive mothers on 
their infants’ weight at 3 months of age after adjusting 
for birth weight, feeding method, and coping strategies. 
The regression lines for the covariates and dependent 
variables within each group were parallel (F = 3.686, 
P = 0.056). The Shapiro-Wilk test indicated that the 
residuals of the dependent variables within each group 
approximated a normal distribution (P > 0.05). Scat-
ter plots and Levene’s test revealed that the residuals 
of the dependent variables within and between groups 

Table 1 Demographic characteristics of participants 1

PTSD positive group
(n=72)

PTSD negative group
(n=350)

Statistic value 3 P-value Normality tests 4

Age (years) 31.17(3.14) 32.34(3.75) 2.778 0.006 0.140
Birth weight of the infant (gram) 3277.22(367.30) 3337.36(385.43) 1.215 0.225 0.088
Gestational weeks of the infants (week) 39.25(1.07) 39.12(0.98) 1.000 0.318 0.154
days of hospitalization(day) 4.42(1.51) 4.48(1.55) 0.332 0.740 0.091
postpartum blood loss (ml) 377.08(158.65) 425.54(204.97) 1.892 0.059 0.032
maternal weight gain during pregnancy (kg) 14.10(4.26) 13.26(3.37) 1.589 0.115 0.381
Score of coping strategies 41.81(4.72) 44.02(5.05) 3.436 0.001 0.069
Sex of the infants 6.011 0.014 -
boy 47(65.3%) 177(49.4%)
girl 25(34.7%) 173(50.6%)
Mode of delivery 3.564 0.168 -
vaginal delivery 28(38.9%) 159(45.4%)
cesarean section 42(58.3%) 168(48.0%)
forceps delivery 2(2.8%) 23(6.6%)
Feeding method 13.852 0.001 -
exclusive breastfeeding 52(72.2%) 190(54.3%)
Mixed feeding 14(19.4%) 145(41.4%)
formula feeding 6(8.3%) 15(4.3%)
Parity 9.202 0.002 -
nullipara 59(81.9%) 222(63.4%)
multipara 13(18.1%) 128(36.6%)
Family caregiver during hospitalization 2

maternity nanny 27(37.5%) 155(44.3%) 1.121 0.290 -
husband 58(80.6%) 317(90.6%) 6.053 0.014 -
mother 33(45.8%) 178(50.9%) 0.603 0.437 -
mother-in-law 25(34.7%) 124(35.4%) 0.013 0.909 -
others 2(2.8%) 17(4.9%) 0.214 0.643 -
whether infected with COVID-19 during this period 1.397 0.546 -
yes 64(88.9%) 322(92.0%)
no 0(0.0%) 2(0.6%)
uncertain 8(11.1%) 26(7.4%)
1 Data in the table are presented as mean (SD) or n (%)
2 This option allows multiple selections
3 t-values or Chi-square values are provided
4 Significance of Shapiro-Wilk

Table 2 T-test for weight percentiles at 3 months of age in 
infants

n Mean±SD Median(IQR) t-value P-value
PTSD 
positive 
group

72 48.79±23.27 46(31) 4.38 <0.001

PTSD 
negative 
group

350 63.45±26.35 69(44.25)
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were homoscedastic. Additionally, the study data did 
not exhibit standardized residuals greater than 3, indi-
cating no significant outliers. The results showed that 
after adjusting for birth weight, feeding method, and 
coping strategies, the weight percentiles of newborns 
at 3 months of age differed between the two groups 
(F = 19.915, P < 0.001). Infants in the PTSD-positive group 
had a weight percentile at 3 months that was 9.44 points 
lower than that of the PTSD-negative group (95% CI: 
4.01–14.87, P = 0.001) (Table 4).

Discussion
The findings of this study provide compelling evidence 
that PTSD in pregnant women during the COVID-
19 pandemic is associated with compromised physical 
growth in their infants. This relationship underscores the 
critical need for mental health interventions tailored to 
this vulnerable population, aiming to mitigate the adverse 
effects of PTSD on both maternal well-being and infant 
development.

