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The postpartum is a period of high risk higher for women from the most affluent quintile
compared with those from the most deprived quintile
(table 2). As the majority of admissions in this time
period were due to psychosis, this finding may suggest
that higher socioeconomic status might be a risk factor
for postpartum psychosis. This is somewhat unexpected,
because in the female population, generally low

socioeconomic status is associated with increased risk of
psychosis.28 However, historical accounts may be inform-
ative in this regard: as early as 1859, Gundry noted that
for postpartum psychosis ‘all classes seem equally
liable’,29 and in 1838, Esquirol reported that postpartum
psychosis was equally common among wealthy women
and poorer women.30 There are also anecdotal and

Table 2 Incidence rate ratios (IRRs) for admissions during different time periods, by social deprivation, maternal age, parity
and previous psychiatric admission

Pre-pregnancy
admissions
N=853

Pregnancy
admissions
N=315

Early postpartum
admissions
N=277

Late postpartum
admissions
N=1845

IRR (95%CI) IRR (95%CI) IRR (95%CI) IRR (95%CI)
Deprivation quintile

Most deprived 1 1 1 1
2 1.00 (0.87 to 1.15) 0.88 (0.67 to 1.14) 1.04 (0.84 to 1.26) 1.03 (0.95 to 1.10)
3 1.06 (0.91 to 1.23) 0.67 (0.47 to 0.93) 1.04 (0.83 to 1.21) 0.92 (0.83 to 1.01)
4 0.75 (0.61 to 0.91) 0.63 (0.41 to 0.93) 1.18 (0.92 to 1.51) 1.13 (0.97 to 1.22)
Least deprived 0.90 (0.69 to 1.15) 0.94 (0.61 to 1.45) 1.29 (1.02 to 1.59) 0.87 (0.74 to 0.98)

Age group (years)
Under 20 1 1 1 1
20–35 0.82 (0.69 to 0.97) 0.83 (0.55 to 1.22) 1.21 (0.89 to 1.63) 1.35 (1.16 to 1.54)
26–30 0.52 (0.42 to 0.62) 0.90 (0.60 to 1.34) 1.19 (0.86 to 1.62) 1.51 (1.30 to 1.75)
31–35 0.55 (0.44 to 0.66) 0.80 (0.52 to 1.22) 1.10 (0.79 to 1.53) 1.42 (1.21 to 1.65)
36–40 0.38 (0.29 to 0.49) 1.10 (0.69 to 1.72) 1.05 (0.72 to 1.53) 1.45 (1.23 to 1.71)
Over 40 0.24 (0.12 to 0.43) 0.59 (0.25 to 1.39) 0.77 (0.46 to 1.53) 1.72 (1.41 to 2.09)

Parity
Primiparous 0.77 (0.67 to 0.83) 0.90 (0.71 to 1.14) 1.35 (1.14 to 1.53) 1.07 (1.01 to 1.14)

Previous inpatient care
Yes 1.23 (1.10 to 1.38) 1.28 (1.03 to 1.60) 0.86 (0.73 to 1.01) 0.91 (0.86 to 0.97)

Bold values indicate statistically significant at p<0.05 level.

Figure 2 Admissions per week in relation to childbirth (all diagnoses).
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FIG. 1 Temporal relationship between psychiatric admission and childbirth: (a) all admissions; (b) psychosis admissions.

Childb@th +lYear +2Yesrs-2 @.rs

Psychosis admissions

/month

@---Pregnancy-

2 Years 1Year Childbirth @1Year +2 Years

90daysafter childbirth areexcluded,theaverageadmission
rate in the following twenty-one 30 day periods is
4.38/month, comparedwith 2.04/month in the twenty-four
30-dayperiods before childbirth (Mann Whitney U= 107
and P=0.00l).

The relationship betweenageand psychiatricadmission
rate is consideredin Appendix 1.
Relative risk associated with childbirth

The ratioof thenumber of admissionsimmediatelyafter
childbirth to the averageadmission rate beforehand is a
measureof the â€̃¿ relativerisk' associatedwith childbirth and
its magnitude is of considerableimportance. In fact the
relative risk variesconsiderablydependingon the length
of time overwhich it ismeasured,on whetheroneconsiders
all psychiatric admissions or only psychoses,and on whether

one considers all mothers or only primiparae. For psychiatric
admission the relative risk is 43.3/10.0= 4.3 over the first
90 days, and 68/10.0=6.8 over the first 30 days. For
admissionwith a psychosistherelativerisk is29.7/2.07= 14.3
over90days,and no lessthan 51/2.07= 24.6over the first
30days.Theseestimatesareall somewhatinflated, however,
becausenot all the womenliving in the registercatchment
areaat the time of deliverywould havedonesothroughout
thepreceding(or the following) 2years,andanypsychiatric
admissionsthey might have had while living elsewhere
would not have been recorded. As a result the average
admission rates calculated for the 15 months before
pregnancy â€”¿ the denominator of the ratio from which the
relative risk is derivedâ€”¿ will be too low. We know from
a follow-up study of the women concerned that l8Â°lo(21
of the 120, with three untraced) had left the catchment area
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Epidemiology of Puerperal Psychoses

R. E. KENDELL,J. C. CHALMERSand C. PLATZ

Computer linkage of an obstetric register and a psychiatric case register made it possible to
investigate the temporal relationship between childbirth and psychiatric contact in a popula
tion of 470 000 people over a 12-year period resulted in 54087 births: 120 psychiatric
admissions within 90 days of parturition. The â€̃¿ relativerisk' of admission to a psychiatric
hospital with a psychotic illness was extremely high in the first 30 days after childbirth,
particularly in primiparae, suggesting that metabolic factors are involved in the genesis of
puerperal psychoses. However, being unmarried, having a first baby, Caesariansection and
perinatal death were all associated with an increased risk of psychiatric admission or con
tact, or both, suggesting that psychological stresses also contribute to this high psychiatric
morbidity. Women with a history of manic depressive illness, manic or depressive, had
a much higher risk of psychiatric admission in the puerperium than those with a history
of schizophrenia or depressive neuroses, and the majority of puerperal admissions met
Research Diagnostic Criteria for manic or depressive disorder. Probably, therefore,
puerperal psychoses are manic depressive illnesses and unrelated to schizophrenia.

The effect of childbirth on psychiatric morbidity has
been studied many times, and it is well established
that the incidence of psychotic illnesses rises
dramatically in the first few weeks or months after
childbirth, and that such illnesses are commoner in
women with a previous history of psychiatric illness,
and commoner in primiparae than in multiparae. The
magnitude of this increased risk of psychosis, and
its duration, have, however, not yet been quantified
with any accuracy, nor is it yet clear whether obstetric
and demographic variables other than parity influence
the risk. Three requirements have to be met before
these issues can be settled. First, the puerperal
psychoses studied must be drawn from a geographi
cally defined population. It is not sufficient simply
to study all women admitted to a particular hospital
or mother-and-baby unit unless that hospital or unit
has a precisely defined catchment area which it does
not share with any other hospital or unit. Secondly,
obstetric and other risk factors cannot be identified
with any confidence unless accurate information is
available about the incidence of these factors in the
same geographically defined population and time
period in women who do not develop psychiatric
disorders. Thirdly, because some of the most
important potential risk factors, like perinatal death,
are fairly rare events, large populations may need
to be studied.

A computer linkage of separate psychiatric and
obstetric registers provides an effective means of
meeting these three requirements. We have previously
reported such a study, involving linkage of the

Edinburgh Psychiatric Case Register (EPCR) and
Scottish maternity discharge data, based on the
35729 episodes of childbirth taking place in a
geographically defined population of 470 000 over
a 7-year period (Kendell et a!, 1981b). The present
investigation is an extension and amplification of that
1981study, based on the 54087 episodes of childbirth
occurring in the same population over an li-year
period. It involves four main improvements or
innovations. The larger numbers make it easier to
estimate the risks associated with comparatively rare
events like perinatal death and twin delivery. The
longer time period makes it possible to estimate the
â€̃¿ relativerisk' associated with childbirth much more
accurately. The combination of larger numbers and
a longer time period makes it possible to compare
the risk of a puerperal psychosis in women with
earlier admissions, unrelated to childbirth, with
psychiatric disorders of different kinds. And lastly,
because the EPCR was expanded in 1978 to cover
all psychiatric contacts as well as all admissions, it
is now possible to examine risk factors for out
patient or general hospital contact as well as for
psychiatric admission.

