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Chronic hypertension with related drug treatment
of pregnant women and congenital abnormalities
in their offspring: a population-based study

Ferenc Bánhidy1, Nándor Ács1, Erzsébet H Puhó2 and Andrew E Czeizel2

Chronic hypertension (CH) is a common chronic disease and occurs frequently in pregnant women. The teratogenic/fetotoxic

effect of certain antihypertensive drugs has been shown. The objective of this study was to investigate the association between

pregnant women with CH and the possible risk of congenital abnormalities (CAs) among their offspring. The prevalence of

medically recorded CH in the prenatal maternity logbook was compared between 1030 pregnant women who later had offspring

with CA (case group) and 1579 pregnant women with CH who later delivered newborn infants without CA (control group).

Control newborn infants were matched to cases in the population-based data set of the Hungarian Case-Control Surveillance

System of Congenital Abnormalities during 1980–1996. Of 23 different CA groups with informative offspring, esophageal

atresia/stenosis was a greater risk in pregnant women with CH (adjusted odds ratios with 95% confidence intervals: 3.1,

1.4–6.8). In conclusion, a higher risk of esophageal atresia/stenosis was found in the offspring of pregnant women with severe

CH, which could not be explained by related drug treatments. This finding requires confirmation or lack thereof by future studies.
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INTRODUCTION

Hypertension is one of the most common chronic conditions and is
harmful for the structure and function of the heart and arteries.
Hypertension can also accelerate the development of arteriosclerosis.
The distribution of blood pressure in the population is continuous,

thus there is no obvious natural threshold between normal and
pathological blood pressure such as exists for the so-called qualitative
(yes or no) diseases.1 Hypertension is frequently neglected, partly for
this reason and partly because of the lack of obvious symptoms in the
early phase of the disease.2 According to the consensus of experts based
on several studies, there is a well-known definition of hypertension,
namely, blood pressure of 140/90mm Hg or more for adults age 18
years or older, as measured by the recommended criteria.3 According
to the classification of hypertension by severity, Stage 1 (140–159/90–
99mm Hg) and Stage 2 (X160/100mm Hg) have been differentiated.1

Another classification of hypertension is based on its origin.1

Primary or essential hypertension occurs in about 95% of patients
due to the interaction of polygenic liability and hazardous environ-
mental factors, whereas secondary hypertension is caused by definable
causes, such as chronic kidney disease, renal artery stenosis, coarcta-
tion of the aorta and Cushing’s disease.2

Hypertension can be present before and during pregnancy in 1–5%
of women.4 A classification system of hypertension in pregnant

women prepared by the National Institutes of Health (NIH), differ-
entiated four categories: chronic hypertension (CH), pre-eclampsia-
eclampsia, pre-eclampsia superimposed upon CH and gestational
hypertension.5 CH in pregnant women is defined as hypertension
that is present and observable before pregnancy or that is diagnosed
before the 20th week of gestation. Special guidelines were performed
for the care of pregnant women with hypertension and the possible
teratogenic and/or fetotoxic effects of antihypertensive drugs.4–11

However, as our previous study showed, the efficacy of antihyperten-
sive treatment in pregnant women is not good because they have a
higher risk for some pregnancy complications and adverse birth
outcomes, such as low birth weight newborns.12

The objective of our study was to evaluate the possible association
of maternal CH and related drug treatments in pregnant women with
the risk of structural birth defects, that is, congenital abnormalities
(CAs) in their offspring, from among the population-based data set of
the Hungarian Case-Control Surveillance of Congenital Abnormalities
(HCCSCA).13

METHODS

Study subjects
Cases affected with CAs were selected from the data set of the Hungarian

Congenital Abnormality Registry (HCAR), 1980–199614 for the HCCSCA data
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set. Notification to the HCAR of cases with CA is mandatory for physicians

from the birth of cases until the end of the first postnatal year. Most cases are

reported by obstetricians and pediatricians. In Hungary, almost all deliveries

take place in inpatient obstetric clinics, and the birth attendants are obste-

tricians. Pediatricians work in the neonatal units of inpatient obstetric clinics or

in various inpatient and outpatient pediatric clinics. Autopsy was mandatory

for all infant deaths and common (about 80%) among stillborn fetuses during

the study period. Pathologists sent a copy of the autopsy report to the HCAR if

defects were identified among stillbirths and infant deaths. Since 1984, fetal

defects diagnosed in prenatal diagnostic centers with or without termination of

pregnancy have also been included in the HCAR.

