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Abstract
Background: Depression and osteoporosis are two chronic diseases that affect many people and have a
significant impact on incidence, mortality, and quality of life. An association between osteoporosis and
depression has been described in the literature. However, few studies have reported the correlation
between depression and physical activity in elderly patients with osteoporosis in China.

Methods: This cross-sectional study was conducted from August 1, 2020, to January 29, 2021. Eligible
participants were aged ≥60 years and identified as having osteoporosis. One hundred and seventy-three
patients were recruited in the outpatient department of West China Hospital. A self-designed demographic
data questionnaire, self-rating anxiety scale (SAS), self-rating depression scale (SDS), and physical
activity scale in the elderly (PASE) were used to evaluate anxiety and depression status and physical
activity of the participants. Multivariate linear regression was performed to evaluate the factors affecting
physical activity. Spearman’s correlation coefficient was used to analyze the correlation among physical
activity, anxiety, and depression in elderly patients with osteoporosis.

Results: Of the 173 participants with osteoporosis, 114 (65.9%) were aged 60-75 years. The physical
activity scores were 78.17±3.03.131 (75.72%) for participants with anxiety and 122 (70.52%) for
participants with depression. Multiple linear regression showed that age, education, smoking,
participation in social activity, activity of daily life, frailty phenotype, SAS, and SDS were independent risk
factors for physical activity in elderly patients with osteoporosis. Physical activity was negatively
correlated with anxiety and depression. This means that the higher the physical activity score was, the
lower the incidence of anxiety and depression.

Conclusions: We found that anxiety and depression were prevalent, and physical activity was negatively
correlated with anxiety and depression in elderly patients with osteoporosis in China. Medical staff
should focus on the factors that influence anxiety and depression among elderly patients with
osteoporosis and reduce the incidence of anxiety and depression.

Background
China is rapidly becoming an aging society. Older individuals often suffer from osteoporosis (OP) and
depression. OP is a common bone disease characterized by low bone density associated with aging, and
morbidity increases with age [1]. The pathology is associated with high socioeconomic stress and
mortality [2, 3].

Epidemiological data reported that the population with OP would increase sharply from 83.9 million in
1997 to 212 million, the number of patients with osteoporosis fractures will increase from 1.63 million to
5.99 million, and the corresponding medical expenditure will be as high as 254 hundred million dollars by
2050 in China [4, 5]. The prevalence of OP in the general population aged 60 years or more in China, has
been reported to be 36%, at 49% in women and 23% in men [6]. Approximately 9 million osteoporosis or
fragility (low-trauma) fractures occur worldwide per year [7]. Approximately 30% of women will be
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diagnosed with OP, and approximately half of them will require physician-supervised treatment after a
fragility fracture [8, 9]. Only 2/3 of patients with osteoporosis have detected disease, and less than half of
those actually receive effective anti-OP drugs [10, 11]. Physical activity (PA) plays a crucial role in OP,
mainly by reducing bone resorption, increasing muscle stability, strength, balance, and mobility, reducing
pain and preventing falls, improving quality of life [12, 13], and preventing OP and fragility fractures [14–
16]. Epidemiological data have reported that anxiety and depression influence the older population at a
rate of 47.2–49.9% in China and 30–40% worldwide [17]. Depression was reported by 69.1% of
osteoporotic elderly people in the CODE study [18] and by 33.0% of female patients with OP in Germany
[19]. Thus far, China has no relevant reports.

This study aims to evaluate the correlation between depression and physical activity among elderly
patients with OP.

Methods

Study design
Between August 1, 2020, and January 29, 2021, a cross-sectional study using questionnaires was
performed among patients with OP in a general hospital in Chengdu, China. The Ethics Committee of
West China Hospital of Sichuan University approved this research. Informed consent was obtained from
all participants. Survey data were anonymously coded to ensure that identifying information remained
confidential.

All study participants had OP diagnoses consistent with the Chinese guidelines for the diagnosis and
treatment of senile OP (2018 edition) [20]. The inclusion criteria were as follows: outpatients specializing
in endocrinology and osteoporosis, age ≥ 60 years, diagnosis of OP (bone density examination through
dual-energy X-ray,DEXA) [20], and informed and voluntary participation in the survey. The exclusion
criteria were as follows: malignant diseases, thyroid, parathyroid and adrenal gland corticosteroids,
hormones, and anxiety and depression history.

