
268  |        Acta Psychiatr Scand. 2022;145:268–277.wileyonlinelibrary.com/journal/acps

Received: 5 July 2021  |  Accepted: 18 December 2021

DOI: 10.1111/acps.13393  

O R I G I N A L  A R T I C L E

Change in cholesterol level during pregnancy and risk of 
postpartum depressive symptoms: the Japan Environment 
and Children's Study (JECS)

Norikazu Mutsuda1,2 |   Kei Hamazaki1,3  |   Kenta Matsumura1,3  |   
Akiko Tsuchida1,3  |   Haruka Kasamatsu3 |   Hidekuni Inadera1,3  |   
Japan Environment and Children’s Study Group

1Department of Public Health, Faculty of Medicine, University of Toyama, Toyama, Japan
2Department of Neuropsychiatry, Faculty of Medicine, University of Toyama, Toyama, Japan
3Toyama Regional Center for JECS, University of Toyama, Toyama, Japan

Correspondence
Hidekuni Inadera, Department of Public Health, Faculty of Medicine, University of Toyama, 2630 Sugitani, Toyama City, Toyama 930- 0194, Japan.
Email: inadera@med.u-toyama.ac.jp

Present address
Kei Hamazaki, Department of Public Health, Gunma University Graduate School of Medicine, 3- 39- 22 Showa- machi, Maebashi, Gunma 371- 8511, 
Japan

Haruka Kasamatsu, Health and Welfare Department, Kizuna Child Development Support Center, Takaoka, Japan

This is an open access article under the terms of the Creative Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non- commercial and no modifications or adaptations are made.
© 2021 The Authors. Acta Psychiatrica Scandinavica published by John Wiley & Sons Ltd.

Study Group members are listed in the Appendix 1. 

Clinical trial registration number: UMIN000030786 https://upload.umin.ac.jp/cgi- open- bin/ctr/ctr_view.cgi?recpt no=R0000 35091 

Funding information
JECS is funded by the Ministry of the 
Environment, Japan. The funding 
source played no role in the study's 
design; in the collection, analysis, or 
interpretation of data; in the writing of 
the report; or in the decision to submit 
this paper for publication. The findings 
and conclusions of this article are solely 
the responsibility of the authors and do 
not represent the official views of the 
above government

Abstract
Objective: Women with postpartum depressive symptoms (PDS) are at higher 
risk of postpartum depression (PPD) and require further assessment. Emerging 
evidence indicates a relationship between the total cholesterol (TC) level of blood 
and PPD but the results are inconsistent. In this study, we investigated the pos-
sible association of change in serum TC levels during pregnancy with the risk of 
PDS in a Japanese population.
Methods: We  analyzed  complete  data  on  questionnaire  responses  and  serum 
lipid  profiles  of  pregnant  women  from  12  datasets  obtained  from  the  Japan 
Environment and Children's Study (n = 61,585 to n = 72,406; 103,063 pregnancies 
in total). TC was measured at 3 time points— during early pregnancy, during mid- 
late pregnancy, and after delivery— and we calculated changes in TC in 3 ways: 
by  subtracting  early  pregnancy  from  mid- late  pregnancy,  subtracting  mid- late 
pregnancy from delivery, and subtracting early pregnancy from delivery. These 
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1   |   INTRODUCTION

Women with postpartum depressive symptoms (PDS) are 
at higher risk of postpartum depression (PPD) and require 
further  assessment.  PPD  is  defined  by  The  Diagnostic 
and Statistical Manual of Mental Disorders, Fifth Edition 
(DSM- 5) as a depressive episode with moderate to severe 
severity that begins during pregnancy or within 4 weeks 
after  delivery.  The  characteristics  of  PPD  include  anhe-
donia, anxiety symptoms, panic attacks, depressed mood, 
and sometimes suicidal thoughts.1 A meta- analysis of the 
prevalence of depression (major depressive disorder and 
minor depressive disorder) during the first 3 and 6 months 
after delivery found that prevalence was as high as 12.8% 
during the  first 3 months and remained high at roughly 
10% during  the  first 6 months.2  In recent studies of ma-
ternal  populations  representative  of  pregnant  Japanese 
women,  we  found  that  the  prevalence  of  PDS  at  1  and 
6 months was 13.8% and 11.6%, respectively.3,4

