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Objectives The aim of this study was to identify risk factors for cardiovascular malformation.
Methods In a case-referent study prospectively collected data were obtained from original medical records. The
study included 277 woman who had infants with a severe cardiac defect, and for each case two referents (medical
records study) were included. Data on parental age, maternal reproductive history, disease in early pregnancy,
reported maternal use of drugs and alcohol, smoking habits, parental occupation, and maternal body mass index
(BMI) were extracted. When data were available from Swedish medical health registers, a comparison was made
(register study) between all infants with cardiovascular defects (2208) and all infants born (175 768).
Results Maternal diabetes mellitus was associated with an increased risk for cardiovascular malformation [odds
ratio (OR) 2.38, 95% confidence interval (95% CI) 1.36–4.15], as was a high BMI (> 29) (OR 1.46, 95%CI
1.12–1.90). A tendency towards an increased risk was found for involuntary childlessness, spontaneous abortion,
thyroid drugs, and nonsteroid anti-inflammatory drugs.
Conclusions Some known risk factors for cardiac defects (eg, maternal diabetes mellitus and the use of
antiepileptics) could be identified. Other postulated risk factors could not be verified, for example, paternal age
and parental occupation. The use of medicinal drugs seems not to be a major factor in the etiology of cardiac
defects. It is possible, however, that there is an association with the use of nonsteroid anti-inflammatory drugs or
drugs for thyroid disease. The relationship between a high BMI and cardiovascular malformation observed in
this study may be explained by impaired maternal glucose tolerance.

Key terms body mass index, cardiac defect, drugs, parental age, prospective study.

Cardiovascular malformation is one of the most common birth defects. The rate of cardiovascular defects
depends on the definition, follow-up time, and inclusion
criteria. Rates of 5–8 per 1000 live births have been given, and still higher rates have been reported for stillbirths (1). The etiology is thought to be multifactorial
with both genetic and nongenetic factors interacting.
Many studies have been published on possible associations between various maternal exposures and congenital heart defects.
Using a retrospective case-referent model, the large
Baltimore-Washington study (N=3377) investigated
several risk factors for cardiac defects in general and
also specific cardiac defects (2). Family history of cardiovascular malformation, diabetes mellitus, maternal

1
2

age of more than 34 years, previous spontaneous abortion, smoking, and alcohol use in early pregnancy were
significantly associated with congenital heart defects.
A Finnish study (3) (N=408) based on retrospective
data obtained from interviews found that maternal alcohol consumption, maternal exposure to dyes, lacquer
and paint, and maternal upper respiratory infections
were significant risk factors for cardiovascular malformation.
Studies based on data from Swedish medical health
registers (4, 5) could not verify maternal age as a risk
factor, whereas maternal smoking was weakly but significantly associated with congenital heart defects.
The aim of the present study was to identify putative risk factors for congenital heart defects in a
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register study and a medical records study. The register
study was based on the total number of births, and exposure information was extracted from the Medical
Birth Register. To supplement and enhance the quality
of exposure data, we selected infants with a severe cardiac defect and the referents were matched. In the casereferent study design, original medical records of both
the cases and referents were the source of exposure information. This latter approach could only be used for
a subset of factors and was therefore restricted to infants with a relatively severe cardiac defect. In both the
register study and the medical records study, exposure
information was collected prior to knowledge of the outcome, recall bias thus being avoided.

Materials and methods
The study was made in the southeast region of Sweden,
and therefore it was possible to retrieve the original
records of the majority of the patients. The study period was 1982–1996.

