Biomed Environ Sci, 2024; 37(9): 1067-1079 1067

Protocol ES Gl
T

Biomedical and
——"d

Environmental Sciences

Prospective Cohort Investigation on Physical
Activity of Osteoporosis Outcomes (PAOPO) in

Jidong: Objectives, Study Design, and Baseline

Characteristics’

Jingzhi Yang"*, Hao Shen™*, Sicheng Wang™®, Long Bai', Zhen Geng', Yingying Jing', Ke Xu', Yuhe Liu*,
Wengian Wu', Hao Zhang', Yuanwei Zhangz, Zuhao Li’, Chuandong Wangz,

2,4 . 2.4 : 1.2.#
Guangchao Wang™, Xiao Chen™", and Jiacan Su

1. Institute of Translational Medicine, Shanghai University, Shanghai 200444, China; 2. Orthopedic Department of
Xinhua Hospital affiliated to Shanghai Jiaotong University School of Medicine, Shanghai 200092, China;
3. Department of Orthopedics Trauma, Shanghai Zhongye Hospital, Shanghai 200941, China; 4. Clinical Research
Institute, Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200080, China

Abstract

Objective The aim of this study was to investigate the prospective association between physical
activity (PA), independently or in conjunction with other contributing factors, and osteoporosis (OP)
outcomes.

Methods The Physical Activity in Osteoporosis Outcomes (PAOPO) study was a community-based
cohort investigation. A structured questionnaire was used to gather the participants’ sociodemographic
characteristics. Bone mineral density (BMD) measurements were performed to assess OP outcomes, and
the relationship between BMD and OP was evaluated within this cohort.

Results From 2013 to 2014, 8,471 participants aged 18 years and older were recruited from Tangshan,
China’s Jidong community. Based on their PA level, participants were categorized as inactive,
moderately active, or very active. Men showed higher physical exercise levels than women across the
activity groups. BMD was significantly higher in the very active group than in the moderately active and
inactive groups. Individuals aged > 50 years are at a higher risk of developing OP and osteopenia.

Conclusion The PAOPO study offers promising insights into the relationship between PA and OP
outcomes, encouraging the implementation of PA in preventing and managing OP.
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INTRODUCTION

steoporosis (OP) is a serious public
O health concern that continues to rise as
the global population ages. This
condition weakens bone strength and increases the
risk of fractures, particularly in the lumbar spine, hip,
and other skeletal areas'. Sedentary lifestyles and
prolonged periods of inactivity are well-known risk
factors for decreased bone mass, whereas
mechanical loading through exercise has been found
to increase it™?. Previous studies have established a
clear association between a sedentary lifestyle and
an increased likelihood of fractures™. Physical
activity (PA) can mitigate the onset of OP and reduce
fracture risk through two primary mechanisms. First,
PA may enhance bone strength by optimizing bone
mineral density (BMD) and improving bone quality.
Second, PA has the potential to reduce the risk of
falling. More robust evidence exists concerning its
impact on BMD in the lumbar spine than in the hip
region. Programs with higher intensity, multiple
exercises, and resistance training have emerged as
being more effective’®. The 2020 guidelines on PA
and sedentary behavior from the World Health
Organization (WHO) offer comprehensive
recommendations on the appropriate amount of PA
for different age groups. These guidelines also
specify the recommended type of PA for pregnant
and postpartum women, as well as for individuals
with chronic conditions or disabilities”".

In China, nationwide surveys have indicated that
the average overall prevalence of OP ranges from
6.6% to 19.3%. However, its prevalence varies
greatly across studies, regions, sexes, and bone sites.
Surprisingly, no significant difference was observed
between urban and rural areas™. A recent meta-
analysis revealed that OP has a global prevalence of
18.3%. Women had a significantly higher prevalence
(23.1%) than men (11.7%). Africa has the highest
prevalence of OP, at 39.5%". op imposes a
considerable economic burden, as a Bone Health and
Osteoporosis Foundation report indicates. This
report emphasizes the substantial financial and
societal impact of bone fractures associated with OP.
This further suggests that even a modest reduction
in secondary fractures can result in considerable
savings in Medicare Fee-for-Service. Moreover, the
increased implementation of interventions targeting
OP can reduce fractures and generate substantial
cost savings“”. OP has the potential to inflict serious
harm on individuals, manifesting as fractures,
chronic pain, and disability. Specifically, the disease

increases the likelihood of fractures, particularly in
the hip, spine, and wrist™. The pathogenesis of OP is
multifactorial and involves intricate interactions
between genetic, hormonal, and environmental
factors. The underlying molecular mechanisms of OP
are thought to be attributable to the heightened
activity of osteoclasts, reduced activity of
osteoblasts, or both, resulting in an imbalance in the
bone remodeling process characterized by increased
bone resorption and diminished bone formation™.
However, old age, sex, steroid deficiency, lipid
oxidation, decreased PA, use of glucocorticoids, and
a propensity to fall are the most critical determinants
of increased fracture risk.

