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Influence of Consanguinity and Maternal Education on Risk of Stillbirth and
Infant Death in Norway, 1967-1993

Camilla Stoltenberg," Per Magnus,’ Rolv Terje Lie,2 Anne Kjersti Daltveit,2 and Lorentz M. Irgens?

To analyze the influence of consanguinity and maternal education on stillbirth and infant death for children
born in Norway between 1967 and 1993, the authors studied 7,274 children of ethnic Pakistani origin and
1,431,055 children of Norwegian ethnic origin. Of these children, 31.0% of the Pakistani children and 0.1% of
the Norwegian children had parents who were first cousins. Consanguinity increased the relative risk of
stillbirth (odds ratio (OR) = 1.3, 95% confidence interval (Cl) 1.0~1.6) and infant death (OR = 2.4, 95% CI
2.0-3.0), after adjustment for maternal education, maternal age, parity, and year of birth. In 1985-1993, 29%
(95% Cl 13-45) of stillbirths and infant deaths among the Pakistani group were attributable to consanguinity.
In the Norwegian group, 17% (95% CI 13-21) of the deaths were attributable to factors associated with low
maternal education, while in the Pakistani group, the corresponding estimate was nonsignificant. The risks of
stillbirth and infant death were similar for children with non-consanguineous parents in both populations. This
is an important observation considering the differences in socioeconomic status between the two groups. The
authors conclude that consanguinity influenced stillbirth and infant death independent of maternal education,
and that a large proportion of deaths could be attributed to consanguinity in the Pakistani group due to high

frequencies of consanguinity. Am J Epidemiol 1998;148:452-9.
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Consanguinity, defined as marriage between close
relatives, increases the risk of stillbirth and infant
death (1-3), but the extent to which socioeconomic
conditions can account for this association is disputed
(2, 4, 5).

In 1987, a meta-analysis of studies on prereproduc-
tive death (before 20 years of age) and consanguinity
(2) concluded that the proportion of deaths attributable
to consanguinity was low in all the populations con-
sidered. Since the publication of that meta-analysis, it
has become clear that the attributable risk of early
death due to consanguinity seems to be increasing
globally. Consanguinity appears to be more prevalent
than was estimated about 10 years ago (6—18), and in
many populations where consanguinity is prevalent,
the frequency of consanguinity does not decline (6,
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18). Several of the populations with high rates of
consanguineous marriages now experience decreasing
or low rates of mortality due to social and economic
development and migration to wealthier countries, and
it has been postulated that the relative influence of
consanguinity may be larger when mortality rates are
low (2). Consanguinity influences stillbirth and infant
mortality mainly by increasing the frequency of auto-
somal recessive diseases (1). In addition, a slight in-
crease in the frequency of diseases with a polygenic
etiology is considered to play a role (1).

British and Norwegian studies have reported higher
mortality rates among children of Pakistani immi-
grants than in other ethnic groups (19-21). Parental
consanguinity has been found to be related to these
mortality differences (19, 21), but there has been little
attempt to control for the influence of social class,
even though it is established that in most populations
consanguinity is more prevalent among parents with
low socioeconomic status (8, 22-26).

The aims of this study were to estimate the risk of
stillbirth and infant death in Norway among chil-
dren whose parents were ethnic Norwegians or ethnic
Pakistanis in order to: 1) estimate the relative risks and
population attributable risks associated with consan-
guinity and maternal education within each population
group, 2) analyze whether consanguinity is a risk
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factor for stillbirth and infant death after socioeco-
nomic factors are controlled for, and 3) explore
whether consanguinity and differences in socioeco-
nomic factors, such as maternal education, explain risk
differences between the two populations.