Register study
During this period 175 768 infants were born of women who lived in the region at the time of delivery. In a
previous paper (6), we described the identification of
infants with congenital malformation from various medical health registers. Infants with a known chromosome
anomaly were excluded from the present study. The total number of infants with a cardiovascular malformation, excluding persistent ductus arteriosus (PDA) and
single umbilical artery (SUA), was 2208, that is, 13 per
1000 births. The distribution of cardiac diagnoses is
shown in table 1.

maternal age as a risk for cardiac defect was studied
using register data.
Data were collected from medical records without
blinding as to whether the infant represented a case or a
referent. Records for 8 cases and 30 referents could not
be found. Medical records have a standard format
throughout Sweden. From these, data on maternal and
paternal age, period of involuntary childlessness,
number of spontaneous and induced abortions, number
of previous intrauterine deaths, maternal diseases in early pregnancy, reported maternal use of drugs, smoking
habits, stated use of alcohol, and maternal and paternal
occupation were extracted. Maternal weight and height
were recorded when present and the body mass index
(BMI) was calculated. All information was recorded at
the mother’s first visit to the antenatal care center (usually week 10–12 of pregnancy) and was thus prospectively related to the identification of the cardiac defect.
Maternal and paternal occupations were coded using the
Nordic Classification of Occupations. Drugs were coded using the ATC (anatomic, therapeutic and chemical)
system.

Statistical analyses
In the register study odds ratios (OR) were determined
using the Mantel-Haenszel technique (9) after suitable
stratification. Estimates of 95% confidence intervals
(95% CI) were made with a test-based method (10).
The exposure proportions among the cases and referents in the medical records study were compared with
Fisher’s exact test. Matching was thus broken. Odds ratios and exact 95% confidence intervals were determined with Fisher’s exact test using SABER software
(Centers for Disease Control and Prevention, Atlanta,
GA 30333, USA). A linear logistic regression analysis,
adding maternal age as a confounder, was tried but it
did not affect the odds ratios.

Medical records study
Of the infants with a cardiovascular malformation, 277
(1.6/1000 births) were identified from the Child Cardiology Register, which is based on specific reporting of
all children with a cardiac defect referred before the age
of 1 year to one of the child cardiology centers in Sweden (7). The diagnostic quality is high, and this subsample represents relatively severe cardiac defects (about
10% of all cardiovascular malformations), which were
used as cases in a case-referent study. For each case,
two referents were selected from the Medical Birth Register (8) from among infants born in the region the same
year as the case and with maternal age as close as possible to that of the case. Matching for maternal age was
made in order to avoid confounding of maternal age —

Table 1. Distribution of cardiac defect diagnoses in the register
study (total number of infants = 2208). Each infant could have
more than one cardiac diagnosis.
Cardiac defect
Atrial septum defect
Ventricular septum defect
Endocardial cushion defect
Single ventricle
Tetralogy of Fallot
Common truncus
Transposition of great vessels
Hypoplastic left heart syndrome
Pulmonary valve malformations
Coarctation of aorta
Other and unspecified defects

N
157
667
29
32
55
15
65
33
70
95
1306
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Table 2. Effects of maternal and paternal age on the risk of cardiac defect in the infant. The odds ratios (OR) for congenital heart defect
in the offspring in relation to maternal age were calculated from the data for cases and for all infants born in the region (the referents in
the medical records study were matched for maternal age). Stratification was made for year of birth and parity. The odds ratios for
congenital heart defect in the offspring in relation to paternal age were calculated from a case-referent comparison in the medical records
study. (95% CI = 95% confidence interval)
Age group

Maternal age

≤19
20–24
25–29
30–34
35–39
40–44
≥45
Unknown
Total

Paternal age

Cases
(N)

OR

95%CI

Cases
(N)

Referents
(N)

OR

95%CI

11
67
93
69
21
8
–
–

1.43
1.11
0.86
1.05
0.81
1.90
·
·

0.78–2.62
0.82–1.49
0.67–1.11
0.80–1.40
0.51–1.27
0.93–3.87
·
·

1
22
73
41
27
14
5
86

3
41
116
124
62
17
13
148

0.67
1.13
1.31
0.68
0.90
1.03
·
·

0.07–6.50
0.67–1.90
0.98–1.76
0.48–0.97
0.57–1.41
0.35–3.02
·
·

269

·

·

269

524

·

Table 3. Maternal reproductive history in relation to the risk of
having an infant with a congenital heart defect.
Reproductive history

