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Abstract 

Background  Although a history of miscarriage or stillbirth has been reported to negatively affect quality of life (QOL) 
during the subsequent pregnancy, the association between the number of previous miscarriages or stillbirths and 
QOL, as well as trends in QOL during pregnancy, has not been clarified. This study sought to determine this associa-
tion during early and mid- to late pregnancy.

Methods  Data from 82,013 pregnant women who participated in the Japan Environment and Children’s Study (JECS) 
from January 2011 to March 2014 were analyzed. In early and mid/late pregnancy, participants completed question-
naires and QOL was assessed using the Physical and Mental Component Summary (PCS and MCS, respectively) scores 
from the 8-item Short-Form Health Survey (SF-8). The pregnant women were divided into four groups according to 
number of previous miscarriages or stillbirths (0, 1, 2, and ≥ 3), and the PCS and MCS scores in early pregnancy and 
mid/late pregnancy were compared between group 0 and groups 1, 2, and ≥ 3. Generalized linear mixed models 
were used for analysis.

Results  PCS score in early pregnancy was lower in group 1 (β =  − 0.29, 95% confidence interval [CI] − 0.42 to − 0.15), 
group 2 (β =  − 0.45, 95% CI − 0.73 to − 0.18), and group ≥ 3 (β =  − 0.87, 95% CI − 1.39 to − 0.35) than in group 0. 
Group 1 and group ≥ 3 showed a trend for increased PCS score during pregnancy (β = 0.22, 95% CI 0.07 to 0.37 and 
β = 0.75, 95% CI 0.18 to 1.33, respectively) compared with group 0.

Conclusions  PCS score in early pregnancy was lower with a more frequent history of miscarriage or stillbirth. 
However, in terms of changes in QOL during pregnancy, pregnant women with a history of miscarriage or stillbirth 
showed greater increases in PCS score during mid/late pregnancy than pregnant women with no history of miscar-
riage or stillbirth.
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Background
Miscarriage is the early termination of pregnancy and 
the definition depends on the country and academic 
organization. The American College of Obstetricians 
& Gynecologist (ACOG) [1] defines the pregnancy 
loss at 13  weeks of gestation, the European Society of 
Human Reproduction and Embryology (ESHRE) [2] 
at 24  weeks, and the Japan Society of Obstetrics and 
Gynecology at 22  weeks [3]. The frequency of miscar-
riage is estimated to be 10–15% of all pregnancies [2]. 
If two or three or more repeated miscarriages occur, 
recurrent pregnancy loss (RPL) [1, 2, 4] is diagnosed, 
and its frequency is said to be 0.8–2% [5, 6]. The inci-
dence of stillbirth is 0.6% to 1.8% [7, 8].

Previous studies comparing pregnant women with a 
history of miscarriage or stillbirth with those without 
such history have reported that those with a history 
have more distress specific to the early and late stages 
of pregnancy [9] or strong depression and anxiety [10–
12]. In cases of RPL, physical and emotional recovery 
is even lengthier. Surveys of nonpregnant women with 
RPL reported that 33.0% were depressed [13] and that 
15.4% had depression or anxiety disorders [14]. In addi-
tion, previous studies of the effects of RPL on women’s 
subsequent pregnancy have found that depression and 
anxiety are stronger in early pregnancy [15, 16]. In 
addition, depression in early pregnancy was reported to 
decrease the quality of life (QOL) of pregnant women 
[17] and, because pregnant women with a history of 
miscarriage or stillbirth are more depressed in early 
pregnancy, this may affect their QOL in the subsequent 
pregnancy.

Indeed, research on the impact of a history of miscar-
riage or stillbirth on QOL during the subsequent preg-
nancy found that pregnant women with such history do 
have a lower QOL than those without such history [18, 
19]. However, the association between the number of 
previous miscarriages or stillbirths and QOL during the 
subsequent pregnancy has not been investigated. In addi-
tion, cross-sectional studies have mainly been conducted 
at a single time point during pregnancy, and no stud-
ies have examined QOL trends longitudinally. Thus, the 
impact of the number of previous miscarriages or still-
births on QOL during the subsequent pregnancy has not 
been clarified.

To this end, using data obtained in a large nationwide 
cohort study, we divided pregnant women with a history 
of miscarriages or stillbirths into three groups according 
to the number of previous miscarriages or stillbirths and 
compared their QOL in early pregnancy and the change 
in their QOL from early to mid- to late pregnancy with 
the QOL of pregnant women who had no history of mis-
carriages and stillbirths.

