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Objective: The purpose of this article
was to estimate relative risks of all-cause
mortality associated with parental psychi-
atric disorder based on offspring age (up
to 25 years of age), parental diagnosis,
maternal versus paternal disorder, and
number of affected parents.

Method: The study group consisted of all
Danish singleton live and stillbirths (N=
1.46 million) during 1973-1998, identified
using the Central Population Register and
Medical Birth Register. Dates of death
were recorded with follow-up to Jan. 1,
1999. Parental admission histories since
1969 were obtained from the Psychiatric
Central Register.

Results: Mortality risks were elevated
from birth through early adulthood
among offspring of people admitted with
any type of psychopathology, although
relative risks were attenuated during
school attendance years. Effect sizes var-
ied according to offspring ages, the high-
est being during infancy. The following

high-risk subgroups were identified: post-
neonates with two mentally ill parents,
neonates and postneonates whose moth-
ers had alcohol and drug-related disor-
ders, and neonates whose mothers had
affective disorders. In general, from the
postneonatal period onward, there was
no indication that maternal psychopa-
thology is associated with higher offspring
mortality risk than paternal disorder.

Conclusions: The greatest number of ex-
cess deaths were attributable to alcohol-
related disorders, this being the most
prevalent paternal diagnostic category
and the second most prevalent in moth-
ers. Some findings were unexpected. For
example, there was no evidence that
mortality risk among offspring of parents
with schizophrenia and related disorders
was significantly greater than that associ-
ated with all other parental psychiatric
conditions, whereas the relative risk for
neonatal death associated with maternal
affective disorders was markedly raised.

(Am J Psychiatry 2006; 163:2170-2177)

Investigation of mortality risk among offspring of men-
tally ill people has been conducted since the 1930s (1).
Earlier studies generally reported no evidence for higher
risk in offspring of affected parents (2—4), whereas most
studies since the 1960s have indicated greater risk of fetal,
perinatal, and infant mortality associated with parental
schizophrenia (5, 6), specifically maternal schizophrenia
(7-9) and the broader range of maternal psychoses (10).
The best available evidence to date has come from large
register-based studies conducted in Denmark (8), Sweden
(9), and Australia (11), although the latter recently found
no evidence of higher offspring mortality risk. The two
Scandinavian studies reported elevated relative risks asso-
ciated with maternal schizophrenia of approximately two-
fold for stillbirth and between two- and threefold for in-
fant death. The Danish study (8) additionally found a
fivefold relative risk for sudden infant death syndrome. An
elevated risk of sudden infant death syndrome associated
with postnatal depression (12, 13) and maternal substance
misuse (14, 15) has also been indicated. Evidence is, how-
ever, currently lacking for mortality risk among these off-
spring beyond infancy and for effects of paternal versus
maternal disorder (1).
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Higher mortality risks may be linked to inadequate an-
tenatal care (16), restricted fetal growth (17), obstetric
complications (18, 19), medication toxicity (20), adverse
social environment (21, 22), and genetic inheritance (23).
The relative importance of these putative mechanisms is
likely to vary with the age of the child, parental diagnosis,
and which parent is affected. It seems intuitive to expect
that effects of maternal disorders are stronger, especially
during the perinatal period and infancy. Maternal schizo-
phrenia may be associated with particularly high risk be-
cause of the enduring and debilitating nature of the disor-
der and because parenting outcomes have been shown to
be poor in these mothers compared with those admitted
with affective disorders (24).

