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Abstract

Background: Physical activity (PA) is generally encouraged. Studies from developed countries in the West have shown that maintenance of ade-
quate PA or increasing PA are associated with lower mortality risk. It is unclear whether these associations apply to an older Chinese population.
Hence, we examined the changes in PA prospectively among a middle-aged and older Chinese population over an average of 4 years and
explored their subsequent mortality risks.

Methods: Metabolic equivalent scores of PA among participants in the Guangzhou Biobank Cohort Study were calculated. Participants were
divided into 3 groups related to PA level, and changes in PA were classified into 9 categories. Information on vital status and causes of death
from March 2008 to December 2012 (the first repeated examination) until December 31, 2017, was obtained via record linkage with the Death
Registry.

Results: Of 18,104 participants aged 61.21 & 6.85 years (mean £ SD), 1461 deaths occurred within 141,417 person-years. Compared to partici-
pants who maintained moderate PA, those who decreased PA from moderate or high levels to a low level had increased risks for all-cause mortal-
ity (hazard ratio (HR) = 1.47, 95% confidence interval (95%CI): 1.11—1.96). Participants who maintained a high level of PA (HR = 0.83, 95%CI:
0.70—0.98) or increased PA from low to high levels (HR =0.71, 95%CI: 0.52—0.97) showed lower all-cause mortality risks. Those who main-
tained low PA levels showed a higher all-cause mortality risk, whereas those who increased their PA levels showed a non-significantly lower
risk. Similar results were found for cardiovascular disease risk.

Conclusion: Even at an older age, maintaining a high PA level or increasing PA from low to high levels results in lower mortality risks, suggest-
ing that substantial health benefits might be achieved by maintaining or increasing engagement in adequate levels of PA. The increased risk of
maintaining a low PA level or decreasing PA to a low level warrants the attention of public health officials and clinicians.

Keywords: All-cause mortality; Cardiovascular disease mortality; Change in physical activity

1. Introduction World Health Organization' recommend at least 150 min of
moderate-intensity aerobic PA, 75 min of vigorous-intensity aer-
obic PA, or an equivalent combination of the two each week.
Prospective studies have shown that higher baseline PA was
associated with lower risks of all-cause mortality,” ® cardiovas-
cular disease (CVD),”™”' and cancer mortality.™'""'* However,
because PA might have changed during follow-up, effects of PA
I on long-term health using information assessed at a single point
Peer review under responsibility of Shanghai University of Sport. in time at baseline may be diluted or inflated due to misclassifi-

* Corresponding authors. cation of PA exposure. Assessment of changes in PA during

E-mail add . xulin27@mail.sysu.edu.cn (L. Xu), zwsgzen@163.com . e .
mail addresses: xulin2]@mail sysu.edu.cn ), zwsgzen@l6 follow-up might partly overcome this limitation.
(W. Zhang).

Physical inactivity is one of the leading risk factors for
mortality.' The 2017 Global Burden of Diseases report estimated
that 1.26 million premature deaths and 23.7 million disability-
adjusted life-years worldwide were attributable to low physical
activity (PA).” Current guidelines in the US,” UK," and
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Changes in physical activity and mortality

Previous studies consistently have shown that maintenance
of adequate PA or increasing PA was associated with a lower
risk of mortality.'”'” However, most of these studies focused
mainly on leisure time PA,'*'®"'” which constitutes a rela-
tively small part of total PA. Moreover, these studies were
mainly from developed countries in the West. Generalization
of their results to contemporary populations or to populations
in low- and middle-income countries (e.g., China) might be
problematic because of differing social, cultural, and epidemi-
ological patterns.

Hence, we examined the changes in PA from baseline to
follow-up prospectively over an average of 4 years among par-
ticipants in the Guangzhou Biobank Cohort Study (GBCS) and
explored their subsequent mortality risks. Moreover, we
explored interactions between their PA changes and potential
effect modifiers, such as sex and baseline obesity status. We
hypothesized that maintaining a high level of PA or increasing
the PA level would be associated with a lower risk of mortal-
ity, whereas maintaining a low level of PA or decreasing PA
from a moderate or high level to a low level would be associ-
ated with an increased risk of mortality.

