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Abstract

The association between the frequency of eating ready-made meals (RMM) or eating out (EO) during pregnancy and postpartum depression
remains unclear. We aimed to explore the association between the frequency of RMM or EO use during pregnancy and the incidence of
postpartum depression. This study included 639 community-dwelling pregnant women who were recruited between 2019 and 2022. Data on the
frequency of RMM and EO use, as well as sociodemographic, economic and lifestyle factors, were obtained using self-administered
questionnaires. Data on dietary intake were obtained using a validated brief self-administered diet history questionnaire. Postpartum depression
was assessed using the Japanese version of the Edinburgh Postnatal Depression Scale (EPDS). The incidence of postpartum depression (EPDS
score of >9) based on the frequency of RMM or EO use was analysed using multiple logistic regression analysis. After adjusting for potential
confounders, there was limited evidence suggesting an association between consuming RMM 3 times/week or more and the likelihood of
experiencing postpartum depression, with an adjusted OR (aOR) and 95 % CI (95 % CD of 4-16 and 1-68-10-27 (Po; trena = 0-017) compared with
consuming RMM less than 1 time/week. There was no evidence for an association between consuming EO 3 times/week or more and
postpartum depression (aOR: 1-20, 95 % CI: 0-14, 10-04 and Pgo; yena = 0-283). Accordingly, the present study presented weak evidence of an
association between RMM and postpartum depression. Further studies with large and diverse samples are needed to overcome any potential
selection bias.
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factors in pregnant and postnatal women may be an important
strategy for improving postpartum depression(é). A scoping
review of interventional studies has reported that nutritional and

Perinatal depression is known to occur during pregnancy or the
postpartum period and can affect one in seven women™?. In
addition, postpartum depression can occur within 4 weeks after

childbirth and is characterised by depressive mood and loss of
interest or pleasure in daily activities®. Several systematic reviews
and meta-analyses have indicated that postpartum depression
negatively impacts infant cognitive development and bonding
between mothers and infants. A recent cohort study has reported
that women who experienced childbirth with postpartum depression
had a higher rate of suicide and took a shorter time to suicide than
those without postpartum depression during approximately 10 years
of follow-up®. Therefore, preventing postpartum depression is
crucial for improving child and maternal health.

Several lifestyle factors may contribute to the development of
postpartum depression. Countermeasures against lifestyle

physical activity interventions may improve postpartum depres-
sion”. According to a systematic review of systematic reviews
and meta-analyses, several dietary factors, including high
consumption of seafood, healthy dietary patterns, and multivi-
tamin supplementation, may afford protection against post-
partum depression®.

Recently, reports on the association between the use of
ready-made meals (RMM) or eating out (EO) and health-related
outcomes have increased worldwide. Previous studies have
defined RMM as prepackaged or takeout prepared meals
available at grocery stores and fast-food restaurants®~'" and

EO as eating at restaurants, fast-food restaurants, and

Abbreviations: EO, eating out; EPDS, Edinburgh Postnatal Depression
RMM, ready-made meals.
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Scale; K6, Kessler 6; NHNS, the Japan National Health and Nutrition Survey;
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cafeterias'?. In addition, the Japan National Health and
Nutrition Survey (NHNS) defines RMM as the use of takeaway
food from supermarkets or convenience stores, while EO is
defined as meals prepared at a restaurant or café'®, Previous
studies have suggested that the consumption of RMM is related to
the risk of obesity® and that the frequency of EO is related to
being overweight and other components of metabolic syn-
drome'?. Additionally, a higher frequency of RMM and EO use
has been associated with lower vegetable and fruit intake°-1?,
Notably, RMM contain more Na“® and lack protein. The
Dietary Guidelines for Americans recommend paying attention
to portion sizes and ingredients present in RMM to achieve a
healthy dietary pattern and avoid excessive energy intake®.
Owing to changes in physical condition and lifestyle during
pregnancy, pregnant women may face challenges in preparing
meals. One cross-sectional study has suggested that pregnant
women tend to use RMM high frequently 7. Thus, it is crucial to
investigate the potential implications of RMM and EO in pregnant
women to better clarify their associations with maternal health
and well-being. Two cross-sectional studies have suggested that
the frequency of EO is related to depressive symptoms among
adults"®'”. However, these studies lacked a longitudinal design,
leaving the directionality of the association uncertain.
Furthermore, no study has examined the association between
the frequency of RMM or EO use and postpartum depression.

