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Can confounding by sociodemographic and
behavioural factors explain the association
between size at birth and blood pressure at age

50 in Sweden?

Ilona Koupilova, David A Leon, Denny Vigero

Abstract
Study objective - To evaluate whether
socioeconomic confounding explains the
relationship between size at birth and
blood pressure at age 50.
Design - Cross sectional study with retro-
spectively coliected data on size at birth.
Setting - Uppsala, Sweden.
Participants - 1333 men born in 1920-24,
and a subset of 615 men for analyses in-
cluding early social circumstances.
Main outcome measures - Blood pressure
measured after 10 minutes rest in supine
position. Crude and adjusted effect meas-
ures were compared.
Main results - Controlling for sociodemo-
graphic characteristics at age 50, such as
socioeconomic position, highest education
achieved and marital status did not reduce
the strength of the association between
birth weight and systolic blood pressure at
50 years. In the total population, the slope
of the body mass index adjusted re-
lationship changed from -3.4 mmHg/kg to
-3.5 mmHg/kg on additional adjustment
for sociodemographic characteristics at
age 50 (both p values <0.01). Controlling
for behavioural characteristics at age 50,
such as smoking and recent alcohol drink-
ing, did not affect the relationship between
birth weight and blood pressure at 50. In
the 615 men for whom information on
sociodemographic circumstances in early
life was available, adjustment for factors
such as social class ofthe family, mother's
marital status or area of residence, led to
a slight reduction of the effect of birth
weight on systolic blood pressure at age 50.
The slope of the body mass index adjusted
relationship changed from -2.8 mmHgikg
to -2.6 mmHg/kg after additional ad-
justment for early life circumstances in
the sample as a whole (p values 0.09 and
0.12). Simultaneous adjustment for socio-
demographic characteristics at birth to-
gether with sociodemographic and be-
havioural characteristics at age 50 led to
only a slight reduction ofthe effect ofbirth
weight on systolic blood pressure at 50
years.
Conclusion - The strong inverse as-
sociations between birth weight and blood
pressure among 50 year old Swedish men
are highly unlikely to be explained by con-

founding with socioeconomic circum-
stances at birth or in adult life.

(Jr Epidemiol Community Health 1997;51: 14-18)

There is accumulating evidence that small size
at birth is related both to higher mortality from
cardiovascular disease and to higher levels of
some cardiovascular risk factors, including
raised blood pressure, impaired glucose tol-
erance and possibly even higher fibrinogen and
higher total and low density lipoprotein cho-
lesterol levels.' 5
A negative association between birth weight

and blood pressure in middle age men has been
previously reported from studies in UK and
Uppsala, Sweden.467 In our study of 50 year old
Swedish men, birth weight showed a stronger
relation to systolic than to diastolic blood pres-
sure. The association between low birth weight
and high systolic blood pressure at age 50 was
most pronounced in the men who were born
at term, had high body mass index at 50 years
and was present only in those who were tall as
adults (had a height at 50 above the median of
176 cm).4
Confounding by continuities in socio-

economic disadvantage from birth to adulthood
has been put forward as an explanation of the
associations between perinatal conditions and
adult morbidity and mortality.8'-" With respect
to blood pressure, this could operate through
continuing adversity in terms of lower socio-
economic position and its relation to adverse
health related behaviour such as poor diet,
heavy alcohol drinking or inadequate physical
activity. To date, studies of the fetal origins
of raised blood pressure in adult life have not
adequately controlled for possible confounding
effects of socioeconomic factors.
The analyses reported in this paper were

