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Low birth weight and risk of high blood pressure in adulthood

GERHARD GENNSER, PER RYMARK, PER ERIK ISBERG

Abstract

Hospital birth records were sought for 104 men from a pool of
male army conscripts with "normal" or "high" blood pressure
when measured at 28 years of age. Of 77 men whose birth weight
and date of the mother's last menstrual period before the
pregnancy could be found, 25 had a resting diastolic blood
pressure of ¢90mm Hg. In 11 of these compared with nine of the
52 men with normal diastolic pressures their birth weights in
relation to gestational age had been below the mean and 1 SD of a
comparable Swedish population. The risk of increased diastolic
blood pressure in early adult life was significantly higher among
men who had been growth retarded at birth than among those
whose birth weight had been appropriate for gestational age
(odds ratio 3-63; 95% confidence interval 1*14 to 12.57).

Being born smali for gestational age may be a predictor of
raised blood pressure in early adult life.

Introduction

The finding that high blood pressure runs in families' suggests that
hypertension is an inherited disorder. The familial pattern of high
blood pressure has been recorded from the first week of life up to
adulthood. 1-3 Though the pathogenesis underlying established
hypertension is unknown, there is evidence that both genetic
and environmental factors interact in susceptible people.45
Hypertension of pregnancy, irrespective of definition, has also been
shown to have a very strong familial association.67 With a view to
identifying people at risk of developing high blood pressure later in
life we focused attention on those who had been small for gestational
age at birth. Thus in fetuses with retarded growth Doppler
ultrasound has shown evidence of increased peripheral resistance to
flow in the descending aorta.8 We thought it important to elucidate
whether people with a history of growth retardation in the fetal
period, irrespective of cause, are prone to high blood pressure as
adults. To this end young men were studied at an age when the
known effects of growth and maturation on blood pressure have
subsided9 and the incidence of hypertension due to vascular
degeneration has not begun to rise.

Subjects and methods

From the National Institute for Psychosocial Factors and Health,
Stockholm, we obtained the national insurance numbers of 104 men

randomly selected from a pool of "hypertensive" and "normotensive" male
army conscripts in the Greater Stockholm area. The pool had been collected
by the institute for our study and was therefore not representative of all male
Swedish conscripts. The men's blood pressures had been checked during
medical examinations at 28 years of age, and 32 had been noted as having a

diastolic pressure of 90 mm Hg or more. By means of the national insurance
numbers and the National Population Registry conscripts' records were
located at the relevant maternity units and information on birth weight and
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date of the mother's last menstrual period before the pregnancy obtained for
77. The remaining 27 conscripts were excluded from the study owing to their
records being unavailable or lacking the relevant data. Twenty five
conscripts in the study group had increased diastolic blood pressure as

compared with seven of those excluded. To avoid bias data on blood pressure

were withheld from the investigators until the final statistical evaluation.
Gestational age at birth was estimated from the first day of the last

menstrual period before the pregnancy. A third degree polynomial of the
mean fetal weight for gestational age of a comparable Swedish population'0
was used to calculate individual deviations in birth weight from the expected
mean value for age (expressed as a percentage). The range of birth weights in
the reference population was proportional to the mean weight, one standard
deviation being 11% of the mean.'0 On the basis of deviations in birth weight
the study group was divided into six subgroups: group 1, ¢ + 22%; group 2,
+ 11-21%; group 3, 0-+ 10%; group 4, - 1-10%; group 5, -11-21%; group 6,
'--22%.
Blood pressure was measured with a mercury sphygmomanometer

in 72 conscripts (after 60 minutes' recumbency) and with an aneroid
sphygmomanometer in the remaining five (after 10 minutes' recumbency).
Blood pressure was recorded on two consecutive days in all subjects, the
value obtained under the most basal conditions being used for the study.
Based on earlier blood pressure studies in pools of male conscripts" "high"
diastolic blood pressure was defined as 90 mm Hg or more.
The risk ofhigh diastolic blood pressure in adult life in relation to a history

of low birth weight for gestational age ( -11%) was evaluated by
calculating the odds ratio as described by Fleiss. 12 This method was also used
for the risks of increased systolic pressure (B' 145 mmHg) and high mean

arterial pressure (e 110 mm Hg) in adulthood and for the risks of high
diastolic blood pressure in adulthood in relation to a low absolute birth
weight (',2500 g) and low absolute gestational age at birth (-37 weeks and
38 weeks).

Results

Of the 77 conscripts, 25 had a diastolic blood pressure of 90 mm Hg or

higher at 28 years of age. The distribution of these men among the
birth weight deviation groups was skewed towards a birth weight below the
mean and 1 SD (table I). The odds ratio for risk of subsequent high blood
pressure among men with a history of low birth weight for gestational age

(--11%) was 3-63 (95% confidence interval 1-14 to 12-57) (table II).
Analysis of the odds ratios for the relation between low birth weight on the

one hand and subsequent systolic, diastolic, and mean arterial pressures on

the other showed high diastolic pressure in adulthood to have the strongest
relation followed by high mean arterial pressure (table II). The risk of high
diastolic pressure was also significantly increased for men with a low absolute
birth weight (table III) and low absolute gestational age at birth (table IV).

