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Background: Osteoporosis is a common chronic disease in older persons. Physical activity can prevent chronic diseases as well as many diseases associated with aging. Older persons often suffer from depression and other psychological problems. However, there are few studies on the correlation between depression and physical activity in older persons with osteoporosis in China.

Methods: This cross-sectional study was conducted from June 1 to December 28, 2021. A total of 207 subjects who met the inclusion and were exclusion criteria were selected from the outpatient department of West China Hospital and evaluated using a self-designed demographic data questionnaire, the Self-rating Depression Scale (SDS), and the Physical Activity Scale for the Elderly (PASE). Multivariate linear regression was performed to analyze the factors affecting physical activity, and multivariate logistic regression analysis was performed to analyze the factors affecting depression. Spearman’s correlation coefficients were calculated to analyze the correlation between depression and physical activity in older persons with osteoporosis.

Results: A total of 173 valid questionnaires were statistically analyzed. A total of 122 (70.5%) participants were identified as having depression (SDS ≥ 50 points). The median depression score was 62.5 (24.38), and the median PASE score was 69.29 (116.64). Multivariate logistic regression model results showed that physical activity and pain were the main risk factors for depression in older persons with osteoporosis (p < 0.05). Multivariate linear regression model results showed that gender, participation in social activities, activities of daily living status (ADLs), and depression status were the main risk factors associated with physical activity in older persons with osteoporosis (p < 0.05). The results of the correlation analysis showed that physical activity was negatively correlated with depression (R = −0.510, p = 0.000).

Conclusion: We found that depression was negatively correlated with physical activity in older persons with osteoporosis in China. This means that the less physical activity there is, the more serious the depression status and having depression may result in reduced physical activity in older persons with osteoporosis. To better help older persons with osteoporosis, medical staff should give more attention to influencing factors of depression and physical activity.

KEYWORDS
 osteoporosis, older persons, depression, physical activity, cross-sectional study


1. Background

Osteoporosis (OP) is an age-related disease. The prevalence of OP has been reported to be 36% in the general Chinese population aged 60 years or older 49% in women, and 23% in men (1). OP is associated with an increased risk for fractures, which can lead to disability, pain, loss of functional independence, and increases in morbidity, socioeconomic stress, and mortality (2, 3). The number of persons with osteoporotic fractures is expected to increase from 2.69 million in 2015 to 5.99 million in 2050, and the corresponding medical expenditures are predicted to be as high as 254 million dollars in China (4, 5). Stereoscopic fracture is the major complication of OP, and without medical intervention, the lifetime risk is within the range of 40–50% in females and 13–22% in males (6).

Physical activity (PA) can prevent fractures by improving muscle mass and balance and by increasing skeletal strength, thus decreasing the risk of injurious falls (7, 8) and reducing the risk of fractures (9). Epidemiological data have indicated that depression affects the older population at a rate of 24.9% in China (10) and 10–20% worldwide (11). Depression mainly affects those with chronic diseases and cognitive impairment; it causes suffering, family breakdown, and disability, exacerbates the consequences of many diseases, and it increases mortality in elderly people (12). Depression is a leading cause of disability and a burden on health care systems worldwide (13). A previous study reported that 33.0% of female OP patients in Germany were depressed (14), and in another study, 69.1% of elderly people with OP were reported to be depressed (15). A previous study showed that 56% of persons with OP in China, had negative emotions, such as anxiety and depression (16), and the prevalence of depression in elderly adults with OP was higher than that in elderly persons without OP (10).

The literature has demonstrated that depression may be associated with reduced physical activity (17, 18). Conversely, PA can bring about changes in endorphin and monoamine levels or a decrease in the level of cortisol, a stress hormone, which may result in an improvement in a person’s mood (19). Therefore, PA is a protective factor against depression, and active older adults have a better quality of life and fewer symptoms of depression than their sedentary peers (20). Research by Chinese scholars showed that older persons with OP experienced aggravated psychological fear and avoidance behavior due to chronic pain and fear of exercise caused by an injury (21).

