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ABSTRACT

Introduction: Postpartum depression (PPD) is a
severe psychiatric disorder that negatively
affects postnatal mothers worldwide. The aim of
the study is to investigate the association
between postpartum pain sensitivity and PPD as
well as to identify the other potential risk fac-
tors for PPD and their interconnections.

Methods: The current study was a prospective
observational clinical study that enrolled 210
singleton pregnant women in a tertiary referral
hospital from January to December 2020. Post-
partum pain sensitivity was assessed by the
Mandarin Chinese version of the Pain Sensitiv-
ity Questionnaire (PSQ), and PSQ-C-total and
PSQ-C-minor scores were collected. PPD was
screened by self-reporting Edinburgh Postnatal
Depression Scale (EPDS), and EPDS total score
was recorded. The association between post-
partum pain sensitivity and PPD, as well as the
risk factors and their interconnections, was
analyzed by using a combination of stratified,
bivariate, correlation, receiver-operating
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characteristic (ROC) curve, multivariate logistic
regression, and path analysis.
Results: Overall, 87 of 210 mothers (41.4%)
screened positive for PPD. A positive correlation
between PSQ-C-total (r = 0.67) or PSQ-C-minor
(r = 0.62) and EPDS scores was identified. PSQ-
C-total [area under curve (AUC) 0.89, 95% CI
0.84–0.93; P\0.0001] showed significantly
higher diagnostic accuracy compared with PSQ-
C-minor (AUC 0.85, 95% CI 0.80–0.90;
P\ 0.0001) in predicting EPDS scores C 10
points. Multivariate logistic regression indicated
that a high PSQ-C-total score [adjusted odds
ratio (OR) 1.12, 95% CI 1.08–1.51; P\0.001]
and gestational diabetes (adjusted OR 2.68, 95%
CI 0.96–7.47; P = 0.045) were independent risk
factors, while breastfeeding (adjusted OR: 0.34,
95% CI 0.15–0.78; P = 0.007) and normal birth
weight (adjusted OR 0.17, 95% CI 0.05–0.61;
P = 0.0047) were independently associated with
decreasing adjusted ORs for EPDS scores C 10
points. The path analysis model indicated that
PSQ-C-total scores and gestational diabetes
showed bidirectional effects, while birth weight
and breastfeeding only had a direct impact on
EPDS scores C 10 points.
Conclusion: Increased postpartum pain sensi-
tivity was closely associated with EPDS scores
C 10 points, and PSQ-C scores could be a reli-
able predictor. Moreover, gestational diabetes,
low occurrence of breastfeeding, and low birth
weight were the risk factors for EPDS scores
C 10 points.
Trial Registration: ChiCTR.org.cn identifier,
ChiCTR-2000033091.

Keywords: Pain sensitivity; Postpartum
depression; Pain sensitivity questionnaire;
Edinburgh Postnatal Depression Scale

Key Summary Points

Postpartum hyperalgesia is common in
mothers whether they undergo
spontaneous delivery, assisted vaginal
delivery, or cesarean section. However,
the association between postpartum pain
sensitivity and postpartum depression in
mothers has still not been revealed.

Eighty-seven of 210 mothers (41.4%) who
screened positive for postpartum
depression (Edinburgh Postnatal
Depression Scale score C 10 points)
exhibited significantly higher pain
sensitivity questionnaire-total and pain
sensitivity questionnaire-minor scores
than those who screened negative.

Gestational diabetes, low occurrence of
breastfeeding, and low birth weight were
the risk factors for mothers with
Edinburgh Postnatal Depression Scale
score C 10 points.

