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ABSTRACT

OBJECTIVES Moderate to vigorous physical activity is recommended to prevent hypertension according to the current
guidelines. However, the degree to which the total physical activity (TPA) and its changes benefit normotensives and hypertens-
ives is uncertain. We aimed to examine the effects of TPA and its changes on the incidence, progression, and remission of hyper-
tension in the large-scale prospective cohorts.

METHODS A total of 73,077 participants (55,101 normotensives and 17,976 hypertensives) were eligible for TPA analyses. Dur-
ing a mean follow-up of 7.16 years (394,038 person-years), 12,211 hypertension cases were identified. TPA was estimated as meta-
bolic equivalents and categorized into quartiles. Cox proportional hazards regression and multivariable logistic regression were
used to estimate associations of TPA and changes in TPA with incident hypertension and progression/remission of hypertension.

RESULTS Compared with the lowest quartile of TPA, normotensives at the third and the highest quartile had a decreased risk
of incident hypertension, with hazard ratios (HRs) of 0.86 [95% confidence interval (CI): 0.81-0.91] and 0.81 (95% CI: 0.77-0.86),
respectively. Hypertensives at the highest quartile of TPA demonstrated a decreased risk of progression of hypertension [odds ra-
tio (OR) = 0.87, 95% CI: 0.79-0.95], and an increased probability of hypertension remission (OR = 1.17, 95% CI: 1.05-1.29).
Moreover, getting active from a sedentary lifestyle during the follow-up period could reduce 25% (HR = 0.75, 95% CI: 0.58-0.96)
risk of incident hypertension, whereas those becoming sedentary did not achieve benefit from initially being active.

CONCLUSIONS Our findings indicated that increasing and maintaining TPA levels could benefit normotensives, whereas
higher TPA levels were needed to effectively control progression and improve remission of hypertension. Physical activity played
undoubtedly an essential role in both primary and secondary prevention of hypertension.

igh systolic blood pressure (SBP) has  deaths worldwide according to the Global Burden
been identified as the leading risk factor ~ of Disease Study 2017.""! The number of hypertens-
of risk-attributable disability-adjusted  ive patients may increase to a total of 1.56 billion
life-years (DALYs), accounting for 10.4 million ~ worldwide in 2025.”! Unprecedented economic and
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technological improvements have resulted in great
changes in lifestyle behaviors and increased preval-
ence of hypertension.”” Thus, identifying modifi-
able risk factors and conducting behavioral inter-
ventions to mitigate the incidence and progression
of hypertension should receive high priority.

Physical inactivity is one of the major control-
lable factors for cardiometabolic diseases, including
hypertension.”* Previous studies have reported the
association between physical activity (PA) and in-
cident hypertension, however, their results were in-
consistent due to the different methods of the PA
calculation.” "' A certain type of PA such as moder-
ate to vigorous PA, leisure-time PA and occupation-
al PA instead of the total physical activity (TPA)
was considered in those studies, which could not
provide comprehensive information on daily activ-
ities. Besides, most of the existing studies were con-
ducted among Western populations whose life-
styles were different from Chinese populations.” It
remained unclear about the exact effects of TPA and
changes in TPA on the prevention of hypertension
among general Chinese populations. More import-
antly, whether TPA could control the progression of
hypertension and ameliorate hypertension was still
needed to be illustrated since most studies were
conducted among normotensives.*! Considering
the steep declines in TPA during the past decades,
the health benefits from TPA and its changes on the
incidence, progression, and remission of hyperten-
sion were highly needed to be comprehensively in-
vestigated."”!

The purposes of the current study were to assess:
(1) how great is the impact of TPA on incident hy-
pertension among normotensives, (2) to what ex-
tent can hypertensives ameliorate through TPA,
and (3) how much benefit can be expected from
changes in TPA?