2. Methods
2.1. Study subjects

The GBCS examined the baseline characteristics of 30,430
participants from 2003 to 2008. The Guangzhou Medical
Ethics Committee of the Chinese Medical Association
approved the study, and all participants gave written, informed
consent before participation. All surviving participants were
invited to the follow-up (the first repeated examination) from
March 2008 to December 2012. Details of the GBCS baseline
and some results from follow-up examinations have been
reported previously.”’ >

Briefly, the GBCS is a 3-way collaboration among the
Guangzhou 12th Hospital, the University of Hong Kong in
China, and the University of Birmingham in the UK. Partici-
pants were recruited from The Guangzhou Health and Happi-
ness Association for the Respectable Elders, a community
social and welfare organization. The Guangzhou Health and
Happiness Association for the Respectable Elders is unoffi-
cially aligned with the municipal government and has branches
in all 10 districts of Guangzhou. Membership is open to per-
manent residents of Guangzhou aged 50 years or older for a
nominal fee of 4 RMB (about 50 US cents) per month. The
members of the Guangzhou Health and Happiness Association
for the Respectable Elders make up about 7% of Guangzhou
residents in this age group.

2.2. Sociodemographic and health variables

The examinations of socio demographic and health varia-
bles were conducted in the Guangzhou 12th Hospital, includ-
ing a face-to-face, computer-based interview by trained
interviewers who assessed anthropomorphic and clinical
parameters. Covariates included sex, age (years, as continu-
ous), education (primary, middle school, or college),
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occupation (manual, non-manual, or others), personal income
(<10,000 RMB/year, 10,000—<15,000 RMB/year, >15,000
RMB/year or not known; 1 US dollar ~ 8 RMB), alcohol use
(never, former, or current user), smoking (never, former, or
current smoker), and self-rated health (very good, good, poor,
or very poor) at baseline.

2.3. PA and change in PA

At the baseline and first follow-up examinations, PA was
assessed by the Chinese Version of the International Physical
Activity Questionnaire, which has been validated for Chinese
adults.”* Information on the frequency and duration of walk-
ing; all vigorous and moderate activities lasting at least
10 min, including occupation or housework, transportation and
leisure time; and time spent in sedentary activity (sitting and
lying awake) were assessed. The reported minutes per week in
each type of activity were weighted by a metabolic equivalent
of the task (MET) based on its energy expenditure. Specifi-
cally, 1.0 MET was assigned for sitting, 3.3 METSs for walking,
4.0 METs for moderate activity, and 8.0 METs for vigorous
activity. The data were then converted to metabolic equivalent
scores (MET-min/week). PA levels at baseline and follow-
up were classified into 3 categories in ascending order (i.e.,
low, moderate, and high), and the changes in PA were classified
into 9 categories (i.e., low—low, low—moderate, low—high,
moderate—low, moderate—moderate, moderate—high, high—low,
high—moderate, and high—high) within the 3 groups of baseline
PA levels. Because of the small number of sub-categories in the
9 categories above, pooled analysis was conducted. Specifically,
decreasing PA to a low level included moderate—low and
high—low and increasing PA included low—moderate, low—high,
and moderate—high.

The specific classification criteria for PA levels at baseline
and follow-up are as follows. The low category was the lowest
level of PA; individuals who did not meet the criteria for mod-
erate or high categories were classified as having a low PA
level. The moderate category was defined as weekly vigorous
activity at least 3 days/week and achieving 480 MET-min/week,
or any combination of walking, moderate or vigorous activities
at least 5 days/week and achieving at least 600 MET-min/week.
The high category was defined as weekly vigorous activity at
least 3 days/week and achieving at least 1500 MET-min/week,
or moderate activity 7 days/week and achieving at least 3000
MET-min/week.

2.4. Mortality

Information on the underlying causes of deaths up to
December 2017 was obtained via record linkage with the
Death Registry of the Guangzhou Centre for Disease Control
and Prevention. Causes of death were coded by trained medi-
cal staff in each hospital according to the 10th revision of the
International Classification of Diseases. When the death cer-
tificates were not issued by medical institutions (and hence
might introduce a quality issue with the coding), the causes of
death were verified by the Guangzhou Centre for Disease Con-
trol and Prevention as part of its quality assurance
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programmed by cross-checking past medical history and con-
ducting a verbal autopsy. In addition, verbal autopsy meetings
were conducted in the Guangzhou 12th Hospital to further
clarify the deaths from unclear causes. A physician panel
including 5 chief physicians from various disciplines reviewed
all available medical records of the same individuals and
assigned in a standard manner a cause of death, with assistance
of an epidemiologist for unsettled cases.”” In this study, we
analyzed mortality from all-cause and CVD.

