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Association between age at onset of overweight and
risk of hypertension across adulthood

Weijian Li

ABSTRACT

Objective The aim of this study was to examine the
association between age at onset of overweight and
incident hypertension.

Methods We analysed 4742 participants with new-
onset overweight from the Kailuan study between 2006
and 2015 and and 4742 age-matched and sex-matched
controls selected randomly from the same cohort but
with normal weight. Participants were compared with
respect to subsequent risk of hypertension, with sub-HR
calculated with the Fine and Gray model, according to
age of onset of overweight.

Results Over a mean follow-up period of 5.17 years,
1642 overweight participants (34.6%) and 1293
normal-weight controls (27.3%) were subsequently
diagnosed with hypertension. The median age at onset
of overweight was 49.1 years. Compared with normal-
weight controls, the multivariable-adjusted sub-HR

for hypertension among participants with onset of
overweight at 18-39 years of age, 40—49 years of age,
50-59 years of age and =60 years of age was 1.38
(95% Cl1 1.11 t0 1.72), 1.27 (95% CI 1.09 to 1.49),
1.23(95% CI 1.09 to 1.38) and 1.14 (95% C1 0.99 to
1.32), respectively. Onset of overweight in each age
range was significantly associated with increased risk
of hypertension, except for the group with onset at =60
years of age. The risk increased with each decade of
attenuation of age at onset, peaking at 18-39 years of
age.

Conclusions Younger age at onset of overweight
across adulthood was associated with significantly
increased risk of hypertension, with the highest relative
risk among participants with onset of overweight at
18-39 years of age.

INTRODUCTION
The increasing trend in the prevalence of excess
weight gain is worrisome and a worldwide chal-
lenge.! 2 It is well established that overweight,
defined as increased body mass index (BMI), is
associated with increased risk of high blood pres-
sure.>™® Moreover, because the onset of overweight
in adulthood is occurring at increasingly younger
ages, this s likely to translate into a high cumulative
incidence of hypertension. This raises the question
as to whether younger age at onset of overweight is
more detrimental to the risk of hypertension than
weight gain occurring later in life.

Because younger individuals are experiencing
a greater cumulative exposure to excess adiposity
over the life course,® understanding the effect of
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age at onset of overweight on the progression of
hypertension is important. Emerging evidence has
demonstrated that individuals who were over-
weight or obese during early adulthood or middle
age were at higher risk of hypertension later in
life, although no information on age at onset was
provided in these studies.” ' To our knowledge,
the role of timing of onset of overweight remains
weakly studied.

In the present study, we analysed longitudinal
data spanning from early adulthood to older age
to investigate whether age at onset of overweight
is associated with differences in subsequent risk of
hypertension.

METHODS

Study population

The Kailuan study is an ongoing, community-based,
prospective cohort designed to assess the determi-
nants and progression of cardiovascular disease
over time in 101510 adults who were 18-98 years
old between 2006 and 2007. We recruited partici-
pants from the employee and retiree populations of
the Kailuan Group, a coal mining company in Tang-
shan, China. Participants were followed up every
2 years beginning from study inception by means
of health assessments and questionnaires on demo-
graphic features, lifestyle factors, and medical and
other health-related information. To date, partic-
ipants have been re-examined 2 (2008-2009), 4
(2010-2011), 6 (2012-2013), 8 (2014-2015) and
10 (2016-2017) years after baseline. All partici-
pants provided written informed consent for inclu-
sion in the cohort.

We excluded those with missing data on BMI
or blood pressure at baseline or who were under-
weight (BMI <18.5 kg/m?), overweight (BMI 25.0-
<30.0kg/m?) or obese (BMI =30.0kg/m?) at the
baseline survey performed in 2006. Those whose
BMI changed from normal weight to obesity (the
timing of overweight was not recorded), or who
were diagnosed with hypertension at or before the
diagnosis of overweight, or who were unavailable
for follow-up after the date of diagnosis of over-
weight were also excluded. No participants were
excluded due to previous type 2 diabetes. Of the
74254 excluded participants, 1820 (2.5%) were
underweight, 22638 (30.5%) were of normal
weight, 40328 (54.3%) were overweight, 7998
(10.8%) were obese and 1470 (2.0%) were missing
data on BMI at baseline.
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101,510 participants from the Kailuan Study with
initial survey between 2006-2007

