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Objective: Diuretics prescribed after the
first trimester for treatment of hyperten-
sion in pregnant women may interfere
with normal plasma volume expansion
and cause volume depletion. The authors
hypothesized that prenatal exposure to
diuretics and maternal hypertension
might disrupt fetal neurodevelopment
and increase the risk of schizophrenia in
offspring.

Method: Using data from the Copenhagen
Perinatal Cohort of individuals born be-
tween 1959 and 1961, the authors studied
the relationship of maternal hypertension
and diuretic treatment during pregnancy
with the risk of schizophrenia (ICD-8 code
295) in the offspring. Prenatal medical in-
formation was linked to the Danish Na-
tional Psychiatric Register. The effects of
maternal hypertension and diuretic treat-
ment were adjusted for the maternal his-
tory of schizophrenia, social status of the
family breadwinner, mother’s age, and con-
comitant drug treatment during pregnancy.

Results: In a risk set of 7,866 individuals,
84 cases of schizophrenia were found
(1.1% prevalence). Logistic multiple regres-
sion analysis identified the following inde-
pendent risk factors: maternal hyperten-
sion (odds ratio=1.69 [95% Cl=1.02-2.80]),
diuretic treatment in the third trimester
(odds ratio=2.55 [95% CI=1.21-5.37]), and
maternal schizophrenia (odds ratio=11.12
[95% C1=4.60-29.91]). Prenatal exposure
to both hypertension and diuretic treat-
ment in the third trimester conferred a
4.01-fold (95% C1=1.41-11.40) elevated
risk.

Conclusions: Children of mothers with
hypertension in pregnancy plus diuretic
treatment in the third trimester were at
significantly increased risk of developing
schizophrenia. In pregnancies compli-
cated by hypertension, diuretics may inter-
fere with aspects of fetal neurodevelop-
ment and thus increase the vulnerability
of offspring to the development of schizo-
phrenia later in life.

(Am J Psychiatry 2003; 160:464-468)

In the search for early risk factors related to schizophre-
nia, research has focused on the roles of predisposing ge-
netic factors as well as on pregnancy and delivery compli-
cations. Monozygotic twins discordant for schizophrenia
have been compared for possible early developmental dif-
ferences (1, 2), and it has been shown that the affected
twins had more brain and neurological abnormalities (3,
4). Increased risk of schizophrenia has also been linked
with exposure to infections during the second trimester
(5), maternal stress (6), and nutritional deficiencies in
utero (7, 8). Evidence is also accumulating for an associa-
tion between obstetric complications and increased risk
of schizophrenia (9). Specific obstetric complications,
such as preeclampsia, have been identified as an inde-
pendent predictor of offspring vulnerability to the devel-
opment of schizophrenia (10). Since preeclampsia may
impair fetal growth, it has been suggested that the etio-
pathogenesis of schizophrenia might involve a reduced
nutritional supply to the fetus (10). We have not been able
to identify other studies that have further examined the re-
lation between maternal preeclampsia and offspring vul-
nerability to schizophrenia, and there is a need to examine
whether other maternal conditions related to preeclamp-
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sia, such as chronic hypertension, might confer an in-
creased risk of the disorder in the offspring. It is also un-
clear whether medical treatment of obstetric conditions
such as hypertension or preeclampsia might contribute to
the etiology of schizophrenia. To our knowledge, no stud-
ies linking psychiatric morbidity in the offspring with
specific treatment regimens in pregnancy have been re-
ported, but research has demonstrated that diuretics pre-
scribed after the first trimester because of hypertension
interfere with normal plasma volume expansion and may
cause volume depletion (11). Thus, it is possible that pre-
natal exposure to diuretics and other antihypertensive
drugs may disrupt neurodevelopment of the fetus.
Although diuretics have not been reported to have ter-
atogenic effects, their use in pregnancy is controversial
(12). Homeostatic mechanisms are likely to protect the im-
mature brain from the immediate effects of volume deple-
tion during pregnancy, but it is theoretically possible that
electrolyte imbalance or volume depletion after prolonged
diuretic therapy may have delayed neurodevelopmental
effects. The neurodevelopmental hypothesis of schizo-
phrenia suggests that the disorder has its origin in aberrant
brain development (13). We hypothesized a link between
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schizophrenia in adult life and prenatal exposure to diuret-
ics and/or maternal hypertension during pregnancy.