CAs were divided into three groups: lethal (if defects cause stillbirths or

infant deaths or if pregnancies were terminated due to fetal defects in more

than 50% of cases), severe (CAs cause handicap or death without medical

intervention) and mild (CAs require medical intervention but life expectancy is

good). Both lethal and severe CAs constitute major CAs. (Minor anomalies or

morphological variants without serious medical as well as cosmetic conse-

quences are excluded from the CA class.) In addition, two main categories of

cases with CAs were differentiated: isolated (only one organ is affected) and

multiple (concurrence of two or more CAs in the same person affecting at least

two different organ systems).

The total (birth+fetal) prevalence of cases with CAs diagnosed from the

second trimester of pregnancy through the age of 1 year was 35 per 1000

informative offspring (live-born infants, stillborn fetuses and electively termi-

nated malformed fetuses) in the HCAR during 1980–1996.14 However, about

90% of major CAs were recorded in the HCAR during the 17 years of the study

period.15

There were three criteria for the selection of cases with CAs from the HCAR

for the HCCSCA data set. (i) Cases reported after 3 months of birth or

pregnancy termination were excluded (77% of cases were reported during the

first 3-month time window and the rest included mainly mild CAs); (ii) three

mild CAs (congenital dysplasia of hip and inguinal hernia, large hemangioma);

and (iii) CA syndromes caused by major mutant genes or chromosomal

aberrations with pre-conceptional origin were also excluded.

Controls were defined as newborn infants without CAs, and they were

selected from the National Birth Registry of the Central Statistical Office for the

HCCSCA. In general, two controls were matched to every case according to sex,

birth week and district of parents’ residence.

Collection of exposure data
Three sources of data were evaluated.

(1) Prospective medically recorded data

Mothers were asked in an explanatory letter to send their prenatal maternity

logbook and other medical records, particularly discharge summaries of their

deliveries, including their diseases during the study pregnancy and their child’s

CA to the HCCSCA. These medical documents were sent back after evaluation

to the mothers. Prenatal care was mandatory for pregnant women in Hungary

(if a woman did not visit the prenatal care clinic, she did not receive a maternity

grant and leave); therefore, nearly 100% of pregnant women visited prenatal

care clinics, on average seven times during their pregnancies. The first visit was

between the 6th and 12th gestational week. The blood pressure of pregnant

women is measured during each visit to the prenatal care clinic. The task of

obstetricians is to record all pregnancy complications, maternal diseases (for

example, CH) and related drug prescriptions in the prenatal maternity logbook.

(2) Retrospective self-reported maternal information

A structured questionnaire with a list of medicinal products (drugs and

pregnancy supplements) and diseases, as well as a printed informed consent

form, were mailed to the mothers immediately after the selection of cases and

controls. The questionnaire requested information on pregnancy complications

and maternal diseases, on medicinal products taken during pregnancy accord-

ing to gestational months and on family history of CAs. To standardize the

answers, mothers were asked to read the enclosed lists of medicinal products

and diseases (for example, hypertension) as a memory aid before filling in the

questionnaire.

The mean ±s.d. time elapsed between the birth or pregnancy termination

and the return of the ‘information package’ (questionnaire, logbook, discharge

summary and informed consent form) in our prepaid envelope was 3.5±1.2

and 5.2±2.9 months in the case and control groups, respectively.

(3) Supplementary data collection

Regional nurses were asked to visit all non-respondent case mothers at home

and helped them to fill in the same questionnaire. Regional nurses also

evaluated the available medical records and obtained data regarding smoking

and drinking habits through a cross-interview of mothers and their close

relatives, if living in the same household. The so-called family consensus was

recorded. Smoking habits were evaluated with regard to the number of

cigarettes per day, whereas three groups of drinking habits were differentiated:

(i) abstinent or occasional drinkers (less than one drink per week), (ii) regular

drinkers (from one drink per week to one drink daily) and (iii) hard drinkers

(more than one drink per day). Regional nurses visited only 200 non-

respondent and 600 respondent control mothers in two validation studies,16,17

using the same method as used for the case mothers, because the ethics

committee considered this follow-up to be disturbing for the parents of healthy

children.

Overall, 17 years of data collected by the HCCSCA between 1980 and 1996

were evaluated. This period ended at 1996 because the data collection method

changed in 1997 (all mothers were visited by regional nurses). The recently

collected data had not been validated at the time of the analysis.