2.5. Statistical analysis

The Pearson x* test and one-way analysis of variance were
used to compare baseline characteristics of categories accord-
ing to PA change. Cox regression was used to assess associa-
tions of PA change with all-cause and CVD mortality, with
crude and adjusted hazard ratios (HRs) and 95% confidence
intervals (95%Cls). The study period used in the calculation of
person-years started from the first follow-up examination. To
test the proportional hazards assumption, Schoenfeld residuals
were used, and the assumption was met (p from 0.45 to 0.97).
To reduce reverse causality or confounding bias due to under-
lying illnesses, we conducted sensitivity analyses by excluding
participants who reported poor health status or had a history of
hard CVD (self-reported stroke, myocardial infarction, or cor-
onary heart disease)’® at baseline, and those who died within
the first 3 years. Poor health status at baseline was defined by
the presence of any of the following: (1) regular use of medica-
tion for chronic diseases, such as diabetes, hypercholesterol-
emia, or CVD; (2) any hospital admission in the past 6 months
before baseline examination; (3) self-reported CVD history; or
(4) self-reported cancer history.”’ Participants who died of any
other causes were regarded as censored at the date of
death.”®*” To explore potential effect modification, we also
checked for interactions between PA changes and potential
effect modifiers including sex and baseline obesity status. We
used the Chinese-specific body mass index (BMI) cut-offs rec-
ommended by World Health Organization. Underweight was
defined as BMI < 18.5 kg/m?; normal, 18.5 kg/m* < BMI <
25.0 kg/m?; overweight, 25.0 kg/m* < BMI < 27.5 kg/m?;
obese BMI > 27.5 kg/m?.*’ Because marginally significant
interaction was found for PA changes and baseline obesity sta-
tus (p =0.05), we conducted stratification analyses by baseline
obesity status. No evidence for sex interaction (p =0.72) was
found. All analyses were performed using STATA (Version
14.0; Stata Corp., College Station, TX, USA). All p values
were 2-sided, and statistical significance was defined as p <
0.05.

3. Results

Of the 30,430 participants at baseline, 12,326 did not return
for the first repeated examination including 384 were excluded
because of loss to follow-up with unknown vital status, giving
18,104 participants (13,178 women and 4926 men) aged 61.21
=+ 6.85 years (mean + SD) in the present analysis. During the
average follow-up of 7.8 + 1.5 years, 1461 deaths (777
women, 53.2%; and 684 men, 46.8%) were recorded from the

Y. Huang et al.

first repeated examination between 2008 and 2012 and Decem-
ber 2017.

Table 1 shows that, during baseline and the first repeated
examination, most of participants (41.98%) maintained high
PA, 29.78% increased PA from moderate to high, and 0.06%
maintained a low level of PA. The moderate—moderate cate-
gory was used as the reference in the subsequent analyses. Due
to the small sample size of the low—low category (n=11),
we did not compare them with the others. Participants in the
moderate—moderate and moderate—low categories were
older, while those in the low—high category were younger.
Moderate—moderate and low—moderate categories had more
men. Those in the high—low category had lower socioeco-
nomic position (indicated by low education, manual occupa-
tion, and low family and personal income). Those in the
high—high category had a highest prevalence of current alco-
hol use, while the moderate—moderate category had a highest
proportion of current smoking. The high—low category had
a highest prevalence of good self-rated health, while the
low—moderate category had more participants reporting good
objective health (all p < 0.001).

