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The association of birth order with later body mass index and
blood pressure: a comparison between prospective cohort
studies from the United Kingdom and Brazil

LD Howe'?, PC Hallal?, A Matijasevich?, JC Wells*, IS Santos®, AJD Barros®, DA Lawlor'?, CG Victora® and GD Smith'?

BACKGROUND: Previous studies have found greater adiposity and cardiovascular risk in first born children. The causality

of this association is not clear. Examining the association in diverse populations may lead to improved insight.

METHODS: We examine the association between birth order and body mass index (BMI), systolic and diastolic blood pressure
(SBP/DBP) in the 2004 Pelotas cohort from southern Brazil and the Avon Longitudinal Study of Parents and Children (ALSPAC) from
Bristol, south-west England, restricting analysis to families with two children in order to remove confounding by family size.
RESULTS: No consistent differences in BMI, SBP or DBP were observed comparing first and second born children. Within the Pelotas
2004 cohort, first born females were thinner, with lower SBP and DBP; for example, mean difference in SBP comparing first with
second born was — 0.979 (95% confidence interval —2.901 to 0.943). In ALSPAC, first born females had higher BMI, SBP and DBP.
In both cohorts, associations tended to be in the opposite direction in males, although no statistical evidence for gender

interactions was found.

CONCLUSIONS: The findings do not support an association between birth order and BMI or blood pressure. Differences to previous
studies may be explained by differences in populations and/or confounding by family size in previous studies.
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INTRODUCTION

The association between smaller birth size and greater cardio-
vascular risk has been well documented.' However, as this
association is observed across the whole range of birth weights,
rather than being a threshold whereby only those of low birth
weight are at increased risk, it has been suggested that a wide
range of factors other than birth size may be important.*

First born children tend to be of lower birth weight than
subsequent children born to the same mother; for example, one
Norwegian study found an average of 200 g increase in birth weight
between first and second born children.®> There is evidence from
some studies that being a first born child is associated with more
adverse body composition and cardiovascular risk. Analysis of the
1982 and 1993 birth cohorts from Pelotas, Brazil has demonstrated
that first born children are born smaller, but grow faster in infancy
and are more adipose, with a more adverse cardiovascular profile in
late adolescence/early adulthood.*® Further studies in India’ and the
Philippines® have also demonstrated greater adiposity in first born
children. Most of the evidence supporting the hypothesis that first
born children are at greater cardiovascular risk has come from low-
and middle-income countries; studies in higher income countries
have had more mixed findings.>'*

It is hypothesised that the combination of small size at birth and
rapid growth in infancy could be the mechanism through which
birth order influences cardiovascular risk.* However, in addition to
biological ecahnisms, social causation is also possible. Caring for,
sharing with and competing with other siblings have been

postulated as an explanation for proposed personality differences
by birth order;'® these factors might explain the relationship
between birth order and cardiovascular risk.

In this manuscript, we examine differences between first and
second born children in terms of birth weight and length, later
height, weight, body mass index (BMI), systolic blood pressure
(SBP) and diastolic blood pressure (DBP) in two cohorts. First, we
explore the 2004 cohort from Pelotas, a city in the South of
Brazil. Associations of birth order with birth size, early growth and
cardiovascular health have previously been published in the
cohorts who were born in this city in 1982 and 1993.*° There is a
22-year span between the first Pelotas cohort and the 2004 cohort
we analyze here; during this time, the socio-economic
environment and family patterns have changed markedly. We
also examine these associations in the Avon Longitudinal Study of
Parents and Children (ALSPAC), a cohort study from the United
Kingdom, where social differences between first and second born
children are likely to be less stark than those in Pelotas. Comparing
the association between birth order and cardiovascular
risk between cohorts in different environments may help us to
understand the consistency of the association between diverse
settings and provide clues as to the underlying mechanisms.