\/

74,254 Excluded
2,279 Missing data on BMI or blood pressure at baseline
49,797 Underweight, overweight, or obesity at baseline
716 Unclear timing of overweight
20,907 Diagnosed with hypertension before overweight onset
555 Not available for follow-up after overweight onset

Y

A total of 27,256 participants eligible, including 4,755

participants diagnosed of overweight

Each participant with overweight was age- (+1 year) and sex-
$ matched with one control selected randomly from the population

with normal weight

Y

4,742 normal-weight participants and 4,742
participants with new-onset overweight formed the

analysis population

Figure 1  Flow chart of the study. BMI, body mass index.

Among the 27256 participants who had normal weight
according to the initial survey (2006-2007), 4755 were diag-
nosed with overweight by 31 December 2015 (the fifth survey).
The date of the examination that initially identified manifesta-
tion of overweight was used to define the age at onset. Each
overweight participant was age-matched (+1year) and sex-
matched with one control selected randomly from the popula-
tion with normal weight (BMI 18.5-<25.0kg/m*) who attended
the examination in the same year that overweight was found to
have manifested. Follow-up for each matched pair began from
the time when overweight first manifested to the date of incident
hypertension, death or last available follow-up. For example, for
a case confirmed with onset of overweight at 55 years of age in
2008, the matched control was randomly selected from those
aged 54-56 years and with normal weight when they attended
the re-examination in 2008 (both initiated the follow-up in
2008). Ultimately, a total of 4742 normal-weight participants
and 4742 participants with new-onset overweight formed the
analysis population (figure 1).

Patient and public involvement
Patients or the public were not involved in the design, or conduct,
or reporting or dissemination plans of our research.

Ascertainment of new-onset overweight

Weight status in adulthood was ascertained based on BMI
(weight in kilograms divided by the square of height in metres)
using cut-off points according to the WHO’s standard ranges
(underweight, BMI <18.5kg/m* normal weight, BMI 18.5—
<25.0kg/m?; overweight, BMI 25.0-<30.0 kg/m?; obesity, BMI
>30.0kg/m?). New-onset overweight was defined as a partic-
ipant whose BMI changed from normal weight to overweight
during the 8-year period before the fifth survey. During inperson
assessments, weight (to the nearest 0.1kg) and height (to the
nearest 0.1cm) were measured with participants wearing light
clothes but no shoes, using standardised equipment. BMI was
then calculated as described above. Body weight and height were
updated every 2 years through examination.

Assessment of hypertension

At clinical examinations, systolic and diastolic blood pressure
were measured at least twice in the right arm according to stan-
dardised protocols, using calibrated mercury sphygmomanome-
ters, after participants were allowed to rest in a seated position

for Smin. Blood pressure was then remeasured if the differ-
ence between the two measurements was =5 mm Hg. These
measurements were averaged for analysis. We defined incident
hypertension based on a self-reported physician diagnosis, anti-
hypertensive drug use or elevated systolic/diastolic blood pres-
sure (=140/90mm Hg).!! Hypertension status was ascertained
at follow-up examinations after the start of the study. The final
date for matched pair inclusion in the present study was 31
December 2015. Participants were followed until 31 December
2017 for incident hypertension.

Assessment of covariates

Detailed information on cigarette smoking habits, alcohol
consumption habits, physical activity and several biochem-
ical variables was updated every 2 years. The covariates were
derived from the examination year at which each matched pair
was confirmed. Cigarette smoking status and alcohol consump-
tion status were both dichotomised as ever or never based on
information obtained at each examination. Physical activity was
defined as aerobic exercise performed three times per week or
more. Parental history of hypertension was obtained by self-
report. Fasting blood glucose, total cholesterol, triglycerides and
serum creatinine were assayed using an autoanalyser (Hitachi
747, Hitachi, Tokyo, Japan) across all examinations. Estimated
glomerular filtration rate (eGFR) was calculated using the
Chronic Kidney Disease Epidemiology Collaboration creatinine
equation.'?