The objectives of our investigation were 1) to conduct a
population-based follow-up study of all-cause mortality
risk in offspring of mentally ill people from birth through
early adulthood; 2) to investigate different parental diag-
nostic groups (i.e., schizophrenia and related disorders,
affective disorders, alcohol and drug-related disorders),
and 3) to compare relative risks for maternal versus pater-
nal disorder and by number of affected parents.
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TABLE 1. Characteristics of the Birth Cohort Stratified by Offspring Age

Neonatal Post-Neonatal Years
Stillbirth (0-28 Days) (29-365 Days) 1-4 5-15 16-25
Characteristic (N=1,457,962)2 [N=1,450,329]* [N=1,439,982]7 (N=1,384,042)2 (N=1,147,639)2 (N=570,312)2
Person-years denominator - 110,518 1,303,097 5,068,896 9,301,242 3,032,995
All deaths (exposed+ 7,633 6,646 3,511 2,081 1,762 1,530
unexposed)
Maternal disorders
exposure prevalence (%)°
All psychiatric disorders 1.9 1.9 2.0 2.5 4.1 6.2
Schizophrenia and related
disorders 0.2 0.2 0.2 0.3 0.5 0.8
Affective disorders 0.4 0.4 0.4 0.6 1.1 1.9
Alcohol-related disorders 0.2 0.2 0.2 0.3 0.6 13
Drug-related disorders 0.2 0.2 0.2 0.3 0.5 0.8
Paternal disorders
exposure prevalence (%)P
All psychiatric disorders - - 2.0 2.5 3.9 5.4
Schizophrenia and related 0.2 0.2 0.4 0.5
disorders - -
Affective disorders - - 0.3 0.4 0.8 13
Alcohol-related disorders - - 0.6 0.8 1.6 2.6
Drug-related disorders - - 0.3 0.4 0.6 0.7

3 The number of offspring who contributed some person-time of follow-up to each age stratum. For calculation of the stillbirth rate, the group

size is the number of live plus stillbirths.

b Offspring classified as being exposed if first parental admission was before offspring death or exit from the study (through emigration or by

default on Jan. 1, 1999).

¢ Age strata fitted in Poisson regression models to adjust for heterogeneity in mortality rates by age in the Danish general population. In all
Poisson models presented (Tables 3-5), relative risks are adjusted for fine age strata and the interaction between this variable and a 5-year
calendar period. Fine age strata: neonatal=0-7/8-28 days; postneonatal=0.25, 0.5, 0.75; 1-4 years=1, 2 ,3, 4; 5-15 years=5, 8, 11, 14; 16—

25 years=16, 17, 20, 23.

We hypothesized that 1) offspring of mothers and fathers
admitted with some type of psychiatric diagnosis would be
at greater risk of mortality at all ages compared with the
general population; 2) relative risks would be greater for
perinatal and infant mortality versus death at age 1 year
and over, for maternal versus paternal disorders, and for
two versus one affected parent; and 3) relative risks would
be especially high among offspring of parents with schizo-
phrenia and related disorders compared with those whose
parents had other types of psychiatric disorder.

Method

The Study Cohort

All births that occurred in Denmark between Jan. 1, 1973, and
Dec. 31, 1998, were enumerated using the Central Population
Register and Medical Birth Register (25) to identify live and still-
births, respectively. Dates of death from all causes were also re-
corded in these registers. For simplicity of analysis and presenta-
tion, the dataset was restricted to singletons (97.5% of all births).
Multiple pregnancies that resulted in a fetal death and a live birth
were identified and excluded if the fetal loss occurred at 28 weeks
gestation or beyond. Offspring of mothers born outside Denmark
were excluded because of the unavailability of their psychiatric
histories prior to immigration, a potential source of information
bias. The birth cohort was linked to the Psychiatric Central Regis-
ter (26, 27), which records all admissions to psychiatric hospitals
and wards that have occurred nationally since 1969. A unique
identification number enabled virtually complete linkage be-
tween registers and of offspring to their birth mothers and regis-
tered fathers (28). It was impossible to check that the registered
father was the biological father for any births in the cohort.
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Standard World Health Organization definitions were used to
categorize offspring age during the first year of life, i.e., neonatal
period (0-28 days) and postneonatal period (from 28 days to the
end of the first year). There is currently no internationally agreed
definition for stillbirth. In Denmark, fetal deaths at 28 weeks are
classified as stillbirths (29). The age groups 1-4, 5-15, and 16-25
years were chosen to reflect preschool, schooling, and early
adulthood periods, respectively. The oldest age stratum was
truncated at 25 years of age, the maximum length of follow-up in
the cohort. The 1.45 million live births were followed up for over
18.8 million person-years in total. Stratification of this denomi-
nator by offspring age is shown in Table 1. Age-specific relative
risks for mortality among live-born offspring were estimated as
incidence-rate ratios, the incidence rate (A) being the number of
deaths (n) divided by the aggregate number of person-years
(pyrs) per age stratum. The incidence rate ratio is (ne/pyrse) / (ny/
pyrsu), where ne is the number of deaths in the exposed group;
pyrse is the number of person-years at risk in the exposed group;
ny is the number of deaths in the unexposed group; and pyrs, is
the number of person-years at risk in the unexposed group.