Methods
Study design and population
The study design was a prospective cohort study. For this 
birth cohort study, the dataset for analysis comprised 
data from pregnant women who participated in the Japan 
Environment and Children’s Study (JECS), the protocol 
of which has been described in detail elsewhere [20, 21]. 
Briefly, JECS recruitment took place between January 
2011 and March 2014, and participants (mothers, fathers, 
and their newborn babies) were recruited and followed 
at 15 regional centers across Japan. In the present study, 
from a total of 103,057 pregnancies included in the jecs-
qa-20210401 dataset (released in April 2021), 5,647 preg-
nant women with multiple participations were excluded. 
Furthermore, pregnant women who did not complete the 
8-item Short-Form Health Survey (SF-8) or had missing 
data on the number of miscarriages or stillbirths or on 
gestational weeks (n = 15,397) were excluded, leaving a 
total of 82,013 pregnant women for analysis in this study 
(Fig. 1).

The JECS protocol was reviewed and approved by the 
Ministry of the Environment’s Institutional Review Board 
on Epidemiological Studies and the Ethics Committees of 
all participating institutions. Written informed consent 
for participation was obtained from all participants. The 
protocol of the present study was also approved by the 
Ethics Committee of the University of Toyama.

Data collection
The pregnant women completed the JECS question-
naire twice, once in early pregnancy and once in mid/
late pregnancy, when we could contact them directly. 
The questionnaire in early pregnancy included items 
on demographics (e.g., occupation, marital status, fam-
ily structure, smoking habits, drinking habits, diet, and 
physical activity), medical history (e.g., cardiac dis-
ease, gastrointestinal disease, urological disease, aller-
gic disease, autoimmune disease, endocrine disease, and 
gynecological disease), and obstetric history. In addition 
to the above, the questionnaire for pregnant women in 
mid/late pregnancy asked about educational background 
and household income. Data were also obtained from 
transcripts from the medical records kept by physicians, 
midwives/nurses, and/or research coordinators in early 
pregnancy (e.g., maternal age, height, weight, and details 
of previous pregnancies [method of delivery, complica-
tions, miscarriage, stillbirth, and abortion]).

Measures
Exposure
Based on a previous study [22] that found that the greater 
the number of miscarriages, the greater the emotional 
impact of miscarriage and the more negative and painful 
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the impact, the pregnant women who participated in 
the study were divided into four groups according to 
the number of miscarriages or stillbirths they had expe-
rienced: 0, 1, 2, or ≥ 3. In this study, miscarriage was 
defined as spontaneous abortion before 22 weeks of ges-
tation and stillbirth as fetal death after 22 weeks.

Outcome
The Japanese version of the SF-8 [23] was used to assess 
the QOL of the pregnant women. The SF-8 is a shortened 
version [24] of the Medical Outcomes Study 36-item 
Short-Form (SF-36) [25] and comprises eight questions 
corresponding to the eight lower dimensions of the 
SF-36: general health (GH) asks about respondent’ over-
all health; physical functioning (PF) asks the extent to 
which physical reasons prevented them from doing their 
usual daily physical activities; role physical (RP) asks the 
extent to which physical reasons prevented them from 
doing their usual daily work; bodily pain (BP) asks how 
much pain they have experienced in their body; vitality 
(VT) asks the extent of their vitality;, social functioning 
(SF) asks the extent to which physical or emotional rea-
sons prevented them from socializing with family and 
friends; mental health (MH) asks how much they have 
suffered from psychological problems; and role emo-
tional (RE) asks the extent to which emotional reasons 
prevented them from doing their daily activities. The 
Physical Component Summary (PCS) and Mental Com-
ponent Summary (MCS) scores are calculated from the 
scores of the lower eight dimensions, with the PCS score 
representing physical health (mainly explained by GH, 
PF, RP, and BP) and the MCS score representing mental 
health (mainly explained by VT, SF, MH, and RE). The 

PCS and MCS scores are calculated using weighting coef-
ficients, which are set so that the mean score of Japanese 
nationals is 50 each for the PCS and MCS and the stand-
ard deviation is 10. This scale indicates that higher PCS 
and MCS scores indicate higher QOL. The reliability and 
validity of the Japanese version of the SF-8 have been 
confirmed through comparisons with the SF-36 and via 
factor analysis [24].