Statistical analysis

The association between overweight and incident hypertension
was examined according to age at onset of overweight (18-39
years, 40—49 years, 50-59 years and =60 years) compared with
the matched normal-weight controls in each age range. Regarding
descriptive analyses, categorical variables are expressed as
percentages and were compared using %, while continuous
variables are expressed as mean (SD) or median (IQR) and were
compared using analysis of variance or the Kruskal-Wallis test,
as appropriate.

We assumed missing data as missing at random (MAR) and
used the multiple imputations by chained equations method to
account for missing covariates.”> We generated five imputed data
sets and used Rubin’s rules to combine estimates across the data
sets. The number of imputed missing data is shown in online
supplemental table S1. The incidence rates of hypertension (per
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1000 person-years) were calculated as the number of events
divided by the number of person-years at risk, times 1000.
The Fine and Gray proportional hazards model of death as a
competing risk was used to estimate the sub-HR (sHR) asso-
ciated with age at onset of overweight and hypertension.'* *
Analyses were performed with adjustment for systolic blood
pressure (continuous), fasting blood glucose (continuous), total
cholesterol (continuous), triglycerides (continuous), eGFR
(continuous), parental history of hypertension (yes/no), cigarette
smoking status (never/ever), alcohol consumption status (never/
ever), physical activity (yes/no) and education attainment (less
than high school, high school, college or more).

We also performed a number of sensitivity analyses to assess
the robustness of our findings. First, to assess potential reverse
causality, we excluded hypertension that occurred within the
first 2years of follow-up. Second, we repeated analyses using
Cox proportional hazards models. Third, we excluded individ-
uals who did not remain overweight following its initial mani-
festation. Fourth, we excluded overweight individuals who
progressed to obesity. Fifth, we accounted for time-varying
covariates, including fasting blood glucose, total cholesterol,
triglycerides and eGFR. Sixth, we also used the definition of over-
weight based on the International Obesity Task Force criteria for
East Asians (BMI 23.0-<25.0kg/m?). Lastly, under the missing
not at random assumption, we applied pattern-mixture model
approach to multiple imputation to assess the MAR assumption.
Statistical analyses were performed using SAS V.9.4 software at a
two-tailed alpha level of 0.05.

RESULTS

Baseline characteristics

Of the 4742 eligible individuals with new-onset overweight
and 4742 matched controls with normal weight, the number of
participants in each age at onset category was as follows: 2206 at
18-39 years of age, 2510 at 40-49 years of age, 2974 at 50-59
years of age and 1794 at =60 years of age. The characteristics
of the participants according to matching design are shown in
table 1. According to matching design, the mean age and sex
distribution of overweight participants and matched controls
were similar. Compared with the normal-weight controls, over-
weight participants were more likely to have higher systolic
blood pressure, fasting blood glucose, total cholesterol and
triglycerides. The characteristics of the participants who devel-
oped overweight stratified according to age at onset are shown
in table 2. The median age at onset was 49.1 (39.9-57.0) years.
Among those who gained excess weight, those with younger age
at onset of overweight were more likely to have higher levels
of triglycerides and eGFR, to be ever smokers or drinkers of
alcohol, to be physically inactive, and to have a higher propor-
tion of parental history of hypertension.

Incident hypertension

During a mean follow-up of 5.17 years (49 005.47 person-years),
1642 overweight participants (34.6%) and 1293 normal-weight
controls (27.3%) were subsequently diagnosed with hyperten-
sion. The proportion of patients with hypertension by hyper-
tension diagnostic criteria is reported in online supplemental
table S2. The incidence of hypertension in overweight patients
was 68.6 per 1000 person-years and in the controls was 51.6
per 1000 person-years. Figure 2 shows the incidence rates of
hypertension per 1000 person-years in participants with new-
onset overweight versus their corresponding controls within
each age group. The cumulative incidence function curves for

Table 1 Baseline characteristics of participants with new-onset
overweight and their normal-weight controls