Thus, we were able to evaluate 22 843 malformed newborns or fetuses

(‘informative offspring’) in the case group, 96.3% of the total case group

(84.4% from those who replied to the mailing and 11.9% who were observed

during nurse visits). The group of controls included 38 151 newborns infants

without CAs, 83.0% of the total control group (80.9% from among respon-

dents, 2.1% from home visits). Informed consent was provided by 98% of the

mothers, the names and addresses were deleted for the other 2%.

The details of the methodology of the HCAR and HCCSCA, as well as the

aims and strategies utilized by these organizations, were published in previous

papers.13–15

The diagnosis of pregnant women studied, corresponded to CH because

pregnant women with pre-eclampsia-eclampsia, pre-eclampsia superimposed

upon CH and gestational hypertension were excluded from the study. In

addition, pregnant women with secondary hypertension due to different

primary causes were also excluded from the study. Therefore, CH corresponded

to the essential hypertension among the pregnant women interviewed.

Hungarian medical doctors follow the international recommendations at the

diagnosis of hypertension, but CH diagnosis was differentiated according to the

source of information: (i) prospectively and medically recorded CH in the

prenatal maternity logbook and (ii) CH based only on retrospective maternal

information. CH recorded by obstetricians in the prenatal maternity logbook

was based on the available medical documents and blood pressure measure-

ments obtained at the prenatal care clinics visited by the pregnant women. We

decided to evaluate these patients with prospectively and medically recorded

CH because if the diagnosis of CH was based only on maternal information, in

general, the systolic/diastolic values were not mentioned and the differential

diagnosis among different hypertension forms was not valid, rendering the

diagnosis of CH questionable.

The CH-related drug treatments were also evaluated. Other potential

confounding factors included maternal age, birth order, marital and employ-

ment status as indicators of socio-economic status (because they showed a

good correlation with the level of education and income),18 other maternal

diseases and pregnancy supplements (particularly folic acid and multivitamins

as indicators of the standard of pre-conceptional and prenatal care). However,

the use of folic acid and folic acid-containing multivitamins are also important

for the prevention of some CAs.19 Gestational age was calculated from the first

day of the last menstrual period.

Statistical methods
We used SAS version 8.02 (SAS Institute Inc., Cary, NC, USA) for statistical

analyses. Contingency tables were prepared for the main study variables. First,

the characteristics of mothers with CH were compared with those of all
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mothers without CH. The chi-square test was used for categorical variables,

whereas Student’s t-test was used for quantitative variables. Second, other

maternal diseases and hypertension-related drug treatments were evaluated by

ordinary logistic regression models, and odds ratios with their 95% confidence

intervals were calculated. Finally, we compared the prevalence of CH during

pregnancy studied of the mothers who had later offspring affected with

specified CA groups (including at least three cases), with the prevalence of

CH in the mothers of matched control pairs without CA. Adjusted odds ratios

with 95% confidence intervals were evaluated in conditional logistic regression

models for the occurrence of CH. We examined confounding variables by

comparing the odds ratios for CH in the models with and without inclusion of

the potential confounding variables. Finally, maternal age (o20 years, 20–29

years, and 30 years or more), birth order (first delivery or one or more previous

deliveries), employment status, antihypertensive-drug treatments (yes/no) and

folic acid use (yes/no) were included in the models as potential confounders.

RESULTS

Of 22 843 case mothers, 1030 (4.5%) had medically recorded CH. The
total number of births in Hungary was 2 146 574 during the study
period. Therefore, the 38 151 controls represented 1.8% of all Hun-
garian births. Of the 38 151 control mothers, 1597 (4.1%) had
medically recorded CH.
Of the 1030 case mothers with CH, 37 (3.6%) were not treated

because of their CH; among the 1579 control mothers with CH, 57
(3.6%) were not treated because of their CH. Originally, we wanted to
differentiate between treated and untreated mothers with CH; how-
ever, we ultimately evaluated these two subgroups together because of
the low number of untreated mothers with CH.

The main variables for mothers with CH as compared with mothers
without CH as a reference sample are shown in Table 1. This
comparison indicates a higher mean maternal age due to the larger
proportion of women over 30 years among mothers with CH. The
proportion of professional, managerial and skilled working women
was somewhat larger among mothers with CH. Folic acid and multi-
vitamins were used more frequently during pregnancy by mothers
with CH, particularly among control mothers, as compared with
mothers without CH. The comparison of case and control mothers
with CH showed some difference with regard to mean birth order,
proportion of unmarried women, employment status and folic acid
supplementation.
Of the 2718 case mothers visited at home, 2640 could be evaluated.

