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Abstract: The Edinburgh Postnatal Depression Scale (EPDS) is a widely used screening tool for
perinatal depression. Its factor structure is still a debatable topic. Our study aimed to examine
the factor structure and measurement invariances of the Japanese version of the EPDS from late
pregnancy to early postpartum. A total of 633 women were followed with the EPDS at three times
over the perinatal period: late pregnancy (n = 633), 5 days after childbirth (n = 445), and 1 month after
childbirth (n = 392). We randomly divided the participants into two groups: one for exploratory factor

Elr;)e; :tfg; analyses (EFAs) and another for confirmatory factor analyses (CFAs). The result of the EFAs indicated
Citation: Saito, T; Sakanashi, K.; different factor models at each time point. Hence, CFAs were performed using the second sample set
Tanaka, T; Kitamura, T. Factor to compare different models including the ones previously reported. A 3-factor model consisting
Structure and Measurement and of depression (items 7, 9), anxiety (items 4, 5), and anhedonia (items 1, 2) (Kubota et al., 2018) was

Structural Invariance of the consistently stable during the whole perinatal period. Kubota’s 3-factor model showed invariance
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across the perinatal period.
Scale during the Perinatal Period
among Japanese Women: What Is the
Best Model? Healthcare 2023, 11, 1671.

https:/ /doi.org/10.3390/

Keywords: perinatal depression; EPDS; factor structure; measurement invariance

healthcare11121671

Academic Editor: Ilaria Baiardini 1. Introduction

Received: 8 April 2023 Depression during pregnancy and the postnatal period, known as perinatal depression,
Revised: 24 May 2023 is a global health concern. In Japan, the incidence of antenatal/postnatal depression
Accepted: 2 June 2023 was 5.6%/5.0% [1]. Perinatal depression has been linked to a number of adverse child
Published: 6 June 2023 health and mother—child relationship outcomes [2,3]. Perinatal depression has also been

associated with a variety of poor infant conditions including reduced cognitive [4], socio-
emotional [5,6], and psychomotor development [7]. Early detection of perinatal depression
- is a very important clinical issue. The Edinburgh Postnatal Depression Scale (EPDS) [8], a
10-item self-administered questionnaire, is one of the screening instruments for postnatal
depression. The EPDS is also used for an antenatal population [9,10]. The EPDS was
translated worldwide, and its psychometric properties were examined in many countries
including Japan [11].
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1.1. EPDS: Factor Structure

Despite worldwide use, the EPDS has several weaknesses, one of which is an unclear
factor structure and the lack of evidence of measurement invariances. Identifying latent
factors of a screening instrument may help for different types of depression [12-14]. How-
ever, if a certain factor structure cannot be reliably reproduced, it is unlikely to be useful
for these purposes. Unfortunately, previous factor analytic studies of the EPDS reported
considerable variation, not just between but also within cultures.

Although the EPDS was developed as a unidimensional measure [8], unidimensional-
ity could rarely be demonstrated [15]. There have been many studies of exploratory factor
analysis (EFA), principal component analysis (PCA), and confirmatory factor analysis
(CFA) of the EPDS. Kozinszky et al. [16] reviewed the past studies of EPDS factor struc-
tures and reported that most of them supported different types of 3-factor structure. They
include 1-, 2-, and 3-factor structures. Most of them showed a 3-factor structure, details
of which, however, considerably varied. Kozinszky et al. (2017) used ante- and postnatal
samples (n = 2967 and 714, respectively) to which models of the EPDS factor structure
from 42 previous reports were compared in terms of goodness of fit. They added models
derived from their own EFAs. In addition, they created theory-driven models (TDMs)
based on the literature and on neurobiological insight, which was previously published.
First, they considered that items 1 (“unable to see the funny side”) and 2 (“not looked
forward with enjoyment”) belonged to “anhedonia”; items 3 (“blamed myself”), 4 (“wor-
ried”), and 5 (“scared or panicky”) belonged to “anxiety”; items 8 (“sad and miserable”)
and 9 (“unhappy and cried”) belonged to “low mood”; and items 6 (“things on top of
me”) and 10 (“idea of harming myself”) belonged to “hopelessness”. Kozinszky et al.’s
(2017) TDML1 consisted of “anhedonia”, “anxiety”, and “low mood”; TDM2 consisted of
“anhedonia”, “anxiety”, and “hopelessness”; and TDM3 consisted of “anhedonia”, “anxi-
ety”, “hopelessness”, and “low mood”. Considering that item 3 (“blamed myself”) was
not an anxiety item but rather a part of “suicidal risk” with items 6 and 10, they modeled
TDM4 as consisting of “anhedonia”, “anxiety” (without item 3), “low mood”, and “suicidal
risk”. Even though three “suicidal risk” items were phenomenologically heterogeneous,
Kozinszky et al. created a 3-factor model with “anhedonia”, “anxiety” (without item 3),
and “low mood”: TDMB5. Finally, TDM6 consisted of “anhedonia”, “anxiety”, and “suicidal
risk” (Table 1). Kozinszky et al. compared the models derived from the previous studies,
the model derived from their own EFA, and six TDMs in terms of goodness-of-fit indices
(mainly chi-squared, comparative fit index (CFI), Tucker Lewis index (TLI), and root mean
square of error approximation (RMSEA)) as well as Akaike information criteria (AIC). They
prioritized AIC because the compared models were not nested ones. In both the ante-
and postnatal samples, TDM5 was one of the best models. TDM6 was slightly superior
to TDM5 among the postnatal sample, but it was inferior to TDM5 among the antenatal
sample. Matthey’s (2008) model [17] showed a very low AIC in both ante- and postnatal
samples, although their model consisted only of “anxiety” items. Brouwers et al.’s (2001)
model [18] showed the lowest AIC among the postnatal samples, but its fit indices were
virtually the same as those of TDM5 and worse among the antenatal sample.

