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ABSTRACT

OBJECTIVE

To determine whether women with perinatal
depression are at an increased risk of death
compared with women who did not develop the
disorder, and compared with full sisters.

DESIGN

Nationwide, register based study.

SETTING

Swedish national registers, 1 January 2001 to 31
December 2018.

PARTICIPANTS

86 551 women with a first ever diagnosis of perinatal
depression ascertained through specialised care and
use of antidepressants, and 865 510 women who did
not have perinatal depression were identified and
matched based on age and calendaryearat delivery.
To address familial confounding factors, comparisons
were made between 270 586 full sisters (women with
perinatal depression (n=24 473) and full sisters who
did not have this disorder (=246 113)), who gave at
least one singleton birth during the study period.
MAIN OUTCOME MEASURES

Primary outcome was death due to any cause.
Secondary outcome was cause specific deaths (ie,
unnatural and natural causes). Multivariable Cox
regression was used to estimate hazard ratios of
mortality comparing women with perinatal depression
to unaffected women and sisters, taking into account
several confounders. The temporal patterns of
perinatal depression and differences between
antepartum and postpartum onset of perinatal
depression were also studied.

RESULTS

522 deaths (0.82 per 1000 person years) were
reported among women with perinatal depression
diagnosed at a median age of 31.0 years (interquartile
range 27.0 to 35.0) over up to 18 years of follow-up.
Compared with women who did not have perinatal
depression, women with perinatal depression were
associated with an increased risk of death (adjusted
hazard ratio 2.11 (95% confidence interval 1.86 to
2.40)); similar associations were reported among
women who had and did not have pre-existing
psychiatric disorder. Risk of death seemed to be
increased for postpartum than for antepartum
depression (hazard ratio 2.71 (95% confidence
interval 2.26 t0 3.26) v1.62 (1.34 t0 1.94)). A similar
association was noted for perinatal depression in the
sibling comparison (2.12 (1.16 to 3.88)). The
association was most pronounced within the first
year after perinatal depression but remained up to
18 years after start of follow up. An increased risk
was associated with both unnatural and natural
causes of death among women with perinatal
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depression (4.28 (3.44t05.32) v(1.38 (1.16 t0 1.6 4)),
with the strongest association noted for suicide (6.34
(4.62 to 8.71)), although suicide was rare (0.23 per
1000 person years).

CONCLUSIONS

Even when accounting for familial factors, women
with clinically diagnosed perinatal depression were
associated with an increased risk of death,
particularly during the first year after diagnosis and
because of suicide. Women who are affected, their
families, and health professionals should be aware
of these severe health hazards after perinatal
depression.

Introduction

Perinatal depression is defined as depression that
occurs during pregnancy (antepartum depression)
or weeks after delivery (postpartum depression),
affecting about of 10-20% women. 2 Perinatal
depression can be diagnosed using the Diagnostic
and Statistical Manual of mental disorders, fourth
edition criteria from 1994, or using the updated fifth
edition from 2013 and onward.3 Occurring during a
vulnerable period in life, perinatal depression can
have a detrimental effect on maternal wellbeing.” For
instance, perinatal depression has been linked to an
increased risk of suicide,” which accounts for up to
20% of maternal deaths postpartum in high income
countries.> Nevertheless, little is known about the
overall increased mortality in women with perinatal
depression.

Studies have found that women with postpartum
psychiatric disorders, including psychotic, affective,
and anxiety disorders, have an increased risk of death
compared with either women who were not affected®
or with the general female population.” ® However,
the association between perinatal depression, one of
the most common complications of pregnancy,® and
risk of mortality among affected women, has not been
examined specifically. Prior studies have considered
only postpartum onset disorders,® 8 and indications
show that antepartum and postpartum onset of
depression differ in prevalence,’ symptom severity,'°
and suicidal behaviour.> ** Furthermore, familial
factors, such as genetic factors and shared childhood
experiences, may contribute to the risks of perinatal
depression '*13 and mortality due to suicide;'4 ' yet,
no study to date has addressed these issues.

We aimed to investigate the association of perinatal
depression attended by specialised care or treated
by antidepressants, with subsequent risk of death.
We hypothesised that perinatal depression is
associated with an increased risk of mortality.
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Methods
Study design

We conducted a matched cohort study based on the nationwide
population, followed by a sibling comparison to further control for
shared familial confounding, by leveraging the nationwide health
registers in Sweden. The medical birth register covers almost all
births in Sweden since 1973.1° The national patient register has
almost complete coverage on all inpatient care since 1987 and
outpatient specialised care from 2001 onwards.'” The Swedish
national drug register contains information about dispensed
prescribed medications from all pharmacies in Sweden since July
2005."® The causes of death register covers a complete record of all
deaths in Sweden since 1952.2° We used the personal identification
number uniquely assigned to each resident for linkage cross
registers.