Relative risks for stillbirth were estimated as risk ratios using all
births as the denominator. The risk ratio is the proportion of all
births that are stillbirths in the exposed group divided by this pro-
portion in the unexposed group. For these analyses, only those
maternal first admissions prior to birth classified offspring to the
exposed group.

The age-specific study-group size, which is the number of off-
spring contributing at least some person-time to the denomina-
tor in each age stratum, declined as the children became older
(Table 1). This was partly because of attrition by death and emi-
gration, but mostly because only subsets of all the births were eli-
gible for follow-up beyond the neonatal period. Thus, since the
last day of observation was Jan. 1, 1999, only subjects born before
the end of Dec. 1982 could be followed up into the oldest age stra-
tum (16-25 years).
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TABLE 2. Tests for Variability by Age in Relative Risks
Among Offspring of Mentally Ill Mothers

Test for Variability in Age-
Specific Relative Risks?

x? value
Maternal Diagnostic Category (df=5) p
All psychiatric disorders 13.7 0.02
Schizophrenia and related disorders 4.8 0.44
Affective disorders 19.8 0.001
Alcohol-related disorders 211 <0.001
Drug-related disorders 10.1 0.07

a Chi-square tests implemented in Poisson regression models to as-
sess variability in age-specific relative risks (offspring age stratified
as stillbirth, neonatal, postneonatal [1-4, 5-15, and 16-25 years]).

Parental Diagnostic Categories

Parental diagnostic categories were selected to maximize clini-
cal relevance while yielding sufficient numbers of events for pre-
cise estimation of offspring age-specific relative risks. All parental
first admissions at age 16 years and over were identified using the
psychiatric register, with episodes coded by ICD-8 for years 1973—
1993 and ICD-10 for 1994-1998. The following categories were in-
vestigated: 1) all psychiatric diagnoses (ICD-8: 290-315; ICD-10:
F00-F99); 2) schizophrenia and related disorders, i.e., schizophre-
nia, schizophrenia-like, or schizoaffective disorder (ICD-8: 295,
296.8, 297, 298.39, 301.83; ICD-10: F20-F29); 3) affective disorders
(ICD-8: 296.09, 296.19, 296.29, 296.39, 296.99, 298.09, 298.19,
300.49, 301.19; ICD-10: F30-F39) 4) alcohol-related disorders
(ICD-8: 291, 303; ICD-10: F10) 5) drug-related disorders (ICD-8:
294.30, 294.38, 304, 980.09; ICD-10: F11-F16, F-18, F-19).

The codes used to delineate affective disorders (including bi-
polar disorder) versus schizoaffective disorder were based on
those used in previous Danish register-based studies (30, 31), ex-
cept we included ICD-8 296.8/296.89 in the schizoaffective list.

Statistical Analyses

Statistical analyses were performed using Stata software (32).
For each subject, the person-years at risk were calculated and then
stratified according to time-dependent exposure variables (33,
34). To eliminate potential reverse causality bias, offspring were
only classified as being exposed if parental first admission oc-
curred prior to the date of death (if applicable), since a recent Dan-
ish study found an elevated risk of parental hospitalization follow-
ing the death of a child (35). If parental first admission occurred
after the offspring was born, the person-years years were stratified
according to unexposed then exposed categories in a stepwise
time-dependent fashion. For each parental diagnostic group, a
categorical exposure variable was thereby created, for example, 1=
mother not admitted (reference category; relative risk=1.00), 2=
mother admitted for any psychiatric diagnosis, and 3=mother ad-
mitted for specific diagnostic category (e.g., affective disorder).