Method
The catchment area of the Royal Edinburgh Hospital
includes the whole of the city of Edinburgh (population
470000).The EPCR hasrecordeddata on all admissions
from thispopulationsince1 January 1970 and on all
psychiatric contacts (as out-patient, domiciliary visit or
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ABSTRACT
Objective: To describe weekly admission rates for
affective and non-affective psychosis, major depression
and other psychiatric disorders in the early and late
postpartum periods. To assess the impact of
socioeconomic status, age and parity on admission rates.
Methods: Scottish maternity records were linked to
psychiatric hospital admissions. 3290 pregnancy-related
psychiatric admissions were assessed. Weekly admission
rates were calculated for the pregnancy period, early
postpartum period (6 weeks after birth) and late
postpartum period (up to 2 years after birth), and
compared with pre-pregnancy rates (up to 2 years before
pregnancy). Admission rates were generated by
calculating the total number of admissions for each time
period divided by the number of weeks in the period.
Incidence rate ratios (IRRs) were generated for each time
period, using deprivation, age, parity and record of
previous psychiatric hospital care-adjusted Poisson
regression models.
Results:Women from more deprived social quintiles
accounted for the largest proportion of admissions
across all time periods. Compared with pre-pregnancy
period, admission rates fell during pregnancy, increased
markedly during the early postpartum period, and
remained elevated for 2 years after childbirth. Within the
most affluent quintile, admission IRRs were higher in the
early postpartum period (IRR=1.29, 95% CI 1.02 to 1.59)
than in the late postpartum period (IRR=0.87, 95% CI
0.74 to 0.98). For the late postpartum period, there was a
positive association between higher maternal age and
admission IRRs (ages 20–35 years, IRR=1.35, 95% CI
1.16 to 1.54 and age>40 years IRR=1.72, 95% CI 1.41 to
2.09).
Conclusions: Rates of psychiatric admission fell during
pregnancy and increased in the early postpartum period
(particularly during the first 2 weeks after birth), and
remained elevated above baseline during the 2-year late
postpartum period. An understanding of how social
deprivation, age and parity might influence risk of
psychiatric admission at different time points could help
to target perinatal mental health services more effectively.

INTRODUCTION
Good maternal mental health is important
for normal childhood development.1

However, it is recognised that during preg-
nancy and the postpartum period, women
may experience a diverse range of mental
health problems including depression,
anxiety and psychosis.2 3 While the preva-
lence of postpartum psychosis is relatively
low at 1/1000 births,4 5 it is known to be asso-
ciated with severe adverse outcomes, includ-
ing maternal suicide and infanticide.6

Hospitalisation is often required, due to the
severity of psychiatric symptoms and risk of
harm to both mother and baby. Postnatal
depression, which affects between 10% and
15% of mothers7 8 also has important conse-
quences for mother and baby,8 and may
require hospitalisation if severe. Similarly,
anxiety disorders may be associated with
adverse outcomes for both the mother and
the baby.9

Although the risk of postpartum psychosis
is recognised as being highest in the first
30 days post partum,10–14 there are gaps in
our understanding of how sociodemographic
factors might influence admission to hos-
pital.11 Studies exploring the impact of socio-
economic factors on the development of
postpartum psychosis have yielded inconsist-
ent results: some report an association
between postpartum psychosis and low

Strengths and limitations of this study

▪ Whole of Scotland childbirth and psychiatric
admission data used for analyses, rather than
local data only.

▪ Robust measure of socioeconomic status
(Scottish Index of Multiple Deprivation) com-
pared with other studies which have used educa-
tional status.

▪ These analyses used only psychiatric admission
data, rather than outpatient psychiatric
attendances.

▪ Changes in delivery of perinatal mental health
services in different parts of Scotland during the
study period may have impacted on admission
rates.
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low at 1/1000 births,4 5 it is known to be asso-
ciated with severe adverse outcomes, includ-
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The postpartum is a period of high risk of psychosis 

British Journal of Psychiatry (1987), 150, 662â€”673

Epidemiology of Puerperal Psychoses

R. E. KENDELL,J. C. CHALMERSand C. PLATZ

Computer linkage of an obstetric register and a psychiatric case register made it possible to
investigate the temporal relationship between childbirth and psychiatric contact in a popula
tion of 470 000 people over a 12-year period resulted in 54087 births: 120 psychiatric
admissions within 90 days of parturition. The â€̃¿ relativerisk' of admission to a psychiatric
hospital with a psychotic illness was extremely high in the first 30 days after childbirth,
particularly in primiparae, suggesting that metabolic factors are involved in the genesis of
puerperal psychoses. However, being unmarried, having a first baby, Caesariansection and
perinatal death were all associated with an increased risk of psychiatric admission or con
tact, or both, suggesting that psychological stresses also contribute to this high psychiatric
morbidity. Women with a history of manic depressive illness, manic or depressive, had
a much higher risk of psychiatric admission in the puerperium than those with a history
of schizophrenia or depressive neuroses, and the majority of puerperal admissions met
Research Diagnostic Criteria for manic or depressive disorder. Probably, therefore,
puerperal psychoses are manic depressive illnesses and unrelated to schizophrenia.

The effect of childbirth on psychiatric morbidity has
been studied many times, and it is well established
that the incidence of psychotic illnesses rises
dramatically in the first few weeks or months after
childbirth, and that such illnesses are commoner in
women with a previous history of psychiatric illness,
and commoner in primiparae than in multiparae. The
magnitude of this increased risk of psychosis, and
its duration, have, however, not yet been quantified
with any accuracy, nor is it yet clear whether obstetric
and demographic variables other than parity influence
the risk. Three requirements have to be met before
these issues can be settled. First, the puerperal
psychoses studied must be drawn from a geographi
cally defined population. It is not sufficient simply
to study all women admitted to a particular hospital
or mother-and-baby unit unless that hospital or unit
has a precisely defined catchment area which it does
not share with any other hospital or unit. Secondly,
obstetric and other risk factors cannot be identified
with any confidence unless accurate information is
available about the incidence of these factors in the
same geographically defined population and time
period in women who do not develop psychiatric
disorders. Thirdly, because some of the most
important potential risk factors, like perinatal death,
are fairly rare events, large populations may need
to be studied.

A computer linkage of separate psychiatric and
obstetric registers provides an effective means of
meeting these three requirements. We have previously
reported such a study, involving linkage of the

Edinburgh Psychiatric Case Register (EPCR) and
Scottish maternity discharge data, based on the
35729 episodes of childbirth taking place in a
geographically defined population of 470 000 over
a 7-year period (Kendell et a!, 1981b). The present
investigation is an extension and amplification of that
1981study, based on the 54087 episodes of childbirth
occurring in the same population over an li-year
period. It involves four main improvements or
innovations. The larger numbers make it easier to
estimate the risks associated with comparatively rare
events like perinatal death and twin delivery. The
longer time period makes it possible to estimate the
â€̃¿ relativerisk' associated with childbirth much more
accurately. The combination of larger numbers and
a longer time period makes it possible to compare
the risk of a puerperal psychosis in women with
earlier admissions, unrelated to childbirth, with
psychiatric disorders of different kinds. And lastly,
because the EPCR was expanded in 1978 to cover
all psychiatric contacts as well as all admissions, it
is now possible to examine risk factors for out
patient or general hospital contact as well as for
psychiatric admission.

Method
The catchment area of the Royal Edinburgh Hospital
includes the whole of the city of Edinburgh (population
470000).The EPCR hasrecordeddata on all admissions
from thispopulationsince1 January 1970 and on all
psychiatric contacts (as out-patient, domiciliary visit or
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depression, which affects between 10% and
15% of mothers7 8 also has important conse-
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require hospitalisation if severe. Similarly,
anxiety disorders may be associated with
adverse outcomes for both the mother and
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postpartum psychosis have yielded inconsist-
ent results: some report an association
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▪ Whole of Scotland childbirth and psychiatric
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local data only.