We identified all pregnancies in the medical birth register between
1 January 2001 and 31 December 2017 (n=1 803 987; 1 041 419
women). We excluded multiple gestations (n=51 806), subsequent
pregnancies due to an incident perinatal depression (n=35 133), or
pregnancies with incomplete or erroneous records (n=681), leaving
1716 367 pregnancies from 1 029 215 women in the study base
(supplementary fig S1). We identified 86 551 women who received
a first ever diagnosis of perinatal depression (ie, without prior
depression diagnosis during pregnancy or one year postpartum)
attended by specialised care or treated by antidepressants, including
antepartum or postpartum depression. We used the term women
to be in alignment with previous literature, although individuals
included in this study may identify differently. For each women,
we randomly selected 10 women who did not have this disorder
from the study base, and matched them using an incidence density
sampling method.?° Women who did not have perinatal depression
at the same gestational or postpartum day when the index woman
received her perinatal depression diagnosis (n=865 510; the
reference group) were matched on the basis of their age (plus or
minus 1 year) and same calendar year at delivery; date of perinatal
depression diagnosis or matching was used as the index date.
Women were followed up from the index date or from the delivery
date, whichever came later, until emigration (as designated from
the migration register), death, a diagnosis of perinatal depression
(in reference group), or 31 December 2018, whichever occurred first
(supplementary fig s2).

For the sibling comparison analysis, we used the Swedish
multigenerational register, which includes information about
parents for Swedish residents born since 1932.>' We included all
women with at least one full sister and who give live birth during
the study period (ie, not only families that have sisters affected by
perinatal depression). We followed up all full sisters from the date
of their first delivery until emigration, death, or 31 December 2018,
whichever came first (supplementary fig S2).

Ascertainment of perinatal depression

Perinatal depression was defined as any diagnosis of depression
through specialised care or dispensation of antidepressants during
pregnancy and up to one year after delivery,* recorded in the
medical birth register, national patient register, or prescribed drug
register. The gestational age was estimated from the routine
ultrasound examination offered to all pregnant women.?? Start of
pregnancy was defined as the date obtained from subtracting the
estimated gestational age from the delivery date. We considered
both primary and secondary diagnoses to identify perinatal
depression cases, using the 10th Swedish revision of the
International Classification of Diseases codes (supplementary table
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S1). Although a validity study has not been carried out specifically
for perinatal depression, the diagnosis of depression has been
validated in the national patient register.?* We also identified use
of antidepressant medication in the medical birth register and
dispensations in the prescribed drug register using the anatomical
therapeutic chemical code as a proxy for perinatal depression. The
incident date of perinatal depression was defined as the date of the
first recorded diagnosis or the prescribing date of a filled
antidepressant, whichever came first. Women meeting our definition
of perinatal depression were categorised into antepartum depression
(if the date of perinatal depression occurred during pregnancy) and
postpartum depression (if no perinatal depression was identified
during pregnancy but was identified within one year after delivery;
supplementary table S1).

Ascertainment of outcome

The key outcome of interest was deaths due to any cause. We
ascertained all causes of deaths from the causes of death register,
and based on the underlying cause, categorised the data into death
due to unnatural (ie, external causes) or natural causes (ie, disease
related causes) (supplementary table S1). Additionally, we
investigated the most common underlying causes of death in this
population, that is, due to suicide, accident, cancer, and
cardiovascular disease. Reporting of deaths is mandatory in Sweden
with more than 96% of deaths with causes recorded.'® The accuracy
of the causes of death has been found high, particularly for deaths
due to cancer, cardiovascular disease, and unnatural causes.'®
Mortality was determined by death rate, from the index date until
the end of follow-up.

Covariates

We obtained information about women’s demographics from the
medical birth register and socioeconomic status from the
Longitudinal Integration Database for Health Insurance and Labour
Market, as known risk factors for both depression and premature
death.?>2° Some characteristics specific to pregnancy, and
pre-existing psychiatric disorders (any time before pregnancy) are
putative risk factors for both perinatal depression and mortality,*” 22
and were extracted from the medical birth register and national
patient register. Adverse birth outcomes could affect the risk of
postpartum depression3® and maternal death,3! hence, information
about mode of delivery, gestational age, birth weight, and stillbirth
was obtained from the medical birth register. Death of a child within
the first year after birth was identified through the causes of death
register (supplementary table s1).

Statistical analysis

Crude mortality rate was assessed by dividing the total number of
deaths by the accumulated person years at risk. We assessed the
association between perinatal depression and mortality by
calculating hazard ratios and their 95% confidence intervals from
Cox regression models stratified by risk set (individually matched
on age and calendar year at delivery), using time since the index
date as the underlying time scale. The proportional hazard
assumption was tested by use of the Schoenfield residual plot and
was held in both population and sibling analyses. The association
was examined for women with perinatal depression overall and
separately for women who either had or did not have a pre-existing
psychiatric disorder. To show the effect by various source of
confounding, we assessed the following three models in a stepwise
manner: 1) crude; 2) adjusted for sociodemographic factors (ie,
educational level, household income, country of birth, and
cohabitation status); 3) additionally adjusted for pregnancy specific
characteristics (smoking and body mass index during early
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pregnancy, parity, pre-existing psychiatric disorder (overall
association), and diabetic and hypertensive disorders in pregnancy).
Model 3 was interpreted as the main model. For all covariates,
missing value was grouped as level “unknown.” We performed a
complete case analysis that included women with no missing value
on any covariate. We also assessed the association separately for
antepartum and postpartum depression. Because birth outcomes
(ie, mode of delivery, birth weight, gestational age, and death of
child) are mediators for the association between antepartum
depression and maternal death (supplementary figure S3), we only
adjusted for birth outcomes for postpartum depression. In the sibling
analysis, we compared the risk between full sisters, using Cox
regression models stratified by family identifier as risk set, using
attained age as the underlying time scale. Only sisters discordant
on perinatal depression can contribute to the contrast of interest,
whereas other sister sets contribute to outcome prediction and
covariate effects. In a sensitivity analysis, we considered women
with perinatal depression identified from clinical diagnosis or from
dispensed medication separately, to assess the effect of different
identification sources.