INTRODUCTION

Postpartum depression (PPD) is a common and
serious mental disorder with sadness, anxiety,
upset, insomnia, guilt, irritability, and even
suicidal tendency during the post-birth period.
PPD not only negatively affects 10% to 40% of
postnatal women worldwide, contributing to
one in five mothers’ deaths [1, 2], but also their
caregivers, infants, siblings, and entire families
[3, 4]. Epidemiological data report that the
prevalence of PPD ranges from 15 to 20% in
mainland China, and this translates into
approximately 5–7 million Chinese women
with PPD according to pregnancy and birth
records reported by the National Bureau of
Statistics of China in 2018. Furthermore, some
observational studies from China indicate [
50% of primiparas may experience a period of
unstable moods, such as depressed moods,
tearfulness, and mild irritability, and
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accompanying varying degrees of physical
symptoms, and may require therapeutic strate-
gies [5–8]. Considering the high disease burden
of PPD and its potential severe consequences for
mothers and their offspring, as well as their
families in China, there is an immense need to
identify modifiable risk factors to target pre-
ventive and predictive efforts.

In addition to the risk factors, including
biological, financial, social, and psychological,
that have been reported to contribute to PPD,
other medical stresses during the perinatal per-
iod are worth considering, especially labor pain
and postpartum hyperalgesia. During delivery,
uterine contractions, cervical dilatation, and
blood interruption lead to stress, tissue damage,
and, strikingly, severe pain. Besides, previous
studies have suggested that acute postoperative
pain that is not well controlled and/or more
intense is significantly associated with a higher
risk of chronic pain in women undergoing
cesarean section [9–11]. Moreover, the intensity
of acute pain after delivery has been confirmed
to be a critical risk factor for developing post-
partum hyperalgesia and persistent pain, whe-
ther mothers undergo spontaneous delivery,
assisted vaginal delivery, or cesarean section
[12]. Notably, evidence from animal and clini-
cal studies indicated that pain sensation could
change from acute pain caused by tissue dam-
age to a complex and multifaceted pain syn-
drome; moreover, the intensity of pain
sensitization or hyperalgesia increases over time
after surgical or traumatic procedures [13, 14].
Therefore, variation in pain sensitivity can be
considered a precursory indicator of developing
persistent pain [15, 16]. Previous studies have
reported a bidirectional association between
pathological pain and psychological outcomes,
such as anxiety and depression, in non-obstetric
patients where pain sensitization generally
accelerates depressive symptoms, while depres-
sion leads to hyperalgesia to pain stimuli
[17, 18]. However, whether postpartum pain
sensitivity is associated with postpartum
depression in mothers is still unclear. Thus, the
aim of the study is to investigate the association
between postpartum pain sensitivity and PPD
screened by Edinburgh Postnatal Depression
Scale (EPDS) scores C 10 points as well as to

identify the other potential risk factors in the
perinatal period and their interconnections by
using a path model.

METHODS

Participants

All the procedures performed in the study
involving human participants were in accor-
dance with the ethical standards of the institu-
tional and/or national research committee and
with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.
The study protocol was approved by the Insti-
tutional Ethics Committee (IEC) of Fujian
Provincial Hospital (no. K2020-04-047) and
registered on ChiCTR.org.cn (ChiCTR-
2000033091). All parturients received written
and verbal information about the study from
researchers or midwives, and they signed writ-
ten consent forms before participation. All par-
turients aged[ 18 years with American Society
of Anesthesiologists (ASA) physical status II,
with singleton pregnancies with gestational
age[36 weeks, and delivered at the Jinshan
Branch of Fujian Provincial Hospital from Jan-
uary 2020 to December 2020 were screened.
Exclusion criteria were parturients with (1) his-
tory of psychiatric disease including anxiety or
depression disorder and those receiving psy-
chotropic medications; (2) chronic or frequent
pain conditions (moderate to severe pain for[5
days per month); (3) any severe obstetric com-
plications including abruptio placentae or pla-
centa previa; (4) unwilling or unable to fill out
the questionnaires.