Among those evaluated, 118 (4.5%) had CH. Of these 118 women, 35
(29.7%) smoked during the study pregnancy; among the 2,522
mothers without CH, 545 (21.6%) smoked. Of the 800 control
mothers visited at home, 36 (4.5%) were affected with CH and 8
(22.2%) smoked during the study pregnancy; this figure was 18.5%
among the 764 mothers without CH. The proportion of regular and
hard drinkers was not significantly different among the study groups.
The occurrence of acute maternal diseases (for example, influenza)

did not differ among the study groups. Among chronic diseases,
migraine (4.4 vs. 2.0%) and cardiac dysrhythmias (4.3 vs. 0.2%)
occurred more frequently in mothers with CH than in the reference
sample. However, there was no difference in the rate of other maternal
diseases, for example, hyperthyroidism, between case mothers (N¼17;
1.7%) and control mothers (N¼24; 1.5%) with CH.

Table 1 Maternal variables of pregnant women with CH

Case mothers Control mothers

Without CH (N¼21813) With CH (N¼1030) Without CH (N¼36572) With CH (N¼1579)

Comparison between case

Variables No. % No. % No. % No. % and control mothers with CH

Quantitative

Maternal age, years

19 or less 2426 11.1 80 7.8 3170 8.7 107 6.8

20–29 14 924 68.4 669 65.0 26514 72.5 1088 68.9 w2
2¼4.4, P¼0.11

30 or more 4463 20.5 281 27.3 6888 18.8 384 24.3

Mean, s.d. 25.4 5.2 26.5 5.7 25.4 4.9 26.1 5.4 t¼1.8, P¼0.07

Birth order

1 10 191 46.7 517 50.2 17404 47.6 805 51.0 w1
2¼0.2, P¼0.69

2 or more 11 622 53.3 513 49.8 19168 52.4 774 49.0

Mean, s.d. 1.9 1.1 1.8 1.1 1.7 0.9 1.7 0.9 t¼2.5, P¼0.01

Categorical

Unmarried 1213 5.6 56 5.4 1417 3.9 54 3.4 w1
2¼6.3, P¼0.01

Employment status

Professional 1783 8.2 118 11.5 4165 11.4 188 11.9

Managerial 4712 21.6 256 24.9 9699 26.5 435 27.6

Skilled worker 6017 27.6 312 30.3 11157 30.5 533 33.8 w6
2¼15.4, P¼0.02

Semi-skilled worker 3711 17.0 158 15.3 5568 15.2 215 13.6

Unskilled worker 1452 6.7 51 5.0 1802 4.9 57 3.6

Housewife 2092 9.6 36 3.5 1995 5.5 43 2.7

Others 2046 9.4 99 9.6 2186 6.0 108 6.8

Pregnancy supplements OR 95% CI

Folic acid 10 725 49.2 554 53.8 19807 54.2 968 61.3 0.7 (0.6–0.9)

Multivitamin 1211 5.8 63 6.1 2279 6.5 123 7.8 0.8 (0.6–1.1)

Abbreviations: CH, chronic hypertension; CI, confidence intervals; OR, odds ratios
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The frequency of drug treatment for CH is shown in Table 2. In
decreasing order of frequency, the drugs used were as follows: terbuta-
line, verapamil, metoprolol, fenoterol, methyldopa and nifedipine
(among case mothers). The only difference for control mothers was
swapping of the 4th and 5th positions of fenoterol and methyldopa.
Two cases and eight control mothers were treated with captopril,
respectively. The comparison of case and control mothers with CH
showed more frequent use of oxprenolol and prazosine, but less
frequent use of metoprolol by case mothers with CH. The use of
some antihypertensive drugs was discontinued after the diagnosis of
pregnancy.
The aim of this study was the evaluation of the possible association

of case mothers with CH, and the risk of different CAs among
informative offspring. CH exposure started before conception and
continued during the study pregnancy; therefore, different gestational
months were not separated. On estimation of possible higher risk for
CAs (that is, adjusted odds ratios), the occurrence of CH during
pregnancy was compared between cases with different CAs and all
matched controls (Table 3). There was a borderline-significant
increase in the risk of total CAs, explained mainly by three CA
groups—esophageal atresia/stenosis, multiple CAs and cardiovascular
CA—in the offspring of case mothers with CH.
There was a borderline risk of cardiovascular CA among the cases

