Journal of Developmental
Origins of Health and
Disease

www.cambridge.org/doh

Original Article

tGateshead Millennium Study Core Team:
Ashley Adamson, Anne Dale, Robert Drewett,
Ann Le Couteur, Paul McArdle, Kathryn
Parkinson, Mark Pearce, John Reilly,
Charlotte Wright.

Cite this article: Mann KD, Basterfield L,
Wright C, Parkinson K, Reilly JK, Reilly JJ,
Adamson AJ, Pearce MS on behalf of the
GMS core team. (2018) Birth weight and
adolescent blood pressure measured at age
12 years in the Gateshead Millennium Study.
Journal of Developmental Origins of Health
and Disease 10: 621-626. doi: 10.1017/
$2040174418001095

Received: 13 March 2018
Revised: 5 December 2018

Accepted: 6 December 2018
First published online: 9 January 2019

Keywords:
birth weight; blood pressure; cohort; obesity

Address for correspondence:

Prof. Mark S. Pearce, Institute of Health &
Society, Newcastle University, Sir James
Spence Institute, Royal Victoria Infirmary,
Newcastle upon Tyne NE1 4LP, UK.
E-mail: mark.pearce@ncl.ac.uk

© Cambridge University Press and the
International Society for Developmental
Origins of Health and Disease 2019.

CAMBRIDGE

UNIVERSITY PRESS

Birth weight and adolescent blood pressure
measured at age 12 years in the Gateshead
Millennium Study

K. D. Mann', L. Basterfield™?, C. Wright3, K. Parkinson®?, J. K. Reillyl’z,
J. J. Reilly*, A. J. Adamson®™? and M. S. Pearce’, on behalf of the GMS core teamt

Linstitute of Health & Society, Newcastle University, Newcastle upon Tyne, UK, 2Human Nutrition Research
Centre, Newcastle University, Newcastle upon Tyne, UK, 3school of Medicine, University of Glasgow, Glasgow,
UK and *School of Psychological Sciences and Health, University of Strathclyde, Glasgow, UK

Abstract

Birth weight and early growth have been associated with later blood pressure. However, not
all studies consistently find a significant reduction in blood pressure with an increase in birth
weight. In addition, the relative importance of birth weight and of other lifestyle and
environmental factors is often overlooked and the association is rarely studied in adolescents.
We investigated early life predictors, including birth weight, of adolescent blood pressure in
the Gateshead Millennium Study (GMS). The GMS is a cohort of 1029 individuals born in
1999-2000 in Gateshead in Northern England. Throughout infancy and early childhood,
detailed information were collected, including birth weight and measures of height and
weight. Assessments of 491 returning participants at age 12 years included measures of body
mass and blood pressure. Linear regression and path analysis were used to determine
predictors and their relative importance on blood pressure. Birth weight was not directly
associated with blood pressure at the age of 12. However, after adjustment for
contemporaneous body mass index (BMI), an inverse association of standardized birth
weight on systolic blood pressure was significant. The relative importance of birth weight on
later systolic blood pressure was smaller than other contemporaneous body measures (height
and BMI). There was no independent association of birth weight on blood pressure seen in
this adolescent population. Contemporaneous body measures have an important role to play.
Lifestyle factors that influence body mass or size, such as diet and physical activity, where
interventions are directed at early prevention of hypertension should be targeted.

Introduction

Raised blood pressure or hypertension is a modifiable factor that increases the risk of heart
attack, stroke and cardiovascular disease. It is estimated that 15% of adults in the United
Kingdom and around 22% of the adult population worldwide have raised blood pressure.'
Childhood blood pressure strongly predicts adult blood pressure.” Therefore, investigating
factors affecting childhood blood pressure will be important for the prevention of hyperten-
sion in later life.

Birth weight and growth in early life have been shown to be directly predictive of blood
pressure in childhood, adolescence and adulthood.> ® Meta-analyses suggest a 1 kg increase in
birth weight is associated with a 2-4 mmHg decrease in systolic blood pressure in adult-
hood.>” The ‘fetal origins’ hypothesis suggests that restriction or deprivation in utero from
poor nutrition, resulting in a small placenta, increases blood pressure in babies in order to
maintain blood flow through the placenta.®® It is proposed that these babies who are born
with low birth weight have elevated blood pressures throughout life, though not necessarily
outside of the normal range.