We undertook the present prospective study using data
from the Copenhagen Perinatal Cohort to examine the as-
sociations between schizophrenia in adult life and pre-
natal exposure to diuretics and other pregnancy charac-
teristics. Diuretics were rather commonly prescribed to
pregnant women at the time the cohort was established
(14), and recent studies have shown that diuretics are still
used for treating hypertension and cardiac diseases in
pregnancy (15). The possibility of linking the Danish Psy-
chiatric Register (16) with information on prenatal expo-
sure to drug treatment in the Copenhagen Perinatal Co-
hort (17) enabled us to conduct this study.

Method

Main Exposure Variables

The Copenhagen Perinatal Cohort consists of 9,125 individuals
delivered from October 1959 to December 1961 at the maternity
department of the Copenhagen University Hospital, Rigshospita-
let. At the establishment of this cohort, demographic, socioeco-
nomic, prenatal, and perinatal medical data were recorded pro-
spectively. The data collection methods have been described in
detail elsewhere (14, 17, 18). The data on prenatal exposure to
medication indicated class of substance (hormones, barbiturates,
diuretics, antiepileptic drugs, etc.) and timing of exposure, by tri-
mester.

Blood pressure was measured routinely during pregnancy at
scheduled visits and documented in the medical records. Hyper-
tension was classified as present if the blood pressure in more
than one measurement was 140/90 or above, irrespective of
whether the woman had previously been normotensive. Hence
the definition used here most likely included both cases of
chronic hypertension and cases of gestational hypertension. Hy-
pertension was classified as either present or absent, and the cur-
rent data set does not include ratings of severity. When the cohort
was established, the variables of hypertension and preeclampsia
were coded as mutually nonoverlapping categories. Preeclampsia
was defined as the occurrence of hypertension, edema, and pro-
teinuria after 20 weeks’ gestation and was classified as either
present or absent. Preeclampsia arising in previously normoten-
sive women could not with certainty be separated from pre-
eclampsia arising in women with chronic hypertension. Treat-
ment with diuretics and other drugs was recorded by trimester on
the basis of a face-to-face interview a few days after the women
had given birth. Of 424 women treated with diuretics at any time
during pregnancy, two were exclusively treated in the first trimes-
ter, 15 in the second trimester, and 356 in the third trimester.
Fifty-one women were treated in both the second and third tri-
mesters. Thus, a total of 66 women were treated in the second tri-
mester, and 407 in the third trimester.

Occurrence of Schizophrenia

The Danish Psychiatric Central Register was fully computer-
ized by April 1, 1969 (16). It contains data on all admissions to
Danish psychiatric inpatient facilities. The diagnostic system in
use when the Danish Psychiatric Central Register was computer-
ized was the ICD-8. In ICD-8, schizophrenia is defined by proto-
typic descriptions of symptoms, such as bizarre delusions, delu-
sions of control, abnormal affect, autism, hallucinations, and
disorganized thinking. In 1994, the ICD-10 classification was im-
plemented. For this study, we identified all cohort members and
their mothers who had been hospitalized with a diagnosis of
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schizophrenia before 1994 (ICD-8 codes 295.00-295.99). The risk
set consisted of 7,866 individuals with data on both prenatal ex-
posure to diuretics and data on psychiatric follow-up (3,994 men
and 3,872 women).

Other Variables

Parental social status was recorded when the child was 1 year
old according to an 8-point scale (19). Data on social status were
missing for 18.5% of the risk set. To avoid dilution of the data set,
we replaced missing values for this variable with the variable
mean. Social status was weakly associated with schizophrenia in
the offspring, and since factors related to seeking medical treat-
ment during pregnancy might be associated with social and edu-
cational variables, social status was a potential confounder. Al-
though maternal age had little effect on the risk for schizophrenia
in the offspring, this variable correlated with hypertension and
diuretic treatment and thus might potentially confound the re-
sults. There was a strong association between a maternal diagno-
sis of schizophrenia and increased risk of the disorder in off-
spring. This potential confounder was included as a covariate.
While prenatal exposure to barbiturates has been linked with
long-term deleterious effects on cognitive performance (18), no
evidence has been found to link this exposure with schizophre-
nia. However, maternal hypertension was often treated with bar-
biturates, and consequently the effects of maternal barbiturate
treatment were also controlled in subsequent statistical analyses.