studied, but the observed rates of different cardiovascular CA types
among 225 cases did not reveal significant differences from the

expected rates, based on the total number of cardiovascular CA in
the HCCSCA.
Two cases with multiple CAs had mothers who underwent captopril

treatment and these newborns infants were born on 39th gestational
week with birth weights of 2300 and 2500 g, respectively. One boy was
affected with pectus excavatum and generalized contractures of lower
limb joints. This baby was born to a mother treated first with
oxprenolol, methyldopa, chlortalidone and nifedipine, and with
captopril from the 4th month until the end of the pregnancy. Another
girl was affected with bilateral varus deformities of the feet (talipes
equinovarus, deformation type), congenital dislocation of the hip and
skull deformity; her mother was treated with methyldopa in the early
pregnancy and captopril from the 5th month until the end of
pregnancy (This pregnant woman was hospitalized at the end of
pregnancy because of renal complications.). These two cases with
multiple malformations exhibited the oligohydramnios sequence due
to primary kidney lesion (though renal dysgenesis was not reported),
with secondary postural deformities and intrauterine growth retarda-
tion. The so-called postural deformity association, including hip
dysplasia-clubfoot and clubfoot–torticollis, occurred in two other
cases with low birth weight (2100 and 2300 g); their mothers were
treated with prazosine. The component CAs of other multimalformed
cases did not show a characteristic pattern, that is, ‘syndrome.’
However, the higher risk of multiple CAs disappeared when the four
cases described above were removed from the analysis.

Table 2 CH-related drug treatments

Case mothers Control mothers

Without CH

(N¼21813)

With CH

(N¼1030)

Without CH

(N¼36572)

With CH

(N¼1579)

Comparison between case

and control mothers with CH

No. % No. % No. % No. % OR 95% CI

Beta-receptor blockers

Metoprolol 36 0.2 191 18.5 71 0.2 375 23.6 0.7 0.6–0.9

Oxprenolol 22 0.1 87 8.4 35 0.1 91 5.8 1.5 1.1–2.0

Pindolol 39 0.2 53 5.1 57 0.2 85 5.4 1.0 0.7–1.3

Propranolol 39 0.2 53 5.1 57 0.2 85 5.4 1.0 0.7–1.3

Ritodrine 0 0.0 23 2.2 0 0.0 42 2.7 0.8 0.5–1.4

Calcium receptor agonists 17 0.1 20 1.9 0 0.0 33 2.1 0.9 0.5–1.6

Fendiline 0 0.0 46 4.5 0 0.0 66 4.2 1.1 0.7–1.6

Nifedipin 43 0.2 135 13.1 77 0.2 211 13.4 1.0 0.8–1.2

Verapamil 9 0.0 334 32.4 18 0.0 483 30.6 1.1 0.9–1.3

Others

Captopril 0 0.0 2 0.2 0 0.0 8 0.5 0.4 0.1–1.8

Chlortalidone 29 0.1 2 0.2 49 0.1 7 0.4 0.4 0.1–2.1

Clopamide 333 1.5 28 2.7 655 1.8 36 2.3 1.2 0.7–2.0

Dihydralazine 41 0.2 49 4.8 93 0.3 80 5.1 0.9 0.7–1.3

Fenoterol 181 0.8 147 14.3 183 0.5 218 13.8 1.0 0.8–1.3

Methyldopa 116 0.5 143 13.9 197 0.5 219 13.9 1.0 0.8–1.2

Niacin+drotaverinea 8 0.0 4 0.4 18 0.0 6 0.4 1.0 0.3–3.6

Potassium+magnesiumb 660 3.0 112 10.9 1245 3.4 160 10.1 1.1 0.8–1.4

Prazosine 0 0.0 13 1.3 0 0.0 7 0.4 2.9 1.1–7.2

Reserpine 0 0.0 13 1.3 0 0.0 19 1.2 1.0 0.5–2.1

Terbutaline 1965 9.0 385 37.4 3384 9.3 610 38.6 0.9 0.8–1.1

Abbreviations: CH, chronic hypertension; CI, confidence intervals; OR, odds ratios.
aPapaverin.
bPanangin.
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Of the 21 cases with isolated esophageal atresia/stenosis, 11 had
tracheo-esophageal fistulae; 3 were not affected with this associated
CA, whereas the other 7 cases were unspecified. This three-fold
increase in the risk of this CA among pregnant women with CH is
noteworthy. All cases affected with esophageal atresia/stenosis were
submitted to surgical intervention; of 21 cases, 20 survived.