MATERIALS AND METHODS

The Pelotas 2004 cohort attempted to recruit all births from mothers’
resident in the urban area of the city of Pelotas, Southern Brazil, between
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1/1/2004 and 31/12/2004 inclusive. Births were identified by daily visits to
the five maternity hospitals. In the city of Pelotas, more than 99% of all
deliveries take place in hospitals. In 2004, of the 4263 live births born to
mothers living in the urban area of the city of Pelotas, 4231 were included
in the prenatal study (0.8% loss) and were enrolled in the cohort study.
Further information about the methodology of the 2004 Pelotas birth
cohort study is described in detail elsewhere.'®"”

ALSPAC is a prospective cohort study in South-West England.'®'®
Pregnant women resident in one of three Bristol-based health districts with
an expected date of delivery between 1 April 1991 and 31 December 1992
were invited to take part in the study. Of these women, 14541 were
recruited. From these pregnancies, there were 14062 live-born children,
13988 of whom were alive at 1 year. The study website contains details of
available data through a fully searchable data dictionary (http://
www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/).  Ethical
approval for the study was obtained from the ALSPAC Law and Ethics
Committee and the Local Research Ethics Committees.

Defining birth order

In order to control for confounding by parity/family size, we restricted all
analyses to families in which only two pregnancies resulted in births
(live births and still births were all included, although sensitivity analyses
demonstrated that results were unchanged if still births were excluded).
Therefore, our sample consists of some participants who are the first of two
children for their mother and some who are the second of two children.
Miscarriages and terminations were not counted for the purposes of our
study, as the vast majority of them will have occurred early in gestation
and are unlikely to have resulted in major change to either the parenting
received by the child (proposed social mechanism) or the mother’s
vascular system (proposed biological mechanism).

Number of pregnancies and their outcomes before the index child was
ascertained from questionnaires completed by the mother at recruitment
into the cohort studies. Multiple questionnaires completed by the mother
after the birth of the index child (up to the time of assessment of offspring
outcomes relevant to this study in ALSPAC, but only up to age 4 in Pelotas
since questions about siblings were not asked after this time) were used to
identify subsequent pregnancies and their outcomes.

Measurements

In the Pelotas 2004 cohort, birth weight and length were measured within
24 h of delivery. Bbirth weight was measured by hospital staff with 10-g
precision pediatric scales that were regularly calibrated by the research
team. Supine length measurements were taken by trained research
fieldworkers using AHRTAG infant meters (AHRTAG baby length measures,
London). At a research clinic visit when participants were ~7 years old
(mean age 6.7 years), participants’ height was measured to the nearest
0.1cm using a Happened stadiometer, their weight measured to the
nearest 0.1 kg using Tanita BC-558 Ironman Segmental Body Composition
electronic scales and their SBP and DBP were measured twice with the
child sitting and at rest with their arm supported, using a cuff size
appropriate for their upper arm circumference using an Omron HEM 742
device (Omron Healthcare, Inc., Lake Forest, IL, USA).

In ALSPAC, birth weight was extracted from medical records, and birth
length (crown-heel) was measured by ALSPAC staff who visited newborns
soon after birth (median 1 day, range 1-14 days), using a Harpenden
Neonatometer (Holtain Ltd, Crymych, Pembrokeshire, Wales, UK). For later
outcomes, we analyse measures from research clinics held when participants
were ~7 (similar in age to the outcome measurements in the Pelotas 2004
cohort) and 18 years (oldest age of outcomes available, to see whether any
associations persist into late adolescence). Mean ages at clinic attendence
were 7.4 and 17.8 years. At each clinic, participants’ weight was measured to
the nearest 0.1 kg using Tanita scales and height to the nearest 0.1 cm using a
Harpenden stadiometer, both in light clothing and without shoes. SBP and
DBP were measured twice with the participant sitting and at rest with their
arm supported, using a cuff size appropriate for their upper arm
circumference and an Omron IntelliSense M6 (Omron Healthcare, Kyoto,
Japan). The mean of the two measures is used in our analyses.