Characteristics Control (n=4742)  Case (n=4742) P value
Age (years) 486 (11.9) 48.6(11.9)
Men (%) 3222 (67.9) 3222 (67.9)
BMI (kg/m?) 22.1(1.6) 26.1(1.0) <0.001
Systolic blood pressure  115.3 (10.9) 118.0 (10.5) <0.001
(mm Hg)
Fasting blood glucose 5.3(1.4) 5.4(1.2) <0.001
(mmol/L)
Total cholesterol 49 (1.4) 5.0 (1.8) <0.001
(mmol/L)
Triglycerides (mmol/L) 1.0 (0.7-1.4) 1.3(0.9-1.8) <0.001
eGFR (mL/min/1.73m?) 92.8 (20.7) 92.4 (21.6) 0.411
Parental history of 1045 (22.0) 1029 (21.7) 0.691
hypertension (%)
Never smoking (%) 2894 (62.0) 2956 (63.4) 0.172
Never drinking (%) 2932 (62.3) 2908 (61.9) 0.686
Physical activity (%) 724 (16.3) 715 (16.1) 0.828
Education attainment 0.076
(%)

Less than high school 2322 (49.0) 2400 (50.6)

High school 1378 (29.1) 1279 (27.0)

College or above 1042 (22.0) 1061 (22.4)

Data are mean (SD) or median (IQR) or number (percentage).

Column counts may not total to the column total due to missing data, and column
percentages may not total to 100% due to rounding error.

BMI, body mass index; eGFR, estimated glomerular filtration rate.

hypertension are depicted in online supplemental figures S1 and
S2.

Unsurprisingly, the occurrence of overweight at any age was
positively associated with increased incidence of hypertension,
except in those 60 years of age or older. Compared with normal-
weight controls, the multivariable-adjusted sHR of hypertension
in participants with onset of overweight at 18-39 years of age
was 1.38 (95% CI 1.11 to 1.72); in participants with onset of
overweight at 40-49 years of age, the sHR was 1.27 (95% CI
1.09 to 1.49); in participants with onset of overweight at 50-59
years of age, the sHR was 1.23 (95% CI 1.09 to 1.38); and in
participants with onset of overweight at =60 years of age, the
corresponding sHR was 1.14 (95% CI 0.99 to 1.32). Notably,
earlier age at onset of overweight was more strongly associated
with subsequent risk of hypertension and the risk increased
consistently with each decade of attenuation of age at onset,
peaking at sHR of 1.38 at 18-39 years of age (figure 3).

Sensitivity analysis

The first sensitivity analysis and Cox proportional hazards
models yielded results similar to those of the main findings
(online supplemental tables S3 and S4). Furthermore, when we
excluded those who did not remain overweight subsequent to its
initial manifestation, the evidence for associations was largely
strengthened, and even being overweight from age of 60 years
or older was significantly associated with an sHR of hyperten-
sion of 1.29 (95% CI 1.07 to 1.57) (online supplemental table
S5). According to the sensitivity analysis restricted to the subset
of participants without progression to obesity, the results were
similar, suggesting that excess weight gain in young adulthood
affects hypertension risk, even in the absence of subsequent
obesity (online supplemental table S6). Similar results were
obtained after adjusting for time-varying covariates (online
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Table 2 Baseline characteristics of participants with new-onset overweight across age groups (n=4742)

Age at onset of overweight (years)

18-39 40-49 50-59 =60
(n=1103) (n=1255) (n=1487) (n=897) P value
Age (years) 32.3 (4.0) 445 (2.8) 54.0 (2.8) 65.4 (5.5) <0.001
Men (%) 830(75.2) 761 (60.6) 946 (63.6) 685 (76.4) <0.001
BMI (kg/mz) 26.1 (1.0) 26.1 (1.0) 26.1(0.9) 26.1(0.9) 0.409
Systolic blood pressure (mm Hg) 116.0 (10.3) 116.4 (10.1) 118.8 (10.3) 121.2 (10.6) <0.001
Fasting blood glucose (mmol/L) 5.1 (0.8) 5.3(1.1) 5.5(1.3) 5.6 (1.4) <0.001
Total cholesterol (mmol/L) 4.8(1.8) 4.9(1.0) 5.1(2.1) 5.2 (1.8) <0.001
Triglycerides (mmol/L) 1.4 (1.0-2.0) 1.3(0.9-1.9) 1.2 (0.9-1.8) 1.2 (0.9-1.7) <0.001
eGFR (mL/min/1.73m?) 103.1 (22.6) 95.1 (18.8) 88.9(19.1) 81.1(21.1) <0.001
Parental history of hypertension (%) 336 (30.5) 325 (25.9) 265 (17.8) 103 (11.5) <0.001
Never smoking (%) 626 (57.3) 771 (62.1) 933 (63.6) 626 (72.4) <0.001
Never drinking (%) 542 (49.5) 724 (58.1) 972 (65.9) 670 (75.8) <0.001
Physical activity (%) 99 (9.4) 143 (12.1) 265 (18.9) 208 (25.6) <0.001
Education attainment (%) <0.001
Less than high school 101 (9.2) 581 (46.3) 1033 (69.5) 685 (76.5)
High school 402 (36.4) 376 (30.0) 347 (23.4) 154 (17.2)
College or above 600 (54.4) 298 (23.7) 106 (7.1) 57 (6.4)