The data suggest that PTSD-positive mothers are more 
likely to have infants with lower weight percentiles, a 

finding that aligns with existing literature on the impact 
of maternal stress on fetal development and infant neu-
rodevelopment [15–17]. The psychological stressors 
unique to the pandemic, such as isolation and healthcare 
uncertainties, may exacerbate PTSD symptoms, thereby 
influencing the intrauterine environment and early post-
natal care practices [18]. Interventions that address these 
stressors, such as psychosocial support programs and 
stress management techniques, could be pivotal in reduc-
ing PTSD incidence and severity among pregnant women 
[19].

During the pandemic, pregnant women and mothers of 
young children were at risk for experiencing worse psy-
chological outcomes. First, they experienced heightened 
parenting stress. During the pandemic, due to lockdown 
measures and restrictive policies, parenting activities 
became increasingly complex and stressful, particularly 
for mothers who had to work full-time from home. This 
dual burden could result in parental burnout. Second, 
they experienced alexithymia, a difficulty in identifying 
and describing emotions. Mothers with higher levels of 
alexithymia may experience a decrease in their perceived 
self-efficacy as parents. Mothers with lower self-efficacy 
feel more helpless and burned out when confronted with 
parenting challenges. Additionally, alexithymia also pre-
dicts increased parental burnout through reduced psy-
chological resilience. Mothers with lower resilience are 
more likely to feel overwhelmed by the stresses associ-
ated with their parenting responsibilities. Furthermore, 
alexithymia may diminish individuals’ ability to cope 
adaptively with stressful situations. Especially during the 
pandemic, when mothers need to juggle work and child-
care simultaneously, those with alexithymia are more 
likely to feel stressed and burned out.

Besides, the literature indicates that after COVID-19 
infection, pregnant women face a higher risk of psycho-
logical disorders, especially PTSD and depression, which 
echoes our findings [19]. Studies have pointed out that 
birth-related traumatization and postpartum depression 
associated with PTSD may cause difficulties for mothers 
in feeding and soothing their infants, thereby affecting 
the infants’ feeding and sleeping patterns. This demon-
strates the potential impact of mental health issues on 
maternal behavior and mother-infant interaction. Data 

Table 3 Univariate analysis of factors influencing infant weight 
at 3 months of age in the two groups
Weight percentiles 
at 3 months of age in 
infants

n Mean±SD/r Statistic 
value 1

P-
value

Sex of the infants
boy 220 57.7±26.91 2.65 0.008
girl 202 64.48±25.45
Exclusive breastfeeding 
or not
yes 242 58.23±27.68 2.52 0.012
no 180 64.60±24.19
Primiparous or not
yes 281 57.58±26.86 3.76 <0.001
no 141 67.66±24.22
Vaginal delivery or not
yes 187 64.26±25.19 2.32 0.021
no 235 58.30±27.10
Birth weight of the infant 422 0.559 190.53 <0.001
Score of coping 
strategies

422 0.177 13.55 <0.001

1 Statistical value are t-value or F-value

Table 4 Analysis of covariance (ANCOVA) of factors influencing infant weight percentiles at 3 months of age in the two groups
N Crude model Adjusted model 1

Levene’s Test 
of Equality of 
Error Variances

Adjusted 
means 2

SE 95%CI Par-
tial 
η²

Levene’s Test 
of Equality of 
Error Variances

Ad-
justed 
means

SE 95%CI Par-
tial 
η²

PTSD positive group 72 0.552 50.90 2.47 46.04-55.76 0.045 0.846 53.12 2.50 48.20-58.03 0.027
PTSD negative group 350 63.56 1.11 60.38-64.73 62.56 1.11 60.38-64.73
1Adjusted for birth weight, feeding method, maternal coping strategies, child’s gender, mode of delivery, and parity. 2 Adjustment for multiple comparisons: 
Bonferroni
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from Peru shows that women who experience general 
anxiety during pregnancy are more likely to give birth 
to infants with low birth weight and preterm birth. Par-
ticularly, pregnant women with PTSD are more prone to 
preterm delivery, although there is no direct link between 
PTSD and low birth weight or gestational duration [8]. 
These findings highlight how mental health disorders 
can affect maternal and infant health through different 
pathways.