▪ Robust measure of socioeconomic status
(Scottish Index of Multiple Deprivation) com-
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compared with pre-pregnancy rates (up to 2 years before
pregnancy). Admission rates were generated by
calculating the total number of admissions for each time
period divided by the number of weeks in the period.
Incidence rate ratios (IRRs) were generated for each time
period, using deprivation, age, parity and record of
previous psychiatric hospital care-adjusted Poisson
regression models.
Results:Women from more deprived social quintiles
accounted for the largest proportion of admissions
across all time periods. Compared with pre-pregnancy
period, admission rates fell during pregnancy, increased
markedly during the early postpartum period, and
remained elevated for 2 years after childbirth. Within the
most affluent quintile, admission IRRs were higher in the
early postpartum period (IRR=1.29, 95% CI 1.02 to 1.59)
than in the late postpartum period (IRR=0.87, 95% CI
0.74 to 0.98). For the late postpartum period, there was a
positive association between higher maternal age and
admission IRRs (ages 20–35 years, IRR=1.35, 95% CI
1.16 to 1.54 and age>40 years IRR=1.72, 95% CI 1.41 to
2.09).
Conclusions: Rates of psychiatric admission fell during
pregnancy and increased in the early postpartum period
(particularly during the first 2 weeks after birth), and
remained elevated above baseline during the 2-year late
postpartum period. An understanding of how social
deprivation, age and parity might influence risk of
psychiatric admission at different time points could help
to target perinatal mental health services more effectively.

INTRODUCTION
Good maternal mental health is important
for normal childhood development.1

However, it is recognised that during preg-
nancy and the postpartum period, women
may experience a diverse range of mental
health problems including depression,
anxiety and psychosis.2 3 While the preva-
lence of postpartum psychosis is relatively
low at 1/1000 births,4 5 it is known to be asso-
ciated with severe adverse outcomes, includ-
ing maternal suicide and infanticide.6

Hospitalisation is often required, due to the
severity of psychiatric symptoms and risk of
harm to both mother and baby. Postnatal
depression, which affects between 10% and
15% of mothers7 8 also has important conse-
quences for mother and baby,8 and may
require hospitalisation if severe. Similarly,
anxiety disorders may be associated with
adverse outcomes for both the mother and
the baby.9

Although the risk of postpartum psychosis
is recognised as being highest in the first
30 days post partum,10–14 there are gaps in
our understanding of how sociodemographic
factors might influence admission to hos-
pital.11 Studies exploring the impact of socio-
economic factors on the development of
postpartum psychosis have yielded inconsist-
ent results: some report an association
between postpartum psychosis and low

Strengths and limitations of this study

▪ Whole of Scotland childbirth and psychiatric
admission data used for analyses, rather than
local data only.

▪ Robust measure of socioeconomic status
(Scottish Index of Multiple Deprivation) com-
pared with other studies which have used educa-
tional status.

▪ These analyses used only psychiatric admission
data, rather than outpatient psychiatric
attendances.

▪ Changes in delivery of perinatal mental health
services in different parts of Scotland during the
study period may have impacted on admission
rates.

Langan Martin J, et al. BMJ Open 2016;6:e008758. doi:10.1136/bmjopen-2015-008758 1

Open Access Research

 on February 25, 2020 by guest. Protected by copyright.
http://bm

jopen.bm
j.com

/
BM

J O
pen: first published as 10.1136/bm

jopen-2015-008758 on 5 January 2016. Downloaded from
 

clinical reports of more highly educated women from
more affluent backgrounds being at particularly elevated
risk of postpartum psychosis, but a clear and consistent
association between socioeconomic status, education
and risk of postpartum psychosis has not yet been
reported in the modern literature.17 19 Our findings,
which have been controlled for parity and age, add to
current knowledge in this field.
We also found that admissions during the postpartum

period were elevated in primiparous women (relative to
multiparous) after controlling for social deprivation and
age. This is consistent with other studies.10 14 Although
reasonably well established, this association is poorly

understood. The avoidance of subsequent pregnancies
has been discounted as one explanatory factor14 31 32

but other possible explanations relate to psychosocial
stress associated with first-time motherhood and possible
biological differences between a first and subsequent
pregnancy. Preeclampsia has a strong association with
primiparity, but its risk in subsequent pregnancies has
been relatively well defined, with a change in partner
and increasing time between pregnancies33 34 recog-
nised as risk factors. It is thought that this may suggest
an immunological basis for preeclampsia.35 Given that
increasing time between pregnancies is also associated
with risk of postpartum psychosis,36 37 further work on

Figure 3 (A) Admissions per week in relation to childbirth (psychosis). (B) Admissions per week in relation to childbirth
(non-psychotic depression). (C) Admissions per week in relation to childbirth (other admissions).

6 Langan Martin J, et al. BMJ Open 2016;6:e008758. doi:10.1136/bmjopen-2015-008758
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FIG. 1 Temporal relationship between psychiatric admission and childbirth: (a) all admissions; (b) psychosis admissions.
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90daysafter childbirth areexcluded,theaverageadmission
rate in the following twenty-one 30 day periods is
4.38/month, comparedwith 2.04/month in the twenty-four
30-dayperiods before childbirth (Mann Whitney U= 107
and P=0.00l).

The relationship betweenageand psychiatricadmission
rate is consideredin Appendix 1.
Relative risk associated with childbirth

The ratioof thenumber of admissionsimmediatelyafter
childbirth to the averageadmission rate beforehand is a
measureof the â€̃¿ relativerisk' associatedwith childbirth and
its magnitude is of considerableimportance. In fact the
relative risk variesconsiderablydependingon the length
of time overwhich it ismeasured,on whetheroneconsiders
all psychiatric admissions or only psychoses,and on whether

one considers all mothers or only primiparae. For psychiatric
admission the relative risk is 43.3/10.0= 4.3 over the first
90 days, and 68/10.0=6.8 over the first 30 days. For
admissionwith a psychosistherelativerisk is29.7/2.07= 14.3
over90days,and no lessthan 51/2.07= 24.6over the first
30days.Theseestimatesareall somewhatinflated, however,
becausenot all the womenliving in the registercatchment
areaat the time of deliverywould havedonesothroughout
thepreceding(or the following) 2years,andanypsychiatric
admissionsthey might have had while living elsewhere
would not have been recorded. As a result the average
admission rates calculated for the 15 months before
pregnancy â€”¿ the denominator of the ratio from which the
relative risk is derivedâ€”¿ will be too low. We know from
a follow-up study of the women concerned that l8Â°lo(21
of the 120, with three untraced) had left the catchment area
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POSTPARTUM DEPRESSION IS A SE-
rious mental health problem
for women and their fami-
lies,1 with an estimated preva-

lence of about 10% to 15% among
mothers.2,3 Postpartum mental disor-
ders also include more severe postpar-
tum psychoses with a prevalence of
about 1 per 1000 births.4,5 Such epi-
sodes require close attention, often in-
cluding hospitalization, both because
of the severity of symptoms and be-
cause these conditions are potentially
life-threatening to both the woman and
her newborn child.6 Previous studies
have identified primiparity as a risk fac-
tor for postpartum psychoses,7-10 and
Kendell et al 4 pointed out that the in-
creased risk among primiparous women
could not be attributed to the avoid-
ance of further pregnancies by moth-
ers who had a puerperal psychosis af-
ter their first birth.

Although the impact of childbearing
differs between men and women, be-
coming a father is a major change that
reasonably could be thought to affect the
mental health of men. Paternal “post-
partum” mood disturbance and other
mental disorders have been assumed to
be rare11 and have not, until recently, at-
tracted much attention. There is some in-
dication that a small percentage of men
experience postpartum depressive symp-
toms.12-14 A study by Ramchandani et al15

showed that 4% of the fathers exam-
ined had depression 8 weeks after child-
birth, but the men were not compared
with a control group, making it uncer-
tain whether their morbidity exceeds that
among nonfathers.16 Studies have mainly
focused on prevalence of depressiveFor editorial comment see p 2616.
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mark (Ms Munk-Olsen, Messrs Laursen and Peder-
sen, and Dr Mortensen); Centre for Basic Psychiatric
Research, Psychiatric Hospital in Aarhus, Aarhus Uni-
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Corresponding Author: Trine Munk-Olsen, MSc, Na-
tional Centre for Register-Based Research, University
of Aarhus, Taasingegade 1, DK-8000 Aarhus C, Den-
mark (tmo@ncrr.dk).