Relative risks were modeled using log-linear Poisson regression
without significant evidence of overdispersion (36). Finely strati-
fied offspring age and 5-year calendar period (and an interaction
term between the two) were fitted as time-dependent covariates
to comprehensively adjust for cohort effects by age (33). These
fine age strata are shown in Table 1 and were selected empirically
according to homogeneity of mortality risk in the general popula-
tion. In this way, for example, adjustment was made for differ-
ences over time in parental admission rates. Hospitalization rates
declined through the study period, but interaction terms indi-
cated that none of the observed associations were restricted to ei-
ther the earlier or later periods of observation. The effects of ma-
ternal age at birth, offspring sex, and birth order were also
assessed, but these variables were excluded from the final models
since they had little confounding effect. Wald z tests of linear
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combinations of coefficients in the Poisson models were also cal-
culated to assess evidence for excess risk specific to diagnostic
categories relative to all other parental disorders. These evident
excess risks are highlighted with asterisks in the tables according
to their significance level (*: p<0.05, **: p<0.01, and ***: p<0.001).

In a study of maternal schizophrenia and perinatal and infant
mortality, conducted using the same Danish registers, Bennedsen
et al. (8) additionally fitted General Estimation Equation models
to correct for statistical nonindependence within sibships. These
made no material difference to the relative risks and variances
compared to the estimates from models fitted without such cor-
rection. On this basis and because our analyses were conducted
on a larger study group with aggregated person-years data and
with no evidence of overdispersion, models correcting for sibship
clustering were not implemented.

Results

Descriptive Analyses

A total of 1,457,962 live and stillbirths occurred between
Jan. 1, 1973 and Dec. 31, 1998 (Table 1). Of these, 1,450,329
were born alive, and the study group size declined with in-
creasing offspring age to 570,312 at 16-25 years. A total of
23,163 deaths occurred across the study age range. Strati-
fied by age, the most prevalent conditions were affective
then alcohol-related disorders for maternal disorders and
alcohol-related then affective disorders for paternal disor-
ders. For all types of parental disorders and each specific
diagnostic category, exposure prevalence increased as the
children aged, which reflects the time-dependent nature
of these variables. The identity of the registered father was
unknown for a small proportion of all births (1%), but reg-
istration practices rendered this information missing for
more than one-quarter of stillbirths and neonatal deaths
compared with only 2% of deaths at ages 1-25 years. Fur-
ther investigation suggested that relative risks for stillbirth
and neonatal death associated with paternal disorders
were strongly biased because of these missing data, so
these effect estimates are not reported. Comparison of rel-
ative risks for maternal versus parental disorder are thus
restricted to the postneonatal period onward.

Relative Risks Among Offspring of Mentally Il]
Mothers

To assess the degree of variability in age-specific relative
risks associated with maternal psychiatric disorders, %2
tests for interaction by age were performed. These indi-
cated significant variability in age-specific effects associ-
ated with all maternal disorders and with specific diag-
nostic categories (affective disorders, alcohol-related
disorders) but not with schizophrenia and related disor-
ders or drug-related disorders (Table 2).