A PTSD diagnosis requires exposure to a traumatic 
event, followed by persistent symptoms such as intru-
sive memories of the event, avoidance of reminders 
of the event, alterations in cognition, hyperarousal, or 
emotional numbing [20]. During the COVID-19 pan-
demic, pregnant women may have experienced persis-
tent concerns about their own health and the health of 
their unborn children. For example, worrying about con-
tracting COVID-19 during hospital childbirth or being 
unable to receive adequate medical support during the 
pandemic. To avoid infection risks, pregnant women may 
have experienced isolation from family and friends, lead-
ing to feelings of loneliness and anxiety. These emotions 
may repeatedly surface in their minds, forming intrusive 
memories.Besides, pregnant women may be overly con-
cerned about their own and their children’s health condi-
tions, frequently checking their temperature, breathing, 
and other symptoms to ensure they have not contracted 
COVID-19. This continuous health monitoring may 
lead to hyperarousal and anxiety. More than that, during 
the pandemic, pregnant women may be highly sensitive 
to any changes in their surroundings, such as hearing a 
cough or seeing others wearing masks, which may trigger 
their alertness and anxiety responses. All of above-men-
tioned made COVID-19 pandemic a potential source of 
trauma.

The study’s inclusion of coping strategies as a vari-
able provides insight into potential mechanisms through 
which PTSD affects infant growth. Maternal coping strat-
egies may mediate the relationship between PTSD and 
infant outcomes, suggesting that enhancing coping skills 
could be a strategic approach in intervention programs. 
Additionally, the role of social support cannot be under-
stated, as it has been consistently linked to better mental 
health outcomes. Public health policies should prioritize 
the provision of social support networks for pregnant 
women, including family, community, and professional 
support [21].

We employ univariate analyses before multivariate 
analysis as a strategic measure to identify key variables, 
streamlining the analytical process and enhancing result 
interpretability. Recognizing the increased risk of Type I 
errors from multiple univariate tests, we’ve implemented 
statistical measures like adjusting significance levels 
using Bonferroni correction to control the family-wise 

error rate. These measures ensure the integrity of our 
research findings and reflect our commitment to rigor-
ous scientific inquiry, balancing comprehensive screening 
with error control to enhance the study’s credibility.

The limitation should be noted. First, the current 
study primarily examined infant growth at the 3-month 
postpartum mark. However, the implications of early 
growth deficits extend beyond this period [21]. Longi-
tudinal studies are essential to understand the trajectory 
of growth and development in infants of PTSD-positive 
mothers [22]. Such research could reveal critical win-
dows of intervention and inform the design of follow-up 
care to ensure the long-term health and well-being of 
these children. Second, the study’s findings may be sub-
ject to selection bias, as the sample may not be fully rep-
resentative of all pregnant women and their infants. We 
excluded lost-to-follow-up participants from subsequent 
data analysis. Although we compared the sociodemo-
graphic characteristics of the follow-up and lost-to-fol-
low-up participants and found no statistically significant 
differences, the potential for selection bias remains. 
Future research should aim to replicate these findings 
in diverse populations to ensure generalizability. Third, 
the reliance on self-reported data introduces potential 
biases, such as recall bias and social desirability bias. 
Future studies should consider using objective measures 
and multiple data sources to enhance the validity and 
reliability of the findings. Moreover, the study did not 
account for additional variables such as socioeconomic 
status, cultural factors, and the quality of prenatal care. 
Including these variables in future research could provide 
a more comprehensive understanding of the factors influ-
encing infant growth and development in PTSD-positive 
mothers.

Conclusion
The findings of this study underscore the significant 
impact of PTSD on the physical development of infants 
born to pregnant women during the COVID-19 pan-
demic. It is imperative to provide robust mental health 
support for pregnant women, which could include spe-
cific policy changes such as increased access to men-
tal health services and the integration of mental health 
assessments into prenatal care. These measures are 
essential to foster optimal infant development and to 
guide public health policies and clinical practices, ensur-
ing that the mental well-being of pregnant women is pri-
oritized to protect the health of the next generation.
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