Referents
(N)

OR

95%CI

Years of involuntary childlessness
None stated
245
1–2 years
12
≥ 3 years
12
Any
24

488
19
17
36

1.0
1.26
1.41
1.33

Reference
0.55–2.78
0.60–3.18
0.74–2.35

Spontaneous abortions
0
1
2
≥3
Any

204
49
12
4
65

416
79
21
8
108

1.0
1.26
1.17
1.02
1.23

Reference
0.83–1.91
0.51–2.54
0.22–3.86
0.85–1.76

Induced abortion
0
1
2
Any

224
39
6
45

445
68
11
79

1.0
1.14
1.08
1.13

Reference
0.72–1.77
0.32–3.25
0.74–1.71

96
91
56
26

217
171
91
45

0.79
1.06
1.25
1.14

0.57–1.08
0.76–1.46
0.85–1.84
0.66–1.94

Previous intrauterine death
0
264
1
5

515
9

1.0
1.08

Reference
0.28–3.64

Total

524

·

Parity
1
2
3
≥4

Cases
(N)

269

·

As the cases and referents in the medical records
study were matched for maternal age, the analysis of
maternal age as a putative risk factor was made comparing cases with all infants born in the region, stratifying for year of birth and parity. Paternal age is not available in the register and was therefore analyzed in the
medical records study. This analysis studied paternal age
independent of its covariation with maternal age.
This study was approved by the local ethics committee.
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Results
Maternal and paternal age
Table 2 gives the odds ratios for maternal and paternal
age. No clear-cut maternal age dependency was found
even though a nonsignificant U-form was indicated.
There was no trend for paternal age, but the age group
of 30–34 years had a lower than expected odds ratio,
which reached statistical significance.
Most of the following results were based on the medical records study, but they were supplemented with register data when stated.
Reproductive history
Table 3 summarizes the data on reproductive history.
The results indicate an excess of women with involuntary childlessness among the cases in comparison with
the referents. When this factor was studied in the register study, a similar result was obtained. The odds ratio
for having 1–5 years of involuntary childlessness was
1.24 (95% CI 0.99–1.42), and for 5 years or more it was
1.40 (95% CI 0.97–2.05). The odds ratio for any reported period of infertility was 1.28 (95% CI 1.07–1.53).
The results indicate an excess of spontaneous abortions among the cases when they were compared with
the referents, although the result did not reach statistical significance.
None of the parity groups showed a significant difference between the cases and referents, and the tendency towards an increase in the odds ratio with parity was
not statistically significant (z=1.71, P=0.09).
Maternal illness and drug use
The only maternal disease associated with an increased
risk for congenital heart malformation was maternal diabetes mellitus (OR 1.96, 95% CI 0.36–10.6, based on
4 cases and 4 referents). When this factor was studied
using the register data, the finding was similar (OR 2.38,
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95% CI 1.36–4.15). Urine tract infection, epilepsy, asthma, inflammatory bowel disease, systemic lupus erythematosus, conception hypertension, and thyroid disease occurred equally among the cases and referents.
Table 4 lists reported drug use in early pregnancy.
The numbers were low, but an excess risk was found
for drugs used for thyroid disease and nonsteroid antiinflammatory drugs among the cases. The three women
using antiepileptic drugs all had infants with a cardiac
defect, and the odds ratio was formally statistically significant. There was no significant total excess of drug
use among the cases when they were compared with referents.
Oral contraceptive use in early pregnancy was identified from the medical records (ie, date of stopping its
use in relation to the date of last menstrual period). It
was not associated with congenital heart defect in the
infant (7 of 269 in the case group, 13 of 524 in the reference group, OR 1.05, 95 % CI 0.35–2.87).