We calculated cumulative all cause mortality rate, as well as cause
specific mortality rate, for women who had and did not have
perinatal depression, to visualise the change in mortality rates over
time. To further visualise temporal patterns, we used flexible
parametric survival models to estimate the time varying association
between perinatal depression and mortality.3? The models were
adjusted for matching variables (maternal age and calendar year
at delivery) and the aforementioned covariates. To provide readouts
for clinicians, we derived period specific hazard ratios by years
since the index date of perinatal depression diagnosis of one year
or less, two to four years, five to nine years, ten years and more,
using stratified Cox regression.

To understand the driving forces underlying increased risk of
mortality, we estimated hazard ratios of cause specific mortality
and generated a histogram of the cause specific frequencies over
time. Cancer-specific and cardiovascular mortality risks were
evaluated among women who had or did not have a prior diagnosis
of these respective diseases (any time before index date). We
additionally adjusted the association for pre-existing comorbidities,
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using Charlson Comorbidity Index (any time before index date), to
control for the effect of somatic comorbidities.>> Additionally, we
estimated the association by time since pregnancy for antepartum
depression (within 13 weeks or 14 weeks onwards) and by time since
delivery for postpartum depression (within six months or 7-12
months). To examine potential effect measure modification, we
stratified analyses by age and calendar year at delivery using a
cutoff of 2010 when screening for perinatal depression was
introduced in national guidelines.

We used SAS 9.4 (SAS Institute) and STATA 17 (StataCorp LP) for
all analyses.

Patient and public involvement

No patients were involved in setting the research question or the
outcome measures, nor were they involved in the design, conduct
or interpretation of the study. Dissemination to the Swedish
population (which constitutes the study population) will be through
media outreach (eg, press release and communication) on
publication of this study.

Results

Among 86 551 women with perinatal depression, 55% had
antepartum and 45% postpartum depression. The median age at
diagnosis was 31.0 years (interquartile range 27.0-35.0) (table 1).
Compared with women who did not have perinatal depression,
women with perinatal depression were more likely to be born in the
Nordic countries, have a lower educational level and household
income, and less likely to live with the father of the child. They were
more likely to be primiparous and overweight or obese at enrolment
to antenatal care, to smoke tobacco, and to have a pre-existing
psychiatric disorder. They were also more likely to have undergone
a caesarean section and had a death of a child at birth or within the
first year (table 1). Similar patterns were noted in the sibling cohort
(supplementary table S2). Among all women in the study base with
identifiable parents (n=821 540, 79.8%), 28.3% (n=24 473) of the 86
551 women who had perinatal depression had at least one full sister
who gave at least one singleton birth during the study period. Of
270 586 sisters, 24 473 women had perinatal depression and 246 113
women did not have this disorder.
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Table 1| Baseline demographic characteristics of women with and without perinatal depression in the population based matched cohort. Data are number

of women (percentage)

Characteristics No perinatal depression (n=865 510) Perinatal depression (n=86 551)
Demographic characteristics

Age at delivery, years:

<20 23197 (2.7) 2309 (2.7)
21-25 136 241 (15.7) 13 687 (15.8)
26-30 261016 (30.2) 26 032 (30.1)
31-35 268111 (31.0) 26760 (30.9)
36-40 144 412 (16.7) 14 480 (16.7)
41-45 31198 (3.6) 3166 (3.7)
246 1335 (0.2) 17 (0.1)
Maternal year of birth, years:

<1964 1059 (1.3) 1094 (1.3)
1965-69 50531 (5.8) 5071 (5.9)
1970-74 133269 (15.4) 13346 (15.4)
1975-79 203 856 (23.6) 20 345 (235)
1980-84 219358 (25.3) 21943 (25.4)
1985-89 167 935 (19.4) 16 855 (19.5)
1990-94 70 497 (8.1) 6979 (8.1)
21995 9005 (1.0) 918 (1.1)
Country of birth*:

Nordic 662 393 (76.5) 74499 (86.1)
Other/unknown 203117 (23.5) 12052 (13.9)
Educational level, years:

<9 103 395 (11.9) 13924 (16.1)
10-12 324 665 (37.5) 36 211 (41.8)
12 419393 (485) 35701(412)
Unknown 18 057 (2.1) 715 (0.8)
Cohabitation status:

Living with the offspring’s father 769 582 (88.9) 72 514 (83.8)
Single 16147 (1.9) 3433 (4.0)
Other 37181 (4.3) 6346 (7.3)
Unknown 42 600 (4.9) 4258 (4.9)
Annual household income:

1st quartile 205433 (23.7) 27 828 (32.2)
2nd quartile 211542 (24.4) 21763 (25.1)
3rd quartile 213782 (24.7) 19513 (22.5)
4th quartile 216 696 (25.0) 16732 (19.3)
Unknown 18 057 (2.1) 715 (0.8)
Pregnancy characteristics

Parity:

1 390 565 (45.1) 45429 (52.5)
2-3 425776 (49.2) 36 092 (41.7)
24 49169 (5.7) 5030 (5.8)
Body mass index during early pregnancy, kg/m2:

<185 19430 (22) 1985 (2.3)
18.5-24 473 547 (54.7) 42 881(49.5)
25-30 205 200 (23.7) 21359 (24.7)
»30 100 400 (11.6) 13324 (15.4)
Unknown 66933 (7.7) 7002 (8.1)
Smoking during early pregnancy:

No smoking 767 753 (88.7) 70 463 (81.4)
Yes, 1-9 cigarettes/day 40 236 (4.6) 8192 (9.5)
Yes, >10 cigarettes/day 11181(1.3) 3310 (3.8)
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Table 1| Baseline demographic characteristics of women with and without perinatal depression in the population based matched cohort. Data are

number of women (percentage) (Continued)

Characteristics No perinatal depression (n=865 510) Perinatal depression (n=86 551)
Unknown 46340 (5.4) 4586 (5.3)
Hypertensive disorders:

No 836 644 (96.7) 82660 (95.5)
Gestational hypertension/pre-eclampsia: 11604 (1.3) 1622 (1.9)
Pregestational 17 262 (2.0) 2269 (2.6)

Diabetic disorders:

No 838 050 (96.8) 82 847 (95.7)
Gestational 11872 (1.4) 1654 (1.9)
Pregestational 15588 (1.8) 2050 (2.4)

Pre-existing psychiatric disorder:

No 796 861 (92.1) 54313 (62.8)
Depression 23735 (27) 17 411(20.1)
Other psychiatric disorder 44914 (5.2) 14827 (17.1)

Mode of delivery:

Vaginal, not assisted 662771 (76.6) 60 661 (70.1)
Vaginal, assisted 60 365 (7.0) 6480 (7.5)
Caesarean section 142 374 (16.4) 19 410 (22.4)
Gestational age, weeks:
22-31 6405 (0.7) 1066 (1.2)
32-36 34228 (4.0) 5062 (5.8)
37-40 599 436 (69.3) 62 078 (71.7)
241 225 441 (26.0) 18 345 (21.2)

Birth weight, g:
<1500 5446 (0.6) 852 (1.0)
1500 to <2500 21816 (2.5) 3152 (3.6)
2500 to <4200 746174 (86.2) 74027 (85.5)
24200 90 864 (10.5) 8347 (9.6)
Unknown 1210 (0.1) 173 (0.2)
Child loss:

No 861379 (99.5) 85686 (99.0)
Stillbirth 2951(0.3) 619 (0.7)
Infant deatht 1180 (0.1) 246 (0.3)

IQR=interquartile range; BMI=body mass index.

* Country of birth: Nordic indicated women born in Nordic countries including Denmark, Finland, Iceland, Norway, and Sweden. Other/unknown referred to women born in other countries or with no information (<0.01%).

TlInfant death referred to offspring died within first year after birth.

All cause mortality

Over the follow up of up to 18 years (median 7.0 years), we identified
522 deaths (incidence rate 0.82 per 1000 person years) among women
with perinatal depression and 1568 deaths (0.26) among women
who did not have perinatal depression. Compared with the matched
women in the control group, women with perinatal depression were
associated with a three times higher risk of death (hazard ratio 3.26
(95% confidence interval 2.95 to 3.60); table 2, model 1). Following
adjustment for pregnancy characteristics, the increased risk
attenuated yet remained pronounced (2.11 (1.86 to 2.40) model 3).
The association was similar when comparing mortality between
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full sisters (2.12 (1.16 to 3.88)). The complete case analysis yielded
similar results (supplementary table S3). In the population matched
cohort, increased mortality was associated with women who had
no pre-existing psychiatric disorders (2.09 (1.79 to 2.45), model 3)
and women who already had these disorders (2.16 (1.70 to 2.75),
model 3). Similar patterns were indicated in the sibling comparison
(1.98 (0.97 to 4.01) and for women without and with psychiatric
history (2.23 (0.88 to 5.64). We noted the association of risk increase
for both antepartum and postpartum depression (1.62 (1.34 to 1.94)
and 2.71 (2.26 to 3.26)), with more of a pronounced association for
postpartum depression (supplementary table S4 and Ss).



RESEARCH

Table 2 | Hazard ratios (HRs) with 95% confidence intervals (Cls) for all cause mortality among patients with perinatal depression, compared with matched
unaffected individuals or full siblings, overall and by pre-existing psychiatric disorder.