Table 1. Theory-driven models (TDM 1 to 6) and Kubota models.

Models Anhedonia Anxiety Low Mood  Hopelessness/Suicidality

Kozinszky TDM 1 1,2 3,4,5 8,9
Kozinszky TDM 2 1,2 3,4,5 6,10
Kozinszky TDM 3 1,2 3,4,5 8,9 6,10
Kozinszky TDM 4 1,2 4,5 8,9 3,6,10
Kozinszky TDM 5 1,2 4,5 8,9
Kozinszky TDM 6 1,2 4,5 3,6,10

Kubota 2014 1,2 3,4,5 7,8.9

Kubota 2018 1,2 4,5 7,9
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An aim of the present study is to apply Kozinszky et al.’s (2017) model comparison
approach to our perinatal study in Japan. We do not think that EFA is the most appropriate
method to examine the factor structure of a psychological measure. Rather we believe that
comparison of multiple models to a set of data will give us a wider perspective of the latent
structure of the concept. This may also give us an insight about culturally specific aspects
of its factor structure.

1.2. EPDS: Measurement Invariance

Another important aspect of a psychological measure is its temporary stability. Al-
though factor analyses of the EPDS have been investigated in many countries, most of these
studies were cross-sectional and only examined it at a single time point. There have been
few reports examining the stability of the factor structure over the perinatal period in the
same sample [19-21]. Cunningham et al. (2015) [20] reported different factor structures on
admission for psychiatric treatment and before leaving the hospital postpartum. In a large
community sample, Swalm et al. (2010) [21] reported the same factor structures ante- and
postpartum. Jomeen and Martin (2005) [22] showed that the factor structure of the EPDS
differed depending on gestational weeks. For example, item 8 (“sad and miserable”) was
included as a factor of anhedonia at 14 weeks of gestation, whereas it was included as a
factor of anxiety at 27 to 40 weeks of gestation. If the factor structure differs across multiple
time points (e.g., ante- and postnatal period), it makes no sense to compare the scores
of the measure. Kubota et al. (2018) identified a 3-factor structure—anhedonia (items 1
and 2), anxiety (items 4 and 5), and depression (items 7 and 9)—and this model showed
stability across three time points (late pregnancy, and 5 days and 1 month after childbirth).
We presume that the factor structure of the EPDS may differ across the perinatal periods
because of different biological and social conditions.

The best-fit model of the factor structure should be examined in terms of measurement
invariance when used on different occasions. These procedures include [23]:

(a) Configural invariance: both groups (e.g., nulliparae multiparae) have the same indica-
tors in each factor.

(b) Metric invariance; also known as weak factorial invariance: factor loadings of both
groups are invariant for the corresponding indicators.

()  Scalar invariance; also known as strong factorial invariance: intercepts of both groups
are invariant for the corresponding items.

(d) Residual invariance; also known as strict factorial invariance: residuals of both groups
are invariant for the corresponding items.

The conditions from (b) to (d) are termed measurement invariance because they are
concerned about the relationships between measured indicators and their latent constructs.
Testing hypotheses is recommended to be carried out in the above order [23]. Rejection of a
particular step means that the subsequent steps are not allowed.

We think that when more than one model of the EPDS factor structure is virtually the
same in goodness of fit at one time point, the one better in measurement invariance should
be given priority. Therefore, the second aim of our study is to propose the final model’s
measurement invariance across the perinatal period.

2. Materials and Methods
2.1. Study Procedures and Participants

This is a secondary analysis of a large community perinatal study. In 2011, the
Kumamoto Prefectural Government conducted a longitudinal study on the perinatal mental
health of a pregnant community of women through to their postnatal period. All 55 obstetric
clinics in the prefecture were invited to participate in this follow-up survey. Eighteen (33%)
antenatal institutes responded to this request. These included one university hospital,
public and private hospitals (1 = 12), and private clinics (n = 5). Hence, this was a mixture
of different types of antenatal institutions. The entry criterion was women of at least
28 weeks’ gestation who attended one of these antenatal clinics during the entire month
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of November 2011. Eligibility criteria were pregnancy (of at least 28 weeks’ gestation)
and over 20 years old. We excluded those women who were illiterate in Japanese, who
had severe mental illness, or who had been hospitalized with pregnancy complications.
Sets of questionnaires were distributed on three occasions: (a) during the third trimester
of pregnancy (Wave 1), (b) five days after childbirth (Wave 2), and (c) one month after
childbirth (Wave 3). There were 1453 eligible women. Of these, 633 (44%), 445 (31%), and
392 (27%) returned the questionnaires during the third trimester, and 5 days and 1 month
after childbirth, respectively.

2.2. Measurements

Depression: We used the EPDS at all the observation times. This is a 10-item ques-
tionnaire rated on a 4-point scale (0 to 3) to assess postnatal depression and is commonly
used in many perinatal settings. Excellent internal consistency (Cronbach’s alpha = 0.87)
and reliability (split-half reliability = 0.88) were reported for the original English version.
Okano et al. (1996) [11] translated the EPDS into Japan and verified it by back-translation.
This version enjoyed good internal consistency (Cronbach’s alpha = 0.78) and test-retest
reliability (Spearman correlation = 0.92).

2.3. Data Analysis

We randomly divided the whole sample into two parts: one was used for EFAs
and another for CFAs. We used SPSS "case selection" for this procedure. Using the first
group, we checked the factorability by the Kaiser-Meyer Olkin (KMO) index and Bartlett’s
sphericity test [24]. The skewness of all the EPDS items was also examined. All the
EPDS item scores showed positive skew. Therefore, a log transformation was conducted
to achieve an approximate normality assumption. We next performed a series of EFAs
by the maximum-likelihood method with PROMAX rotation from a 1-factor structure
and, subsequently, models with an increasingly greater number of factors (i.e., 2-, 3-factor
structures, and so on).