Predictors of PPD have been examined in multiple stud-
ies. Beck et al. cited a number of factors associated with 
the development of PPD: history of previous depression, 
prenatal  anxiety,  self- esteem,  life  stress,  social  support, 
marital status, marital relationship,  infant temperament, 
socioeconomic  status,  and  unplanned/unwanted  preg-
nancy.5  In  addition  to  these  social  factors,  multiple  bio-
logical factors are also attracting attention as predictors of 
PPD, including postpartum blues,5 hormones, inflamma-
tory markers, minerals, vitamins, and lipids.6

Many studies have examined the association between 
cholesterol and depression. The mechanism of this associ-
ation is thought to involve effects on the serotonin system 

6 factors were used as predictors to estimate the risk of PDS at 1 and 6 months 
after delivery.
Results: In  multivariable  logistic  regression  analysis,  point  serum  cholesterol 
level did not predict PDS at any time point except for during mid- late pregnancy 
in the second quintile,  indicating an increased risk at 6 months. As for change 
in TC levels, subtracting mid- late pregnancy from delivery and early pregnancy 
from delivery showed significant risk reduction for PDS at 1 month. A significant 
risk reduction was also found for subtracting early pregnancy from mid- late preg-
nancy and early pregnancy from delivery at 6 months.
Conclusions: Increased  cholesterol  level  during  pregnancy  is  associated  with 
reduced risk of PDS.

K E Y W O R D S

cholesterol, cohort, epidemiology, postpartum depressive symptoms, pregnancy

Significant Outcomes
•  This nationwide prospective cohort study found 

reduced  risk  of  postpartum  depressive  symp-
toms  in  mothers  whose  total  cholesterol  level 
increased during pregnancy compared with the 
reference group.

•  Postpartum  depressive  symptoms  were  pre-
dicted  by  point  total  cholesterol  level  during 
mid- late  pregnancy  but  not  at  any  other  time 
point.

•  Although  a  decrease  in  total  cholesterol  dur-
ing the peripartum period has previously been 
linked to postpartum depression, to our knowl-
edge this study is the first to examine the associ-
ation between the risk of postpartum depressive 
symptoms and an  increase  in  total cholesterol 
level during pregnancy.

Limitations
•  The  Edinburgh  Postpartum  Depression  Scale 

screening test was used instead of a diagnostic 
test. In general, this scale indicates suspicion of 
postpartum depression that warrants confirma-
tion, whereas diagnostic tests provide a definite 
diagnosis. Second, we cannot rule out the pos-
sibility  that  the exclusion of more than 30,000 
women  based  on  the  eligibility  criteria,  while 
necessary, may have introduced some selection 
bias.  Third,  the  findings  may  not  necessarily 
apply to all nationalities and ethnicities.
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or  an  altered  inflammatory  profile.7  A  meta- analysis  in-
vestigating the association of lipids (total cholesterol [TC], 
low- density lipoprotein cholesterol [LDL- C], high- density 
lipoprotein  cholesterol  [HDL- C])  with  depression  found 
an especially  strong negative correlation with TC  in un-
treated  patients.8  Also,  HDL- C  was  positively  correlated 
with  depression,  particularly  in  women,  while  a  non- 
significant  negative  correlation  was  observed  between 
LDL- C and depression.8

The  association  between  PPD  and  cholesterol  has 
been  examined  in  several  studies.  To  our  knowledge, 
8 studies9- 16: 4 reported TC associated with PPD,9,11,12,16 3 
reported no association,10,14,15 and 1 reported HDL- C asso-
ciated with PPD.13 Serum lipid levels are known to increase 
as pregnancy progresses. Levels of triglycerides (TG), TC, 
and LDL- C peak in the third trimester, increasing by 170% 
(2.7- fold), 43%, and 36%, respectively, while levels of HDL 
peak  in  the  second  trimester  (25%  increase),  before  all 
return to pre- pregnancy levels after delivery.17 Three lon-
gitudinal studies have examined the association between 
decreased TC and PPD  from  late pregnancy  to  the early 
postpartum  period.9,10,12  One  of  the  studies  conducted 
in Austria (n = 20) observed an association between de-
creased  TC  and  PPD,9  whereas  the  other  two  studies 
were conducted in the Netherlands (n = 266)10 and Italy 
(n = 47)12 did not.