PA is encouraged to promote bone growth and
maintain bone mass, particularly during healthy
aging. Based on the well-established benefits of PA,
numerous interventions have been developed and
evaluated for preventing and treating op,
Guidelines from various disciplines recommend
incorporating PA into OP management, focusing on
older individuals'. This has led to the release of the
PA and Sedentary Behavior Guidelines for Chinese
People in 2021, addressing the lack of exercise in the
population and providing strategies to promote PA.
However, adherence to these guidelines remains
low, with only 22.4% of adults complying with the
WHO guidelineslls].

Several studies have found that resistance
training is associated with higher BMD compared
with those who do not engage in such training“s]. A
randomized controlled trial (RCT) meta-analysis
further demonstrated that physical fitness programs
can help prevent or reverse bone loss in pre- and
postmenopausal women, specifically in the lumbar
spine and femoral neck™”. Exercise training has also
been shown to reduce the risk and frequency of
falls™®**,

RCTs of PA interventions in adults aged > 40
years have demonstrated that increased PA,
especially during leisure-time or moderate-to-
vigorous activity, is linked to a 1% to 40% decrease in
the risk of hip and overall fractures”””. Researchers
have investigated the efficacy of exercise
interventions in reducing falls among older adults
living in communities. The study evaluated the
impact of various types of exercise as standalone
interventions on fall prevention in individuals aged
60 years and older. The results revealed a significant
23% decrease in the rate of falls (rate ratio: 0.77,
95% confidence interval: 0.71 to 0.83) based on high-
certainty evidence from including 12,981
participants across 59 studies™.
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These findings underscore the importance of
regular exercise for maintaining bone density and
combating OP. However, when investigating the
correlation between PA and OP outcomes,
researchers should consider factors that might not
have been measured, such as blood biochemistry,
BMD, and quality of life.

In light of the limited research on the correlation
between physical exercise and OP, we conducted a
prospective cohort study in China to investigate the
relationship between PA and OP outcomes. We
established the PA in OP Outcomes (PAOPO) study,
which involved a substantial number of sedentary
and moderately to very active men and women. The
primary focus of this study was to examine the
association between PA and the risk of OP while also
considering the impact of other contributing factors
on OP outcomes.

METHODS

Study Design and Participants

The PAOPO study is a large community-based,
prospective, long-term, observational cohort study
conducted in a Chinese population. The aim is to
assess the relationship between PA, either on its
own or in combination with other contributing
factors, and OP outcomes. The study was conducted
according to the principles of the Declaration of
Helsinki and approved by the Ethics Committee of
the Staff Hospital of Jidong Oil Field, China National
Petroleum Corporation (Jidong, China). All
participants provided written informed consent
before participation.

Inclusion criteria: adults > 18 years of age, male
or female, who agreed to provide written informed
consent were enrolled. The exclusion criteria were as
follows: (1) individuals with stroke, transient
ischemic attack, or coronary disease, as determined
by a validated questionnaire at the inception of the
study; (2) those with any observable neurological
impairments related to stroke, as evaluated by
seasoned medical professionals; (3) patients
diagnosed with malignant tumors; and (4)
participants with insufficient data available at the
outset of the study. A flow chart of the cohort
participant recruitment process is shown in Figure 1.

Structured Questionnaire

A structured questionnaire was used to collect
data on various aspects, including sociodemographic
characteristics, menopausal age, hormone

replacement therapy, medical background, dietary
habits, previous PA levels, reproductive and
menstrual history, and psychological state. The
accuracy and consistency of the questionnaire were
assessed before its implementation. Proficient
examiners conducted in-person interviews with
participants using a duly authenticated
questionnaire. Throughout these interviews, the
participants recollected their dietary behaviors
throughout the preceding year with comprehensive
visual aids to appraise portion sizes. To evaluate
dietary nutrient intake, including energy, calcium,
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Figure 1. Flow chart of cohort participant
recruitment of the Physical Activity in
Osteoporosis Outcomes study.
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protein, vitamin D, and assorted micronutrients,
researchers utilized a three-day dietary recall
method. Standardized procedures were followed for
the acquisition of physical measurements. Individual
height was measured barefoot, with a precision of
up to 0.1 cm, while weight was measured wearing
light attire, with a precision of up to 0.1 kg. The
average of three repeated measurements was
calculated and recorded. Body mass index (BMI) was
determined by dividing the weight (kg) by the square
of the height (m).