In 2019, the NHNS reported that the rate of eating a
homemade meal among Japanese adults was 75-:3% for
breakfast, 582% for lunch and 73-6% for dinner™®.
Moreover, the NHNS 2019 reported that the frequency of using
RMM once weekly was 47-2 and 44-3 % among males and
females, respectively, while the frequency of EO once weekly
was 41-6 and 26-7 % among males and females, respectively'?.
Therefore, most Japanese adults consume homemade meals
daily, although the use of RMM and EO is also common.

In the current novel study, we aimed to explore the
association between the frequency of using RMM or EO and
the incidence of postpartum depression after childbirth among
community-dwelling pregnant women. In addition, we focused
on the relationship between the frequency of using RMM or EO
and food group intake.

Methods
Study population

Community-dwelling pregnant women in Ebetsu, Hokkaido,
Japan, recruited between July 2019 and July 2022 were
included in this study on baseline survey. The participants
received a self-administered questionnaire along with a
maternal handbook issued by a city health center or city
government and were requested to complete the questionnaire
during pregnancy and return it via mail. The participants were
followed up from the baseline survey to after childbirth. Data
on postpartum depression assessments were collected during a
health check-up conducted at a medical institution from
2 weeks to 1 month post-childbirth. Data were confirmed by
a public health nurse in the city health centre. This study was
conducted in accordance with the guidelines of the Declaration

of Helsinki, and the study protocol was approved by the Ethics
Committee of Rakuno Gakuen University (2019, No. 19-1).
Written informed consent was obtained from all the
participants.

Data collection and measures

The frequency of RMM or EO use was determined based on
single questions using the NHNS"®, RMM was defined as the use
of takeaway meals obtained at supermarkets or convenience
stores, and EO was defined as eating meals prepared at
restaurants or cafés. The RMM and EO status have been
determined using the NHNS since 2001; thus, the definitions of
RMM and EO are well established among the Japanese
population. Data on the frequency of eating RMM and EO were
collected by asking participants to indicate their category
(<1 time/week, 1-2 times/week, 3-4 times/week and almost
every day) using self-administered questionnaires. Socio-
demographic and socio-economic factors recorded were
education (lower than high school, high school or above or
unknown), marital status (married, divorced or unmarried) and
current employment status (employed, maternity leave, unem-
ployed or unknown). Data on household income were collected
by asking participants to indicate the category of their estimated
household income (<2 million JPY, 2-3-99 million JPY, 4-5-99
million JPY or >6 million JPY). Lifestyle factors included sleep
duration, physical activity before pregnancy (>30 min of
exercise twice a week or more: yes, no or unknown) and
smoking status (current smoker, former smoker or never
smoked). Information on sleep duration was obtained as a
self-reported continuous variable and recorded as hours and
minutes per day. The recorded results were converted into three
categorical value ranges: <7 h/d, 7-8 h/d, >8 h/d or unknown.
Participants provided information on receiving support for
housework or childcare from partners or other family members
using four possible responses: always supported, occasionally
supported, hardly supported and never supported. The
participants were then classified into two categories based on
their responses: adequate support (always supported) and
inadequate support (the other three responses). Dietary intake
over the previous 1 month was assessed using a validated brief
self-administered diet history questionnaire regarding the
frequency of consumption of fifty-eight foods and beverages
commonly consumed by the Japanese population. Total daily
energy intake was calculated based on daily food intake
information and the Japanese food composition table®?.

Depressive symptoms during pregnancy were assessed using
the Japanese version of the Kessler 6 Scale (K6)?". The K6
comprises six items on the symptoms of psychological distress,
which are assessed on a five-point scale (0 = none of the time;
1 =a little of the time; 2 = some of the time; 3 = most of the time
and 4 = all of the time). The total scores range from 0 to 24, with
higher scores indicating a greater level of psychological
distress'®”. The K6 has been administered to a representative
nationwide cohort study conducted among Japanese women in
the perinatal period®”. The K6 score of 10 points or more
indicates severe depressive symptoms in the Japanese
population®?.
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Outcomes