Postpartum Pain Sensitivity Assessment

Postpartum pain sensitivity was assessed by a
pain sensitivity questionnaire (PSQ) developed
as a clinically useful, valid self-rating measure-
ment based on pain intensity ratings in daily
life situations [19–21], which helps identify
patients at risk of intense acute postoperative
pain. PSQ-C is the Mandarin Chinese version of
the PSQ, which is practical and reliable for
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assessing pain sensitivity in the Chinese popu-
lation [22]. Hence, the PSQ-C was applied to
evaluate the extent of pain sensitivity in
mothers after delivery [19, 23]. The PSQ-C score
includes 17 items rated from 0 (not at all pain-
ful) to 10 (most severe pain imaginable) on a
numeric rating scale (NRS). The PSQ-C total
score contains two subscales (PSQ-C-minor and
PSQ-C-moderate) and is calculated as the aver-
age rating of all items except three non-painful
items. Mean scores of\ 4, 4–6, and[ 6 are
considered minor, moderate, and severe sensi-
tivities to pain, respectively [20]. According to
previous recommendations [20, 23], PSQ-C-to-
tal and PSQ-C-minor scores were collected in
the current study.

Postpartum Depression Screening

PPD was screened by a widely used self-report-
ing EPDS for screening depressive symptoms
during pregnancy and the postpartum period
with good reliability and validity [24]. EPDS
contains a total of ten items, and each item was
divided into four grades (0 to 3) according to
the presence and intensity of PPD. The EPDS
total score ranges from 0 to 30 points, and a
total score C 10 is considered positive screening
for PPD according to the recommendations
[25, 26].

Data Collection and Outcomes

Demographic data including maternal age,
body mass index (BMI), parity (primiparous or
multiparous), gestational age, smoking history
(yes or no), detailed medical history including
comorbidities (gestational hypertension or
preeclampsia, gestational diabetes, anemia),
obstetric conditions including preterm (yes or
no), mode of delivery (spontaneous vaginal
delivery, forceps- or vacuum-assisted vaginal
delivery, or cesarean section), dilation of labor
(for spontaneous and induction labor), use of
epidural labor analgesia (yes or no), perineal
injuries at delivery (grades 1–4), length of hos-
pital stay, neonatal outcomes, and breastfeed-
ing (exclusive or any breastfeeding) were
recorded. The postnatal clinic provided

postdischarge primary care support for breast-
feeding mothers and infants. Breastfeeding was
evaluated according to the comprehensive
assessment of milk production, lactation per-
formance, breastfeeding comfort, and infant
growth and health by obstetricians in the
postnatal clinic. Adequate milk supply with a
comfortable and good latch during breastfeed-
ing and normal growth and development of the
baby are assessed as breastfeeding success. The
primary outcomes were PSQ-C at 1 week and
EPDS scores at 6 weeks postpartum.

Sample Size Calculation

According to the recommended subject-to-item
ratio of 10:1 [22, 27], at least 170 participants
for the PSQ-C (10 participants for each item for
a total of 17 items) were required to be able to
detect a strong correlation with 80% power and
5% significance. Considering an anticipated
item-wise missing rate of 10–20%, approxi-
mately 200 cases needed to be enrolled in a test-
retest analysis and its validity analysis.