Sociodemographic Data Aggregation

During enrollment, comprehensive demographic
information was gathered from each participant,
including age, sex, BMI, educational level,
occupational exertion, tobacco use, and alcohol
consumption. Additionally, the presence of
underlying conditions such as hypertension,
diabetes, and hyperlipidemia was meticulously
documented at baseline. Labor intensity was
ascertained through participants’ self-reported
assessments, elucidating the level of physical
exertion encountered during their daily occupational
activities. The classification of hypertension involved
identifying a medical history characterized by arterial
hypertension, concurrent use of antihypertensive
therapies, or manifestation of systolic blood
pressure equal to or greater than 140 mmHg or
diastolic blood pressure equal to or greater than 90
mmHg at the time of data collection. The
characterization of diabetes encompassed the
stipulation of a prior medical diagnosis of diabetes,
use of insulin or oral antidiabetic agents, or fasting
blood glucose levels equal to or exceeding 126
mg/dL at the time of data collection. The
categorization of hyperlipidemia entailed the
establishment of a prior medical diagnosis of
hyperlipidemia, ongoing administration of lipid-
lowering agents, and total cholesterol levels equal to
or exceeding 220 mg/dL, triglyceride levels equal to
or exceeding 150 mg/dL, or low-density lipoprotein
cholesterol levels equal to or exceeding 160 mg/dL

at the time of data collection.
Evaluation of PA

The investigation involved  meticulously
evaluating the participants’ PA levels, employing the
International PA  Questionnaire Short Form
facilitated by adept researchers. The PA levels were
classified into vigorous and moderate categories, as
shown in Table 1. Only instances of PA lasting 10
minutes or more were considered in the analysis. To
assess the changes at baseline, the participants were
stratified into three distinct cohorts based on the
overall weekly duration of their PA. The inactive (IA)
group was characterized by minimal or no physical
exertion or brief durations of less than 10 minutes
for each activity; the moderately active (MA) group
engaged in 80 minutes or less of PA per week; and
the very active (VA) group surpassed 80 minutes per
week of energetic engagementm’m.

Blood Biochemistry Tests

Blood samples were collected from the
antecubital vein after an overnight fast for various
blood biochemistry tests. These tests involved
analyzing blood composition and measuring blood
glucose levels, including fasting blood glucose and
glycosylated hemoglobin levels. The levels of
different fats in the blood, including triglycerides,
total cholesterol, low-density, and high-density
lipoprotein cholesterol, were also evaluated.
Furthermore, indicators of liver function, such as
albumin, alanine transaminase, and aspartate
transaminase, and markers of kidney function, such
as uric acid, blood urea nitrogen, creatinine, creatine
kinase, and creatine kinase-MB were examined.
Blood samples were analyzed at the central
laboratory of the Staff Hospital of the Jidong Qilfield,
which is owned by the China National Petroleum
Corporation.

BMD Measurements

BMD is crucial for diagnosing OP, and the WHO
has established guidelines for using dual-energy X-

Table 1. Physical activity assessment questionnaire

No.

Content

F1

How much time do you spend on physical activity every week?

(Only count physical activity that durated > 10 consecutive minutes each time)

F2  Vigorous intensity physical activity e.g. run, swim, football, basketball, badminton

F3  Moderate intensity physical activity e.g. jog, brisk walk, cycle, Tai Chi, dance