3.1. Change in PA and mortality

Table 2 and Fig. 1 show mortality risks in the 9 categories
under the 3 groups of baseline PA level. For all-cause mor-
tality, compared to the moderate—moderate category, after
adjusting for sex, age, education, occupation, personal
income, alcohol use, smoking status, and self-rated health,
those who decreased PA to a low level showed a higher
risk (HR=1.47, 95%CI: 1.11—-1.96). Specifically, the
moderate—low (HR=1.54, 95%CI: 1.05—2.26) and the
high—low (HR=1.41, 95%CI: 0.97—-2.06) categories
showed increased risks. However, the high—high category
had a lower risk (HR =0.83, 95%CI: 0.70—0.98). Moreover,
the low—low category showed the highest mortality risk
(HR=2.08, 95%CI: 0.51—8.40). Increasing PA showed a
lower risk (HR=0.87, 95%CI: 0.74—1.03), which was similar
to the high—high category. Specifically, the low—moderate,
low—high, and moderate—high categories consistently showed
lower mortality risks (HR=0.88, 95%CI: 0.59—1.33;
HR=0.71, 95%CI: 0.52—0.97, HR =0.90, 95%CI: 0.76—1.07;
respectively), although some of the adjusted HRs were not
statistically significant. As expected, the associations in the
low—high (i.e., increasing low PA to a high level) category
were more pronounced than in the low—moderate category (i.e.,
increasing low PA to a moderate level).

For CVD mortality, the results were similar. Compared
to the moderate—moderate category, those who decreased
PA to a low level showed higher risk (HR=1.69,
95%CI: 1.08—2.64). The risks in the low—low, modera-
te—low, and high—low categories also showed higher mor-
tality risks (HR=6.53, 95%CIL: 1.58-26.91; HR=2.19,
95%CI: 1.28—-3.78; HR=1.26, 95%CI: 0.67—2.39). More-
over, the high—high category showed a non-significantly
lower risk (HR =0.82, 95%CI: 0.62—1.08). Increasing PA
level (low—moderate, low—high, and moderate—high)



Table 1

Baseline characteristics of 18,104 participants aged 50+ in the Guangzhou Biobank Cohort Study first examined in 2003—2008 and followed up to December 2017.
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Personal income (<10,000 RMB/year, %) 27.27

Current alcohol user (%)

Family income (<30,000 RMB/year, %)
Current smoker (%)

Baseline metabolic equivalent score

Education (% primary or below)
Occupation (manual, %)
Self-rated health (good, %)
Objective health status (good, %)
(MET-min/week)"

n (row %)
Age (year)"
Sex (% men)

7218.95 £3035.37 6031.39 +3471.50 <0.001

2062.40 £ 718.45

2026.76 & 759.40  6911.43 £3113.57 556.29 + 833.82

478.90 £227.42 2073.55+£765.66 7351.02 4 3249.04 623.93 £ 111691

Follow-up metabolic equivalent score

(MET-min/week)”

Notes: 1 RMB =2 12.5 US cents, 1 US dollar &~ 8 RMB. The percentages are rounded to retain 2 decimal places, so the sum may not equal to 100%.

? Data are presented as mean + SD.

Abbreviations: MET

physical activity.

metabolic equivalent of the task; PA =
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consistently showed lower mortality risks, although the
results were not statistically significant (HR=0.87,
95%CI: 0.43—1.73; HR=0.76, 95%CI: 0.45—1.28; HR=
0.83, 95%CI: 0.62—1.11) (pooled HR=0.83, 95%CI:
0.62—1.09).

Supplementary Tables 1 and 2 show that, after excluding
those with poor health or with a hard CVD history at baseline,
the HRs of all-cause and CVD mortality in those who
decreased PA (moderate—low and high—low) were attenuated
to non-significant, although the trends did not vary substan-
tially. Furthermore, the results remained the same after exclud-
ing deaths within the first 3 years (Supplementary Table 3).

3.2. Stratification analyses by baseline BMI status

Table 3 and Fig. 2 show that among participants who were
underweight, compared to the moderate—moderate category,
the high—high category had a 67% lower risk of all-cause mor-
tality (HR =0.33, 95%CI: 0.15—0.69). In participants who had
normal weight, the high—low category showed a 64% higher
risk of all-cause mortality (HR =1.64, 95% CI: 1.01—-2.64). In
the overweight or obesity category, the moderate—low cate-
gory was associated with more than a 2-fold risk of all-cause
mortality (HR =2.26, 95%CI: 1.27—4.02). Although the mag-
nitude of the risks for the 2 pooled categories (i.e., the
“increase” and the “decrease to low” categories) varied by dif-
ferent baseline obesity status, the directions of the associations
were consistent, showing that those who decreased PA to a
low level showed an increased all-cause mortality risk,
whereas those who increased PA showed a lower all-cause
mortality risk.

