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Abstract

Background: Little is known about the impact of recent increases in obesity and more rapid
gains in body mass index (BMI) on cardiovascular risk factors. We investigated life-course
BMI trajectories associations with adult blood pressure (BP) across two generations.
Methods: We used the the 1946 and 1958 British birth cohorts. Joint multivariate re-
sponse models were fitted to longitudinal BMI measures [7, 11, 16, 20, 26, 36, 43 and 50 y
(years): 1946 cohort, n=4787;7, 11, 16, 23, 33 and 45 y: 1958 cohort, n=16 820] and mid-
adult BP. We adopted linear spline models with random coefficients to characterize child-
hood and adult BMI slopes.

Results: Mean systolic BP (SBP) decreased from the earlier- to later-born cohort by
2.8mmHg in females, not males; mean diastolic BP (DBP) decreased by 3.2-3.3 mmHg
(both sexes). Adult BMI was higher in the later- than the earlier-born cohort by 1.3-1.8 kg/
m?, slopes of BMI trajectory were steeper from early adulthood and associations with
adult BP were stronger. Associations between adult BMI and SBP were stronger in the
later-born cohort. For males, childhood BMI slope was associated with SBP only in the
later-born cohort; the association for adult BMI slope was stronger in the later-born co-
hort: correlation coefficient r=0.28 [95% confidence interval (Cl): 0.25,0.33] versus 0.13
(0.06,0.20). For females, childhood slope was associated with SBP in both cohorts; adult
slope was associated with SBP only in the 1958 cohort [r=0.34 (0.31,0.37)]. Patterns of
child-to-adult BMI associations were similar in relation to DBP.

Conclusions: BP did not increase between two generations born 12 y apart despite
higher BMI levels. A stronger association between BMI trajectory and BP in the later-
born cohort suggests that BMI-related effects may have been offset by improvements in
other factors linked to BP, such as diet and smoking.

Key words: Cohort study, blood pressure, BMI trajectories, joint modelling, life course

©The Author 2015. Published by Oxford University Press on behalf of the International Epidemiological Association 1018
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


http://www.oxfordjournals.org/

International Journal of Epidemiology, 2015, Vol. 44, No. 3

1019

Key Messages

mid adulthood in the later- than the earlier-born cohort.

tions in the UK.

* Mean values of systolic or diastolic blood pressure (BP) did not increase between two generations born 12 years
apart, despite the steeper slope for BMI changes from early adulthood and higher levels of body mass index (BMI) in

* A stronger association between life-course BMI trajectories and higher BP levels in the later-born cohort suggests
that BMl-related effects may have been offset by improvements in other factors linked to BP over successive genera-

Introduction

High blood pressure (BP) is a major risk factor for cardio-
vascular disease (CVD) in adults, contributing substan-
tially to morbidity and mortality in the population."* High
body mass index (BMI) is associated with higher BP levels
in children® and adults.* As many societies have become
more obese during the recent epidemic, different gener-
ations have been affected at different life stages, such that
some generations have had a steeper trajectory of BMI
than others.” It has been estimated that BMI has increased
by 0.6 kg/m* per decade in men and 0.4 kg/m* in women
in Western Europe during the past 30 years,® and for every
kg/m? higher adult BMI, systolic BP (SBP) increases on
average by approximately 1 mmHg.* We would expect an
increasing trend in population mean BP over the same
period, by approximately 0.6 mmHg and 0.4 mmHg per
decade respectively for men and women. However, mean
adult BP levels and prevalence of hypertension have not
increased (or even declined) during this period.” This raises
the prospect that the association of BMI (or life-course
BMI trajectories) with adult BP may have weakened over
successive generations. Such associations have been little
studied but are of interest because of increasing levels of
obesity across all ages. To study changes in associations be-
tween BMI trajectories and adult BP requires information
on BMI across the life course and adult BP from different
generations.