METHODS

Study Population

The current study population consisted of three
Chinese prospective cohorts from the project of Pre-
diction for Atherosclerotic Cardiovascular Disease
Risk in China (China-PAR), including the China
Multi-Center Collaborative Study of Cardiovascu-
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lar Epidemiology (China MUCA-1998), the Interna-
tional Collaborative Study of Cardiovascular Dis-
ease in Asia (InterASIA), and the Community Inter-
vention of Metabolic Syndrome in China and
Chinese Family Health Study (CIMIC). The de-
tailed designs for three cohorts have been illus-
trated elsewhere.'! Briefly, the China MUCA-1998
and InterASIA cohorts were established in 1998 and
2000-2001, respectively. The first follow-up survey
for these two cohorts was conducted from 2007 to
2008, and the second follow-up survey was conduc-
ted from 2012 to 2015. The CIMIC cohort was estab-
lished in 2007-2008 and followed up in 2012-2015.

In total, 113,448 participants were enrolled at
baseline and 105,263 participants (92.79%) had follow-
up data. Of these participants followed up success-
fully, we excluded 1,702 participants with athero-
sclerotic cardiovascular disease (ASCVD), 46 parti-
cipants with missing blood pressure (BP) informa-
tion at baseline, 16,530 participants with missing BP
information at follow-up, 2,044 participants with
missing TPA information at baseline, and 11,864
participants with antihypertensive treatment at
baseline. Finally, a total of 73,077 participants
(55,101 normotensives and 17,976 hypertensives)
were available for the analyses of TPA (Figure 1). A
sample of 16,487 participants who responded to all
three consecutive surveys from the baseline to the
second follow-up survey were drawn from the
China MUCA-1998 and InterASIA cohorts. With the
similar exclusion criteria, a total of 4,971 normotens-
ives and 2,263 hypertensives with TPA levels at
baseline and the first follow-up survey served as
the basis for analyses regarding the changes in TPA.

These preceding studies were approved by the
Institutional Review Board at Fuwai Hospital in
Beijing and participating institutions. Informed con-
sent was obtained from each participant before data
collection.

Data Collection

The protocols and questionnaires were similar for
all cohorts at baseline and the follow-up surveys. A
standardized questionnaire was used to collect in-
formation about demographic characteristics (age,
gender, and educational level), personal medical
history [ASCVD, hypertension, diabetes mellitus
(DM), and dyslipidemia] and lifestyle risk factors
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113,448 participants were recruited in the 3 cohorts
The inter ASIA (1 = 15,540), the China MUCA-1998 (1 = 11,480), the CIMIC (1 = 86,428)

[ Lost to follow (1 = 8,185) ] I [ 16,487 responded at baseline and two follow-up surveys ] |

Exclusion criteria: Exclusion criteria:

Atherosclerotic cardiovascular disease (n = 1,702)
Lost of BP information at baseline (1 = 46)

Lost of BP information at follow-up (n = 16,530)
Lost of TPA information (1 = 2,044)
Antihypertensive treatment at baseline (n = 11,864)

Atherosclerotic cardiovascular disease (1 = 264)

Lost of BP information at the first follow-up (n = 1,464)
Lost of BP information at the second follow-up (1 = 4,532)
Lost of TPA information (n =1,137)

Antihypertensive treatment at the first follow-up
(n=1,856)

v

[ Included (n = 73,077) ]

[ Included (n =7,234) ]
|

[Normotension n= 55,101)] [Hypertension (n= 17,976)]

[ Normotension (1 = 4,971) ] [ Hypertension (1 = 2,263) ]

Analyses of TPA

Analyses of changes in TPA

Figure 1 Flow chart of study participants included and excluded in the analyses. BP: blood pressure; China MUCA-1998: China
Multi-Center Collaborative Study of Cardiovascular Epidemiology 1998; CIMIC: Community Intervention of Metabolic Syndrome in
China and Chinese Family Health Study; InterASIA: International Collaborative Study of Cardiovascular Disease in Asia; TPA: total

physical activity.

