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Introduction: Post-traumatic stress disorder (PTSD) has an adverse impact on the emotional
health of prenatal maternal women and their offspring. During the Coronavirus Disease 2019
(COVID-19) pandemic, pregnant women are vulnerable to traumatic events and are prone to
PTSD symptoms. The aim of the study was to explore the predictive effects of insomnia and
somatization on PTSD in pregnant women by utilizing generalized additive model (GAM).
Materials and Methods: A total of 1638 pregnant women from three local cities in China
underwent online survey on sleep quality, somatization, and PTSD symptoms tested by the
Insomnia Severity Index (ISI), the subscale somatization of Symptom Checklist-90 (SCL-90-S)
and the Checklist for DSM-5 (PCL-5), respectively.

Results: Insomnia was positively correlated with PTSD symptoms in pregnant women
(p=1.79x10%). Interestingly, insomnia and somatization showed a complex non-primary linear
interaction in predicting PTSD (p = 2.00x107'9).

Conclusion: Our results suggest that insomnia is a prominent predictor of PTSD symptoms
in pregnant women in the context of public emergencies. In addition, the effects of insomnia
and somatization on PTSD symptoms are characterized by complex non-primary linear
relationships.
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Introduction

Currently, the Coronavirus Disease 2019 (COVID-19) pandemic has spread rapidly
around the world, resulting in nearly 90.59 million confirmed cases and 1.93 million
deaths (January 11,2021). COVID-19 is regarded as a potential traumatic event, which is
closely associated with the increase of PTSD symptoms in the general population.'** In
the context of this epidemic, many pregnant women gave up or lose the opportunity for
regular antenatal check-ups because of the potential risk of infection, the need for home
isolation and the lack of medical resources, which may increase the risk of developing
PTSD.** Prenatal PTSD not only affects the premature delivery and the lower birth
weight of the offspring,” but causes their own mental disorders.” Recently, a cross-
sectional survey conducted before and during the COVID-19, which showed that com-
pared to pre-pandemic group, pregnant women of the pandemic group scored higher in
the depression, anxiety and stress.® Another meta-analysis study showed that the overall
prevalence of PTSD is 20%.” Therefore, in the context of COVID-19, it is of great
significance to identify the risk factors for the prevention of PTSD in perinatal pregnant
women.
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Insomnia has been considered as a symptom associated
with primary mental health diseases.'® Voitsidis et al'’
explored sleep difficulties during the COVID-19 pandemic
in the Greek population and found that 37.6% of partici-
pants reported sleep problems, especially women. And the
insomnia and PTSD detection detectable rate of pregnant
women was 19% and 20% respectively.” Krakow et al'?
found that the severity of PTSD is closely associated with
the quality of sleep. Insomnia occurs in 66—90% of people
with PTSD."? Patients with more severe insomnia have
more severe PTSD symptoms at the beginning of treat-
ment of PTSD. A longitudinal study examined the severity
of PTSD among postwar veterans who had experienced
a 12-month war in Iraq, which indicated that insomnia in
the 4th month was an important predictor of depression
and PTSD symptoms in the 12th month.'* Therefore, it is
hypothesized that insomnia will predict PTSD symptoms
in pregnant women during the 2019-nCoV epidemic.

Further, PTSD patients are more likely to report soma-
tization symptoms than patients with other mental
disorders.'> Somatization refers to the development of
somatic symptoms without organic damage.'® Elklit and
Christiansen'® suggested that even trauma victims without
any serious injury may report more somatic symptoms
than non-traumatic controls. A survey of 264 women
attending the Department of Veterans Affairs primary
care clinic showed that after controlling demographic vari-
ables, the status of veterans and other mood and anxiety
disorders, PTSD was the best predictor of somatization.'”
Kounou et al'® examined the relationship between post-
traumatic response, PTSD symptoms, somatization, and
quality of life in a sample of refugees for two years after
the 2011 Ivory Coast socio-political crisis. The study
found that somatization was a key feature of traumatic
experiences, and targeting somatization combined with
trauma-centered therapy improved the prognosis of
PTSD patients. In view of the close association between
PTSD and somatization, somatization may also be
a potential factor that moderates the relationship between
PTSD and insomnia in pregnant women.