A comparison of the 1946 and 1958 British birth co-
horts showed that changes in BMI trajectories had
occurred, with the later-born cohort gaining BMI at a
faster rate from early adulthood, and having a higher BMI
by 1-2 kg/m? in mid adulthood.” The impact of the trends
in BMI on BP levels is unclear. Separate studies of these co-
horts show that high BMI and large BMI gain during adult-
hood were associated with higher adult BP levels,®'°
whereas childhood BMI was associated with adult BP only
in the 1958 cohort. These studies™'? used conditional re-
gression models, which do not account for differences in
the timing of measures between individuals or correlation
of repeated measures within individuals. Such limitations

can be overcome with joint multivariate response models.
Given the lack of evidence on how the association between
BMI trajectories and adult BP at an individual level has
changed in recent decades, we used a joint multivariate re-
sponse model for repeated BMI measures and adult BP for
the 1946 and 1958 cohorts. Our aims were to investigate
whether adult BP levels have changed between the two co-
horts and whether the associations between characteristics
of BMI trajectories (i.e. BMI levels or slope for BMI
changes) and adult BP have changed.

Methods

Population

The 1946 birth cohort (MRC National Survey of Health
and Development) includes children (7= 5362) from a so-
cially stratified sample of single births to married women
in 1 week in March 1946 in Britain. Cohort members were
followed up from birth to age 60-64 y (n=2661)."" For
comparison purposes, our main analysis used data col-
lected up to age 43 y (n=3262). At age 43, contact was
not attempted for individuals (7 =1882) who were living
abroad (11.3% of original cohort), had died (6.8 %) or had
previously refused or could not be contacted (17%)."* The
study received Multi-Centre Research Ethics Committee
approval, and written informed consent was given by the
participants.

The 1958 birth cohort includes all born in 1 week in
March 1958 in Britain. Approximately 17 000 live births
were followed up from birth to age 50 y. At age 45, 11 971
cohort members were invited to participate in a medical as-
sessment by a trained nurse;'® 9377 participants provided
information. Contact was not attempted for individuals
(n=5549) who were living abroad (7%), had died (6.7%)
or had previously refused or could not be contacted
(16.2%). In most respects the cohort followed to adult-
hood was representative of the original birth sample.'*
Ethical approval for the 45-y data collection was given by
the South East England Multi-Centre Research Ethics
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Committee. Our main analysis used data collected up to
age4S5y.

Measures

BMI measures. We used height and weight in the 1946
cohort measured at: 7, 11 and 15 y (to nearest in and 1b);
36 and 43 y (0.5 cm and 0.5 kg); and 53 y (mm and 0.1 kg)
in 1999 by trained personnel, and self-reported at ages 20
and 26 y. Height and weight in the 1958 cohort were
measured at: 7, 11 and 16 y (in and lb); 33 y (cm and
0.1kg); and 45 y (mm and g) in 2003, and self-reported at
age 23 y. Waist circumference (mm) was measured at 36,
43 and 53 y for the 1946 cohort, and at 45 y for the 1958
cohort. For females who were pregnant, self-reported pre-
pregnancy weights were used (1946 cohort: 7 =63 at age
26 y; 1958 cohort: #=539 at 23 y), and for other ages
measurements during pregnancy were excluded (1946
cohort: n=107 at age 20 y, n=30 at 36 y and #=10 at
43 y; 1958 cohort: 7 =229 at 33 y). BMI (kg/m?) at each
age was calculated for both cohorts.

BP measures. For the 1946 cohort, BP was measured twice
at age 43 (in 1989) with the participant seated for at least
5 min, using a Hawksley random zero sphygmomanometer
(n=3157). We used the average of two readings to com-
pare with BP measures in the 1958 cohort at a similar age.
Participants were asked whether they had taken any pre-
scribed medication for high BP in the past year. For the
1958 cohort, BP was measured three times at age 45 with
the participant seated for at least S min using an Omron
automated device (7=9297). We used the average of
the first two readings. Participants were asked to show
currently prescribed medications to the nurse, who
coded antihypertensive drugs from direct observation of
packaging.