Relative risks of mortality associated with all maternal
disorders were significantly raised within each offspring
age group from birth through early adulthood, apart from
ages 5-15 years (Table 3). The other age-specific relative
risks associated with all maternal disorders were signifi-
cantly elevated, with the largest being for postneonatal
death. The highest relative risks associated with the spe-
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TABLE 3. Age-Specific Relative Risks Among Offspring of Mentally Ill Mothers
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Years
Maternal Diagnostic Category Stillbirth Neonatal Post-Neonatal 1-4 5-15 16-25
Mother not admitted (reference)
Rate per 10,0002 52.0 594.7 26.5 4.0 1.9 4.9
Number of deaths 7,429 6,445 3,389 2,001 1,683 1,382
Relative risk 1.00 1.00 1.00 1.00 1.00 1.00
All psychiatric disorders
Rate per 10,0002 72.7 940.4 459 6.3 2.1 7.9
Number of deaths 204 201 122 80 79 148
Relative riskP 1.42 1.65 1.79 1.65 1.11 1.61
95% Cl 1.23-1.63 1.44-1.90 1.49-2.14 1.32-2.06 0.89-1.39 1.36-1.91
Schizophrenia and related disorders
Rate per 10,0002 86.5 1,040.8 37.7 8.4 1.6 7.6
Number of deaths 24 22 10 11 7 18
Relative riskP 1.71 1.92 1.51 2.27 0.85 1.56
95% Cl 1.14-2.55 1.26-2.92 0.81-2.82 1.25-4.11 0.41-1.79 0.98-2.48
Affective disorders
Rate per 10,0002 87.0 1478.5 34.1 5.4 1.6 71
Number of deaths 51 66 20 16 16 41
Relative riskP 1.66 2.46™" 1.31 1.36 0.84 1.44
95% Cl 1.29-2.19 1.93-3.13 0.84-2.03 0.83-2.23 0.51-1.38 1.06-1.97
Alcohol-related disorders
Rate per 10,0002 83.2 1473.9 102.7 9.3 1.8 8.1
Number of deaths 24 32 27 13 11 31
Relative riskP 1.64 2.59™ 3.83"" 2.46 0.97 1.65
95% Cl 1.10-2.45 1.83-3.66 2.62-5.59 1.43-4.25 0.54-1.76 1.16-2.36
Drug-related disorders
Rate per 10,0002 71.8 1406.4 83.2 7.0 2.7 7.2
Number of deaths 21 31 22 9 12 17
Relative riskP 1.39 2.33" 3.02™ 1.77 1.44 1.48
95% Cl 0.90-2.13 1.64-3.32 1.98-4.59 0.92-3.40 0.81-2.54 0.92-2.38

a Stillbirth rates given as per 10,000 live and stillbirths; mortality rates among live-born offspring given as per 10,000 person-years at risk.

b Relative risks adjusted for fine offspring age strata and 5-year period calendar (and the interaction between these two variables).
*p<0.05; **p<0.01; ***p<0.001 (Wald z-tests for linear combination of regression coefficients in the Poisson model, i.e. relative risk associated
with specific diagnostic category significantly greater than relative risk associated with all other maternal disorders. Actual values of zand p

reported in the text.)

cific maternal diagnostic categories tended to occur dur-
ing the neonatal and postneonatal periods. There was no
evidence of elevated risk during school attendance years
associated with any specific maternal diagnostic category
compared to the risk in the general population.

Wald z tests gave strong evidence for the existence of
high-risk offspring subgroups according to maternal diag-
nosis (i.e., relative risks of 2.5 or greater that were signifi-
cantly higher than those associated with other maternal
conditions). These were neonates and postneonates whose
mothers had alcohol-related disorders (z=2.67, p=0.001; z=
4.14, p<0.001, respectively), neonates and postneonates
whose mothers had drug-related disorders (z=2.03, p=0.03;
z=2.59, p=0.01, respectively), and neonates whose mothers
had affective disorders (z=3.64, p<0.001). However, there
was no indication that schizophrenia and related disorders
were associated with an excess mortality risk relative to all
other maternal disorders.

The neonatal period is conventionally divided into early
and late periods, with the former reflecting markedly
higher risks in the first postpartum week. In relation to all
maternal disorders, the relative risk in the early neonatal
period (0-7 days: N=166 deaths; relative risk=1.65, 95%
confidence interval [CI]=1.41-1.92) was equivalent to that
in the late neonatal period (8-28 days: N=35; relative risk=
1.68, 95% CI=1.20-2.35). Mortality events were too sparse
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to estimate effects during the late neonatal period specific
to each maternal diagnostic category. Only two broad ma-
ternal categories yielded adequate numbers: affective dis-
orders and substance-related disorders (defined as an al-
cohol or a drug-related disorder). For these categories,
significantly elevated relative risks of between two and
three for both early and late neonatal death were found.