Statistical Analysis

Quantitative data correlating to Gaussian dis-
tribution were presented as mean ± standard
deviation (SD), while those with abnormal dis-
tribution were presented as median [interquar-
tile range (IQR)]. Normality of data was tested
by Kolmogorov-Smirnov one-sample test. Vari-
ables according to Gaussian distribution were
analyzed using Student’s t-test, while those with
abnormal distribution were analyzed using
Mann-Whitney U-test. Categorical variables
were presented as number (proportion) and
analyzed using the chi-square test or Fisher’s
exact test as appropriate. Stratified analyses
according to the average PSQ-C-minor and PSQ-
C-total scores (mild:[0 and B 4; moder-
ate:[4 and B 7; severe:[7 and B 10 scores)
were carried out to verify the severity of post-
partum pain sensitivity and the association with
occurrence of PPD. Postpartum pain sensitivity
was analyzed by using PSQ-C-total and PSQ-C-
minor together with demographics, delivery
characteristics, and breastfeeding between
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mothers with EPDS score C 10 or\10 points
using bivariate analyses. Moreover, the rela-
tionship between PSQ-C-total or PSQ-C-minor
scores and EPDS was analyzed by Spearman
correlation coefficient (r) with scatter plots. The
receiver-operating characteristic (ROC) curve
was analyzed to determine the ability of PSQ-C-
total and PSQ-C-minor scores to predict the
presence of PPD in all participants. The areas
under curves (AUCs) with their 95% confidence
intervals (CIs) were calculated. Comparison of
ROC curves was performed using the non-
parametric technique according to a previous
study to choose better predictors [28]. Multi-
variate logistic regression analysis using enter
selection was performed to identify the factors
independently associated with presence of PPD.
Furthermore, a path analysis model was per-
formed to verify the association between sig-
nificant variables in the multivariate logistic
regression model and EPDS score C 10 points.
To evaluate the fitness of the hypothetical path
model, the following values should be accept-
able: (1) ratio of likelihood ratio v2 values to
degree of freedom values (CMIN/DF) less than
two times; (2) goodness-of-fit index (GFI),
adjusted goodness-of-fit index (AGFI), normed
fit index (NFI), relative fit index (RFI), incre-
mental fit index (IFI), Tacker-Lewis fit index
(TLI), and comparative fit index (CFI) of all
values C 0.900; (3) root mean square error of
approximation (RMSEA) [29]. Statistical analy-
ses were performed by using IBM SPSS Statistics
23.0 (IBM Corp., USA), PythonTM 3.9.5 (avail-
able on https://www.python.org), and MedCalc
23.0 (MedCalc Software, Belgium). The path
model was established using IBM SPSS AMOS
23.0 (IBM Corp., USA), which was also utilized
to draw the path diagram. All P-values \ 0.05
(two-tailed) were considered statistically
significant.

RESULTS

A total of 332 parturients were screened, and 35
were excluded according to the exclusion cri-
teria. Moreover, 87 women were excluded
because of the loss to follow-up (29 mothers
with no response on PSQ-C scores at 1 week,

while 58 with no response on EPDS scores at 6
weeks postpartum), leaving a final sample of
210 participants for final analysis (Fig. 1).

Overall, 87 of 210 mothers (41.4%) screened
positive for PPD (EPDS score C 10 points).
Demographics and delivery and postpartum
characteristics in women with EPDS scores C 10
or\10 points are presented in Table 1 and
Supplementary Material. Mothers with EPDS
scores C 10 points exhibited significantly
higher PSQ-C-total and PSQ-C-minor scores
than those with EPDS scores\10 points
(Fig. 2). Correlation analysis also revealed a
positive correlation between PSQ-C-minor
(r = 0.62, 95% CI 0.52–0.70, P\0.0001, Fig. 3A)
and PSQ-C-total (r = 0.67, 95% CI 0.58–0.74,
P\ 0.0001, Fig. 3B) and EPDS scores. Moreover,
stratified analysis according to the average PSQ-
C-minor (Fig. 4A) and PSQ-C-total (Fig. 4B)
scores (mild:[ 0 and B 4; moderate:[4 and
B 7; severe:[7 and B 10 scores) was carried
out to verify the severity of postpartum pain
sensitivity and their association with EPDS
scores C 10 points. Additionally, bivariate
comparisons indicated that mothers with EPDS
scores C 10 points were more likely to have a
history of gestational diabetes, a prolonged time
of second stage labor, and lower occurrence of
breastfeeding (Table 2).