1.1  |  Aims of the study

Although  several  studies  have  investigated  the  associa-
tion between postpartum depression and cholesterol lev-
els, none has examined the association between increased 
total cholesterol  level during pregnancy and postpartum 
depression.  In  this  study,  we  used  data  from  the  Japan 
Environment  and  Children's  Study  (JECS),  a  large- scale 
nationwide prospective cohort study, to examine the asso-
ciation between change in total cholesterol level and post-
partum depressive symptoms. As exploratory research, we 
also examined other lipids such as low- density lipoprotein 
cholesterol, high- density lipoprotein cholesterol, and tri-
glycerides and the association between change in choles-
terol levels and postpartum depressive symptoms risk in 
only those participants with a history of mental illness.

2   |   METHOD

2.1  |  Study population

The  protocol  of  the  JECS,  a  nationwide  government- 
funded  birth  cohort  study,  has  been  described  else-
where.18,19  Briefly,  JECS  investigates  the  impact  of 

certain  environmental  factors  on  child  health  and  de-
velopment. The pregnant participants in the JECS were 
enrolled from 15 Japanese regions from January 2011 to 
March 2014.18,19 The eligibility criteria  for participants 
(expectant  mothers)  were  as  follows18:  (1)  residing  in 
one of the 15 regions at the time of recruitment and ex-
pecting to reside continuously in Japan for the foreseea-
ble future; (2) having an expected delivery date between 
August 1, 2011, and mid- 2014; and (3) participating  in 
the study without difficulty, that is, able to understand 
the Japanese language and complete a self- administered 
questionnaire.  Those  residing  outside  the  15  regions 
were excluded from the study even if they visited coop-
erating  healthcare  providers  working  within  the  study 
areas.  The  sample  size  was  determined  in  advance  to 
ensure sufficient statistical power for rare diseases with 
≤1% prevalence.

The present study uses data from the jecs- an- 20180131 
dataset,  which  was  released  in  March  2018.  The  full 
dataset  comprises 103,062 pregnancies, but we excluded 
5647  multiple  registrations,  949  multiple  births,  and 
3676  miscarriages/stillbirths  (Figure  1).  From  the  re-
maining 92,790 pregnancies, we excluded 16,440 because 
of  missing  data  on  covariates  and  3944  to  14,765  were 
excluded  because  of  missing  data  on  various  combina-
tions  of  exposure  and  outcomes.  In  total,  depending  on 
the combinations, 61,585 to 72,406 participants were an-
alyzed.  As  exploratory  research,  we  also  examined  the 

F I G U R E  1  Participant flow diagram

92,790 unique mothers
with singleton live birth

61,585 to 72,406
participants
for analysis

3,676 excluded
Reason: miscarriages or still births

5,647 excluded
Reason: multiple participations

16,440 excluded
Reason: missing data on covariates

949 excluded
Reason: multiple births

103,062 pregnancies
(dataset: jecs-an-20180131)

3,944 to 14,765 excluded
Reason: missing data on a combination of 
exposures and outcomes

76,350 participants
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association between change in cholesterol levels and PDS 
risk among only  those participants with a history of de-
pression and/or anxiety (n = 3001 for analysis of PDS at 
1 month; n = 3239 for PDS at 6 months) and the associa-
tion between other lipids such as LDL- C, HDL- C, and TG 
and PDS risk.

The authors assert that all procedures contributing to 
this work comply with  the ethical standards of  the rele-
vant national and institutional committees on human ex-
perimentation and with the Helsinki Declaration of 1975, 
as  revised  in  2008.  All  procedures  involving  human  pa-
tients were approved by the Ministry of the Environment's 
Institutional  Review  Board  on  Epidemiological  Studies 
(100910001),  the  ethics  committees  of  all  participating 
institutions,  and  the  Ethics  Committee,  University  of 
Toyama  (R2019035).  Written  informed  consent  was  ob-
tained from all participants in the JECS.