(smoking status, drinking status, and TPA) by
trained interviewers. A smoker was defined as
someone who smoked more than 20 packs (or 500
grams of dry tobacco) during their lifetime. An alco-
hol drinker was defined as someone who drank at
least once per week in the prior year. Physical ex-
aminations were also carried out among parti-
cipants. Bodyweight and height were measured fol-
lowing a standard protocol with lightweight cloth-
ing and no shoes, and body mass index (BMI) was
calculated as weight in kilograms divided by height
in square meters (kg/m?). Additionally, overnight
fasting blood samples were drawn from parti-
cipants to measure serum lipid and glucose levels.
DM was defined as having fasting glucose > 126
mg/dL, and/or using insulin, and/or using oral
hypoglycemic agents. Dyslipidemia was defined as
having fasting cholesterol > 240 mg/dL, and/or
triglyceride (TG) = 200 mg/dL, and/or high-density
lipoprotein cholesterol (HDL-C) < 40 mg/dL,
and/ or low-density lipoprotein cholesterol (LDL-C) >
160 mg/dL, and/ or using lipid-lowing agents.

Blood Pressure Measurement

BP was measured by trained observers in the sit-
ting position after at least a 5 min rest of each parti-
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cipant. An appropriate arm-cuff was chosen based
on the circumference of the participant’s arm and
placed on the right arm. Additionally, alcohol
drinking, smoking, coffee/tea, and exercise were
avoided for at least 30 min before the BP measure-
ments. BP measurements were repeated 3 times by
using a standard mercury sphygmomanometer or
electronic BP monitor with a 30 s interval between
each measurement and the average of 3 BP read-
ings was used in the analyses. Hypertension was
defined as SBP = 140 mmHg or diastolic blood pres-
sure (DBP) = 90 mmHg or using antihypertensive
agents within the past two weeks. Consistent with
previous studies,'” the incident date of hyperten-
sion was identified as the date of the first diagnosis
or initial use of antihypertensive agents. Briefly, for
those who were not aware of their hypertension un-
til the follow-up survey, the date of incident hyper-
tension was defined as the date of the follow-up
survey. For those using antihypertensive agents
during follow-up, the date of incident hypertension
was defined as the date of initial use of antihyper-
tensive agents. Progression of hypertension was
defined as > 1 step increase in the BP stage or start-
ing antihypertensive agents at follow-up. Remis-
sion of hypertension was defined as 21 step de-
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crease in the BP stage without antihypertensive
treatment at follow-up. Stage 1 hypertension was
defined as 140 < SBP <159 mmHg and/or 90 < DBP <
99 mmHg, stage 2 as 160 < SBP <179 mmHg
and/or 100 < DBP < 109 mmHg, and stage 3 as SBP >
180 mm Hg and/or DBP = 110 mm Hg.™™

Physical Activity Assessment

A standardized questionnaire was used to collect
information about the duration of time spent on
vigorous-intensity, moderate-intensity, and light-in-
tensity activities per day during the prior year.!"!
Information on leisure-time PA, occupational PA,
commuting to work, and household chores were
collected for each participant. TPA was estimated as
metabolic equivalents (METs)—a ratio of energy ex-
pended during an activity to the rate of energy ex-
pended at rest, and 1 MET is approximately equi-
valent to an oxygen uptake of 3.5 [mL-kg '-min']."”
We quantified the types of PA following the 2011
Compendium of Physical Activities characterizing
light-intensity PA (2.0 METs), moderate-intensity
PA (4.0 METs), and vigorous-intensity PA (8.0
METs)." TPA was defined as the accumulation of
light-intensity PA, moderate-intensity PA, and vig-
orous-intensity PA. Four TPA categories were es-
tablished based on the quartiles of MET levels (sup-
plemental Table 1S).