Next, we conducted CFAs in the second halved sample and compared these models
in terms of goodness of fit. This was a cross-validation of the models [25-27]. The fit
of models with the data was examined in terms of chi-squared (x?), CFI, and RMSEA.
According to conventional criteria, a good fit would be indicated by x%/df <3, CFI> 0.97,
and RMSEA < 0.08 [28,29]. We also used the Akaike information criterion (AIC) [30], where
a lower AIC was judged as being better.

The next step was measurement invariance across different occasions of the best-fit
model identified. We compared the model in terms of Wave 1 vs. Wave 2 vs. Wave 3. The
definition of invariance from one step to the next was either (a) a non-significant increase
in x?2 for df of difference, (b) a decrease in the CFI less than 0.01, or (c) an increase in the
RMSEA less than 0.01 [31,32]. All the analyses were conducted by IBM SPSS Statistics
version 26.0 and IBM Amos version 27.0 (IBM Japan, Tokyo, Japan).

2.4. Ethical Considerations

This study approval was given by the Institutional Review Board (IRB) of Kumamoto
University School of Medical Sciences No. 269. Written informed consent was provided
from the participants when distributing the questionnaire.

3. Results
3.1. EFA

Means, SDs, and skewness of all the EPDS items (original version and after log
transformation version) are shown in Table 2. The EPDS item scores were low in most
items. Some of them had a skew > 2.0. Nevertheless, the log transformation of the scale
items resulted in the noticeable reduction in skewness.
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Table 2. Means, SDs, and skewness of EPDS items (original version and after log transformation version).

Original After Log Transformation
Pregnancy 5C]})1'ays e}fter 1 quth‘after Pregnancy 5 D?ys e}fter 1 quth‘after
(1 = 329) ildbirth Childbirth (1 = 329) Childbirth Childbirth
(n =237) (n =201) (n =237) (n =201)
]ife]i\s lée{;? Skewness l}/ée];;l Skewness 1\(/;;;1 Skewness I:ge];? Skewness 1\(/;;;1 Skewness 1:/;;;1 Skewness

1 (8:(2)2) 385 (8:;;) 3.93 (8.%) 4.55 (8:(1)2) 349 (8:33?) 301 (8:(1)2) 405
2 (8:23) 345 (8:;2) 3.51 (8.&% 3.05 (gigg) 3.24 (832) 2.68 (8:(2);) 281
3 (é:;g) 035 ((1):33) 0.78 (8.'2(33) 113 (gﬁig) —0.15 (8:;1;) 041 (giig) 0.71
4 ((1);% 0.10 (gfg% 053 (8.8?) 099 (8?3) —032 (8.'2(2)) 025 (8123) 066
5 (8:;2) 075 (8:%) 143 (8.'22) 179 (811;) 0-36 (8:241) 093 (géé) 152
6 (8:;% 0.90 ((1):35) 0.39 ((1):3‘31) 0.39 (813) 0.10 (8:2;) —028 (8:% 028
7 (8.'2) 2.03 (8??) 219 (8??) 252 (8252) 150 (gég) 1.86 (8:5)) 2.20
8 (8:1;2) 135 (8:% 142 (8:23) 178 (8:2) 0.86 (8.23) 1.02 (8:5% 124
? (8%) 2.35 (8:41;) 3.1 (8&?) 3.77 (8:;3) 185 (8.;;) 255 (8:22) 2.92
10 (8:1% 3.15 (8é% 407 (8:(2)8) 5.34 (gég) 2.66 (8:22) 3.68 (8:(1);}) 485

Range of item scores 0 to 3.

The results of the KMO index at Waves 1 to 3 were 0.844, 0.868, and 0.845, respectively,
using the data after logarithmic transformation in the first sample set. Bartlett’s sphericity
test showed a significant result (p < 0.001) at the three time points. The data were adequate
to perform EFAs. A scree plot suggested a 3-factor structure. However, the idiosyncrasy
of the number of the factors in EFAs suggested the calculation of factor loadings of EPDS
items in 1-, 2-, 3-, and 4-factor structures (Tables 3-5). In the 1-factor structure, all the items
showed factor loading >0.3 [33] at the three time points. In the 2-factor model, items 1 and
2 (reflecting loss of interest) were loaded on the second factor, whereas the first factor was
loaded on all the remaining items at only Wave 1. On the other hand, these results were
different at Waves 2 and 3. In the 3-factor structure model, we noticed that items of the first
factor of the 2-factor model were divided into two factors. In the 3-factor model, items 3,
4,5, 6, and 8 were loaded on the first factor. Items 7, 9, and 10 were loaded on the second
factor. The last factor was loaded on items 1 and 2, reflecting the loss of interest, at Waves 1
and 2. On the other hand, these results were different at Wave 3. In the 4-factor model, the
first factor of the 3-factor model was divided into two. In the 4-factor model, items 3, 4, 5,
and 6 were loaded on the first factor. Items 7, 9, and 10 were loaded on the second factor.
Items 1 and 2, reflecting the loss of interest, were loaded on the third factor. The last factor
was loaded on items 8 at only Wave 1. On the other hand, these results were different at
Waves 2 and 3 (Tables 3-5).

3.2. CFA

Having obtained 1-, 2-, 3-, and 4-factor models derived from EFAs, there were no factor
structures with the same configuration (i.e., the same items were loaded on the same factor)
at all three time points. Therefore, we used the second sample to conduct a comparison of
the models proposed by previous reports including all the TDMs of Kozinszky et al. (2017)
as well as two of Kubota’s models [34,35]. It was found that the lowest AIC was obtained
for TDMS5 and the Kubota 2018 model at every time point (Table 6). AICs were virtually
the same for the two models. Therefore, we concluded that these two models have the
possibility to describe the present data best. Subsequent analyses were conducted using
these models.
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Table 3. EFA of the EPDS during pregnancy.