undertaken to evaluate whether socioeconomic
confounding can explain the strong relationship
between size at birth and blood pressure that
we have previously reported in this group of
50 year old Swedish men.4 We have used the
same data as employed in our earlier paper,
and have given particular attention to those
subgroups in which the birth weight-blood
pressure relationship appeared to be strongest,
i.e. those in the top tertile of body mass index
and those who were of above median adult
height.
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Methods
The association between small size at birth and
cardiovascular risk factors in later life has been
studied in a population of 1333 men who were
examined at the Institute of Geriatrics of the
Uppsala University at the age of 50 (mean age
at examination 49.6 years, range 48.6-51.1)
and whose birth records we were able to trace.
This is a subgroup from a health survey that
in 1970 recruited all men living in the mu-
nicipality of Uppsala who were born between
1920 and 1924.12 The participation rate in the
health survey was 82%. The participants were
examined in the morning after an overnight
fast. Height (without shoes) was measured to
the nearest centimetre and weight (in un-
derpants) to the nearest kilogram. Body mass
index (BMI) was calculated as weight (in kg) /
height (in m)2. Blood pressure was measured
once on the right arm to the nearest 5 mmHg
in the supine position after 10 minutes rest.'3

Sociodemographic variables available for the
analysis and related to the circumstances in
adulthood came from questionnaires com-
pleted by the study subjects at age 50 and
include three categories of social class pre-
viously used in official Swedish statistics, based
on occupation: low (or manual workers),
middle (or non-manual employees) and high
social class (self-employed and professionals).'4
The highest education achieved is classified in
three categories - basic, secondary and uni-
versity. Marital status is defined as married,
single and divorced/widowed.
Adult behavioural characteristics included

in the analysis were recent alcohol drinking
(measured as consumption of a drink con-
taining alcohol during the day before the
examination), smoking (measured in four cat-
egories as non-smokers, <10 cigarettes/day,
10-19 cigarettes/day and 20 + cigarettes/day).
Complete data on all socio-demographic and
behavioural characteristics at age 50 were avail-
able for 1031 subjects.
As described in more detail elsewhere, for

60% of the participants in the 1970-73 health
survey it was possible to trace their birth records
including information on birth weight either in
the Uppsala University Hospital or in archives
ofmidwives records.45 Ofthe 1333 participants
in the health survey with known birth details,
615 (46.1%) were born in the Uppsala Uni-
versity Hospital, 334 (25.1%) were born else-
where in Uppsala county and 384 (28.8%)
where born elsewhere in Sweden.

Socio-demographic characteristics at birth
were derived from the information given in
the birth records from the Uppsala University
Hospital and were thus available only for a
subset of the study subjects. These were social
class of the household based usually on the
father's or if single the mother's occupation,
maternal marital status (classified as married
or unmarried), and the area of residence at
birth (classified as urban or rural). A modified
version of the Erikson-Goldthorpe classifica-
tion has been used for the analysis of social
class,'5 and five categories were employed in
the analysis. Unmarried women living in their

parents' household were placed in a separate
category known as 'house daughter'.

Linear regression was used to quantify the
strength of the association between size at birth
and systolic blood pressure (SBP) before and
after adjustments for potential confounders.
Analyses were carried out using the STATA
statistical package.'6 The potential confound-
ing effect of the socio-demographic char-
acteristics was evaluated in the whole sample,
in a subgroup of obese subjects (highest tertile
of BMI at 50), and also in those with adult
height of more than 176 cm. Separate analyses
ofmen in the top BMI tertile and men of above
median height are presented because these are
the groups in whom the strongest association
between birth weight and blood pressure at age
50 has been previously observed.4
The analyses for the study population as a

whole were performed both with and without
the adjustment for body mass index at 50 years.
Birth weight was analysed both as a continuous
and as a categorical variable. Though the effect
of adjustment for each of the potential socio-
economic confounders in turn and for their
combinations was partly dependent upon the
approach used, the conclusions derived from
the analyses were identical.
The data reported in the study were collected

in a series of studies all ofwhich were approved
by the Uppsala University Ethics Committee.

Results
To evaluate the potential confounding effects
of socio-demographic characteristics, we start
by examining the associations of socio-demo-
graphic factors with birth weight and of socio-
demographic factors with blood pressure. The
results of these univariate analyses are shown
in table 1.