For data collection, four questionnaires were given to each participant: a self-designed demographic data
questionnaire, self-rating anxiety scale (SAS), self-rating depression scale (SDS), and physical activity
scale for the elderly (PASE). Members of the research team interviewed each participant in the outpatient
department of West China Hospital, Sichuan University. The investigator explained the purpose,
significance, and relevant instructions and obtained the signed consent form before administering the
survey. The researchers gave the participants a paper questionnaire, the respondents completed the
questionnaire, and then the researchers collected it on the spot.

The database was built using EpiData 3.1 software (EpiData–Comprehensive Data Management and
Basic Statistical Analysis System, EpiData Association, Odense, Denmark) and then double-checked.
Incomplete questionnaires (> 20% missing data) were deleted.
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Demographic Data
This questionnaire was self-designed after a literature review. The participants provided information
about their age, gender, education background, marital status, income, number of nonosteoporosis
(nonOP) chronic conditions, history of fracture, smoking, drinking, type of drugs, participation in social
activity, body mass index (BMI), activity of daily life (ADL) [21] and Fried’s frailty phenotype [22].

Self-rating Anxiety Scale (SAS)
The anxiety level was assessed using Zung's self-rating anxiety scale (SAS), a validated 20-item self-
report instrument [23]. Cronbach's α was 0.897, and the internal correlation was 0.913 [24]. The
instrument employs a four-point Likert scale where “1 = never or very rare”, “2 = sometimes”, “3 = often”,
and “4 = very often or always". Questions 1–5 characterize the emotional points of anxiety, whereas
questions 6–20 signify the physical symptoms of anxiety. For each respondent, the sum of the scores for
20 items ranged from 20 to 80. The sum of scores is then converted to an "Anxiety Index" with values
ranging from 25 to 100. Following the recommendations from Zung [25] and Dunstan and Scott [26], mild
anxiety: 50–59; moderate anxiety: 60–69; severe anxiety: ≥70. Higher scores reflect worse symptoms.

Self-rating Depression Scale (SDS)
Symptoms of depression were assessed with Zung's self-rating depression scale (SDS). The self-report
questionnaire was developed by Zung [27] to quantify symptoms of depression by using criteria for a
prolonged sense of depression and the accompanying physiological and psychological symptoms. The
questionnaire includes 20 items, ten of which have a positive symptomatic value and ten of which have a
negative symptomatic value. Mild depression: 50–59; moderate depression: 60–69; severe depression:
≥70. Higher scores indicate worse symptoms. The questionnaire has good coefficients of reliability and
validity [28].

Physical Activity Scale in the Elderly
The Chinese version of the physical activity scale in the elderly (PASE) was used to assess participants.
The PASE was developed by Washburn et al. and Hu et al. [29, 30]. The questionnaire is self-administered
and includes frequency, intensity, and duration of time spent on leisure activity, household chores, and
work/volunteer activity over the preceding week. Self-reported PASE scores are well validated against
objective measures of activity. The Chinese version of the short International Physical Activity
Questionnaire (IPAQ-S-C) has good reliability, and Cronbach's α was 0.725 [31]. PASE scores are
calculated from weights and frequency values for each of the 12 types of activity. The total score is from
0 to 400 or more. Higher scores indicate greater physical activity.

Statistical Analysis
SPSS software (Version 20.0. IBM Inc, Armonk, NY) was used for the statistical analyses. Quantitative
data, such as the SAS score, SDS score, and PASE score, are presented as the arithmetic mean and
standard deviation. Qualitative data, such as the proportion of participants with anxiety and depression,
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are represented by the percentage. Multivariate linear regression was performed to analyze factors
affecting physical activity. Spearman analysis was performed to assess the correlation among PA, SAS,
and SDS in patients with OP. A p-value< 0.05 was considered statistically significant.

Results
Participants

The data from 207 patients with OP who were > 60 years old were analyzed, with 173 effective
questionnaires, the rate of validity for this study was 83.57%. The 173 participants ranged from 60 to 94
years of age, with an average age of 70.63±9.02 years. The sample also had the following
characteristics: 60-74 years, 65.9%, female, 83.2%, married, 79.8%, junior high school and below, 63.0%,
living with children, 54.9%.