In contrast, there are other studies that show no association between early life and later
blood pressure,'™"" suggesting such results may be a reflection of random error and inade-
quate adjustment of confounding factors.'> In addition, the relative importance of birth weight
and of other lifestyle and environmental factors is often overlooked. Furthermore, there
remains controversy for the adjustment of statistical models for current weight or body mass.
It is suggested that controlling for current weight may bias the association of birth weight on
blood pressure and thus attenuate or reverse any association.'?

In this study we investigated early life predictors, including birth weight, of adolescent
blood pressure in the Gateshead Millennium Study (GMS), a birth cohort from Northern
England. Using this cohort we have the opportunity to account for confounding factors such
as contemporaneous body size and socio-economic status and to assess the relative importance
of factors from across the lifecourse to date.
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Methods
The Gateshead Millennium Study

The GMS began as a prospective study of 1029 infants and their
families recruited shortly after birth between June 1999 and May
2000 in Gateshead, an urban district in Northeast England. The
cohort has been followed up at regular intervals since recruitment.
Full details of recruitment and measures taken since birth are
detailed elsewhere."* For the present study (year 12 follow-up), all
families who had not previously opted-out from the cohort were
sent a letter and information leaflet inviting them to take part.
Ethical approval was granted from Newcastle University Research
Ethics Committee.

Sex, birth weight and gestational age were recorded at birth.
Those born with a gestational age <37 completed weeks were
classified as pre-term births. Birth weight was standardized for
gestational age and sex, compared to UK 1990 standard.'>'®
Parents received questionnaires at 6 weeks, and 4, 8 and
12 months, which all included questions regarding whether any
breast milk was being given at that age. From this, a breast-fed
duration variable was derived. Socio-economic status was defined
as the ward-level Townsend deprivation score'” for each study
member at the time of their birth. The Townsend deprivation
score derived from 2001 census data (via the link between post-
codes and ward identifiers) is a summary measure consisting of
the proportion of households in the area without a car, with more
than one person per room and that are not owner-occupied and
also incorporates the number of men (aged 16-64 years) and
women (aged 16-59 years) who were unemployed at the time of
the census. The higher the score is, the more socio-economically
deprived the area is assumed to be.

Those followed up aged 9 and 12 years had assessments
between 2008-2010 and 2011-2013, respectively, either at school
or in the home. Trained research associates recorded height and
weight using a portable Leicester height measure and a Tanita
TBF300 MA body fat analyser. Individuals were dressed in light
indoor clothing, with no shoes or socks. Two measurements were
taken and their mean was calculated, from which body mass
index (BMI) was calculated as weight (kg) divided by height (m)
squared. Standard deviation score (z-score) for BMI was calcu-
lated using the UK 1990 standard.'® Blood pressure at age 12 was
measured on the left arm twice using an Omron 705 CP-II blood
pressure cuff monitor. An average of the two measures was used
for statistical analysis.

Statistical analysis

Birth weight, birth weight z-score, gestational age, Townsend
score, age at follow-up and BMI (absolute BMI and BMI z-score)
were treated as continuous. The remaining variables, sex, pre-
term birth and breastfeeding duration, were treated as categorical.
The representativeness of the sample used in this analysis
compared to the original GMS cohort was assessed using y*-tests
for categorical variables (sex, breastfeeding duration), t-test for
normally distributed continuous variables (birth weight) and
Mann-Whitney test for non-normally distributed continuous
variables (gestational age and Townsend deprivation score).
Predictors of blood pressure (systolic and diastolic) were
investigated using linear regression. Each variable was first tested
for significant association with no adjustment (Table 2). Regres-
sion coefficients with 95% confidence interval (CI) are presented
as well as standardized regression coefficients (f) to allow for
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comparison of effect sizes from each variable. A standardized
coefficient (P) is the standard deviation increase in blood pressure
elicited by a 1s.0. increase in the predictor variable. Significant
associations found were then adjusted for age, sex and Townsend
deprivation score and finally all included in a multivariable
regression model (Table 3). Interaction terms were also investi-
gated before the final model. A P-value <0.05 was considered
significant.