2.2  |  Measurement of serum lipids

Non- fasting blood samples were obtained from pregnant 
women  during  early  pregnancy  in  weeks  12– 16  (if  in-
formed  consent  was  obtained  during  weeks  17– 21,  then 
the blood sample was taken right after informed consent 
was  obtained),  during  mid- late  pregnancy  in  weeks  22– 
28, and after delivery (during hospitalization). The blood 
collection tubes used, the method of storage until analy-
sis, and so on all followed the same protocol. The serum 
biomarkers TC, LDL- C, HDL- C, and TG were assayed by 
a single contract clinical laboratory (SRL, Inc.), and enzy-
matically analyzed according to the standardized protocol, 
using a 7700 clinical chemistry/immunoassay hybrid ana-
lyzer (Hitachi High- Technologies Co., Ltd). TC, TG, HDL- 
C, and LDL- C were measured during early pregnancy and 
TC and TG during mid- late pregnancy and after delivery 
(Figure 2).

2.3  |  Assessment of 
postpartum depression

The Edinburgh Postpartum Depression Scale (EPDS) was 
used to assess depression at 1 and 6 months after delivery 
(Figure  2).  The  EPDS  consists  of  10  items  rated  on  a  4- 
point scale (0– 3).20 We defined an EPDS score ≥9 as indi-
cating PDS; this has been suggested as the optimal cut- off 
for the Japanese population, and its validity and reliability 
have been reported elsewhere.21,22

2.4  |  Statistical analysis

Data are expressed as the mean ± standard deviation or 
median unless stated otherwise. To estimate the risks of 
PDS  for  each  level  of  TC  change  (subtractions  of  early 
pregnancy from delivery, mid- late pregnancy from deliv-
ery,  and  early  pregnancy  from  mid- late  pregnancy),  we 
categorized  the  participants  according  to  quintile  of  TC 
change.  We  then  performed  logistic  regression  analysis 
to calculate odds ratios (ORs) and 95% confidence inter-
vals (CIs). In tests for trends, the number of participants 
in each category was assigned to quintile distributions for 
TC change and evaluated as continuous variables.

We included potential confounding factors and covari-
ates  in  the  statistical  analysis  if  previous  studies  found 
them  to  be  associated  (or  if  they  were  theoretically  in-
ferred to be associated) with the outcome. The following 
confounding factors and covariates were considered: age at 
delivery; pre- pregnancy body mass index (<18.5, 18.5– 25, 
or ≥25  kg/m2);  previous  deliveries  (primiparous  or  mul-
tiparous); annual household income (<4 million, 4– 6 mil-
lion,  or  >6  million  JPY);  highest  maternal  educational 
level  (1,  junior  high  or  high  school;  2,  technical  junior 
college, technical/vocational college, or associate degree; 
or  3,  bachelor's  or  postgraduate  degree);  marital  status 
during early pregnancy (1, married [including common- 
law status]; 2,  single; or 3, divorced or widowed); smok-
ing status during mid- late pregnancy (1, never smoked; 2, 
previously smoked; 3, currently smoking); alcohol intake 
during mid- late pregnancy (1, never; 2, previously drank 
alcohol but quit; 3, currently drinking); physical activity 
during  mid- late  pregnancy  (MET  min/day  [metabolic 
equivalent of a task measured as the number of minutes 
per day]); employment status during mid- late pregnancy; 
history of depression (yes or no); history of anxiety disor-
der (yes or no); and presence of any congenital anomaly in 
the child (yes or no).

Two- sided p values <0.05 were considered to indicate 
statistical significance. Data were analyzed using SAS ver-
sion 9.4 software (SAS Institute Inc.).F I G U R E  2  Study design
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3   |   RESULTS

During  follow- up,  13.7%  of  women  (8822/64,342)  had 
PDS  (EPDS  ≥  9)  at  1  month  after  delivery  and  11.1% 
(6829/61,585) at 6 months after delivery. Means ± stand-
ard deviation (median, n) for TC during early pregnancy, 
during  mid- late  pregnancy,  and  after  delivery  were 
200  ±  35  (median  =  197,  n  =  66,798),  254  ±  41  (me-
dian  =  252,  n  =  72,406),  and  250  ±  45  (median  =  247, 
n  =  71,516),  respectively.  Levels  of  TG  during  those 
same periods were 131 ± 57 (median = 120, n = 66,798), 
198 ± 83 (median = 183, n = 72,406), and 227 ± 90 (me-
dian  =  212,  n  =  71,516),  respectively.  Levels  of  LDL- C 
and HDL- C during early pregnancy were 108 ± 28 (me-
dian  =  105,  n  =  66,798)  and  77  ±  14  (median  =  76, 
n = 66,798), respectively.