Covariates
The covariates were as follows: age during pregnancy; 
pre-pregnancy BMI; parity (primiparous or multiparous); 
physical activity; history of depression, anxiety disor-
der, dysautonomia, or schizophrenia (no or yes); history 
of any physical disease (no or yes); marital status (mar-
ried, single, divorced or widowed); employed during early 
pregnancy (no or yes); highest educational level (≤ 12, 
12 to < 16, ≥ 16 years); annual household income (< 4, 4 
to < 6, ≥ 6 million JPY); alcohol intake (never, former, or 
current); smoking status (never, quit before realizing of 
current pregnancy, quit after realizing of current preg-
nancy, or current smoker); morning sickness (never, nau-
sea but no vomiting, vomiting but able to eat, vomiting 
and unable to eat); questionnaires administered in early 
pregnancy; and questionnaires administered in mid/late 
pregnancy. All covariates are categorized according to 
standard medical practice or common practice in Japan 
[26]. Missing data were also included in the model as 
dummy-coded variables.

Data analysis
The PCS and MCS scores of women in early pregnancy 
were compared with the scores in mid/late pregnancy. 

Fig. 1  Participant flow diagram
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Then, the PCS and MCS scores of pregnant women 
in early pregnancy were compared between the three 
groups with a history of miscarriages or stillbirths (1, 2, 
or ≥ 3) and the pregnant women who had no history of 
miscarriages and stillbirths. Also, changes in PCS and 
MCS scores from early pregnancy to mid/late pregnancy 
were then compared between the three groups and the 
pregnant women with no history of miscarriage and still-
birth. The SF-8 subscale scores in early pregnancy were 
then compared between the three groups and the preg-
nant women who had no history of miscarriages and still-
births. Generalized linear mixed models were used for 
these analyses. In the adjusted models, all variables in the 
background table and their interactions with assessment 
timing were used with forced entry methods.

In addition, participants were divided into primiparas 
and multiparas, and similar analyses were performed.

All analyses were performed using SAS version 9.4 
software (SAS Institute Inc.). Statistical significance was 
set at 5%.

Results
Characteristics of the pregnant women
Table 1 shows the demographic and obstetric character-
istics of the pregnant women. The number of primiparas 
was 36,557 (44.6%) and the number of multiparas was 
45,456 (55.4%). More than 94% of the pregnant women 
were married and more than 54% were employed.

Overall, 66,044 (80.5%) pregnant women had no his-
tory of miscarriage or stillbirth, 12,568 (15.3%) had a 
history of 1 miscarriage or stillbirth, 2,678 (3.3%) had a 
history of 2 miscarriages or stillbirths, and 723 (0.9%) had 
a history of ≥ 3 miscarriages or stillbirths.

Changes in PCS and MCS scores for all pregnant women 
from early pregnancy to mid/late pregnancy
Table 2 shows the results of the generalized linear mixed 
model. Both the PCS score (β = 0.66, 95% CI 0.40 to 0.92, 
p < 0.0001) and MCS score (β = 2.20, 95% CI 1.95 to 2.45, 
p < 0.0001) increased significantly during pregnancy.

Differences in PCS and MCS scores in early pregnancy 
by number of miscarriages or stillbirths
As shown in Table 2, PCS scores in early pregnancy were 
significantly lower in the groups with a history of 1 mis-
carriage or stillbirth (mean PCS = 45.39, β =  − 0.29, 95% 
CI − 0.42 to − 0.15, p < 0.0001), 2 miscarriages or still-
births (mean PCS = 45.23, β =  − 0.45, 95% CI − 0.73 to 
− 0.18, p = 0.0014), and ≥ 3 miscarriages or stillbirths 
(mean PCS = 44.81, β =  − 0.87, 95% CI − 1.39 to − 0.35, 
p = 0.0011) compared with the group with no history of 
miscarriage or stillbirth (mean PCS score = 45.68). The 
higher the number of miscarriages and stillbirths, the 

lower the PCS score. There was no significant difference 
in their MCS score according to the number of miscar-
riages and stillbirths.

Changes in PCS and MCS scores from early pregnancy 
to mid/late pregnancy by number of miscarriages 
or stillbirths
Also shown in Table 2, the group with a history of 1 mis-
carriage or stillbirth and the group with ≥ 3 miscarriages 
or stillbirths showed a significantly positive association 
with PCS score (β = 0.22, 95% CI 0.07 to 0.37, p = 0.0043 
and β = 0.75, 95% CI 0.18 to 1.33, p = 0.0104, respec-
tively) compared with the group with no history.

