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Abstract

The combination of having a low physical performance and obesity results in a vicious cycle, but the effect of this
combination on the incidence of hypertension is still unknown. This article aims to examine the effect of obesity and low
physical performance on the incidence of hypertension in older adults. The sample was comprised of 349 Chinese
community-dwelling participants (199 women; mean age 66.30 +5.78 years) without hypertension at baseline. Obesity was
defined as having a body mass index (BMI) greater than or equal to 28 kg/m?. Participants scoring in the top 20% on the
Timed Up and Go Test (TUGT) or in the slowest 20% of the 4-m walking test were defined as having a low physical
performance. The outcome was new onset hypertension at the 1-year follow-up. We found that 89 (25.5%) of the 349
participants without hypertension at baseline had developed hypertension at their 1-year follow-up. After multivariate
adjustments, it was found that the incidence of hypertension was associated with the combination of obesity and having a
low physical performance (OR =7.30, 95% CI=1.36-39.11), but not solely with obesity (OR =1.40, 95% Cl=
0.68-2.88) or solely with low physical performance (OR = 0.98, 95% CI = 0.29-3.27). Hence, although obesity and low
physical performance did not independently affect the incidence of hypertension after one year, the combination of the two
can significantly increase the incidence of hypertension in Chinese community-dwelling older adults.

Introduction

Hypertension is the most prevalent chronic noncommunic-
able disease in China [1], affecting 39% of the population
[2]. It leads to serious complications, such as cerebral vas-
cular disease, heart disease, heart failure, and renal failure
[1]. It becomes more of an issue as patients age because its
prevalence increases with age (59.4% of patients aged > 60
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years and 72.8% of patients aged > 75 years have hyper-
tension in China), it becomes more difficult to treat, and it
increasingly negatively impacts quality of life [2, 3]. As
China’s population is aging rapidly, the prevalence of
hypertension will continue to rise and will continue to place
an escalating burden on the Chinese economy and society
[4]. Therefore, the prevention and treatment of hypertension
in the older adults should be a priority.

Obesity is a well-known risk factor for hypertension.
Several studies have shown a clear association between
obesity and increased blood pressure, and one study showed
that the prevalence of obesity was 2—5 times higher in obese
individuals compared to non-obese individuals [5-7].
However, data from some epidemiological studies suggest
that being overweight is associated with a significantly
lower all-cause mortality risk in the older adults [8—10].
Furthermore, obesity in old age could reduce the risk of
dementia [11], and a high body mass index is protective
against sarcopenia [12, 13]. Therefore, it is necessary to
confirm whether obesity is a risk factor for the incidence of
hypertension in the older adults.
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Gait speed as a measurement of functional mobility is
one of the most important indicators of health in the older
adults [14]. Research has shown that low physical perfor-
mance is associated with hypertension and more specifically
that hypertension is associated with both lower gait
speed and a higher decline in gait speed in the older adults
[15-17]. However, the majority of the above studies con-
clude that hypertension is a risk factor for developing low
physical performance. There is minimal research on whe-
ther low physical performance is a risk factor for the
development of hypertension.

The combination of having a low physical performance
and obesity results in a vicious cycle: individuals who have
a low physical performance become obese because being
physically active is difficult for them, and, in turn, they
become even more limited in their mobility due to their lack
of physical activity. Low physical performance also poses
additional health problems, such as falls and injuries
[18, 19]. Although the effect of this combination on the
incidence of hypertension is still unknown, we hypothesize
that it may increase the incidence of hypertension in the
older adults more than each factor by itself. In the present
study, we aimed to examine the combined and separate
effects of obesity and low physical performance on the
incidence of hypertension in Chinese community-dwelling
older adults to better understand how hypertension develops
and thus how it can be prevented.

Methods
Study participants

This study was approved by our university ethics commit-
tee, which reviews studies in accordance with the principles
of the Declaration of Helsinki. Informed consent was
obtained from all participants.

All participants had participated in the National Free
Medical Examination Program at the Tianjin Hangu Health
Center in China. Inclusion criteria were: (1) 60 years of age
or older at baseline and (2) willingness to participate in
baseline studies. The exclusion criteria for this study were:
(1) history of a diagnosis hypertension; (2) history of a
diagnosis stroke; (3) inability to have blood pressure taken
at the right upper arm; (4) failure to perform the Timed Up
and Go Test (TUGT) or the 4-m walking test; (5) unable to
stand for measurement of body weight and height; (6)
inability to communicate with the interviewer.