Older persons with depression may reduce their PA, and low PA is associated with decreased BMD, thus increasing the risk of fractures (22). To date, an increasing number of studies have been conducted on depression and PA in older adults with OP. However, there are few reports on the correlation between depression and PA in older persons with OP in China at present.

Therefore, this study aims to evaluate the correlation between depression and PA among older persons with OP.



2. Methods


2.1. Study population

All study participants underwent for bone mineral density (BMD) measurement by dual-energy X-ray absorptiometry (DEXA), and OP diagnoses were consistent with the Chinese guidelines for the diagnosis and treatment of senile OP (2018 edition) (23). OP is a systemic skeletal disease characterized by low bone mass and microarchitectural deterioration of bone tissue bone mineral density (BMD) measured by dual-energy X-ray absorptiometry (DEXA). DEXA scans are the most commonly used diagnostic method for OP, and the findings are usually expressed by a T Score: T ≥ −1.0 is normal; −2.5 < T < −1.0 is low bone; T ≤ −2.5 is OP; and severe OP is T ≤ −2.5 with fragility fracture (23). The inclusion criteria were as follows: age ≥ 60 years, diagnosis of OP, and informed and voluntary willingness to participate in the survey. The exclusion criteria were as follows: cognitive impairment; inability to understand questionnaire content; comorbidities that affect activity, such as malignant disease, thyroid, parathyroid or adrenal gland disease; and a history of depression.



2.2. Data collection

Convenience sampling was used in this study. A cross-sectional study using questionnaires was performed among older persons with OP in the outpatient department of West China Hospital from Between June 1, to December 28, 2021. For data collection, the number of participants should be 10 times the number of independent variables in studies that investigate a correlation between 2 variables or multivariate variables (24). In this study, a multivariate analysis was chosen to assess the relationship of 17 independent variables. Therefore, the minimum required sample size was at least 170. Each participant completed three questionnaires: a questionnaire assessing demographic data, the Self-rating Depression Scale (SDS), and the Physical Activity Scale for the Elderly (PASE). Members of the research team interviewed each participant in the outpatient department of West China Hospital of Sichuan University. The trained investigators used uniform guidelines to explain the purpose of the study and its significance as well as the questionnaire completion methods to the participants; then, participants gave their consent and signed the informed consent form before the survey. Participants completed the questionnaires independently, and the questionnaires were collected by the researchers immediately after completion.

The data were verified and entered by two researchers, and a database was built using EpiData 3.1 software (EpiData–Comprehensive Data Management and Basic Statistical Analysis System, EpiData Association, Odense, Denmark), Then, the data were double-checked. Incomplete questionnaires with missing items were deleted.



2.3. Measures

Depression was assessed using Zung’s SDS (25). The Chinese version of Cronbach’s α was 0.784 (26). The SDS is composed of 20 items and assesses the frequency of symptoms in the past week using a 4-point Likert scale: none of the time or rarely, some of the time, a good part of the time, most or all of the time. In the 20 items, there are 10 positive and 10 negative items, which are assigned a score of 1, 2, 3, or 4 for the positive items and 4, 3, 2, or 1 for the negative items. The 20 item scores are added to obtain the original scores, which are multiplied by 1.25 to calculate the standard score. Higher scores indicate worse depression. In this study, depression scores were classified as follows: without depression, < 50 points, and with depression, ≥ 50 points (27).

The PASE was used to assess the PA of the participants. The PASE was developed by Washburn et al. (28). The test–retest reliability, which was assessed over a 3–7 week interval, was 0.75 (28). The questionnaire includes 12 items that are used to assess PA over the past 7 days based on 3 domains of activity: leisure, household, and work-related activity. Leisure PA includes the following activities: walking outside: light, moderate, and strenuous sports; and activities aimed at muscle strength or endurance exercise. The possible responses for each question are “never,” “seldom,” “sometimes,” or “often.” Respondents were asked to indicate the number of days per week they engaged in each activity and then the number of hours per day. The type of activity performed and the average time spent on that activity each day were recorded. Household PA includes light housework, heavy housework, home repairs, lawn work or yard care, outdoor gardening, and taking care of others, and those items use a “yes” or “no” response format. Work-related PA includes work for pay or as a volunteer and the hours of work involved. PASE scores are from weights and frequency values for each of 12 types of activity. The calculation is performed by multiplying the amount of time spent (hours/day over a seven-day period) in each participation category by the PASE weighted value and then summing each contribution for a total score. The total score ranges from 0 to 400 or more. The higher the score is, the higher the level of PA (29).