Context Studies on postpartum mental disorders among mothers have primarily fo-
cused on either depression or psychoses and have generally not included the broader
spectrum of mental disorders. A few studies have found that some men have symp-
toms of depression after becoming fathers, but these studies have not documented
whether this exceeds the morbidity among men in general.

Objectives To estimate the risk of postpartum mental disorders necessitating hos-
pital admission or outpatient contact for mothers as well as fathers during a 1-year
postnatal follow-up period after birth of first live-born child and to investigate whether
parents in general differ from nonparents in the risk of admission with a mental dis-
order and how this difference varies with age.

Design, Setting, and Patients Register-based cohort formed by linking informa-
tion from Danish health and civil service registers. A total of 2 357 942 Danish-born
persons were followed up from their 15th birthday or January 1, 1973, whichever
came later, until date of onset of the disorder in question, date of death, date of emi-
gration from Denmark, or July 1, 2005, whichever came first. From 1973 to 2005, a
total of 630 373 women and 547 431 men became parents for the first time, and
during the first year after childbirth, these parents contributed 1 115 639 person-years
at risk.

Main Outcome Measure First-time psychiatric hospital admission or outpatient
contact 0 to 12 months after becoming a parent.

Results A total of 1171 mothers and 658 fathers were admitted with a mental dis-
order to a psychiatric hospital during the first 12 months after parenthood, and the
corresponding prevalence of severe mental disorders through the first 3 months after
childbirth was 1.03 per 1000 births for mothers and 0.37 per 1000 births for fathers.
Compared with women who had given birth 11 to 12 months prior, primiparous
women had an increased risk of incident hospital admission with any mental disorder
through the first 3 months after childbirth, with the highest risk 10 to 19 days post-
partum (relative risk [RR], 7.31; 95% confidence interval [CI], 5.44-9.81). Among
mothers, risk was also increased for psychiatric outpatient contacts through the first 3
months after childbirth, also with the highest risk occurring 10 to 19 days postpartum
(RR, 2.67; 95% CI, 1.99-3.59). Unlike motherhood, fatherhood was not associated
with any increased risk of hospital admission or outpatient contact.

Conclusion In Denmark, the risk of postpartum mental disorders among primipa-
rous mothers is increased for several months after childbirth, but among fathers there
is no excess of severe mental disorders necessitating admission or outpatient con-
tacts.
JAMA. 2006;296:2582-2589 www.jama.com
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Context: It has been suggested that the risk of inpatient
psychiatric readmissions is elevated during the postpar-
tum period. To our knowledge, no prior study has com-
pared mothers and nonmothers to determine whether the
riskof readmissiondiffersbetween these2groupsofwomen.

Objectives: To compare mothers and nonmothers to
assess whether childbirth increases the risk for psychi-
atric readmission and to identify predictors of psychiat-
ric readmission during the postpartum period.

Design: A population-based cohort study merging data
from the Danish Civil Registration System and the Dan-
ish Psychiatric Central Register.

Setting: The population of Denmark.

Participants: Two partly overlapping study popula-
tions included a total of 28 124 women, 10 218 of whom
were mothers, who were followed up from January 1,
1973, through June 30, 2005.

Main Outcome Measure: Readmission rates to psy-
chiatric hospitals during the 12 months after childbirth
(first live-born child).

Results: The period of highest risk of psychiatric read-
mission in new mothers was 10 to 19 days post partum
(relative risk [RR], 2.71; 95% confidence interval [CI],
1.68-4.37), and the period of lowest risk was during preg-
nancy (0.54; 0.43-0.69). Childbirth was associated with
an increased risk of readmission during the first post-
partum month, after which risk for readmission was higher
among nonmothers (RR, 1.53; 95% CI, 1.31-1.80). A pre-
vious diagnosis of bipolar affective disorder was the stron-
gest predictor of readmissions 10 to 19 days post par-
tum (RR, 37.22; 95% CI, 13.58-102.04). In all, 26.9% of
mothers with this diagnosis were readmitted within the
first postpartum year.

Conclusions: Mothers with mental disorders have lower
readmission rates compared with women with mental dis-
orders who do not have children. However, the first month
after childbirth is associated with increased risk of psy-
chiatric readmission, and women with a history of bipo-
lar affective disorder are at particular risk of postpartum
psychiatric readmissions.

Arch Gen Psychiatry. 2009;66(2):189-195

W OMEN WITH POSTPAR-
tum mental disor-
ders constitute the
following 2 groups:
those for whom

postpartum mental disorder represents a
first psychiatric episode and those who
have a history of mental disorder and ex-
perience a recurrence or relapse during the
postpartum period. The prevalence of in-
cident admissions among new mothers is
0.1% at up to 4 months post partum.1 In
comparison, data suggest that the risk of
admission owing to recurrence of a men-
tal disorder during the postpartum pe-
riod may be more pronounced.2 For in-
stance, it has been suggested that episodes
of puerperal psychosis follow 25.9% of de-

liveries among women with bipolar I dis-
order or schizoaffective disorder of the bi-
polar type.3 The risk of recurrence during
the postpartum period is particularly el-
evated for women who experience their
first mental disorder during pregnancy4 or
who have a history of bipolar affective dis-
order5,6 or unipolar affective disorder.7

Whether the increase in readmissions post
partum is a result of a generally elevated
recurrence rate among women with a his-
tory of mental disorder8,9 or is a risk spe-
cifically associated with childbirth has not
yet been investigated.7,10,11

In a previous study,1 we demonstrated
that the incidence of psychiatric admis-
sions differs in mothers and nonmothers.
However, to our knowledge, no study has
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Context: It has been suggested that the risk of inpatient
psychiatric readmissions is elevated during the postpar-
tum period. To our knowledge, no prior study has com-
pared mothers and nonmothers to determine whether the
riskof readmissiondiffersbetween these2groupsofwomen.

Objectives: To compare mothers and nonmothers to
assess whether childbirth increases the risk for psychi-
atric readmission and to identify predictors of psychiat-
ric readmission during the postpartum period.

Design: A population-based cohort study merging data
from the Danish Civil Registration System and the Dan-
ish Psychiatric Central Register.

Setting: The population of Denmark.

Participants: Two partly overlapping study popula-
tions included a total of 28 124 women, 10 218 of whom
were mothers, who were followed up from January 1,
1973, through June 30, 2005.

Main Outcome Measure: Readmission rates to psy-
chiatric hospitals during the 12 months after childbirth
(first live-born child).

Results: The period of highest risk of psychiatric read-
mission in new mothers was 10 to 19 days post partum
(relative risk [RR], 2.71; 95% confidence interval [CI],
1.68-4.37), and the period of lowest risk was during preg-
nancy (0.54; 0.43-0.69). Childbirth was associated with
an increased risk of readmission during the first post-
partum month, after which risk for readmission was higher
among nonmothers (RR, 1.53; 95% CI, 1.31-1.80). A pre-
vious diagnosis of bipolar affective disorder was the stron-
gest predictor of readmissions 10 to 19 days post par-
tum (RR, 37.22; 95% CI, 13.58-102.04). In all, 26.9% of
mothers with this diagnosis were readmitted within the
first postpartum year.