Other variables

Maternal and paternal educational levels were reported by the mother in
antenatal or perinatal questionnaires/interviews in all cohorts. In ALSPAC, a
questionnaire at 32 weeks gestation asked mothers to report their own
and their partner's educational attainment, which was categorised as
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below O-Level (Ordinary Level; exams taken in different subjects usually at
age 15-16 at the completion of legally required school attendance,
equivalent to today’s UK General Certificate of Secondary Education),
O-Level only, A-Level (Advanced-Level; exams taken in different subjects
usually at age 18) or university degree or above. Maternal schooling at the
time of delivery for mothers of the Pelotas 2004 cohort was collected as a
continuous variable and categorised according to the Brazilian Education
System. The System is divided into three levels: fundamental (grades 1-8),
intermediate®™"" and higher education (>12 years of formal education).
Because of few numbers of women without any formal education (0 years)
and with higher education, we opted to join these women with the nearest
category available. In addition, we decided to split the 1-8 category
because it is very common in the city for women to start the fundamental
level and only complete 4 vyears. Finally, maternal education was
categorised as 0-4, 5-8 and >9 complete school years of formal
education. Family income in Pelotas 2004 families in the month before
delivery was expressed as minimum wage per month (standardized
measure of income, one minimum wage was worth approximately US$ 80
in 2004). Parental occupation (reported by the mother in antenatal
questionnaire) was used to derive household occupational social class in
ALSPAC, with the highest of parental occupation used in all analyses.

Statistical analysis

BMI was defined as weight in kilograms divided by height in metres
squared. The association between birth order (first born compared with
second born children (reference category)) and each outcome (birth
weight, birth length, height, weight, BMI, SBP and DBP) was assessed using
linear regression. Adjustment was initially made for gender and age at
outcome assessment, and further models included control for confounders
(maternal and paternal education in all cohorts, family income in Pelotas
cohorts and household occupational social class in ALSPAC). Tests for
gender interactions between the association between birth order and each
outcome were conducted.

RESULTS

Of the 3669 children from the Pelotas 2004 cohort who were
assessed at the 7-year follow-up, 932 were from families with two
births and had complete data on all outcomes and confounders;
270 were first born (151 males) and 662 were second born (312
males). Of the 8290 participants attending the ALSPAC 7-year
research clinic, 1385 were from families with two births and had
data on all outcomes and confounders; 763 were first born
children (372 males) and 622 were second born children (302
males). These participants form our eligible sample for analyses of
outcomes from the 7-year clinic. Of the 5081 participants
attending the ALSPAC 18-year research clinic, 1045 were from
families with two births and had data on all outcomes and
confounders; 586 were first born (268 males) and 459 were second
born (199 males). These participants form our eligible sample for
analyses of outcomes at 18 years.

Participants included in our analyses tended to be of higher
socio-economic position compared with those excluded, but no
large differences were seen in outcomes between included and
excluded participants (Table 1; data shown only for participants
included in analysis of 7-year outcomes, but findings for
participants included in analysis of 18-year outcomes were similar;
available from authors on request). No clear association between
socio-economic position (as measured by maternal education) and
family size was seen in ALSPAC, whereas in the Pelotas 2004
cohort one-child families were much more common in highly
educated mothers, and larger (>3 children) families were much
more common in mothers in the lowest education category
(Supplementary Table 1).

In both cohorts, first born children were lighter and shorter at
birth (Table 2). The association did not attenuate after adjustment
for confounders. The associations of birth order with birth weight
and length were slightly stronger in Pelotas compared with
ALSPAG; for example, in the Pelotas 2004 cohort first born children
had a birth weight that was on average 0.206 kg (95% Cl: — 0.283
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Table 1. Number (%) or mean (s.d.) of participant characteristics for those included and excluded from our analyses at 7-year follow-up

Pelotas 2004 cohort

Included participants

Excluded patrticipants

N =932

N depends on variable

Male offspring

Maternal education
0-4 years
5-8 years
9 or more years

Paternal education

0-4 years

5-8 years

9 or more years
Birth weight (kg)
Birth length (cm)
Height at 7-year clinic (cm)
Weight at 7-year clinic (kg)
BMI at 7-year clinic (kgm 2
SBP at 7-year clinic (mmHg)
DBP at 7-year clinic (mmHg)

ALSPAC—participants included in analysis of 7-year outcomes

463 (49.7%)

107 (11.5%)
398 (42.7%)
427 (45.8%)