2.4. Covariates

According to the results of the survey, the demographic data were classified into the following categories: age group (60–74, ≥ 75); gender (male, female); marital status (married, divorced, or widowed); education (primary school and below, junior high school, high school, college and above); past occupation (manual labor, intellectual labor); cohabitation status (alone or nursing home, cohabitation with spouse, cohabitation with child); and income (pension or social security, child support, others).

Health situation factors were measured as follows. BMI was obtained as the weight (kg) divided by the square of the height (m). We categorized BMI into four groups: underweight, BMI < 18.5 kg/m2; normal weight, BMI 18.5–23.9 kg/m2; overweight, BMI 24–27.9 kg/m2; and obesity, BMI ≥ 28 kg/m2 (30). Other factors included smoking history (no or yes); alcohol consumption history (no or yes); pain (no or yes); and history of fracture (no or yes). Comorbidity was defined as the presence of ≥2 conditions (no or yes). Polypharmacy was defined as simultaneously taking ≥5 medications (no or yes). Participation in social activities was categorized as none, 1–2 times/year, 1–2 times/month, or 1–2 times/week. The modified Barthel index (MBI) was used to assess activities of daily living (ADLs). ADLs includes feeding, dressing, grooming, bathing, bowel and bladder control, toilet use, transfer, mobility, and climbing stairs. The total score ranges from 0 to 100, with lower scores indicating worse ADL impairment. We divided ADL into four statuses: no impairment = 100; mild impairment = 61–99; moderate impairment = 41–60; and severe impairment = 0–40 (31, 32). The frailty phenotype scale by Fried et al. (33), was used to assess frailty, and it includes five domains: weight loss, self-reported exhaustion, slow walking speed, weakness, and low PA. Each domain is assigned 0–1 points, with a range of 0–5 points: non-frail = 1, prefrail = 2, and frail = 3 (33).



2.5. Statistical analysis

SPSS software (Version 20.0. IBM Inc., Armonk, NY) was used for statistical analyses. Categorical data are presented as frequencies and percentages. Continuous data conforming to a normal distribution are presented as the means and standard deviations, and T-tests or ANOVA were used for comparisons between groups. Continuous data that did not conform to a normal distribution are represented by median and interquartile range, and nonparametric tests were used for comparisons between groups. Multivariate logistic regression was used to analyze the influencing factors of depression. Depression status (i.e., with or without depression) was the dependent variable, and the independent variables included those that were significant (p < 0.2) in the univariate analysis, including demographic data (age, gender, marital status, education, past occupation, cohabitation status, income, BMI, smoking history, alcohol consumption history, pain, history of fracture, comorbidity, polypharmacy, participation in social activities, ADLs, and frailty status) and PA scores. Multivariate linear regression was used to analyze the influencing factors of PA. PA scores were the dependent variable, and considering the interference factors, the independent variables included the demographic variables that were significant (p < 0.2) in the univariate analysis (age, sex, marital status, education, past occupation, cohabitation status, income, BMI, smoking history, alcohol consumption history, pain, history of fracture, comorbidity, polypharmacy, participation in social activities, ADLs, frailty status and depression). The correlation between depression and PA was analyzed. Pearson correlation analysis was used if the data followed a normal distribution, and Spearman correlation analysis was used if the data did not follow a normal distribution. A p < 0.05 was considered to indicate statistical significance.




3. Results


3.1. Participant characteristics

207 subjects completed the questionnaire, and the number of effective questionnaires (questionnaires included in the analysis) was 173. Effective questionnaire recovery rate was 83.57%. The participants ranged in age from 60 to 94 years, with an average age of 70.63 ± 9.02 years. The sample also had the following characteristics: 60–74 years old, 65.9%; female, 83.2%; married, 79.8%; in pain, 91.3%; comorbidity, 70.5%; no participation in social activities, 45.1%; frail, 71.7%; and depressed, 70.5% (Table 1).