Conclusions: Mothers with mental disorders have lower
readmission rates compared with women with mental dis-
orders who do not have children. However, the first month
after childbirth is associated with increased risk of psy-
chiatric readmission, and women with a history of bipo-
lar affective disorder are at particular risk of postpartum
psychiatric readmissions.
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W OMEN WITH POSTPAR-
tum mental disor-
ders constitute the
following 2 groups:
those for whom

postpartum mental disorder represents a
first psychiatric episode and those who
have a history of mental disorder and ex-
perience a recurrence or relapse during the
postpartum period. The prevalence of in-
cident admissions among new mothers is
0.1% at up to 4 months post partum.1 In
comparison, data suggest that the risk of
admission owing to recurrence of a men-
tal disorder during the postpartum pe-
riod may be more pronounced.2 For in-
stance, it has been suggested that episodes
of puerperal psychosis follow 25.9% of de-

liveries among women with bipolar I dis-
order or schizoaffective disorder of the bi-
polar type.3 The risk of recurrence during
the postpartum period is particularly el-
evated for women who experience their
first mental disorder during pregnancy4 or
who have a history of bipolar affective dis-
order5,6 or unipolar affective disorder.7

Whether the increase in readmissions post
partum is a result of a generally elevated
recurrence rate among women with a his-
tory of mental disorder8,9 or is a risk spe-
cifically associated with childbirth has not
yet been investigated.7,10,11

In a previous study,1 we demonstrated
that the incidence of psychiatric admis-
sions differs in mothers and nonmothers.
However, to our knowledge, no study has
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POSTPARTUM DEPRESSION IS A SE-
rious mental health problem
for women and their fami-
lies,1 with an estimated preva-

lence of about 10% to 15% among
mothers.2,3 Postpartum mental disor-
ders also include more severe postpar-
tum psychoses with a prevalence of
about 1 per 1000 births.4,5 Such epi-
sodes require close attention, often in-
cluding hospitalization, both because
of the severity of symptoms and be-
cause these conditions are potentially
life-threatening to both the woman and
her newborn child.6 Previous studies
have identified primiparity as a risk fac-
tor for postpartum psychoses,7-10 and
Kendell et al 4 pointed out that the in-
creased risk among primiparous women
could not be attributed to the avoid-
ance of further pregnancies by moth-
ers who had a puerperal psychosis af-
ter their first birth.

Although the impact of childbearing
differs between men and women, be-
coming a father is a major change that
reasonably could be thought to affect the
mental health of men. Paternal “post-
partum” mood disturbance and other
mental disorders have been assumed to
be rare11 and have not, until recently, at-
tracted much attention. There is some in-
dication that a small percentage of men
experience postpartum depressive symp-
toms.12-14 A study by Ramchandani et al15

showed that 4% of the fathers exam-
ined had depression 8 weeks after child-
birth, but the men were not compared
with a control group, making it uncer-
tain whether their morbidity exceeds that
among nonfathers.16 Studies have mainly
focused on prevalence of depressiveFor editorial comment see p 2616.
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Context Studies on postpartum mental disorders among mothers have primarily fo-
cused on either depression or psychoses and have generally not included the broader
spectrum of mental disorders. A few studies have found that some men have symp-
toms of depression after becoming fathers, but these studies have not documented
whether this exceeds the morbidity among men in general.

Objectives To estimate the risk of postpartum mental disorders necessitating hos-
pital admission or outpatient contact for mothers as well as fathers during a 1-year
postnatal follow-up period after birth of first live-born child and to investigate whether
parents in general differ from nonparents in the risk of admission with a mental dis-
order and how this difference varies with age.

Design, Setting, and Patients Register-based cohort formed by linking informa-
tion from Danish health and civil service registers. A total of 2 357 942 Danish-born
persons were followed up from their 15th birthday or January 1, 1973, whichever
came later, until date of onset of the disorder in question, date of death, date of emi-
gration from Denmark, or July 1, 2005, whichever came first. From 1973 to 2005, a
total of 630 373 women and 547 431 men became parents for the first time, and
during the first year after childbirth, these parents contributed 1 115 639 person-years
at risk.

Main Outcome Measure First-time psychiatric hospital admission or outpatient
contact 0 to 12 months after becoming a parent.

Results A total of 1171 mothers and 658 fathers were admitted with a mental dis-
order to a psychiatric hospital during the first 12 months after parenthood, and the
corresponding prevalence of severe mental disorders through the first 3 months after
childbirth was 1.03 per 1000 births for mothers and 0.37 per 1000 births for fathers.
Compared with women who had given birth 11 to 12 months prior, primiparous
women had an increased risk of incident hospital admission with any mental disorder
through the first 3 months after childbirth, with the highest risk 10 to 19 days post-
partum (relative risk [RR], 7.31; 95% confidence interval [CI], 5.44-9.81). Among
mothers, risk was also increased for psychiatric outpatient contacts through the first 3
months after childbirth, also with the highest risk occurring 10 to 19 days postpartum
(RR, 2.67; 95% CI, 1.99-3.59). Unlike motherhood, fatherhood was not associated
with any increased risk of hospital admission or outpatient contact.

Conclusion In Denmark, the risk of postpartum mental disorders among primipa-
rous mothers is increased for several months after childbirth, but among fathers there
is no excess of severe mental disorders necessitating admission or outpatient con-
tacts.
JAMA. 2006;296:2582-2589 www.jama.com
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Conclusion

• Robust evidence for association between psychosis and 
childbirth
• Specific for bipolar disorder
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Problems

•Nature of the association between postpartum 
psychosis and bipolar disorder
• Identification and clinical management of women at risk

SPRiG 2020 Arianna Di Florio 9



Nature of the association 
between postpartum 
psychosis and bipolar disorder
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Postpartum psychosis 

DSM-IV psychotic mania  
Psychotic depression 

Psychotic mixed episode 
Brief (<1month) psychotic 

episode 

Cycloid 

 
Schizophreniform 

disorder 

DSM-IV non psychotic 
mania? 

Figure 1.1: Postpartum psychosis in DSM-IV. Disorders included in the current
DSM-IV postpartum onset specifier in grey. Postpartum psychosis includes also
cycloid psychosis and schizophreniform disorders. However, episodes of cycloid
that last more than a month are excluded by the current postpartum onset
specifier. Similarly schizophreniform disorders are not covered by the onset
specifier and cycloid is not a term employed by the DSM-IV. On the contrary,
DSM-IV severe manic episodes without psychotic features may be labeled as
postpartum psychosis.

Before describing the current nosology of perinatal disorders in ICD-10 and in
DSM-IV I briefly list previous definitions in table 1.5, because they have been
used in many studies that I report in the next chapters.

Although the approach to perinatal episodes is di�erent in ICD-10 and DSM-IV,
both assume that perinatal mood episodes are not separate nosological entities:
postpartum depression and postpartum psychosis are not recognised as separate
conditions.
DSM-IV has a course specifier - with postpartum onset which can be applied to
a major depressive, manic, or mixed episode; or to brief psychotic disorder with
an onset within 4 weeks after childbirth. The postpartum onset specifier cannot
be applied to any other psychiatric diagnosis. Hypomania is excluded from the
onset specifier, although, it has recently been argued that postpartum hypoma-
nia is clinically relevant and that the next version of DSM should consider a
revision of the postpartum onset specifier to include it. Similarly, postpartum
psychoses which are cycloid (and last more than a month) or schizophreniform

24
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A case – control study of filicide in 90 mothers

30 committed filicide
30 with psychopathology
30 without psychopathology
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Genomic evidence differentiates 
First Onset Postpartum Psychosis 
from Bipolar Disorder 
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ARTICLES
https://doi.org/10.1038/s41588-019-0397-8

Genome-wide association study identifies 30 loci 
associated with bipolar disorder
Bipolar disorder is a highly heritable psychiatric disorder. We performed a genome-wide association study (GWAS) including 
20,352 cases and 31,358 controls of European descent, with follow-up analysis of 822 variants with P!<!1!×!10−4 in an additional 
9,412 cases and 137,760 controls. Eight of the 19 variants that were genome-wide significant (P!<!5!×!10−8) in the discovery 
GWAS were not genome-wide significant in the combined analysis, consistent with small effect sizes and limited power but also 
with genetic heterogeneity. In the combined analysis, 30 loci were genome-wide significant, including 20 newly identified loci. 
The significant loci contain genes encoding ion channels, neurotransmitter transporters and synaptic components. Pathway 
analysis revealed nine significantly enriched gene sets, including regulation of insulin secretion and endocannabinoid signal-
ing. Bipolar I disorder is strongly genetically correlated with schizophrenia, driven by psychosis, whereas bipolar II disorder is  
more strongly correlated with major depressive disorder. These findings address key clinical questions and provide potential 
biological mechanisms for bipolar disorder.