Postpartum depression was assessed using the Japanese version
of the Edinburgh Postnatal Depression Scale (EPDS)?”. The
EPDS comprises ten items on maternal psychological distress,
which are assessed on a four-point scale (0-3) for each item of
questions®. The Japanese version of the EPDS is a valid
measure for screening postpartum depression, and a cut-off
point of 8/9 has a sensitivity of 0-75, specificity of 0-93, and
detection of postpartum depression®”,

Statistical analyses

We categorised the distribution of socio-demographic factors,
lifestyle factors and food group consumption based on the
frequency of using RMM or EO into three groups: <1 time/week,
1-2 times/week and >3 times/week. A logistic regression model
was used to calculate the OR and 95% CI of postpartum
depression based on the frequency of using RMM or EO after
adjusting for potential confounding factors. We selected
confounding factors using an analytical framework for a directed
acyclic graph®”, which applied a minimum adjustment model
(online Supplementary Fig. 1). The multivariable-adjusted
model included gestational week, marital status, household
income and receipt of support from a partner at the baseline
survey. A sensitivity analysis was conducted, excluding
participants with severe depression with a K6 score of 10 or
higher during pregnancy. All analyses were performed using the
JMP Pro 12-1-0 software (SAS Institute Inc.). The level of
significance was set at P < 0-05.

Results

A total of 2154 individuals were eligible for study participation.
Among the 933 participants who returned the questionnaire,
twelve participants who answered the questionnaire after giving
birth were excluded. The remaining 921 female participants
(42-8 %) were enrolled. Among these, participants who provided
duplicate responses twice or more (7 29), those with missing
data on the brief self-administered diet history questionnaire
(n 1), those with less than 600 kcal or 4000 kcal, or more of total
energy intake (7 18), those with a history of depression or other
mental health illnesses (7 67), those who did not provide
information on the frequency of using RMM (» 1) and those
without an EPDS assessment during the post-birth checkup
(n 166) were excluded from this study. Therefore, 639
participants were included in the final analysis.

The characteristics of the study participants, grouped based
on the frequency of using RMM or EO during pregnancy, are
presented in Table 1. Regarding the frequency of using RMM,
65-3, 280, and 6-7 % of participants were categorised into the
none, 1-2 times/week and >3 times/week groups, respectively.
Concerning the frequency of EO, 61-7, 36-0 and 2-3% of the
participants were in the none, 1-2 times/week and >3 times/
week groups, respectively. Thus, the sample size of the group
EO >3 times/week was the smallest. Participants who had a
higher frequency of using RMM were currently employed than
those with a lower frequency of using RMM. Additionally,

participants with no EO use had a higher proportion of birth
experience than those with a 1 time/week or more frequency of
using EO.

Table 2 presents the total energy intake (kcal) and energy-
adjusted food group consumption (g/1000 kcal) based on the
frequency of using RMM or EO during pregnancy. Participants
with an RMM frequency of >3 times/week had a lower intake of
pulses, other vegetables, fish and eggs than those with an RMM
frequency of <1 time/week and 1-2 times/week. Participants
with an RMM frequency of 1-2 times/week and >3 times/week
had a higher intake of fruits and confectioneries than those who
had an RMM frequency of <1 time/week. Participants with an EO
frequency of 1-2 times/week and >3 times/week had a higher
fruit intake than those with an EO frequency of <1 time/week.

The OR and 95% CI for the incidence of postpartum
depression based on the frequency of RMM or EO are presented
in Table 3. After adjusting for all related variables, there was
limited evidence suggesting an association between consuming
RMM 3 times/week or more and the likelihood of experiencing
postpartum depression. The OR of postpartum depression in
those who consumed RMM > 3 times/week was the highest
(4-16; 95% CI: 1-68, 10-27, Pior wena =0-017) compared with
those who consumed RMM < 1 time/week. In addition, there
was no association between participants with EO use > 3 times/
week and postpartum depression, with an OR of 1-20 (95%
CI: 0-14, 10-04, Pro; wena = 0-283), compared with EO <1 time/
week. Upon repeating the sensitivity analysis by excluding
participants with depression (K6 score >10) during pregnancy,
the results were unaltered (online Supplementary Table 1).