To assess the relative importance of the predictors of blood
pressure, the final multivariable regression model was recon-
structed as a path diagram and standardized direct effects esti-
mated. The remaining variables (those not independently
predictive of blood pressure) were initially added to the path
diagram and all paths or correlations with P<0.05 modelled.
Model fit was assessed using x> (using the Bollen-Stine bootstrap
modification, over 50,000 observations), goodness-of-fit index
(GFI), comparative fit index (CFI) and root mean square of error
approximation (RMSEA). Adequate fit was defined as a x*
P-value over 0.05, GFI and CFI over 0.95 and RMSEA under 0.05,
all of which were satisfied.

Statistical analyses were performed using the statistical soft-
ware package Stata, version 13 (StataCorp, College Station, TX,
USA) and path analysis was conducted in AMOS 17.0 (SPSS Inc.,
Chicago, IL, USA).

Results

From the original 1029 children recruited to the GMS at birth,
514 (50% of the original cohort) returned for follow-up between
2011 and 2013 (age 12 years). Twins (n=23) were excluded from
analysis, leaving 491 (47% of the original cohort) singleton study
members with valid blood pressure readings. This sample was
representative of the original cohort for sex (P=0.328), gesta-
tional age (P=0.621) and birth weight (P=0.575). However, this
sample were less socio-economically deprived (had lower average
Townsend deprivation score, P<0.001) at birth and a higher
proportion were breast fed (P <0.001) than those in the original
cohort.

Mean systolic blood pressure was 112 mmHg (s.p. 9) and mean
diastolic blood pressure was 65 mmHg (s.0. 8) (Table 1). There
were no sex differences in blood pressure (Table 2). No significant
associations were seen on blood pressure with any of the early life
(birth) factors (Table 2). Blood pressure was significantly posi-
tively associated with height and BMI (raw and z-score) at age 12
years. These associations remained after adjustment for age, sex
and Townsend score at birth (Table 3). For each centimetre
increase in height, systolic blood pressure increased by
0.29mmHg (95% CI 0.17, 0.40) and diastolic blood pressure
increased by 0.12mmHg (95% CI 0.02, 0.21). Similarly, for each
unit increase in BMI z-score, systolic and diastolic blood pres-
sures increased by 1.36mmHg (95% CI 0.63, 2.08) and
1.61 mmHg (95% CI 0.99, 2.23), respectively.

Birth weight and blood pressure after body size adjustment

Birth weight, standardized for sex and gestational age, was not
significantly associated with blood pressure at age 12 (Tables 2
and 4). However, after adjustment for contemporaneous BMI or
height, an inverse association of standardized birth weight on
systolic blood pressure was significant (Table 4). Furthermore,
adjusting the association of standardized birth weight on systolic
blood pressure for both contemporaneous BMI and height
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Table 1. Summary statistics of the year 12 follow-up sample

Mean/
Variable n median s.0./IQR
Birth weight (kg) 491 3.37 0.53
Birth weight (z-score) 491 -0.15 1.06
Gestational age (weeks) 491 40 39, 41
Townsend score at birth 485 1.45 -2.26, 3.77
Height at age 9 (cm) 435 135.49 6.20
BMI at age 9 (kg/m?) 435 17.22 16.04, 19.22
BMI at age 9 (z-score) 435 0.52 1.05
Age at year 12 follow-up (years) 491 12.50 0.29
Height at age 12 (cm) 490 154.67 7.98
BMI at age 12 (kg/m?) 487 19.78 17.73, 22.44
BMI at age 12 (z-score) 487 0.67 1.18
Systolic blood pressure age 12 (mmHg) 491 112.04 9.37
Diastolic blood pressure age 12 (mmHg) 491 65.42 7.95
N %

Sex

Male 242 49%

Female 249 51%
Pre-term birth <36 weeks

Yes 20 4%

No 471 96%
Breastfeeding duration

>4 months 95 19%

>6 weeks 57 12%

<6 weeks 115 23%

Formula 205 42%

Missing 19 4%

s.0., standard deviation; IQR, interquartile range.

resulted in the magnitude of the standardized regression coeffi-
cient being larger (Table 4). No significant association of stan-
dardized birth weight on diastolic blood pressure was seen after
adjustment for contemporaneous BMI or height (Table 4). No
differences to these findings were seen when removing the small
number of pre-term births from the analysis.