MATERIALS AND METHODS

The study population consisted of the 7,494 children
who had two parents of ethnic Pakistani origin and the
1,448,766 children who had two parents of ethnic
Norwegian origin and who were born in Norway be-
tween 1967 and 1993. For simplicity, the two groups
will be referred to as “Pakistani” and “Norwegian,”
regardless of citizenship and that none of the children
were immigrants. Births missing information on
whether the child was still alive or not by December
31, 1993 (11 births in the Norwegian group), on pa-
rental consanguinity (13,153 births; 0.9 percent of the
Norwegians, 2.6 percent of the Pakistanis), and on
parity (5,773 births; 0.4 percent of the Norwegians and
0.6 percent of the Pakistanis) were excluded. The final
sample consisted of 7,274 Pakistani births and
1,431,055 Norwegian births. Information on survival
of the child, consanguinity between parents, maternal
age, parity, and year of birth was obtained from the
Medical Birth Registry of Norway (27), which has
collected data on all births from 1967 and onward.
Data for parental country of origin and maternal edu-
cational level obtained by 1990 were linked to the

Birth Registry by Statistics Norway. Maternal educa-
tional levels for the total population were obtained
from a census conducted in 1990. The categorization
and distributions for the variables are shown in table 1.

The outcomes were 1) stillbirth rate—number of
stillborn infants with gestational age =16 weeks per
1,000 births, and 2) infant mortality—number of
deaths in the first year of life per 1,000 live births.
Early mortality is the sum of stillbirths and infant
deaths per 1,000 births. Parental relations were cate-
gorized as “not consanguineous,” “first cousins or
closer,” or “other consanguineous relations.” In the
Norwegian group, most of the parents assigned to the
category with “other consanguineous relations” were
related in more distant ways than first cousins, while,
in the Pakistani group, most of them were related in an
unspecified way (Appendix table). Consanguinity is
routinely recorded on a standardized form when the
mother undergoes her first pregnancy control, usually
before 12 weeks of gestation.

Because risk estimates were similar for the two
consanguineous categories in the Pakistani group, data
from first cousins and other relations were pooled for
some analyses. Mothers’ education in years was used
as a measure of socioeconomic status. The proportion
of children with consanguineous parents was larger
among those whose mothers’ educational level was
less than 10 years or missing, compared with those
with higher educational levels (table 2).

TABLE 1. Number of births, stillbirths, and infant deaths by parental consanguinity, maternal education, maternal age, parity,
and year of birth for children born in Norway, 1967-1993, with ethnic Norwegian or ethnic Pakistani parents
Births No. of No. of
Variable Norwegian Pakistani stillbirths infant deaths
No. % No. % Norwegian  Pakistani  Norwegian  Pakistani
Total 1,431,055 100.0 7,274 100.0 16,573 100 13,367 92
Parental consanguinity
Not consanguineous 1,415,421 98.9 4,339 59.7 16,379 54 13,144 37
First cousins or more closely related* 1,983 01 2,254 31.0 34 36 60 41
Other consanguineous retationst 13,651 10 681 94 160 10 163 14
Mother’s education (years)
>12 276,136 19.3 357 4.9 2,633 5 1,878 1
10-12 807,246 56.4 860 11.8 8,886 1" 7,210 1
<10 313,900 219 1,467 20.2 4,440 17 3,809 22
Missing 33,773 24 4,590 63.1 614 67 470 58
Maternal age (years)
<20 83,510 5.8 192 2.6 1,123 4 1,253 3
20-29 940,497 65.7 4,770 65.6 9,758 60 8,555 58
230 407,048 284 2,312 31.8 5,692 36 3,659 31
Parity
1 594,305 415 1,887 259 7,232 24 5,530 20
22 836,750 58.5 5,387 741 9,341 76 7,837 72
Year of birth
1967-1975 550,160 38.4 318 44 7,608 6 6,845 5
1976-1984 424,839 297 2,737 37.6 4,583 40 3,602 37
1985-1993 456,056 319 4,219 58.0 4,382 54 2,920 50

* A total of 93 Norweglan and six Pakistani children had parents who were more closely retated than first cousins.