Maternal smoking and alcohol use
Information on maternal smoking and alcohol use in
early pregnancy is shown in table 5.
There was a slight excess of maternal smoking
among the cases, but it did not reach statistical significance. No effect of reported alcohol use was found.
Maternal body mass index
BMI could be calculated for 231 cases and 446 referents. The distribution is shown in table 6, which contains data from both the medical records study and the
register study. In the medical records study, there was a
U–shaped relationship with the lowest odds ratio for
normal BMI values (19.8–25.9). A similar trend was
found when the BMI was calculated from the register
data.
Parental occupation
Detailed information on occupational exposure was not
available, but broad parental occupational categories
were given. No differences between the cases and referents could be identified for any maternal or paternal
occupational category.

Discussion
Most studies on the importance of nongenetic factors in
the etiology of cardiac defects are based on retrospective interview data or questionnaires, sometimes long
after the birth of the infant. This method of data collection may carry the risk for recall bias, and, when interviews are part of routine birth defect registration,
interviewer bias can also be involved. This

Table 4. Reported drug use in early pregnancy and the risk of
congenital heart defect in the offspring. (NSAID = nonsteroid
antiinflammatory drugs)
Drug category
Drugs for hyperacidity
Beta-blocking drugs
Drugs for thyroid disease
Antibiotics
NSAID
Muscle relaxants
Analgesics
Antiepileptic drugs
Sedatives
Beta-stimulating drugs
Inhaled corticosteroids
Any drug except vitamins
Total

Cases
(N)

Referents
(N)

OR

95%CI

1
1
3
11
5
1
6
3
2
5
2
63

2
7
2
16
4
3
20
–
3
10
6
106

0.97
0.28
2.94
1.35
2.46
0.65
0.57
∞
1.30
0.97
0.65
1.21

0.02–18.8
0.01–2.17
0.33–35.4
0.56–3.16
0.52–12.5
0.01–8.11
0.19–1.51
1.14–∞
0.11–11.4
0.26–3.16
0.06–3.65
0.83–1.76

269

524

·

·

Table 5. Reported maternal smoking and alcohol use in early
pregnancy and the risk of a congenital heart defect in the infant.
The odds ratios (OR) were calculated from a case-referent comparison in the medical records study. (95% CI = 95% confidence
interval)
Cases
(N)

Referents
(N)

OR

95%CI

5
186
53
25
78

9
381
84
50
134

·
1.0
1.29
1.02
1.19

·
Reference
0.86-1.93
0.59-1.75
0.84-1.68

13
142
114

32
267
225

·
1.0
0.95

·
Reference
0.69-1.31

269

524

·

Smoking
Not stated
None
< 10 cigarettes/day
≥ 10 cigarettes/day
Any smoking
Alcohol
Not stated
None
Alcohol use
Total

·

Table 6. Association between maternal body mass index (BMI)
and the risk of congenital heart defect in the infant. a (OR = odds
ratio, 95% CI = 95% confidence interval)
BMI

Medical records study
Cases Referents OR
(N)
(N)

< 19.8
19.8–25.9
26–28.9
≥ 29

50
139
19
23

75
305
36
30

1.37
0.70
1.02
1.53

Total

231

446

·

a

Register study

95%CI

OR

95%CI

0.90–2.07
0.50–0.99
0.54–1.88
0.83–2.81

1.09
0.83
0.96
1.46

0.82–1.45
0.68–1.00
0.72–1.28
1.12–1.90

·

·

·

The adjusted odds ratios in the register study were estimated with the
Mantel-Haenszel procedure after stratification for year of birth,
maternal age, parity, and smoking.