Path analysis

The standardized direct effect of birth weight on systolic blood
pressure was —0.14 (95% CI —0.24, —0.05) which was mediated
through later height and BMI, leaving a relative contribution
(standardized total effect) of —0.08 (95% CI -0.18, —0.01) on
systolic blood pressure (Figure 1). That is, for a 1s.. increase in
birth weight, systolic blood pressure decreased by 0.08 mmHg.
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The relative contribution of BMI and height at both age 9 and 12
years were of greater importance with standardized total effects
on systolic blood pressure: BMI at age 9 years 0.12 (95% CI 0.03,
0.21), BMI at age 12 years 0.14 (95% CI 0.04, 0.24), height at age 9
years 0.21 (95% CI 0.13, 0.29), height at age 12 years 0.24 (95% CI
0.15, 0.33).

Discussion
Summary of findings

A significant inverse association of birth weight, standardized for
sex and gestational age, was seen in the GMS participants at age
12 years. However, this association was significant only after
adjustment for current BMI or height and for systolic, but not,
diastolic blood pressure. The relative importance of birth weight
on later systolic blood pressure was smaller than other body
measures (height and BMI) measured at the same time as blood
pressure.

We have shown in a simple linear model that birth weight
(raw or standardized for sex and gestational age) was not directly
predictive of blood pressure at age 12 years. We have, however,
seen that, when adjusting for contemporaneous body size, an
inverse association of standardized birth weight on systolic blood
pressure is significant. These results are similar to that found in
children aged 5-15 years in the cross-sectional Health Survey for
England 1995-2002, where the association between birth weight
and blood pressure was strengthened by the adjustment for cur-
rent weight.'” Also, in a subset of those children with data
available on paternal characteristics, no association was found
between birth weight and blood pressure, which became sig-
nificant after adjustment for current weight. Other studies have
also shown this change in significance in the association between
blood pressure and birth weight after adjustment for current
weight.'*?°

In the previous literature where similar results have been seen
and are not attributed to bias or random error, it is hypothesized
that those born with low or high birth weight that later become
overweight, from excessive fetal growth, over nutrition or growth
acceleration, may be associated with the development of later
hypertension.>'®?' If true, this could suggest an association
whereby individuals at low birth are at an increased risk, but it
needs exposure to the later lifestyle or environmental factor for
the risk to become apparent, or whereby the avoidance of the later
risk factor negates the initial risk. Unfortunately, through lack of
statistical power, we are not able to investigate this hypothesis in
relation to birth weight extremes within the GMS cohort, since
only 5% (n =25, Table 1) of the returning population were born
with low birth weight (<2.5kg), 2% (n=10) were born with a
high birth weight (>4.5 kg). Further, we could not investigate the
impact of pre-term births in this cohort as only 4% of those
included were born pre-term. However, we did, mainly, use birth
weights standardized for gestational age and sex to account for
the associations between fetal growth and gestational age, and no
difference to the birth weight findings was seen when restricting
the analyses to term births.

Regardless of whether or not we agree that the significant
association of birth weight on systolic blood pressure is true,
when included in a path model we show that the effect of birth
weight on blood pressure is of smaller relative importance to that
from height and BMI measured later in the lifecourse. We have
previously seen that this cohort reflects the rise in childhood
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Table 2. Unadjusted associations with blood pressure at age 12 years