For analyses of changes in TPA, we compared in-
cident hypertension and the progression/remission
of hypertension among four groups: those sedent-
ary at both baseline and the follow-up (stayed
sedentary, being in the lowest 25%); those physic-
ally active at baseline and sedentary at follow-up
(became sedentary, moved from highest 75% to
lowest 25%); those sedentary at baseline and phys-
ically active at follow-up (became active, moved
from lowest 25% to highest 75%); and those physic-
ally active at both visits (stayed active, being in the
highest 75%).

Statistical Analysis

The baseline characteristics of the included parti-
cipants were presented as mean * SD for continu-
ous variables and as percentages for categorical
variables. Person-years of follow-up for each parti-
cipant were calculated as the difference between the
date of the baseline examination and the incident
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date of hypertension or the last follow-up inter-
view.

In the current study, we used the Cox proportional
hazards regression model stratified by cohort to as-
sess the hazard ratios (HRs) and corresponding 95%
confidence intervals (Cls) for incident hypertension
in relation to TPA or changes in TPA among parti-
cipants without hypertension at baseline. Tests of
the trend for HRs across TPA categories were per-
formed by including the medium values of each cat-
egory as a continuous variable in the Cox models. A
sensitivity analysis was performed by excluding
new-onset hypertension within one year after re-
cruitment (n = 376) to assess the potential selection
bias. Moreover, the multivariable logistic regres-
sion models were used to estimate odds ratios
(ORs) and 95% Cls of progression/remission of hy-
pertension in relation to TPA or changes in TPA
among hypertensives. Sensitivity analyses with ex-
clusion of participants receiving antihypertensive
agents during follow-up were also performed.

Age, gender, BMI, region (north/south China),
area (urban/rural area), educational level, smoking
status, alcohol drinking status, blood glucose level,
total cholesterol level, and baseline SBP were adjus-
ted for analyzing the association between the TPA
and hypertension. For analyses of changes in TPA,
the total MET at baseline was further adjusted in
the multivariate-adjusted analyses. The statistical
analyses were performed using SAS 9.4 (SAS Insti-
tute Inc, Cary, NC). A two-sided P value < 0.05 was
defined as statistical significance.

RESULTS

Baseline Characteristics

The baseline characteristics of the study popula-
tion are presented in Table 1. The mean (SD) age of
participants was 50.22 + 11.65 years, 39.40% of them
were males. The mean BMI was 23.57 +3.49 kg/m’,
and the mean TPA was 36.45 + 23.36 MET-h/d. Hy-
pertensive participants were older, more likely to
live in northern and rural areas, tended to have
higher BMI, higher prevalence of DM and dyslip-
idemia, and lower TPA levels.

TPA and Incident Hypertension

During a total of 394,038 person-years of follow-
up, 12,211 hypertension cases were identified (5,161
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Table1 Baseline characteristics of the study participants.

ey Norm et Hpeste
Age, yrs 50.22 +11.65 4872 +11.54 54.81+10.77
Male 28,790 (39.40%) 21,205 (38.48%) 7,585 (42.20%)
BMI, kg/m’ 23,57 +3.49 2315 +3.31 24.85 +3.69
Northern 36,528 (49.99%) 25,199 (45.73%) 11,329 (63.02%)
Rural area 65,607 (89.78%) 49,133 (89.17%) 16,474 (91.64%)
Less than a high school education 62,375 (85.63%) 46,336 (84.37%) 16,039 (89.47%)
Smoker 18,662 (25.62%) 14,210 (25.88%) 4,452 (24.84%)
Alcohol drinker 13,496 (18.47%) 9,581 (17.39%) 3,915 (21.78%)
Diabetes mellitus 3,414 (4.94%) 2,135 (4.11%) 1,279 (7.40%)
Dyslipidemia 23,263 (31.85%) 16,950 (30.78%) 6,313 (35.13%)
SBP, mmHg 125.13 +19.20 117.03 +11.49 149.94 +16.66
DBP, mmHg 77.70 +11.06 73.63 +7.96 90.19 +9.82
TPA, MET-h/d 36.45 + 23.36 37.12+23.33 34.38 +23.32