Statistical analysis

Adjustment for device, medication and age at examination
We made adjustments to standardize the BP outcome and
improve comparability of measurements in the two
cohorts. First, BP measures were taken with different devi-
ces: the Omron 705CP device tends to provide higher esti-
mates than the sphygmomanometer.”® We converted BP
measurements at age 45 y for the 1958 cohort to the equiv-
alent sphygmomanometer readings, using previously
derived formulae."® Second, ignoring antihypertensive
medication effects on BP measurements potentially leads to

16 we adjusted

underestimation of the BMI/BP association;
BP measures by adding a constant of 10 mmHg to the

observed SBP and diastolic BP (DBP) for those on

treatment (1946 cohort: 3.4%; 1958 cohort: 4.6%).'®"”
Third, levels of BP increase with age;'® we centred the
1946 cohort measures taken at age 43 to 45.2 y (mean age
at measurement for the 1958 cohort) using the age trends
estimated from growth models fitted to BP measures at 36,
43 and 53 y for the 1946 cohort. Waist circumference at
43 y for the 1946 cohort was also centred to 45.2 y
using the age trends estimated from measures at 36, 43
and 53 y.

Joint modelling for BMI trajectories and adult BMI

From age 7 y, there was a maximum of eight BMI meas-
ures per person in the 1946 cohort and six in the 1958
cohort. To establish how longitudinal changes of BMI dur-
ing different periods were associated with BP in mid adult-
hood, we applied a joint modelling approach to three
response variables: repeated BMI measures (log10 trans-
formed to correct for the right skewness) and SBP and DBP
levels at 45 y. The observed (geometric) mean BMI had dis-
tinct trajectories in childhood and adulthood and differed
by sex (Figure 1a, b). We adopted a linear spline function
to summarize the longitudinal changes of BMI. For the
1958 (both sexes) and 1946 (males) cohorts, we used one
knot (to) to allow for distinct BMI curves in ‘childhood’
and ‘adulthood’. For adult SBP and DBP, we applied sin-
gle-level models and specified only an individual-specific
(random) intercept (f3; and B4;) to represent BP values for
individual j, as each individual was measured once. The

joint model is written as:

logBMI;; = Bo; + Bujtii + Baj(tii — to) 151, + €
SBP; = f3; (i)
DBP; = f;

where t;; is the exact age at measurement 7, I}, represents
two age ranges. For log BMI; there are individual-
specific childhood slope f;; (for #;<tg) and adult slope
B1; + Boj (for t;j > to). For females in the 1946 cohort, the
slope increased after mid-30 ages (Figure 1b). We included
an additional knot (#1) in the model for log BMI:

logBMI;; = fo; + Bujtii + Boj(tij — t0) 151,

+PBa2i(ti — 1)y, + e
DBP; = 54,'

Models i and ii were fitted in MLwiN. The knots were
determined based on the likelihood profile: #) was chosen
at 20 y for males and 16 y for females. The individual char-
acteristics include BMI level at any age (¢) and slopes for



International Journal of Epidemiology, 2015, Vol. 44, No. 3

1021

(@)
29 -

Males

27 A

25

23

BMI

21 A

1958 cohort

19 -
= = = 1946 cohort

17 A

15

0 5 10 15 20 25 30 35 40 45 50 55 60
Age (year)

Females

29 4

27 A

25

23

BMI

21 A

0 5 10 15 20 25 30 35 40 45 50 55 60

Age (year)

Figure 1. Observed (dots) and estimated (lines) (estimated using joint multivariate models) geometric mean BMI in the 1946 and 1958 cohorts.

log  BMIj in childhood (¢<20 y for males; 1<16 y for
females) and in adulthood (¢>20 y and ¢>16 y, respec-
tively). For females of the 1946 cohort, the knot #; was
chosen at 34 y. Their BMI trajectories were characterized
by three linear curves, with slopes for childhood (¢ <16 y),
early adulthood (16 y<?<34 y) and mid adulthood
(>34 y). The associations (i.e. correlations coefficients)
between characteristics of BMI trajectories and adult BP
and 95% confidence intervals (CI) were estimated using
the nonparametric bootstrap re-sampling procedure. We
also conducted additional analyses to establish whether
our findings were consistent based on estimated regression
coefficients of BP on BMI slopes, using covariance matrix.
Details of model assumptions and estimation are provided
in supplementary material, available as Supplementary
data at IJE online.