This study aimed to investigate the predictive effect of
insomnia and somatic symptoms on PTSD. We hypothe-
sized 1) with the COVID-19 epidemic progress, the symp-
toms of PTSD in pregnant women gradually increased; 2)
there was an interaction between insomnia and somatiza-
tion on PTSD symptoms; 3) both insomnia and somatiza-
tion may predict the severity of PTSD symptoms. Because
of the non-normal distribution of the current data, we used

the Generalized Additive Model (GAM) to reduce risk
related to the linear regression hypothesis. The main pur-
pose of our findings may provide meaningful insights for
early identification and intervention of PTSD in pregnant
women.

Materials and Methods

Participants

All participants came from three local cities: Wuhan, Beijing
and other urban areas. The information was collected through
an online survey from February 28, 2020 to April 9, 2020,
which was run on a smartphone. Inclusion criteria included 1)
perinatal pregnancy women >20 years old; 2) no history of
major organic or somatization damage, and no diagnosis of
any mental disorders such as schizophrenia, depression or
anxiety. All these screening items related to mental health
problems must be self-reported by filling in demographic
information; 3) no medication within two weeks; 4) no history
of drug, smoking or alcohol abuse. All participants signed the
informed consent form. This study was approved by the
Institutional Review Board of the Institute of Psychology,
Chinese Academy of Sciences. It was performed in accor-
dance with the ethical standards stipulated in the 1964
Declaration of Helsinki.

The minimized sample size was estimated by previous
literature about 15% PTSD on the COVID-19." Finally,
1638 healthy pregnant women were included in this study.
The average age was 30.20 years old, the average gestation
period was 25.40 weeks, and the average pregnancy times
and birth times were 1.64 and 1.18, respectively (Table 1).

Symptom Measurements

Participants were asked to evaluate their feelings and
symptoms based on the epidemic. When they responded
to the questions of the rating scales, they must follow the
We conducted
a retrospective study, which data of PTSD symptom,

introduction of measurement methods.

insomnia symptom and somatization symptom were col-
lected from all participants. In addition, socio-economic
status was also involved as a covariate to control the
potential confounding effect when examining the associa-
tion between PTSD, insomnia, and somatization.

PTSD Symptom

The PTSD symptoms of each participant were assessed
with the Chinese version of the PTSD Checklist for DSM-
5 (PCL-5). It consists of 20 items, with scores ranging
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Table | Mean Value and Standard Deviation (SD) of Variables
Area Wuhan Beijing Others Area Mean p value
Sample Size 522 493 623
Age (years) 29.54+0.35 29.28+0.36 31.49£0.32 30.20+0.20 < 0.001
BMI 25.06+0.16 23.77£0.17 24.18+0.15 24.34+0.10 < 0.001
Score of SES 0.10£0.09 —0.13£0.09 0.09+0.08 0.002+0.05 0.198
Weeks of Pregnancy 25.48+0.52 25.00+0.54 25.65+0.48 25.40+0.30 0.660
Times of Pregnancy 1.64+0.04 1.67+0.04 1.57+0.04 1.62+0.02 0.188
Times of Births 1.18+0.02 1.12+0.02 1.16+0.02 1.15+0.01 0.029
Score of SCL-90 16.59+0.28 16.94+0.29 17.90+0.25 17.19+0.16 0.001
Score of PCL-5 3.75+0.37 5.40+0.37 6.15+0.33 5.16+0.21 < 0.001
Score of IS 3.74£0.20 4.12£0.20 4.62+0.18 4.19£0.11 0.003

Notes: The p values of SCL-90, PCL-5, and the ISI score were obtained without controlling for other variables.

from “1 = never” to “5 = severe”, including intrusive
symptoms (symptom B), avoidance symptoms (symptom
C), cognitive and negative emotional changes (symptom
D), arousal and reactive changes (symptom E). This scale
has good reliability and validity in Chinese local studies
(Cronbach’s o = 0.94).%° The higher the score, the more
severe the participants’ PTSD symptoms. In order to pre-
vent the overlap between items, a sleep-related item was
removed in the statistical analysis (the 20th question in
PCL-5: difficulty in falling asleep or very light sleep).