Data are presented as n (%) or mean = SD. BMI: body mass index; DBP: diastolic blood pressure; MET: metabolic equivalent; SBP:

systolic blood pressure; TPA total physical activity.

cases in men and 7,050 cases in women) from 55,101
normotensives. Participants in the third and the
highest quartiles of TPA showed significant relat-
ive risk reductions of developing hypertension
when compared with those in the lowest quartile,
with the fully adjusted HRs (95% Cls) of 0.86
(0.81-0.91) and 0.81 (0.77-0.86), respectively (Table 2).
In a sensitivity analysis, the estimations for the ef-
fects of TPA on incident hypertension were similar
after excluding cases occurring in the first year of
follow-up (supplemental Table 25).

TPA and Progression/Remission of Hypertension

A total of 17,976 hypertensives were available for
analyses of the progression of hypertension. Com-
pared with those in the lowest quartile of the TPA
group, hypertensive patients in the highest quartile
had a significantly lower risk of the progression of
hypertension, with the adjusted OR (95% CI) of 0.87
(0.79-0.95) (Figure 2). When stratified according to
hypertension grade, the highest quartile of TPA was
associated with a 15% (OR = 0.85; 95% CI: 0.76—0.95)
and 19% (OR = 0.81; 95% CI: 0.66—0.98) lower risk of
progression for stage 1 hypertensive patients and
stage 2 hypertensive patients, respectively.

High levels of the TPA also had a protective ef-
fect on hypertension remission among hypertens-
ive patients (Figure 2). Compared with patients in
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the lowest quartile, those in the highest quartile had
a17% (OR =1.17; 95% CI: 1.05-1.29) higher probab-
ility of hypertension remission, and the effect was
more pronounced among stage 1 hypertensive pa-
tients (OR = 1.22; 95% CI: 1.08-1.38). The protective
effects of the TPA levels did not achieve statistical
significance (OR = 1.17; 95% CI: 0.97-1.41) among
stage 2/3 hypertensive patients.

Sensitivity analyses with exclusion of parti-
cipants receiving antihypertensive agents during
follow-up did not materially change the results
(supplemental Figure 1S).

Changes in TPA and Hypertension

Among 4,971 normotensives in the China MUCA-
1998 and InterASIA cohorts, a total of 734 (14.77%)
participants became active and 729 (14.67%) be-
came sedentary between baseline and the first fol-
low-up survey (Table 3). Compared with parti-
cipants who were sedentary at both visits, sedent-
ary participants had significantly reduced risk of in-
cident hypertension (HR = 0.75; 95% CI: 0.58—0.96)
when they became active, whereas participants who
stayed active during two visits had a 25% decrease
in incident hypertension (HR = 0.75; 95% CI: 0.60—
0.95). We also observed that those being a high level
of TPA at the baseline but becoming sedentary at
the follow-up period, did not achieve benefit from
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Table 2 Hazard ratios of incident hypertension according to quartiles of total physical activity.

Vel LR e L) L) e
Cases 3,519 3,228 2,699 2,765 -
Person-years 103,172.97 101,592.40 93,965.42 95,306.86 -
Incidence rate (per 1000 person-years) 34.10 31.77 28.72 29.01 -
HR (95% CI)
Model 1 1.00 1.01 (0.96-1.06)  0.86 (0.81-0.91)**  0.80 (0.76-0.84)** <0.001
Model 2 1.00 1.01 (0.96-1.06)  0.87 (0.82-0.92)**  0.80 (0.76—-0.85)** <0.001
Model 3 1.00 1.01 (0.96-1.06)  0.86 (0.81-0.91)**  0.81 (0.77-0.86)** <0.001

Model 1: adjusted for age, gender, BMI, region, and area. Model 2: adjusted for covariates in model 1 plus educational level, smoking
status, alcohol drinking status, blood glucose level and total cholesterol level. Model 3: adjusted for covariates in model 2 plus baseline
SBP. **P < 0.001 vs. the quartile 1 group.