SOCIO-DEMOGRAPHIC AND BEHAVIOURAL
CHARACTERISTICS AND BIRTH WEIGHT
Of the socio-demographic indicators at birth,
birth weight was most strongly related to ma-
ternal marital status. The mean birth weight of
infants born to married mothers was 96 g (95%
CI -5, 196) higher than the mean birth weight
of infants born to non-married mothers. Birth
weight also varied appreciably by social class
of the infant's family. Infants born to 'house
daughters' had the lowest mean birth weight,
infants born to women in farmers' households
had the highest birth weight - the difference
between these two groups amounting to 180 g
(95% CI 9, 350).
Men who were single at 50 years, were of a

significantly lower mean birth weight than the
rest ofthe study population (difference of 170 g,
95% CI 67, 273). Weight at birth also seemed
to be related to the social class of the subjects
at age 50. Men of the low and middle social
class combined were 83 g (95% CI - 10, 176)
lighter than the men in the high social class.
There was also a suggestion of a trend in mean
birth weight increasing with higher education
level, however, this trend was not statistically
significant.
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Table I Univariate analysis of birth weight (g) and systolic blood pressure (SBP: mmHg) at 50 years in relation to basic sociodemographic and
behavioural characteristics at 50 years and at birth.

Sociodemographic and Data available in adulthood Data available at birth Data available in adulthood and at birth
behavioural characteristics (n= 1031) (n = 594) (n =481)

No Birth weight SBP No Birth weight SBP No Birth weight SBP
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Social class at 50:
Low 498 3584 (517) 133.5 (17.7) - 246 3471 (491) 135.4 (19.0)
Middle 407 3593 (486) 133.6 (18.8) 208 3521 (459) 134.4 (18.6)
High 126 3671 (451) 132.1 (16.6) 27 3578 (423) 136.5 (15.7)

p value trend 0.137 0.589 0.152 0.838
Education at 50:

Basic 750 3589 (507) 133.9 (18.4) - 383 3488 (480) 135.2 (19.3)
Secondary 194 3609 (493) 133.5 (17.6) 84 3542 (439) 135.8 (16.8)
University 87 3649 (425) 128.6 (14.6) 14 3539 (505) 126.4 (8.2)

p value trend 0.277 0.030 0.355 0.388
Marital status at 50:

Married 875 3611 (483) 133.4 (18.0) - 404 3516 (455) 135.3 (18.8)
Single 98 3444 (535) 132.9 (17.3) 56 3400 (513) 134.2 (18.1)
Divorced/widowed 58 3659 (599) 132.5 (18.6) 21 3439 (680) 131.4 (17.2)

p value heterogeneity 0.004 0.897 0.193 0.610
Smoking at 50:
Non smoker 895 3601 (504) 133.8 (18.0) - 407 3502 (482) 135.7 (18.9)
<10 cigarettes/d 72 3610 (436) 128.7 (16.4) 35 3486 (425) 127.6 (12.1)
10-19 cigarettes/d 41 3494 (435) 133.2 (19.5) 28 3414 (317) 136.6 (20.7)
20+ cigarettes/d 23 3640 (531) 130.2 (18.9) 11 3653 (650) 128.6 (18.0)

p value heterogeneity 0.566 0.112 0.552 0.053
Recent alcohol drinking at 50:
No 865 3599 (497) 133.1 (18.2) - 404 3507 (470) 134.8 (19.0)
Yes 166 3595 (503) 134.7 (16.6) 77 3455 (493) 136.0 (17.1)

p value 0.933 0.269 0.379 0.602
Body mass index at 50:
<23.5 kg/m2 332 3553 (524) 128.9 (17.2) 188 3449 (525) 130.9 (16.6) 155 3452 (513) 130.1 (16.9)
23.5-25.9 kg/m2 364 3599 (465) 132.4 (17.1) 208 3512 (447) 133.4 (18.2) 165 3501 (443) 133.9 (18.0)
>=26.0 kg/M2 335 3642 (501) 138.7 (18.4) 198 3527 (464) 141.5 (21.7) 161 3542 (463) 140.9 (19.4)

p value trend 0.020 <0.001 0.111 <0.001 0.090 <0.001
Height at 50:
<= 176 cm 550 3508 (506) 132.7 (17.6) 330 3387 (444) 134.1 (18.8) 265 3367 (446) 133.9 (17.9)
>176 cm 481 3701 (466) 134.1 (18.3) 264 3635 (486) 136.8 (20.2) 216 3661 (457) 136.4 (19.5)