Table  1  shows  the  characteristics  of  the  partici-
pants  who  comprised  the  dataset  used  for  determining 
associations  between  changes  in  TC  from  early  preg-
nancy  to  delivery  and  depression  at  1  month  after  de-
livery.  Characteristics  are  listed  for  participants  overall 
(n = 64,342) and by quintiles of TC change. Across all par-
ticipants, median TC change was 49 mg/dl. In each quin-
tile (Q1, Q2, Q3, Q4, and Q5), the median TC change was 
−1, 29, 49, 69, and 101 mg/dl, respectively. The percent-
age of participants with PDS  in each quartile was 15.4% 
(1994/12,916), 13.8% (1805/13,034), 13.5% (1694/12,517), 
12.9%  (1670/12,940),  and  12.8%  (1659/12,935),  respec-
tively. Intriguingly, increases in TC were generally larger 
among  younger  participants.  As  for  pre- pregnancy  body 
mass index (BMI), increased TC was associated with un-
derweight (BMI < 18.5), while obesity (BMI ≥ 25) was as-
sociated with decreased TC. In addition, greatly increased 
TC  was  common  among  primiparas.  History  of  depres-
sion,  history  of  anxiety  disorder,  and  presence  of  con-
genital anomalies  in  the child were also associated with 
decreased TC.

Table  2  shows  ORs  and  95%  CIs  using  multivariable 
logistic regression for PDS according to quintile of point 
serum TC level and delta change value. The point serum 
TC levels were not associated at any time point with PDS 
risk  except  for  during  mid- late  pregnancy  in  the  second 
quintile,  which  showed  an  increased  risk  at  6  months. 
As  for change  in TC  levels, mid- late pregnancy  to deliv-
ery  and  early  pregnancy  to  delivery  showed  significant 
risk reduction for PDS at 1 month. Early to mid- late preg-
nancy and early pregnancy to delivery showed significant 
risk  reduction  at  6  months.  Several  previous  studies23- 25 
have found that TC is higher in women with hypertensive 
disorders of pregnancy, but excluding these patients from 
our dataset did not notably change the results in Table 2.

Table  S1  shows  ORs  and  95%  CIs  for  PDS  according 
to quintile of  the other point serum lipid  levels (LDL- C, 

HDL- C,  and  TG)  and  delta  change  (TG).  Associations 
were seen only  in  the  fifth quintile of LDL- C (increased 
risk) for PDS at 1 month and in the fourth quintile of TG 
during mid- late pregnancy (decreased risk) at 6 months. 
No  association  was  found  in  the  delta  change  (TG)  and 
PDS risk.

Table S2 shows the results for the association between 
TC  change  and  PDS  risk  among  only  those  participants 
with a history of depression and/or anxiety. Some signif-
icant reduced risk of PDS at both 1 month and 6 months 
was  found  in  the  quintiles  of  TC  change  between  early 
and mid- late pregnancy. A significant reduced risk of PDS 
at 1 month was found in the highest quintile of TC change 
between early and delivery, as revealed by the trend test, 
but no reduced risk was found at 6 months.

4   |   DISCUSSION

In this nationwide prospective cohort study, we found risk 
reductions for participants whose TC level increased dur-
ing pregnancy compared with the reference group (whose 
median TC increase was −1 mg/dl). The point serum TC 
level did not predict PDS at any time point except during 
mid- late pregnancy. Some studies have examined the as-
sociation between decrease in TC during the peripartum 
period  and  PPD,9,10,12  but  to  our  knowledge,  ours  is  the 
first study to examine the association between increased 
TC level during pregnancy and PDS risk.