No. of events/Total No. OR (95% CI) OR (95% CI) P-value
Progression 9,488/17,976
Overall
Q1 2,340/4,250 u 1.00
Q2 2,484 /4,434 —— 1.05 (0.96-1.15) 0.254
Q3 2,262/4,284 —:-— 1.02 (0.93-1.12) 0.735
Q4 2,402/5,008 . 0.87 (0.79-0.95) 0.002
Stage 1 hypertension i
Q1 1,485/2,838 " 1.00
Q2 1,692/3,242 —:-— 1.01 (0.91-1.13) 0.797
Q3 1,508/3,126 —= 0.98 (0.87-1.09) 0.677
Q4 1,568/3,576 —a i 0.85 (0.76—0.95) 0.004
Stage 2 hypertension i
Q1 620/1,010 [ 1.00
Q2 604/928 — 1.06 (0.87-1.29) 0.592
Q3 555/868 — 1.04 (0.84-1.27)  0.742
Q4 623/1,078 — 0.81 (0.66-0.98) 0.031
0.5 1.0 2.0
Remission 4,710/17,976
Overall
Q1 997/4,250 . 1.00
Q2 1,100/4,434 —o— 0.98 (0.86-1.06) 0.424
Q3 1,151/4,284 —:-— 1.02 (0.92-1.13) 0.714
Q4 1,462/5,008 [ 1.17 (1.05-1.29) 0.003
Stage 1 hypertension 3
Q1 640/2,838 . 1.00
Q2 829/3,242 —‘:—-— 1.02 (0.90-1.16) 0.744
Q3 870/3,126 e 1.09 (0.96-1.24) 0.184
Q4 1,063/3,576 -f—-— 1.22 (1.08-1.38) 0.002
Stage 2/3 hypertension 3
Q1 357/1,412 . 1.00
Q2 271/1,192 — 0.88 (0.72-1.06) 0.174
Q3 281/1,158 + 0.94 (0.78-1.15) 0.572
Q4 399/1,432 — 1.17 (0.97-1.41) 0.095
0.5 1.0 2.0

Figure 2 Odd ratios (95% CI) of progression and remission of hypertension among hypertensive participants according to quart-
iles of total physical activity. Model adjusted for age, gender, BMI, region, area, educational level, smoking status, alcohol drinking
status, blood glucose level, total cholesterol level and baseline SBP. Q1: < 25t percentile; Q2: 25t 50t percentile; Q3: 50th-75% percentile;
Q4: >75™ percentile. BMI: body mass index; SBP: systolic blood pressure.

initially being active (HR = 0.98; 95% CI: 0.77-1.25). ent hypertension, both becoming active (OR = 1.23;
Similar to the effect of changes in TPA on incid-  95% CI: 0.84-1.80) and staying active (OR = 1.32;
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Table 3 Hazard ratios of incident hypertension according to changes in total physical activity.

Variables Stay?;i Siggltary Bec&n;e;;give Becal(t;ef;éige)ntary St(agid:;%;tg)ve
Cases 122 180 205 753
Person-years 2,566.72 4,125.83 3,834.62 16,250.84
Incidence rate (per 1000 person-years) 47.53 43.63 53.46 46.34
HR (95% CI)
Model 1 1.00 0.69 (0.54-0.88)** 0.96 (0.76-1.21) 0.73 (0.59-0.92)**
Model 2 1.00 0.73 (0.57-0.94)* 0.96 (0.75-1.22) 0.71 (0.56-0.89)**
Model 3 1.00 0.75 (0.58-0.96)* 0.98 (0.77-1.25) 0.75 (0.60-0.95)*

Model 1: adf'usted for age, gender, BMI, region, area, and baseline total MET. Model 2: adjusted for covariates in model 1 plus
educational level, smoking status, alcohol drinking status, blood glucose level, total cholesterol level. Model 3: adjusted for covariates
in model 2 plus baseline SBP. *P < 0.05 vs. the stayed sedentary group. **P < 0.01 vs. the stayed sedentary group. BMI: body mass

index; MET: metabolic equivalents; SBP: systolic blood pressure.