Numbers of participants with BMI measures decreased
with age in both cohorts due to loss to follow-up.
However, the joint models were applied to participants
with at least one measure of BMI and/or BP and thus most
were included: total 21 607 individuals (4787 in the 1946
cohort, 16820 in the 1958 cohort). Of these, 12 487 (3157
and 9330, respectively) had adult BP measures. We
repeated analysis using only individuals with adult BP
measures to assess whether the BMI trajectories for those
with a BP measurement differed from all cohort members.

Results

In females, adult SBP decreased on average by 2.8 mmHg
(95% CI: 1.9,3.7) between the 1946 and 1958 cohorts but
no difference was observed for males; whereas, mean DBP
decreased by 3.3 mmHg (2.7,3.9) in males and 3.2 mmHg
(2.6,3.8) in females (Table 1). The slope of BMI increase
from early adulthood was significantly steeper in the 1958

cohort compared with the 1946 cohort. Thus BMI trajec-
tories diverged during adulthood. For males, the slope (for
log BMI) was 0.0038 (equivalent to 0.9% increase in BMI
per year) in the 1958 cohort and 0.0025 (0.6% per year) in
the 1946 cohort. For females, the respective slopes were
0.0038 and 0.0018 (0.9% and 0.4% per year) until the
mid 30s, and were similar thereafter (0.9% per year)

(Table 1).

Associations between characteristics of BMI
trajectories and adult BP

The correlations between BMI from ages 7 y to 45 y and
adult SBP and DBP are illustrated in Figures 2 and 3. BMI
at 7 y was not correlated with adult BP, except with DBP
among females in the 1958 cohort (Table 2). Thereafter,
for both sexes, cohorts and for SBP and DBP, associations
strengthened with increasing age of BMI measurement,
although more rapidly in the 1958 cohort than the 1946
cohort. For SBP, the association with BMI was significant
by 11 y in the 1958 cohort (both sexes) and by early adult-
hood in the 1946 cohort (late 20s for males and late teens
for females) (Figure 2). The correlation between BMI at 45
y and SBP was significantly greater in the later- than the
earlier-born cohort: r=0.27 (0.24,0.29) versus 0.09
(0.04,0.13) for males and 0.29 (0.26,0.32) versus 0.08
(0.03,0.12) for females. The correlation between waist cir-
cumference and SBP was also greater in the later- than the
earlier-born  cohort:  0.24  (0.22,0.27) 0.12
(0.07,0.17) for males; 0.30 (0.27,0.32) versus 0.13
(0.08,0.18) for females (Table 2).

Rate of BMI change was positively associated with
adult BP and the strength of the association differed

versus

between cohorts. For males, childhood slope for BMI
growth was associated with SBP in the 1958 cohort
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Table 1. Characteristics of SBP, DBP and BMI (mean, 95% CI) for the 1946 and 1958 cohorts estimates using joint multivariate