1-Factor 2-Factor 3-Factor 4-Factor
Item
1 I 1I 1 11 111 I 1I 111 v
1 0.45 —0.10 0.99 —0.09 0.09 0.79 —0.08 0.14 0.67 0.04
2 0.46 0.05 0.72 0.04 —-0.11 0.93 0.06 —0.10 1.04 —0.05
3 0.65 0.71 —0.05 0.74 0.02 —0.02 0.64 0.02 —0.02 0.12
4 0.60 0.65 —0.05 0.85 —0.16 0.01 0.75 —0.12 0.02 0.08
5 0.65 0.75 —0.12 0.72 0.08 —0.08 0.81 0.12 —0.03 —0.014
6 0.44 0.50 —0.09 0.26 0.24 —0.02 0.28 0.23 0.04 —0.03
7 0.77 0.70 0.11 0.21 0.57 0.07 0.14 0.48 0.05 0.20
8 0.82 0.76 0.10 0.47 0.33 0.12 0.06 —0.01 —0.01 0.97
9 0.73 0.64 0.13 —0.08 0.89 0.04 —0.06 0.79 0.07 0.08
10 0.61 0.57 0.05 —0.06 0.81 —0.10 0.02 0.85 —0.06 —0.13
Table 4. EFA of the EPDS at 5 days after childbirth.
1-Factor 2-Factor 3-Factor 4-Factor
Item
I I 1I I II 111 I 1I 111 v
1 0.46 0.18 0.33 —0.04 0.02 0.67 —0.06 0.03 0.68 0.04
2 0.42 0.23 0.22 —0.03 —0.12 0.78 0.00 —0.12 0.76 —0.02
3 0.67 0.63 0.09 0.65 0.07 0.00 0.17 0.02 0.02 0.81
4 0.70 0.92 —-0.17 1.02 —-0.16 —-0.13 0.89 —0.13 —0.12 0.12
5 0.77 0.74 0.08 0.72 0.11 —0.00 0.70 0.09 —0.03 0.08
6 0.49 0.42 0.09 0.32 —0.01 0.25 0.29 —0.02 0.24 0.08
7 0.62 0.27 0.41 0.21 0.40 0.10 0.33 0.38 0.07 —0.10
8 0.83 0.62 0.27 0.54 0.19 0.19 0.69 0.17 0.17 —0.13
9 0.70 —0.04 0.93 —0.04 0.83 0.10 —0.12 0.86 0.11 0.10
10 0.55 —0.04 0.71 —0.04 0.87 —0.18 0.01 0.83 —0.17 —0.02
Table 5. EFA of the EPDS at 1 month after childbirth.
1-Factor 2-Factor 3-Factor 4-Factor
Item
I I 1I I II 111 I 1I 111 IV
1 0.60 —-0.19 0.98 0.04 0.86 —0.09 —0.04 0.95 —0.01 0.02
2 0.57 —0.03 0.73 —0.04 0.74 0.10 0.10 0.61 0.01 0.06
3 0.65 0.66 0.06 0.56 0.00 0.17 0.63 0.11 0.06 —0.03
4 0.65 0.71 0.02 0.55 —0.02 0.23 0.68 0.07 0.07 —0.06
5 0.52 0.77 —0.20 0.09 —0.04 0.92 0.76 —0.14 —0.09 0.19
6 0.42 0.44 0.02 0.32 0.02 0.16 0.48 0.07 —0.01 —0.11
7 0.65 0.27 0.46 0.46 0.29 —0.03 0.09 0.23 0.46 —0.07
8 0.77 0.65 0.18 0.92 —-0.10 —0.04 0.26 —0.09 0.68 —0.03
9 0.74 0.37 0.44 0.65 0.22 —0.10 —0.10 0.04 0.83 0.09
10 0.42 0.21 0.28 —0.08 0.39 0.36 —0.02 0.05 0.03 0.98

Measurement Invariance between Different Observation Times

We then compared the TDM5 and Kubota 2018 models in terms of measurement
invariance across the three observation times (Table 7). TDM5 was accepted up to the
metric level but rejected at the scalar level. On the other hand, the Kubota 2018 model was
accepted up to the scalar model but rejected at the residual level. Therefore, the Kubota
2018 model showed superiority to TDMb5.
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Table 6. CFAs of the EPDS and the best model selected at each time point.

Models e df x2/df CFI RMSEA AIC
Pregnancy
Kozinszky TDM 1 15.260 11 1.39 0.993 0.023 63.260
Kozinszky TDM 2 11.989 11 1.09 0.998 0.011 59.989
Kozinszky TDM 3 IS IS IS IS IS IS
Kozinszky TDM 4 IS IS IS IS IS IS
Kozinszky TDM 5 11.322 6 1.89 0.990 0.035 53.322
Kozinszky TDM 6 33.468 11 3.04 0.953 0.053 81.468
Kubota 2014 29.974 17 1.76 0.982 0.032 83.974
Kubota 2018 11.482 6 191 0.989 0.035 53.482
5 days after childbirth
Kozinszky TDM 1 27.846 11 2.53 0.969 0.045 75.846
Kozinszky TDM 2 IS IS IS IS IS IS
Kozinszky TDM 3 IS IS IS IS IS IS
Kozinszky TDM 4 32.087 21 1.53 0.983 0.027 98.087
Kozinszky TDM 5 11.524 6 1.92 0.988 0.035 53.524
Kozinszky TDM 6 8.876 11 0.81 1.000 0.000 56.876
Kubota 2014 46.459 17 2.73 0.957 0.048 100.459
Kubota 2018 18.046 6 3.01 0.975 0.052 60.046
1 month after childbirth
Kozinszky TDM 1 28.731 11 2.61 0.933 0.047 76.731
Kozinszky TDM 2 IS IS IS IS IS IS
Kozinszky TDM 3 IS IS IS IS IS IS
Kozinszky TDM 4 39.886 21 19 0.941 0.035 105.886
Kozinszky TDM 5 19.037 6 3.17 0.929 0.054 61.037
Kozinszky TDM 6 17.462 11 1.59 0.968 0.028 65.462
Kubota 2014 33.992 17 2.00 0.942 0.037 87.992
Kubota 2018 15914 6 2.65 0.920 0.047 57.914

Table 7. Measurement and structural invariance of the EPDS.