95% CI: 0.92-1.90) among hypertensives showed a
higher probability of hypertension remission, al-
though these findings did not reach significance
due to the insufficient sample size (supplemental
Figure 2S). We did not observe the significant pro-
tective effects of staying active (OR = 0.84; 95% CI:
0.59-1.19) and becoming active (OR = 0.97; 95% CI:
0.67-1.39) on the risk of progression among hyper-
tensives. Sensitivity analysis excluding participants
receiving antihypertensive agents during follow-up
showed similar associations (supplemental Figure 35).

DISCUSSION

In this large-scale prospective cohort study, we
comprehensively examined the health benefits of
TPA and its changes for the incidence, progression,
and remission of hypertension. This study provided
evidence that increased TPA levels could reduce the
risk of incident hypertension among normotensives,
and higher levels of the TPA could ameliorate hy-
pertension among hypertensives. Moreover, get-
ting active from a sedentary lifestyle rather than be-
coming sedentary from physically active reduced
the risks of incident hypertension among nor-
motensives. These results are of great public health
significance and will allow us to conduct prevent-
ive interventions among the population.

Hypertension, an essential public-health chal-
lenge worldwide, remains inadequately controlled,”"”
and PA was regarded as the nonpharmacological
intervention for the prevention of hypertension in
the guidelines."**" Using the TPA, which integ-
rated both the intensity and duration of PA and
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provided comprehensive information on daily
activities, the current study confirmed the health
benefits of increased TPA on the prevention of in-
cident hypertension among normotensives. We ob-
served the reduction in risks of incident hyperten-
sion in the third and the highest quartiles of TPA
(more than 36 MET-h/day for males and 32
MET-h/day for females, corresponding to about 1 h
of walking per day in addition to moderate-intens-
ity occupational activities such as police, tailor, and
baker). Be consistent with our findings, a prospect-
ive study in Japan suggested that increased daily
life activity (more than 33.3 MET-h/day) was effect-
ive for the prevention of hypertension.”"’ Another
prospective study in Finland also observed the pro-
tective effects of TPA on developing hypertension
though the TPA was not quantified.”” However,
the Trondelag Health Study (HUNT), a longitudin-
al study including 26,539 participants in Norway
did not observe statistically significant associations
between the TPA and incident hypertension.” The
controversial results might be due to the different
methods of the TPA calculation. A weighted sum-
mary score of frequency, duration, and intensity of
PA was used to assess the TPA in the HUNT Study,
while the current study used the overall MET
levels, which was more accurate because MET is an
index of energy expenditure that quantifies the total
amount of PA performed in a standardized manner
across individuals and types of activities."
Additionally, our results showed that a higher
level of the TPA could reduce the risk of progres-
sion of hypertension and increase the probability of
hypertension remission for hypertensives. The pos-
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sible mechanisms of the antihypertensive effects in-
cluded the reduction of vascular resistance, cardiac
output, sympathetic nervous activity, plasma nore-
pinephrine level and adiposity, and the improve-
ment of insulin sensitivity, endothelial function,
and energy balance. " The current guidelines
from the European Society of Cardiology (ESC) pre-
scribed a higher level of moderate-intensity PA for
hypertensive individuals compared with the recom-
mendations for healthy individuals.” Consistently,
in the current study, the TPA level (the highest
quartile, more than 56 MET-h/day for males and 48
MET-h/day for females) that hypertensive patients
could achieve benefit from was higher than that for
normotensives (the third quartile of TPA level)
(supplemental material, Table 1S). Moreover, the
protective effects of TPA on remission of hyperten-
sion did not reach significance among participants
with stage 2/3 hypertension. This result supported
the Scientific Statement from the American Heart
Association (AHA), which recommended that PA
combined with other nonpharmacological methods
and antihypertensive medications were prescribed
for patients with stage 2/3 hypertension.™ Further
investigation is warranted to determine the appro-
priate intensity and duration of PA for participants
with different BP levels.