Demographic characteristics of the participants, anxiety, and depression

The primary features of the participants and rates of anxiety and depression are summarized in Table 1.
A total of 131 (75.72%) participants had anxiety, and 122 (70.52%) participants had depression.There
were statistically significant differences between anxiety and depression in elderly patients with OP
across the following variables: occupation, residence, pain, type of drugs, number of nonOP, chronic
conditions, participation in social activity, ADLs, and frailty phenotype.However,income only affected
depression (P＜ 0.05), and fracture only affected anxiety for patients with OP (P＜ 0.05) in this study. Thus,
the following factors led to higher anxiety and depression and higher SAS and SDS scores among elderly
outpatients with OP: no occupation, living with children, pain, one nonOP chronic condition, ＜ 5 types of
drugs, no participation in social activity, mild ADLs, and frailty. No significant differences were observed
for the other variables (Table 1).

Demographic characteristics of the participants and physical activity

The basic characteristics of the participants and their physical activity are summarized in Table 2. The
PASE scores of the 173 elderly patients with OP were 78.17±3.03. Statistically significant differences
were found in demographic characteristics of the participants and physical activity across the following
variables: age, marital status, education, occupation, residence, income, pain, type of drugs, participation
in social activity, ADLs, frailty phenotype, anxiety, and depression (P＜ 0.05). Thus, participants with
age ≥75 years, divorced/widowed, primary school and below, no occupation, living with children, child
support, pain, ≥5 types of drugs, no participation in social activity, heavy ADLs, frailty, severe anxiety, and
severe depression had lower PASE scores. No significant differences were observed for the other
variables (Table 2).

Multiple linear regression analysis of factors related to physical activity

Linear regression results showed that age, education, smoking, participation in social activity, ADLs,
frailty phenotype, SAS, and SDS were the main risk factors that affected PA in elderly patients with OP
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(Table 3).

Table 3. Multiple linear regression analysis of factors related to physical activity

Independent variable Unstandardized

coefficients

Standardized

regression coefficient

t P

β Standard error

Constant          

Age -29.322 8.220 -0.198 -3.567 0.000

Education 7.917 3.505 0.120 2.259 0.025

Smoking -42.036 12.329 -0.173 -3.410 0.001

Participation in social activity 24.871 4.890 0.272 5.086 0.000

ADLs 20.331 5.832 0.229 3.486 0.001

Frailty phenotype -20.751 7.022 -0.182 -2.955 0.004

SAS 12.316 6.052 0.183 2.035 0.043

SDS -21.697 5.735 -0.359 -3.784 0.000

Analysis of the correlation between physical activity, anxiety, and depression The results of the correlation
analysis showed that physical activity was negatively correlated with anxiety and depression (R: SAS = -
0.354, SDS = - 0.510, P＜ 0.05). This means that the higher the PA score was, the lower the incidence of
anxiety and depression (Fig. 1).

Discussion
The present study showed that anxiety and depression were prevalent among elderly outpatients with OP
in China. This prevalence is higher than in previous studies [18, 19, 32]. However, our study indicated that
participants who were 60–74 years old had a higher prevalence of anxiety and depression (Table 1).
Additionally, we found a higher risk of anxiety and depression among individuals with no occupation,
living with children, pain, one of the nonOP chronic conditions, < 5 types of drugs, no participation in
social activity, moderate ADLs, and frailty (Table 1). Our study indicated that anxiety and depression were
associated with multivariate factors except bone mineral density(BMD)in the elderly; the results are
consistent with other study findings [33]. A previous study showed that approximately 45% of women
with depression had OP, the duration of depression was strongly negatively associated with BMD, and
depression reduced physical activity [32]. Another study also showed that BMD was negatively
associated with depressive symptoms in older patients [34], and depression affected the patient's mood
and increased comorbidities, disabilities, and medical resources [32].
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Our study showed that osteoporotic fracture was only associated with anxiety and had no significant
effect on depression; this result is inconsistent with other study findings [35]. Although the prevalence of
osteoporotic fractures (35.3%) was higher in this study, patients had a good prognosis after fracture
treatment, and their quality of life was not affected. Income affected depression but not anxiety in our
study. The possible reason is that these elderly people had to pay their medical expenses and daily living
expenses, which affected their mood. We found that pain affected the anxiety and depression of
participants; this finding is consistent with another study [36]. Chronic pain can result in mobility
restrictions that interfere with daily activities and cause depression [37]. The frequency of participation in
social activity is a factor influencing anxiety and depression. On the one hand, participants lacked energy
because of OP; on the other hand, this may be related to our selection time. This research occurred during
the global COVID-19 pandemic, and people were restricted from traveling and participating in parties or
social activity, which may affect the survey results. The prevalence of anxiety and depression in the
elderly without occupation was higher than that in the elderly with occupation. The reason may be that
their social circle was small, which affected their mood. Participants who lived with a child not only
supported their children financially but also helped them look after their grandchildren. Financial and
physical stress led to anxiety and depression. This study found that comorbid medical conditions and
multiple medications were closely related to anxiety and depression; this result is consistent with a
previous study [38].