p value <0.001 0.217 <0.001 0.098 <0.001 0.134
Family social class at birth:
"House daughter" - 38 3388 (339) 139.6 (22.7) 32 3429 (346) 138.4 (23.4)
Unskilled manual 230 3500 (482) 134.7 (18.1) 190 3508 (483) 134.9 (18.7)
Skilled manual 100 3542 (478) 135.1 (18.9) 77 3521 (460) 135.3 (16.0)
Farmer 85 3568 (480) 132.9 (18.6) 72 3578 (487) 133.3 (18.4)
Self-employed or non-manual 141 3448 (501) 136.7 (21.4) 110 3436 (488) 135.2 (19.1)

p value heterogeneity 0.183 0.397 0.298 0.783
Mother's marital status:
Married 488 3514 (490) 135.2 (18.9) 396 3518 (484) 134.8 (17.6)
Not married 106 3418 (418) 135.8 (21.9) 85 3410 (413) 136.2 (23.0)

p value 0.061 0.771 0.056 0.509
Area of residence at birth:
Urban 370 3490 (504) 136.0 (19.4) 294 3481 (492) 135.6 (18.0)
Rural 224 3509 (435) 134.2 (19.5) 187 3527 (443) 134.1 (19.7)

p value 0.632 0.272 0.299 0.371

Neither smoking nor recent alcohol con-

sumption as recorded at age 50 were sig-
nificantly associated with birth weight in our

data.

SOCIO-DEMOGRAPHIC AND BEHAVIOURAL

CHARACTERISTICS AND BLOOD PRESSURE

Systolic blood pressure was strongly associated

with education. There was a clear trend of

systolic blood pressure decreasing as education

level increased, the difference between those

with basic and university education amounting
to 5.2 mmHg (95% CI 1.2, 9.2) in the sample
as a whole and to 7.0 mmHg (95% CI -1.8,
15.8) in those in the top BMI tertile. The

differences in blood pressure between those

with basic and university education, once

adjusted for social class at 50, became even

greater (10.9 mmHg, 95% CI 4.2, 17.6 in the

whole sample; 15.8 mmHg, 95% CI -2.8, 28.7

in the obese subjects). On the other hand, when
adjusted for education, the minor variation

in blood pressure observed between the three

social classes turned into a more substantial

difference between the highest and the two

lower social classes: the highest social class

showed a 5.6 mmHg (95% CI 0.1, 11.1) excess

ofSBP compared to the two lower social classes

combined in the whole sample, 9.7 mmHg
(95% CI -0.2, 19.6) in the obese.
There were also smaller differences in systolic

blood pressure by other socio-demographic
characteristics that did not achieve statistical
significance. Being born into a farming house-
hold, for instance, was associated with a lower
systolic blood pressure (table 1).

Alcohol consumption in the day before ex-

amination was associated with a slightly and
non-significantly increased systolic blood pres-
sure at 50 years (difference of 1.7 mmHg, 95%
CI -1.3, 4.7, between those who had and had
not an alcoholic drink on the day before the
examination). Lower systolic blood pressure at

50 was found in smokers.

ADJUSTING FOR SOCIO-DEMOGRAPHIC AND

BEHAVIOURAL FACTORS
Univariate adjustments for mother's marital
status, social class at birth, place of residence
at birth and highest education all reduced the
strength of the association between low birth
weight and high systolic blood pressure at 50,
but removed only a minor part of the effect.
Adjustment for social class at 50, recent alcohol
drinking or smoking did not show any con-

sistent effect on the strength of the association
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Table 2 Effect on systolic blood pressure (mmHg) (95% CI) per 1 kg change in birth weight before and after adjustment for sociodemographic and
behavioural characteristics

BMI top tertile Height >176 cm Total population Total population adjusted for BMI

Adult sociodemographic
and behavioural factors*:
No 335 481 1031 1031
Crude -5.72 (-9.63,-1.81) -4.02 (-7.53,-0.52) -2.58 (-4.79,-0.38) -3.39 (-5.55,-1.24)
Adjusted -6.35 (-10.33,-2.37) -4.19 (-7.70,-0.67) -2.64 (-4.85,-0.43) -3.50 (-5.66,-1.34)