F4 Brake up periods of inactivity: play chess

e.g. watch TV, use computer, read, write, eat,

hrs min per day on average;
days/week hrs min per day on average;
days/week hrs min/week.
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ray absorptiometry (DXA) measurements of the hip
or spine for diagnosis[24]. DXA measures BMD as an
areal density and reports it as a T-score. Peripheral
DXA techniques accurately analyze BMD at the distal
radius and calcaneus while minimizing radiation
exposurelzs]. In clinical practice, OP is diagnosed if
the T-score is equal to or below -2.5 at certain sites
using BMD testing. Osteopenia (ON) occurs when
BMD is lower than normal but not low enough to be
classified as OP”®. In this study, a T-score of -2.5 or
less was considered OP, between -1.0 and -2.5 was
classified as ON, and a T-score within the normal

range was considered normal.
Follow-up and Outcome Assessment

Study participants will undergo annual follow-
ups through in-person interviews during routine
medical examinations until 2034 or the
manifestation of primary outcome events. Annually,
hemoglobin samples, device inspections, and surveys
will be gathered and scrutinized for all participants.
The focal endpoints of significance encompass
cardiovascular incidents, such as myocardial
infarction, acute or chronic ischemic heart disease,
arterial/ventricular  fibrillation, heart failure,
spontaneous (cardiac) death, death caused by
congestive heart failure, or overall mortality.
Ancillary  outcomes include the onset of
hypertension, diabetes, or hyperlipidemia. The
follow-up period will terminate upon the occurrence
of cardiovascular incidents. Nevertheless, individuals
who manifest secondary outcomes will continue
being monitored until the occurrence of
cardiovascular events. Moreover, individuals who do
not encounter cardiovascular events within five
years of diagnosing secondary outcomes shall be
designated as cases subjected to censoring. The
diagnoses of all ailments shall be subject to
independent scrutiny by two medical practitioners.
This scrutiny will be further validated by an impartial
End Points Committee, which obtained approval
from the Project Executive Committee prior to the
commencement of the study.

Statistical Analysis

Data analysis was performed using SPSS (version
22.0; SPSS Inc., Chicago, IL, USA) and SAS software
(version 9.1; SAS Institute, Cary, NC, USA).
Continuous variables adhering to a normal
distribution were elucidated as mean % standard
deviation, whereas variables exhibiting skewed
distribution were articulated as median with
interquartile range. Categorical variables were

expressed as counts with  corresponding
percentages. The requisite statistical analyses,
comprising independent-sample t-tests,
Mann-Whitney U tests, and chi-square (x°) tests,
were employed to juxtapose male and female
cohorts, as well as different groups based on PA
levels. To perform a longitudinal analysis, logistic and
linear regressions will be employed to discern
multivariate associations among the diverse
parameters. Cox multivariate regression analyses will
be undertaken to evaluate the likelihood of
encountering singular or amalgamated endpoint
outcome(s) throughout follow-up. Furthermore,
survival analysis will be employed to compare the
cumulative survival proportions among distinct PA
cohorts. A statistical significance threshold of P <
0.05 will be applied.

RESULTS

Between 2013 and 2014, 9,078 participants aged
18 years and older who willingly consented to
follow-up were enrolled from the Jidong community
in the Caofeidian district of Tangshan City, Hebei
Province, China. Among them, 607 individuals were
excluded because of prior medical conditions such as
coronary heart disease, heart failure, stroke, or
malignant tumors, as well as insufficient baseline
data. As a result, 8,471 participants were considered
eligible and included in the PAOPO study.

The demographic characteristics of the
participants are presented in Table 2. The mean age
of the participants was calculated to be 42.4 years.
Significant differences emerged between men (n =
4,368, 39.7%) and women (n = 4,103, 41.9%), as
women were slightly older (P < 0.01) and had a
lower BMI (P < 0.001) than the men. Most
individuals (96.3%) had educational qualifications at
the junior high school, high school, university, or
higher level.

Concerning income, 1.0% of individuals had a
low-income level below 1,000 RMB, while 36.9% had
an income ranging from 1,000 RMB to 3,000 RMB,
53.2% had an income between 3,000 RMB and 5,000
RMB, and 8.9% had an income above 5,000 RMB.
Notably, income below 3,000 RMB was higher for
women than men, whereas income above 3,000
RMB was higher for men than women. Regarding
sleeping patterns, 9.1% of individuals slept less than
6 hours per day, 52.0% slept 6 to 8 hours per day,
and 38.9% slept approximately 8 to 12 hours per
day. Men slept longer than women, both below 6
hours and in the 6 to 8 hours range. Within the
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Table 2. Demographic data of participants in the PAOPO study

Characteristics Total (N = 8,471) Male (N = 43,68) Female (N = 4,103) P value*

Age, years (range) 42.4(18.11-82.06) 39.7 (18.1-79.9) 41.9 (18.0-82.06) 0.017

BMI, n (%) <0.001
<185 280(3.3) 59 (0.7) 221 (2.6)
18.5-23.9 3,650 (43.1) 1,351 (15.9) 2,299 (27.2)
24.0-27.9 3,128 (36.9) 2,011 (23.7) 1,117 (13.2)
>28.0 1,413 (16.7) 947 (11.2) 466 (5.5)