Systolic blood pressure Diastolic blood pressure

Variable Co-eff 95% Cl B P-value Co-eff 95% Cl B P-value n
Sex
Male Reference category 0.182 Reference category 0.842 491
Female -1.13 -2.79 0.53 -0.06 0.14 -1.27 1.56 0.01
Gestational age (weeks) —-0.45 -0.97 0.07 -0.08 0.089 -0.43 -0.87 0.01 -0.09 0.058 491
Pre-term birth
No Reference category 0.375 Reference category 0.465 491
Yes 1.90 -2.30 6.10 0.04 1.32 -2.24 4.89 0.03
Birth weight (kg) -1.25 -2.83 0.34 -0.07 0.122 -0.70 -2.04 0.65 -0.05 0.310 491
Birth weight (z-score) —-0.65 -1.43 0.14 -0.07 0.107 -0.35 -1.02 0.32 -0.05 0.306 491
Breastfeeding duration
>4 months Reference category Reference category
> 6 weeks -1.20 -4.31 1.90 -0.04 -0.11 -2.74 2.51 -0.01
0.890 0.778 472
<6 weeks -0.20 -2.76 2.37 -0.01 0.34 -1.84 2,51 0.02
Formula -0.30 -2.60 2.00 -0.02 0.84 -1.11 2.79 0.05
Townsend score at birth 0.08 -0.16 0.32 0.08 0.498 0.20 -0.01 0.40 0.09 0.051 485
Height at age 9 (cm) 0.33 0.19 0.47 0.22 <0.001 0.27 0.15 0.39 0.21 <0.001 435
BMI at age 9 (kg/mz) 0.71 0.39 1.02 0.21 <0.001 0.84 0.57 1.10 0.28 <0.001 435
BMI at age 9 (z-score) 1.69 0.87 2.51 0.19 <0.001 1.85 1.15 2.54 0.24 <0.001 435
Height at age 12 (cm) 0.28 0.18 0.38 0.23 <0.001 0.17 0.09 0.26 0.17 <0.001 490
BMI at age 12 (kg/m?) 0.58 0.37 0.80 0.24 <0.001 0.66 0.48 0.83 0.32 <0.001 487
BMI at age 12 (z-score) 1.79 1.10 2.49 0.22 <0.001 1.79 1.21 2.37 0.27 <0.001 487
Age at follow-up (years) -0.91 -3.77 1.94 -0.03 0.530 0.91 -1.51 3.34 0.03 0.459 491
Co-eff: regression coefficient, p: standardized regression coefficient. 95% Cl: 95% confidence interval.
Table 3. Multivariable linear regression model on blood pressure at age 12 years adjusted for age, sex and Townsend deprivation score
Systolic blood pressure Diastolic blood pressure
Variable Co-eff 95% ClI B P-value Co-eff 95% Cl B P-value
Birth weight (z-score) -1.32 -2.12 -0.50 -0.15 0.001 —-0.59 -1.27 0.09 —0.08 0.087
BMI at age 12 (z-score) 1.36 0.63 2.08 0.17 <0.001 1.61 0.99 2.23 0.24 <0.001
Height at age 12 (cm) 0.29 0.17 0.40 0.24 <0.001 0.12 0.02 0.21 0.12 0.039

Co-eff, regression coefficient; B, standardized regression coefficient; 95% Cl, 95% confidence interval.

obesity in the United Kingdom (24% of the GMS at age 6-8
years),”> and thus targeting interventions towards maintaining a
healthy body size, such as promoting healthy diet and lifestyle,
will be more beneficial for blood pressure than interventions
aimed at reducing high birth weight. The relative importance of
birth weight on blood pressure has not been quantified in
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children before, however, the authors of a 55-study meta-analysis
on birth weight and blood pressure concluded that birth weight is
of little relevance to blood pressure in later life.'* Similar con-
clusions have also been drawn from path analyses on the relative
importance of birth weight in the prediction of adult blood
pressure.”” In this study the total effect of BMI was found to be