models
1946 cohort (n=4787) 1958 cohort (=16 820)
Males Mean 95% CI Mean 95% CI
SBP at 45 y (mmHg) 126.8 (126.1,127.6) 126.8 (126.4,127.2)
DBP at 45 y (mmHg)* 83.8 (83.2, 84.4) 80.5 (80.3, 80.8)
Child slope® (7_20y) 0.0120 (0.0118,0.0122) 0.0121 (0.0120, 0.0122)
Adult slope® (>20y)* 0.0025 (0.0024, 0.0026) 0.0038 (0.0037,0.0039)
Waist at 45 y (cm)* 93.2 (92.7,93.7) 98.4 (98.1, 98.7)
Females
SBP at 45 y (mmHg) 123.5 (122.6, 124.3) 120.7 (120.3, 121.0)
DBP at 45 y (mmHg) 79.3 (78.7,79.9) 76.1 (75.9, 76.4)
Child slope® (7-16y)* 0.0154 (0.0151, 0.0156) 0.0142 (0.0140, 0.0143)
a _ =
Adult slope® (16-34 y) 0.0018 (0.0016, 0.0019) 0.0038 (0.0037, 0.0039)
Adult slope® >34y 0.0038 (0.0036, 0.0039)
Waist at 45 y (cm)* 79.7 (79.2, 80.3) 85.5 (85.1, 85.9)
Slope for log BMI.
*P < 0.05 for the test of difference in characteristics of BP and BMI between cohorts.
(a) Males (b) Females
0.40 - 0.40
0.35 - 0.35 -
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Figure 2. Correlation coefficients (95% Cl) between log BM/ and SBP at 45 y in the 1946 and 1958 cohorts estimated using joint multivariate models.

[r=0.21 (0.17,0.24)] but not in the 1946 cohort. Adult
slope for BMI increase was associated with SBP, and the
association was stronger in the later [r=0.28 (0.25,0.33)]
than the earlier-born cohort [r=0.13 (0.06,0.20)]. For
females, childhood slope was associated with SBP in
both cohorts: »=0.11 for the 1946 cohort and 0.19 for
the 1958 cohort. The slope for BMI increase in adulthood
(16-45 y) was positively associated with SBP in the 1958
cohort (r=0.34), whereas in the 1946 cohort, there was
no association with the BMI slope (16-34 y) and thereafter
(Table 2). For DBP, the patterns of association with child-
to-adult BMI were similar to those for SBP, except the
association with BMI was significant from an earlier age in
the 1946 cohort (Table 2, Figure 3). As the BMI/BP associ-
ation strengthened between cohorts, mean BP increased
more rapidly with increasing BMI in the later-born cohort.

Therefore the difference in mean adult BP (negative, except
for SBP of males) levelled off with increasing BMI.
In addition, the estimated characteristics for BMI trajecto-
ries and their associations with adult BP were little affected
by restriction to individuals with BP measures (data not
shown). The results based on regression coefficients for BP
on BMI slopes are broadly similar to those presented for
correlation coefficients (Supplementary Table S1, available
as Supplementary data at IJE online).

Discussion

Between the 1946 and 1958 cohorts, average SBP (females)
and DBP (both sexes) declined by ~3 mmHg, whereas SBP
in males was unchanged. Yet, the slope for BMI changes
was steeper from early adulthood and adult BMI
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Table 2. Correlation coefficients (95% Cl) between BMI characteristics and SBP and DBP at age 45 y for the 1946 and 1958 birth
cohorts estimated using joint multivariate models