Both PSQ-C-total (AUC 0.89, 95% CI
0.84–0.93; P\ 0.0001) and PSQ-C-minor (AUC
0.85, 95% CI 0.80–0.90; P\ 0.0001) showed
good diagnostic accuracy in predicting EPDS
scores C 10 points according to ROC analysis
(Fig. 5). Furthermore, PSQ-C-total presented a
significantly higher diagnostic accuracy com-
pared with PSQ-C-minor (AUCPSQ-C-total-
AUCPSQ-C-minor: 0.03, 95% CI 0.01–0.06;
P = 0.023).

Further multivariate logistic regression indi-
cated that high PSQ-C-total score [adjusted odds
ratio (OR) 1.12, 95% CI 1.08–1.51; P\0.001]
and gestational diabetes (adjusted OR 2.68, 95%
CI 0.96–7.47; P = 0.045) were independent risk
factors for EPDS scores C 10 points, while
breastfeeding (adjusted OR 0.34, 95% CI
0.15–0.78; P = 0.007) and normal birth weight
(adjusted OR 0.17, 95% CI 0.05–0.61;
P = 0.0047) were independently associated with
decreasing ORs for EPDS scores C 10 points
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after adjusting for age, prenatal BMI, primi-
parae, mode of delivery, and labor analgesia
(Table 3).

To verify the associations between signifi-
cant variables in the multivariate logistic
regression model and EPDS scores C 10 points,
a path model was constructed (Fig. 6), and the
estimates of standardized direct, indirect, and
total effects on EPDS scores C 10 points were
further analyzed (Table 4). The results indicated
that PSQ-C-total scores not only directly affec-
ted PPD (direct effect coefficient: 0.617), but
also showed the indirect influence of initiation
of breastfeeding (indirect effect coefficient:
0.014). Besides, gestational diabetes also had
bidirectional effects on PPD (direct effect coef-
ficient: 0.107; indirect effect coefficient:
- 0.007). However, birth weight (direct effect
coefficient: - 0.125) and breastfeeding (direct
effect coefficient: - 0.120) only had a direct
impact on PPD. The results of fitting indices of
this path model indicated that the hypothetical
model fit well with sample data (P = 0.924,
CMIN/DF = 0.009, NFI = 1.000, RFI = 0.999,

IFI = 1.008, TLI = 1.126, CFI = 1.000, and
RMSEA\0.001).

DISCUSSION

Our study revealed that mothers with EPDS
scores C 10 points exhibited increased PSQ-C-
total and PSQ-C-minor scores compared with
those with EPDS scores\10 points, indicating a
correlation of postpartum pain sensitivity and
PPD, by using a combination of bivariate, cor-
relation, ROC, multivariate logistic regression,
and path analysis.

Generally, long-lasting and/or uncontrolled
severe acute pain induces hyperalgesia, leading
to a chronic and persistent pain condition.
Thus, acute pain is no longer a warning signal,
but becomes a prediction factor for chronic pain
and psychiatric disorders, including anxiety and
depression [30]. Evidence from animal studies
indicates that alteration of the endogenous
modulation system, including a variety of pain-
related ion channels, contributes to postpartum

Fig. 1 Overview of participants’ screen and enrollment for study
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Table 1 Comparison of demographics and delivery and postpartum characteristics in women with and without a positive
postpartum depression screen at the time of a postpartum outpatient clinic

Variables Positive PPD screen* P value

Yes (n = 87) No (n = 123)

Demographics and antepartum characteristics

Age (years) 28.5 ± 3.8 29.0 ± 3.6 0.637

BMI (kg/m2) 26.2 ± 3.9 26.1 ± 2.9 0.846

Smoking (%) 1 (1.2) 2 (1.6) [ 0.999

Primipara (%) 44 (50.6) 53 (43.1) 0.326

Maternal disease

Hypertension (%) 1 (1.2) 3 (2.4) 0.644

Gestational diabetes (%) 19 (21.8) 13 (10.6) 0.034

Anemia (%) 19 (21.8) 20 (16.3) 0.368

Delivery characteristics

Estimated gestational age (weeks) 39.1 ± 1.1 39.1 ± 1.0 0.703

Preterm (%) 3 (3.4) 1 (0.8) 0.309

Mode of delivery

Spontaneous (%) 38 (43.7) 65 (52.8) 0.276

Assisted vaginal (%) 11 (12.6) 9 (7.3)