134 (14.4%)
349 (37.5%)
449 (48.2%)
3.21 (0.55)
48.29 (2.56)
121.26 (5.67)
25.17 (5.96)
16.97 (2.94)
99.10 (9.31)
60.46 (8.58)

N=1385

1759 (52.5%)

558 (16.9%)
1360 (41.1%)
1390 (42.0%)

451 (18.8%)
831 (34.7%)
1115 (46.5%)

3.15 (0.53) N=3255
48.15 (2.61) N=3236
120.78 (5.69) N=2720
24.87 (6.00) N=2763
16.90 (2.92) N=2718
99.17 (9.81) N =2641
60.51 (8.84) N = 2640

N depends on variable

Male offspring

Maternal education
<O-Level
O-Level
A-Level
Degree or above

Paternal education
<O-Level
O-Level
A-Level
Degree or above

Household social class
| (highest)
1l

Il non-manual

Il manual

IV or V (lowest)
Birth weight (kg)
Birth length (cm)
Height at 7-year clinic (cm)
Weight at 7-year clinic (kg)
BMI at 7-year clinic (kgm ~2
SBP at 7-year clinic (mmHg)
DBP at 7-year clinic (mmHg)

674 (48.7%)

168 (12.1%)
485 (35.0%)
422 (30.5%)
310 (22.4%)

274 (19.8%
302 (21.8%
414 (29.9%
395 (28.5%

282 (20.4%)
670 (48.4%)
317 (22.9%)
99 (7.2%)
17 (1.2%)
3.44 (0.49)
50.77 (2.34)
125.78 (5.26)
25.48 (4.13)
16.04 (1.89)
98.40 (9.06)
56.14 (6.41)

9403 (52.0%)

3585 (32.3%)
3845 (34.6%)
2381 (21.4%)
1297 (11.7%)

3884
2250
2707
1786

36.6%)
21.2%)
25.5%)
16.8%)

1257 (12.3%)
4167 (40.9%)
2630 (25.8%)
1470 (14.4%)
668 (6.6%)

3.38 (0.59) N=12516
50.54 (2.58) N=9912
125.94 (5.73) N=6839
26.01 (4.86) N=16826
16.31 (2.14) N=6825
99.18 (9.32) N=6782
56.63 (6.75) N=6782

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.

Table 2. Association between birth order and birth size in each cohort

Birth weight (kg)

Birth length (cm)

Pelotas 2004 cohort, N =932
Gender adjusted
Gender and confounder adjusted

ALSPAC, N =1385
Gender adjusted
Gender and confounder adjusted

—0.221 (—0.297 to —0.145) P<0.001
—0.206 (—0.283 to —0.129) P<0.001

—0.140 (—0.191 to —0.089) P<0.001
—0.142 (—0.193 to —0.091) P<0.001

—0.992 (—1.347 to —0.637) P<0.001
—0.931 (—1.289 to —0.574) P<0.001

—0.406 (—0.649 to —0.164) P=0.001
—0.421 (—0.664 to —0.179) P<0.001

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure. Second born is the reference category; coefficients are mean
difference comparing first with second born from linear regressions. Confounders are maternal and paternal education and family income for Pelotas 2004,
maternal and paternal education and highest occupational social class in the household for ALSPAC. In all, 270 Pelotas participants were first born and 662
were second born. In all, 763 ALSPAC participants were first born children and 622 were second born.
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Table 5.
BP assessment

Association between birth order and SBP and DBP at age 7 in each cohort, with and without adjustment for height and BMI at the time of

SBP (mmHg) DBP (mmHg)

Pelotas 2004 cohort, N =932
Gender, age and confounder adjusted
Adjusted for gender, age, confounders, height and BMI at age 7

ALSPAC, N=1385
Gender, age and confounder adjusted
Adjusted for gender, age, confounders, height and BMI at age 7