Birth sociodemographic
factorst:
No 198 264 594 594
Crude -5.75 (-12.29,0.78) -5.30 (-10.32,-0.28) -2.12 (-5.40,1.15) -2.76 (-5.93,0.42)
Adjusted -5.04 (-11.62,1.53) -4.06 (-9.21,1.09) -1.86 (-5.16,1.43) -2.55 (-5.74,0.64)

All sociodemographic and
behavioural factors:
No 161 216 481 481
Crude -7.40 (-13.86,-0.95) -4.17 (-9.88,1.54) -1.34 (-4.87,2.19) -2.07 (-5.51,1.37)
Adjusted -6.69 (-13.45,0.06) -2.81 (-8.74,3.11) -1.23 (-4.80,2.34) -1.88 (-5.34,1.57)

* Social class, education, marital status, recent alcohol drinking, smoking. tFamily social class, mother's marital status, area of residence.

Table 3 Difference in systolic blood pressure at 50 (mmHg) related to birth weight <3250g, crude and adjusted for sociodemographic and behavioural
factors*

Study group (n) Birth weight group (g) p value for
linear trend

<3250 3250- 3750- 4250+

BMI top tertile (161) Crude 0 -3.52 (-11.13,4.09) -8.05 (-16.59,0.49) -8.00 (-21.53,5.53) 0.056
Fully adjusted 0 -1.30 (-9.36,6.75) -6.59 (-15.79,2.62) -6.25 (-20.37,7.86) 0.135

Height above 176 cm (216) Crude 0 -1.90 (-9.21,5.42) -2.91 (-10.64,4.83) -8.37 (-18.28,1.53) 0.119
Fully adjusted 0 -1.85 (-9.44,5.73) -2.00 (-9.96,5.96) -7.83 (-18.31,2.66) 0.209

Total population (481) Crude 0 0.65 (-3.42,4.71) -1.44 (-6.23,3.34) -3.54 (-11.07,3.99) 0.317
Fully adjusted 0 0.27 (-3.84,4.38) -1.78 (-6.64,3.08) -3.13 (-10.79,4.53) 0.314

Total population, adjusted for BMI (481) Crude 0 0.32 (-3.62,4.26) -2.27 (-6.92,2.37) -4.14 (-11.45,3.16) 0.176
Fully adjusted 0 0.10 (-3.88,4.07) -2.63 (-7.34,2.07) -3.46 (-10.86,3.94) 0.183

*Social class, education, marital status, recent alcohol drinking and smoking at 50 years and social class of family, mother's marital status, and area of residence
at birth.

between birth weight and blood pressure. How-
ever, adjustment for marital status at 50 slightly
strengthened the association between birth
weight and systolic blood pressure in those who
were tall or obese at 50.

Simultaneous adjustment for all the adult
socio-demographic and behavioural char-
acteristics (table 2) did not have any ap-
preciable effect upon the strength of the
association between birth weight and systolic
blood pressure in the sample as a whole, how-
ever, among those in the top body mass index
tertile, it led to an increase in the strength of
the association.

Simultaneous adjustment for the three socio-
demographic characteristics at birth con-
sistently led to a slight decrease in the strength
of the association between birth weight and
systolic blood pressure at 50, however the size
of the change was moderate (table 2).

In a subgroup of subjects with infornation
on social circumstances at birth and in adult-
hood and adult behavioural factors, simult-
aneous adjustment for all potential confounders
did not have any appreciable effect upon the
association between birth weight and blood
pressure in the whole sample, and slightly re-
duced the strength of the association in those
who were tall or obese at 50 years (table 2).
A similar impression is provided by table 3,

in which birth weight is treated as a categorical
variable (<3250, 3250-, 3750- and 4250+ g).
Simultaneous adjustment for all early and adult
social circumstances, smoking and recent al-
cohol drinking led to only a minor reduction
in the difference in SBP at 50 between the two
extreme categories of birth weight in all groups
studied.