Indexes of pregnancy complications and delivery complica-
tions have previously been developed by Danish and American
obstetricians (19). The index of pregnancy complications is a
weighted index of specific events occurring during pregnancy.
Events with a moderate effect include hypertension and jaundice
during pregnancy. Events with a high level of effect include pla-
centa previa, abruption of the placenta, laparotomy, and severe
preeclampsia. The index of delivery complications is a weighted
index of specific events occurring from the beginning of labor to
the evaluation of the child’s condition at birth. These events in-
clude whether labor had been induced, whether the fetal presen-
tation had been atypical, and whether delivery conditions had
been “less than optimum.” Preliminary analyses showed nonsig-
nificant relationships indicating higher indexes of pregnancy and
delivery complications in preschizophrenic individuals (data not
shown), and both indexes were used as summary evaluations of
the course of pregnancy and delivery.

Data Analysis

We conducted chi-square tests of differences between cohort
members with schizophrenia and cohort comparison subjects for
the dichotomized main exposure variables. Variables approach-
ing statistical significance (p<0.10) were included in multiple lo-
gistic regression analyses. First, the association between the ex-
posure variables and the risk of schizophrenia was analyzed with
adjustment for social status of the family breadwinner and the
mother’s age. The second model estimated the influences of ma-
ternal hypertension and diuretic treatment during pregnancy on
the risk of schizophrenia in the offspring while adjusting for ma-
ternal schizophrenia, parental social status, mother’s age, and
prenatal exposure to barbiturates (the variables of parental social
status and mother’s age were entered as continuous variables). In
separate univariate analyses of variance, the distributions of po-
tential confounders in hypertensive mothers who were pre-
scribed diuretics late in pregnancy were compared with the dis-
tributions in untreated hypertensive mothers. In a separate
analysis, the weighted indexes of pregnancy and delivery compli-
cations were included as continuous covariates to control for
pregnancy and delivery complications. All analyses were con-
ducted by using SPSS version 10.0 (SPSS Inc., Chicago).
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TABLE 1. Characteristics of the Mothers of Members of the
Copenhagen Perinatal Cohort With Schizophrenia and
Comparison Cohort Members?

TABLE 2. Multiple Logistic Regression Analysis of Charac-
teristics of Mothers Predicting Schizophrenia in Members
of the Copenhagen Perinatal Cohort?

Cohort Comparison
Members With Cohort
Schizophrenia Members
—aab —
Characteristic (N=84) (N=7,782)

of Mother N % N % X2 (df=1)
Characteristics
during pregnancy
Hypertension 22 26.2 1,435 18.4 3.51%
Diuretic treatment
Second trimester 1 1.2 65 0.8 0.72
Third trimester 9 10.7 398 5.1 5.31%
Preeclampsia 1 1.2 312 4.0 1.79
Proteinuria 1 1.2 166 2.1 0.38
SchizophreniaP® 7 83 57 0.7 60.78*

aThe Copenhagen Perinatal Cohort consists of 9,125 individuals
born at Copenhagen University Hospital between October 1959
and December 1961.

b Schizophrenia identified on the basis of Danish Psychiatric Central
Register records of hospitalizations with a diagnosis of schizophre-
nia (ICD-8 code 295) before 1994.

#p<0.10.

Results

Eighty-four cohort members developed schizophrenia
(1.1%). Table 1 shows the characteristics of the cohort
members with schizophrenia and of the cohort compari-
son subjects. Univariate analysis showed that the two
groups differed in the distributions of hypertension, di-
uretic treatment in the third trimester, and maternal
schizophrenia (p<0.10). The distributions of maternal
preeclampsia, proteinuria, barbiturate treatment in the
second or third trimester, and diuretic treatment in the
second trimester were not significantly different between
groups.

Table 2 shows the results for the multiple logistic regres-
sion analyses. Data in the first column indicate the effects
of the variables listed, with the effects of maternal age and
social status controlled. Increased risk of schizophrenia
was strongly associated with having a mother with schizo-
phrenia and less strongly associated with prenatal expo-
sure to diuretic treatment in the third trimester. When ef-
fects of maternal schizophrenia, treatment with diuretics
in the third trimester, and maternal hypertension were as-
sessed jointly in the model (second column), all three fac-
tors emerged as independent predictors of schizophrenia.
We did not find significant associations between prenatal
exposure to diuretics and other psychoses besides schizo-
phrenia. Neither prenatal exposure to diuretics nor mater-
nal hypertension was associated with elevated risk of
developing reactive psychosis (ICD-8 code 298), other
psychosis (ICD-8 code 297), or affective psychosis (ICD-8
code 296).