Education, n (%) <0.001
llliteracy 56 (0.6) 16 (0.2) 40(0.4)

Primary school 262 (3.1) 99 (1.2) 163 (1.9)
Junior high school 1,114 (13.2) 524 (6.2) 590 (7.0)
High school 1,888 (22.3) 874 (10.3) 1,014 (12.0)
University or above 5,151 (60.8) 2,855 (33.7) 2,296 (27.1)

Income, RMB (n, %) <0.001
< 1,000 83(1.0) 37(0.5) 46 (0.5)
1,000-3,000 3,129 (36.9) 1,445 (17.1) 1,684 (19.8)
3,001-5,000 4,503 (53.2) 2,437 (28.8) 2,066 (24.4)
> 5,000 756 (8.9) 449 (5.3) 307 (3.6)

Sleeping time, hours (n, %) <0.001
<6 771(9.1) 351 (4.1) 420 (5.0)

6-8 4,409 (52.0) 2,408 (28.4) 2,001 (23.6)
9-12 3,291 (38.9) 1,609 (19.0) 1,682 (19.9)

Labor intensity, n (%) <0.001

Very light 609 (7.2) 244 (2.9) 365 (4.3)
Light 5,954 (70.3) 2,856 (33.7) 3,098 (36.6)
Moderate 1,577 (18.6) 1,001 (11.8) 576 (6.8)

Heavy 331(3.9) 267 (3.2) 64 (0.7)

Smoking, n (%) <0.001
Never 6,008 (70.9) 1,972 (23.3) 4,036 (47.6)

Current 2,152 (25.4) 2,090 (24.7) 62 (0.7)
Former (quit smoking for less than 12 months) 250 (3.0) 245 (2.9) 5(0.1)
Former (quit smoking for more than 12 months) 61 (0.7) 61 (0.7) 0(0.0)

Alcohol consumption, n (%) <0.001
Never 5,677 (67.0) 1,776 (21.0) 3,901 (46.0)

Less than one standard drink 1,247 (14.7) 1,144 (13.5) 103 (1.2)
More than or equal to one standard drink 1,547 (18.3) 1,448 (17.1) 99 (1.2)

Disease at baseline, n (%)
Hypertension 1,173 (52.4) 725 (32.4) 448 (20.0) < 0.001
Diabetes 389 (17.4) 247 (11.0) 142 (6.4) <0.001
Hyperlipidemia 675 (30.2) 410 (18.3) 265(11.9) <0.001
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Continued
Characteristics Total (N = 8,471) Male (N = 43,68) Female (N = 4,103) P value*
Physical activity, n (%) <0.001
Inactive 3,269 (38.6) 1,666 (19.7) 1,603 (18.9)
Moderately active 3,533 (41.7) 1,804 (21.3) 1,729 (20.4)
Very active 1,669 (19.7) 898 (10.6) 771 (9.1)

Note. " Mann-Whitney U tests; BMI, body mass index.

participant cohort, 7.2% self-reported engaging in
labor tasks of low intensity, whereas 88.9% indicated
involvement in labor tasks of mild-to-moderate
intensity. Conversely, only 3.9% disclosed engaging
in demanding labor tasks. Regarding lifestyle
variables, a significant proportion of individuals
(29.1%) had a history of tobacco use, either as
current or former smokers. In addition, 33% of the
participants acknowledged the consumption of
alcoholic beverages. Men exhibited higher levels of
labor intensity as well as higher rates of smoking and
alcohol consumption compared with women. These
differences were statistically significant (P < 0.001).
Additionally, men had higher incidence rates of
hypertension,  diabetes, and hyperlipidemia
compared with women (P < 0.001). Regarding PA,
38.6% of the participants were classified as I1A, 41.7%
as MA, and 19.7% as VA. Moreover, men were found
to be more active compared with women (P <
0.001). Table 3 presents the distribution of different
factors among the participants based on varying
levels of PA. The PA group included an IA group of
3,269 individuals (38.6% of the total), an MA group
of 3,533 individuals (41.7% of the total), and a VA
group of 1669 individuals (19.7% of the total).
Baseline comparisons across the different PA levels
revealed significant differences in age, sex, BMI,
BMD, labor intensity, smoking habits, alcohol
consumption, and prevalence of hypertension,
diabetes, and hyperlipidemia.