Systolic blood pressure (SBP) at 45 y

Diastolic blood pressure (DBP) at 45 y

1946 cohort 1958 cohort 1946 cohort 1958 cohort
(n=4787) (n=16 820) (n=4787) (n=16 820)
Males r 95% CI r 95% CI r 95% CI r 95% CI
BMI7 —0.008 (—0.060,0.034) 0.027 (-0.027,0.054) -0.029 (-0.078,0.021) 0.025 (-0.002,0.051)
BMI11 0.002 (—0.047,0.043) 0.070 (0.045,0.094) —-0.003 (—0.047,0.042) 0.064 (0.038, 0.089)
BMI16 0.012 (—0.034,0.052) 0.116 (0.093,0.138) 0.036 (—0.011,0.077) 0.106 (0.082, 0.129)
BMI20 0.019 (-0.030, 0.065) 0.144 (0.120, 0.166) 0.057 (0.006, 0.102) 0.132 (0.108, 0.153)
BMI23 0.029 (-0.018,0.073) 0.165 (0.141, 0.186) 0.071 (0.023,0.116) 0.156 (0.133,0.178)
BMI26 0.039 (—0.009,0.084) 0.183 (0.161,0.206) 0.085 (0.039,0.128) 0.180 (0.156, 0.202)
BMI33 0.059 (0.018, 0.104) 0.222 (0.198, 0.246) 0.113 (0.069, 0.156) 0.227 (0.204, 0.251)
BMI43 0.084  (0.037,0.129) 0.262  (0.235,0.288)  0.145  (0.101,0.186) 0277  (0.253,0.302)
BMI45 0.087  (0.041,0.133) 0.268  (0.241,0.294)  0.150  (0.105,0.191) 0.285  (0.260, 0.311)
Child slope® (7-20 y) 0.044 (—0.028,0.122) 0.208  (0.170,0.241)  0.130  (0.049,0.201) 0.188  (0.166, 0.209)
Adult slope * (>20 y) 0.125  (0.061,0.196) 0283  (0.245,0.327)  0.181  (0.112,0.240) 0.337  (0.299,0.379)
Waist circumference at 45y~ 0.119  (0.070,0.168) 0.244  (0.216,0.273)  0.167  (0.115,0.213) 0.264  (0.237,0.291)
Females
BMI7 —0.007 (-0.059,0.046) 0.024 (—0.039,0.052) 0.022  (-0.031,0.069) 0.043 (0.016, 0.074)
BMI11 0.021 (—0.024, 0.068) 0.060 (0.034, 0.082) 0.044 (0.000, 0.089) 0.079 (0.052, 0.105)
BMI16 0.045 (—0.002,0.094) 0.096 (0.067,0.122) 0.065 (0.018,0.112) 0.116 (0.083, 0.143)
BMI20 0.056 (0.013,0.103) 0.138 (0.110, 0.162) 0.081 (0.041, 0.127) 0.162 (0.132,0.188)
BMI23 0.063 (0.022,0.109) 0.166 (0.139, 0.190) 0.092 (0.054, 0.135) 0.193 (0.165, 0.219)
BMI26 0.069  (0.027,0.116) 0.191  (0.164,0.215)  0.102  (0.062,0.148) 0.221  (0.194, 0.248)
BMI33 0.081  (0.038,0.131) 0.238  (0.213,0.262)  0.119  (0.070,0.167) 0.273  (0.246, 0.300)
BMI43 0.077  (0.037,0.125) 0.280  (0.255,0.309)  0.114  (0.675,0.158) 0.332  (0.303, 0.362)
BMI45 0.076  (0.034,0.122) 0.286  (0.261,0.315)  0.112  (0.065,0.156) 0.327  (0.300, 0.354)
Child slope® (7-16 y) 0.107  (0.016,0.211) 0.185  (0.115,0.258)  0.110  (0.014,0.205) 0.191  (0.119, 0.256)
Adult slope® (16-34 y) 0.066 (—0.008, 0.140) 0339 (0.307,0.372) 0.098 (0.023,0.171) 0.379  (0.345,0.412)
Adult slope® (> 34 y) 0.007 (—0.082, 0.088) 0.009 (-0.070, 0.088)
Waist circumference at 45 y 0.127 (0.078,0.176) 0.295 (0.267,0.322) 0.164 (0.115,0.213) 0.330 (0.303, 0.357)
Slope for log BMI
(a) Males (b) g40 - Females
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Figure 3. Correlation coefficients (95% Cl) between log BM/ and DBP at 45 y in the 1946 and 1958 cohorts estimated using joint multivariate models.
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was higher in the later- than the earlier-born cohort by 1.3-
1.8kg/m”. In general, a steeper BMI slope in childhood
and adulthood was associated with increased BP, more
consistently and strongly in the later-born generation.
Specifically, associations with adult BP were evident for
BMI at an earlier age in the later- than the earlier-born gen-
eration and the strengthening associations for BMI with
increasing age were more rapid. Thus, the associations of
adult BMI and waist circumference with BP were stronger
in the 1958 cohort (r=0.24-0.30 versus 0.09-0.13). Our
findings suggest that associations of BMI trajectories with
adult BP have changed over the 12-year interval.