Insomnia Symptom

The Insomnia Severity Index (IS]) is a short self-report tool
with seven questions to measure participants’ perceptions
of both nocturnal and daytime insomnia symptoms
(Cronbach’s a = 0.90 for community sample; Cronbach’s
o= 0.91 for insomnia clinical sample).*" Participants were
asked to recall their sleep status during “the passed 2
weeks”. The dimensions of the assessment are: severity of
sleep onset, sleep maintenance, early morning awakening
problems, sleep dissatisfaction, sleep disturbances that
interfere with daytime functions, noticeability of sleep pro-
blems by others, and distress caused by sleep difficulties.*!
Using a 5-level score, from “0 = none” to “4 = extremely
severe”, the total score ranges from 0 to 28. The higher the
score, the more severe the insomnia of the participants.

Somatization Symptom

The subscale somatization of Symptom Checklist-90*
(SCL-90-S) was used to access participants’ somatization
symptoms, which includes 12 questions of SCL-90, such
as item 1, 4, 12, 27, 40, 42, 49, 52, 53, 56, and 58. The
subscale that indicates physical discomfort includes

complaints of cardiovascular, gastrointestinal, respiratory,
headaches, back pain, muscle soreness, and other somatic
anxiety symptoms. The scale was rated as 5 levels (from 1
to 5) from “1 = none” to “5 = severe”.

Socio-Economic Status (SES)
The measurement of SES is calculated by education level,
occupation and family property, where occupations are
assigned based on Ganzeboom & Treiman model.?* In
order to calculate the comprehensive indicators of the
participants’ SES, SPSS for Mac 15.1 was used to conduct
a factor analysis on education level, professional status,
and family property. A principal factor with characteristic
vector greater than 1 was obtained, which explains 55.16%
of the variance. The factor load matrix used the coefficient
of the primary factor 1 (Education level). The formula is
as follows:

SES = [0.803xZ(Education)+0.737xZ(Income)+0.681
xZ(Occupation)]/0.552

Statistical Analysis

First, the Shapiro—Wilk test of Skewness and Kurtosis was
used to test the normal distribution of the collected data in
SPSS for Mac 15.1. In view of the non-normal distribution
of the current data, we used the “bam” function of the
“mgcv” package in R to fit the GAM with controlling for
age,24 BML>® SES,”° weeks of
pregnancy®’ (WP), times of pregnancy (TP) and times of
births (TB) by putting them into the GAM equation in
a linear fashion. If any data is missing, all data from that

the participants’

participant were deleted.
In order to examine whether there are any differences
between different pregnant periods, we divided all
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participants into three groups: first-trimester (pregnancy
period <12 weeks), second-trimester (12<pregnancy per-
iod <28 weeks) and third-trimester (pregnancy >28
weeks). Then, one-way ANOVA was used to investigate
the group difference in outcome measurements.