Based on a global prevalence analysis of OP
among older individuals, the prevalence of OP is
particularly high among older women"?. Therefore,
we conducted further investigations on the
relationship between sex, age, BMD, and PA. We
analyzed the general changes in BMD in the three PA
groups (1A, MA, and VA) using column comparisons.
A significant increase in BMD was observed in the VA
group (Figure 2A), whereas no differences were
observed between the IA and MA groups. Next, we
compared the BMD among the three PA groups
separately for women and men. Interestingly, only
the VA group showed a significant increase in BMD

among women (Figure 2B), whereas no significant
differences were observed among men in the three
groups (Figure 2C). These findings suggest that being
VA may significantly improve BMD in this population,
particularly in women. Furthermore, we analyzed sex
differences and discovered significant increases in
BMD in men compared with women across all three
PA groups (Figure 2D, 2E, and 2F). We observed a
significantly higher BMD in men compared with
women, which is consistent with previous
studies®®””.

The study cohort was categorized into three
distinct age groups: [18, 50] years, [50, 60] years,
and [60, 80] years. The choice to use these three age
groups was informed by specific biological
rationales: 1) individuals between the ages of 18 and
50 typically maintain stable bone density levels; 2)
individuals over the age of 50 undergo heightened
bone breakdown in comparison to formation,
resulting in accelerated bone loss; and 3) women
aged 60 years or older experience a substantial
transition post-menopause. The distribution of
individuals with IA, MA, and VA PA levels and their
BMD classifications in the normal, ON, and OP
groups are shown in Figure 3. Notably, no individuals
with OP were in the age range of [18 y, 50 y]. The
relationships among PA, age, and BMD in individuals
with normal BMD and ON are presented in Table 4.
The lowest occurrence of ON (3.1%) was observed in
the VA group in the age range of [18, 50] years,
whereas the highest occurrence (31.2%) was
observed in the MA group in the age range of [60,
80] years. The relative risk (RR) of 2.3 for the age
groups [18, 50] years and [50, 60] years suggests that
inactivity may increase the risk of ON, whereas
moderate activity increases the risk of ON in the [60,
80] years age group. The relationships between PA,
age, and BMD in individuals with normal BMD and
OP are presented in Table 5. The lowest occurrence
of OP (2.4%) was observed in the MA group in the
age range of [50 y, 60 y], whereas the highest
occurrence (11.0%) was observed in the MA group in
the age range of [60 y, 80 y]. The RR of 2.1 suggests
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that inactivity increased the risk in the age group of
[50y, 60 y], while the RR of 2.2 for moderate activity
and RR of 1.7 for the VA increased the risk in the age
groups of [60y, 80 y].

DISCUSSION
OP is a common musculoskeletal disorder
affected by various biological, behavioral, and

environmental factors. Biological determinants such
as genetics, sex, age, and hormonal changes
contribute to its development. On the other hand,
modifiable factors like calcium intake, PA, lifestyle
choices, smoking, outdoor activities, and alcohol
consumption also play an important role®®. Regular
weight-bearing and impact exercises are essential to
prevent bone demineralization, and ample evidence
supports their effectiveness. Resistance training has

