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Birth Weight and Length as Predictors for Adult Height

HenrikToft S0rensen,u Svend Sabroe,1 Kenneth J. Rottiman,3 Matthew Gillman,* Flemming Hald Steffonsen,1*
Peer Fischer,6 and Thorkild I. A. Serensen7

Adult height has been found to be inversely associated with mortality. Recently, it has been suggested that
growth in utero is linked with adutt risk of several chronic diseases. The authors examined possible associations
between birth weight, birth length, and adult height in young Danish men. They conducted the study in the fifth
conscription district of Denmark including all the men born after January 1,1973 who were residents in the study
area during the period August 1, 1993 to July 31, 1994. The Danish Medical Birth Register contains information
on all births in Denmark since January 1, 1973. Data on height from the Conscription Register were linked to
the Danish Medical Birth Register in 4,300 conscripts examined. Nearly all Danish men have to register with the
draft board around age 18 years of age where they undergo a physical examination. There was a strong positive
association between birth weight and adutt height; for subjects with birth weight £2,500 g, mean height was
175.7 cm, while for those with birth weight £4,501 g, mean height was 184.1 cm. A positive association was also
found between birth length and adult height. For subjects with birth length <47 cm, mean adult height was 175.2
cm, increasing to 184.3 cm at birth length >56 cm. The associations between birth length and adult height
persisted after adjustment for birth weight, gestational age, and other confounders, while the associations
between birth weight and adult height almost disappeared when adjusting for birth length and the same
confounders. Genetic and/or environmental factors operating both during the pre- and postnatal period may be
responsible for the association between birth length and adult height. Am J Epidemiol 1999;149:726-9.
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Adult height has been found to be inversely associ-
ated with mortality in several cohort studies in differ-
ent countries, with the strongest association found for
mortality from respiratory and coronary heart disease
(1-3). Attained adult height is thought to be partly
determined by factors in utero, in infancy, and in child-
hood (4-9), but the direct link between prenatal
growth and adult height has not been established. Birth
weight has been associated with adult risk of coronary
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heart diseases (10). Several studies including our own
have found that birth weight may be associated with a
later risk of obesity (11, 12), which, as a risk factor for
coronary heart disease, suggests a relation in the oppo-
site direction of that between fetal growth and coro-
nary heart disease. On the other hand, the association
between height and mortality is consistent with the
programming hypothesis that early life factors influ-
ence mortality in adulthood (13, 14). Even though this
programming hypothesis is controversial (15), the
associations between early growth, final height, and
morbidity and mortality may indicate that important
early determinants for adult diseases exist.

We have examined possible associations between
birth weight, birth length, and adult height in a popula-
tion of Danish young men evaluated for military service.

MATERIALS AND METHODS

We conducted the study in the fifth conscription dis-
trict of Denmark, which mainly includes the counties
of North Jutland and Viborg. The population size of
this region is approximately 700,000, about 14 percent
of the total population in Denmark. Nearly all Danish
men have to report to the draft board around 18 years
of age and rarely beyond age 26 years; at the draft
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board, they undergo physical examination and intelli-
gence testing. A few were exempted from examination.
We studied all the men examined who were born after
January 1, 1973 and residents in the study area during
the period August 1, 1993 to July 31, 1994.

We linked data on height from the examination to
the Danish Medical Birth Register by means of the
central personal registration number (CPR number),
which has been given to all Danes at birth since 1968.
The CPR number is used in all Danish data sources,
thus making linkage between data bases simple and
valid. The Birth Register contains information on all
births in Denmark since January 1, 1973 and data are
collected for ongoing statistics. The data are obtained
from the notifications of birth, which are recorded by
the midwife attending the delivery. In the Birth
Register, information on birth weight is divided into
categories of 250 g, and we used midpoints of the cat-
egories in the analyses. Birth length was reported to
the register in centimeters, and was included in the
regression analysis as a continuous variable.

We first examined adult height in relation to the
study variables. To control for confounding, we fitted
linear regression models to the data that included
weight and length at time of birth, birth order, gesta-
tional age, marital status, mother's age, and employ-
ment status. To obtain a clearer picture of the shape of
the relation between birth length/birth weight and adult
height, we used confounder-adjusted quadratic splines
to smooth the curves (16).

The study was approved by the Regional Ethics
Committee and the Danish Data Protection Agency.

RESULTS

We identified 4,805 draftees born after January 1,
1973 during the study period. Of these, 4,300 draftees
underwent a medical examination. The majority of the
remaining 505 men were exempted because of asthma,
juvenile osteochondrosis, or epilepsy.

Table 1 shows the association between birth weight
and adult height at the draft board examination. There
was a strong positive association between birth weight
and adult height; at birth weight <2,500 g, the mean
height was 175.7 cm, while at birth weight >4,501 g, it
was 184.1 cm. Table 1 also shows a positive associa-
tion between length at the time of birth and adult
height. At birth length <47 cm, mean adult height was
175.2 cm, increasing to 184.3 cm at birth length >56
cm.