Discussion

The cut off value (¢90 mmHg) defining high diastolic blood
pressure was adopted because it had been used in earlier studies on
the same subjects" and represented the mean and 2 SD of diastolic

TABLE I-Deviations in birth weight among male army conscripts with normal and high
(¢90 mm Hg) diastolic blood pressures

Birth weight deviation group*

Diastolic 1 2 3 4 5 6
pressure (3+22%) (+11-21%) (0-+10%) (-1-10%) (-11-21%) (%-22%) Total

¢90 mm Hg 3 3 6 2 8 3 25
<90mm Hg 4 7 13 19 9 0 52

Total 7 10 19 21 17 3 77

*Deviation calculated as percentage difference from expected mean value for age (see text).
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TABLE iI-Men with normal and high blood pressures and mean arterial pressures stratified by presence and absence of history oflow birth weightforgestational age

Diastolic pressure Systolic pressure Mean arterial pressure

Low birth weight ¢90mm Hg <90 mm Hg Total ¢ 145 mm Hg < 145 mm Hg Total 110 mm Hg <110 mm Hg Total

Present 11* 9 20 6t 14 20 8f 12 20
Absent 14 43 57 10 47 57 10 47 57

Total 25 52 77 16 61 77 18 59 77

*Odds ratio 363 (95% confidence interval 1 14 to 12- 57).
tOdds ratio 203 (95% confidence interval 0 53 to 7 54).
tOdds ratio 308 (95% confidence interval 0-89 to 11-20).

TABLE III-Absolute birth weights of conscripts and diastolic blood
pressures in adulthood

Diastolic pressure
Birth weight

(g) ¢90 mm Hg <90 mm Hg Total

<2500 4* 0 4
>2500 2 1 52 73

Total 25 52 77

*Odds ratio 21-98 (95% confidence interval 1-46 to 101 17).

TABLE Iv-Absolute gestational ages of conscripts and diastolic blood pressures in
adulthood

Diastolic pressure

Gestational age (completed weeks) ¢90 mm Hg <90 mm Hg Total

<37 1* 1 2
>37 24 5 1 75

Total 25 52 77

<38 9t 8 17
>38 16 44 60

Total 25 52 77

*Odds ratio 2-10 (95% confidence interval 0 05 to 81 99).
tOdds ratio 3-01 (95% confidence interval 0-89 to 10-87).

blood pressure in a Swedish population of 28 year old men.'3
Systolic pressure was disregarded in our series because several
men with high diastolic pressures had a systolic pressure below
145 mm Hg. In retrospect odds ratios showed the cut off value for
high diastolic blood pressure to be adequate for defining a risk
group.
Though the relation between low birth weight and subsequent

high diastolic blood pressure appears not to have been reported,
several studies have examined the relation between hypertension in
pregnant women and high blood pressure in their offspring.
Increased blood pressure during childhood has been noted in
daughters but not sons of pre-eclamptic mothers'4; this finding was
not confirmed in a later study of children of roughly the same age."
Children aged 3-6 years and born to mothers with hypertension
in their first pregnancy had higher blood pressures than children
born after a normotensive pregnancy.'6 Moreover, children of
mothers whose blood pressures remained high after a hypertensive
pregnancy had a higher average blood pressure than children of
women whose blood pressures returned to normal after pregnancy.'5
Both groups of children had higher blood pressures than children
with a history of normotensive gestation.'5 The disparity among
reports on clustering of hypertensive disorders in families suggests
that several hypertensive syndromes occur. Thus true eclampsia
is apparently not associated with an increased incidence of hyper-
tension in the non-pregnant state as compared with control
populations,'7 but there is a strong risk of cases of pre-eclampsia
occurring in the families of women with a history of eclampsia in
their first pregnancy.7

Data on maternal blood pressure were not collected in this study.

Hence the possibility exists that intrauterine growth retardation in
these conscripts was associated with maternal hypertension and that
the high blood pressure at 28 years of age was an expression of
hereditary or familial hypertensive disorder rather than the result of
growth retardation itself. Nevertheless, as in only a third of cases of
intrauterine growth retardation is there a history of pre-eclampsia
and related disorders'8 it seems reasonable to assume that only a
minority of our cases of high diastolic pressure were associated
with maternal hypertension. The relation between retarded fetal
growth and increased adult blood pressure may also be due to
environmental factors, the nature of which is unknown. Doppler
ultrasound measurements of blood velocity waveforms show
intrauterine growth retardation to be accompanied by reduced or
abolished forward flow velocities in the fetal aorta8 and umbilical
arteries'9 at end diastole, indicating increased total peripheral
resistance to blood flow instead of the physiological decrease that
normally occurs with advancing gestation.20 These findings have
been substantiated by histological evidence of reduced placental
vasculature in growth retarded cases.2' Increased pressure in the
systemic fetal circulation as a mechanism for maintaining placental
perfusion is suggested by increased pulse wave velocity in the aorta
of growth retarded fetuses as compared with fetuses of normal
growth.22 Possibly if increased pressure in the fetal circulation
occurs at a vulnerable stage ofdevelopment it might adjust the blood
pressure regulating system to a higher than normal set point,
thereby inducing the postnatal circulatory system to work at
increased pressure. Conceivably, restriction ofplacental blood flow,
rather than any genetic signal, may be responsible for high blood
pressure in the offspring.