Table 3. Factor distributions in participants under different physical activity

Characteristics Total Inactive Moderately active Very active Pvalue’
Age, years (mesn £ SD) 42.39+13.12 42.22+12.95 43.02 +13.30 41.41 +13.03 <0.001
Gender, n (%) <0.001
Male 4,368 (51.6) 1,666 (19.7) 1,804 (21.3) 898 (10.6)
Female 4,103 (48.4) 1,603 (18.9) 1,729 (20.4) 771 (9.1)
BMI, kg/m>, n (%) <0.001
<18.5 288 (3.4) 120 (1.4) 105 (1.2) 63 (0.8)
18.5-23.9 3,651 (43.1) 1,420 (16.8) 1,503 (17.7) 728 (8.6)
24.0-27.9 3,137 (37.0) 1,214 (14.3) 1,333 (15.7) 590 (7.0)
228.0 1,395 (16.5) 515 (6.1) 592 (7.0) 288 (3.4)
BMD, n (%) <0.001
Tvalue2-1 1,883 (78.8) 583 (24.4) 934 (39.1) 366 (15.3)
-2.5<Tvalue<-1.0 427 (17.9) 127(5.3) 239 (10.0) 61 (2.6)
Tvalue<-2.5 77 (3.2) 27 (1.1) 39 (1.6) 11 (0.5)
Labor intensity, n (%) <0.001
Very light 609 (7.2) 220(2.6) 274 (3.2) 115 (1.4)
Light 5,954 (70.3) 2,344 (27.7) 2,458 (29.0) 1,152 (13.6)
Moderate 1,577 (18.6) 580 (6.8) 670(7.9) 327 (3.9)
Heavy 331(3.9) 125 (1.5) 131 (1.5) 75 (0.9)
Smoking, n (%) <0.001
Never 6,008 (70.9) 2,319 (27.4) 2,516 (29.7) 1,173 (13.8)
Current 2,152 (25.4) 819 (9.7) 890 (10.5) 443 (5.2)
Former (quit smoking for less than 12 months) 250 (3.0) 102 (1.2) 105 (1.3) 43 (0.5)
Former (quit smoking for more than 12 months) 61(0.7) 29(0.3) 22(0.3) 10(0.1)
Alcohol consumption, n (%) <0.001
Never 5,677 (67.0) 2,226 (26.3) 2,372 (28.0) 1,079 (12.7)
Less than one standard drink 1,247 (14.7) 455 (5.4) 520 (6.1) 272 (3.2)
More than or equal to one standard drink 1,547 (18.3) 588 (6.9) 641 (7.6) 318 (3.8)
Disease at baseline, n (%) <0.001
Hypertension 1,173 (52.4) 447 (20.0) 501 (22.4) 225 (10.0)
Diabetes 389 (17.4) 136 (6.1) 183 (8.2) 70 (3.1)
Hyperlipidemia 675 (30.2) 246 (11.0) 295 (13.2) 134 (6.0)

Note. *Mann—Whitney U tests; BMD, bone mineral density.
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been shown to increase BMD, and high-impact
sports athletes have higher BMD than low-impact
athletes”. Moreover, according to a meta-analysis
of RCTs, exercise training has been shown to
effectively prevent or reverse bone loss in the
lumbar spine and femoral neck regions, regardless of
the menopausal status in women. Additionally,
exercise training reduces the risk and frequency of
falls®**?. Numerous longitudinal studies have
investigated the impact of exercise training on
skeletal health across various age groups, including
children, adolescents, young adults, individuals in
their prime, and older adults®>",

Among the three PA groups, more than half of
the individuals engaged in moderate-to-vigorous
physical exercise, whereas less than 40% were IA.
Importantly, this corresponds to the percentage of
individuals who slept between 8 to 12 hours. The
evaluation of BMD across the three PA groups
revealed that vigorous activity significantly enhanced
the BMD of the population, as shown in Figure 2A.
Consistent with the findings from scientific reviews

101

and meta-analysesm'g"r’], higher levels of PA during

leisure time or engaging in moderate-to-vigorous PA
are consistently linked to a reduced risk of hip and
overall fractures, which can be attributed to a lower
BMD. Additionally, our initial assessment indicated a
significant improvement in BMD among women who
actively engaged in physical exercise, as depicted in
Figures 2B and 2C. Furthermore, the average BMD of
women in the three PA groups was significantly
lower than that of men. This discrepancy can be
attributed to women experiencing a faster loss of
bone mass as they age, mainly because of hormonal
changes and other factors”®.

Analysis of age-related BMD in the three PA
groups revealed some interesting findings. No cases
of OP were observed among individuals aged 18 to
50. The average occurrence of ON was 6% across all
three PA groups, with the lowest incidence observed
in the VA group (3.1%). For individuals aged 50 to 60,
the average occurrence of ON was 20%, whereas
that of OP was 3% across all three PA groups. The
lowest incidence of ON (1.9%) was observed in the
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Figure 2. Distribution of box plots among three physical activity groups. (A) Comparison of BMD among
individuals in the IA, MA, and VA groups. (B) Comparison of BMD among women in the IA, MA, and VA
groups. (C) Comparison of BMD among men in the IA, MA, and VA groups. (D) Sex comparison of BMD in
the IA group. (E) Sex comparison of BMD in the MA group. (F) Sex comparison of BMD in the VA group.
BMD, bone mineral density; IA, inactive; MA, moderately active; VA, very active. ns, no significance;