Relative Risks Among Offspring of Mentally Il]
Fathers

Age-specific relative risks from the postneonatal period
onward associated with paternal disorders are presented in
Table 4. As with all maternal disorders, the highest relative
risk associated with all paternal conditions occurred dur-
ing the postneonatal period. The lowest was again at ages
5-15 years, although this effect was significant in relation
to paternal illness. For each age stratum, there was no evi-
dence of excess mortality risk specific to schizophrenia and
related disorders relative to other paternal disorders. One
high-risk subgroup was indicated. The relative risk among
5-15 years olds whose fathers were admitted for alcohol-
related disorders was significantly higher than that associ-
ated with all other paternal disorders (z=2.21, p=0.03). Dur-
ing school attendance years, relative risks specific to all
other types of paternal disorder were not elevated.
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TABLE 4. Age-Specific Relative Risks Among Offspring of Mentally Ill Fathers

Years
Paternal Diagnostic Category Post-Neonatal 1-4 5-15 16-25
Father not admitted (reference)
Rate per 10,0002 24.3 4.0 1.8 4.9
Number of deaths 3,071 1,942 1,634 1,396
Relative risk 1.00 1.00 1.00 1.00
All psychiatric disorders
Rate per 10,0002 41.5 6.1 2.4 7.0
Number of deaths 106 76 88 114
Relative riskP 1.72 1.62 1.34 1.42
95% Cl 1.42-2.09 1.29-2.04 1.08-1.66 1.17-1.72
Schizophrenia and related disorders
Rate per 10,0002 28.6 8.4 1.4 10.4
Number of deaths 7 10 5 16
Relative riskP 1.22 230 0.79 211
95% Cl 0.58-2.55 1.24-4.28 0.33-1.89 1.29-3.46
Affective disorders
Rate per 10,0002 443 7.3 2.0 7.3
Number of deaths 19 16 15 29
Relative RiskP 1.81 1.89 1.10 1.47
95% Cl 1.15-2.84 1.15-3.08 0.66-1.83 1.01-2.12
Alcohol-related disorders
Rate per 10,0002 47.7 5.4 3.2 7.3
Number of deaths 37 23 48 57
Relative riskP 1.95 1.45 171" 1.49
95% Cl 1.41-2.70 0.96-2.19 1.28-2.27 1.14-1.94
Drug-related disorders
Rate per 10,0002 31.1 6.4 2.7 8.4
Number of deaths 12 12 14 17
Relative riskP 1.27 1.69 1.48 1.71
95% Cl 0.72-2.23 0.96-2.97 0.87-2.50 1.06-2.76

a Mortality rates given as per 10,000 person-years at risk.

b Relative risks adjusted for fine offspring age strata and 5-year period calendar (and the interaction between these two variables).
*p<0.05 (Wald z-tests for linear combination of regression coefficients in the Poisson model, i.e. relative risk associated with specific diagnostic
category significantly greater than relative risk associated with all other paternal disorders. Actual values of z and p reported in the text.)

Relative Risks by Maternal Versus Paternal
Disorder and Number of Affected Parents

For these results (presented in Table 5) “neither parent
admitted” was used as a common reference category and,
because of sparse data, analyses were restricted to associ-
ations with all parental disorders. Within each offspring
age stratum (postneonatal period onward), the relative
risks of mortality specific to maternal disorder were of
similar magnitude to those specific to paternal disorder.
The relative risks associated with having two affected par-
ents were higher than those for one affected parent, al-
though the excess was statistically significant only during
the postneonatal period (z=2.55, p=0.01). A threefold ele-
vated risk was indicated for postneonatal death among
offspring with two mentally ill parents compared to those
with unaffected parents.

Discussion

Some of these findings confirmed our prior hypotheses.
First, significantly raised mortality risks in offspring of
mothers admitted for any type of psychiatric diagnosis
were observed from birth through early adulthood, al-
though relative risks were attenuated at ages 5-15 years.
Second, relative risks associated with maternal illness var-
ied significantly by age and were generally greatest in the
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first year of life, during the neonatal (early @9 late) and
postneonatal periods. Relative risks for stillbirth were,
however, somewhat lower. Third, the relative risk of post-
neonatal death among offspring with two mentally ill par-
ents was significantly higher than that associated with
having only one affected parent.