This retrospective pilot study was disadvantaged by being based
on subjects born before the era ofultrasound scanning to assess early
gestational age. Nevertheless, the data suggest that people born
small for gestational age are at risk of high blood pressure in
early adult life and that intrauterine growth retardation may
be an important predictor of subsequent hypertensive disorder.
Whatever the mechanism responsible for hypertension, these
findings, though requiring confirmation, suggest an important late
effect of being born small for gestational age.

We thank Professor T Theorell for the national insurance numbers and
blood pressure data of the conscripts. The study was supported by grants
from the Greta and Johan Kock Foundation and from the Swedish League
Against Hypertension.
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Alcohol consumption in Dundee primigravidas and its effects on
outcome of pregnancy

NABEEL D SULAIMAN, C DU V FLOREY, D J TAYLOR, S A OGSTON

Abstract

In a population based cohort study information on the consump-
tion of alcohol was obtained from 95% of the 952 consecutive
primigravidas who lived in the Dundee district and attended for
antenatal care between May 1985 and April 1986. Before realising
that they were pregnant more than 90% drank alcohol and 53%
were cigarette smokers. During the first four months of preg-
nancy, however, the proportion ofwomen drinking and smoking
fell to 56% and 44%, respectively. Alcohol consumption of more
than 120 g absolute alcohol/week (12 or more standard drinks)
during pregnancy was related to shorter gestational age (-2-6
weeks), smaller head circumference (-18 mm), shorter (-21
mm) and lighter (-499 g) babies, and lower Apgar scores at five
minutes (-0.4, all p<001). After adjustment for the effect of
smoking, social class, mother's size, and other confounding
factors, however, an alcohol intake of more than 120 g/week was
significantly related only to shorter gestational age (-2-0 weeks,
p<0001) and lower Apgar score at five minutes (-0.2, p<O0O5).
Alcohol intake in the region of 100-119 g/week was significantly
related to smaller head circumference (-12 mm, p<005).
Analysis by type of beverage consumed suggested that beer
rather than wine or spirits was associated with a poorer outcome.
As there was no detectable effect on pregnancy of alcohol

consumption below 100 g/week, it is suggested that health
education should be directed towards mothers who drink more
than this amount.

Introduction

Interest in the effects of maternal alcohol consumption on the fetus
has grown since the publication ofa description ofthe morphological
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features of the fetal alcohol syndrome. These features include
growth retardation, mental retardation, and a characteristic facial
appearance, in addition to systemic anomalies. There now seems to
be little doubt that excessive drinking throughout pregnancy gives
rise to the fetal alcohol syndrome in some women's offspring. The
question of how much social or moderate drinking is safe, however,
has yet to be answered satisfactorily. Some studies have shown fairly
low consumption to have adverse effects on birth weight,2-4 spon-
taneous abortion,56 stillbirths,7 and neonatal behaviour,8 whereas
others, in different populations and with different techniques, have
found no important effect.9'0 The overall conclusion from these
studies is that the effect of a mother's social drinking during
pregnancy on her offspring is at most limited.

This study's main aim was to estimate the level of alcohol
consumption at which an adverse effect on the outcome of
pregnancy is detectable. We investigated the effect of different
levels of alcohol consumption both before and during pregnancy on
various outcome measures in a cohort of primigravidas.

Subjects and methods
The sample consisted of all primigravidas living in Dundee district whose

first antenatal visit fell between 1 May 1985 and 30 April 1986. Dundee is
served by only three antenatal clinics, and all women are delivered in this
hospital. The sample was thus determined by the population, with no
appreciable private obstetric care or cross boundary flow to other care
systems.
The size of the sample was estimated, based on the expected differences in

birth weight between the offspring of abstainers and those of drinkers.
Assuming a 1:4 ratio of the size of these two groups, a sample size of 800
would allow a true difference of 100 g at the 5% level of significance to be
detected with 80% power.
The mothers were informed of the nature of the study and invited to take

part at their first antenatal visit. For organisational reasons the mothers
were interviewed at their next visit (commonly at 16 weeks) to obtain
demographic data and a history of beverage consumption and tobacco
smoking before and during pregnancy. The questions about alcohol were
included among those about coffee, tea, and soft drinks. An aliquot of
blood was included in the usual antenatal blood collection and used to
estimate blood alcohol concentration, y-glutamyltransferase activity, and
plasma thiocyanate concentration (a measure of beer drinking as well as of
cigarette smoking). The questions included the quantity, frequency, and
variability items from the questionnaires of Jessor et al,"I Cahalan et al,'2 and
A P Streissguth (personal communication). The answers were later converted
to the average amount of absolute alcohol in g consumed daily (1 ml
absolute alcohol=0-8 g; one standard drink~ 10 g absolute alcohol). Binge