Bipolar disorder (BD) is a severe neuropsychiatric disorder char-
acterized by recurrent episodes of mania and depression that 
affect thought, perception, emotion and social behavior. A life-

time prevalence of 1−2%, elevated morbidity and mortality, onset in 
young adulthood and a frequently chronic course make BD a major 
public health problem and a leading cause of the global burden 
of disease1. Clinical, twin and molecular genetic data all strongly 
suggest that BD is a multifactorial disorder2. On the basis of twin 
studies, the overall heritability of BD has been estimated to be more 
than 70% (refs. 3,4), suggesting a substantial involvement of genetic 
factors in the development of the disorder, although non-genetic 
factors also influence risk.

BD can be divided into two main clinical subtypes5,6: bipolar I 
disorder (BD1) and bipolar II disorder (BD2). In BD1, manic epi-
sodes typically alternate with depressive episodes during the course 
of illness. BD2 diagnosis is based on the lifetime occurrence of at 
least one depressive and one hypomanic (but not manic) episode. 
Although modern diagnostic systems retain the Kraepelinian 
dichotomy7 between BD and schizophrenia (SCZ), the distinction 
between the two disorders is not always clear-cut and patients who 
display clinical features of both disorders may receive a diagnosis 
of schizoaffective disorder–bipolar type (SAB). Likewise, in genetic 
studies, BD and SCZ are usually treated separately, although recent 
epidemiological and molecular genetic studies provide strong  
evidence for some overlap between the genetic contributions to 
their etiology2,8.

Recent genome-wide association studies in BD have identified  
a number of significant associations between disease status and 
common genetic variants9–23. The first large collaborative BD GWAS 
by the multinational Psychiatric Genomics Consortium (PGC) 
Bipolar Disorder Working Group comprised 7,481 patients with 
BD and 9,250 controls and identified four genome-wide-significant 
loci9. Three subsequent meta-analyses that included the PGC BD 
data10,12,18 identified an additional four loci.

Estimates of the proportion of variance in liability attributable 
to common variants genome wide (SNP heritability) indicate that 
~30% of the heritability for BD is due to common genetic vari-
ants8. So far, only a small fraction of this heritability is explained  
by associated loci, but results from other human complex traits  

suggest that many more will be identified by increasing the sam-
ple size of GWAS24. Here, we report the second GWAS of the PGC 
Bipolar Disorder Working Group, comprising 20,352 cases and 
31,358 controls of European descent in a single, systematic analysis, 
with follow-up of top findings in an independent sample of 9,412 
cases and 137,760 controls. Some of our findings reinforce specific 
hypotheses regarding BD neurobiology; however, the majority of 
the findings suggest new biological insights.

Results
GWAS of BD. We performed a GWAS meta-analysis of 32 cohorts 
from 14 countries in Europe, North America and Australia 
(Supplementary Table 1a), totaling 20,352 cases and 31,358 controls 
of European descent (effective sample size 46,582). This is a large 
GWAS of BD, a 2.7-fold increase in the number of cases compared 
with our previous GWAS9 and includes 6,328 case and 7,963 con-
trol samples not previously reported. We imputed variant dosages 
using the 1000 Genomes reference panel, retaining association 
results for 9,372,253 autosomal variants with imputation quality 
score INFO > 0.3 and minor allele frequency (MAF) ≥1% in both 
cases and controls. We performed logistic regression of case status 
on imputed variant dosage using genetic ancestry covariates. The 
resulting genomic inflation factor (λGC) was 1.23, 1.01 when scaled 
to 1,000 cases and 1,000 controls (λ1,000) (Supplementary Fig. 1). The 
linkage disequilibrium (LD) score regression intercept was 1.021 
(s.e.m. = 0.010), and the attenuation ratio of 0.053 (s.e.m. = 0.027) 
was non-significant, indicating that the observed genomic infla-
tion is indicative of polygenicity rather than stratification or  
cryptic population structure25. The LD score regression SNP  
heritability estimates for BD were 0.17–0.23 on the liability scale 
assuming population prevalence of 0.5–2% (see Supplementary 
Table 1a, Methods and Supplementary Note for sample and  
method details).

We found a marked increase in phenotypic variance explained by 
genome-wide polygenic risk scores (PRS) compared with previous 
publications (sample size weighted-mean-observed Nagelkerke’s 
R2 = 0.08 across datasets, liability scale R2 = 0.04, for P threshold of 
0.01; Supplementary Fig. 2 and Supplementary Table 2). Among the 
different datasets, we observed no association between the PRS R2  

A full list of authors and affiliations appears at the end of the paper.
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and SCZ in terms of known associated SNPs and PRS–subpheno-
type associations; here, we maximized power to identify BD associa-
tions. The phenotypic variance explained by PRS on the basis of our 
BD GWAS data is ~8% (observed scale; 4% on the liability scale52), 
an increase from 2.8% (1.2% on the liability scale) in our previous 
study9. The results of our BD subtype PRS analyses support the 
nosological distinction between BD1 and BD2, but also highlight 
the importance of psychosis beyond DSM subtypes, corroborating 
and expanding evidence from previous clinical53 and genetic stud-
ies51,54,55. The DEPR versus BD PRS analyses provide further support 
for the distinction between BD1 and BD2, independent of the pres-
ence of psychosis.

Of the 19 loci identified in our discovery GWAS, only 11 were 
genome-wide significant in meta-analysis of our GWAS and fol-
low-up samples. These results are not unexpected given the small 
effect sizes and the winner’s curse28,56 (Supplementary Note and 
Supplementary Fig. 4); SNPs can teeter-totter around the genome-
wide-significance threshold even as sample sizes increase. Genetic 
heterogeneity observed among BD GWAS cohorts8 could also con-
tribute to inconsistent replication results; we observed variable 
polygenic effects between BD subtypes (Fig. 2 and Supplementary 
Table 13) as well as between cohorts in our study (Supplementary 
Fig. 2 and Supplementary Table 4) which used a diversity of crite-
ria to define cases (Supplementary Note). Remarkably, the stron-
gest association signal from the discovery GWAS, at the TRANK1 
locus (rs9834970; Pcombined = 5.7 × 10−12, odds ratio, OR = 0.93), 
exhibited significant heterogeneity among discovery GWAS cohorts 

(Cochran’s Q P = 1.9 × 10−4), and did not replicate in the follow-up 
sample (one-tailed Pfollow-up = 0.15) (Supplementary Data 2 and 3). 
This locus has been significant in recent11,12,17,18 but not earlier BD 
GWAS9,13,20. Thus, complex genetic architecture as well as pheno-
typic heterogeneity may contribute to the inconsistency of genome-
wide-significant findings within and across BD GWAS studies. The 
observed heterogeneity is a major challenge for GWAS of psychiat-
ric disorders and calls for careful and systematic clinical assessment 
of cases and controls in parallel with continued efforts to collect 
larger sample sizes.

Of the 30 BD-associated loci, 8 also harbor associations31,32,57 with 
schizophrenia (SCZ); however, conditional analyses suggest that the 
BD and SCZ associations at three of the eight shared loci (in the 
NCAN, TRANK1 and chr7q22.3:105 Mb loci) may be independent 
(Supplementary Table 9). Differential BD and SCZ associations 
may represent opportunities to understand the genetic distinctions 
between these closely related and sometimes clinically difficult to 
distinguish disorders. We did not find BD loci that overlap with 
those associated with major depression33.

The confirmed association within loci containing CACNA1C  
and other voltage-gated calcium channel genes supports the  
rekindled interest in calcium channel antagonists as potential  
treatments for BD, with similar examination ongoing for other 
genes implicated in SCZ GWAS58. Other genes within novel 
BD-associated loci include those coding for other ion channels 
and transporters (SCN2A, SLC4A1), neurotransmitter receptors 
(GRIN2A) and synaptic components (RIMS1, ANK3). Further 
study will confirm whether or not these are the causal genes in the 
loci. These processes are important in neuronal hyperexcitability59, 
an excess of which has been reported in induced pluripotent-stem-
cell-derived neurons from patients with BD, and which has been 
shown to be affected by the classic mood-stabilizing drug lithium60. 
In addition, SMR eQTL and mQTL analyses implicate GLT8D1, 
which is involved in proliferation and differentiation of neural 
stem cells61. Path way analyses reveal genetic evidence for insulin 
secretion and endo cannabinoid signaling in BD. There is evidence 
of insulin action in the brain62 and in BD63. The endocannabinoid 
system has possible roles in schizophrenia64,65 and depression66. Top 
genes appearing in these pathways include calcium and potassium 
channel subunits, MAP kinase and GABA-A receptor subunit genes 
(Supplementary Table 18).