Methodological considerations

Exploring life-course BMI trajectories’ associations with
adult BP is methodologically challenging.® Previous analy-
ses of the same cohorts used conditional regression”'"
treating repeated BMI measures as independent variables,
expressed in terms of the baseline measure and subsequent
increments.'” The resulting association with BP of BMI
increases cannot be directly compared, as timing of BMI
measures differed across cohorts. Other studies have used

h?%~22 where individual growth charac-

a two-step approac
teristics estimated from a random effect model (thus sub-
ject to error) are used as independent variables in the
primary model for an outcome.

The joint multivariate response model applied here has
several major strengths: (i) it directly relates individual
characteristics of BMI trajectories to BP through the cova-
riance of the model coefficients, thus accounting for
within-individual correlations between repeated BMI
measures and between BMI and BP; and (ii) it includes
individuals with different numbers and timing of BMI
with
included >90% of the original cohorts). Linear spline

measures, Or incomplete data (our analysis
models with random coefficients for repeated BMI meas-
urements allow estimation of the associations (indicated by
correlations) of BMI at any age, or distinct childhood and
adulthood BMI slopes, with adult BP.®

The two population cohorts have many common char-
acteristics and also some differences. Ages of contact were
not always directly comparable, but we used information
collected at additional time-points to derive estimates for
BP for comparable ages. Since BP measured with different
devices could introduce bias, hence, we standardized meas-
urements to the mercury sphygmomanometer.'® BP meas-
urements would be affected by BP-lowering medication, so
adjustments were applied for those on treatment.'®
Furthermore, findings did not differ from those presented
when excluding individuals on medication, or when
restricting analyses to individuals with BP measures.

Comparison with other studies

Studies of adult BP trends in the UK and elsewhere in
Western Europe show a decline in the last 20-30 y.®”*?
We found an estimated decline of 0.25 mmHg/year in SBP
for females (1989-2003) but no decline for males. In
England, adult SBP was reported to have reduced more in
women (0.5 mmHg/year) than in men (0.2 mmHg/year)
(1994-2003).>* DBP declined by 0.25 mmHg/year among
both sexes in our study. It has been shown that mean popu-
lation DBP fell by 7.7% in England and Wales (1981-
2000).%° A cross-sectional association of high BMI with
elevated BP is well established in children and adults.'®
Few studies have explored the impact of BMI or BMI
changes across life on adult BP. A strong positive associa-
tion between changes of adult weight?® and BP was found

%27 and

in separate analysis of the 1946 and 1958 cohorts,
BMI gains in childhood were associated with SBP in the
1958 cohort but only in females in the 1946 cohort.”'”
Published evidence is scarce on how the BMI/BP associa-
tion has changed over time with rising obesity prevalence.
Interestingly, a weakened BMI/BP association has been
reported in African (1989-2004)*® and Chinese (1996-
2006)*’ populations: while mean BMI increased, mean BP
declined”® or changed little.”” With opposite trends in BP
and BMI, we might also expect a weakening of the associa-
tion across cohorts. However, our results indicate that the
association of adult BP with BMI started at an earlier age,
and slopes for BMI increases both in childhood and adult-
hood have a stronger association with BP in the later-born
cohort.