Differences in SF‑8 subscale scores by number 
of miscarriages or stillbirths
Compared with the group without a history of miscar-
riage or stillbirth, the three groups with a history of mis-
carriage or stillbirth had significantly lower scores for the 
PF, RP, and SF of the eight SF-8 subscales in early preg-
nancy (Table 3). The higher the number of miscarriages 
and stillbirths, the lower the PF, RP, and SF scores.

Changes in PCS and MCS scores of primiparas 
and multiparas from early pregnancy to mid/late 
pregnancy by number of miscarriages or stillbirths
In the analysis limited to primiparas (Table 4), the group 
with a history of 1 miscarriage or stillbirth showed a sig-
nificantly positive association with PCS score (β = 0.29, 
95% CI 0.04 to 0.54, p = 0.0249) compared with the group 
with no history. This group with a history of 1 miscar-
riage or stillbirth showed a significantly positive associ-
ation with the PF and RP scores on the SF-8 compared 
with the group with no history (Supplementary Table 1).

In the analysis limited to multiparas (Table  5), the 
group with ≥ 3 miscarriages or stillbirths showed a sig-
nificantly positive association with PCS score (β = 0.81, 
95% CI 0.14 to 1.48, p = 0.0183) compared with the group 
with no history. This group with a history of 1 miscar-
riage or stillbirth showed a significantly positive associa-
tion with the RP and VT scores compared with the group 
with no history (Supplementary Table 2). In addition, the 
group with ≥ 3 miscarriages or stillbirths showed a sig-
nificantly positive association with the PF and BP scores 
compared with the group with no history.

Differences in PCS and MCS scores of primiparas 
and multiparas in early pregnancy by number 
of miscarriages or stillbirths
As shown in Table  4, PCS scores of primiparas in early 
pregnancy were significantly lower in the groups with a 
history of 1 miscarriage or stillbirth (mean PCS = 44.23, 
β =  − 0.29, 95% CI − 0.52 to − 0.06, p = 0.0132) compared 
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Table 1  Characteristics of pregnant women according to history of pregnancy loss (N = 82,013)

Number of miscarriages or stillbirths

0 1 2  ≥ 3

(n = 66,044) (n = 12,568) (n = 2,678) (n = 723)

n (%) n (%) n (%) n (%)

Age, y

  Median [IQR] 30 [27, 34] 32 [29, 36] 34 [30, 37] 35 [32, 38]

  Missing, n 10 1 1 0

Pre-pregnancy body mass index, kg/m2

  Median [IQR] 20.5 [19.1, 22.4] 20.7 [19.2, 22.7] 20.8 [19.3, 23.0] 20.8 [19.3, 22.9]

  Missing, n 29 3 1 0

Physical activity, METs･h/day

  Median [IQR] 2.1 [0.5, 7.3] 1.9 [0.5, 6.6] 1.9 [0.5, 6.6] 1.9 [0.5, 5.8]

  Missing, n 996 192 32 14

Live birth experience

  No 31,403 (47.6) 4,260 (33.9) 703 (26.3) 191 (26.4)

  Yes 34,641 (52.5) 8,308 (66.1) 1,975 (73.8) 532 (73.6)

History of depression, anxiety disorder, dysautonomia, or schizophrenia

  No 56,656 (85.8) 10,703 (85.2) 2,274 (84.9) 597 (82.6)

  Yes 9,388 (14.2) 1,865 (14.8) 404 (15.1) 126 (17.4)

History of any physical disease

  No 11,572 (17.5) 1,911 (15.2) 402 (15.0) 92 (12.7)

  Yes 54,472 (82.5) 10,657 (84.8) 2,276 (85.0) 631 (87.3)

Marital status

  Married 62,607 (94.8) 12,190 (97.0) 2,598 (97.0) 699 (96.7)

  Single 2,689 (4.1) 205 (1.6) 22 (0.8) 3 (0.4)

  Divorced or widowed 473 (0.7) 132 (1.1) 45 (1.7) 20 (2.8)

  Missing 275 (0.4) 41 (0.3) 13 (0.5) 1 (0.1)

Employed during early pregnancy

  No 22,748 (34.4) 4,825 (38.4) 1,119 (41.8) 298 (41.2)

  Yes 41,242 (62.5) 7,305 (58.1) 1,461 (54.6) 393 (54.4)

  Missing 2,054 (3.1) 438 (3.5) 98 (3.7) 32 (4.4)

Highest education level, y

  ≤ 12 23,261 (35.2) 4,450 (35.4) 1,010 (37.7) 277 (38.3)

  12 to < 16 27,807 (42.1) 5,473 (43.6) 1,140 (42.6) 317 (43.9)