We observe significant positive genetic correlations with educa-
tional attainment, but not with either adult or childhood IQ, sug-
gesting that the role of BD genetics in educational attainment may 
be independent of general intelligence. This result is inconsistent 
with suggestions from epidemiological studies67, but in agreement 
with results from a recent clinical study68.

In summary, findings from the genome-wide analysis of BD 
reveal an extensive polygenic genetic architecture of the disease, 
implicate brain calcium channels and neurotransmitter function in 
BD etiology, and confirm that BD is part of a spectrum of highly 
correlated psychiatric and mood disorders.

Online content
Any methods, additional references, Nature Research reporting 
summaries, source data, statements of code and data availability and 
associated accession codes are available at https://doi.org/10.1038/
s41588-019-0397-8.

Received: 11 March 2018; Accepted: 18 March 2019;  
Published: xx xx xxxx

References
 1. Ferrari, A. J. et al. The prevalence and burden of bipolar disorder: findings from 

the global burden of disease study 2013. Bipolar Disord. 18, 440–450 (2016).
 2. Lichtenstein, P. et al. Common genetic determinants of schizophrenia and bipolar 

disorder in Swedish families: a population-based study. Lancet 373, 234–239 (2009).

0.0 0.2 0.4 0.6 0.8 1.0

Scaled polygenic risk score

D
E

P
R

S
C

Z

S
ou

rc
e 

G
W

A
S

BD1

BD2

5 × 10–8

10–4

0.01
0.1
0.5

P = 0.0051

P = 1.6 × 10–7

P = 1.8 × 10–9

P = 5.6 × 10–17

P = 6.8 × 10–16

P = 2.4 × 10–5

P = 8.5 × 10–10

P = 2.8 × 10–9

P = 1.1 × 10–8

P = 0.023

PThreshold

Fig. 2 | Association of BD1 and BD2 subtypes with SCZ and DEPR PRS. 
The mean PRS values (1!s.e.m. error bars) are shown, adjusted for study  
and ancestry covariates and scaled to the PRS mean and s.d. in control 
subjects, in BD1 (red) and BD2 (blue) cases, for increasing source GWAS  
P value thresholds (increasing gray) as indicated. P values (italics) test BD1 
versus BD2 mean PRS, in logistic regression of case subtype on PRS with 
covariates. Results are detailed in Supplementary Table 13.

NATURE GENETICS | www.nature.com/naturegenetics

ARTICLES NATURE GENETICS

We conducted PRS analyses to explore the relationship between 
genetic risk of SCZ and DEPR, and BD subtypes and psychosis  
(Fig. 2 and Supplementary Table 13). PRS calculated from SCZ31  
were significantly higher in BD1 cases than in BD2 cases (P = 5.6 ×  
10−17, P threshold = 0.1) and in cases with psychosis compared 
to those without psychosis (P = 2.12 × 10−6, P threshold = 0.1). 
Conversely, PRS calculated from DEPR33 were significantly 
higher in BD2 cases than in BD1 cases (P = 8.5 × 10−10, P thresh-
old = 0.01), independent of psychosis. Genetic correlations from 
LD score regression support these results; genetic correlations  
were greater for SCZ with BD1 (rg = 0.71, s.e.m. = 0.025) than with 
BD2 (rg = 0.51, s.e.m. = 0.072), and were greater for DEPR with BD2 
(rg = 0.69, s.e.m. = 0.093) than with BD1 (rg = 0.30, s.e.m. = 0.028) 
(Supplementary Table 12).

Systems biology and in silico functional analyses. We tested for 
functional genomic enrichment in our BD GWAS using parti-
tioned LD score regression and a range of functional annotations 
across tissues45 (Supplementary Note and Supplementary Table 14). 
SNP-based BD heritability was most enriched in open chromatin 
annotations in the central nervous system (proportion SNPs = 0.14, 
proportion h2

snp = 0.60, enrichment = 3.8, P = 3 × 10−14). We also used 
DEPICT46 to test for expression of BD-associated genes across tis-
sues, and found significant enrichment of central nervous system 
(P < 1.4 × 10−3, false discovery rate (FDR) < 0.01) and neurosecretory 
system (P = 2.0 × 10−6, FDR < 0.01) genes (Supplementary Table 15).

To prioritize genes that may play a functional role in BD, we 
integrated BD GWAS association statistics with eQTL (SNP–gene 
expression association) and mQTL (SNP–DNA methylation asso-
ciation) data using summary Mendelian randomization (SMR)47–49 
(Supplementary Table 16 and Supplementary Note). SMR identified 
21 genes using eQTL data that were significant after multiple testing 

correction, without evidence of heterogeneity between GWAS and 
eQTL association signals. Association with GNL3 was observed in 
both brain and blood, highlighting the utility of using blood eQTL 
data as proxy for brain eQTLs49. Methylation profiles at six CpGs in 
the brain and ten CpGs in the blood were associated with BD, four 
of which overlapped between brain and blood mQTL: MUSTN1, 
GLT8D1, HAPLN4 and FADS2.

Finally, we used MAGMA50 to conduct a gene-wise BD GWAS 
and to test for enrichment of pathways curated from multiple 
sources (see Supplementary Note). We note that significance lev-
els were assigned to genes by physical proximity of SNPs, and do 
not imply that significant genes are causal for BD. Genic associa-
tion results included 154 Bonferroni significant genes (MAGMA 
PJOINT < 2.8 × 10−6), including 82 genes in 20 genome-wide-sig-
nificant loci, and 73 genes in 27 additional loci that did not reach 
genome-wide significance (Supplementary Table 17). Nine related 
pathways were significantly enriched for genes with BD associations 
(P < 7.0 × 10−5, FDR < 0.05), including abnormal motor coordina-
tion/balance pathways (from mice), regulation of insulin secre-
tion and endocannabinoid signaling (Supplementary Table 18 and 
Supplementary Fig. 7).

Discussion
We carried out a large bipolar disorder GWAS and identified 30 
genome-wide-significant loci, including 20 that were newly identi-
fied. Previous BD GWAS have reported a total of 20 loci signifi-
cantly associated with BD9–23; 12 of these previously reported loci 
were not genome-wide significant in our GWAS meta-analysis, 
but all had PGWAS ≤ 1.3 × 10−5 (Supplementary Table 4c). Our recent 
GWAS of BD and SCZ51, which included our discovery GWAS data 
jointly analyzed with published SCZ data31 (without overlapping 
control subjects), highlighted similarities and differences in BD  
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was made according to DSM-IV and key clinical variables were
rated. Interrater reliability was formally assessed using a randomly
selected sample of 20 participants. The mean kappa statistic was
0.85 for DSM-IV diagnosis and ranged between 0.81 and 0.99 for
other categorical variables; mean intraclass correlation coefficients
were between 0.91 and 0.97 for continuous variables.

Obstetric history and information on psychiatric episodes occur-
ring in pregnancy and within 1-year postpartum were also obtained
from the interview and case notes. Despite the fact that current clas-
sification systems limit the postpartum period to 4–6 weeks after
delivery, in the current analyses we examined episodes with onset
during pregnancy and within 6 months of delivery, to reflect the clin-
ical, everyday definition of the perinatal period.11 Affective psychosis
was defined as an episode of DSM-IVmania, psychotic depression or
mixed episode and depression defined as an episode of DSM-IV non-
psychotic depression.We decided not to include perinatal hypomania
in the analyses, because of the difficulties in assessing the clinical
relevance of hypomanic symptoms in the postpartum period and
the validity and reliability of a retrospective account. Indeed, mild
postpartum hypomania may be adaptive in some women and in a
prospective longitudinal study 11% of 207 women without a clinical
history of bipolar disorder reported significant hypomanic symptoms
(Highs Scale scores >7) 1-week postpartum.12

Analytic plan
The conditional probability of a psychiatric outcome in the second
perinatal period given the outcome of the first perinatal period was
calculated using contingency tables. Simultaneous confidence inter-
vals for the conditional probabilities were calculated using the
method proposed by Sison & Glaz13 and α = 0.95 with the function
MultinomialCI in R.14 We explored the extent of agreement
between perinatal psychiatric outcomes using Cohen’s kappa statis-
tics for agreement and its confidence intervals.