Data are mean (SD) or median (IQR) or number (percentage).

Column counts may not total to the column total due to missing data, and column percentages may not total to 100% due to rounding error.

BMI, body mass index; eGFR, estimated glomerular filtration rate.

supplemental table S7). With the use of alternative definitions
for overweight, the magnitude of the association was attenuated
except for the 18-39 years age group (online supplemental table
S8). The pattern-mixture model sensitivity analysis produced
nearly identical results, suggesting that MAR assumption for the
multiple imputation is plausible (online supplemental table S9).

DISCUSSION

This community-based, longitudinal cohort study of 4742
patients newly diagnosed with overweight and 4472 age-matched
and sex-matched controls showed that age at onset of overweight
is an important determinant of incident hypertension. Younger

- New-onset overweight participants

Normal-weight controls

Z
S
> 1259 104.7
5
88.5
% 100 84.5 I
=9
o
S 757 58.7 6?[2
= _ 42.0
g 50 373 I
QL 233
g 254 T
=
<
5 0 | | | T
RS 18-39 40-49 50-59 > 60

Age at onset of overweight (years)

Figure 2 Incidence of hypertension per 1000 person-years in
participants with new-onset overweight versus their corresponding
controls within each age group. Error bars indicate 95% Cl.

age at onset of overweight was associated with higher sHR of
hypertension, whereas late-onset overweight was not signifi-
cantly associated with subsequent hypertension. Additionally,
the risk of hypertension was continuously attenuated with each
decade increase in age at onset of overweight (figure 4).

Studies on hypertension have primarily focused on change in
weight status during childhood or adulthood,'™" and studies
that explicitly considered age at onset of overweight are scarce.
Consistent with our results were those of the 1946 British birth
cohort study, which showed that being overweight at a younger
age was positively associated with higher blood pressure at 53
years.”” Additionally, results from the Johns Hopkins Precursors
Study suggested that obesity in young adulthood (age 25 years)
conferred a threefold risk of hypertension (HR, 2.79, 95% CI
1.30 to 6.00), whereas the risk was two times higher in men who
became overweight or obese in midlife (age 45 years) compared
with those of normal weight (HR, 1.91, 95% CI 1.46 to 2.49).”

Overweight New-Onset

Onset Age  Normal Weight ~ Overweight Subhazard Ratio

(years) Case/Total Case/Total (95% CI)
18-39 149/1103 228/1103 ———e——— 1.38(1.11-1.72)
40-49 291/1255 387/1255 —_—— 1.27( 1.09-1.49)
50-59 489/1487 627/1487 — 1.23( 1.09-1.38)
> 60 364/897 400/897 [ — 1.14(0.99-1.32)
p-trend<0.05

0.8 1.0 12 1.4 1.6

Figure 3 Sub-HR for incident hypertension according to age at onset
of overweight. Analyses were based on the Fine and Gray proportional
hazards model of death as a competing risk and adjusted for systolic
blood pressure, fasting blood glucose, total cholesterol, triglycerides,
estimated glomerular filtration rate, parental history of hypertension,
cigarette smoking status, alcohol consumption status, physical activity
and education attainment, with matched controls served as the
reference group.
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Figure 4 Key finding of the study

Data from the Nurses’ Health Study and Health Professionals
Follow-Up Study indicated that weight gain from young adult-
hood (ages 18 years for women and 21 years for men) to middle
life (age 55 years) was associated with a higher risk of hyper-
tension in both women (incident rate ratio (IRR), 1.24, 95%
CI 1.20 to 1.28) and men (IRR, 1.21, 95% CI 1.12 to 1.31)."
Nonetheless, such existing findings may be susceptible to bias
resulting from self-reporting or recalling body weight, or they
were restricted to a narrow age window that did not extend
beyond middle age. Additionally, other studies also observed
an attenuated relationship between obesity and obesity-related
hypertension with increasing age across adulthood, although the
risks according to age at onset were not examined.*'™