Our research showed that increasing age, pain, ≥ 5 types of drugs, no participation in social activity,
heavy ADLs, frailty, severe anxiety, and severe depression decreased PA (Table 2). The reasons may be
due to low body energy because of disease, drug side effects, and mood. The participants who were
divorced/widowed had decreased PA because of a lack of family member support. Participants whose
education was primary school and below and who had no occupation had reduced PA and might have
lacked OP-related knowledge. For participants whose income was supported by their child and who lived
with children, reduced PA may be due to time and low body energy. Studies have reported that PA and
exercise can be used as primary or adjunctive therapies to prevent and treat OP, especially in elderly
individuals [39, 40].

Osteoporosis is an age-related disease, and smoking is associated with a higher risk of osteoporotic
fractures [41]. Participation in social activity, ADLs, SAS, and SDS were the main risk factors that affected
PA in elderly patients with OP (Table 3); the results are consistent with a relevant study [42]. The
prevalence of frailty was higher among our participants than among people aged ≥ 60 years in China
(prefrail: 20.8%, frail: 71.7% vs prefrail: 51.2%, frail: 7.0%) [43]. OP and frailty have similar risk factors
which interact to cause dysfunction, such as malnutrition, poor muscle strength, low body energy,
increased risks of falls, fractures, comorbidity, disability, and mortality [44–46], and decreased resilience
to stress or events and ADLs [43].

The present study showed that physical activity is negatively related to anxiety and depression in elderly
outpatients with OP. This result is consistent with other literature suggesting that the relationship between
depression and PA in OP is bidirectional [47–49] (Fig. 2). Physiological changes in BMD and depressive
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states in elderly patients and patients with OP force them to change their daily lifestyles. For example, to
prevent falls and avoid fractures, patients are afraid to participate in their favorite exercises, which can
negatively impact their mood [50]. PA intervention can reduce anxiety and depression in older adults and
the impaired function caused by OP [51]. Another study reported the negative effects of antidepressant
drugs and antianxiety drugs on OP and adverse reactions to these drugs, such as dizziness and
headaches, which will also lead to reduced PA. On the other hand, patients with anxiety and depression
have reduced PA because they are reluctant to participate in social activity [49, 51]. In summary, these
changes will increase the prevalence of anxiety and depression in elderly individuals with OP.

Conclusions
We found that anxiety and depression were prevalent and that physical activity was negatively correlated
with anxiety and depression in elderly outpatients with OP in China. Age, education, smoking history,
participation in social activity, ADLs, frailty, SAS, and SDS were the main risk factors for PA in elderly
patients with OP. Therefore, medical staff should pay attention to screening OP in the elderly, identify the
influencing factors of anxiety and depression in time, and reduce the incidence of anxiety and depression.
At the same time, we should encourage the elderly to engage in physical exercise in their daily lives.
Further research on this topic is required to gain deeper insight into these relationships.

Limitations
Our study had some limitations that need to be considered. The main limitation of our study is a
convenience sample, but not having a randomized sampling method may have resulted in a small
sample size if we consider that we are referring to elderly patients with OP in China. At the same time, the
lack of a control group limits the generalization of the results. Another limitation relates to the
participants' recruitment, in which the proportion of female patients (83.20%) was higher than that of
male patients (16.80%). However, it should be noted that this limitation constitutes a methodological
problem in this study. A previous study showed that depression risk in female patients was associated
with the diagnosis of OP [35]. It may not be possible to generalize these study results to other cultures
and geographic regions in China.
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Figures

Figure 1

Correlation between physical activity and anxiety and depression, n=173
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Figure 2

The bidirectional relationship of anxiety, depression, and PA in OP [46-48]
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