phenomenon has been much discussed in the literature
with arguments both for and against the existence of recall bias (11).
Scand J Work Environ Health 2002, vol 28, no 1
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The existence of a medical birth register with information recorded in early pregnancy and therefore prospective as regards the identification of congenital malformation makes it possible to perform large-scale studies. An example is the recent study on the association
between maternal smoking in early pregnancy and congenital heart defects (5). The advantage of such register
studies is the large number of persons, which gives high
statistical power and makes it possible to demonstrate
weak effects. The drawback is that only factors recorded in the register can be studied, and the validity of the
information (although nonbiased) may be far from perfect.
We tried therefore to increase and validate the available information by adding data from medical records.
This process necessitated a case-referent approach and
limitation of the study to a region where access to the
medical records was comparatively easy. In order to get
a reasonable number of cases, only infants with a relatively severe cardiac defect were used as cases. As the
definition, we used conditions that were identified from
reports obtained from the child cardiology center, and
these reports also guaranteed correct and definitive diagnoses.
For some specific questions, when exposure data
were available in the register, all cardiovascular defects
(except for PDA and SUA) were used as cases, and all
infants born were used as referents (ie, the register
study). In this way the statistical power increases, but
imperfect exposure data, as well as less certain cardiac
defect data, bias the risk estimates towards unity. An
example is the association of cardiac defects with involuntary childlessness. In the medical records study,
an odds ratio of 1.33 was found, but statistical significance was not reached. In the register study, a slightly
lower odds ratio was found that reached statistical significance.
For other risk factors, an increased odds ratio may
have appeared in the medical records study without
reaching statistical significance. If data had been available (and trustworthy) in the register, perhaps the increase could have been supported or rejected. One example is the increased odds ratio for previous spontaneous abortion (12) and the U-formed relationship between maternal age and the risk for cardiac defect (4).
The absence of demonstrable effects may have different explanations. A true association may have been
missed because of a lack of statistical power due to low
numbers (notably for the study based on medical
records) or because of low validity in exposure information (eg, occupational exposure where only maternal
and paternal occupation was known).
The data presented in this paper refer to the prevalence of a congenital heart defect at birth. Such data may
not reflect the true incidence if prenatal selection of

16

Scand J Work Environ Health 2002, vol 28, no 1

malformed embryos or fetuses occurs through spontaneous or selectively induced abortions. The impact of
induced abortion after the prenatal identification of a
heart defect is negligible in Sweden if fetuses with chromosome anomalies are excluded (which was the case
in the present study). A risk factor that causes a selective loss of embryos or fetuses with a cardiac defect may
not be detectable in a study based on infants born. In
our study we tried to identify risk factors for cardiac
defects in fetuses that survived to birth, which is the
group representing the practically important problem.
We could verify some known risk factors for cardiac defects [eg, maternal diabetes mellitus (13) and use
of antiepileptic drugs (14)]. Other postulated risk factors could not be verified. Alcohol abuse is known to
be teratogenic, and among the effects seen are cardiac
defects (15). We saw no association between reported
maternal use of alcohol and cardiac defects. This finding may be due to the low validity of the exposure information, which did not differentiate regular users from
temporary users. The prevalence of alcoholism among
pregnant women in Sweden is relatively low. Our data
refer to light or moderate alcohol use, which does not
seem to be harmful.
Paternal age has been suggested as a risk factor for
cardiac defects, notably ventricular septal defect, atrial
septal defect, and PDA (16). We found no certain paternal age effect in our material, and this result agrees
with findings in an earlier Swedish study (17). The previously suggested (18) association between the use of
oral contraceptives in early pregnancy and cardiac defects could not be verified.
Use of medical drugs seems not to be a major factor
in the etiology of congenital cardiac defects according
to our data, with the exception of antiepileptic drugs. It
is, however, possible that an association exists with the
use of nonsteroid anti-inflammatory drugs although statistical significance was not reached in this study. A recent paper supports this observation (19). The indicated excess risk with drugs used for thyroid disease should
be further explored in a larger material.
We found another possible risk factor that has previously not been extensively discussed in relation to
congenital cardiovascular malformation, namely, high
BMI. Obesity is associated with an increased risk for
neural tube defects (20), and it seems possible that a similar association is found with cardiac defects (21). Hypothetically, an explanation could be undetected diabetes type 2, which may be associated with an increased
risk for congenital heart disease (22, 23).
We found no new strong risk factor of importance
for an individual pregnant woman but, from the population point of view, weak risk factors could also be of
interest. There is an increasing frequency of pregnant
women with a high BMI in the Swedish population. The
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association between a high BMI and congenital heart
defects may therefore be of importance from a public
health perspective.
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