The mechanisms underlying how age at onset of overweight
contributes to hypertension remain unclear. Given that few indi-
viduals with young-onset overweight return to normal weight
later in life,** the strong association between hypertension and
overweight in younger adulthood as opposed to later adulthood
may be explained by longer duration of exposure to excess
adiposity.” It is well known that overweight and obesity arise
from the interplay between genetic and environmental factors.
In individuals with a very strong genetic cause, early-onset over-
weight has been associated with multiple genetic variants, which
may influence susceptibility to hypertension. Another hypoth-
esis is that early-onset overweight in those without a strong
genetic component may reflect an unhealthy lifestyle, including
smoking, alcohol consumption and physical inactivity, which
substantially contributes to the risk of hypertension. Alterna-
tively, the attenuated relationship may reflect decreased validity
of BMI as a measure of adiposity due to age-related declines in
height and muscle mass.** Moreover, the increased prevalence
of competing risk factors at older ages may reduce the propor-
tional effect of BMI on subsequent risk of hypertension, leading
to a null or weakened association among those 60 years of age
or older. Accordingly, caution should be exercised when inter-
preting the results from later-onset participants.

Young adulthood is a neglected period of risk for exces-
sive weight gain. Many adults with early-onset overweight,

particularly those aged 18-39 years, feel healthy and have no
medical problems that prompt a visit to a physician. Conse-
quently, prevention of hypertension through control of adult
weight gain, particularly among young adults between 18 and
39 years, must be emphasised.

Our study had several strengths, including the large sample
size, availability of matched controls and repeated measure-
ments of weight and height through adulthood. Furthermore, we
confirmed cases of incident overweight that occurred during the
follow-up period, which reduced the influence of the potential
prevalence-incidence bias that is present when analysing preva-
lent cases.

Our study also had limitations. First, we cannot exclude the
effects of residual confounding factors due to the observational
nature of the study. Second, ascertainment of hypertension was
based on a single measurement of blood pressure or use of antihy-
pertensive medication in adulthood, which likely led to a wrong
estimation of the incidence of hypertension. Third, recorded age
at diagnosis was used as a surrogate for age at onset, which is
vulnerable to inaccuracy because there is lag time between onset
and diagnosis. More frequent assessments may contribute to a
more accurate estimation of the ages of manifestation of over-
weight during follow-up. Fourth, we used BMI in adulthood as
a proxy of overweight and additional studies are required using
other measures of adiposity, such as waist circumference and
body fat percentage. Fifth, the cut-off value of BMI 25-30kg/
m? is not generally accepted for overweight diagnosis for East
Asians, but we repeated our analysis using an alternative defini-
tion of overweight to compare our results. Sixth, the generalis-
ability of our evaluations may be limited because the entire study
population was derived from an occupational cohort. Finally, the
sample size of women was limited for sex-stratified analyses.

CONCLUSIONS

In the present study, we found that younger age at onset of over-
weight was associated with a higher risk of hypertension and the
risk increased gradually with each decade of attenuation of age
at onset of overweight, peaking at 18-39 years of age. Consid-
ering the age at onset of overweight may contribute to risk strati-
fication of hypertension of overweight adults in clinical practice.

Key messages

What is already known on this subject?

» Overweight is strongly associated with higher risk of
developing hypertension.

» Trends in overweight have shown an increase in prevalence
along with younger age of onset.

» However, the association between age at onset of overweight
across adulthood and risk of hypertension remains unclear.

What might this study add?

» Younger age at onset of overweight was significantly
associated with higher risk of incident hypertension and the
risk decreased with increase in age at onset of overweight.

How might this impact on clinical practice?

» Assessment of age at onset of overweight may hold promise
to improve risk stratification for developing hypertension.

» Prevention or delay of onset of overweight in young
adulthood may lower the subsequent risk of hypertension.
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Greater focus on weight control may be warranted in individuals
with early-onset overweight to prevent hypertension.
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