As we were interested in personalising the prediction of the psy-
chiatric outcome of the second perinatal period, we also explored the
importance of a number of other clinical predictors, beside previous
perinatal history. Predictors were chosen from the available data on
the basis of the current literature and included: family history of
bipolar disorder or perinatal mood disorders, history of childhood
sexual abuse and emotional or physical abuse, lifetime comorbidity
with panic attack disorder or generalised anxiety disorder, lifetime
history of alcohol or substance use disorders, lifetime history of
psychosis, number of episodes per year of illness, lifetime history

of rapid cycling, prevalent polarity of lifetime mood episodes,
DSM-IV diagnosis and whether the onset of bipolar disorder coin-
cided with the first delivery and time interval between pregnancies.
Missing data were imputed with the mice package in R. Outcome
variables were (a) perinatal affective psychosis in women with
bipolar I disorder or schizoaffective disorder, bipolar type and
(b) perinatal non-psychotic depression in the whole sample.

We used two different approaches to variable selection: back-
wards stepwise logistic regression and reinforcement learning
trees.15 We finally assessed the agreement between times of onset
of perinatal episodes separately in (a) women with a history of
non-psychotic depression during both the first and second perinatal
period and in (b) those with episodes of affective psychosis in rela-
tion to both pregnancies. Only women for whom we had complete
information on the week of onset of the episodes were included in
the analyses. As times of onset were not normally distributed, we
used Spearman rank correlations.

The function mosaic in the vcd package was used to
create mosaic plots (cran.r-project.org/web/packages/vcd/index.
html) and ggplot in ggplot2 (http://docs.ggplot2.org/current/) to
plot the variation in the time of onset between a first and second
perinatal episode within woman.

Results

Information on first and second pregnancy resulting in live births
was available for 887 multiparous women with bipolar disorder.
The demographic and clinical characteristics of the participants
are shown in Table 1. Because our recruitment focused on more
severe episodes of bipolar disorder, women affected by bipolar I dis-
order were overrepresented compared with rates of the bipolar sub-
types in the general population (estimated lifetime prevalence of
bipolar I and II disorder in the general population 0.6 and 0.4%,
respectively).16

The first lifetime episode of bipolar disorder occurred in relation
to childbirth for 28% (222/797) of women. For women with a
history of postpartum affective psychosis this proportion was even
higher: 57% (108/190) of them did not have any psychiatric
history prior to the postpartum episode.

The overall risk of a recurrence of a mood or psychotic
episode in relation to a second pregnancy was 55% (288/519; 95%
CI 50.2–60.1) for women with any previous perinatal history and
31% (114/368; 95% CI 26.4–35.9%) for those with no mood or

Participants
with DSM-IV
bipolar
disorder n = 6086

Multiparae
n= 1587

Both first
and second
pregnancy
resulting in a
live birth
n= 1419

Complete
information
on both
perinatal
periods
n= 1188

Onset of bipolar disorder before second
pregnancy n= 887, including 640
women with onset before first
pregnancy, 229 with onset in the first
perinatal period and 18 between the
first delivery and the second pregnancy

Women with
miscarriage,
termination,
stillbirth
following either
first or second
pregnancy or
both n= 168

Information
not complete
for first
(n= 46),
second (n= 88)
or both
(n= 97)
pregnancies

Onset of
bipolar
disorder during
(n= 62)
or after second
perinatal
period
(n= 239)

Separate analyses on the rates of recurrence in
bipolar I disorder or schizoaffective bipolar
disorder (n= 598)
and bipolar II disorder or bipolar disorder not
otherwise specified (n= 289)

Predictors selection for perinatal affective
psychosis in bipolar I disorder or schizoaffective
bipolar disorder (n= 576), depression during
pregnancy (n= 542) and postpartum depression
(n= 705)

Analyses on time of onset in women with
perinatal depression (n = 415) or affective
psychosis (n = 282)

Fig. 1 Participant selection and analytic plan.
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Background
Pregnancy and childbirth are a period of high risk for womenwith
bipolar disorder and involve difficult decisions particularly about
continuing or stopping medications.

Aims
To explore what clinical predictors may help to individualise the
risk of perinatal recurrence in women with bipolar disorder.

Method
Information was gathered retrospectively by semi-structured
interview, questionnaires and case-note review from887women
with bipolar disorder who have had children. Clinical predictors
were selected using backwards stepwise logistic regression,
conditional permutation random forests and reinforcement
learning trees.

Results
Previous perinatal history of affective psychosis or depression
was the most significant predictor of a perinatal recurrence
(odds ratio (OR) = 8.5, 95% CI 5.04–14.82 and OR = 3.6, 95% CI

2.55–5.07 respectively) but even parous women with bipolar
disorder without a previous perinatal mood episode were at risk
following a subsequent pregnancy, with 7% developing post-
partum psychosis.

Conclusions
Previous perinatal history of affective psychosis or depression is
the most important predictor of perinatal recurrence in women
with bipolar disorder and can be used to individualise risk
assessments.
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Women with bipolar disorder face difficult reproductive decisions.
Both clinical and epidemiological studies have found that they have
a high risk of recurrence after childbirth.1–4 At the same time,
pharmacological treatment may bear teratogenic and possible
long-term effects on the offspring and does not guarantee against
a recurrence.4,5 Women find it very difficult to get information
about the risks involved6 and in a survey conducted in the USA,
45% of 70 women with bipolar disorder had been advised by a clin-
ician to avoid pregnancy.7 Although the high risk of any postpartum
episode for women with bipolar disorder is well established, there is
less data to establish the specific risk for individual women. In par-
ticular, there is paucity of evidence on the impact of previous peri-
natal history to guide women with bipolar disorder contemplating
further pregnancies.8

Our overarching aim was therefore to provide data from which
a more individualised assessment of risk can be made to help
women and their clinicians. We sought to quantify the risk of a
recurrence associated with a second pregnancy and, in particular,
the impact of an episode of affective psychosis or non-psychotic
depression associated with her first pregnancy.

Method

Figure 1 describes sample selection and the analytic plan.

Participant recruitment and selection
Women were recruited via systematic (25.7%) and non-systematic
(74.3%) methods as part of the Bipolar Disorder Research
Network project (www.bdrn.org). Women recruited systematically
had been identified through the screening of records of community

mental health teams and invited to participate. Non-systematic
recruitment included advertisements in general practitioner surger-
ies and the media, the engagement of patient support organisations
and referrals from treating physicians. Women with schizoaffective
disorder were significantly more likely than women with other
DSM-IV bipolar subtypes9 to be systematically recruited (χ2 =
21.0063, d.f. = 3, P = 0.0001). Apart from diagnosis, no differences
emerged in demographic and clinical variables between systematic-
ally and not systematically recruited women (Supplementary
Table 1 available at https://doi.org/10.1192/bjp.2018.92).

Inclusion criteria for the current study were: (a) a lifetime diag-
nosis of DSM-IV bipolar disorder (type I, type II or not otherwise
specified) or schizoaffective disorder, bipolar type; (b) multiparous
women with a first and second pregnancy followed by live births;
(c) onset of bipolar disorder before or concomitant with the first
delivery. Women who were biologically related to another partici-
pant were excluded, in order to include only independent observa-
tions. This study received all necessary multiregion and local
research ethics approvals by the West Midlands Multi-Centre
Research Ethics Committee and participants provided written
informed consent.

Assessment
Women were interviewed using a semi-structured diagnostic inter-
view, the Schedules for Clinical Assessment in Neuropsychiatry.10

A life chart was completed and detailed information about family
history of psychiatric disorders was collected. Women were also
asked to complete a number of questionnaires and permission to
review case notes was granted.

Based on the information gathered from the interviews, case-
notes reviews and questionnaires, a best-estimate lifetime diagnosis
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Conclusion

• Robust evidence for association between psychosis and 
childbirth
• Specific for bipolar disorder

• Only a partial biological overlap between bipolar disorder and 
postpartum psychosis
• Not all women with bipolar disorder have the same perinatal risk  

profile
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