1 A total of 3,371 relatives in the Norwegian group and 344 in the Pakistani group were registered as unspecified relatives; the remaining relatives were more

distant than first cousins.
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TABLE 2. Proportions (in percent*) of ethnic Norwegian and ethnic Pakistani births by parental consanguinity and maternal

education: births in Norway, 1967-1993

Norwegian births, Pakistani births,
Parental by maternal education (years) by maternal education (years)

consangulnity >12 10-12 <10 Missing >12 10-12 <10 Missing
Not consanguineous 99.3 98.9 98.5 98.6 77.0 70.3 53.0 58.4
First cousins or more closely related 0.1 0.1 0.3 0.4 171 21.9 36.4 32.0
Other consanguineous relations 0.7 0.9 1.2 1.0 5.9 7.8 10.6 9.5
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Chi-square (Pearson) 1,121 117
Degrees of freedom 6 6
Significance 0.000 0.000

* Numbers are given in table 1.

Statistical methods

Multivariate logistic regression analyses were con-
ducted (28, 29) to estimate relative risks of stillbirth,
infant death, or early death. Relative risks were calcu-
lated as odds ratios with 95 percent confidence inter-
vals according to ethnic group, parental consanguinity,
and maternal educational levels. Qdds ratios were ad-
justed for maternal age, parity, and year of birth. All
models were tested for significant two-way interac-
tions (28, 29). Population attributable risks (AR) of
early death for consanguinity and low maternal edu-
cation were calculated for the latest period, 1985-
1993, using the formula

AR = (p(RR — 1))/(p(RR — 1) + 1),

where p is the prevalence of the risk factor (consan-
guinity or maternal education), and RR is the relative
risk associated with the factor (30). The relative risks
were approximated by odds ratios obtained from lo-
gistic regression models. We used a Monte Carlo
resampling technique to obtain confidence intervals
for the attributable risks. For a particular estimate of
the attributable risk, the estimated exposure preva-
lence (p) and the log odds ratio was used with their
estimated standard errors, assuming normal distribu-
tions, to produce 5,000 independent pairs of p and the
odds ratio. The formula above was then used to obtain
5,000 replicates of the attributable risk. The standard
error of the attributable risk obtained from this set was
then used to calculate 95 percent confidence intervals.

RESULTS
Consanguinity

A nonsignificant increased risk of stillbirth was ob-
served in infants of consanguineous parents (odds ratio
(OR) = 1.3, 95 percent confidence interval (CI) 1.0-
1.6). This pattern was similar for the Norwegian and
the Pakistani groups (table 3). The relative risk of

infant death for first cousin parents from both popu-
lations was 2.4 (95 percent CI 2.0-3.0). Again, the
pattern was similar for each of the two populations,
although the relative risk of infant death was nonsig-
nificantly higher for Norwegian first cousin parents
than for the Pakistanis (table 3). In addition, an in-
creased infant mortality was associated with other
consanguineous relations among the Pakistanis. The
effects of consanguinity were independent of maternal
education, maternal age, parity, and year of birth.

Maternal education

Among Norwegians, a significant negative associa-
tion was found between maternal education and the
risk for stillbirth and infant death (table 3). For the
Pakistanis, there was a nonsignificant high risk of
infant mortality among infants whose mothers had low
or missing information on education. Effects due to
maternal age and parity slightly modified the influence
of maternal education on infant death in the Norwe-
gian group.

Comparison between the Pakistani and the
Norwegian group

The Pakistani group as a whole experienced higher
mortality than the Norwegian group, with relative
risks of 1.3 for stillbirth and 1.7 for infant death after
adjustment for year of birth (table 4; model 1). There
were no significant risk differences between the Nor-
wegian and Pakistani groups after adjusting for con-
sanguinity (model 2). The results presented in table 3
indicate that, in the Norwegian group, maternal edu-
cation had an effect on stillbirth and infant death. In
the Pakistani group, by contrast, maternal education
had no effect on stillbirth and only a possible effect on
infant death. However, adjustment for maternal edu-
cation was made under the assumption that maternal
education had similar effects in the two populations