However, some findings were contrary to expectation.
First, from the postneonatal period onward, similar effect
sizes were observed for maternal verus paternal disorder in
general. Second, we identified several high-risk subgroups
that had relative risks higher than those associated with
other psychiatric disorders, but these did not include off-
spring of parents with schizophrenia and related disorders.
Compared with all other maternal disorders, relative risks
were significantly raised among neonates and postneo-
nates whose mothers had alcohol and drug-related disor-
ders and among neonates whose mothers had affective
disorders. The latter was a particularly surprising result.

This is the first large population-based investigation of
mortality risk among offspring of mentally ill parents with
follow-up through early adulthood. The effects of a
broader range of parental disorders were assessed in pre-
vious studies, and derivation of time-dependent exposure
variables enabled comparison of associations with spe-
cific diagnostic groups versus parental psychopathology
in general. Comparisons of effects associated with mater-
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TABLE 5. Relative Risks by Maternal Versus Paternal Disorder and Number of Affected Parents

Years

Parental Admission Status Post-Neonatal 1-15 16-25
Neither parent admitted (reference)

Rate per 10,0002 24.1 2.6 4.7

Number of deaths 2,988 3,448 1,274

Relative risk 1.00 1.00 1.00
Father only admitted?

Rate/10,000° 38.5 3.4 6.7

Number of deaths 89 146 92

Relative Risk® 1.61 1.48 1.40

95% Cl 1.30-1.99 1.26-1.75 1.13-1.73
Mother only admitted?

Rate/10,000? 35.6 29 7.7

Number of deaths 83 128 122

Relative risk® 1.52 1.27 1.60

95% Cl 1.22-1.89 1.07-1.52 1.33-1.93
One parent admitted?

Rate/10,000° 37.0 3.2 7.2

Number of deaths 172 274 214

Relative risk® 1.56 1.38 1.51

95% Cl 1.34-1.82 1.22-1.56 1.31-1.74
Two parents admitted?

Rate/10,000° 69.0 3.0 8.8

Number of deaths 17 18 22

Relative risk® 2.99" 1.37 1.83

95% Cl 1.86—4.82 0.86-2.17 1.20-2.79

a Mortality rates given as per 10,000 person-years at risk.
b Parental admissions for any psychiatric disorder.

¢ Relative risks adjusted for fine offspring age strata and 5-year period calendar (and the interaction between these two variables).
*p<0.05 (Wald z-tests for linear combination of regression coefficients in the Poisson model, i.e. the relative risk associated with having two
affected parents significantly greater than relative risk associated with one affected parent only. Actual values of zand p reported in the text.)

nal versus paternal disorders, and of having two versus
one affected parent, were performed with a much larger
study group than previously available (5, 6).