Diuretics were prescribed in the third trimester to treat
hypertension, among other conditions. Presumably, the
mothers with more severe cases of hypertension received
treatment, while those with milder cases did not. Univari-
ate analysis (Table 3) showed that the distributions of ma-
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Model 1° Model 2¢
Characteristic 0Odds 0dds
of Mother Ratio 95% Cl Ratio 95% Cl
Characteristics
during pregnancy
Hypertension 1.53 0.94-2.50 1.69 1.02-2.80
Exposed versus
unexposed to
diuretic treatment
Second trimester 1.45 0.20-10.62 0.72 0.09-5.70
Third trimester 2.28 1.13-4.62 2.55 1.21-5.37
Exposed versus
unexposed to
barbiturate treatment
in third trimester 1.22 0.38-3.88 0.55 0.17-1.80

Schizophreniad 12.04 5.30-27.33 11.12 4.60-29.91

aThe Copenhagen Perinatal Cohort consists of 9,125 individuals
born at Copenhagen University Hospital between October 1959
and December 1961. Cohort members with schizophrenia con-
sisted of 84 subjects listed in the Danish Psychiatric Central Regis-
ter as having been hospitalized with a diagnosis of schizophrenia
(ICD-8 code 295) before 1994.

b Model outputs were adjusted for social status of the family bread-
winner and mother’s age.

¢ Model outputs were adjusted for social status of the family bread-
winner, mother’s age, and all other the variables listed.

dSchizophrenia identified on the basis of Danish Psychiatric Central
Register records of hospitalizations with a diagnosis of schizophre-
nia (ICD-8 code 295) before 1994.

ternal age, social status, and indexes of pregnancy and
delivery complications differed significantly between di-
uretic-treated hypertensive mothers and untreated hyper-
tensive mothers. As shown in Table 4, diuretics were pre-
scribed in the third trimester for conditions other than
hypertension. The reference category in this analysis was
pregnancies that were unexposed to both diuretics in the
third trimester and hypertension. The presence of mater-
nal hypertension combined with the absence of diuretic
treatment was not significantly associated with increased
risk of schizophrenia. In the absence of maternal hyper-
tension, prenatal exposure to diuretics was not a signifi-
cant predictor of the outcome. Including the indexes of
pregnancy and delivery complications as covariates did
not materially alter the trends showed in Table 4. Thus, the
combination of hypertension and diuretic treatment in
the third trimester remained a significant predictor, with
about the same predictive capacity in this analysis as in
the model without the covariates of pregnancy and deliv-
ery complications. The table shows that the combination
of maternal hypertension and third-trimester exposure to
diuretics was significantly associated with schizophrenia
(odds ratio=4.01 [95% CI=1.41-11.40]). The combination
of maternal hypertension and third-trimester exposure to
diuretics was not significantly associated with other cate-
gories of psychotic disorder (ICD-8 codes 296, 297, and
298). Earlier research demonstrated a 2.5-fold elevated rel-
ative risk of schizophrenia in offspring for preeclampsia
(10). In this study, however, we did not find a significant
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TABLE 3. Significant Differences Between Hypertensive Mothers of Members of the Copenhagen Perinatal Cohort?® (N=
1,420) Who Did or Did Not Receive Diuretic Treatment in the Third Trimester of Pregnancy

Hypertensive Mothers
With Diuretic Treatment

Hypertensive Mothers
Without Diuretic Treatment

(N=133) (N=1,287) Analysis
Characteristic Mean SD Mean SD F (df=1, 1418) p
Mother’s age (years) 29.2 7.1 271 7.0 11.23 <0.01
Social status of family breadwinner 4.5 1.7 4.1 1.6 11.91 <0.01
Weighted index of pregnancy complications (19) 104.7 35.6 87.3 32.4 33.83 0.01
Weighted index of delivery complications (19) 80.6 40.3 71.4 42.1 5.80 0.05

2 The Copenhagen Perinatal Cohort consists of 9,125 individuals born at Copenhagen University Hospital between October 1959 and Decem-

ber 1961.

association between preeclampsia and increased risk of
schizophrenia (Table 1). A restriction of the cohort by ex-
cluding all cases (N=304) with classifications of either mild
or severe preeclampsia did not substantially dilute the
predictive effect of the combination of maternal hyperten-
sion and diuretics presented in Table 4.

To address the question of differential effects of various
diuretic substances, we analyzed more detailed informa-
tion on prescribed drugs in pregnancy for a subsample of
1,766 individuals from the Copenhagen Perinatal Cohort
(20). In a preliminary analysis with limited statistical
power (data not shown), we did not find indications of sig-
nificant differential effects of various diuretics (e.g., thia-
zides, loop diuretics, carbon anhydrase inhibitors, or “un-
known diuretic cures”) in relation to the outcome.