Model x2 df x2/df Ax2 (df) CFI ACFI RMSEA ARMSEA AIC Judgement
TDM 5
Configural 55.915 18 3.106 Ref 0.982 Ref 0.021 Ref 181.915 ACCEPT
Metric 63.525 24 2.647 7.610 (6) NS 0.981 0.001 0.019 A0.002 177.525 ACCEPT
Scalar 160.742 36 4.465 97.217 (12) * 0.940 0.041 0.041 0.022 250.742 REJECT
KUBOTA 2018

Configural 38.304 18 2.128 Ref 0.989 Ref 0.016 Ref 164.304 ACCEPT
Metric 48.055 24 2.002 9.751 (6) NS 0.987 0.002 0.015 A0.001 162.055 ACCEPT
Scalar 140.984 36 3916 92.929 (12) * 0.942 0.045 0.025 0.010 230.984 ACCEPT
Residual 416.971 48 8.687 275.987 (12) * 0.797 0.145 0.041 0.016 482.971 REJECT

*p <0.001, NS, not significant.

4. Discussion

In this study, we first endeavored to find the factor structures of the EPDS among
antepartum and postpartum samples. This, however, revealed that EFA-derived models
did not show configural invariance across the observation time points. We then com-
pared models previously recommended as the best. Models were compared in terms of
measurement invariance across the perinatal period. It was found that the Kubota 2018
model should be given priority. This is encouraging in using the Kubota 2018 model when
comparing the EPDS scores at different time points in clinical as well as research settings.
The Kubota 2018 factor structure was the same as that reported by Coates et al. (2017) [36]
who examined the factor structure of the EPDS in pregnancy and postpartum at four time
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points, i.e., at 18 and 32 weeks gestation; and at 8 weeks and 8 months postpartum. Our
study replicated Coates et al.’s (2017).

It is interesting that EPDS items 1 and 2 reflecting loss of interest often consist of one
factor: the factor of anhedonia (e.g., [19,20]). It seems feasible to speculate discreteness
of this category. Neurobiological evidence suggests that anhedonia defines a particular
dimension in depressive disorder. Anhedonia is associated with disturbances of dopamin-
ergic neurons [37]. On the other hand, differentiation between anxiety and depressed
mood among perinatal women has been debatable (see review of Kozinszky et al. [16]).
Among male and female populations, there is a consensus that anxiety and depression are
discrete [38,39] but its boundaries have been debatable. We should also pay attention to
items that were deleted from factor analyses. One such item is item 10 (“idea of harming
myself”). This represents a desire to harm oneself: suicidality. Perinatal suicidality is an
important health issue [40-42]. A Japanese study showed that 17% of women showed a
wish to harm oneself at some time during the perinatal period [42]. EPDS item 10 was
often dropped from factor analyses not because of lack of clinical importance but possibly
because there is only one item tapping suicidal ideations and behaviors. To cast clinical
light to perinatal suicidality, we should either (a) add a few items assessing suicidality to
the EPDS or (b) make use of a measure specific to suicidality in addition to the EPDS.

There are limitations of this study. As a psychological measure, the EPDS, after more
than three decades of worldwide use, should be tested against international standards
of patient-reported measures such as PROMIS (2013) [43] and COSMIN [44]. We applied
the EPDS at three time points, but there was only one prepartum time point. A further
study may need more observation time points. An important issue is the lack of diagnostic
specificity. Although the EPDS was originally developed as a screening tool of postnatal
depression [8], there is no rigid correspondence of the EPDS items with those of the
Major Depressive Episode. This may be the original authors” idea to avoid from the
screening instrument somatic symptoms (such as loss of or increase in appetite or body
weight, and psychomotor retardation or agitation) that are not those of depression but of
physical changes. As in cases of somatic illness or under chemotherapy, identification of
depression among perinatal women is a very important diagnostic issue [45,46]. A recent
study to identify the core symptoms of antenatal depression used both cluster analyses
and item response theory and found that only two symptoms—Iloss of interest and low
mood—were recognized as core symptoms [47]. It is important to pay attention to the
anxiety category that was identified as a subscale of the EPDS. The perinatal period is a
stage where different types of anxiety disorders are found including panic disorder and
obsessive-compulsive disorder together with pregnancy- and childbirth-specific anxiety
disorders such as tokophobia (e.g., [48]) and postnatal traumatic disorders [49]. The EPDS
Anxiety subscale may be sensitive to such anxiety disorders. Another research issue is the
cultural or linguistic influence on the factor structure. The factor structure of the EPDS was
identified only in the Japanese language. The subscales identified in this study should be
compared with those reported from other cultural or linguistic backgrounds. In addition,
participants who were physically or mentally impaired may have dropped out of the study
because of difficulty answering the questionnaire during the whole peripartum period.
Inclusion of women with pregnancy or birth complications may cast a different light on the
EPDS factor structure.

5. Conclusions

Despite these drawbacks, our study found that the factor structure of Kubota 2018
was invariant in terms of measurement occasions. This factor structure is consistently
stable during the whole peripartum period. Interventions of perinatal depression should
be provided in discrete phases and subtypes for perinatal women. Also of importance is
the possible association of the EPDS subscale scores with different types of anxiety disorder
during the perinatal period.



Healthcare 2023, 11, 1671 9of 11

Author Contributions: Conceptualization, T.S.; methodology, T.S. and T.K.; formal analysis, T.S.;
data curation, T.S., K.S., T.T. and T.K; writing, T.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Institutional Review Board
(IRB) of Kumamoto University School of Medical Sciences No. 269.