DISCUSSION

The possible association between CH in mothers and CAs in their
offspring was studied. A higher risk of esophageal atresia/stenosis was
found among the offspring of pregnant women with CH. The higher
risk of multiple CAs among the children of pregnant women with CH
can be explained by the captopril and prazosine treatment. Cardio-
vascular CAs have heterogeneous manifestations and origins; there
was no higher risk for any specific type of cardiovascular CA, amidst
the overall borderline risk of cardiovascular CAs among children of
mothers with CH.
The prevalence of CH was 4.1–4.5% among pregnant Hungarian

women. Our data confirmed that higher maternal age is a key risk
factor in CH because CH occurred more frequently in mothers over 30
years of age. CH was found more frequently in more educated females,
which may explain the higher rate of folic acid and multivitamin
supplementation among these women. The higher occurrence of
migraine and cardiac dysrhythmias seems to be characteristic of

mothers with CH, but a higher risk of cardiovascular diseases, such
as coronary artery disease and renal disease, was not observed among
these pregnant women (mean age, about 26 years).
The initiation of antihypertensive-drug therapy is usually consid-

ered in pregnant women, if systolic blood pressure exceeds 159mm
Hg or diastolic pressure exceeds 109mm Hg.20–22 Pregnant women
with Stage l hypertension, that is, with a low risk of CH, should not be
treated with drugs, but rather with dietary modification, particularly
sodium reduction and more intensive physical activity. Notably,
control of maternal weight gain was sufficient.3 Thus, we decided
that pregnant women with untreated CH should be classified as stage
1. However, about 96% of our pregnant women were treated with
antihypertensive drugs and were therefore considered as stage 2.
A higher risk for multiple CAs was also found among the offspring

of mothers who experienced severe, treated CH and related drug
treatments. However, two cases with multiple malformations were
identified as oligohydramnios sequences, due to renal defects; these
two pregnant women were treated with captopril. Angiotensin-
converting enzyme inhibitors23–25 and angiotensin-II receptor inhibi-
tors/antagonists26,27 are contraindicated in pregnant women because
of their fetotoxic effects (mainly renal failure). Captopril is an
angiotensin-converting enzyme inhibitor (and therefore contraindi-
cated in pregnant women); nevertheless, 10 pregnant women with CH
were treated with captopril during pregnancy, and this drug was

Table 3 Case-control analysis of the association between CAs in infants and CH in their mothers

Pregnant women with CH

Crude Adjusted a

Study groups Total no. No. % OR with 95% CI

Controls 38 151 1579 4.1 Reference Reference

Isolated Cas

Neural-tube defects 1202 36 3.0 1.0 (0.6–1.5) 1.0 (0.6–1.5)

Hydrocephaly, congenital 314 16 5.1 1.3 (0.6–2.6) 1.3 (0.6–2.6)

Microcephaly, primary 111 3 2.7 0.9 (0.2–3.7) 1.2 (0.3–5.1)

Ear Cas 354 13 3.7 0.9 (0.4–1.8) 0.9 (0.5–1.9)

Cleft lip±palate 1375 50 3.6 1.1 (0.7–1.6) 1.1 (0.8–1.6)

Cleft palate 601 32 5.3 1.4 (0.9–2.4) 1.5 (0.9–2.5)

Cardiovascular CAs 4480 225 5.0 1.2 (0.9–1.4) 1.3 (1.0–1.5)

Esophageal atresia/stenosis 217 21 9.7 2.8 (1.3–5.9) 3.1 (1.4–6.8)

Pyloric stenosis, congenital 241 11 4.6 1.3 (0.6–3.0) 1.1 (0.5–2.7)

Intestinal atresia/stenosis 158 13 8.2 2.3 (0.9–5.7) 2.3 (0.9–6.0)

Rectal/anal atresia/stenosis 231 15 6.5 1.3 (0.6–2.9) 1.6 (0.7–3.6)

Renala/dysgenesis 126 7 5.6 0.7 (0.2–2.0) 0.9 (0.3–3.0)