Discussion

In the current study, we analysed the risk of postpartum
depression after childbirth among community-dwelling preg-
nant women grouped based on their frequency of using RMM or
EO during pregnancy. We observed that participants consuming
RMM > 3 times/ week exhibited a higher incidence of post-
partum depression than those consuming RMM < 1 time/week.
Sensitivity analyses limited to participants without depression
during pregnancy showed similar associations. To the best of our
knowledge, this is the first study to suggest an association
between the frequency of RMM use during pregnancy and the
incidence of postpartum depression.

Herein, we detected a postpartum depression incidence of
6-3 % using the Japanese version of the EPDS, and the value
during each survey year from 2019 to 2022 was 7-6, 7-2, 4-9, and
5-9%, respectively (online Supplementary Table 2). The
incidence of postpartum depression among our participants
was less than the 9-0 % value observed 1 month after childbirth
among another cohort of Japanese women®. The lower
incidence of postpartum depression in our cohort could be
attributed to the lack of EPDS data for all participants and
potential selection bias, such as participants being limited to
healthy pregnant women.

Participants who frequently used RMM > 3 times/week had a
lower intake of pulses, other vegetables, fish and eggs, which
was nearly consistent with that reported previously'*'?. A
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Table 1. Characteristics of the participants grouped according to frequency of using ready-made meals or eating out during pregnancy
Frequency of using ready-made meals Frequency of using eating out
All <1time/week  1-2times/week >3 times/week <1 time/week  1-2times/week >3 times/week
n 639 n417 n179 n43 n 394 n 230 n15
Meanor sbor Meanor spor Meanor sbor Meanor spbor Meanor sbor Meanor sbor Meanor sDor
Variables n % n % n % n % n % n % n %
Age (years) 314 46 313 4.8 317 4.5 316 37 31-6 4.7 310 4.6 32:2 4.7
Gestational week 15.8 92 155 91 16-4 93 16-7 96 15.7 89 16-0 96 16-2 87
Birth experience Primipara 279 43.7 172 41.3 83 46-4 24 55.8 143 36-3 128 55.7 8 533
Multipara 360 56-3 245 58-8 96 53-6 19 442 251 637 102 44.4 7 467
Education (years) <12 181 283 117 281 51 285 13 302 114 289 60 261 7 467
>13 456 714 298 715 128 715 30 69-8 280 711 168 730 8 533
Unknown 2 03 2 05 0 0-0 0 0-0 0 0-0 2 09 0 0-0
Marital status Married 590 96-6 404 96-9 172 96-1 41 954 380 965 223 97.0 14 933
Divorced/Unmarried 19 34 13 31 7 39 2 4.7 14 36 7 30 1 67 -
Current employment status Employed 342 53-5 210 50-4 100 55-9 32 744 195 49.5 138 60-0 9 60-0 ?
Maternity leave/ 296 46-3 206 494 79 441 11 256 199 50-5 91 396 6 400 g
Unemployed S
Unknown 1 02 1 02 0 00 0 0 0 0-0 1 0-4 0 00 L.
Household income <200 million JPY 11 1.7 8 1.9 2 11 1 23 9 2.3 1 0-4 1 67 ~
200-399 million JPY 155 24.3 107 257 41 22.9 7 16:3 102 259 51 222 2 133 s
400-599 million JPY 291 455 187 44.8 87 48-6 17 395 185 47-0 99 430 7 467 =
>600 million JPY 177 277 110 264 49 274 18 419 94 239 78 339 5 333
Unknown 5 08 5 12 0 0-0 0 0-0 4 1.0 1 04 0 00
Sleep duration (hours/day) <7 175 27-4 110 26-4 52 29-1 13 302 101 256 71 30-9 3 20-0
7-7-9 182 285 188 283 80 26-3 13 395 180 45.7 98 265 3 53-3
>8 281 44.0 118 451 47 44.7 17 302 113 287 61 426 8 200
Unknown 1 02 1 02 0 0-0 0 0-0 0 00 0 00 1 67
Physical activity before pregnancy Two times a week or 114 178 71 17.0 36 201 7 16-3 70 178 43 187 1 6-7
more
None 524 82.0 345 827 143 799 36 837 324 822 187 81-3 13 867
Unknown 1 02 1 02 0 0-0 0 0-0 0 00 0 00 1 67
Smoking status Current smoker 11 1.7 8 19 3 1.7 0 0-0 8 2.0 2 09 1 67
Former smoker/Never 628 98-3 409 981 176 98-3 43 1000 386 980 228 991 14 933
smoked
Support with housework or childcare from Adequate 355 55.7 238 572 90 50-6 27 628 222 56-4 125 54.8 8 533
partners Inadequate 282 44.3 178 428 88 494 16 372 172 437 103 452 7 467
Kessler 6 score during pregnancy 2:6 33 25 33 28 34 30 31 27 35 25 2:9 33 4.2