Cesarean (%) 38 (43.7) 49 (39.8)

Stage of labor (min)

First stage of labor 497.6 ± 332.7 448.0 ± 228.4 0.339

Second stage of labor 45.3 ± 40.0 30.2 ± 27.6 0.016

Total stage of labor 561.8 ± 323.1 489.3 ± 236.8 0.171

Labor analgesia (%) 31 (35.6) 40 (32.5) 0.659

Perineal injury

I degree 23/49 45/74 0.143

II degree 5/49 11/74 0.587

III and IV degree 21/49 18/74 0.047

Birth weight (kg) 3.2 ± 0.4 3.3 ± 0.4 0.063

Hospital days (d) [IQR] 4.0 [4.0, 5.0] 4.0 [4.0, 5.0] 0.758

Postpartum characteristics

PSQ-C-total score (point) [IQR] 81.0 [67.0, 91.0] 52.0 [43.0, 62.0] \ 0.0001

PSQ-C-minor score (point) [IQR] 33.0 [25.0, 39.0] 19.0 [15.0, 25.0] \ 0.0001

EPDS score (point) [IQR] 13.0 [11.0, 15.0] 6.0 [3.0, 9.0] \ 0.0001
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hyperalgesia [31]. Moreover, clinical evidence
demonstrates that the severity of acute pain
during the perinatal period is a significant pre-
dictor of the development of chronic pain,
which occurs in 8–22% of women who undergo
either cesarean delivery or vaginal birth [32–34].
Furthermore, mothers with severe acute post-
partum pain had a 2.5-fold increased risk of
persistent pain and a 3.0-fold increased risk of
developing PPD compared to those with mild
postpartum pain, and this negatively affects
breastfeeding and infant care [12, 35]. Several
clinical studies have also found that uncon-
trolled acute pain during the peripartum period
is closely related to PPD and post-traumatic

stress disorder (PTSD) [12, 36, 37]. The intensity
of acute pain is a good factor for predicting PPD
[27]. However, very little is known about the
association between pain sensitivities during
postpartum and PPD. Therefore, we introduced
the PSQ-C with PSQ-C-total and PSQ-C-minor
scores to evaluate postpartum pain sensitivity
[20, 23]; these have been widely used to inves-
tigate postoperative pain sensitivity [38–40].
Our results revealed that both PSQ-C-total and
PSQ-C-minor scores correlated well with EPDS
scores C 10 points. Furthermore, the ROC
analysis indicated that higher diagnostic accu-
racy was shown in PSQ-C-total compared with
PSQ-C-minor scores for predicting EPDS scores
C 10 points. Thus, the PSQ-C-total score was
selected as an indicator of postpartum pain
sensitivity and included in the following mul-
tivariate analysis. The multivariate logistic
regression analysis further showed that the PSQ-
C-total score is an independent predictor of
EPDS scores C 10 points, and this association
was still significant after adjusting for maternal
age, antenatal BMI, parity, delivery mode, and
labor analgesia. According to the regression
analysis, every 1-point increase of the PSQ-C-
total score resulted in a 12% incidence increase
of PPD screened according to the EPDS scale.
We further identified other significant inde-
pendent risk factors for EPDS scores C 10 points
including mothers with gestational diabetes
and breastfeeding.