  ≥ 16 14,722 (22.3) 2,598 (20.7) 519 (19.4) 125 (17.3)

  Missing 254 (0.4) 47 (0.4) 9 (0.3) 4 (0.6)

Annual household income, million JPY

  < 4 24,867 (37.7) 4,472 (35.6) 923 (34.5) 239 (33.1)

  4 to < 6 20,401 (30.9) 4,004 (31.9) 816 (30.5) 231 (32.0)

  ≥ 6 16,359 (24.8) 3,340 (26.6) 766 (28.6) 210 (29.1)

  Missing 4,417 (6.7) 752 (6.0) 173 (6.5) 43 (6.0)

Alcohol intake

  Never 22,736 (34.4) 4,366 (34.7) 927 (34.6) 246 (34.0)

  Former 36,689 (55.6) 6,830 (54.3) 1,403 (52.4) 393 (54.4)

  Current 6,378 (9.7) 1,330 (10.6) 336 (12.6) 84 (11.6)

  Missing 241 (0.4) 42 (0.3) 12 (0.5) 0 (0.0)

Smoking history

  Never 39,066 (59.2) 7,082 (56.4) 1,453 (54.3) 388 (53.7)

  Quit before realizing of current pregnancy 14,842 (22.5) 3,295 (26.2) 698 (26.1) 220 (30.4)
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with the group with no history of miscarriage or stillbirth 
(mean PCS = 44.52).

As shown in Table  5, PCS scores of multiparas 
in early pregnancy were significantly lower in the 
groups with a history of 1 miscarriage or stillbirth 
(mean PCS = 45.42, β =  − 0.28, 95% CI − 0.45 to 
− 0.11, p = 0.0012), 2 miscarriages or stillbirths (mean 
PCS = 45.25, β =  − 0.45, 95% CI − 0.77 to − 0.12, 
p = 0.0073), and ≥ 3 miscarriages or stillbirths (mean 

PCS = 44.80, β =  − 0.90, 95% CI − 1.48 to − 0.31, 
p = 0.0026) compared with the group with no history 
of miscarriage or stillbirth (mean PCS = 45.70). MCS 
score was significantly lower in the group with a his-
tory of 1 miscarriage or stillbirth (mean MCS = 46.79, 
β =  − 0.18, 95% CI − 0.35 to − 0.01, p = 0.0372) com-
pared with the group with no history of miscarriage or 
stillbirth (mean MCS = 46.97).

Table 1  (continued)

Number of miscarriages or stillbirths

0 1 2  ≥ 3

(n = 66,044) (n = 12,568) (n = 2,678) (n = 723)

n (%) n (%) n (%) n (%)

  Quit after realizing of current pregnancy 8,854 (13.4) 1,502 (12.0) 349 (13.0) 78 (10.8)

  Current smoker 2,889 (4.4) 610 (4.9) 168 (6.3) 31 (4.3)

  Missing 393 (0.6) 79 (0.6) 10 (0.4) 6 (0.8)

Morning sickness

  Never 11,650 (17.6) 1,823 (14.5) 331 (12.4) 86 (11.9)

  Nausea but no vomiting 27,976 (42.4) 5,646 (44.9) 1,241 (46.3) 324 (44.8)

  Vomiting but able to eat 18,982 (28.7) 3,691 (29.4) 804 (30.0) 229 (31.7)

  Vomiting and unable to eat 7,211 (10.9) 1,366 (10.9) 292 (10.9) 84 (11.6)

  Missing 225 (0.3) 42 (0.3) 10 (0.4) 0 (0.0)

Questionnaires administered in early pregnancy

  Median [IQR] 15 [12, 18] 14 [12, 17] 15 [12, 17] 15 [12, 18]

Questionnaires administered in mid/late pregnancy

  Median [IQR] 27 [25, 29] 27 [25, 29] 27 [25, 29] 27 [25, 29]

Table 2  Results of linear mixed model analyses of PCS and MCS scores for pregnant women

Boldface indicates significance at p values less than 0.05

NMS Number of miscarriages or stillbirths, PCS Physical Component Summary, MCS Mental Component Summary
a Adjusted for age during pregnancy; pre-pregnancy BMI; parity; physical activity; history of depression, anxiety disorder, dysautonomia, or schizophrenia; history of 
any physical disease; marital status; employed during early pregnancy; highest educational level; annual household income; alcohol intake; smoking status; morning 
sickness; questionnaires administered in early pregnancy; questionnaires administered in mid/late pregnancy

Effect Level Period Crude Adjusteda

NMS PCS MCS PCS MCS

β (95%CI) β (95%CI) β (95%CI) β (95%CI)