Data are presented as the mean and standard deviation or n (%).
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Table 2. Total energy intake and a consumption of food groups (g/1,000 kcal) according to frequency of using ready-made meals or eating out during pregnancy

Frequency of using ready-made meals Frequency of using eating out

<1 time/week 1-2 times/week >3 times/week <1 time/week 1-2 times/week >3 times/week 5
na17 n179 n43 n 394 n 230 n15 %
Variables Mean sD Mean sD Mean sD P Mean sD Mean SD Mean sD P §_
(@]
Total energy intake (kcal) 1412 416 1460 464 1530 619 0-307 1434 437 1435 429 1383 845 0831 2
Cereals 2342 65-5 2245 64-7 226-1 76-2 0-315 2332 67-3 2269 64-8 2339 50-4 0-594 3;
Potatoes and starches 24.7 194 237 16-4 20-2 139 0-269 24.8 191 23-3 172 20-4 116 0-505 :
Sugars 2.3 1.5 21 1.7 1.9 1.6 0-274 24 1-6 1.9 1.3 2.0 35 0-002 8_
Pulses 31-8 235 27-8 24.6 20-0 172 0-001 30-4 237 29.7 23-8 193 182 0192
Green/yellow Vegetables 59-4 36-4 61-3 351 53-9 311 0-374 576 34-4 62-4 379 67-6 32-6 0-233 2
Other vegetables 81-0 44.4 712 36-7 61-2 33-1 0-003 78-4 42.7 74-5 40-4 747 52-6 0387 3
Fruits 80-9 781 99.7 102-9 96-0 791 0-039 80-0 71-6 98-6 106-0 992 80-0 0-031 é’
Fishes 315 184 28-3 174 22-8 155 0-002 30-8 183 287 175 289 214 0251 B
Meat 44.0 20-2 43-0 217 486 311 0-329 44.4 21-3 43-0 211 50-5 311 0-414 o
Eggs 24.6 156 230 13-8 189 160 0-041 233 14.7 24.6 158 226 187 0675 9
Milk and milk products 85-8 63-5 85-2 59-6 90-6 70-2 0-925 86-2 62-9 84-3 62-0 105-1 74-6 0457 &
Fats and oils 6-1 2:6 62 2.8 6-3 2.8 0-850 6-1 2.7 62 2:6 75 2.7 0-152 g
Confectionaries 24.2 182 282 176 31-8 20-7 0-007 251 19-3 27-2 170 224 83 0327 P

Beverages 126-4 168-8 143-6 174-2 165-8 1791 0-164 135-3 174-8 125.7 147-3 2223 3358 0118

Data are mean and standard deviation.
* ANCOVA was performed to compare continuous variables and adjusted for gestation period, marital status, household income and support from partners and during pregnancy.
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Table 3. Odds ratio and 95 % confidence interval for postpartum depression according to frequency of using ready-made meals or eating out during

pregnancy
Frequency of using ready-made meals
<1 time/week 1-2 times/week >3 times/week
n417 n179 n43
Variables ORorn 95% Cl or % ORorn 95% Cl or % ORorn 95 % Cl or % P for trend
Number of cases (%)’ 22 5.3 56 8 186
Crude 1.00 Reference 0-49, 2.29 410 1.70, 9-89 0-109
Multi-variable adjusted model™ 1.00 Reference 0-51, 240 416 1.68, 10-27 0-017
Frequency of using eating out
<1 time/week 1-2 times/week >3 times/week
n 394 n 230 ni5 P for trend
Number of cases (%)’ 20 51 4.7 1 67
Crude 1.00 reference 0-88, 3-23 1.34 017, 10-67 0-295
Multi-variable adjusted model” 1-00 reference 0-88, 3-34 1.20 0-14, 10-04 0-283

* Participants with Edinburgh Postnatal Depression Scale score of >9.