The principle of GAM is to minimize residuals (good-
ness of fit) while maximizing minimalism (lowest possible
degree of freedom). Compared with traditional linear fit-
ting, GAM can adapt to various changes of Y, such as the
commonly used exponential and logarithmic changes. The
model is no longer limited to fitting linear relationships, but
also can fit nonlinear relationships. The dependent variable
Y no longer only obeys Gaussian distribution, but also
obeys Poisson, negative binomial distribution, etc.?®

Before fitting analysis, data values were normalized
and the region variables was treated as classification vari-
able data (code: data$Area<-as.factor(data$Area)). The
equation is as follows:

(A): ISI ~ s(Days) + s(SCL-90-S) + Area + SES + Age
+ BMI + WP + TP + TB

(B): PTSD ~ s(Days) + s(SCL-90-S) + s(ISI) + s(SCL-
90-S, ISI) + Area + SES + Age + BMI + WP + TP + TB

(A) was used to examine the relationship between soma-
tization and insomnia; (B) was performed to test the pre-
dictive effect of somatization and insomnia on PTSD. In
these equations, s(variable) represents the nonlinear relation-
ship between the variable and the PCL-90 score; the variable
without s(variable) represents the linear relationship with the
PCL-90 score; and s(SCL-90-S, ISI) represents the interac-
tion effect of SCL-90-S and ISI. Except for classified vari-
ables, all other linear values are control variables. When the
p value is less than 0.016 (Bonferroni Correction for 3
hypotheses), it is considered as statistically significant.

Frequency
Frequency

200

° _ °
o 20 40 60

PCL-5 score
gl: 2.76; o(gl): 0.06
gl: 10.45; o(gl): 0.12
A

ISI score

g1: 1.46; o(gl): 0.06
gl: 2.76; o(gl): 0.12

B

Results

Descriptive Statistics

Table 1 displays the demographic characteristics of the
current study. Thirty-six participants reported high levels
of PTSD with PCL-5 score of 33 or higher, indicating that
the prevalence of PTSD in this sample was 2.2%. As for
the somatization, 25 participants reported a high level of
somatization with the SCL-90 total score of 36 or higher,
indicating that the prevalence of somatization in this sam-
ple was 1.53%. In terms of sleep quality, the clinical mild
insomnia rate was 13.86%, the moderate insomnia rate
was 2.69%, and the severe insomnia rate was 0.48%.
There were no main effects of pregnant periods in PCL-5
(F=0.809, p = 0.445), SCL-90 (F = 0.38, p = 0.687) and
ISI (F = 0.81, p = 0.445) score.

Normal Distribution Test

The PCL-5, ISI and SCL-90-S scores were tested by
normal distribution test. The scores of the three scales in
this batch were all distributed with positive skewness (p <
0.001). In addition, the skewness value (gl) and kurtosis
value (g2) of these three were positive, and the frequency
histograms were shown in Figure 1.

GAM Analysis

There was an interactive effect between ISI score and
SCL-90-S somatization on PTSD (REML 5373.5,
F =471, R* = 0.46, p < 2.00x107'®, Figure 2A). As
shown in Figure 2A, when the score of SCL-90-S was

in range of 30—44, the relationship between the score of
ISI and PCL-5 showed an inverse U shape, in which the
score of PCL-5 was increasing first and then decreasing

200

Frequency

100

—_ o S -

30 “
SCL-90-S score

g1: 3.70; o(gl): 0.06
g1: 19.32; o(gl): 0.12

C

Figure | Frequency distribution histogram of PCL-5 (A), ISI (B) and SCL-9-S (C) respectively.
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Figure 2 Linear plots of GAM analysis: (A) Interaction between ISI and SCL-90-S on PCL-5; (B) Scatter and linear plot of ISI and PCL-5 score; (C) Scatter and linear plot of
SCL-90-S and ISl score. The interaction can be observed by an inverted U-shaped relationship between insomnia and somatization symptoms. When the somatization level is
in the middle, the state of insomnia is the worst. Since insomnia score is greatly influenced by somatization, this association will lead to changes in the progression (slope) of

PTSD and show a moderating effect.

with the increase of the score of ISI. Yet when the score
of SCL-90-S was lower than 30 or higher than 44, the
relationship between SCL-90-S score and ISI score was
positive. There was marginally significant correlation
between somatization score and PCL-5 score (REML =
5373.5, F = 1.75, R* = 0.45, p = 0.09, Figure Sl).
Additionally, the ISI score was significantly correlated
with the PCL-5 score (Figure 2B, F = 493, p =
1.79%x107°). However, there was no significant correla-
tion between PCL-5 score and the duration of the epi-
demic (F = 1.75, p = 0.15, Figure S2).