Period Early reference reference reference reference

Mid/late 0.66 (0.60, 0.72) 3.05 (3.00, 3.11) 0.66 (0.40, 0.92) 2.20 (1.95, 2.45)
NMS 0 Early 45.13 (45.07, 45.18) 46.05 (45.99, 46.10) reference reference

1 Early  − 0.51 (− 0.65, − 0.37)  − 0.06 (− 0.20, 0.08)  − 0.29 (− 0.42, − 0.15)  − 0.12 (− 0.25, 0.02)

2 Early  − 0.78 (− 1.07, − 0.49)  − 0.10 (− 0.38, 0.18)  − 0.45 (− 0.73, − 0.18)  − 0.15 (− 0.42, 0.13)

 ≥ 3 Early  − 1.42 (− 1.97, − 0.86)  − 0.16 (− 0.71, 0.40)  − 0.87 (− 1.39, − 0.35)  − 0.14 (− 0.66, 0.39)

NMS × Period 0 ×  Mid/late  reference reference reference reference

1 ×  Mid/late 0.19 (0.04, 0.35) 0.08 (− 0.06, 0.23) 0.22 (0.07, 0.37) 0.12 (− 0.03, 0.26)

2 ×  Mid/late 0.17 (− 0.15, 0.49)  − 0.15 (− 0.45, 0.15) 0.21(− 0.01, 0.52)  − 0.08 (− 0.38, 0.21)

 ≥ 3 ×  Mid/late 0.81 (0.21, 1.41)  − 0.06 (− 0.67, 0.55) 0.75 (0.18, 1.33)  − 0.01 (− 0.61, 0.59)
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Discussion
The three main results of this study were as follows: 1) a 
lower PCS score in early pregnancy was associated with a 
more frequent history of miscarriage or stillbirth, as were 
lower SF-8 subscale scores, especially for PF, RP, and SF; 
2) PCS score significantly increased during pregnancy 
in pregnant women with either 1 or ≥ 3 miscarriages or 
stillbirths compared with those with no history of mis-
carriage or stillbirth; and 3) in multiparas, a low MCS 

score in early pregnancy was associated with history of 
miscarriage or stillbirth.

Association of lower PCS score and lower PF, RP, and SF 
subscale scores in early pregnancy with more previous 
miscarriages and stillbirths
The present finding that pregnant women with a more fre-
quent history of miscarriages and stillbirths had a lower 

Table 4  Results of linear mixed model analyses of PCS and MCS scores for primiparas

Boldface indicates significance at p values less than 0.05

NMS Number of miscarriages or stillbirths, PCS Physical Component Summary, MCS Mental Component Summary
a Adjusted for age during pregnancy; pre-pregnancy BMI; parity; physical activity; history of depression, anxiety disorder, dysautonomia, or schizophrenia; history of 
any physical disease; marital status; employed during early pregnancy; highest educational level; annual household income; alcohol intake; smoking status; morning 
sickness; questionnaires administered in early pregnancy; questionnaires administered in mid/late pregnancy

Effect Level Period Crude Adjusteda

NMS PCS MCS PCS MCS

β(95%CI) β(95%CI) β(95%CI) β(95%CI)

Period Early reference reference reference reference

Mid/late 1.07 (0.98, 1.16) 3.36 (3.28, 3.45) 1.85(1.47, 2.23) 2.90 (2.53, 3.27)
NMS 0 Early 44.91 (44.83, 44.99) 45.74 (45.66, 45.83) reference reference

1 Early  − 0.71 (− 0.96, − 0.47) 0.05 (− 0.19, 0.28)  − 0.29 (− 0.52, − 0.06) 0.02 (− 0.21, 0.24)

2 Early  − 1.11 (− 1.69, − 0.53)  − 0.30 (− 0.86, 0.26)  − 0.43 (− 0.98, 0.12)  − 0.39 (− 0.94, 0.17)

 ≥ 3 Early  − 1.63 (− 2.79, − 0.47)  − 0.78 (− 1.87, 0.31)  − 0.72 (− 1.85, 0.41)  − 0.96 (− 2.00, 0.08)

NMS × Period 0 ×  Mid/late reference reference reference reference

1 ×  Mid/late 0.53 (0.27, 0.79) 0.21 (− 0.04, 0.46) 0.29 (0.04, 0.54) 0.13 (− 0.12, 0.37)

2 ×  Mid/late 0.68 (0.07, 1.30) 0.20 (− 0.39, 0.80) 0.34 (− 0.26, 0.93) 0.09 (− 0.50, 0.69)