Since Denmark has no privately funded psychiatric in-
patient services, the national register provides a near com-
plete population-based record of admissions since 1969.
Selection biases, however, do exist because the majority of
mentally ill people are never admitted. The degree of bias
is likely to vary by diagnostic category. Bennedsen et al. (8)
argue that most people with schizophrenia are probably
admitted at least once. Thus, even though the register may
not capture all cases of schizophrenia and related disor-
ders that occur in the population, the group identified
would have good external validity (37). Selection bias is
likely to be higher for investigation of parental affective
and substance-related disorders because most of these
people are not admitted. For these categories, the ob-
served results are applicable only to the severe end of the
diagnostic spectrum. Currently, there are no registers
available in Denmark or elsewhere to undertake popula-
tion-based studies of illnesses that are usually treated in
the community. In terms of diagnostic validity, Munk-Jer-
gensen (38) reported a high positive predictive value of
90% for ICD-8 diagnosis of schizophrenia. Kessing re-
ported good validity for ICD-10 diagnoses of affective dis-
orders (39) and continuity between 8th and 10th ICD revi-
sions for these disorders (40). There have been no
diagnostic validation studies of alcohol or drug-related
disorders in the Danish psychiatric register.
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Our study has several limitations. First, although a large
birth cohort was investigated, the rarity of death among ex-
posed offspring led to sparse data in certain subgroups.
This, for example, precluded estimation of relative risks
among offspring of two parents affected with specific diag-
noses. Second, relative risks of stillbirth and neonatal
death associated with paternal disorders were not estima-
ble without substantial bias because of missing data for pa-
ternal identity. Third, as in many open cohort studies, bias
due to left censoring is likely. Parental psychiatric admis-
sion histories were unavailable prior to April 1, 1969, when
the psychiatric register was computerized. Thus, misclassi-
fication of exposure status because of previous unregis-
tered parental admissions could especially bias effect esti-
mates for births occurring in the earlier years of the cohort.
However, this is likely to have attenuated the observed rel-
ative risks so that the associations we report are not spuri-
ous, and the effect size estimates are conservative.

Finally, we were unable to adjust for potentially impor-
tant confounders, such as antenatal care attendance,
smoking, substance misuse without inpatient admission,
and socioeconomic status. Other investigators were also
unable to adjust for these factors in recent register-based
studies (8, 11). Nilsson et al. (9) did account for maternal
smoking and educational status, but their adjusted relative
risks for stillbirth and infant death associated with mater-
nal schizophrenia remained significantly elevated. It
seems intuitive to assume that the confounding effects of
these factors are greater in relation to maternal (versus pa-
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ternal) disorder and for stillbirths and infant deaths com-
pared with mortality beyond the first year. Controlling for
factors such as low antenatal attendance, substance mis-
use, and smoking during pregnancy could also lead to
overadjustment, since these measured exposures are likely
to occur as a consequence of maternal psychiatric illness.

Our data overlap considerably with those used in a pre-
vious study (8) investigating rates of stillbirth and infant
death among all women diagnosed with schizophrenia
who gave birth during 1973-1993. We extended the birth
cohort up to 1998, investigated other maternal conditions
as well as paternal disorders, and assessed mortality out-
comes beyond infancy through early adulthood. To avoid
potential reverse causality bias, we also used a more strin-
gent definition of exposure to include only maternal first
admissions that occurred prior to an offspring death.
Where comparison is possible, i.e., risk of stillbirth and in-
fant mortality associated with maternal schizophrenia,
our findings are consistent with those reported from Swe-
den (9), but not with those from a recent Australian study
(11). These investigators found no evidence of higher risk
of stillbirth, infant mortality, or early childhood mortality
in offspring of mothers with schizophrenia, bipolar disor-
der, or unipolar disorder. Type II error seems an unlikely
explanation for their negative finding, since the odds ra-
tios reported were generally close to unity. Substantive dif-
ferences between study populations, or between health
and social care systems, may explain the incongruous
findings. Our results are, however, consistent with those of
most studies published since the 1960s, which have gener-
ally shown raised mortality risks among the offspring of
mentally ill parents (1).

Relative risks vary according to age. Offspring of men-
tally ill parents are at higher risk of death during infancy
and the years prior to attending school, and relative risks
rise again in early adulthood. It may be that during school-
ing years these children are partially protected from the
environmental hazards that are apparently associated
with parental mental illness. Relative risks also vary by di-
agnostic category. Clinicians should be mindful of the
high-risk subgroups identified as well as our finding that
schizophrenia and related disorders are not associated
with excess mortality risks relative to other parental disor-
ders. The greatest number of excess deaths were attribut-
able to alcohol-related disorders, this being the most prev-
alent paternal diagnostic group and the second most
prevalent in mothers.

Identification and interpretation of etiological mecha-
nisms must await investigation of cause-specific mortal-
ity, which was the objective of our current investigations.
Future studies should investigate the impact of parental
conditions that are generally treated in community set-
tings and estimate unbiased relative risks of perinatal
mortality associated with paternal disorder.
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