To better understand the impact and poten-
tial interrelations between these risk factors and
EPDS scores C 10 points, a path analysis model
was conducted. This approach allows breaking

Table 1 continued

Variables Positive PPD screen* P value

Yes (n = 87) No (n = 123)

Exclusive breastfeeding (%) 69 (79.3) 113 (91.9) 0.012

A total score C 10 was considered significant for PPD
BMI body mass index, EPDS Edinburgh Postnatal Depression Scale, IQR interquartile range, PPD postpartum depression,
PSQ-C Mandarin Chinese version of pain sensitivity questionnaire

Fig. 2 Violin plots of the PSQ-C scores for mothers with
or without PPD
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down the total effect of factors on PPD devel-
opment into direct and indirect effects. The
result indicated that postpartum pain sensitiv-
ity not only directly contributed to mothers
having EPDS scores C 10 points, consistent
with a previous study [41], but also indirectly
influenced the incidence by decreasing breast-
feeding rates. This relationship might arise

because mothers experiencing increased post-
partum pain sensitivity were more likely to
refuse to breastfeed because of pain perception
when their babies sucked their breast. There-
fore, we highlight that postpartum pain man-
agement should be considered an important
part of postnatal care service.

Fig. 3 Scatter plots showing the relationship between
PSQ-C scores and EPDS scores. A Scatter plots showing
the relationship between PSQ-C-minor score and EPDS

score; B scatter plots showing the relationship between
PSQ-C-total score and EPDS score

Fig. 4 Network geometry. Network of stratification of
average PSQ-C-minor and PSQ-C-total scores; node size is
proportional to the sample size in each stratified cluster
and thickness of the lines (edges) in relation to the number
of direct comparisons. Green lines indicate overall low risk

in the comparison, while red lines indicate high risk.
A Network of stratification of average PSQ-C-minor
scores; B network of stratification of average PSQ-C-total
scores
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Our study also showed that gestational dia-
betes could directly increase the incidence of
mothers with EPDS scores C 10 points, which
also corroborates previous findings [25]. More-
over, gestational diabetes also had an indirect
effect on EPDS scores C 10 points through the
mode of feeding. Although breastfeeding only

had a direct effect on PPD, it played a critical
and mediating role in other variables and PPD
[26, 42]. New emerging evidence showed an
inverse relationship between breastfeeding and
PPD [43], indicating that mothers with PPD
generally had a negative experience with
breastfeeding. However, breastfeeding has been
confirmed to decrease PPD since it alleviates
stress responses, decreases the serum cortisol
level, and attenuates the psychological burden
[44]. Besides, our study also revealed another
factor, birth weight, had a direct effect on EPDS
scores C 10 points, indicating that lower birth
weight tended to cause mothers to develop PPD
compared with normal birth weight [45, 46].
The potential reasons birth weight has a direct
effect on mothers’ development of PPD can be
concluded as follows: (1) poor growth of low
birth weight babies concerned mothers; (2) low
birth weight generally indicated low fetal age,
and anticipated premature delivery pushed
parturients into the mother role, leading to
adaption insufficiency; (3) neonatal intensive
care was necessary for low birth weight neo-
nates, and maternal separation increased
mothers’ psychological burden.

Our study had several limitations. First, we
only evaluated the influence of postpartum

