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Abstract

Postpartum depression (PPD) is characterized as a depressive episode conditional on childbirth. We examined whether the risk of
depression is higher following childbirth than that at a randomly generated time unrelated to childbirth. In a prospective cohort of
all women with live singleton births in Sweden, 1997-2008, we first calculated the relative risk (RR) of PPD for mothers with a
history of depression compared to mothers without such a history. Next, we repeated the calculations, but now for depression
following a computer-generated arbitrary “phantom delivery” date, unrelated to the true date of delivery. For this phantom
delivery date, we used the average expected date of delivery for all women of the same age. For the analyses of each group,
women were followed for a full calendar year. We fitted Poisson regression and calculated RR and two-sided 95% confidence
intervals (CI). Among a total of 707,701 deliveries, there were 4397 PPD cases and 4687 control depression cases. The RR of
PPD was 21.0 (CI 19.7-22.4). The RR of depression in the control group was 26.2 (CI 24.7-27.9). We provide evidence that the
risk for PPD is no greater following childbirth than following a random date unrelated to childbirth. This finding suggests that the
postpartum period may not necessarily represent a time of heightened vulnerability for clinically significant depression and that
the well-established observation of depression covarying with childbirth does not necessarily equate to causation, but rather may
be a secondary effect of postpartum women representing a medically captured population.
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Introduction appearance of symptoms within the first four weeks according
to the Diagnostic and Statistical Manual of Mental Disorders

Postpartum depression (PPD) is often described as one of the (DSM-5, American Psychiatric Association 2013) or six

most common nonobstetric complications associated with
childbearing, reportedly affecting 9-13% of all new mothers
(World Health Organization 1992; Gaynes et al. 2005; O’Hara
and McCabe 2013). Characterized as a perinatal onset
specifier of a unipolar major depressive disorder with the
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weeks according to the International Classification of
Disease (ICD-10, World Health Organization 1992) after
child delivery, PPD is unique among psychiatric disorders in
that it is conditionally based on the timing of onset as opposed
to having unique symptomatology. To date, scientific evi-
dence supporting PPD as a distinct nosologic entity re-
mains unavailable, and because the time surrounding birth
represents a time of heightened stress and vulnerability for
most, if not all, new mothers (Guardino and Schetter
2014), the clinical utility of a PPD specifier has recently
been questioned (Di Florio and Meltzer-Brody 2015;
Hoertel et al. 2015).

A review of the vast literature on PPD reveals that it is often
arbitrarily defined, with the majority of studies confounding
the distinction between major and minor depression (Gaynes
et al. 2005). In fact, most PPD research to date has relied on
symptom inventories, such as the widely used Edinburgh
Postnatal Depression Scale (Cox et al. 1987), which not only
are unable to differentiate between depressive symptomatology
and the common discomforts associated with pregnancy and
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the perinatal period (Gjerdingen and Yawn 2007) but also may
suffer from issues of diagnostic sensitivity and specificity (Cox
2017; Myers et al. 2013; Gibson et al. 2009). These screening
tools when used independently of a clinical interview not only
lack the clinical specificity required for diagnosis, leading to
potentially ambiguous conclusions that are of limited use to
patients, practitioners, clinical researchers, and epidemiologists,
but are also prone to overestimating prevalence (Gaynes et al.
2005; Silverman et al. 2017; Thombs et al. 2018). Indeed, stud-
ies of depression relying on symptom screens generally show
significantly increased prevalence rates compared to those re-
lying on clinical diagnosis (Silverman et al. 2017; Rasmussen et
al. 2017; Thombs et al. 2018).