As shown in Figure 2C, the GAM model fitting
showed an inverted U-shaped curve between insomnia
severity (ISI score) and somatization (SCL-90-S score,
REML = 4600.3, R? = 0.21, F = 74.87 p < 2.00x10"'6).
When the SCL-90-S score was between 0 and 33
(approximation), insomnia increased with the increase
in degree of somatization, while when the SCL-90-S
score was above 33, the insomnia score decreased with
the increase in somatization. As depicted above, the
model tests found that the R* for linear prediction of
SCL-90-S score on ISI (1) and the SCL-90-S predictive
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effect on PTSD symptoms (2) were 0.21 and 0.45,

respectively.

Discussion

In this study, we examined the predictive effect of insomnia
and somatization on PTSD symptoms in prenatal women
during COVID-19. GAM model indicated that insomnia
could significantly predict PTSD symptoms. The interaction
of insomnia and somatization on PTSD was also detected. In
addition, the relationship between insomnia and somatiza-
tion showed an inverted U-shaped curve.

Consistent with previous studies, the severity of insom-
nia was significantly associated with the symptoms of
PTSD. However, most of studies were focused on non-
pregnant populations. For instance, several studies showed
that patients with PTSD symptoms woke up more fre-

quently during sleep,?®>?

and lack of sleep is one of the
risk factors for PTSD symptoms.®* Psarros et al conducted
a PTSD study of fire survivors and found that except for
nocturnal and awakening time, almost all sleep discomfort
symptoms in PTSD patients were statistically more fre-
quent than those in the control group.** In the current
study, insomnia was significantly associated with PTSD
in pregnant women, and the predictive effect of insomnia
on PTSD in prenatal women may be due to the severity of
the epidemic. It is worth noting that women with PTSD
are more likely to have insomnia than men with
PTSD,?**7 suggesting that women are more likely to
experience stress after a traumatic event. For instance, in
PTSD patients, disruptions in sleep maintenance were
found only in women but not men, suggesting that
impaired sleep quality may increase the risk of developing
PTSD in women.>® Pregnant women as one of the special
period of lifespan are sensitive to mental disorders during
COVID-19 pandemic.® Sanchez et al found that pregnant
women with sleep disturbances were more likely to experi-
ence PTSD.** Though there were few studies focus on the
relationship between pregnant insomnia and PTSD symp-
toms directly, previous studies found that insomnia in
pregnancy period is associated with mental health disor-
ders which are closely related to PTSD symptoms, eg
anxiety,*® depression.*! In the context of the COVID-19
pandemic, with the popularity of the internet and smart-
phones, pregnant women had access to negative informa-
tion about the development of the epidemic from the news
media, which undoubtedly aggravated their worries,

anxiety about their own health and their fetus. As
a result, negative emotions may further worsen PTSD
symptoms.14

Although the individuals with PTSD were more likely

15,18

reported symptom of somatization, the association

between somatization and PTSD symptoms was not sig-
nificant. This result is consistent with several studies.***
Different instruments might contribute to insignificant
association of these two variables in this study. In most
of relevant investigations, Brief Symptom Inventory** and
MMPI-2 hypochondriasis scale*> are more commonly
used to measure somatization in previous studies while
we used the subscale of SCL-90-S. The other reason
might be the different severity of PTSD involved in the
studies. We found that the participants in this study had
only mild symptoms of PTSD, which might lead to the
insignificant relationship between PTSD and somatization.