4. Discussion

To our knowledge, this study is the first to examine the
association between PA change and mortality in Asia. We
found that compared to participants maintaining moderate PA,
those who maintained high PA or increased PA (especially
from low to high) showed lower risks of all-cause and CVD
mortality. Although the adjusted HRs for participants with
increasing PA were not statistically significant, the trend was
toward a lower mortality risk. By contrast, those who main-
tained low PA or decreased PA to a low level showed
increased risks for all-cause and CVD mortality. Our results
indicate that in middle-aged and older people regardless of
baseline obesity status, consistent engagement in adequate PA
or increasing PA would be beneficial, whereas individuals
maintaining low PA or decreasing PA to a low level would
have higher risks of all-cause and CVD mortality.

Maintaining high PA was associated with a lower mortality
risk, while, interestingly, the benefit of increasing PA was sim-
ilar. These findings are in line with some previous cohort stud-
ies in Western countries.'?'""!%*! 3¢ For example, a study of
315,059 participants aged 50—71 years from the National
Institutes of Health-AARP (formerly the American Associa-
tion of Retired Persons) Diet and Health Study showed that
maintaining higher leisure time PA levels and increasing lei-
sure time PA in later adulthood were associated with a low
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Table 2
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HRs for all-cause and CVD mortality by changes in PA from 2003 to 2008 (baseline) to 2012 (first repeated examination), and followed up for mortality until
December 2017 in 18,104 participants of the Guangzhou Biobank Cohort Study.

Change in PA Deaths/person-years (1) Mortality rate (per Crude HR (95%CT) AHR" (95%CI)
1000 person-years)
All-cause
Low—low 2/83.48 23.96 1.66 (0.41—-6.70) 2.08 (0.51-8.40)
Low—moderate 26/2512.70 10.35 0.70 (0.46—1.05) 0.88 (0.59—1.33)
Low—high 54/8697.42 6.21 0.44 (0.33—0.59)*** 0.71 (0.52—0.97)*
Moderate—low 30/1368.80 21.92 1.36 (0.92—1.99) 1.54 (1.05-2.26)*
Moderate—moderate 203/13,220.90 15.35 Ref. Ref.
Moderate—high 430/41,821.73 10.28 0.71 (0.60—0.83)*** 0.90 (0.76—1.07)
High—low 32/1669.26 19.17 1.18 (0.81—1.71) 1.41 (0.97—2.06)
High—moderate 168/13,293.67 12.64 0.81 (0.66—0.99)* 0.93 (0.76—1.15)
High—high 516/58,748.58 8.78 0.60 (0.51—0.71)*** 0.83 (0.70—0.98)*
Increase” 510/53,031.85 9.62 0.66 (0.56—0.78)*** 0.87 (0.74—1.03)
Decrease to low* 62/3038.06 20.41 1.26 (0.95—1.67) 1.47 (1.11-1.96)**
CVD
Low—low 2/83.48 23.96 4.79 (1.17—-19.51)* 6.53 (1.58—26.91)**
Low—moderate 9/2512.70 3.58 0.69 (0.35—1.38) 0.87 (0.43—1.73)
Low—high 18/8697.42 2.07 0.42 (0.25—0.71)** 0.76 (0.45—1.28)
Moderate—low 16/1368.80 11.69 1.95 (1.13-3.35)* 2.19 (1.28-3.78)**
Moderate—moderate 73/13,220.90 5.52 Ref. Ref.
Moderate—high 139/41,821.73 332 0.65 (0.49—0.86)** 0.83 (0.62—1.11)
High—low 11/1669.26 6.59 1.08 (0.57—2.04) 1.26 (0.67—2.39)
High—moderate 64/13,293.67 4.81 0.84 (0.60—1.18) 0.97 (0.69—1.36)
High—high 178/58,748.58 3.03 0.59 (0.45—0.77)*** 0.82 (0.62—1.08)
Increase” 166/53,031.85 3.13 0.62 (0.47—0.81)** 0.83 (0.62—1.09)
Decrease to low* 27/3038.06 8.89 1.47 (0.94-2.29) 1.69 (1.08—-2.64)*

? Adjusted for sex, age, occupation, personal income, education, alcohol use, smoking, and self-rated health.