Overall association Population matched cohort Sibling cohort

No perinatal depression:

No of deaths (rate*) 1568 (0.26) 694 (0.26)
Perinatal depression:

No of deaths (rate*) 522 (0.82) 116 (0.62)

HR (95% Cl), model 1t 326 (29510 3.60) 2.69 (1.69 t0 4.28)
HR (95% Cl), model 2+ 2.88 (2.60 to 3.20) 246 (15210 3.98)
HR (95% Cl), model 3§ 211 (1.86 t0 2.40) 212 (11610 3.88)
With no pre-existing psychiatric disorder

No perinatal depression:

No of deaths (rate*) 1386 (0.24) 621(0.25)
Perinatal depression:

No of deaths (rate*) 253 (0.60) 57 (0.46)

HR (95% Cl), model 1t 250 (2.17 t0 2.87) 222 (12110 4.05)
HR (95% Cl), model 2+ 234 (2.03t02.70) 207 (112t03.82)
HR (95% Cl), model 3§ 2.09 (1.79 to 2.45) 198 (0.97 to 4.01)
With pre-existing psychiatric disorder

No perinatal depression:

No of deaths (rate*) 182 (0.50) 73 (051
Perinatal depression:

No of deaths (rate*) 269 (124) 59 (0.93)

HR (95% Cl), model 1t 2.41(1.951t02.97) 2.16 (1.00 to 4.65)
HR (95% Cl), model 2% 222 (178 t0 2.75) 210 (0.95 t0 4.64)
HR (95% Cl), model 3§ 216 (1.70 to 2.75) 2.23(0.88 t0 5.64)

*Per 1000 person years, unadjusted.

T Maternal age and calendar year at delivery (ie, the matching factors) were inherently adjusted for in the population matched cohort; and were controlled for in the sibling cohort.

+Demographic characteristics including educational level, annual household income, country of birth (for population matched cohort), and cohabitation status were additional adjusted for.

§ Pregnancy characteristics including body mass index and smoking during early pregnancy, parity, pre-existing psychiatric disorder (for overall association), and diabetic and hypertensive disorders were additionally adjusted

for.

Temporal patterns

The cumulative rate of all cause mortality increased over time for
women with perinatal depression and was associated with a
considerably higher risk than in the matched women with no
perinatal depression (supplementary figure S4). Women with
perinatal depression appeared to have a much higher risk of
mortality shortly after the perinatal depression diagnosis (fig 1;
hazard ratio 5.01 (95% confidence interval 3.51 to 7.16) at 30 days

after perinatal depression) compared with women who did not have
perinatal depression. The increased risk reduced over time (3.16
(2.59 to 3.86) at one year) but remained higher 18 years later (1.60
(1.16 to 2.21)). A similar pattern was observed for postpartum
depression, whereas the increased risk in mortality was less
pronounced and relatively stable over time for antepartum
depression. Similar results were obtained for period specific hazard
ratios (supplementary table S6).
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Fig 1| Hazard ratio (with 95% confidence interval) for all cause mortality among women with perinatal depression, compared with matched women with no perinatal
depression. (A) Perinatal depression and (B) Antepartum depression, and (C) postpartum depression. *Time varying hazard ratios and 95% confidence intervals were derived
from flexible parametric survival models allowing relative risk of perinatal depression to vary over time. A spline with five degrees of freedom was used for the baseline
cumulative hazard, and three degrees of freedom was used for the time-varying effect. Models for perinatal and antepartum depression were adjusted for maternal age,
calendar year at delivery, educational level, annual household income, country of birth, cohabitation status, parity, body mass index, smoking during early pregnancy,
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pre-existing psychiatric disorder, hypertensive and diabetic disorders. Model for postpartum depression was additionally controlled for delivery mode, gestational age, child

loss, and birth weight

Cause specific mortality

The increased risk associated with perinatal depression was greater
for death caused by unnatural causes (incidence rate 0.46 for women
with perinatal depression; hazard ratio 4.28 (95% confidence interval
3.44 t0 5.32); table 3)than by natural causes (0.36; 1.38 (1.16 t0 1.64)).
Although suicide was rare (incidence rate 0.23), the increased risk
of mortality due to suicide was most pronounced (hazard ratio 6.34
(95% confidence interval 4.62 to 8.71)), followed by mortality due
to an accident (incidence rate 0.12; hazard ratio 3.10 (2.06 to 4.66)).
The association was largely similar for women with and with no
pre-existing psychiatric disorder. Associations appeared stronger
for postpartum than for antepartum depression (supplementary
table S7). The frequency of deaths due to suicide was particularly
high during the immediate years after diagnosis, in particular after

postpartum depression (supplementary fig s5). Regarding natural
causes, a higher risk of cancer specific mortality was noted after
perinatal depression (hazard ratio 1.32 (95% confidence interval
1.07 to 1.63)), particularly among women with no pre-existing
psychiatric disorder (1.49 (1.18 to 1.89)) and after postpartum
depression (1.80 (1.35 to 2.41)). Breast and cervical cancers were the
leading reasons for cancer specific mortality (supplementary table
S8). When women with a pre-existing cancer diagnosis were
excluded, no association was noted (hazard ratio 0.99 (95%
confidence interval 0.77 to 1.26)). We reported similar associations
when women with a pre-existing cardiovascular disease were
included and excluded (hazard ratios 1.72 v 1.83). Similar
associations were also observed when additionally adjusting for
pre-existing comorbidities (supplementary table Sg).