Interestingly, despite the perinatal period regularly being
reported as a time of heightened psychic vulnerability, preva-
lence studies exploring whether depressive episodes in the
postpartum period are higher compared to those at other time
points in a woman’s life remain indeterminate (Di Florio and
Meltzer-Brody 2015; Wisner et al. 2013; Gavin et al. 2005;
Bennett et al. 2004; O’Hara and Swain 1996; O’Hara et al.
1990; Cooper et al. 1988). This disparity may be due in part to
the majority of studies relying on clinical rather than epidemi-
ological samples. Epidemiological samples are population
based, whereas clinical samples are from care-based clinics
and referral centers, and inpatient samples involve patient se-
ries, which may not represent the entire population of women
with PPD and are subject to varying diagnostic criteria. Only a
handful of large-scale epidemiologic studies of PPD risk cur-
rently exist. These studies, which rely on nationally inclusive
healthcare registries and clinical diagnoses, point not only to
significantly lower prevalence rates but also to women with a
history of depression as being at significantly greater risk for
PPD (Réisédnen et al. 2014; Silverman et al. 2017; Rasmussen
etal. 2017).

Given the current characterization of unipolar major de-
pression as an often recurrent disorder and epidemiologic re-
search demonstrating that those with a depression history are
at greatest risk for PPD (Réisdnen et al. 2014; Silverman et al.
2017; Rasmussen et al. 2017), such findings suggest the pos-
sibility that depression after childbirth may simply represent
the natural recurrence of a depressive episode. Indeed, the
diagnostic criteria for a major depressive episode do not differ
in the perinatal period as compared to other times (World
Health Organization 1992; American Psychiatric Association
2013) and explorations attempting to determine if PPD differs
characteristically from other unipolar depressive disorders
have proven difficult, with the majority of studies demonstrat-
ing that the symptom profile of PPD is congruous with other
unipolar depressive disorders that occur across the female
lifespan (Howard et al. 2014; Di Florio and Meltzer-Brody
2015; Hoertel et al. 2015). More recent explorations into her-
itability and familial aggregation have also pointed to PPD as
being associated with unipolar depression genetic etiologies
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nonspecific to childbirth (Forty et al. 2006; Corwin et al.
2010; Viktorin et al. 2015).

The purpose of this study was to empirically test the asso-
ciation between childbirth and depression. Notwithstanding
the cited studies, there is a scarcity of analyses exploring the
incidence of depression recurrence in the postpartum period in
comparison to other times in a woman’s life, none of which
are nationally inclusive, ascertain lifetime psychiatric history
from clinical medical records, and few of which use clinical
diagnoses of depression. Using the largest population-based
sample to date, we compared the 12-month incidence of a
PPD with the 12-month incidence of depression following a
computer-generated, randomly chosen phantom delivery date
unrelated to childbirth (see Maust et al. 2015). If the incidence
of PPD was significantly higher than the incidence of depres-
sion following the random date, the postpartum period may
indeed represent a time of heightened vulnerability for women
at greatest risk. In contrast, a finding of a comparable inci-
dence of PPD in comparison to the rate of depression observed
in the control group will raise additional questions regarding
the current characterization of PPD as the most common com-
plication specific to childbirth.

Methods
Study population

Using the nationwide Swedish Medical Birth Register, which
includes information on all births in Sweden, we identified a
cohort comprising all Swedish-born women who delivered a
live singleton infant between January 1, 1997, and December
31, 2008, and had a history of depression. To avoid problems
with correlated data and given the power of the sample, we
only included information from first births during the study
period for each woman. Dates of inclusion were selected to
conform to the implementation of the ICD-10th Revision
(World Health Organization 1992) diagnostic system by the
Swedish health system in 1997.

We defined depression history as a clinical diagnosis of
depression any time prior to the delivery date using ICD-9
and ICD-10 codes. Since 1973, the nationwide Swedish
National Patient Register has been prospectively capturing
admission dates and clinical diagnoses for virtually all psychi-
atric hospitalizations. Since 2000, hospital outpatient care has
been included in the registry as well. Data linkage between the
Medical Birth Register and the Swedish National Patient
Register was accomplished using the unique national identifi-
cation number assigned to Swedish residents. The study pro-
tocol was approved by Mount Sinai School of Medicine’s
Program for the Protection of Human Subjects, the Swedish
National Board of Health and Welfare, and the Ethical Review
Board at Karolinska Institutet, Stockholm.
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Outcomes