® Increase: low—moderate, low—high, and moderate—high.
¢ Decrease to low: moderate—low and high—low.

* p < 0.05,** p <0.01, *** p < 0.001, compared with the moderate-moderate category.
Abbreviations: 95%CI=95% confidence interval; AHR = adjusted hazard ratio; CVD = cardiovascular disease; HR =hazard ratio; PA = physical activity; Ref. = reference.

risk of all-cause mortality."> A population-based study in the
UK involving 14,599 participants aged 40—79 years showed
that increasing PA during middle and late life was associated
with substantial longevity gains based on a follow-up of
12.5 years.'* Moreover, the benefits were sustained in all

7.00 T
6.00 T
5.00 T
400 T

Adjusted HR

0

1.41

categories with different baseline obesity status;'*'® the results

were sustained especially for participants who were over-
weight or obese, indicating that most middle-aged and older
people could benefit from a more active lifestyle, regardless of
obesity status.

6.53

m High
= Moderate
Low

Follow-up

Baseline Low Moderate High

All-cause

3.00 +

200 + 1.00 I093 I

ff
I

| |
Low Moderate High
CvVD

Fig. 1. Adjusted HRs for all-cause and CVD mortality by changes in PA from 2003 to 2008 (baseline) to 2012 (first repeated examination), and followed up for
mortality until December 2017 in 18,104 participants of the Guangzhou Biobank Cohort Study. HRs are adjusted for sex, age, occupation, personal income, educa-
tion, alcohol use, smoking, and self-rated health. CVD = cardiovascular disease; HR = hazard ratio; PA = physical activity.
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HRs for all-cause mortality by changes in PA from 2003 to 2008 (baseline) to 2012 (first repeated examination), and followed up for mortality until December
2017 in 18,104 participants of the Guangzhou Biobank Cohort Study, stratified by BMI.

Change in PA Deaths/person-years (1) Mortality rate Crude HR (95%CT) AHR" (95%CI)
(per 1000 person-years)
Underweight
Low—low 0/8.57 0 — —
Low—moderate 1/145.63 6.87 0.25(0.03—1.91) 0.24 (0.03—1.89)
Low—high 3/341.70 8.78 0.34 (0.10—1.15) 0.46 (0.13—1.61)
Moderate—low 5/44.40 112.61 3.79 (1.39—-10.31)** 1.67 (0.53-5.25)
Moderate —moderate 17/579.93 29.31 Ref. Ref.
Moderate—high 22/1668.46 13.19 0.48 (0.25—-0.90)* 0.60 (0.30—1.18)
High—low 2/102.99 19.42 0.62 (0.14—2.70) 0.74 (0.16—3.41)
High—moderate 16/621.58 25.74 0.86 (0.43—1.71) 1.04 (0.51-2.15)
High—high 15/2281.62 6.57 0.23 (0.12—-0.47)*** 0.33(0.15—0.69)**
Increase” 26/2155.79 12.06 0.44 (0.24—0.82)** 0.54 (0.28—1.05)
Decrease to low* 7/147.39 47.62 1.54 (0.64—3.75) 1.18 (0.46—3.08)
Normal
Low—low 1/54.82 18.24 1.27 (0.18—9.08) 1.54 (0.21—-11.08)
Low—moderate 15/1522.94 9.85 0.69 (0.40—1.17) 0.93 (0.54—1.60)
Low—high 34/5296.14 6.42 0.47 (0.32—0.69)** 0.80 (0.54—1.19)
Moderate—low 11/779.99 14.10 0.90 (0.48—1.66) 0.99 (0.53—1.84)
Moderate—moderate 116/7806.85 14.86 Ref. Ref.
Moderate—high 263/26,111.29 10.07 0.72 (0.57—0.89)** 0.94 (0.75—-1.17)
High—low 20/986.39 20.28 1.29 (0.80—2.07) 1.64 (1.01-2.64)*
High—moderate 97/8095.07 11.98 0.79 (0.60—1.04) 0.96 (0.73—-1.27)
High—high 327/37,305.36 8.77 0.62 (0.50—0.77)*** 0.90 (0.72—1.12)
Increase” 312/32,930.37 9.47 0.68 (0.55—0.84)*** 0.92 (0.74—1.14)
Decrease to low* 31/1766.38 17.55 1.11 (0.75—1.66) 1.33(0.89—1.98)
Overweight or obese
Low—low 1/13.98 71.53 5.65 (0.78—40.68) 5.22(0.71-38.26)
Low—moderate 10/828.19 12.07 0.85 (0.44—1.66) 1.00 (0.51—-1.94)
Low—high 17/3028.74 5.61 0.41 (0.24—0.70)** 0.65(0.38—1.12)
Moderate—low 14/544.41 25.72 1.69 (0.95—-2.99) 2.26 (1.27—-4.02)**
Moderate—moderate 70/4794.59 14.60 Ref. Ref.
Moderate—high 144/13,942.58 10.33 0.74 (0.56—0.99) 0.93 (0.70—1.24)
High—low 10/579.88 17.24 1.13(0.58—2.19) 1.24 (0.64—2.41)
High—moderate 55/4558.13 12.07 0.82 (0.57—1.16) 0.90 (0.63—1.28)
High—high 174/19,088.07 9.12 0.65 (0.49—-0.86)** 0.85(0.64—1.12)
Increase” 171/17,799.51 9.61 0.69 (0.53—0.92)* 0.90 (0.68—1.19)
Decrease to low® 24/1124.29 21.35 1.40 (0.88—2.22) 1.68 (1.05—2.68)*