To improve our estimate of the shape of the dose-
response curve relating the birth length to height, we
fitted an unrestricted quadratic spline regression model
with all covariates including birth weight. Figure 1
shows a strong association between birth length and

TABLE 1. Birth weight, birth length, and gestational age rela-
tive to adult height at age 18-20 years among young Danish
men, August 1,1993 to July 31,1994

Birth weight (g)
52,500
2,501-3,000
3,001-3,250
3,251-3,500
3,501-3,750
3,751-4,000
4,001^,500
£4,501

Length at birth (cm)
5*46
47-48
49-50
51-52
53-54
55-56
£57

Gestational age
Full-term
Pre-term

No.

171
604
607
845
776

err
515
105

79
172
661

1,333
1,342

613
124

3,900
399

Mean
adutt

height (cm)

175.7
177.2
178.0
179.0
180.3
181.1
182.5
184.1

175.2
176.7
176.8
178.6
180.8
182.4
184.3

179.7
178.2

95% Cl*
lor

mean height

174.7-176.6
176.7-177.8
177.5-178.5
178.6-179.5
179.8-180.7
180.6-181.5
182.0-183.0
183.0-185.2

173.7-176.8
175.6-177.8
176.4-177.3
178.3-178.9
180.5-181.1
181.9-182.8
183.3-185.3

179.5-179.9
177.6-178.9

* Cl, confidence interval.

adult height. The smoothed curve indicates a peak
around 58 cm after which height declines slightly.
Figure 2 presents the corresponding regression with
birth weight as predictive variable and birth length
included among the covariates. The curve indicates a
positive adjusted association between birth weight and
height, but much less pronounced than the association
with birth length. There was a strong association
between birth weight and length, but the spline curves
indicate that birth length was a much stronger predic-
tor for adult height than birth weight.

DISCUSSION

We found a clear association between birth length,
birth weight, and adult height; the association was
most pronounced for birth length, which outweighed
the effect of birth weight in a common analysis.
However, because birth weight is measured in cate-
gories and length as a continuous variable, some resid-
ual confounding of birth weight on the length and adult
height association cannot be excluded. The association
persisted when adjusted for possible effects of gesta-
tional age, birth order, mother's age, marital status, and
employment status.

Fetal growth is generally considered in terms of
birth weight and not birth length, and it is consequent-
ly difficult to make comparisons with postnatal
growth, which is most often expressed in length. A
recent randomized trial in Java (17) showed that
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FIGURE 1. Estimated mean adult height according to birth length,
Viborg, North Jutland County, 1973-1994. Smoothed curve was fit-
ted by unrestricted quadratic spline regression with adjustment for
gestational age, birth weight, maternal age, birth order, marital sta-
tus, and employment.
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FIGURE 2. Estimated mean adult height according to birth weight,
Viborg, North Jutland County, 1973-1994. Smoothed curve was fit-
ted by unrestricted quadratic spline regression with adjustment for
gestational age, birth length, birth weight, maternal age, birth order,
marital status, and employment.

among women in the reproductive age, energy supple-
mentation of the last 90 days of pregnancy increased
postnatal growth and reduced malnutrition in
preschool children. The most striking result was the
greater effect on height than on weight. Adult height
may thus be an indicator of early nutrition.

Our findings are in agreement with other studies of
birth weight and height associations using somewhat
different types of data and design. A recent population-
based study that followed small for gestational age
infants to adulthood (18) showed that they had a sev-
enfold higher risk of being short than subjects who
were not born small for gestational age. Leger et al.
(19) studied 236 full term singleton babies small for
gestational age and 281 with normal birth weight. The
target height was 174 cm versus 175 cm in men and
160 versus 162 in women. A study from Israel (4)
found a strong association between birth weight and
adult height regardless of ethnic and socioeconomic

factors. Another Israeli study with 17 years follow-up
of small for gestational age infants (9) found an
increased risk of short stature at late adolescence.

It seems likely that implicit growth factors as well as
genetic and environmental factors are operating. The
biologic factors determining the growth of the fetus are
the genetic makeup of the fetus combined with the
utero-placental function and thus the substrate avail-
ability (17). The association between birth length and
adult height may be explained by several factors that
do not invoke in utero determinants of adult height: I)
tall stature has genetic determinants that may be
expressed in infants as well as adults; 2) although we
adjusted for some social factors, there may be residual
confounding between stature and social and other
environmental factors that affect both birth length and
adult height. Secular trend studies within populations
definitely demonstrate that common general environ-
mental factors influence height of the members of the
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population (20). On the other hand, several twin stud-
ies have shown that within the population variation in
height at a given point in time is mainly attributable to
genetic differences (5, 21). It has been hypothesised
(15) that "metabolic programming" occurring at criti-
cal stages of early development causally determines
the risk of adult diseases such as coronary heart dis-
ease, stroke, diabetes mellitus, and hypertension.
However, several methodological problems, such as
loss to follow-up and confounding by socioeconomic
factors, suggest the advisability of cautious interpreta-
tions about the possible causal relations between fetal
growth and risk of later disease (15).
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