Table 2 Summary of logistic regression analysis on posi-
tive PPD screen

Variables Crude OR (95% CI) P value

BMI 1.008 (0.929–1.095) 0.845

Primipara 0.740 (0.426–1.284) 0.284

Maternal disease

Hypertension 1.429 (0.281–7.251) 0.667

Gestational diabetes 2.364 (1.097–5.094) 0.028

Anemia 1.115 (0.552–2.251) 0.761

Mode of delivery

Spontaneous 0.630 (0.362–1.097) 0.102

Assisted vaginal 2.081 (0.800–5.400) 0.133

Cesarean 1.171 (0.671–2.043) 0.578

Stage of labor

First stage of labor 1.001 (0.999–1.002) 0.338

Second stage of labor 1.014 (1.002–1.026) 0.026

Total stage of labor 1.001 (1.000–1.002) 0.174

Labor analgesia 1.149 (0.644–2.049) 0.639

Perineal injury

I degree 0.623 (0.341–1.137) 0.123

II degree 0.621 (0.208–1.856) 0.393

III and IV degree 1.984 (0.976–4.033) 0.058

Birth weight 0.489 (0.226–1.056) 0.068

Exclusive breastfeeding 0.339 (0.148–0.777) 0.011

PSQ-C-total score 1.111 (1.081–1.142) \ 0.001

PSQ-C-minor score 1.191 (1.136–1.249) \ 0.001

BMI body mass index, OR odds ratio, PPD postpartum
depression, PSQ-C Mandarin Chinese version of pain
sensitivity questionnaire

Fig. 5 Receiver-operating characteristic curves showing
the ability of PSQ-C-total and PSQ-C-minor to predict
PPD
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pain sensitivity and perinatal factors on EPDS
scores C 10 points, and other potential con-
founding factors, such as socioeconomic status,
emotional support from husbands and families,
life stressors, and other negative stressful events,
were not included. Second, the time point of
our primary outcome was 6 weeks postpartum,
and long-term follow-up for PPD was necessary.
Third, the primary outcome focused on the
predictive value of early increased postpartum
pain sensitivity (1-week postpartum) on subse-
quent PPD (6-week postpartum), since this is
the time of peak prevalence of PPD [47, 48] and
because pain at this time after surgery correlates
with chronic pain [49]. However, the longer
term of postpartum hyperalgesia or chronic

Table 3 Summary of multivariate logistic regression analysis on positive PPD screen

Variables Crude OR (95% CI) Adjusted OR (95% CI) P value

PSQ-C-total 1.111 (1.081–1.142) 1.116 (1.081–1.151) \ 0.0001

Gestational diabetes 2.364 (1.097–5.094) 2.683 (0.964–7.466) 0.045

Exclusive breastfeeding 0.339 (0.148–0.777) 0.265 (0.073–0.964) 0.044

Birth weight 0.357 (0.153–0.836) 0.171 (0.047–0.613) 0.007

OR odds ratio, PPD postpartum depression, PSQ-C Mandarin Chinese version of pain sensitivity questionnaire

Table 4 Summary of the direct, indirect, and total effects
on PPD by a path analysis model

Variables Effects

Direct Indirect Total

PSQ-C-total 0.617 0.014 0.631

Gestational diabetes 0.107 - 0.007 0.100

Exclusive breastfeeding - 0.120 0.000 - 0.120

Birth weight - 0.125 0.000 - 0.125

PPD postpartum depression, PSQ-C Mandarin Chinese
version of pain sensitivity questionnaire

Fig. 6 Path analysis model showing the interconnections between risk factors and PPD
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post-surgical pain (6 months postpartum) is also
of great clinical importance and contributes to
PPD. Therefore, the feature of postpartum pain,
especially the later neuropathic component of
the pain trajectory after delivery, needs to be
clarified in the future. Fourth, although we
conducted the sample size calculation prospec-
tively based on subject-to-item and ratio of the
questionnaire according to previous publica-
tions, however, a large sample size is still nee-
ded to confirm the results of mutifactorial
regression analysis. Last, PPD was only screened
by the EPDS scale (C 10 points), and no objec-
tive tests of pain sensitivity were conducted in
our study considering maternal comfort.

CONCLUSIONS

Our findings suggested that postpartum pain
sensitivity was significantly associated with PPD
screened by the EPDS scale (C 10 points), and
PSQ-C scores including PSQ-C-total and PSQ-C-
minor scores would be a reliable predictor of
PPD. We also identified several potential risk
factors related to PPD including gestational
diabetes, breastfeeding, and low birth weight.
Moreover, we constructed a path analysis model
to explore the potential interrelations between
these factors and PPD. According to our find-
ings, we highlighted that postpartum pain
management should be considered in mothers
during the peripartum period.
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