Informed Consent Statement: Written informed consent was obtained from the participants when
distributing the questionnaire.

Data Availability Statement: Due to the nature of this research, participants of this study did not
agree for their data to be publicly shared, so supporting data are not available.

Acknowledgments: We are grateful to all the women who participated in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Kitamura, T.; Yoshida, K.; Okano, T.; Kinoshita, K.; Hayashi, M.; Toyoda, N.; Ito, M.; Kudo, N.; Tada, K.; Kanazawa, K.; et al.
Multicentre prospective study of perinatal depression in Japan: Incidence and correlates of antenatal and postnatal depression.
Arch. Women’s Ment. Health 2006, 9, 121-130. [CrossRef]

Field, T. Postpartum depression effects on early interactions, parenting, and safety practices: A review. Infant Behav. Dev. 2011, 33,
1-6. [CrossRef] [PubMed]

Kingston, D.; Tough, S.; Whitfield, H. Prenatal and postpartum maternal psychological distress and infant development: A
systematic review. Child Psychiatry Hum. Dev. 2012, 43, 683-714. [CrossRef] [PubMed]

Stein, A.; Pearson, R.M.; Goodman, S.H.; Rapa, E.; Rahman, A.; McCallum, M.; Howard, L.M.; Pariante, C.M. Effects of perinatal
mental disorders on the foetus and child. Lancet 2014, 384, 1800-1819. [CrossRef] [PubMed]

Feldman, R; Granat, A.; Pariente, C.; Kanety, H.; Kuint, J.; Gilboa-Schechtman, E. Maternal depression and anxiety across the
postpartum year and infant social engagement, fear regulation, and stress reactivity. J. Am. Acad. Child Adolesc. Psychiatry 2009,
48,919-927. [CrossRef] [PubMed]

Leis, J.A.; Heron, J.; Stuart, E.A.; Mendelson, T. Associations between maternal mental health and child emotional and behavioral
problems: Does prenatal mental health matter. |. Abnorm. Child Psychol. 2014, 42, 161-171. [CrossRef]

Field, T.; Diego, M.; Hernandez-Reif, M. Prenatal dysthymia versus major depression effects on the neonate. Infant Behav. Dev.
2008, 31, 190-193. [CrossRef]

Cox, J.L.; Holden, ].M.; Sagovsky, R. Detection of postnatal depression. Development of the 10-item Edinburgh Postnatal
Depression Scale. Br. |. Psychiatry 1987, 150, 782-786. [CrossRef] [PubMed]

Matthey, S.; Souter, K.; Mortimer, K.; Stephens, C.; Sheridan-Magro, A. Routine antenatal maternal screening for current mental
health: Evaluation of a change in the use of the Edinburgh Depression Scale in clinical practice. Arch. Women’s Ment. Health 2016,
19, 367-372. [CrossRef] [PubMed]

Wilcox, M.; McGee, B.A.; Ionescu, EE.; Leonte, M.; LaCross, L.; Reps, ].; Wildenhaus, K. Perinatal depressive symptoms often start
in the prenatal rather than postpartum period: Results from a longitudinal study. Arch. Women’s Ment. Health 2021, 24, 119-131.
[CrossRef] [PubMed]

Okano, T.; Murata, M.; Masuji, F; Tamaki, R.; Nomura, J.; Miyaoka, H.; Kitamura, T. Validation and reliability of Japanese version
of EPDS (Edinburgh Postnatal Depression Scale). Arch. Psychiatr. Diagn. Clin. Eval. 1996, 7, 525-533. (In Japanese)

Gaynes, B.; Gavin, N.; Meltzer-Brody, S.; Lohr, K.N.; Swinson, T.; Gartlehner, G.; Brody, S.; Miller, W.C. Perinatal Depression:
Prevalence, Screening Accuracy, and Screening Outcomes; Evidence Report/technology Assessment No. 119. (Prepared by the
Rti-university of North Carolina Evidence-based Practice Center, Under Contract No. 290-02-0016.) AHRQ Publication No.
05-E006-2; Agency for Healthcare Research and Quality: Rockville, MD, USA, 2005.

Gibson, B.; McKenzie-McHarg, K.; Shakespeare, J.; Price, J.; Gray, R. A systematic review of studies validating the Edinburgh
Postnatal Depression Scale in antepartum and postpartum women. Acta Psychiatr. Scand. 2009, 119, 350-364. [CrossRef] [PubMed]
Kozinszky, Z.; Dudas, R.B. Validation studies of the Edinburgh Postnatal Depression Scale for the antenatal period. J. Affect.
Disord. 2015, 176, 95-105. [CrossRef]

Berle, ].9.; Aarre, T.E; Mykletun, A.; Dahl, A.A.; Holsten, F. Screening for postnatal depression: Validation of the Norwegian
version of the Edinburgh Postnatal Depression Scale, and assessment of risk factors for postnatal depression. J. Affect. Disord.
2003, 76, 151-156. [CrossRef] [PubMed]

Kozinszky, Z.; Toreki, A.; Hompoth, E.A.; Dudas, R.B.; Németh, G.A. A more rational, theory-driven approach to analysing the
factor structure of the Edinburgh Postnatal Depression Scale. Psychiatry Res. 2017, 250, 234-243. [CrossRef] [PubMed]