Changes in TPA have been related to cardiovas-
cular diseases and cardiometabolic risk factors,® !
however, the effects of changes in the TPA on incid-
ent hypertension and progression/remission of hy-
pertension are less known. Our results provided
novel evidence that maintaining high TPA levels as
well as getting active from a sedentary lifestyle dur-
ing the follow-up period were associated with a
lower risk of developing hypertension in the Chinese
population. The Finnish Public Sector Study, in-
cluding 15,634 cardio-metabolically healthy parti-
cipants, found that there was a potential trend to-
wards lower incident hypertension with increasing
leisure-time and commuting PA over time, however,
no significant association was found (OR = 0.70;
95% CI: 0.47-1.05).P" Our study suggested that the
TPA might take precedence over leisure-time PA
with regard to the prevention of hypertension.
More importantly, we did not found a sustained
legacy effect of TPA among those being a high level
of TPA at the baseline but becoming sedentary at
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the follow-up, which emphasized the importance of
adherence to a physically active lifestyle in hyper-
tension prevention. The evidence on the effects of
changes in TPA on hypertension was limited in the
current guidelines."**** We recommended that be-
coming and staying active could reduce the risk of
developing hypertension for normotensives. With
regard to hypertensive patients, we provided clues
to the health benefits from changes in TPA to the
progression and remission of hypertension, though
the protective effects of increasing TPA levels and
maintaining high levels of TPA in the follow-up
period on progression and remission of hyperten-
sion did not achieve statistical significance due to
the insufficient sample size. Further research in
large populations was needed to confirm the results.

The current study investigated the effects of the
TPA and the changes in TPA on incident hyperten-
sion and progression/remission of hypertension
based on nationwide ongoing large cohorts in
China, with a high follow-up rate of 92.79%, and us-
ing the standardized questionnaire and review pro-
cess across different cohorts. However, several lim-
itations of the current study should be noted. First,
since the TPA information was self-reported,
memory bias was inevitable. Secondly, the time
spent on specific activity was not available, and it
was insufficient for us to calculate the total MET by
MET values of the specific activity. Thirdly, the
speed of progression and remission of hyperten-
sion was not analyzed in the current study due to
the insufficient sample size. Finally, reverse causal-
ity might be another potential bias. The TPA levels
were affected by the participants” health conditions.
However, participants with ASCVD at the baseline
were excluded, and excluding new-onset hyperten-
sion within one year after recruitment did not con-
siderably alter the results.

In summary, the current study advanced our un-
derstanding of the health benefits from TPA and its
changes in both normotensives and hypertensives.
We highlighted the importance of increased TPA in
hypertension prevention among normotensives.
Higher TPA levels could effectively ameliorate hy-
pertension for hypertensives, whereas for patients
with stage 2/3 hypertension, TPA combined with
other nonpharmacological or pharmacological
methods should be recommended. Importantly,
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getting active from a sedentary lifestyle during the
follow-up period could reduce the risk of incident
hypertension, while the protective effect was not
observed among those giving up a physically act-
ive lifestyle. Our findings highlight that PA inter-
vention is an important component of strategies for
both primary and secondary prevention of hyper-
tension. Considering the increasing tendency to-
ward a sedentary lifestyle, greater efforts are
needed to implement a national fitness program to
reduce the increasing burden of hypertension.
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