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The relationship between
hypertension and health-related
physical fitness in older adult
residences in Wuhan: a
cross-sectional study

Wen Luo?, Xi Chen?, Jue Wang?, Sisi Ke!, Wei Zhang?, Mei Yang>*
and Yan Guo'*

!Wuhan Centre for Disease Prevention and Control, Wuhan, China, 2Maternal and Child Health
Hospital of Hongshan District, Wuhan, China, *School of Public Health, Wuhan University of Science
and Technology, Wuhan, China

Aim: This study aimed to investigate hypertension-associated disparities in
health-related physical fitness (HRPF) among community-dwelling older adults
in Wuhan.

Methods: This cross-sectional study employed multi-stage stratified random
sampling: random selection of 7 districts from Wuhan's 17 administrative
districts and 3—-5 communities per district. A total of 801 eligible adults aged
>65 years were recruited (after exclusions). The sample size was determined
using 2015 municipal census data (a = 0.05 power =90%). Assessments
included verification of hypertension and demographic questionnaires, as well
as seven standardized HRPF tests across four domains. The data were analyzed
using SPSS 13.0, which involved calculating descriptive statistics (means + SDs,
95% Cls) and performing between-group comparisons (x? tests and ANOVA).

Results: Hypertensive participants (n = 291) demonstrated impaired dynamic
balance: they had reduced One-Leg Balance (OLB) time (3.38 + 3.30 s vs.
3.98 + 381s; p=0.02). Decreased aerobic endurance: fewer 2-min step
repetitions (65.62 + 29.17 vs. 70.13 + 26.71; p = 0.033). However, they showed
enhanced shoulder flexibility: greater back scratch reach (-14.11 + 12.36 cm vs.
-1047 + 11.15 cm; p < 0.001).

Conclusion: Hypertension is associated with domain-specific HRPF
impairments, particularly in balance and aerobic endurance. Targeted exercise
interventions that prioritize these domains may mitigate functional decline and
reduce cardiovascular burden in aging populations.

KEYWORDS

hypertension, health related physical fitness, aging population, cross-sectional study,
Wuhan

1 Introduction

China has become an aging society, with 164.5 million citizens aged 65 and above (1).
Hypertension is a prevalent condition among the older population in China, affecting 60.56%
of individuals aged 65 years and older (2, 3). The burden of hypertension and its complications
imposes significant economic and health costs not only on affected individuals but also on their
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families and society at large (4). Consequently, addressing population
aging and reducing hypertension are critical public health priorities
in China.

Among diverse strategies for hypertension prevention, physical
activity constitutes a core intervention approach. Regular physical activity
generally helps prevent hypertension by improving large artery structure
and peripheral circulatory function (5). Aerobic exercise modulates
hypertension through various pathways, including improvements in
insulin sensitivity, regulation of autonomic nervous system function, and
reduction of oxidative stress (6, 7). Resistance training primarily
influences vasoconstriction regulation (8). These differential mechanisms
yield varying clinical effects on blood pressure (9, 10). Therefore, it is
essential to establish objective indices for assessing physical activity
capacity to optimize outcomes in hypertension prevention.

Health-related physical fitness (HRPF) refers to an individual’s
capacity to maintain sufficient energy for daily activities (including
occupational and cognitive tasks) without undue fatigue (11, 12).
Evidence suggests that exercise modalities have differential effects on
HRPF components (13). HRPF includes four core dimensions:
muscular strength, aerobic endurance, flexibility, and balance,
collectively reflecting integrated physiological function (14-16).
Existing literature predominantly indicates that inadequate HRPF is
associated with the development of hypertension in older populations
(14, 16-18). However, the findings are not studied as a composite
whole; research typically focuses on individual dimensions. For
instance, studies have shown that good flexibility, muscle strength, or
aerobic endurance alone can each reduce the incidence of hypertension
(19-21). Conversely, multidimensional studies indicate that compared
with aerobic endurance, the effect of muscle strength on hypertension
is negligible (19). Conversely, research on children and adolescents is
more extensive (19, 22, 23). Overall, existing research lacks a focus on
the older population, while HRPF studies have typically been confined
to a single dimension (14, 24, 25). We therefore hypothesize that
hypertensive older adults in Wuhan exhibit significant HRPF
disparities across all domains compared to normotensive peers. To
address these gaps, this study aims to examine hypertension-HRPF
relationships across all HRPF dimensions.