Study procedures

Baseline data were collected in July 2015. After completing
their free medical examinations as part of the National Free

Medical Examination Program, all participants were invited
to a face-to-face interview to answer a standardized ques-
tionnaire. The questionnaire included questions about age,
sex, occupation, educational level, marital status (never
married, living together, divorced, separated, or widowed),
smoking habits (never smoking, past smoker, and current
smoker), and drinking habits (never drinking, drinking
alcohol < 7 days/week, and drinking daily). Physical acti-
vity was assessed using the short form of the International
Physical Activity Questionnaire (IPAQ) [20, 21]. A history
of physical illness was evaluated based on participants’
responses (yes or no) to questions about their history, past
diagnoses made by physicians, and current or historical
medication regimens. Diseases of interest included type 2
diabetes mellitus (T2DM), hyperlipidemia, heart disease
(coronary artery disease or congestive heart failure), peptic
ulcer disease, osteoarthritis, cancer, kidney disease, hepatic
disease, biliary tract disease, and thyroid disease.

Blood pressure (BP) was measured by a trained inter-
viewer using an Omron electronic sphygmomanometer. The
participants were required to rest in a seated position for at
least 5 min before the measurement. Measurements were
always taken using the participants’ right upper arm.
Hypertension was defined as either an average systolic
blood pressure (SBP)>140 mmHg, and/or a measured
average diastolic blood pressure (DBP) 290 mmHg [22], a
diagnosis of hypertension made by a physician, or self-
reported use of anti-hypertensive medications during the
previous 2 weeks. Follow-up visits during which blood
pressure measurements were taken were completed in
July 2016.

Body weight was measured to the nearest 0.1 kg using a
standard balance beam scale. Height was measured barefoot
to the nearest 0.1 cm using a stadiometer. BMI was calcu-
lated as weight divided by height squared (kilogram per
square meter). Obesity was defined as having a BMI greater
than or equal to 28 kg/m?, using the criteria established by
the Working Group on Obesity in China [23].

Physical performance was measured using the following
tasks: the 4-m walking test and the TUGT. The 4-m walking
test consists of participants being timed while walking 4 m
at their usual pace. Walking aids were allowed for partici-
pants who typically use an aid to walk short distances [24].
Participants completed the test twice; the average time
between the two trials was then calculated and used for
further analysis. The TUGT beings with the participant
sitting on a chair in a relaxed position with his/her upper
body upright, his/her back flush with the back of the chair,
his/her hands placed flat on his/her thighs, his/her feet on
the ground, and his/her toes facing forward. The participant
is timed as he/she rises from the chair, walks 3 m in any
direction, and then returns to the chair. Walking aids were
allowed [25]. Participants scoring in the top 20% on the
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TUGT or in the slowest 20% for the 4-m walking test were
defined as having low physical performance [26, 27].

Statistical analysis

IPAQ responses at baseline were reported as medians +
25-75th percentiles. All other continuous variables were
presented as means plus standard deviations. Classification
variables were reported as percentages. Regarding between
groups comparisons of obesity and low physical perfor-
mance alone, chi-square tests were conducted for catego-
rical variables, Kruskal-Wallis test for skewed continuous
variables, and t-tests for normally distributed continuous
variables.

Linear regression models were used to examine the
relationship between different groups and continuous per-
formance outcomes. Adjusted means with 95% confidence
intervals were obtained using the least squared means pro-
cedure. Logistic regression models where both obesity and
low physical performance served as separate referents and
as one combined referent were built; outcomes were com-
pared between the different models. All models were
adjusted for potential confounders known to affect hyper-
tension, obesity, and low physical performance. Age, BMI,
literacy, IPAQ results, diabetes, hyperlipidemia, heart dis-
ease, and cancer were included in these models. All statis-
tical analyses were performed using SPSS v 19.0 (SPSS Inc,
Chicago, IL). P values of less than 0.05 were considered
statistically significant.