** Adjusted for gestation period, marital status, household income and support from partners during pregnancy.

systematic review has reported that healthy dietary patterns,
such as those characterised by vegetables, fruit, nuts, fish and
seafood, eggs and whole grains, may exert a protective effect
against postpartum depression®, and a nationwide cohort
study in Japan indicated that pregnant women with higher fish
intake showed a lower incidence of postpartum depression®®.
Furthermore, multivitamin supplementation, fish and PUFA
intake, Ca, vitamin D and Zn may exert protective effects against
postpartum depression®”. These results support the findings of
the current study. A recent large-scale prospective cohort study
has indicated that women with postpartum depression have
lower plasma anti-inflammatory cytokine levels than those
without postpartum depression®”. Moreover, a meta-analysis
reported that various anti-inflammatory foods, such as vegeta-
bles, fruits, and fish, may prevent depression®®. Although the
mechanisms underlying dietary inflammation and the incidence
of depression are not completely clarified, the frequent use of
RMM may be related to the occurrence of inflammation with a
subsequent higher risk of postpartum depression.

A previous cross-sectional study has suggested that pregnant
women tend to consume more RMMY”., Moreover, participants
who frequently used RMM > 3 times/week had higher rates of
employment than those who consumed RMM < 1 time/week
and 1-2 times/week. Therefore, it may be important to select
RMM comprising healthy and diverse foods and pay attention to
social lifestyles during pregnancy to improve dietary habits
among pregnant women. Recently, the Japanese nutrition policy
has been implemented to improve healthy food environments
through restaurants and other settings®*. Furthermore, research
on 338 member companies of the Japan Ready-Made Meals
Association reported that RMM suppliers in Japan developed
menus referred to as Dietary Reference Intakes for Japanese, the
Japanese Food Guide, and/or Healthy Japan 21>, However,
companies should develop menus for RMM containing healthy
and diverse foods and provide more publicity for pregnant
women to select healthy menus. Previous systematic reviews
have reported that healthy dietary patterns during pregnancy are

associated with a lower risk of preterm birth®”. Consuming the
Mediterranean diet, which is characterised by a high intake of
fruits, vegetables, whole grain cereals, legumes, fish and nuts,
during pregnancy has been associated with a lower risk of
gestational diabetes in mothers and congenital defects in
offspring®”. Therefore, a healthy diet during pregnancy can
contribute to both maternal and infant health outcomes.

In the present study, the frequency of EO was not significantly
associated with postpartum depression. The sample size of the
group using EO > 3 times/week was small, and the data were
inadequate to examine the association between the frequency of
EO and postpartum depression. Therefore, the association
between the frequency of EO and postpartum depression
warrants further investigation.

The present study has several strengths. First, this study was
undertaken to explore the association between the frequency of
RMM or EO and postpartum depression in pregnant women
using the data of community-dwelling pregnant women.
Second, the survey had a longitudinal design, which aided in
considering the direction of the association between the
frequency of RMM or EO during pregnancy and postpartum
depression. Third, sensitivity analysis was conducted to exclude
participants with depression during pregnancy, which rein-
forced the validity of our results.

Nevertheless, the limitations of the current study need to be
addressed. First, we only collected data on the frequency of RMM
and EO; quantitative data on the types of foods containing RMM
and EO were not obtained. However, we assessed dietary intake
using a validated brief self-administered diet history question-
naire and estimated the effect of food group consumption based
on the frequency of RMM or EO on postpartum depression.
Second, the present study limited EPDS assessment from
2 weeks to 1 month after childbirth, and we did not clarify the
long-term effect of the frequency of using RMM on postpartum
depression. Third, the frequency of eating RMM and EO may
have been affected by the COVID-19 pandemic. Several
previous studies have reported that people have increased!?
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or decreased®® their frequency of using ready-to-use meals
during the COVID-19 pandemic. However, in the present study,
the frequency of RMM and EO did not differ significantly in each
survey year (online Supplementary Table 2). Finally, the
relatively small sample size and low response rates could have
limited the incidence of postpartum depression, potentially
impacting the statistical power of the analysis. Therefore, further
studies with larger sample sizes and longer-term observational
designs are warranted.

In conclusion, the current study demonstrated that the
frequent use of RMM during pregnancy is related to an increased
risk of postpartum depression. This study sample was limited to
Japanese pregnant women, necessitating further studies in large
and diverse samples to overcome potential selection bias.
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