Effect of diuretics on fetal growth: A drug effect or confounding by
indication? Pooled Danish and Scottish cohort data
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Aims The diabetogenic effect of diuretics, as well as the indication for prescribing
them, may impact on fetal growth. We analysed whether the purchase of prescription
drugs for diuretics during pregnancy was associated with measures of fetal growth.
Methods During 1991-98 all women who purchased prescription drugs for diuretics
during pregnancy were identified in the Northern Jutland Prescription Database
(NJDP), Denmark, and in the Medicines Monitoring Unit’s Database (MEMO),
Scotland. Information on birth weight and gestational age was obtained from the
Danish Birth Registry, the Danish Hospital Discharge Registry and the Scottish
Tayside Neonatal Database. Information on diabetes, hypertension and prepregnancy
weight were obtained by hospital record review in a sample of women in the Danish
cohort. Women who did not purchase prescription diuretics during pregnancy were
used as a reference group in both cohorts.

Results Danish women who purchased prescription loop diuretics during pregnancy
gave birth to infants with higher birth weights than women who did not use diuretics;
mean difference 104.7 g (95% CI; 2.6, 206.9). However, the high prevalence of
diabetes (10.3%) among Danish women who purchased prescription loop diuretics
during pregnancy might explain this result. Both the Danish and the Scottish women
who purchased prescription diuretics during their pregnancy were at increased risk of’
preterm delivery (<37 completed weeks); ORs: 1.8 (CI; 1.2, 2.7)njpp, 1.9 (CI; 0.9,
4.3)memo- The proportion of hypertension among women who purchased pre-
scription thiazides was 15.8%, and the risk of having an infant with a birth weight
(BW) <2500 g was increased; ORs: 2.6 (CI; 1.4, 5.0)ngpp, 2.4 (CI; 0.8, 7.8)pmemo.
Conclusions Prescribing diuretics during pregnancy was associated with differences
in birth weight and incidence of preterm delivery. Confounding by indication may
explain the findings.
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Introduction

Diuretics, though their use is controversial, are used
during pregnancy for treating hypertension and cardiac
diseases [1—4]. Hypertensive disorders aftect approximately
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10% of pregnant women and are associated with increased
perinatal and maternal mortality and morbidity [2].

The wuse of diuretics during pregnancy has been
associated with increased birth weight [5, 6], perhaps
due to the diabetogenic side-effects of these drugs [7-11].
A recent review of nine prospective randomized clinical
trials of diuretics administered during pregnancy revealed
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a significant reduction in the risk of pre-eclampsia. There
may therefore be beneficial effects from treating preg-
nancy related diseases with diuretics [12]. Diuretics given
after the first trimester interfere with normal plasma
volume expansion, which may exacerbate the volume
depletion in pre-eclampsia and cause intrauterine growth
retardation [3].

Diuretics have not been reported to have teratogenic
effects. According to the US Food and Drug Adminis-
tration, diuretics are classified in risk category C which
comprises drugs that involve a proven or suspected, but
not directly teratogenic, risk to the fetus [13]. This
classification is based on reports of neonatal jaundice,
thrombocytopenia, and electrolyte imbalances following
maternal treatment.

‘We analysed whether purchasing a prescription diuretic
during pregnancy was associated with measures of fetal
growth in a population-based follow-up study based on
the Northern Jutland Prescription Database (NJPD),
Denmark, and the Medicines Monitoring Unit’s Database
(MEMO), Scotland. The influence of potential confound-
ers such as prepregnancy weight, hypertension and
diabetes was evaluated by review of the hospital records
for a sample of women in the Danish cohort.

Materials and Methods

We conducted two population-based follow-up studies
based on the NJPD and MEMO. The methods of data
collection and record-linkage of these databases have
been described in detail elsewhere [1, 14].