https://doi.org/10.1017/S2040174418001095

Journal of Developmental Origins of Health and Disease 625
Table 4. Linear regression analysis of birth weight, standardized for sex and gestational age, with blood pressure at age 12 years
Systolic blood pressure Diastolic blood pressure
Birth weight (z-score) Co-eff 95% ClI B P-value Co-eff 95% Cl B P-value n
Unadjusted -0.65 -1.43 0.14 -0.07 0.107 -0.35 -1.02 0.32 -0.05 0.306 491
Adjusted for Townsend score -0.64 -1.44 0.16 -0.07 0.119 -0.27 -0.95 0.40 -0.04 0.428 485
Adjusted for age at follow-up -0.63 -1.43 0.14 -0.07 0.107 -0.35 -1.02 0.32 -0.05 0.307 491
Adjusted for BMI z-score at age 12 -0.92 -1.71 -0.14 -0.10 0.021 -0.48 -1.13 0.18 -0.06 0.155 487
Adjusted for height at age 12 -1.16 -1.95 -0.37 -0.13 0.004 -0.55 -1.23 0.13 -0.07 0.113 490
Adjusted for BMI z-score and height at age 12 -1.25 -2.04 -0.47 -0.14 0.002 -0.63 -1.30 0.03 -0.08 0.063 487

Co-eff, regression coefficient; B, standardized regression coefficient; 95% Cl, 95% confidence interval.

over four times greater than the total effect from standardized
birth weight on adult blood pressure. We report slightly smaller
differences in total effects; standardized BMI almost two times
and height three times greater than standardized birth weight on
blood pressure. This may suggest that the further through the
lifecourse we study, the more important contemporaneous mea-
sures become.**

An interesting result of our analysis is that we find significant
associations with birth weight on systolic blood pressure, but not

Gestational 023 Standardised 043 J:v:ir‘]::;dn
age : birth weight = Zcore
(-0.02) (-0.08) (0.01)
|
o ©
DY 5
Age at Height z-BMI
0.22
assessment atage 9 atage 9
(0.02) (0.21) (0.12)
o o
0.07 @ g
Sex Height z-BMI
(0.02) 0.09 atage 12 atage 12
: (0.24) (0.14)
o
N
Systolic blood
-0.14 ) pressure E 0.14
atage 12
(R?=0.10)

Fig. 1. Path diagram showing direct and indirect predictors of systolic blood
pressure. Significant pathways (P <0.05) are represented by arrows and labelled with
standardized coefficients (B), with the arrow indicating the hypothesized direction of
causal flow. Direct effects are represented by black arrows going straight from the
independent variable to systolic blood pressure. Indirect effects (grey arrows) are
pathways mediated through at least one intermediate (e.g. sex — height — systolic
blood pressure). The standardized total effect for each variable is the sum of the
direct and indirect effects, the value shown underneath the variable name. Co-
variances are denoted by dashed arrow and error terms are omitted for simplicity.
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with diastolic blood pressure. Much of the previous literature
report similar results on diastolic blood pressure to that with
systolic blood pressure and do not report them. It is possible that
the present study lacks the statistical power to detect association
with diastolic blood pressure since effect sizes are reported to be
smaller.”

In order to assess the relative importance of birth weight
on blood pressure, we have used path analysis. Path analysis
has some strengths over traditional regression analyses in that
it is possible to include variables that co-vary such as BMI and
height within one model. This is achieved by modelling co-
variation (dashed grey lines, Figure 1) and correlation (under
linear regression, solid grey lines Figure 1) at the same time.
Another strength in using path modelling is the illustrative
quantification of both direct and indirect pathways of influ-
ence on the outcome. Nevertheless, some limitations require
consideration. First, the direction of each association must be
inferred by the researcher. This is less of an issue in the
present study, and in longitudinal studies in general where
direction is often determined by clear temporal relationships.
As with all forms of statistical modelling, path models are also
sensitive to specific features of the underlying data. It is
therefore important to consider the characteristics of the
cohort studied when comparing to other populations. Finally,
path analysis is sensitive to error, since the standard deviation
of each estimate strongly contributes to the final effect size.
The data used in this study have been collected prospectively
and mean values of measures taken, where available (e.g.
blood pressure), are used.

Conclusion

There was no independent association of birth weight on blood
pressure seen in this adolescent population. It is more apparent
that contemporaneous body measures have an important role to
play in determining blood pressure in early adolescence.
Regardless of whether an association of birth weight on blood
pressure exists, we have shown that the relative importance is
small in comparison to other more easily modifiable lifestyle
factors. Lifestyle factors that influence body mass or size, such as
diet and physical activity, are where intervention should be tar-
geted. Further research into those born at the two ends of the
birth weight spectrum (high and low birth weight) and into other
modifiable risk factors is needed.
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