Contemporary diagnostic nosology characterizes PPD as a
specifier of a major depressive disorder (unipolar) with an
onset of symptoms within four or six weeks after delivery
(World Health Organization 1992; American Psychiatric
Association 2013). However, consistent with prior research
(Munk-Olsen et al. 2006; Savitz et al. 2011; Silverman et al.
2017; Rasmussen et al. 2017) and in agreement with recom-
mendations from the Agency for Healthcare Research and
Quality (Gaynes et al. 2005), we defined PPD as a depression
diagnosis recorded in the medical register within 12 months
following delivery. Depression diagnoses included diagnoses
of postpartum depression, as well as major depressive disorder
(single or recurrent), unspecified episodic mood disorder, or
depressive disorder that occurred within the first year postpar-
tum (Table 1). The additional diagnostic codes for unipolar
depression reflect the range of classifications used by clini-
cians who diagnose depression.

Analytic approach; selection of a randomized date

Women were followed from the date of delivery until PPD,
death, emigration, or 12 months following the date of delivery,
whichever came first. We fitted Poisson regression models
censoring for death, emigration, a diagnosis of depression,
or end of follow-up, whichever came first. As a primary com-
parison, we calculated the risk of depression during the
12 months following childbirth, comparing women with a
history of depression to women without a history of depres-
sion. Relative risk was estimated by the incidence rate ratios
obtained from the Poisson regression. Since the relative risk of
PPD is conditional on a specific event in time (namely child
birth), we wanted to compare this risk estimate with the risk
for a depression diagnosis at a randomly generated time point.
To accomplish this, we calculated the relative risk for a de-
pression diagnosis beginning follow-up from an artificial date:
the population age specific expected date of delivery. In this
approach, we selected a random date of follow-up from the
distribution of delivery dates of women born the same year.
This phantom delivery date is artificial and should presumably
not be associated with a causal effect while at the same time be
representative of women of the same age. We then calculated
the 12-month incidence relative risk of depression adjusted for
the true date of delivery from this random date. This method-
ology will automatically adjust for any seasonal variations and
risk associated with age. For both models, we compared wom-
en with a history of depression to women without a history of
depression, at the start or follow-up for PPD.

For estimated risks, the associated two-sided 95% Wald-
type confidence intervals (CI) were calculated, corresponding
to a statistical test on the two-sided 5% level of significance.
Data management and all statistical models (Poisson

regression using PROC GLIMMIX) were conducted using
the SAS software version 9.4 64-bit running Debian Linux.

Results
Characteristics of the study cohort

A total of 707,701 unique women with a live singleton birth
between 1997 and 2008 were identified, 13,934 of whom had
a history of depression. As previously detailed (Silverman et
al. 2017), among the 4397 women identified with PPD, 1485
(33.8%) women had a history of depression, adjusted relative
risk with 95% confidence intervals (95% CI)=21.0 (19.7—
22.4).

Relative risk of depression diagnosis
to a computer-generated randomized date

When we randomly created artificial dates of delivery, 86% of
the women were assigned a date later than 3 months after, or
more than 12 months before, their actual date of delivery.
Beginning follow-up for depression diagnosis following this
artificial date of delivery, the adjusted relative risk for women
with a history of depression was 26.2 (CI 24.7-27.9).

Discussion

Early maternal depression is often reported to be the most
common complication associated with childbirth (Gaynes et
al. 2005; Guardino and Schetter 2014; O’Hara and Wisner
2014). Past large-scale epidemiologic explorations have dem-
onstrated that women with a history of depression are at
greatest risk for PPD (Fisher et al. 2012; Réisédnen et al.
2014; Silverman et al. 2017; Rasmussen et al. 2017). The
results of this study suggest that for these women, the risk
for depression in the postpartum period is no greater when
compared to that at a random time surrounding the same child-
bearing years. This finding suggests that the postpartum peri-
od may not necessarily represent a time of heightened vulner-
ability (Di Florio and Meltzer-Brody 2015; Hoertel et al.
2015).