2 Materials and methods
2.1 Study design and participants

This cross-sectional study was conducted by the Disease Burden
Innovation Research Department at the Wuhan Center for Disease
Control and Prevention.

A stratified multistage random sampling design was implemented
across Wuhan's 17 administrative districts. Firstly, seven districts were
systematically selected using a random sampling. Secondly, randomly
select 3-5 communities per district (a total of 28 communities).
Finally, we employed random sampling to enroll adults aged >65 years
from community registries, targeting 300 participants per district
(each community 60-100 subjects, initial N =2,100). Inclusion
criteria: community-dwelling adults aged >65 years; provision of
written informed consent. Exclusion criteria: any of the following
conditions: age <65 years; advanced cardiovascular disease,
neuromuscular disorders (e.g., Parkinson’s disease, amyotrophic
lateral sclerosis), acute hospitalization (current or within 3 months

prior to assessment); cognitive impairment affecting consent capacity.
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Field assessments were completed, resulting in 2,150 evaluations
across all sites. After database construction and quality control, 54
ineligible samples were excluded, yielding a final analytical sample of
2,096 participants. Subsequently, 1,295 participants were excluded due
to non-hypertensive comorbidities affecting fitness outcome
(metabolic disorders, type 2 diabetes, dyslipidemia requiring
medication, renal impairment, neuromuscular conditions, Parkinson’s
disease). The final analytical sample included 801 community-
dwelling older adults with isolated hypertension or normotension.

Hypertension was defined as meeting any one of the following
criteria: either self-reported physician-diagnosed hypertension by
certified healthcare institutions; or current use of antihypertensive
medication (self-reported with verification of medication names); or
objectively measured elevated blood pressure: Systolic BP > 140 mmHg
and/or Diastolic BP > 90 mmHg (based on the average of three seated
measurements using calibrated sphygmomanometers after 5-min rest).

2.2 General characteristics assessment

General characteristics were assessed using an investigator-
developed questionnaire that captured key domains, including
demographics (age, sex, marital status, and education level). It also
included clinical history of physician-diagnosed chronic conditions
(hypertension, diabetes mellitus, stroke, cardiovascular disease, and
hyperlipidemia), and addressed lifestyle factors such as physical
activity levels and smoking status (current/former/never). To ensure
questionnaire quality, the project team implemented standardized
investigator training and used uniform procedures and operational
protocols for administering surveys to older participants.

2.3 HRPF assessment

Seven validated tests were administered to assess four domains of
HRPE following standardized protocols with prioritization of safety
(Table 1). Participants were instructed to perform at their natural pace
without exertion; incomplete tests were documented without penalty.
Each test included 1-2 practice trials before formal recording.
Measurement instruments include timing devices: digital stopwatches
(mobile phone applications permitted); distance measurement:
graduated tape measure (precision: 0.1 cm). Equipment includes: an
adjustable-height chair (seat height of 43 cm, backrest secured against
the wall); dumbbells (3.6 kg for males, 2.25 kg for females); cones for
marker placement; a calibrated sphygmomanometer and weight scale;
blood pressure measurement instruments were provisioned by
community health centers serving each residential area. The equipment
inventory comprised both mercury sphygmomanometers and
oscillometric devices across communities. Though heterogeneous in
manufacturers and models, all devices underwent rigorous calibration
traceable to national metrology institutes.

2.4 Statistical analysis

Data were analyzed using SPSS 13.0 (IBM Corp), and normality
was assessed using the Kolmogorov-Smirnov test. For descriptive
statistics, categorical variables are represented as frequencies and
percentages, while continuous variables are expressed as mean +
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TABLE 1 HRPF across five domains.

10.3389/fpubh.2025.1555638

Domain  Test Protocol

30-s arm curl test Seated position, elbow flexion with dumbbell (full extension to 90° shoulder flexion). Count completed repetitions in 30 s
Muscle . -

(partial final repetition counted).

strength

30-s chair stand test Hands crossed over chest, full stands from a seated position. Repetitions counted over 30s (chair stabilized against the wall).
Aerobic 2-min step test Stationary stepping with knee elevation to mid-patella height. Only bilateral completions are counted. Safety support
endurance provided (wall/table).

Chair sit-and-reach test Legs extended, fingertips measured relative to toes (negative values = shortfall; positive = beyond).
Flexibility

Back scratch test Spinal rotation reach distance recorded (negative = gap; positive = overlap)—best of two attempts.
Agility/ 8-foot timed up-and-go test = Timed rise-walk-return task (distance: 2.5 m). Hand use is permitted during the standing phase.
balance One-Leg Balance (OLB) Eyes-open, non-dominant foot lifted, and timed until balance loss (best of two trials; recorded to 0.1 s).