Data sources

The Northern Jutland Prescription Database (NJPD) provided
data concerning purchased prescription drugs for the
Danish study. All prescribed drugs are sold through
pharmacies equipped with computerized accounting
systems linked to the Danish National Health Service,
which refunds part of the costs of most prescribed drugs.
Information on the type of drug, classified according to the
Anatomical Therapeutical Chemical (ATC) classification
system [15], the date of dispensing, and the customer’s
personal identification number is transferred electronically
to the NJPD from the pharmacies when a prescription is
refunded from the Danish National Health Service. We
used the NJPD to identify all prescription drugs for
diuretics (ATC CO03) used during pregnancy by women
who gave birth in the county between 1991 and 1998
(n=47 313). Information on birth weight (BW), length
at birth (LB), gestational age (GA), and the mothers’
cohabitation status and their reported smoking habits
at the first prenatal midwife visit was obtained from
the Danish Birth Registry. Information on congenital
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malformations was obtained from the County Hospital
Discharge Registry.

The Medicines  Monitoring  Unit’s  Database (MEMO)
contains information on dispensed prescriptions for all
drugs from 1993 to 1995 for the 400 000 inhabitants in
Tayside, Scotland. We used the database to identify all
prescriptions for diuretics (ATC CO03) used by pregnant
women who gave birth in Tayside between 1993 and 1995
(n=235 871). Information on the BW, LB, and GA was
obtained from the Neonatal Database which, like the
Danish Birth Registry, includes information on all births
at hospitals in Tayside from 1980 to 1997 (=35 871). In
Tayside, virtually all deliveries take place in hospital. Social
status was recorded by means of the Carstairs scores, which
is a deprivation measure based on data derived from the
decennial census. Its component variables are the pro-
portion of people in a postcode sector with no car, the
percentage living in overcrowded housing, the percentage
with the household head in semi or unskilled occupation
and the percentage of men unemployed. These data are
transformed into a single score for each postcode, and
classified into seven categories, ranging from deprivation
category 1 (most afluent) to deprivation category 7 (least
affluent) [14].

Information about confounders based on hospital record
review in a sample of the Danish cohort

Pre-pregnancy weight, diabetes, and hypertension are
associated with birth weight. Information on these
potential confounders was obtained from hospital records
at the hospital of Aalborg, which hosts the only obstetrical
department in the County of Northern Jutland, Denmark.
Among women who gave birth at the hospital of Aalborg
we reviewed hospital records from women who purchased
prescription diuretics during pregnancy (n=269) and 80
women randomly from the reference group.

For these 349 women, comprising the ‘Danish sample’,
we reviewed available medical records.

Definitions and analyses

Low birth weight (LBW) was defined as birth weight
(BW) below 2500 g. Assessment of low birth weight at
term was restricted to deliveries after the 37th week of
gestation. High birth weight was defined as birth weight
above 4000 g and preterm delivery was defined as birth
before 37 completed weeks of gestation.

We performed analyses for women who purchased
prescription diuretics (1) any time during their pregnancy
and (2) during their third trimester. The reference group
included women who did not purchase prescription
diuretics during their pregnancy. We restricted the
analyses to singleton pregnancies, since women with
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multiple births were often admitted to obstetric depart-
ments during pregnancy, and we did not have information
on drug use during hospital admissions. The analyses were
performed for overall use of diuretics (ATC: C03) and
stratified analyses were performed for ATC subgroups:
loop-diuretics CO3C, and thiazide diuretics CO3A and
CO03B. We used multiple linear regression analysis to
estimate the differences in mean BW, LB and GA. The
associations between purchasing prescription diuretics
during pregnancy and the risk of LBW, HBW and
preterm delivery were estimated using logistic regression
analyses. We adjusted for the mother’s smoking during
pregnancy (NJPD), maternal age, cohabitation status
(NJPD), Carstairs scores (MEMO) and gender of the
child. The analyses regarding BW and length at birth were
also adjusted for GA.

Results

We identified 315 Danish and 73 Scottish women who
purchased at least one prescription diuretic during
pregnancy. Table 1 shows the number of women who
purchased at least one prescription drug in the form
of loop and thiazide diuretics.

Birth weight, length at birth and gestational age

There were no diftferences in mean BW or length at birth
between the offspring of women who purchased any
of the prescription diuretics during pregnancy and the
references (Table 1). Women who bought prescription
diuretics had a higher incidence of preterm delivery; ORs

Diuretics and fetal growth

1.8 (95% CI; 1.2, 2.7)ngpp and 1.9 (95% CI; 0.9, 4.3)meEmo
(Table 1).