Using a nationally inclusive sample, this study represents
the largest exploration into whether PPD, a depressive illness
uniquely characterized as temporally associated with a specif-
ic event, is more common than the incidence of depression at
other times during childbearing years. By comparing the inci-
dence of PPD in women presumably at greatest risk to the
12-month incidence of depression following a randomly gen-
erated artificial delivery date, we provide the first substantial
evidence that the risk of depression following childbirth is no
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Table 1 ICD diagnoses used to assess depression history and incidence

ICD Codes

system

ICD-9 296.20, 296.21, 296.22, 296.23, 296.3, 296.31, 296.32, 296.33, 296.34, 296.99, 301.1, 309.0, 311, 311.0, 648.40, 648.42, 648.44
ICD-10 F32, F320, F321, F322, F32.3, F32.4, F32.8, F32.9, F33, F33.0, F33.1, F33.2, F33.3, F33.4, F33.8, F33.9, F34.0, F34.1, F34.8, F34.9,

F38.0, F38.1, F38.8, F39, F53, F530, F53.1, F53.8, F53.9

greater than at other times in a woman’s childbearing years
and may even be lower.

Comparing the 12-month incidence of a clinical depression
diagnosis after each woman'’s actual delivery date to an arbi-
trary and randomly generated phantom delivery date allowed
us to observe whether the time surrounding pregnancy and the
postpartum is truly a period of higher vulnerability for depres-
sion as frequently reported (O’Hara and Swain 1996; Bennett
et al. 2004; Fisher et al. 2012). That the relative risk of depres-
sion in the postpartum period was not larger compared to that
at this randomly generated date is both interesting and surpris-
ing given the considerable research attention PPD prevalence
has received. While the study methodology purposely exclud-
ed psychiatric disorders unassociated with unipolar depres-
sion, there is a well-understood first emergence risk in the
postpartum for women with other psychiatric disorders, such
as bipolar (Bergink et al. 2016), as well as an associated in-
creased readmission rate that are presumed to be biologically
based (Wesseloo et al. 2016). Because the incidence and rel-
ative risk of unipolar depression in the postpartum were lower
than those at a randomly generated arbitrary date, one might
posit that the reported incidence of PPD is pathogenically
unrelated to child delivery. Second, consistent with the hy-
pothesis that depression following pregnancy may, for women
with a history of depression, simply represent the natural re-
emergence of a recurrent depressive disorder, these results
also point to the possibility that for a considerably smaller
subgroup, namely those without a depression history who
develop PPD, there may be an alternative underlying cause.
Indeed, this finding is consistent with the possibility that de-
pression in the perinatal period is a complex and heteroge-
neous disorder (Postpartum Depression: Action Towards
Causes and Treatment (PACT) Consortium 2015) occurring
via multiple pathways (O’Hara and Wisner 2014; Di Florio
and Meltzer-Brody 2015). While the intent of this study was
to test the association between childbirth and depression in
new mothers, because of the repeatedly observed rarity of
clinically ascertained PPD absent of a depression history
(Fisher et al. 2012; Réisénen et al. 2014; Silverman et al.
2017; Rasmussen et al. 2017), future studies should consider
the possibility that PPD in women with and without a depres-
sion history may in fact represent different phenotypes of de-
pression (Navarro et al. 2008; Silverman et al. 2011; Altemus
etal. 2012).
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Although these findings are of considerable clinical impor-
tance, we do recognize some possible study limitations. First,
we only explored PPD following first births. This methodol-
ogy was chosen to avoid the problem of correlated observa-
tions between successive births and was the clearest approach
given the sample size and high power available using first
births. However, because it is possible that some women did
not display clinically significant symptomatology until subse-
quent births (Cooper and Murray 1995), we may have
underestimated the overall incidence of PPD. Similarly, be-
cause our findings are reliant on registry-based, clinically cap-
tured depression rates, we may have underestimated the true
association of depression history and depression at any of the
observed time points. That is, registry observations may not be
fully representative of case prevalence and some numbers of
mild depression cases may have fallen below the threshold of
clinician detection or diagnostic certainty. This is a well-
understood limitation of registry resolution and diagnostic
sensitivity in general. While it is difficult to estimate whether
incomplete sensitivity would lead to an estimation error, we
believe it is far less likely that noncases would be coded in-
correctly by clinicians as cases, and if an error was made, it is
more likely one of underestimation.