Discussion

We found an increase in the risk of schizophrenia in off-
spring prenatally exposed to diuretics during the third tri-
mester and a statistically significant fourfold increase in
the risk of schizophrenia in offspring of hypertensive
mothers treated with diuretics in the third trimester. The
increase in the risk of schizophrenia was statistically sig-
nificant when the analysis included additional confound-
ers and other risk factors for schizophrenia.

The psychiatric diagnoses in the present study were clin-
ical ICD-8 diagnoses. However, in Denmark, the ICD-8 di-
agnosis of schizophrenia was used conservatively, and pre-
vious studies have shown that almost all patients with a
diagnosis of schizophrenia meet the DSM-III-R criteria for
schizophrenia (21). The rather narrow concept of schizo-
phrenia according to ICD-8 is likely to have led to diagnos-
tic caution rather than overinclusiveness. Had we extended
the period of follow-up beyond 1994, some late-onset
cases of schizophrenia might have been identified, and it is
also possible that some cases of paranoid psychoses or re-
active psychosis may have been reclassified as cases of
schizophrenia after 1994. Prenatal exposure to diuretics or
maternal hypertension was, however, not associated with
any of these diagnostic categories.

From a methodological viewpoint, our prospective study
is well suited to examining putative associations between
prenatal exposure to medication and adverse outcomes
many years later (17, 18). The taxonomy and definitions
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TABLE 4. Risk of Schizophrenia in Members of the Copen-
hagen Perinatal Cohort,? by Presence of Hypertension
During the Mother’s Pregnancy and Use of Diuretic Treat-
ment in the Third Trimester

. Diuretic Treatment in the Third Trimester
Hypertension

During Yes No
Pregnancy Odds Ratio®  95% Cl 0Odds RatioP?  95% CI
Yes 4.01 1.41-11.40 1.62 0.94-2.78
No 2.24 0.88-5.70 1.00 —

aThe Copenhagen Perinatal Cohort consists of 9,125 individuals
born at Copenhagen University Hospital between October 1959
and December 1961.

b Estimates were adjusted for the social status of the family bread-
winner, the mother’s age, and maternal history of schizophrenia
identified on the basis of Danish Psychiatric Central Register
records of hospitalizations with a diagnosis of schizophrenia (ICD-8
code 295) before 1994.

used to diagnose hypertensive disease in pregnancy have
evolved during the last 40 years, and it is possible that the
term “hypertension” in our data set might refer to condi-
tions that would now be labeled differently (i.e., gestational
hypertension or chronic hypertension). It is also possible
that the threshold for the diagnosis of preeclampsia may
have been higher 40 years ago, and the study lacked statis-
tical power to examine the predictive capacity of this vari-
able. Exposure to drug treatment during pregnancy was re-
corded a few days after birth, and we do not consider
misclassification of exposure to diuretics or other drugs a
major problem. Prenatal exposure to diuretics in the sec-
ond trimester was more rare than exposure in the third tri-
mester, and it is possible that the present study was not
large enough to detect an effect of second-trimester expo-
sure in relation to adult outcome.

A methodological advantage was that data on many
variables were collected during pregnancy or immediately
after the birth, thus minimizing the risk of recall bias. An-
other advantage was that we were able to control the con-
founding effect of the social status of the family breadwin-
ner in our analysis. Social status was slightly higher in
diuretic-treated hypertensive women than in women
without these two factors, and, moreover, lower social sta-
tus correlated with increased risk of schizophrenia. A mi-
nor limitation was that cases of late-onset schizophrenia
(after age 34-35 years) were not captured, as follow-up was
limited to the period up to 1994.
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To establish a drug-associated risk of a specific adult
outcome in a nonexperimental setting requires compara-
bility of the exposed group and the nonexposed group. Al-
though we sought to control for relevant confounders, the
decision to prescribe diuretics might have been influ-
enced by factors that were not captured by the variables in
the database. The indexes of pregnancy and delivery com-
plications may be related to the severity of hypertension,
but they are not direct measures of the severity of hyper-
tensive disease in pregnancy. Differences in the severity of
maternal hypertension might explain the apparent effects
of diuretics if the mothers with the most severe hyperten-
sion were systematically more likely to be prescribed di-
uretics in the third trimester than those with less severe
hypertension. Since we cannot rule out that such a pre-
scription pattern may have existed, and since the study
was not large enough to establish a specific drug-associ-
ated risk, we believe that the current findings should be in-
terpreted with caution.
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