Results
Overall characteristics

800 participants were initially enrolled. 429 were excluded
due to having baseline hypertension, 19 were lost to follow-
up (3 deaths, 5 institutionalized, and 11 bedridden), and 3
participants were found to have incomplete data. 349 par-
ticipants (150 men, 199 women; mean age at baseline 66.30
+5.78 years) were ultimately included in the final analysis.
The detailed selecting information is showed in Figure 1.

At l-year follow up, 89 (25.5%) participants had new
onset hypertension. Obesity and low physical perfor-
mance rates are shown in Table 1. Overall, 33.8% of
women and 28.9% of men were non-obese and had no low
physical performance. 14.3% of non-obese women and
9.5% of non-obese men were classified as having low
physical performance. 5.7% of women and 3.2% of men
who are obese with normal physical performance. Finally,
3.2% of women and 1.4% of men were both obese and
had low physical performance. Overall participants with
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low physical performance were older than other subjects.
Participants who were both obese and had low physical
performance had lower 4-m walking test and TUGT
scores than the participants who were not obese and did
not have low physical performance and the participants
who were obese but did not have low physical perfor-
mance; however, those who were both obese and had low
physical performance had no significant difference to
participants who had low physical performance but were
not obese. Participants who were obese and had low
physical performance had a higher incidence of heart
disease and cancer when compared with other groups.

Risk of new incidence of hypertension

Compared to other groups, participants who were both
obese and had low physical performance had an increased
incidence of hypertension. The associations between obe-
sity and low physical performance and the risk of devel-
oping hypertension are explored in Table 2. The adjusted
risk of the incidence of hypertension was progressively
greater in obese subjects with low physical performance
(OR =17.30, 95% CI=1.36-39.11). This was not the case
for participants who had low physical performance but were
not obese (OR =0.98, 95% CI = 0.29-3.27) or for partici-
pants who were obese but did not have low physical per-
formance (OR = 1.40, 95% CI=0.68-2.88). Interactions
between obesity and low physical performance in the final
regression model were found to be significant (P <0.001).

Discussion

As far as we know, this is the first study to address the
associations between obesity, low physical performance,
and the incidence of hypertension in a Chinese community-
dwelling older population. The results of this study provide
evidence that, after adjustments for potential confounders,
the combination of obesity and low physical performance
increase the risk of hypertension in a Chinese community-
dwelling older population, but obesity and low physical
performance independently do not increase the risk of
hypertension in the older adults.

The incidence of hypertension

At the 1-year follow-up 25.5% of participants (26.7% of
men and 24.6% of women) had developed new onset
hypertension. This finding was similar to a study that
found that the incidence of hypertension was 26.9% in an
older population with an average age of 65 years (65.7 +
0.8) [28].
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Fig. 1 The detailed selecting information.

Obesity does not precipitate new onset
hypertension

Our results show that obesity alone does not precipitate new
onset hypertension after one year. More specifically there
was no difference in the percent body fat between the non-
hypertensive subjects and the subjects with new onset
hypertension (28.67 +8.73% Vs 29.43 +8.98%, P> 0.05).
Our results are similar to previous findings that obesity
alone is not associated with hypertension [29]. Our obesity
indicator was BMI, and they used abdominal circumference.
However, other evidence [30] has indicated that BMI is the
best predictor of new onset hypertension and that the risk of
hypertension increases with a higher BMI [31-33]. Several
studies have even shown a clear association between an
increase in blood pressure and an increase in obesity [5, 6]
possibly because 60% of hypertension is attributable to an
increase in adipose stores [6].