Interestingly,  the  finding  that  point  serum  TC  level 
did not predict PDS risk at any  time except during mid- 
late pregnancy indicates that TC change is the important 
factor rather than the point level for predicting PDS risk. 
Also, the significant ORs for TC change from early preg-
nancy  to  delivery  were  all  at  or  near  0.90.  This  finding 
shows that a larger TC change does not necessarily result 
in a further reduced OR and that the PDS risk was high in 
the reference group only (whose median TC increase was 
−1 mg/dl).

Changes in lipids during pregnancy are considered to 
occur  because  of  changes  in  sex  steroid  hormones,  he-
patic metabolism, and lipid metabolism.26 The increase in 
LDL- C is due primarily to progesterone, and this increased 
LDL- C is the chief substrate in subsequent placental pro-
gesterone synthesis.26 In addition, increased estrogen con-
centrations  in  pregnant  women  trigger  increases  in  TC, 
LDL- C, and TG.26 The purpose of these changes in lipid 
metabolism during pregnancy is to accumulate maternal 
fat stores during early and mid- pregnancy and to mobilize 
fat during late pregnancy.27 In future study, plasma estra-
diol levels should be incorporated into the analysis.

The  mechanism  underlying  the  association  between 
cholesterol  and  depression  remains  unclear,  but  effects 
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on  the  serotonin  system  and  an  altered  inflammatory 
profile might be key.7 Sun et al.28 found in animal studies 
that  decreased  cholesterol  level  in  the  medial  prefrontal 
cortex,  which  was  caused  by  exposure  to  chronic  mild 
stress, was associated with depressive- like behavior. This 

behavior was reversed by cholesterol supplementation via 
food;  however,  pre- injection  of  5- HT1A  receptor  antag-
onist  blocked  the  treatment  effects,  indicating  that  cho-
lesterol  may  confer  benefits  through  modulation  of  the 
brain 5- HT1A receptor.28 In applying the results of  their 

T A B L E  1   Characteristics of all participants analyzed as a whole and according to quintile of total cholesterol change (from early 
pregnancy to delivery) Quintile

Quintile of total cholesterol change

Whole Q1 Q2 Q3 Q4 Q5

n 64,342 12,916 13,034 12,517 12,940 12,935

Total cholesterol 
change

Median, mg/dl 49 −1 29 49 69 101

Range, mg/dl −178– 322 −178– 16 17– 39 40– 58 59– 82 83– 322

Age at delivery, y M ± SD 31.0 ± 4.9 31.6 ± 5.1 31.1 ± 4.9 30.9 ± 4.8 30.7 ± 4.8 30.6 ± 4.7

Pre- pregnancy body 
mass index

<18.5 10,130 (15.7) 1745 (13.5) 1888 (14.5) 1927 (15.4) 2196 (17.0) 2374 (18.4)

18.5– <25 47,462 (73.8) 9251 (71.6) 9430 (72.4) 9268 (74.0) 9684 (74.8) 9829 (76.0)

≥25 6750 (10.5) 1920 (14.9) 1716 (13.2) 1322 (10.6) 1060 (8.2) 732 (5.7)

Previous deliveries Primipara 26,713 (41.5) 6050 (46.8) 5753 (44.1) 5142 (41.1) 5192 (40.1) 4576 (35.4)

Multipara 37,629 (58.5) 6866 (53.2) 7281 (55.9) 7375 (58.9) 7748 (59.9) 8359 (64.6)

Annual household 
income, million 
yen

<4 25,238 (39.2) 5033 (39.0) 5131 (39.4) 5066 (40.5) 5010 (38.7) 4998 (38.6)

4– <6 21,588 (33.6) 4316 (33.4) 4399 (33.8) 4163 (33.3) 4335 (33.5) 4375 (33.8)

≥6 17,516 (27.2) 3567 (27.6) 3504 (26.9) 3288 (26.3) 3595 (27.8) 3562 (27.5)

Maternal education ≤12 years 22,334 (34.7) 4519 (35.0) 4637 (35.6) 4416 (35.3) 4441 (34.3) 4321 (33.4)

>12– <16 years 27,699 (43.0) 5587 (43.3) 5559 (42.7) 5382 (43.0) 5531 (42.7) 5640 (43.6)