Table 3 | Hazard ratios (HRs) with 95% confidence intervals (Cls) for cause specific mortality among women with perinatal depression and by pre-existing

psychiatric disorder, compared with matched individuals who were not affected, by common cause of death

Overall Women with no pre-existing Women with pre-existing psychiatric
psychiatric disorder disorder
. No of deaths HR (95% Cl) t No of deaths HR (95% Cl) t No of deaths HR (95% Cl) t
Cause §peC|ﬁc (rate*) in women (rate*) in women (rate*) women
mortality with no perinatal with no perinatal with no perinatal
depression/with depression/with depression/with
perinatal perinatal perinatal
depression depression depression
Death due to 305 (0.05)/290 428 (3.44105.32) 233(0.04)/113  4.83(3.65t06.38) 72 (0.20)177 343(2.31t05.10)
unnatural cause: (0.46) 0.27) (0.81)
Suicide 117 (0.02)/149 6.34 (4.62t0 8.71) 7.84(5241011.73) 36 (0.10)/86 419 (2.31t07.60)
0.23) 81(0.01)/63 (0.15) (0.40)
Accident 121(0.02)/78 310 (2.06 to 4.66) 101(0.02)/26 2.84(1.67 t0 4.83) 20 (0.05)/52 358 (1.71t0 7.53)
012 (0.06) (0.24)
Others 67(0.01)/63(0.10) 5.83(3.15t010.81) 51(0.01)/24(0.06) 7.37 (3.42t015.87) 16 (0.04)/39 (0.18) 3.96 (147 t010.66)
Death due to 1263 (0.20)/232 138 (1.16 to 1.64) 1153 (0.20)/140 146 (120t0 1.79) 110 (0.30)/92 117 (0.83 to 1.64)
natural cause: (0.36) (0.33) 0.42)
Cancer 927 (0.15)/138 132 (1.07t0 1.63) 859 (0.15)/97 149 (118 t0 1.89) 68 (0.19)/41(0.19) 0.88 (0.56 t01.39)
022 (023)
Excluding women 822 (0.13)/97 0.99 (0.77 t0 1.26) 764 (0.13)/64 111 (0.84t0 1.47) 58 (0.16)/33 (0.15) 0.76 (0.47 to 1.25)
with a history of (0.15) (0.15)
cancer
Cardiovascular 134 (0.02)/30 1.72 (0.96 t0 3.09) 125 (0.02)/15 1.35(0.64 t0 2.81) 9(0.02)/15 (0.07) 3.07 (0.92to
disease (0.05) (0.04) 10.19)
Excluding women 113 (0.02)/ 26 1.83(0.97 to 3.44) 106 (0.02)/15 1.69 (0.79 t0 3.61) 7(0.02)/11(0.05) 2.11(0.60 to 7.45)
with a history of 0.04) 0.04)
cardiovascular
disease
Other 202 (0.03)/64 1.66 (112 to 2.48) 169 (0.03)/28 1.66 (1.01t0 2.76) 33(0.09)/36 (0.17) 145 (0.74 to 2.88)
(0.10) (0.07)

*Per 1000 person years, unadjusted.

THRs for perinatal and antepartum depression were adjusted for educational level, annual household income, country of birth, cohabitation status, parity, smoking, and body mass index during early pregnancy, pre-existing

psychiatric disorder (for overall association), diabetic, and hypertensive disorders.

Additional analyses

Similar associations between perinatal depression and mortality
were noted for clinical diagnosis versus use of antidepressants
(supplementary table S10). Both age and calendar period modified
the association (P for interaction <o0.05; table 4). The risk elevation

was greater in women younger than 30 years compared with older
women, and in the period after perinatal depression screening
(2010-17) compared with the period before (2001-09). For the
screening periods, such a difference was not explained by the
different length of follow-up (supplementary table S6). We did not
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find that associations differed substantially in relation to time of
onset of perinatal depression since pregnancy or delivery

(supplementary table S11).
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Table 4 | Hazard ratios (HRs) with 95% confidence intervals (Cls) for all cause mortality among patients with perinatal depression, compared with their

matched unaffected individuals, stratified by age and calendar year at delivery, and pre-existing psychiatric disorder

Perinatal depression

Antepartum depression

Postpartum depression

No of deaths

_ (rate*) in women
All cause mortality ith no perinatal

No of deaths

(rate*) in women
with no perinatal

No of deaths

(rate*) in women
with no perinatal

0, 0, 0,
depression/with HR (95% CIjt depression/with HR (95% CIjt depression/with HR (95% CIjt
perinatal perinatal perinatal
depression depression depression
Age at delivery,
years:
207 (0.18)/108  2.99 (2.26 t0 3.94) 126 (020)/49  2.06 (1.39t0 3.05) 81(0.15)/59 (110) 4.4 (2.75t0 6.22)
<25
0.91) (0.76)
26-30 283(0.15)/137  3.20 (250 t0 4.10) 153 (0.15)/73 272 (19210 3.86) 130 (0.16)/64  3.69 (25810 5.29)
0.73) 0.69) ©.79)
3135 472 (0.24)/130 1.85 (147 t0 2.34) 264 (0.24)/68 145 (1.04 10 2.03) 208 (0.24)/62 220 (15710 3.08)
(0.65) (0.60) 0.72)
236 606 (0.47)147 147 (11810 1.84) 379 (049)/82  114(0.85t0153) 227 (0.44)/65  2.03 (146 t02.82)
- 1m (1.02) (1.25)
P for interactionf — <0.001 — 0.001 — 0.008
Calendar year at
delivery:
2001-09 1189 (0.31)/354  1.90 (1.63 to 2.20) 717 (033)/194 153 (1.24101.88) 472 (0.28)160  2.34(1.87 10 2.93)
(0.90) (0.86) (0.95)
201017 379 (0.16)/168 274 (221t03.39) 205 (0.15)/78 190 (1.38 t0 2.62) 174 (0.17)/90 3.62(2.691t04.86)
(0.69) (0.56) (0.87)
P for interaction$ 0.004 0234 0.018

*Per 1000 person years, unadjusted.