The stratified analyses showed that mean BW and
length at birth differed within ATC groups. Purchasing
prescription thiazide diuretics was associated with an
increased risk of having a LBW infant (Table 1). On the
contrary, the mean BW was 105 g higher (95% CI; 3, 207)
among Danish women who purchased prescription loop
diuretics; 25% of the offspring of these women weighed
more than 4000 g. When we restricted analysis to term
deliveries and prescription diuretics purchased during the
third trimester, the adjusted difterence in mean BW
among the offspring of Danish women who used loop
diuretics and references was 113 g (95% CI; 25, 251).

Malformations

Malformations were identified in seven cases (9.0%)
among women who bought prescription diuretics
during the first 8 weeks of gestation and in 2235 cases
(4.8%) among the 46 998 controls; OR: 1.9 (95% CI; 0.9,
4.3). Malformations were found in five cases (11.5%) who
had bought prescription loop diuretics and in three cases
(8.6%) who had bought thiazides: ORs: 2.2 (95% CI;
0.5, 9.6) and 1.9 (95% CI; 0.8, 4.7). The malformations
were (1) polydactyly and cleft lip, (2) dislocation of the
hip, (3) patent ductus arteriosus (expected since 26th week
of GA), (4) incomplete development of a finger, (5) con-
genital drop lid, (6) syndactyly of the hand and patent
ductus arteriosus, (7) nonspecific congenital malformation.
Diabetes was present among three of the mothers who had
a baby with malformations.

Table 1 Mean birth weight, and proportion of low birth weight, high birth weight and preterm birth among the offspring of 315 Danish and

73 Scottish women who purchased diuretics during pregnancy.

Birth weight (g)

Low birth weight High birth weight Preterm birth

n in ATC groups Mean, ; Mean dg'ﬁ*gf,—}: cr numbery;  OR*G52 o number,,  OR*gs o numbers,  OR*gs. o
NJPD, Denmark

Reference population =46,998  3510.2 720 15 8957 194 2482 55

Overall n=315 3439.8 7195 26.6 552, 78.4 10 32 1.7 11, 27 63 20.0 1.1 08, 1.4 32 4022 1.8 12 27
Loop n=83 3570.8 7329 104.7 2.6, 206.9 0 - 21 255 1.3 07, 21 9108 1.6 07 37
Thiazide n=232 3401.3 7124 6.5 537, 66.2 10 45 2.6 1.4, 50 42 154 1.0 0.7, 1.4 23 99 1.9 12 30
MEMO, Scotland

Reference population=35,798  3394.1 5659 749 54 4509 155 1854 5,

Overall =73 3318.5 s550.1 —48.7 _1512, 538 455 1.8 0.7, 5.1 796 0.7 03, 16 7 96 1.9 0.9, 43
Loop n=31 32371 5154 —117.7 2738, 385 132 1.0 0.1, 78 132 0.2, 16 4120 2710, 79
Thiazide n=42 3378.6 57314 —3.4 1324, 1393 371 2408, 78 6143 1.1 05, 27 374 1.4 0.4, 46

Number of women who used diuretics during pregnancy are given as overall (ATC C03) and within ATC groups; loop diuretics (ATC C03C) and
thiazide (ATC CO3A and CO03B). Crude values of birth weights are given as mean values with standard deviations (s.d.). Crude values of low birth
weight, high birth weight and preterm delivery are given as numbers and percentages. Analyses adjusted for maternal age*', smoking*> (NJPD),
cohabitation status (NJPD) and Carstairs scores (MEMO)*”, gender of the child** and gestational age in completed weeks*®. Results from these
analyses are given as mean differences and ORs with 95% confidence intervals (CI).
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Analyses based on medical record review in a sample of the
Danish cohort