≥16 years 14,309 (22.2) 2810 (21.8) 2838 (21.8) 2719 (21.7) 2968 (22.9) 2974 (23.0)

Marital status Married 61,907 (96.2) 12,418 (96.1) 12,515 (96.0) 12,073 (96.5) 12,435 (96.1) 12,466 (96.4)

Single 1942 (3.0) 392 (3.0) 413 (3.2) 346 (2.8) 408 (3.2) 383 (3.0)

Divorced or 
widowed

493 (0.8) 106 (0.8) 106 (0.8) 98 (0.8) 97 (0.8) 86 (0.7)

Smoking status Never 37,605 (58.4) 7553 (58.5) 7546 (57.9) 7307 (58.4) 7573 (58.5) 7626 (59.0)

Former 24,038 (37.4) 4870 (37.7) 4960 (38.1) 4662 (37.3) 4774 (36.9) 4772 (36.9)

Current 2699 (4.2) 493 (3.8) 528 (4.1) 548 (4.4) 593 (4.6) 537 (4.2)

Alcohol intake Never 21,490 (33.4) 4425 (34.3) 4374 (33.6) 4246 (33.9) 4218 (32.6) 4227 (32.7)

Former 41,116 (63.9) 8184 (63.4) 8304 (63.7) 7945 (63.5) 8350 (64.5) 8333 (64.4)

Current 1736 (2.7) 307 (2.4) 356 (2.7) 326 (2.6) 372 (2.9) 375 (2.9)

Physical activity 
during mid- late 
pregnancy, METs 
h/day

M ± SD 4.0 ± 8.3 3.6 ± 7.5 3.9 ± 8.0 4.0 ± 8.4 4.1 ± 8.2 4.3 ± 9.3

Employment status 
during mid- late 
pregnancy

No 28,590 (44.4) 6367 (49.3) 5881 (45.1) 5448 (43.5) 5474 (42.3) 5420 (41.9)

Yes 35,752 (55.6) 6549 (50.7) 7153 (54.9) 7069 (56.5) 7466 (57.7) 7515 (58.1)

History of depression No 62,469 (97.1) 12,515 (96.9) 12,631 (96.9) 12,142 (97.0) 12,590 (97.3) 12,591 (97.3)

Yes 1873 (2.9) 401 (3.1) 403 (3.1) 375 (3.0) 350 (2.7) 344 (2.7)

History of anxiety 
disorder

No 62,552 (97.2) 12,506 (96.8) 12,670 (97.2) 12,150 (97.1) 12,612 (97.5) 12,614 (97.5)

Yes 1790 (2.8) 410 (3.2) 364 (2.8) 367 (2.9) 328 (2.5) 321 (2.5)

Presence of 
congenital 
anomaly of child

No 62,910 (97.8) 12,556 (97.2) 12,740 (97.7) 12,269 (98.0) 12,652 (97.8) 12,693 (98.1)

Yes 1432 (2.2) 360 (2.8) 294 (2.3) 248 (2.0) 288 (2.2) 242 (1.9)

Note: Values in the parentheses indicate percentages.
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experiment to the present observational study, pregnancy 
itself causes women varying degrees of stress, triggering a 
decrease in TC levels in the prefrontal cortex, which is sup-
plemented by the physiological response of an increase in 
TC levels during pregnancy. This mechanism may explain 
why PDS manifested in the group of participants with no 
TC  supplementation  whatsoever  (ie,  the  group  with  no 
TC increase). In addition, if a stress- induced decrease in 
cholesterol in the frontal cortex also occurs in humans, it 
would be important to store cholesterol during pregnancy 
(ie, a higher- than- usual TC level), and this may be why the 
present results showed an association in terms of change 
but not in absolute values. However, we also have to keep 
in mind that because this study was not able to clarify the 
cause- and- effect relationship because of its observational 
nature, we cannot rule out  the possibility of some other 
residual  factor  that  may  be  associated  with  changes  in 
both variables. In the future, determining the association 
of stress and serotonin with PDS may be a fascinating av-
enue of research.