 ≥ 3 ×  Mid/late 0.94 (− 0.21, 2.08) 0.25 (− 1.05, 1.55) 0.52 (− 0.60, 1.65) 0.16 (− 1.12, 1.44)

Table 5  Results of linear mixed model analyses of PCS and MCS scores for multiparas

Boldface indicates significance at p values less than 0.05

NMS Number of miscarriages or stillbirths, PCS Physical Component Summary, MCS Mental Component Summary
a Adjusted for age during pregnancy; pre-pregnancy BMI; parity; physical activity; history of depression, anxiety disorder, dysautonomia, or schizophrenia; history of 
any physical disease; marital status; employed during early pregnancy; highest educational level; annual household income; alcohol intake; smoking status; morning 
sickness; questionnaires administered in early pregnancy; questionnaires administered in mid/late pregnancy

Effect Level Period Crude Adjusteda

NMS PCS MCS PCS MCS

β(95%CI) β(95%CI) β(95%CI) β(95%CI)

Period Early reference reference reference reference

Mid/late 0.29 (0.20, 0.37) 2.77 (2.69, 2.85) 0.74 (0.40, 1.09) 2.27 (1.94, 2.59)
NMS 0 Early 45.32 (45.25, 45.40) 46.33 (46.25, 46.40) reference reference

1 Early  − 0.49 (− 0.67, − 0.32)  − 0.23 (− 0.41, − 0.06)  − 0.28 (− 0.45, − 0.11)  − 0.18 (− 0.35, − 0.01)
2 Early  − 0.78 (− 1.12, − 0.44)  − 0.20 (− 0.53, 0.13)  − 0.45 (− 0.77, − 0.12)  − 0.05 (− 0.36, 0.27)

 ≥ 3 Early  − 1.46 (− 2.09, − 0.83)  − 0.10 (− 0.75, 0.54)  − 0.90 (− 1.48, − 0.31) 0.18 (− 0.43, 0.79)

NMS × Period 0 ×  Mid/late reference reference reference reference

1 ×  Mid/late 0.18 (− 0.01, 0.37) 0.14 (− 0.04, 0.32) 0.17 (− 0.02, 0.36) 0.11 (− 0.07, 0.29)

2 ×  Mid/late 0.21 (− 0.16, 0.58)  − 0.11 (− 0.45, 0.24) 0.15 (− 0.21, 0.51)  − 0.16 (− 0.50, 0.18)

 ≥ 3 ×  Mid/late 0.99 (0.29, 1.69) 0.00 (− 0.69, 0.68) 0.81 (0.14, 1.48)  − 0.08 (− 0.76, 0.60)
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PCS score in early pregnancy is similar to that of previous 
studies [18, 19]. Pregnant women with a history of mis-
carriage or stillbirth have a fear of miscarriage or stillbirth 
in the subsequent pregnancy, which increases anxiety and 
depression [15]. As the number of previous miscarriages 
and stillbirths increases, the more fear and anxiety accu-
mulates and the more QOL during pregnancy is affected. 
On the SF-8, the PF, RP, and SF scores were found to be 
lower with a more frequent history of miscarriage or still-
birth in this study. These subscales ask to what extent 
physical reasons interfered with the respondents’ daily 
lives, tasks, and social roles. Pregnant women with RPL 
are sensitive to physical symptoms reminiscent of mis-
carriage (e.g., heaviness in the lower abdomen, increased 
virginal discharge reminiscent of bleeding, and loss of 
morning sickness) in the early stages of pregnancy due 
to anxiety and fear of miscarriage, and they tend to rest 
as much as possible and refrain from going out [27]. This 
suggests that pregnant women with a history of miscar-
riage or stillbirth experience decreased physical activity in 
early pregnancy, which interferes with their daily activities 
and decreases their PCS score.