Discussion
Birth weight was most strongly determined by
the marital status of the mother in our data.
This finding is consistent with our analyses of
determinants of birth weight among all persons
born in the Uppsala University Hospital in
1920-24 (unpublished). The differences in
mean birth weight seen by social class at birth
also followed an expected pattern except per-
haps for the relatively low mean birth weight of
infants born to self-employed and non-manual
families. It has to be stressed, however, that a
majority (71 %) of the families in this combined
category are families of lower grade non-man-
ual workers. Dividing this category into a series
of more homogeneous groups of families of
low, middle, high non-manual class and self-
employed parents does not affect the results of
this study with respect to the role of socio-
economic confounding in the relation between
foetal growth and later blood pressure.
Mean birth weight of subjects born in the

Uppsala University Hospital was lower than
that of subjects bom elsewhere in Uppsala
county or the rest of Sweden. At the same time,
the mean systolic blood pressure in subjects
born in Uppsala county was higher than in
those born elsewhere in Sweden. However,
adjustment for geographical area of birth did
not appreciably reduce the strength of the as-
sociations between birth weight and SBP, and
the relations between birth weight and systolic
blood pressure were still present in our data
when the analysis was restricted to subjects
born in Uppsala county or the Uppsala Uni-
versity Hospital in particular.
The blood pressure of 50 year old men in

Sweden in early 1970s, as it appears from our
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data, was much more strongly determined by
their education than by their current social
class. This finding is broadly consistent with
the results of two Swedish studies that explored
the socioeconomic distribution of high blood
pressure in the seventies.17 18 In the study ofmen
aged 25-75 performed in Skaraborg county, of
all the socioeconomic factors studied such as

marital status, place of residence, socio-
economic group (with 9 categories), oc-

cupation or branch of industry, education level
showed the strongest correlation with blood
pressure.'7 In a study of 40-60 year old men

from the Stockholm area,'8 social group based
upon amount of responsibility in the subject's
job position and education were the strongest

determinants of systolic blood pressure out of
a set of sociological variables that included e.g.

yearly income, conflicts or number of changes
of job.

Despite the fact that the socioeconomic and
behavioural factors are clearly related to both
birth weight and blood pressure in adult life,
the association between birth weight and blood
pressure cannot be explained by confounding
with these factors. The finding that the be-
havioural factors and social circumstances in
adulthood in particular are unlikely to explain
the negative association between low birth
weight and high systolic blood pressure at 50
years may not be surprising in the light of the
evidence that inverse associations between size
at birth and blood pressure have been reported
in children.'9-24
We conclude that the socioeconomic con-

founding of the relationship between small size
at birth and adult blood pressure is unlikely. We
cannot exclude the possibility of some residual
confounding in our data due to imprecise meas-

urements of factors such as alcohol con-

sumption or not sufficiently detailed clas-
sification of social position and other social
circumstances both in infancy and adulthood.
However, the very small changes in the size of
the effect of size at birth on blood pressure after
adjustment for the various socio-demographic
characteristics or their combinations suggest
that residual confounding is unlikely to be im-
portant.
The small reduction of effect when con-

trolling for early childhood circumstances and
strengthening of the effect when controlling for
the adult social circumstances is an unexpected
finding that requires further exploration. How-
ever, the strengthening of the effect of birth
weight on blood pressure after simultaneous
adjustment for education and social class at 50
years may be partly explained by the seeming
interaction of the effect of education and social
class upon birth weight, and blood pressure in
particular. When stratified by educational level,
birth weight seems to be regularly increasing

ithincreasingsocial class, while theopposite
is the case for systolic blood pressure. Once
adjusted for the effect of education, the highest
social class is actually associated with an in-

crease in systolic blood pressure at age 50 in
our data set.

Since we find that socioeconomic con-
founding is of minor importance for the relation
between birth weight and systolic blood pres-
sure at 50 years, our results point to the import-
ance of the fetal environment. Whether the
observed differences in blood pressure as-
sociated with birth weight are predictive of
subsequent mortality is currently being in-
vestigated.
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