Obstructive CAs of urinary tract 343 22 6.4 1.0 (0.5–1.9) 1.0 (0.5–1.9)

Hypospadias (without coronal) 3038 132 4.3 0.9 (0.8–1.2) 0.9 (0.8–1.2)

Undescended testis (after 3rd postnatal month) 2052 77 3.8 0.8 (0.6–1.1) 0.8 (0.6–1.1)

Clubfoot 2424 103 4.2 1.2 (0.9–1.5) 1.2 (0.9–1.6)

Poly/syndactyly 1744 78 4.5 1.0 (0.8–1.4) 1.0 (0.8–1.4)

Limb deficiencies 548 21 3.8 1.3 (0.7–2.2) 1.4 (0.8–2.4)

CAs of musculo-skeletal system 585 24 4.1 0.8 (0.5–1.3) 0.8 (0.5–1.3)

Exomphalos/gastroschisis 255 3 1.2 0.3 (0.1–0.9) 0.3 (0.1–1.1)

CA of diaphragm 244 10 4.8 0.8 (0.4–1.8) 0.8 (0.4–1.9)

Other isolated CAs 959 41 4.3 1.2 (0.8–1.8) 1.4 (0.9–2.0)

Multiple CAs 1349 77 5.7 1.6 (1.1–2.2) 1.6 (1.1–2.2)

Total 22 843 1030 4.5 1.1 (1.0–1.2) 1.1 (1.0–1.2)

Abbreviations: CAs, congenital abnormalities; CH, chronic hypertension; CI, confidence intervals; OR, odds ratios.
Bold numbers indicate significant association.
aAdjusted for maternal age, birth order, maternal employment status, related drug treatments and the use of folic acid during pregnancy.
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associated with the oligohydramnios sequence in two multimalformed
offspring. There were two other cases with postural deformity associa-
tion28 born to mothers treated with prazosine. The possible human
teratogenic potential of prazosine was not tested, but the results of an
animal experiment have been published.29 Prazosine did not induce
CAs, but intrauterine fetal growth retardation was found. The two
cases investigated in this study exhibited similar results, and their
lower birth weight was associated with postural deformity association.
Thus, the possible human teratogenic/fetotoxic effect of prazosine
requires further investigation. In conclusion, the higher risk of multi-
ple CAs in the offspring of pregnant women with CH may be
associated with the fetotoxic effect of captopril and prazosine used
for the treatment of CH.
However, the three-fold increase in the risk of esophageal atresia/

stenosis requires an explanation The question is whether this associa-
tion is caused by CH; can be explained by related drug treatments,
other diseases, lifestyle factors and other or unevaluated confounders;
or occurs by chance.
To identify a possible causal association, we have to consider

the possible maternal teratogenic effect of CH. A previous study30

included 29 pregnant women with severe hypertension (diastolic
pressure exceeded 110mm Hg in all women), all of whom were
treated with intravenous magnesium sulfate and other antihyperten-
sive drugs. Beyond the intrauterine growth retardation, higher risks of
microcephaly, patent ductus arteriosus and hypotonia of the skeletal
and gut musculature were found. In a recent study by Caton et al.,31

the possible association of maternal hypertension with antihyperten-
sive-drug treatment and CA was evaluated, and a higher risk of
hypospadias was found. This finding was not confirmed in our
study. Hyperthyroidism requires special attention because antithyroid
drugs such as methimazole/carbimazole may cause esophageal atresia/
stenosis.32,33 However, among the 21 cases with esophageal atresia/
stenosis, only one had a mother with CH and hyperthyroidism, and
this woman was not treated with antithyroid drugs. In addition, our
previous study showed an association of CH with hyperthyroidism in
pregnant women, and hyperthyroidism without antithyroid treatment
also showed some association with a higher risk for esophageal atresia/
stenosis.34 The association of other maternal diseases with higher risk
of CAs was studied in two other investigations,35,36 but an association
of CH with esophageal atresia/stenosis was not reported.
The birth prevalence of cases with isolated esophageal atresia/

stenosis with or without tracheo-esophageal fistula is 0.18 per 1000
in Hungary; this figure is similar in other countries.37 The epidemio-
logical characteristics of esophageal atresia/stenosis with or without
tracheo-esophageal fistula are well known,38–41 but 21 cases born to
mothers with CH in the study did not fit the associations found
previously (for example, younger age and lower employment status).
The etiology of esophageal atresia/stenosis is not well understood.41,42