Matthey, S. Using the Edinburgh Postnatal Depression Scale to screen for anxiety disorders. Depress. Anxiety 2008, 25, 926-931.
[CrossRef] [PubMed]


https://doi.org/10.1007/s00737-006-0122-3
https://doi.org/10.1016/j.infbeh.2009.10.005
https://www.ncbi.nlm.nih.gov/pubmed/19962196
https://doi.org/10.1007/s10578-012-0291-4
https://www.ncbi.nlm.nih.gov/pubmed/22407278
https://doi.org/10.1016/S0140-6736(14)61277-0
https://www.ncbi.nlm.nih.gov/pubmed/25455250
https://doi.org/10.1097/CHI.0b013e3181b21651
https://www.ncbi.nlm.nih.gov/pubmed/19625979
https://doi.org/10.1007/s10802-013-9766-4
https://doi.org/10.1016/j.infbeh.2007.10.004
https://doi.org/10.1192/bjp.150.6.782
https://www.ncbi.nlm.nih.gov/pubmed/3651732
https://doi.org/10.1007/s00737-015-0570-8
https://www.ncbi.nlm.nih.gov/pubmed/26349571
https://doi.org/10.1007/s00737-020-01017-z
https://www.ncbi.nlm.nih.gov/pubmed/32016551
https://doi.org/10.1111/j.1600-0447.2009.01363.x
https://www.ncbi.nlm.nih.gov/pubmed/19298573
https://doi.org/10.1016/j.jad.2015.01.044
https://doi.org/10.1016/S0165-0327(02)00082-4
https://www.ncbi.nlm.nih.gov/pubmed/12943945
https://doi.org/10.1016/j.psychres.2017.01.059
https://www.ncbi.nlm.nih.gov/pubmed/28167438
https://doi.org/10.1002/da.20415
https://www.ncbi.nlm.nih.gov/pubmed/18041072

Healthcare 2023, 11, 1671 10 of 11

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.
29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Brouwers, E.P.M.; Van Baar, A.L.; Pop, V.J.M. Does the Edinburgh Postnatal Depression Scale measure anxiety? J. Psychosom. Res.
2001, 51, 659-663. [CrossRef] [PubMed]

Chabrol, H.; Teissedre, F. Relation between Edinburgh Postnatal Depression Scale scores at 2-3 days and 4-6 weeks postpartum.
J. Reprod. Infant Psychol. 2004, 22, 33-39. [CrossRef]

Cunningham, N.K.; Brown, PM.; Page, A.C. Does the Edinburgh Postnatal Depression Scale measure the same constructs across
time? Arch. Women's Ment. Health 2015, 18, 793-804. [CrossRef] [PubMed]

Swalm, D.; Brooks, J.; Doherty, D.; Nathan, E.; Jacques, A. Using the Edinburgh postnatal depression scale to screen for perinatal
anxiety. Arch. Women’s Ment. Health 2010, 13, 515-522. [CrossRef] [PubMed]

Jomeen, J.; Martin, C.R. Confirmation of an occluded anxiety component within the Edinburgh Postnatal Depression Scale (EPDS)
during early pregnancy. J. Reprod. Infant Psychol. 2005, 23, 143-154. [CrossRef]

Vandenberg, R.J.; Lance, C.E. A review and synthesis of the measurement invariance literature: Suggestions, practices, and
recommendations for organizational research. Organ. Res. Method 2000, 3, 4-70. [CrossRef]

Burton, L.J.; Mazerolle, S.M. Survey instrument validity Part I: Principles of survey instrument development and validity in
athletic training education research. Athl. Train. Educ. J. 2011, 6, 27-35. [CrossRef]

Cliff, N. Some cautions concerning the application of causal modelling methods. Multivar. Behav. Res. 1983, 18, 115-126.
[CrossRef] [PubMed]

Cudeck, R.; Browne, M.W. Cross-validation of covariance structure. Multivar. Behav. Res. 1983, 18, 147-167. [CrossRef] [PubMed]
Romera, I.; Delgado-Cohen, H.; Prez, T.; Caballero, L.; Gilaberte, I. Factor analysis of the Zung self-rating depression scale in a
large sample of patients with major depressive disorder in primary care. BMC Psychiatry 2008, 8, 4. [CrossRef] [PubMed]
Bentler, PM. Comparative fit indexes in structural models. Psychol. Bull. 1990, 107, 238-246. [CrossRef] [PubMed]
Schermelleh-Engell, K.; Moosbrugger, H.; Miiller, H. Evaluating the fit of structural equation models: Tests of significance and
descriptive goodness-of-fit measures. Methods Psychol. Res. Online 2003, 8, 23-74.

Akaike, H. Factor analysis and AIC. Psychometrika 1987, 52, 317-332. [CrossRef]

Chen, EF Sensitivity of goodness of fit indexes to lack of measurement invariance. Struct. Equ. Model. 2007, 14, 464-504.
[CrossRef]

Cheung, G.W.; Rensvold, R.B. Evaluating goodness-of-fit indexes for testing measurement invariance. Struct. Equ. Model. 2002, 9,
233-255. [CrossRef]

Costello, A.B.; Osborne, ].W. Best practices in explanatory factor analysis: Four recommendations for getting the most from your
analysis. Pract. Assess. Res. Eval. 2005, 10, 1-9.

Kubota, C.; Okada, T.; Aleksic, B.; Nakamura, Y.; Kunimoto, S.; Morikawa, M.; Shiino, T.; Tamaji, A.; Ohoka, H.; Banno, N.; et al.
Factor structure of the Japanese version of the Edinburgh Postnatal Depression Scale in the postpartum period. PLoS ONE 2014,
9,e103941.

Kubota, C.; Inada, T.; Nakamura, Y.; Shiino, T.; Ando, M.; Aleksic, B.; Yamauchi, A.; Morikawa, M.; Okada, T.; Ohara, M.; et al.
Stable factor structure of the Edinburgh Postnatal Depression Scale during the whole peripartum period: Results from a Japanese
prospective cohort study. Sci. Rep. 2018, 8, 17659. [PubMed]

Coates, R.; Ayers, S.; De Visser, R. Factor structure of the Edinburgh Postnatal Depression Scale in a population-based sample.
Psychol. Assess. 2017, 29, 1016-1027. [CrossRef] [PubMed]

Argyropoulos, S.V.; Nutt, D.J]. Anhedonia revisited: Is there a role for dopamine-targeting drugs for depression? J. Psychopharmacol.
2013, 27, 869-877. [CrossRef]

Matsudaira, T.; Igarashi, H.; Kikuchi, H.; Kano, R.; Mitoma, H.; Ohuchi, K.; Kitamura, T. Factor structure of the Hospital
Anxiety and De-pression Scale in Japanese psychiatric outpatient and student populations. Health Qual. Life Outcomes 2009, 7, 42.
[CrossRef]

Matsudaira, T.; Kitamura, T. Personality traits as risk factors of depression and anxiety among Japanese students. J. Clin. Psychol.
2006, 62, 97-109.