Potential explanations

Although the cohort-specific slopes for increasing BMI
with age examined here cover a substantial period of life
(7-45 y), they may be too small in magnitude to affect BP
levels at 45 y. For example, the increase in adult slope (for
log BMI) for men between the two cohorts was only
0.0013 (=0.0038 - 0.0025). We would expect an increase
in slope of this magnitude to be associated with an increase
in mean SBP of 0.7 mmHg (for a correlation between adult
slope and BP of 0.125 in the 1946 cohort) or 1.5 mmHg
(0.283 in the 1958 cohort). Thus the magnitude of the dif-
ference in slope is sufficient to lead to a substantial increase
in mean BP. Slopes of this magnitude are important deter-
minants for BP and the magnitude of slopes has increased
between the two cohorts from early adulthood. Yet we
found that mean BP levels were lower or not different in
the later- versus the earlier-born cohort, opposing the BMI
trends, implying that other determinants for adult BP (pos-
sibly other CVD risk factors) may have changed over time.
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The strengthening BMI/BP association could reflect
changes in the meaning of BMI. BMI does not differentiate
between fat and lean mass which have opposing effects on
CVD risk. A high BMI in the earlier-born cohort might
indicate greater muscle mass than in the later-born cohort,
for whom it might represent greater fat mass. The faster
tempo of childhood growth and weight gain, more rapid
increases in adult BMI and larger waist of the later-born
cohort’ potentially support the possibility that they had
more fat mass than the earlier-born cohort. There is also
the possibility that differential sample attrition has affected
the cohort comparison. Levels of and explanations for

3031 the mortality rate after

sample loss are broadly similar:
birth until mid adulthood was almost identical (1946
cohort: 6.8%; 1958 cohort: 6.7%) and infant mortality fell
from 3.5% (1946 cohort) to 2% (1958 cohort). Therefore
the slightly higher mortality rate after infancy, or possibil-
ity of higher non-response among those with elevated BP
in the 1958 than in the 1946 cohort, may partly explain
the lack of increase in BP levels between cohorts. However,
it is unclear how such differences could account for the
strengthening BMI/BP association over time.

Mean adult height, known to be inversely associated
with BP, has increased between cohorts,’ but the strength-
ening BMI/BP association is not accounted for by trends in
height (data not shown). The greater height (particularly
greater leg length), which reflects better early life environ-
ment,”” may partly explain the lower BP in in the 1958
cohort. Low birthweight is associated with elevated adult
BP.?? Birthweights < 2.5k g were slightly more prevalent in
the later- (4.8%) than earlier-born cohort, although were
low overall (4.3%) and mean birthweight differed little.”
Improvement in other risk factors could have contributed
to the decline of BP.>* Smoking is a putative risk factor for
elevated BP,*’ although evidence is inconsistent,*® and
smoking is also associated with low BMI. In England and
Wales, mean BP declined when smoking prevalence fell by
35% between 1981 and 2000.*° The decline in smoking
from 30.9% (men) and 29.0% (women) in the 1946 cohort
to 25.1% and 23.3%, respectively, in the 1958 cohort
(unpublished observation) might explain lower BP levels in
the later-born. Reduced saturated fat and increased fruit
and vegetable consumption may have a beneficial contri-
bution to BP in the population,®” but they would also be
associated with lower BMI. Changes in other possible fac-
tors linked to raised BP, such as high salt intake and low-
ered physical activity levels, may also be affecting trends in
BP over the period studied here.

Early detection and treatment for high BP has contrib-
uted to the reduction in coronary heart disease in England
and Wales.>® We have made adjustment to BP measure-
ments for those on medication, but the treatment effect

may have improved over time.?* However, this is unlikely
to have a substantial impact on the BP trends given the
small proportion on medication at ages 43-45 y. A recent
study shows that BP treatment had only a modest effect on
declines in BP in English adults.*’

To conclude, a strengthening association between life-
course BMI gains and BP between two generations of con-
temporary adults, but with no detrimental trend in BP,
suggests that BMI-related effects have been offset by
improvements in other factors linked to BP, such as diet
and smoking. Further studies should investigate how risk
factors for high BP may have changed over time, and the
implications of the strengthening BMI/BP association for
subsequent cohorts with increasing levels of obesity.
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