Obviously, both genetic and environmental factors have a role in the
origin of esophageal atresia/stenosis ± tracheo-esophageal fistula;42,43

among environmental factors, maternal exposure to cigarette smoking
and alcohol during early pregnancy is important.44,45 The mothers
with CAs of both cases (29.7 vs. 21.6%) and controls (22.2 vs. 18.5%),
smoked more frequently during pregnancy than case and control
mothers without CH. Thus, smoking may be a factor that triggers the
genetic pre-disposition to esophageal atresia/stenosis.
The muscular layer of arteries is a target tissue in CH with

multifactorial etiology. The consequences of a polygenic-environmental
interaction1,2 and maldevelopment of the muscular system may also
have a role in the pathogenesis of esophageal atresia/stenosis. Thus,
our hypothesis is that esophageal atresia/stenosis and CH may share a

common genetic predisposition; however, further studies are needed
to confirm or reject this hypothesis.
At the decision to proceed with antihypertensive therapy, drugs

must be chosen on the basis of considerations specific to the
pregnancy, mainly with regard to the health of the fetus. In general,
if drug therapy is necessary in pregnant women, methyldopa is the
first choice because its safety has been shown in several studies.46–48

However, this recommendation was not followed in Hungarian
pregnant women with CH; methyldopa was only the fourth and
fifth most frequently used drug in case and control mothers, respec-
tively. Direct vasodilators, such as hydralazine and beta-receptor
blockers, were also found to be effective and safe.47,48 Our previous
study did not indicate any teratogenic and/or fetotoxic effects of
calcium receptor antagonists.49 Aside from the above drugs, terbuta-
line and fenoterol were used in more than 10% of pregnant women;
the limited human data available did not indicate any teratogenic
effects.48 Thus, our study did not show any association between CH-
related drug treatment and esophageal atresia/stenosis. In addition, it
is worth stressing that antihypertensive drugs—beyond angiotensin-
converting enzyme inhibitors and angiotensin-II receptor inhibitors/
antagonists, in addition to perhaps prazosine—are safe. Furthermore,
pregnant women with CH also require treatment during pregnancy.12

Another possible explanation for this association is unevaluated/
unknown confounders. Finally, multiple comparisons may produce
non-causal associations because a significant difference is expected at
every 20th estimation due to chance.
The three-fold higher relative risk for isolated esophageal atresia/

stenosis in the children of pregnant women with CH, seems to be
important; however, we have to consider that about 4–5% of pregnant
women have CH. If one assumes 100 000 births per year, 4500
pregnant women with CH, and a three-fold increase in the expected
rate of esophageal atresia/stenosis, 2.7 cases rather than 0.9 cases are
expected each year. This increase of about two cases is interesting from
an academic perspective, but is not clinically important.
The advantages of the HCCSCA data set are that it is a large

population-based data set, including 2627 pregnant women with
prospectively and medically recorded CH from among an ethnically
homogeneous European (Caucasian) population. We were able to
differentiate the different groups of hypertension among the study
pregnancies, and we evaluated only CH because our objective was to
evaluate a homogeneous sample. Additional advantages are the
matching of cases to controls without CAs, data related to potential
confounders, and the diagnosis of medically reported CAs as
confirmed in the HCAR.13 The diagnosis was later modified, if
necessary, on the basis of recent medical examination within the
HCCSCA.12

However, this data set also has limitations. (i) The severity of CH
was not based on the changing blood pressure values, but only on
related drug treatments. (ii) We did not know any details regarding the
onset of CH before the study pregnancy. (iii) Systolic and diastolic
blood pressure could not be evaluated separately in this population-
based study. (iv) Other pregnancy outcomes, for example, miscar-
riages, were not known; the rate of low birth weight (including
intrauterine fetal growth retardation) and preterm birth were evalu-
ated in another study.12 (v) Nearly all treated pregnant women with
CH had previously undergone polytherapy; therefore, we were not
able to differentiate the effect of each drug. Related drug treatment did
not modify the association of CH and isolated CA, which was shown
only in cases with multiple CAs. (vi) Lifestyle factors could not be
evaluated in the total data set because of the unreliability of self-
reported maternal data.50
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In conclusion, severe CH in pregnant women may be associated
with a higher risk of esophageal atresia/stenosis in their offspring. This
finding requires further research because CH is one of the most
common pathological conditions among pregnant women.
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