—0.143 (— 1.443 to 1.157) P=0.83

—0.401 (— 1.597 to 0.795) P=0.51

0.178 (—1.070 to 1.426) P=0.78 —0.205 (—1.399 to 0.990) P=0.74

0.104 (—0.857 to 1.066) P =0.83
0.168 (—0.732 to 1.068) P=0.71

0.513 (—0.164 to 1.191) P=0.14
0.535 (—0.133 to 1.203) P=0.12

second born.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure. Second born is the reference category; coefficients are mean
difference comparing first with second born from linear regressions. Mean age at follow-up is 6.7 years in Pelotas 2004, 7.4 years in ALSPAC. Confounders are
maternal and paternal education and family income for Pelotas 2004, maternal and paternal education and highest occupational social class in the household
for ALSPAC. In all, 270 Pelotas participants were first born and 662 were second born. In all, 763 ALSPAC participants were first born children and 622 were

to —0.129 kg) lighter than second born children after adjustment
for gender and confounders, compared with ALSPAC where this
difference was 0.142 kg (95% Cl: —0.193 to — 0.091 kg). However,
confidence intervals for the estimated coefficients overlapped in
the two cohorts for all outcomes.

Within the Pelotas 2004 cohort, there was some suggestion that
first born children were shorter, lighter and with lower BMI, SBP
and DBP at age 7 than second born children (Table 3). However, all
coefficients were of small magnitude and confidence intervals
were wide, for example, mean BMI difference comparing first
to second born was —0.325kgm 2 (95% Cl: —0.725 to 0.074)
after adjusting for confounders.

Within ALSPAC, there was no difference between first and
second born children in height, weight or BMI at age 7 (Table 3).
First born children tended to have slightly higher SBP and DBP,
although coefficients were small and confidence intervals were
wide. Associations remained similar with outcomes assessed at
age 18 (Table 4).

In both cohorts, the conclusions for SBP and DBP remained
similar when analyses were adjusted for height and BMI at the
time of outcome assessment (Table 5).

For all analyses, there was no statistical evidence of gender
interactions. The magnitude and direction of coefficients did seem
to differ between males and females, but did not follow a consis-
tent pattern, and these apparent differences most likely represent
chance findings rather than any real differences. Gender-stratified
results are presented in Supplementary Tables 2-5.

DISCUSSION

First born children tend to be of lower birth weight and shorter
birth length than later born children. As low birth weight is
associated with adverse cardiovascular risk in later life,’” it has
been hypothesised that first born children may be at greater risk
of adverse cardiovascular health than their later born siblings. In
this study, despite first born children being shorter and smaller
at birth, we did not observe any consistent associations between
birth order and height, weight, BMI, SBP or DBP in a cohort born in
2004 in Pelotas, southern Brazil or in the ALSPAC cohort, born in
1991/1992 in Bristol, United Kingdom. Our analysis does not,
therefore, support the hypothesis that first born children
have greater weight, BMI and blood pressure relative to second
born children.

Our findings are in contrast to some previous research. Analysis
of the 1982 and 1993 birth cohorts from Pelotas (that is, the same
city as the Pelotas 2004 cohort we analyse) has demonstrated that
first born children are born smaller, but grow faster in infancy and
are more adipose and with a more adverse cardiovascular profile
in late adolescence/early adulthood.*® In analysis of a subsample
of the ALSPAC cohort, first born children were found to be

© 2014 Macmillan Publishers Limited

over-represented in the group of infants experiencing ‘catch up growth’
in early infancy;*® our results suggest that any differences in
postnatal growth do not result in longer term differences in body
size or BP. While much of the research on birth order and adiposity
and cardiovascular risk has been conducted in low- and middle-
income countries,**® a small (N=85) study of children born in
2000-2007 in Auckland, New Zealand did find evidence that first
born children had greater blood pressure and lower insulin
sensitivity than later born children.’ The results of this study do
not, however, have complete internal consistency; in addition to
greater blood pressure and lower insulin sensitivity, first born
children were thinner than later born children, which is contrary to
the hypothesis and to other studies. Other, larger, studies in
high-income settings have been less supportive of the hypothesis.
One study involving over 1 million Swedish men found that first
born children had slightly higher BMI but stronger muscle
strength, and the authors observed no birth order differences in
BP;'" other studies in Denmark,'? Japan'* and New Zealand'
have found no evidence that first born children are more likely to
be overweight or have worse cardiovascular health. The studies in
Denmark and Japan both found that only children and last-born
children were at the greatest risk of obesity.'>'*