Geiaye, B.; Kajeepeta, S.; Williams, M.A. Suicidal ideation in pregnancy: An epidemiologic review. Arch. Women’s Ment. Health
2016, 19, 741-751.

Reid, H.E.; Pratt, D.; Wedge, D.; Wittkowski, A. Maternal suicide ideation and behaviour during pregnancy and the first
postpartum year: A systematic review of psychological and psychosocial risk factors. Front. Psychiatry 2022, 13, 765118.
[CrossRef]

Takegata, M.; Takeda, S.; Sakanashi, K.; Tanaka, T.; Kitamura, T. Perinatal self-report of thoughts of self-harm, depressive
symptoms, and personality traits: A prospective study of Japanese community women. Psychiatry Clin. Neurosci. 2019, 73,
707-712. [CrossRef]

PROMIS. PROMIS: Instrument Development and Validation Scientific Standards, Version 2.0 (Revised May 2013). 2013. Available
online: http://www.nihpromis.org (accessed on 1 June 2023).

COSMIN (Consensus-Based Standards for the Selection of Health Measurement Instruments). Available online: http://www.
cosmin.nl/cosmin.html (accessed on 1 June 2023).

Akechi, T.; letsugu, T.; Sukigara, M.; Okamura, H.; Nakano, T.; Akizuki, N.; Okamura, M.; Shimizu, K.; Okuyama, T,
Furukawa, T.A; et al. Symptoms indicator of severity of depression in cancer patients: A comparison of the DSM-IV crite-
ria with alternative diagnostic criteria. Gen. Hosp. Psychiatry 2009, 31, 225-232. [CrossRef] [PubMed]


https://doi.org/10.1016/S0022-3999(01)00245-8
https://www.ncbi.nlm.nih.gov/pubmed/11728506
https://doi.org/10.1080/02646830310001643067
https://doi.org/10.1007/s00737-014-0485-9
https://www.ncbi.nlm.nih.gov/pubmed/25510935
https://doi.org/10.1007/s00737-010-0170-6
https://www.ncbi.nlm.nih.gov/pubmed/20574749
https://doi.org/10.1080/02646830500129297
https://doi.org/10.1177/109442810031002
https://doi.org/10.4085/1947-380X-6.1.27
https://doi.org/10.1207/s15327906mbr1801_7
https://www.ncbi.nlm.nih.gov/pubmed/26764558
https://doi.org/10.1207/s15327906mbr1802_2
https://www.ncbi.nlm.nih.gov/pubmed/26781606
https://doi.org/10.1186/1471-244X-8-4
https://www.ncbi.nlm.nih.gov/pubmed/18194524
https://doi.org/10.1037/0033-2909.107.2.238
https://www.ncbi.nlm.nih.gov/pubmed/2320703
https://doi.org/10.1007/BF02294359
https://doi.org/10.1080/10705510701301834
https://doi.org/10.1207/S15328007SEM0902_5
https://www.ncbi.nlm.nih.gov/pubmed/30518774
https://doi.org/10.1037/pas0000397
https://www.ncbi.nlm.nih.gov/pubmed/27736124
https://doi.org/10.1177/0269881113494104
https://doi.org/10.1186/1477-7525-7-42
https://doi.org/10.3389/fpsyt.2022.765118
https://doi.org/10.1111/pcn.12917
http://www.nihpromis.org
http://www.cosmin.nl/cosmin.html
http://www.cosmin.nl/cosmin.html
https://doi.org/10.1016/j.genhosppsych.2008.12.004
https://www.ncbi.nlm.nih.gov/pubmed/19410101

Healthcare 2023, 11, 1671 11 of 11

46. Cavanaugh, S.V.A. Depression in the medically ill: Critical issues in diagnostic assessment. Psychosomatics 1983, 36, 48-59.
[CrossRef] [PubMed]

47. Kitamura, T.; Usui, Y.; Wakamatsu, M.; Minatani, M.; Hada, A. What are the core symptoms of antenatal depression? A study
using Patient Health Questionnaire-9 among Japanese pregnant women in the first trimester. Healthcare 2023, 11, 1494. [CrossRef]
[PubMed]

48. Hofberg, K.; Brockington, I. Tokophobia: An unreasoning dread of childbirth: A series of 26 cases. Br. ]. Psychiatry 2000, 176,
83-85. [CrossRef] [PubMed]

49. Yildiz, P.D.; Ayers, S.; Phillips, L. The prevalence of posttraumatic stress disorder in pregnancy and after birth: A systematic
review and meta-analysis. |. Affect. Disord. 2017, 208, 634—645. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S0033-3182(95)71707-8
https://www.ncbi.nlm.nih.gov/pubmed/7871134
https://doi.org/10.3390/healthcare11101494
https://www.ncbi.nlm.nih.gov/pubmed/37239780
https://doi.org/10.1192/bjp.176.1.83
https://www.ncbi.nlm.nih.gov/pubmed/10789333
https://doi.org/10.1016/j.jad.2016.10.009

	Introduction 
	EPDS: Factor Structure 
	EPDS: Measurement Invariance 

	Materials and Methods 
	Study Procedures and Participants 
	Measurements 
	Data Analysis 
	Ethical Considerations 

	Results 
	EFA 
	CFA 

	Discussion 
	Conclusions 
	References