All assessments were administered by certified community health workers. HRPF measurements were conducted in accordance with the American College of Sports Medicine (ACSM)

Guidelines for Exercise Testing and Prescription, 9th Edition (39).

standard deviation (SD) if normally distributed, or as the median and
interquartile range if non-normally distributed. Between-group
comparisons were conducted using Pearson’s chi-squared test for
categorical variables and one-way ANOVA for normally distributed
continuous variables. Statistical significance was defined as a
two-tailed p-value of less than 0.05 (p < 0.05) (see Tables 2, 3).

3 Result

3.1 General characteristics of participants
with hypertension and without
hypertension

The analytical sample included 801 community-dwelling older
adults (418 males and 383 females), derived from 2096 screened
participants after excluding 1,295 individuals with diabetes or
comorbidities that could influence HRPE Participants were stratified
into two groups: the hypertensive group (n = 291), which included
individuals with hypertension but no other chronic conditions (50.2%
female, average age of 73.01 years); the non-hypertensive group
(n=510) included normotensive individuals without chronic
conditions (43.6% female, average age of 72.15 years). No significant
age difference was observed between the groups (p=0.074).
Hypertension prevalence showed no significant variation across
5-year age strata (65-69, 70-74, 75-79, >80 years). Smoking behavior
differed significantly (p=0.01), with lower current smoking
prevalence in hypertensive (18.0%) versus non-hypertensive
participants (25.8%). Physical activity patterns revealed significant
disparities (p = 0.031). Hypertensive participants reported higher rates
of physical inactivity (34.5% vs. 29.2%), lower engagement in
moderate-intensity exercise (10.2% vs. 16.2%), and comparable
participation in low-intensity activity (55.3% vs. 54.6%).

3.2 Comparison of HRPF between
hypertension and non-hypertensive groups

Significant between-group differences emerged in three of seven
HRPF measures after comprehensive assessment. Hypertensive
participants demonstrated reduced balance capacity with OLB time
(3.38+3.30 s vs. 3.98 £ 3.81 s; p = 0.02); impaired aerobic endurance
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with poor performance in the 2-min step test (65.62 +29.17 vs.
70.13 +26.71; p = 0.033); enhanced shoulder flexibility with greater
reach in the back scratch test (—14.11 + 12.36 cm vs-10.47 + 11.15 cmy;
p <0.001).

No significant differences were observed in: lower-body strength
(30-s chair stand: 13.37 + 4.80 vs. 13.27 + 4.82; p = 0.777); hamstring
flexibility (chair sit-and-reach: —3.54 + 8.72 cm vs. -3.73 + 8.43 cmy;
p=0.758); upper-body strength (30-s arm curl: 16.05+7.39 vs.
16.63 + 8.52; p = 0.320); mobility (8-foot up-and-go: 9.45 + 3.70 s vs.
9.54 +4.03 s; p = 0.747).

4 Discussion

This large-scale cross-sectional study examined hypertension-
related disparities in HRPF among community-dwelling older adults
in Wuhan. Our key findings reveal complex relationships between
hypertension status and functional capacity, with implications for the
development of targeted interventions.

Consistent with global trends, we observed no significant
differences in hypertension prevalence across age groups, marital
status, or education levels (1). However, hypertensive participants
demonstrated significantly lower smoking rates (18.0% vs. 25.8%;
p=0.01), aligning with evidence that a hypertension diagnosis
motivates smoking cessation (26). This behavioral shift may stem from
heightened health awareness, as hypertensive smokers face elevated
risks of malignant hypertension and accelerated atherosclerosis (27).
Notably, both groups exhibited higher smoking rates than European
and African cohorts, suggesting region-specific public health
challenges (26, 28). Beside these, hypertensive older adults showed
significantly higher inactivity rates (34.5% vs. 29.2%) and lower
moderate-intensity exercise participation (10.2% vs. 16.2%). This
activity profile may directly contribute to the observed HRPF deficits.

Within the specific HRPF domain, our study identified three
significant differences. Hypertensive participants demonstrated
significantly shorter OLB times (p = 0.020) and reduced performance
on the 2-min step test (p = 0.033), indicating impaired balance and
diminished aerobic endurance. Conversely, enhanced back scratch
reach (p <0.001) reflected superior flexibility in the hypertensive
group. The aerobic endurance deficit likely indicates impaired oxygen
delivery due to vascular endothelial dysfunction. Disrupted nitric
oxide (NO) bioavailability, the principal endothelium-derived relaxing
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TABLE 2 General characteristics-participation distribution.