Am J Epidemiol Vol. 148, No. 5, 1998



Stillbirth, Infant Death, and Parental Consanguinity 455

(model 3). The difference in the risk of stillbirth dis-
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sanguinity is favored and early mortality is declining.
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TABLE 4. Odds ratios (OR) with 95% confidence intervals (Cl) for stilibirth and infant death in the
ethnic Pakistani group relative to the ethnic Norwegian group: births in Norway, 1967-1993

st i Stillbirths Infant deaths
Logistic regression Group

model controlling for OR 95% CI OR 95% Ci

1. Year of birth Norwegian 1.0 1.0
Pakistani 1.3 1.1-16 1.7 1.4-2.1

2. Consanguinity and year of birth Norwegian 1.0 1.0
Pakistani 1.2 1.0-1.5 1.1 0.9-14

3. Maternal education and year of birth Norwegian 1.0 1.0
Pakistani 1.0 1.0-1.0 1.3 1.1-1.6

4. Maternal age, party, and year of birth Norwegian 1.0 1.0
Pakistani 1.4 1.1-1.7 1.7 1.4-21

5. Consanguinity, maternal education, and  Norwegian 1.0 1.0
year of birth Pakistani 0.9 0.7-1.1 0.9 0.7-1.1

6. Consanguinity, maternal education, Norwegian 1.0 1.0
matemal age, parity, and year of birth Pakistani 1.0 0.8-1.2 0.9 0.7-1.2

TABLE 5. Proportion of early deaths attributable to consanguinity and low maternal educational levels in the ethnic Norwegian
and ethnic Pakistani groups, 1985-1993
Prevalence
Group and No. of No. of % Odds . Attributable .
varigble births d?a:?zs ol( ri;k ratio* 95% Cit 2,2'; 95% CI
factor
Norwegian 456,056 7,302
Consanguinity$ 455 14 0.1 1.9 1.1t03.2 0.1 -0.02 to 0.2
Matemal education <13 years
or missing 346,338 5,795 75.9 1.3 1.2t01.3 16.7 12.7 to 20.7
Pakistani 4,219 104
Consanguinity$ 1,736 60 411 20 1.3t03.0 29.0 12.7t0 45.1
Matemal education <13 years
or missing 4,009 101 95.0 1.6 0.5t05.2 37.0 -50.4 to 100.0

* All odds ratios are adjusted for maternal age and parity in addition to consanguinity and maternal education.

1 Ci, confidence interval.

$ The category consanguinity includes first cousin and closer relations in the Norwegian group and all consanguineous relations in the

Pakistani group.

Data quality

Data quality may have influenced the results. There
were no indications of differential selection of fetuses
between the two populations, but differential selection
between fetuses with consanguineous and non-
consanguineous parents can not be ruled out. A link-
age with Statistics Norway ensures an almost complete
registration of births and infant deaths. Registration of
stillbirths with more than 28 weeks of gestation are
considered to be similarly complete, while there is
some uncertainty about stillbirths with 16-28 weeks
of gestation. However, the proportion of early still-
births was the same in the two populations, and inde-
pendent of maternal education, maternal age, and par-
ity. The proportion of early stillbirths increased from
the first to the last time period in both population

groups, probably reflecting more complete recording
of stillbirth.

Underreporting or misclassification of consanguin-
ity is probable in both populations. To investigate the
validity of the data, all records were sorted in families
and reanalyzed based on the assumption that if at least
one child in a family was recorded with consanguin-
eous parents all the siblings had consanguineous par-
ents. As a result, the proportion of children with con-
sanguineous parents increased from 40.4 percent to
54.5 percent among the Pakistanis, and the proportion
with first cousin parents increased from 0.1 percent to
0.2 percent among the Norwegians. The corresponding
relative and attributable risks for stillbirth and infant
death changed only slightly, and the confidence inter-
vals were overlapping. All results were similar to
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