Certainly, a problem universal to all health registry-based
studies is the fact that outcome variables may represent
treatment-seeking behavior as opposed to actual incidence.
While it would seem intuitive that women with a depression
history would be more aware of early depression symptom-
atology, because pregnant and postpartum women represent a
medically captured population combined with Sweden’s na-
tionwide universal perinatal mental health initiatives, the ob-
served registry rates for postpartum depression more likely
represent treatment-capture as opposed to self-initiated
treatment-seeking behavior. More specifically, all postpartum
women in Sweden benefit from an in-home healthcare visit
after child delivery. This visit is conducted by a healthcare
professional, most often a nurse, who is experienced in peri-
natal mental health. During these visits, secondary to health
policy, all new mothers are screened for depressive symptom-
atology and, if necessary, a structured clinical assessment is
provided and/or a referral is made. This therefore underscores
an additional strength of the Swedish Health Resources—that
is, because the Swedish heathcare services universally screen
for treatment need in the postpartum period, they presumably
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provide the closest approximation of postpartum depression
incidence. This, coupled with the possibility that a woman
with a history of depression is also more likely to be given a
re-diagnosis because she is likely being monitored more close-
ly by clinicians for these symptoms compared to women with
no prior depression treatment, further reduces the possibility
of depression incidence underestimation. In comparison to
pregnant and postpartum women currently receiving regular
medical attention, the incidence of depression to the
computer-generated, randomized date more likely represents
self-initiated, treatment-seeking, behaviors. However, even if
this were the case, the incidence of depression within
12 months of the phantom delivery date would therefore have
been underestimated, as opposed to overestimated, thereby
reducing the relative risk estimate. Finally, because the phan-
tom delivery date was randomly generated, it is likely that a
very small number of women will be randomized to their
actual delivery date. In other words, it is possible that for a
small number of cases we would be assessing the same de-
pression event. However, given the nationally inclusive sam-
ple size, it is unlikely this occurrence would have resulted in
producing a considerably different risk estimate.

In summary, because maternal depression can result in neg-
ative personal, family, and child developmental outcomes
(Surkan et al. 2012), it is a serious public health concern.
However, the classification of a mood disorder temporally
associated with a specific event is unique and whether the
nosology of PPD warrants a diagnostic specifier remains con-
troversial. Given the compelling evidence supporting the
chronicity of depression throughout the female life span
(Kessler 2003) and that the observed risk of clinically relevant
depression in the postpartum period was not higher compared
to that at an arbitrarily selected date for the subgroup of wom-
en with a history of depression, our data provides compelling
evidence supporting the possibility that PPD may represent a
diagnostic illusory correlation (Borrell-Carrio and Epstein
2004, Klein 2005). That is, the well-established observation
of depression covarying with childbirth may not necessarily
equate to causation, but rather may be a secondary effect of
postpartum women being regularly screened during this time.
Indeed, while this finding may seem initially counterintuitive
and even controversial, suicidal ideation while closely associ-
ated with depression is also understood to occur at lower rates
during the perinatal and the postpartum period than in the
general population (Healey et al. 2013). Together, these find-
ings raise important questions: firstly, whether the inclusion of
the postpartum onset specifier for a major depressive disorder,
a psychiatric disorder based on timing of onset as opposed to
unique symptomatology, and for which treatment is undiffer-
entiated, remains diagnostically useful and, secondly, whether
screening for depression history and antepartum mood screen-
ings would be equally beneficial during prenatal care visits
and before delivery.
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