10.3389/fpubh.2025.1555638

Characteristics Non-hypertensive Hypertension group Asymptotic
group significance
164 254
Male
56.4% 49.8%
Sex 0.074
127 256
Female
43.6% 50.2%
117 167
65-69Y
40.2% 32.7%
90 170
70-74Y
30.9% 33.3%
Age group 0.194
50 103
75-79Y
17.2% 20.2%
34 70
>80Y
11.7% 13.7%
75 92
Smoking
25.8% 18.0%
Smoking statues 0.01
216 418
Non-smoking
74.2% 82.0%
85 176
No physical activities
29.2% 34.5%
Physical activity 159 282
Low-intensity 0.031
statues 54.6% 55.3%
47 52
Moderate-intensity
16.2% 10.2%
TABLE 3 Comparison of HRPF between hypertension and non-hypertensive groups.
HRPF Non-hypertensive group Hypertension group jo)
OLB 398 +3.813 3.379 +3.3023 0.020
30-s chair stand 13.27 £ 4.82 13.37 + 4.802 0.777
Chair sit-and-reach —3.7344 + 8.42644 —3.5382 + 8.7238 0.758
30-s arm curl 16.63 + 8.524 16.05 = 7.394 0.320
2-min step 70.13 £ 26.706 65.62 + 29.167 0.033
Back scratch —10.472 + 11.1543 —14.111 + 12.3595 0
8-foot up-and-go 9.537 +£4.0294 9.446 + 3.6951 0.747

factor (EDRF) that mediates vascular smooth muscle relaxation,
elevates peripheral resistance, and reduces skeletal muscle perfusion
(29-31). Research in both humans and rodents has demonstrated that
elevated nitric oxide levels improve endothelium-dependent
vasodilation (32, 33). In patients with essential hypertension, the
impairment of endothelial function and regulation of vascular tone
results in increased peripheral vascular resistance and inadequate
modulation of oxygen delivery to skeletal muscle, thereby affecting
muscle function. Muscular function impairment may also help explain
the impaired balance capacity in the hypertensive group (30).

Our study also demonstrated better flexibility in the hypertensive
group. This finding contrasts with an earlier report that found a
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persistent inverse association between greater flexibility and lower
hypertension incidence after controlling for confounders (34). While
this observed flexibility advantage needs further investigation, it may
indicate compensatory adaptation to balance limitations. Additionally,
the potential confounding influence of sex cannot be excluded,
particularly given the overrepresentation of females (who typically
exhibit enhanced flexibility) in the hypertensive group (35).

Our results reinforce specific HRPF indexes associated with
hypertension (17, 18, 36). Targeted exercise interventions should focus
on aerobic training to improve endothelial function and oxygen
delivery (37). Such interventions may reduce the increased frailty risk
observed in hypertensive older adults (38).

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1555638
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Luo et al.

5 Conclusion

This cross-sectional study demonstrated significant disparities in
HRPF between hypertensive and non-hypertensive community-
dwelling older adults in Wuhan. Key findings indicate that
hypertensive older adults exhibit impaired functional capacities.
Accelerated age-related decline is characterized by faster deterioration
in aerobic endurance, flexibility, and dynamic balance compared to
non-hypertensive peers. Activity pattern differences include higher
rates of physical inactivity (34.5% vs. 29.2%) and lower engagement
in moderate-intensity exercise.

These functional limitations likely originate from hypertension-
associated vascular pathophysiology and suboptimal activity
profiles. Implementing targeted exercise interventions, particularly
combining aerobic training with balance-challenging components,
may mitigate functional decline, reduce cardiovascular risk, and
alleviate the growing disease burden affecting both families
and society.

6 Limitations

This study has several limitations. Design limitations include the
cross-sectional methodology, which precludes causal inference
between HRPF and the development of hypertension. Unmeasured
confounders, such as potential influencing factors (e.g., sex-specific
fitness patterns, nutritional status, and medication adherence), were
not fully evaluated. Activity assessment, including physical activity
levels, depended on self-report without accelerometer validation.
Future research should address these issues through prospective
cohort studies with serial HRPF measurements. Furthermore,
mechanistic investigations of hypertension-related neuromuscular
decline and randomized controlled trials testing tailored exercise
regimens for hypertensive older adults are recommended.
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