Notes: underweight, BMI <18.5 kg/mz; normal, 18.5 kg/m2 <BMI < 25.0 kg/mz; overweight, 25.0 kg/m2 <BMI <275 kg/mz; obese, BMI > 27.5 kg/mz,

? Adjusted for sex, age, occupation, personal income, education, drinking, smoking, and self-rated health.
® Increase: low—moderate, low—high, and moderate—high.

¢ Decrease to low: moderate—low and high—low.
* p <0.05 ** p <0.01, *** p < 0.001, compared with the moderate-moderate category.
Abbreviations: 95%CI=95% confidence interval; AHR =adjusted hazard ratio, BMI=body mass index; HR =hazard ratio; PA =physical activity;

Ref. =reference.

In our study, the findings that maintaining low PA or
decreasing PA to a low level was associated with increased
mortality risks were also consistent with the findings in other
previous studies.”’”® The Evergreen Project, a study of 357
participants aged 80—85 years, found that maintaining inactiv-
ity and decreasing PA level to inactive during the 5 years after
baseline were associated with a higher mortality risk during a
follow-up 18 years later.’” The Helsinki Health Study analyzed
PA change in 5475 participants 40—60 years old and found
that decreasing PA among aging people was associated with
poorer physical health functioning.*®

Our study extends these findings to a Chinese population
>50 years old. Moreover, in low- to middle-income countries,

including China, leisure time PA constitutes a relatively small
part of total PA, and the benefits of sufficient PA in other
domains (e.g., occupation or housework) might have counter-
acted the adverse effects of the lack of leisure time PA or
accelerated the benefits of leisure time PA. Note that most of
the studies previously cited accounted for leisure time PA
only."*'*!7-193 Hence, our study, which examined an overall
pattern of PA, accounted for occupation or housework, trans-
portation and leisure time, as well as sedentary activity (sitting
and lying awake). Thus, it enabled us to examine the associa-
tion of total PA changes with mortality. Moreover, most of the
previous studies cited assessed the associations of PA changes
with all-cause mortality only.'>'®'®!?*7 However, our study
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Fig. 2. Adjusted hazard ratios (HRs) for all-cause mortality by changes in PA from 2003 to 2008 (baseline) to 2012 (first repeated examination), and followed up
for mortality until December 2017 in 18,104 participants of the Guangzhou Biobank Cohort Study, stratified by BMI. Underweight: BMI <18.5 kg/m?; normal:
18.5 kg/m? < BMI < 25.0 kg/m?; overweight: 25.0 kg/m? < BMI < 27.5 kg/m?; obese: BMI > 27.5 kg/m?. HRs are adjusted for sex, age, occupation, personal
income, education, alcohol use, smoking, and self-rated health. BMI = body mass index; PA = physical activity.