The controversy regarding the association between BMI
and hypertension has been studied specifically in Chinese
population [34, 35]. Chen et al. studied a Taiwanese com-
munity in China and found that an increase in BMI was
associated with a greater risk of new onset hypertension in
men, but that this was not the case for women unless
menopausal status was statistically adjusted for as meno-
pause does impact blood pressure [34, 36]. Another study
conducted in the study of Jiangsu Province in China found
that, regardless of the menopausal status of women, changes
in BMI were associated with the incidence of hypertension
in men and women [35]. However, in contrast to our defi-
nition of obesity as having a BMI 2 28 kg/m?, that study [35]
defined obesity as having a BMI > 25 kg/m?, a cut-off value
that may not be appropriate for an older Chinese population
as BMI cutoffs for older people should be increased [31].
The potential mechanisms linking obesity and hypertension
are not entirely clear. In our study, obesity as defined by
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Table 1 Baseline characteristics of study participants according to categories of BMI and low physical performance.
Variables Normal Obesity only Low physical Obesity with low P value
N=219 (BMI >28.0) performance physical performance
N=31 only N=283 N=16
Systolic Pressure 120.6 +12.4 123.0+11.7 121.4+12.0 126.0+9.2 0.433
Diastolic Pressure 70.3+8.0 70.1+£7.0 67.7+7.3 73.6+7.6 0.058
Socio-demographic
Age (years) 65.36+5.19 64.87+3.93 69.78 + 6.65*° 63.94 £4.75° <0.001
BMI (kg/m?) 23.64 +2.64 29.67 + 1.44*¢ 23.39 +2.90° 29.32 £ 1.31*¢ <0.001
Female (%) 53.9 64.5 60.2 68.8 0.417
Widowed (%) 10.6 10.0 22.0 133 0.071
Living alone (%) 16.1 133 19.5 20.0 0.829
Illiterate (%) 20.3 16.7 43.94° 40.0 <0.001
Farming (%) 90.4 90.0 90.2 100.0 0.658
Drinking (%) 0.887
Never 65.1 66.7 69.5 66.7
<7 Days/week 20.7 20.0 17.1 20.0
Daily 14.2 133 134 1133
Smoking (%) 0.446
Never 53.7 50.0 45.1 73.3
Former 13.8 16.7 12.2 6.7
Current 32.6 333 42.7 20.0
Physical performance
IPAQ (Met/week) 2115 (1080-3759) 2079 (924-3954) 1386 (240-2772) 1386 (396-2635) 0.038
TUGT(S) 7.81+1.11 7.94+1.04 10.84 +2.28*P 10.62 + 1.33%P <0.001
4-m walking test (m/s) 1.07 £0.13 1.03+0.10 0.82+0.12%° 0.84 +0.09*P <0.001
Diseases (%)
Diabetes (%) 6.8 16.1 13.3 12.5 0.178
Hyperlipidemia (%) 23.7 48.4%¢ 25.3° 43.8° 0.013
Heart disease (%) 15.6 35.7%¢ 19.7° 63.6%>¢ <0.001
Peptic ulcer (%) 6.5 8.3 4.4 0.0 0.739
Osteoarthritis (%) 15.2 11.5 9.0 30.0 0.217
Cancer (%) 2.0 0.0 1.5 18.23b¢ 0.005
Kidney disease (%) 4.5 4.2 3.0 0.0 0.869
Hepatic disease (%) 3.2 0.0 1.5 10.0 0.363
Biliary tract disease (%) 3.9 8.3 4.4 9.1 0.700
Thyroid disease (%) 39 4.2 0.0 10.0 0.252

Data are presented as means + SD for the systolic pressure, diastolic pressure, age, BMI, time up and go test (TUGT), 4-m walking test, and
medians + 25-75th percentiles for international physical activity questionnaire (IPAQ), classification variables are reported as percentages.

Obtained by using ANOVA for continuous variables and chi-square for classification variables.

BMI body mass index.
ap < 0.05 versus Normal.
®» <0.05 versus Obesity only.

‘p <0.05 versus Mobility limitation only.

BMI alone was not an independent predictor of incident
hypertension, which may be due to our short follow-up time

and small sample size, and we intend to extend the follow-up

time and increase the sample size to see if this leads to any
change. In addition, there are many kinds of obesity, and
there are also differences in race and population.
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Although there were significant differences
TUGT (8.49+1.98s Vs 9.16+1.97s, P=0.007) and

Low physical performance do not precipitate new
onset hypertension

in the

the 4-m walking tests (1.01 £0.17 m/s Vs 0.94 +£0.13 m/s,
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Table 2 Comparison of response and logistic regression analyses of the new incidence rate of hypertension 1-year follow among different subject

with different categories of BMI and low physical performance.