T HRs for perinatal and antepartum depression were adjusted for educational level, annual household income, country of birth, cohabitation status, parity, smoking and body mass index during early pregnancy, pre-existing
psychiatric disorder, diabetic, and hypertensive disorders. HRs for postpartum depression were additionally controlled for delivery mode, gestational age, birth weight, and child loss.

+ An interaction term was included in the Cox regression models and P for interaction as examined by Wald test.

Discussion
Principal findings

In this nationwide, population based, matched cohort study of
women in Sweden, we report that women with clinically diagnosed
perinatal depression who attended specialised care or were treated
by antidepressants, either antepartum or postpartum, are at an
increased risk of mortality, independent of pre-existing psychiatric
disorders. Observed associations cannot be explained by familial
factors shared between full sisters. The increased mortality was
most pronounced during the first year after perinatal depression
diagnosis, although gradually attenuated, remained higher
throughout the 18 years of follow up. Unnatural deaths and suicide,
although rare, were particularly responsible for the highest relative
risk.

Comparison with other studies

In line with previous studies reporting a twofold to fivefold increase
in mortality in women with postpartum psychiatric disorders,® -
our results showed that women with postpartum depression had
an almost threefold increased risk of mortality. This finding was
not surprising because depression is one of the most common
psychiatric disorders in the postpartum period.® Increased relative
risks remained from the sibling comparison, indicating that factors
shared by sisters, such as potential childhood maltreatment’3'>and
parental psychiatric morbidity,'? 4 are unlikely to explain the
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observed association. The association was largely similar among
women with and with no pre-existing depression or other psychiatric
disorder, suggesting that perinatal depression associated mortality
risk is independent of psychiatric history. This highlights the need
to include women with perinatal depression and who have a history
of psychiatric disorders in future perinatal depression studies, due
to the additive risk of mortality from other psychiatric disorder
associated risk. Because perinatal depression diagnosed in primary
care and not treated with antidepressants are not covered in this
study, the incidence of perinatal depression and its association with
mortality is likely to be underestimated. Importantly, our study fills
a knowledge gap in finding an increased mortality among women
with antepartum depression, albeit less pronounced than
postpartum depression. This may partly be explained by differences
in suicidal behaviour, of which the risks are greater in the
postpartum period compared with the antepartum period,>*
possibly due to decreased mental health treatment options for
pregnant women,># which may not result in a live birth to be studied
in research. However, the underlying mechanisms remain unclear.

A previous study reported that women with postpartum psychiatric
disorders had a 19-fold increased risk in all cause mortality during
the first year following childbirth.” To provide evidence on
actionable time windows, we visualised the time varying association
by time points and periods, and both showed that the elevated
mortality was greatest shortly after the diagnosis of perinatal
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depression, particularly for postpartum depression. For instance,
one week after diagnosis, women with postpartum depression had
an almost sixfold risk of death. The elevated mortality attenuated
but remained higher (hazard ratio >3) throughout the first year after
diagnosis. This finding is consistent with previous reports of two
to five times increased risk of mortality associated with psychiatric
disorders one year post partum,® ‘8 with the highest risk noted
closely after the perinatal depression diagnosis.® Although our
results should not be interpreted as from the onset of perinatal
depression, the findings highlight that, in clinical practice, the
immediate period after a postpartum depression diagnosis could
be crucial for prevention. Building on previous findings,” we further
show that risk of mortality was about twice as high 18 years after
postpartum depression in women with this disorder. For women
with antepartum depression however, we reported that such an
association existed, although the risk was more modest. A twofold
elevated risk in the first year from diagnosis attenuated slowly and
gradually throughout follow-up. Women with perinatal depression
are associated with increased negative health behaviours (eg,
unhealthy diet and increased substance use) and comorbidities (eg,
long term mood disorders), and therefore, had higher risk of death
decades after perinatal depression diagnosis. Although the increased
risk of mortality 10 years later may not be a direct result of perinatal
depression, our findings may help healthcare providers to predict
and identify mothers at high risk in the long term.