Information on prepregnancy weight, diabetes and
hypertension were obtained for 234 (67.1%) of the 349
women in the Danish sample. We were able to locate
medical files for 234 (67.1%) of the 349 women in the
Danish sample. Medical files were available for 234
(67.1%) of the 349 women in the Danish sample. The
number of medical files available for the 269 women who
redeemed prescriptions for diuretics during pregnancy and
gave birth at the hospital of Aalborg was 185 (67.1%) and
49 (61.3%) for the 80 controls. For the remaining 115
women in the sample information were incomplete or
hospital records not available. Pre-pregnancy weight was
higher among women who purchased prescription loop
(n=239) and thiazide (n=146) diuretics during pregnancy
than among the references (1=49), the mean difterence
was 9.1 kg for loop diuretics and 8.3 kg for thiazide
diuretics. No women with diabetes or hypertension were
found in the reference group. Among women who bought
prescription loop diuretics during their pregnancy (n=239),
10.3% suffered from diabetes and 7.7% from hypertension.
Similarly, among those (n=146) who bought prescription
thiazide diuretics, 5.5% suffered from diabetes and 15.8%
from hypertension. The mean BW of offspring of women
with diabetes (n=12) was 3974 g (s.d.; 940). The mean
BW of offspring of women with hypertension (n =26) was
2987 g (s.d.; 1088).

Discussion

The purchase of prescription thiazide diuretics was
associated with an increased risk of LBW while prenatal
use of loop diuretics led to an increase in the mean BW of
the oftspring. However, the prevalence of diabetes was
high among Danish women who purchased prescription
loop diuretics during pregnancy. Women who used
diuretics during pregnancy were at increased risk of
preterm delivery and purchasing prescription diuretics
was associated with an increased risk of malformations
in the offspring. Yet the present study is not large
enough to establish the drug-associated risk for specific
malformations.

The strengths of our design lie in the completeness of
data registration, the prospectively collected dispensing
data, and the possibility of comparing results from two
different cohorts. Both prescription databases are based on
purchased prescription drugs, thus by-passing primary
noncompliance. It was also possible to obtain information
from hospital records on confounding factors for 269
Danish women. The limitations of our study are that our
data did not include information on drug use during
hospital admission or any clinical details. Furthermore, we
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have no information on compliance, and the only
information on timing of exposure is the computer
recorded date of dispensing.

The Danish and Scottish data revealed consistent results
regarding the association of preterm delivery and LBW
with the use of diuretics during pregnancy. This is in
agreement with the few previous studies on the relation
between the use of diuretics during pregnancy and fetal
growth [3, 16, 17]. Pregnant women with chronic or
severe gestational hypertension have a higher risk of
progression to toxemia and fetal growth retardation
[2, 4, 18]. The increased risk of having a LBW infant
in our study was found only among women who used
thiazide diuretics. Among these women the prevalence
of hypertensive disorders was highest. Thus, the increased
risk of LBW and preterm delivery in this study may be
linked to the indication for prescription rather than to the
treatment 1itself, e.g. confounding by indication may
explain the result. Sibai ef al. [3] found no differences in
GA or BW among 20 women with mild long-term
hypertension randomized to continuation or discontinua-
tion of diuretic treatment, although the plasma volume
expansion was decreased among women who continued
diuretic treatment during pregnancy.

The mean BW was increased among the offspring of
Danish women who purchased prescription loop diuretics
during pregnancy. This is in agreement with a study
conducted by Czeizel who found a higher mean BW
among the offspring of women who used frusemide during
pregnancy [5]. A reduction in BW following prenatal
exposure to diuretics has also been reported [3]. Based on
additional information from hospital records, we find that
the differences in mean BW may be explained by diabetes,
hypertension and prepregnancy weight. Thus, our result
may be explained by indications rather than by drug effects
[10, 11, 19]. Furthermore, the increased BW associated
with purchasing prescription drugs for loop diuretics could
not be reproduced in the Scottish data set.

We found an increased risk of different malformations
among the offspring of women who purchased prescrip-
tion diuretics during early pregnancy. We do not find the
increased risk of malformations to be suggestive of causal
drug effects since no known teratogens uniformly increase
the risk of all malformations. Malformations remain the
major cause of morbidity and mortality among the
offspring of women with diabetes [20]. The high pre-
valence of diabetes in this study is likely to explain the
increased risk of malformations. There are no reports of
teratogenic eftects of loop or thiazide diuretics, and studies
on the relation between diabetes and malformations are
few [21].

In conclusion, we found that purchasing prescription
diuretics during pregnancy was associated with BW and
preterm delivery. The results concerning BW were not
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consistent in the two data sets. Furthermore, analyses based
on additional information obtained from hospital records
indicated that confounding by indication may explain the
result. Our study indicates that confounding by indication
may lead to wrong conclusions in studies based solely on
registry data.
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