Two competing hypotheses for the putative association
between birth order and cardiovascular health are that smaller
birth size leads to adverse later health or that caring for, sharing
with and competing against siblings generate differences in
adiposity and cardiovascular health. If there was a single biological
mechanism underlying the association between birth order and
cardiovascular risk such that smaller birth size resulted in adverse
changes to the cardiometabolic system, we might expect to see
evidence of this association in diverse populations where
the roles and responsibilities of first and second born children in
households differ. However, if associations were explained by
other mechanisms, for example, by first born children being
expected to take care of their younger siblings and other
household responsibilities, the association might potentially be
more pronounced in cohorts from older generations compared
with younger generations and in cohorts from lower- and middle-
income settings compared with cohorts in higher income settings.
This may be one reason underlying the differences between our
findings and those from previous studies of low- and middle-
income settings. However, one argument against the underlying
mechanisms for the associations observed in previous studies
being as a result of the expectations and pressure due to caring
for younger siblings is that analysis of the 1993 Pelotas cohort
identified differences in growth patterns comparing first and
later born children that emerged in the first months of life, long
before younger siblings had been born.*

Aspects of being an elder sibling (for example, caring responsi-
bilities, rivalry, parenting differences) have been hypothesised to
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create birth order differences in personality, intelligence and other
psychological traits.'”> One quasi-experimental study using data
from Norway showed that intelligence quotient (IQ) scores were
highest in first born children, almost three units lower in second
born children and another unit lower in third born children.
However, second born children whose elder sibling died in infancy,
and third born children whose two elder siblings both died in
infancy, had 1Q scores identical to first born children,?' suggesting
that aspects of parenting rather than any intrauterine mechanism
underlie the birth order differences in 1Q. Other evidence, however,
refutes the suggestion that birth order results in systematic
differences in personality and other psychological traits,
suggesting instead that parents respond to genetic variation in
their children rather than generate differences through parenting.®>

In contrast to previous studies, we restricted our analyses to
families with two children in order to control for confounding by
characteristics associated with family size. This distinction could
underlie the difference in findings in this study compared with
previous ones. Including higher birth order children in the analysis
might increase the contrast in birth weight (and potentially other
outcomes) between first and later born children, resulting in
greater statistical power to detect the difference. It is also possible
that studies including participants from larger families suffer from
residual confounding by family size and characteristics of high
birth order children. In our analyses, we found little evidence of
social patterning in family size in ALSPAC, whereas in the Pelotas
2004 cohort larger family size was strongly associated with lower
maternal education. Thus, it is possible that the differences
between first and later born children observed in previous
analyses of older cohorts from Pelotas arise mainly within larger,
poorer families. Alternatively, birth order may operate differently
depending on family size. This is plausible if the mechanism is
primarily due to the pressures associated with being a first born
child, as these pressures may be greater if there are a larger
number of younger siblings with whose care the first born is
expected to be involved.

A key strength of our analysis is the comparison between two
cohorts from very different settings, which enables greater
strength of inference than is possible from a single cohort. In
both cohorts, we had a sufficient sample size to be able to restrict
our analyses to families with two children in order to control for
family size, and outcomes were measured both at birth and in
mid-childhood. An important limitation of the analyses using the
Pelotas 2004 cohort is that we only have data on siblings born up
to when study participants were of age 4 years. Some families
would have gone on to have additional siblings, meaning that
these families would have been excluded from our analyses due
to having more than two children.

In conclusion, our findings do not support an association
between birth order and cardiovascular risk when comparing first
and second born offspring. No systematic difference between first
born and second born children was observed for height, weight,
BMI, SBP or DBP in either the Pelotas 2004 cohort or the ALSPAC.
Reasons for the differences between our findings and those from
previous studies could include differences in populations resulting
in differences in the mechanisms that could be hypothesised to
underlie associations and residual confounding by characteristics
associated with family size in previous studies.
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