Significantly increased PCS score during pregnancy 
in women with 1 or ≥ 3 previous miscarriages 
and stillbirths compared with those with no history 
of miscarriage or stillbirth
In this study, the SF-8 scores for both PCS and MCS 
increased from early pregnancy to mid/late pregnancy. The 
PCS significantly increased during pregnancy in the groups 
with either 1 or ≥ 3 miscarriages or stillbirths compared 
with the group with no miscarriage or stillbirth. The slope 
of the increase was steeper when the analysis was restricted 
to primiparas. It has been suggested that women with RPL 
develop severe depression and anxiety in the early stages of 
pregnancy, but this lessens during the pregnancy because 
the fetus grows beyond the period of miscarriage risk and 
they feel more secure about their pregnancy [16]. Similarly, 
in the present study, we speculate that the PCS score of 
pregnant women with a history of miscarriage or stillbirth 
may have increased during mid/late pregnancy due to less-
ened fear and anxiety about miscarriage compared with in 
early pregnancy and due to increased physical activity. In a 
longitudinal study that examined pregnant women’s QOL 
using the SF-36 [28–30], PCS score decreased during preg-
nancy, and Chang et al. [28] argued that changes in pregnant 
women’s body shape and weight gain during pregnancy 
affected the decline in PCS score during mid/late pregnancy. 
However, in the present study, PCS score increased regard-
less of the presence or absence of a history of miscarriage 
or stillbirth, which is a new finding. Bahadoran et  al. [31] 
found that physical activity and social support were nega-
tively correlated in a study of pregnant women in the third 

trimester. In Japan, there is a tradition (called Satogaeri) in 
which pregnant women move to their parents’ home during 
mid/late pregnancy to receive support from their parents. 
We considered this tradition as one possible reason for this 
association of PCS score and QOL in pregnant women. In 
this study, MCS score also increased during pregnancy, sim-
ilar to previous studies [28, 29].

Association of lower MCS score of multiparas in early 
pregnancy with more previous miscarriages and stillbirths
In the analysis limited to multiparas, it was found that 
pregnant women with a history of 1 miscarriage or still-
birth had a lower MCS score in early pregnancy. Since 
depression in early pregnancy decreases the QOL of preg-
nant women [17], pregnant women with a history of mis-
carriage or stillbirth experience more depression in early 
pregnancy [15, 16], so it is possible this is why the present 
study also found decreased MCS scores. Previous studies 
have reported that primiparas are more anxious and fear-
ful in pregnancy after miscarriage than in multiparas who 
have live babies [12, 32]. In the present study, we did not 
compare the MCS scores of primiparas and multiparas. 
However, there was a significant difference in this score 
in multiparas in early pregnancy. We speculate that mul-
tiparas with a history of miscarriage or stillbirth may feel 
stressed by childcare in the early pregnancy.

The more frequent the history of miscarriage or still-
birth, the lower a pregnant woman’s PCS score in early 
pregnancy, indicating a need for the support of pregnant 
women with a history of miscarriage or stillbirth. Pregnant 
women with a history of miscarriage or stillbirth may be 
excessively sedentary and less physically active in early 
pregnancy for fear of miscarriage or stillbirth. However, 
there is no evidence that rest prevents miscarriage [33, 
34], and it is difficult to say that resting to the extent that 
it reduces QOL is an appropriate way to spend pregnancy. 
Therefore, in the early stages of pregnancy for women with 
a history of miscarriage or stillbirth, in addition to psy-
chological support, it would be desirable to provide sup-
port that includes a detailed assessment of the physical 
activities of daily living to ascertain whether excessive rest 
is interfering with daily living. Even if QOL is low in early 
pregnancy, it increases toward mid/late pregnancy, more 
so than for pregnant women with no history of miscarriage 
or stillbirth. This finding is encouraging and hopeful for 
pregnant women with a history of miscarriage or stillbirth.

The strengths of this study include its sample size, with 
the JECS being a cohort study with more than 100,000 
participants, and a low level of missing data or dropouts 
(about 84% of participants remain).

The limitations of this study and future work include 
the following. Although various factors were included as 
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covariates in the generalized linear mixed model analy-
sis, other factors related to pregnant women’s QOL may 
not have been included. In the present study, the QOL 
of study participants increased during pregnancy, which 
is a new result that differs from that of previous stud-
ies. However, the second time point of the survey was 
at about 27 weeks of gestation, so it cannot be said that 
the changes encompassed the last trimester of pregnancy 
or that the trimesters were strictly defined. In addition, 
future studies should compare QOL between pregnant 
women, including those with a history of miscarriage or 
stillbirth, and the fathers.

Conclusions
A cohort study of 82,013 pregnant women using JECS 
data revealed that women with a history of miscarriage 
or stillbirth had a lower PCS score in early pregnancy. 
However, compared with pregnant women with no his-
tory of miscarriage or stillbirth, women with a history 
of miscarriage or stillbirth showed higher PCS scores in 
mid/late pregnancy. These findings suggest that health-
care professionals need to pay close attention to whether 
daily life in the early stages of pregnancy is being nega-
tively affected in pregnant women with a history of mis-
carriage or stillbirth.
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