extends this evidence to CVD mortality as well. We identified
only a limited number of studies that examined the association
between PA change and CVD mortality,'”"'***** but the
results of these studies were generally consistent with ours,
showing a potential beneficial effect of maintaining adequate
PA on CVD mortality. Our results showed that even at an older
age consistent adequate PA or increasing engagement in
adequate PA had significant health benefits, whereas main-
taining low PA or decreasing PA to a low level warrants
closer attention.

Some reasons for the protective effect of adequate PA in
old age have been discussed previously. For example, PA has
been shown to be beneficial for cardiorespiratory fitness and
mental health’ by inducing chronic vascular functional adap-
tation and structural arterial remodeling,*' as well as increas-
ing brain volume and improving memory, attention, anxiety,
and depression.”” In addition, maintenance of adequate PA
may also reduce the risks of obesity, falls, osteoporosis, and
muscular weakness,” which all contribute to lower risks of
mortality. Moreover, PA may modulate gene expression
through epigenetic alterations to reduce adverse effects due
to aging.”® However, our results showing that the HRs for
mortality risks due to decreased PA were attenuated in
healthier participants indicated that reverse causality might
have played a role. Decreasing PA could be a warning signal
for underlying diseases, a situation that needs urgent attention
and clinical interventions.

Our study has several strengths, including (1) a large sam-
ple size, (2) the use of the same questionnaire at both examina-
tions, which were, on average, 4 years apart, (3) the use of
computer-assisted face-to-face interviews, and (4) consider-
ation of a wide range of potential confounding factors.

Our study also has some limitations. First, because informa-
tion about PA was collected by self-report using a Chinese ver-
sion of the International Physical Activity Questionnaire,

measurement errors might have affected the precision of the
estimates. Moreover, such measurement errors might lead to a
misclassification of the PA categories; thus, the changes in PA
categories might not correctly reflect the actual changes. How-
ever, because the same questionnaire was used in both baseline
and the repeated examinations, this concern may be partly alle-
viated. Furthermore, the questionnaire has been validated and
has been shown to have satisfactory validity and reliability.”*
Future studies using objective measures of PA, such as wear-
able devices or energy expenditures monitored by app-based
smartphones, may provide more accurate estimates. Second,
the duration of the follow-up may not have been long enough,
so the number of deaths in some categories was small, espe-
cially in the underweight group. Third, because our partici-
pants were >50 years old at baseline, those with very low PA
levels might not have participated in the cohort because of ill-
nesses or because they were less conscious of their health.
Hence, survivor bias might have biased the results toward the
null. Moreover, due to the strong advocacy for national fitness
since the 2008 Olympic Games in Beijing, participants in our
cohort might have had a higher overall level of PA during the
first follow-up examination (2008—2012). But our results
would be most relevant to populations with rapid aging and a
higher overall level of PA. Fourth, women were oversampled
in this study, as they have been in other population-based
elderly cohorts. However, within sex and age group, the partic-
ipants had fairly similar levels of chronic diseases compared to
nationally representative samples of urban Chinese.”” More-
over, we found no evidence for effect modification due to sex
(p=0.72, for sex interaction), indicating that the associations
between changes in PA and the risks of mortality did not vary
by sex. In addition, the results were also adjusted for sex to
minimize its potential confounding effect. Thus, the unbal-
anced sex ratio might not be a major concern in the current
study. Finally, although our results were adjusted for a wide
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range of potential confounding factors, a residual confounding
effect cannot be fully ruled out.

5. Conclusion

Compared to participants maintaining a moderate PA level,
maintenance of high PA and increasing PA from low to high
lowered mortality risks, while maintaining low PA or decreas-
ing PA to a low level increased mortality risks. Our results
show that even at an older age, consistent or increasing
engagement in adequate PA is beneficial, while maintaining
low PA or decreasing PA to a low level might warrant the
attention of public health officials and clinicians.
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