Risks of maternal suicide during the perinatal period are well
documented.? 34 Nearly half of the cases were of women who had
a depression diagnosis,3° although the measurement on suicide
remains less accurate3# and often is studied with other outcomes
(eg, accident) together.® Consistent with previous studies,®7 we
found that suicide mortality, although rare, yielded the highest risk
elevations. Emerging data have also shown that women with PND
are at increased risk of suicide attempt.3° Previous studies have
often investigated deaths due to unnatural causes as a combined
category, including accidents, suicides, and homicides, most likely
due to small sample size.® 8 Our data are the first, to our knowledge,
to show that women with perinatal depression were at an increased
risk of death due to accidents alone. Given the preventable nature,
albeit rareness, of suicide and accidents, the strong associations
particularly for postpartum depression (for suicide, incidence rate
0.23 and hazard ratio 12.17; for accident specific mortality, 0.12 and
6.07) call for targeted urgent actions to address the unmet needs of
women with perinatal depression who are at high risk in maternal
healthcare. Additionally, we report an increased risk of mortality
due to natural causes after rigorous adjustment for somatic
comorbidities. Cancer mortality has been linked to depression
occurring at any time in life3” and to postpartum psychiatric
disorders.® The association between postpartum depression and
cancer specific mortality might be explained due to the increased
risk of depression following a recent cancer diagnosis.3® In support
of this association, we found no association of perinatal depression
with cancer specific mortality when women with pre-existing cancer
were excluded. However, we also observed a similar result by
excluding women with pre-existing cardiovascular disease or by
stratifying on pre-existing psychiatric disorder. This lends support
to the fact that our findings were not completely explained by a
group that is high risk and captured by a perinatal depression
diagnosis. In addition, perinatal depression has been linked to other
somatic diseases, for example, autoimmune disease.>° Future studies
on deaths due to other less common natural causes are warranted.

10

Strengths and limitations of this study

Our study takes advantage of a large nationwide matched cohort
using prospectively and independently collected data that enable
a complete follow-up of study participants. The large sample size
allowed us to explore cause specific mortality, even for uncommon
causes (eg, cancer mortality). Additionally, we were able to control
for various confounding factors, including the use of sibling
comparison to address shared familial factors.

However, some limitations should be acknowledged. Firstly,
perinatal depression was identified through clinical diagnosis
recorded in the inpatient and outpatient specialised care, as well
as through dispensed antidepressants. Hence, we missed women
with mild to moderate perinatal depression who did not use
antidepressants and only sought help through primary care, other
support systems, or not at all. Although no direct estimate for
perinatal depression is available, fewer than 30% of patients with
depression or anxiety attended by primary care were not prescribed
medications.“° Classifying mild perinatal depression into the
reference group would have led to attenuated associations. Until
2010, no official scale was used to screen for perinatal depression;
we found the association between perinatal depression and mortality
to be more pronounced from 2010, when the screening using the
Edinburgh postnatal depression scale was introduced nationwide.**
Before using this scale, diagnosis of perinatal depression mostly
relied on the experiences of frontline professionals and women with
this disorder, therefore, cases of perinatal depression were more
likely to have been missed. Secondly, antidepressants may be
prescribed for other indications than depression. Reassuringly,
similar results were obtained when relying on clinical diagnosis of
perinatal depression alone. Thirdly, we missed maternal deaths
occurred during pregnancy if not resulting in a birth. However, such
cases are very few, for example, suicide during pregnancy only
accounts for 2.9% of all perinatal suicide in Sweden.'* Such
misclassification should have attenuated the association for
antepartum depression and not affect the results for postpartum
depression. Fourthly, we may have misclassified some suicide events
as accidents because only deaths with clear evidence of suicidal
intention were coded as suicide, which might explain the higher
risk of mortality due to accidents. This misclassification, if any,
might have attenuated the point estimate for suicide, although the
validity for unnatural cause of death is high in the register.'®
Additionally, the hazard ratio derived from Cox regression is an
average estimate over time since perinatal depression. The time
varying hazard ratios from flexible parametric modelling are more
accurate and not subject to the proportional hazard assumption.
Although we have comprehensively controlled for potential
confounders through adjustment and sibling comparison, we cannot
exclude the possibility of residual confounding due to unknown
and unmeasured confounders that are not necessarily shared
between full siblings (eg, physical activity or domestic violence).
Lastly, our findings shall be generalised with cautions to women
not covered by this study (eg, mild perinatal depression or multiple
gestations), or to other populations with different cultural
backgrounds or healthcare systems.

Conclusions

Women with clinically diagnosed perinatal depression are at an
increased risk of mortality independent of psychiatric history and
familial factors. The association is stronger for unnatural death,
particularly due to suicide, and during the first year after diagnosis.
Women’s background characteristics explained a large part, but
not all, of the observed association. Women affected by perinatal
depression, their families, and health professionals, particularly
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those working in primary, maternal, and mental care, need to be
aware of the serious health hazards regardless of psychiatric history.
Early detection and treatment are needed for groups at high risk of
perinatal depression to prevent the fatal outcomes.

What is already known on this topic

® Perinatal depression is one of the most common complications of

pregnancy, affecting up to 20% women around delivery

® Women with postpartum psychiatric disorders, including psychotic,

affective, and anxiety disorders have an increased risk of death
compared with mothers who are unaffected or the general female
population

Factors shared within families might contribute to the increased
mortality, however, the evidence is limited

What this study adds

® Women with perinatal depression are at an increased risk of mortality,

independent of pre-existing psychiatric disorders, and particularly
due to suicide and during the first year after diagnosis

Observed associations cannot be explained by familial factors shared
between full sisters
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