'P<0.05; P<0.01; 'P<0.001;  P<0.0001.
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MA group. Among individuals aged 60 to 80, the
average occurrence of ON was 25%, with an OP
occurrence of 6% across all three PA groups. The VA
group had the lowest incidence of ON (3.8%). These
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O H
200
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154 5
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600 11019
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Figure 3. Distribution of three age ranges

among the inactive (IA) group, moderately
active (MA) group, and very active (VA) group.
OP, osteoporosis; ON, osteopenia.

findings indicate that OP is an age-related issue and
that individuals above the age of 50 years are at a
higher risk of developing ON and OP. Engaging in
moderate to vigorous exercise can significantly
enhance bone strength in this population. Therefore,
regular participation in PA significantly prevents a
decline in BMD and developing OP. Moreover, the
benefits of participating in PA outweigh any
potential hazards, particularly among individuals
aged 50 years and older. The Bone Health and
Osteoporosis Foundation promotes PA for overall
well-being and fracture prevention across all life
stages. Weight-bearing and high-impact exercises
during childhood and adolescence are essential for
optimal bone mass®”.

In addition, the PA of the three activity groups
indicated men are more active than women during
physical exercise. These findings, along with
differences in living habits and baseline risk factors
such as hypertension, diabetes, and hyperlipidemia,
may contribute to the risk of OP. In our baseline data,
it was observed that men had a higher rate of
smoking and alcohol consumption than women, as
well as a higher rate of hypertension, diabetes, and
hyperlipidemia. Tobacco use negatively affects
musculoskeletal integrity and overall health. Smoking
cessation should be encouraged to prevent OP.
Limiting alcohol intake is vital for preventing skeletal
health issues®®*”. Clinicians should be aware of
individuals with chronic alcohol abuse, as they may
need additional assessment and intervention***?. The
PAOPO study aimed to investigate the association
between PA and OP outcomes, including OP-related
clinical outcomes and osteoporotic fractures. We
administered a PA questionnaire to each participant

Table 4. The association between PA, age, and BMD in individuals classified as having normal BMD and those

in ON group
Age, years PA classification ON Normal Occurrence (%) Relative risk (I/1)  Relative risk (1I/1ll)  Relative risk (1/111)
Inactive (1) 16 206 7.2 1.0
18-49 Moderately active (I1) 23 295 7.2 2.3
Very active (l1l) 5 154 3.1 2.3
Inactive (1) 58 211 21.6 1.0
50-59 Moderately active () 110 405 21.4 1.2
Very active (Ill) 30 138 17.9 1.2
Inactive (1) 53 166 24.2 0.8
60-80 Moderately active (Il) 106 234 31.2 1.2
Very active (lll) 26 74 26.0 0.9

Note. PA, physical activity; BMD, bone mineral density; ON, osteopenia.
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and will be able to conduct the investigation annually
during the follow-up period.

Moreover, the International Osteoporosis
Foundation and the International Federation of
Clinical Chemistry and Laboratory Medicine
recommend using serum procollagen type | N
propeptide (measures bone formation) and serum C-
terminal cross-linking telopeptide of type | collagen
(measures bone resorption) to predict fracture
risk®. Both markers were significantly associated
with the risk of fractures, particularly hip fractures.
Ongoing work involves standardizing bone turnover
markers for improved prediction[‘m’%]. The PAOPO
study will conduct annual blood biochemistry
assessments and BMD  measurements for
participants over a long-term follow-up period.

In summary, the PAOPO study is a large-scale,
community-centered cohort investigation conducted
in China. The main objective is to explore the
possible association between PA levels and OP risk
and to identify potential risks. Additionally, this
study aims to examine the combined effects of PA
and other relevant variables to better understand
their collective impact on OP outcomes. Through its
comprehensive methodology, the PAOPO study
seeks to provide valuable insights into the significant
role of PA in the prevention and prediction of OP.

Nevertheless, our study has several limitations
that must be acknowledged. First, the participants
were volunteers from the Jidong community and
were not randomly selected, potentially introducing
selection bias. Furthermore, individuals already
undergoing anti-osteoporosis treatment were not
excluded, which might have led to an
underestimation of the actual prevalence of

osteoporosis. Additionally, because of time and
practical limitations, we did not gather data on
dietary intake, which could have impacted BMD
values. Moreover, BMD testing was not conducted in
all participants, and factors such as tobacco use,
alcohol consumption, and other lifestyle variables
were not fully considered. In future analyses, it will
be valuable to include bone turnover biomarkers for
the timely diagnosis and early prevention of OP
alongside BMD measurements.
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