Variables Normal Obesity only Low physical Obesity with low physical P value
(BMI =28.0) performance only performance
Incident hypertension (%) 20.1 (44) 32.3 (10) 28.9 (24) 68.8 (11)*P< 0.001

Logistic regression analyses
Odds ratio (95% CI)
Unadjusted
Adjusted

1.00 (Referent) 1.89 (0.83—4.31)
1.00 (Referent) 1.40 (0.68-2.88)

1.61 (0.91-2.89)
0.98 (0.29-3.27)

8.75 (2.89-26.49)*b<
7.30 (1.36-39.11)*"¢

BMI body mass index.

%p <0.05 versus Normal.

®» <0.05 versus Obesity only.

°p <0.05 versus Mobility limitation only.

dAdjusted for age, BMI, Illiterate, IPAQ, diabetes, hyperlipidemia, heart disease, and cancer.

P <0.001) between subjects who developed hypertension
and those that did not, the results of our regression ana-
lyses did not show that low physical performance pre-
cipitate new onset hypertension after one year. This may
be in line with research [37] that showed that blood
pressure below 120/80, rather than hypertension, is
associated with an increased risk of low physical perfor-
mance in people aged > 60 years and an increased risk for
poor health outcomes among frail older people [38].
However, it is in contrast to previous studies suggesting
that hypertension in the older adults is associated with
both lower gait speed and a more rapid decline in gait
speed most likely due to the impact hypertension has on
cerebral blood vessels [7-9]. This discrepancy may be due
to a difference in how low physical performance was
defined in different studies. In this study, we used a simple
and reliable measurement method, which is considered to
be a better predictor of health risk, to evaluate the physical
performance of the elderly. These measurements can not
only predict the occurrence of disability in non-disabled
people [39], but also more comprehensive than the scale
evaluation method [40].

The combination of obesity and low physical
performance can increase the incidence of
hypertension

Although obesity alone and low physical performance alone
did not affect the incidence of hypertension, the combina-
tion of these two increased the incidence of hypertension by
7.3 times within one years. Although there are no previous
studies available for comparison that evaluated this rela-
tionship, there may be several reasons for the association
between the combination of obesity and of low physical
performance and the increased incidence of hypertension.
Having a low physical performance implies an increased

risk for weight gain because one becomes less physically
active while obesity implies an increased risk for develop-
ing a low physical performance because the additional
weight on the knee joints is associated with musculoskeletal
impairments and because obesity accelerates age-related
declines in functional ability. Therefore either condition
increase the risk for eventually having the combination of
both obesity and a low physical performance [19, 41-43].
The mechanism behind how this combination precipitates
hypertension is less clear, but it is known that the renin-
angiotensin-aldosterone system and the sympathetic system
are overactivated in obese subjects, both of which would
increase blood pressure [44]. Furthermore, hyper-
insulinemia and decreased insulin sensitivity, which are
associated with obesity, may also form a necessary link
between the combination of obesity and having a low
physical performance and hypertension, although this
interaction has yet to be fully explained.

Strengths and limitations

The main strength of this study is that it is the first cohort
study to report that the combination of obesity and having a
low physical performance is a strong risk factor for the
incidence of hypertension in Asia. Despite extensive efforts
to curb study limitations, some limitations did exist. First,
our participants were relatively healthy, as we did not
include participants who were unable to participate in the
free annual national physical examination. Thus, this choice
could constitute a healthy selection bias. Second, the
follow-up period was short. In future research, we plan to
increase sample sizes and extend the time to follow-up to
increase statistical power to evaluate the relationships
between obesity, low physical performance, and hyperten-
sion. Third, many of the variables were self-reported and
may have been subject to recall bias.
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Conclusion

In summary, our results indicate that the combination of
obesity and having a low physical performance increased
the risk of new onset hypertension in Chinese community-
dwelling older adults. One of the clinical implications of
this study is that the combination of obesity and having a
low physical performance can be used to identify indivi-
duals at a high risk for developing hypertension. These
individuals can then receive lifestyle interventions to pre-
vent the development of hypertension. Cutoff levels for
obesity and standardizing the definition of having a low
physical performance warrant further investigation in order
to better stratify the risk of hypertension.

Summary
What is known about topic

e Obesity is associated with hypertension.
e Low physical performance is associated with hypertension.

What this study adds

e Obesity and low physical performance did not indepen-
dently affect the incidence of hypertension after one year.

e The combination of the two can significantly increase
the incidence of hypertension in Chinese community-
dwelling older adults.
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