HDL  is  known  to  have  anti- inflammatory  proper-
ties,29 whereas oxidized LDL is known to have inflamma-
tory  properties.30  Furthermore,  depression  is  known  to 
be  associated  with  neuroinflammation.31  In  the  present 
study,  LDL- C  during  early  pregnancy  was  linearly  (pos-
itively) associated with PDS risk at 1 and 6 months after 
delivery. Also,  the highest quintile of LDL- C  (95 mg/dl) 
compared  with  the  lowest  quintile  (60  mg/dl)  showed 
significantly increased PDS risk at 1 month. This result is 
not in line with the previous studies related to pregnancy, 
which found no such association.13,15 We did not find any 
association  between  HDL- C  and  PDS  risk  at  either  1  or 
6 months. Among the 3 previous studies, the longitudinal 
study13  showed  a  negative  association  between  HDL- C 
and  PPD,  but  the  2  cross- sectional  studies  showed  no 
association.12,15  These  mixed  and  inconclusive  findings 
may be attributable to differences in study design, sample 
size,  timing  of  assessment,  participant  background  fac-
tors, and/or  the tools used to assess depression, suggest-
ing that further research is warranted. Although HDL- C 
and LDL- C are components of T- Cho, they have different 
mechanisms  of  action  on  depression,  and  not  all  frac-
tions  seem  to  show similar  results,  as mentioned above. 
Because LDL- C and HDL- C were closely linked to TC me-
tabolism, future study should also clarify the association 
with change in both LDL- C and HDL- C.

TG and PPD were examined in 2 previous studies, but 
neither observed an association between TG and PPD.9,15 
In the present study, the fourth quartile during mid- late 
pregnancy  was  associated  with  reduced  risk  of  depres-
sion at 6 months after delivery. However,  in a previous 
meta- analysis,  TG  was  significantly  higher  in  patients 
with  first- episode  major  depressive  disorder  than  in 

healthy controls.32 Thus, it cannot be ruled out that the 
results  in  the present study were coincidental.  In addi-
tion, the present study used casual blood samples, mean-
ing that the results might have been affected by diet.

Blood  samples are  typically not  taken at delivery un-
less there are maternal complications or sudden changes, 
and therefore one of the clinical implications of the pres-
ent  study  is  that  measurement  of  TC  during  both  early 
and mid- late pregnancy may enable prediction of PDS at 
6 months after delivery. In most pregnant women, TC is 
usually measured during both periods. Also, as shown in 
Table S2, for patients with a history of anxiety disorder or 
depression, PDS at 1 and 6 months after delivery can per-
haps be predicted by measuring TC changes.

The strengths of this study are that it is the largest study 
to date to have investigated the association between serum 
TC (and other lipid) levels and PDS. Because the study was 
conducted in 15 regions nationwide, the participants can 
be considered representative of pregnant women in Japan. 
However, we acknowledge some limitations. First, unmea-
sured residual factors such as health consciousness might 
have confounded the results. Second, we cannot rule out 
the  possibility  that  excluding  more  than  30,000  women 
based on the eligibility criteria, while necessary, may have 
introduced  some  selection  bias. Third,  the  findings  may 
not  necessarily  apply  to  all  nationalities  and  ethnicities. 
Fourth,  because  the  participants’  blood  samples  were 
taken after delivery while still hospitalized (for 6 days in 
average in Japan) and cholesterol levels are known to re-
turn rapidly to the level of the first trimester by 72 h after 
delivery,26 we might have missed  the peak TC. Also,  the 
association  between  change  in  cholesterol  and  PDS  risk 
might be biased toward the null due to the variation in the 
date  of  blood  sampling  after  delivery.  Finally,  the  EPDS 
screening test was used instead of diagnostic tests. In gen-
eral, the EPDS indicates suspicion of disease that warrants 
confirmation, whereas diagnostic tests provide a definite 
diagnosis. Future studies should incorporate the diagnosis 
of depression such as in the DSM.

In  conclusion,  the  present  findings  suggest  that  the 
group  of  participants  with  the  smallest  increase  in  TC 
during pregnancy (ie, the group with almost no change in 
TC during pregnancy) were at high risk of PDS. Tracking 
changes in serum TC during pregnancy may help to iden-
tify high- risk groups.
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