We also detected the interaction between insomnia and
somatization. It is suggested that the predictive effect of
insomnia on PTSD may be influenced by somatization.
Our result showed that when the score of SCL-90-S was
in range of 3044, the relationship between insomnia
symptom and PTSD symptom showed an inverse
U shape, in which the score of PCL-5 was increasing
first and then decreasing with the increase of the score of
ISI. However, when the score of SCL-90-S was lower than
30 or higher than 44, the relationship between SCL-90-S
score and ISI score was positive. To our best knowledge,
no study has reached a similar conclusion. We speculate
that this interaction is due to inconsistent relationships of
insomnia or somatization with PTSD: insomnia positively
predicated PTSD symptoms, but somatization failed to
detect a similar relationship in this study. Moreover, soma-
tization scores vary widely, ranging from 30 to 60 (Figure
S1 which may contribute to the current interaction effect.
This U-shaped relationship between insomnia and somati-
zation is not in line with previous studies.*® The possible
cause of the U-shaped trend may be the potential strong
response bias to the subjective measurement of somatiza-
tion. In addition, some confounding factors such as social
support, pregnant women’s personality characteristics and
other lifestyles may also contribute to this U-shape rela-
tionship between insomnia and somatization. In view of
the complex bio-behavioral mechanism of somatization, it
is necessary to develop a systematic and objective soma-
tization measurement method in mental health and clinical
field.
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There are still some limitations in this study. First, the
sample size of this prevalence study is relatively small.
Thus, caution should be taken when drawing any conclu-
sions about the predictors of PTSD symptoms. Second,
this study is a cross-sectional study, which prevents the
explanation of causality. Therefore, even if the relationship
between insomnia and PTSD symptoms is significant, we
cannot conclude that identification of insomnia will cause
the recognition of PTSD. In the future investigation,
a longitudinal study using the same sample may look
into the development of PTSD symptoms over a long
period of time, which will help to better understand the
predictors of PTSD symptoms in pregnant women. In
addition, further longitudinal studies on the association
between PTSD and somatization as well as the insomnia
in prenatal women is warranted in the future. Third, the
use of self-reporting measures to collect data may lead to
response bias. We could not guarantee that all the partici-
pants followed the instruction strictly. It is likely that the
participants might respond to the items according to their
real feelings, which might confuse with previous traumatic
events. However, great efforts have been made to ensure
the confidentiality of the report. Finally, when the data was
collected, the COVID-19 epidemic situation in China has
been controlled to a certain extent, so the impact of the
epidemic on the COVID-19 stress response during this
period was not more severe than that in the early stage
of the epidemic. However, this result undoubtedly reflects
the complex relationship between insomnia, somatization
and PTSD symptoms during the COVID-19 pandemic.

Conclusion

This study demonstrates the effect of insomnia and soma-
tization on PTSD symptoms in pregnant women during the
COVID-19 pandemic. Insomnia has a positive predictive
effect on the severity of PTSD symptoms while insomnia
and somatization have a significant complex non-primary
linear interaction on PTSD symptoms. This finding pro-
vides meaningful insights for psychological and physical
assistance to identify and diagnose PTSD symptoms in
prenatal women in a timely manner. It is worth noting
that special attention should be paid to the sleep quality
of pregnant women in emergency situations. In addition,
the interaction between insomnia and somatization symp-
toms on PTSD symptoms suggests that somatization may
play an important role in the development of PTSD, which
is more complex than the relationship between insomnia
and PTSD. These valuable

findings  strengthen

recommendations for public health services and primary
care for pregnant women.

Abbreviations

COVID-19, Coronavirus Disease 2019; PTSD, post-
traumatic stress disorder; PCL-5, PTSD Checklist for
DSM-5; ISI, Insomnia Severity Index; SCL-90-S, subscale
somatization of Symptom Checklist-90; SES, Socio-
economic status; GAM, generalized additive model;
BMI, body mass index; WP, weeks of pregnancy; TP,
times of pregnancy; TB, times of births.
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Key Message
Special attention should be paid to the sleep quality of
pregnant women in emergency situations. Somatization
may play an important role in the development of PTSD,
which is more complex than the relationship between
insomnia and PTSD.
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