TABLE 1 Comparison of depression and PA scores with different demographic characteristics of participants (n = 173, in Sichuan, China, 2021).
[image: Table1]



3.2. Comparison of depression scores with different demographic characteristics of participants

The median depression score in 173 older persons with OP was 62.5 (24.38). A total of 122 participants (70.5%) were depressed. There were significant differences in depression scores by age, cohabitation status, income, pain, comorbidity, polypharmacy, participation in social activities, ADL, and frailty status (p < 0.05) (Table 1).



3.3. Comparison of PA scores with different demographic characteristics of participants

The median PA score in 173 older persons with OP was 69.29 (116.64). There were statistically significant differences in PA scores according to age, marital status, education, cohabitation status, income, pain, polypharmacy, participation in social activities, ADLs, frailty status, and depression (p < 0.05) (Table 1).



3.4. Multivariate logistic regression analysis of factors related to depression

A multivariate logistic regression stepwise method was used to analyze the influencing factors of depression and showed that pain and PA were the main risk factors for depression in older persons with OP (p < 0.05). Participants with pain were 4.47 times more likely to be at risk of depression than those without pain. For each 1-point increase in PA score, the odds ratio for depression risk was 0.99 (Table 2).



TABLE 2 Multivariate logistic regression analysis of factors related to depression.
[image: Table2]



3.5. Multivariate linear regression analysis of factors related to PA

Multiple linear regression was used to analyze the effects of age, marital status, education, cohabitation status, income, smoking history, pain, history of fracture, polypharmacy, participation in social activities, ADLs, frailty status and depression on PA, and the final constructed multiple linear regression model had statistical significance (F = 2.397, p = 0.001). The model could explain 55.9% of the variance in PA (corrected R2 = 0.517). Female, participation in social activities, ADLs, and depression were the main risk factors for PA in older persons with OP (p < 0.05) (Table 3).



TABLE 3 Multivariate linear regression analysis of factors related to PA.
[image: Table3]



3.6. Analysis of the correlation between depression and PA

Depression and PA scores showed a nonnormal distribution; therefore, Spearman correlation coefficients were calculated to analyzed the correlation between depression and PA. The results of the correlation analysis showed that depression was negatively correlated with PA (R = − 0.510, p = 0.000). This means that the higher the PA scores were, the lower the depression scores (Figure 1).

[image: Figure 1]

FIGURE 1
 Correlation between PA and depression, n = 173.





4. Discussion

The present study showed that depression was prevalent among a group of older persons with OP in China. This prevalence was higher than that reported in previous studies (14, 15, 34). The possible reason is that OP easily causes pain, weakness and fracture, resulting in limited activities and reduced social interaction. In addition, the subjects of this study were elderly individuals, who are more likely to have psychological problems. Our study showed that pain and PA were the main influencing factors related to depression in older persons with OP (Table 2). Persons with pain were 4.47 times more likely to be at risk of depression than those without pain, and this result was consistent with other study findings (35). Chronic pain could increase the risk for depression from 2.5 to 4.1 times in elderly individuals (36). Pain and depression are intertwined with each other, thus exacerbating physical and psychological symptoms. Pain reduces serotonin and norepinephrine. Decreases in these two neurotransmitters affect mood (37). Another study showed that the higher the pain scores were, the more serious the depression in older patients with OP (38). Pain can cause reduced mobility and limited daily activities, which may result in decreased interpersonal relationships, leading to depression (38). For each 1-point increase in PA score, the odds ratio for depression risk was 0.99. PA affects apoptosis and autophagy by releasing exercise-stimulated myohormone and the secretion of anti-inflammatory cytokines via mechanical force, helps to increase bone formation and relieve OP in the elderly (39). PA causes a wide range of biological changes in the brain and may exert some of its antidepressant effects by influencing cortisol responsiveness and hypothalamic–pituitary–adrenal (HPA) axis responses (40). Depression has been linked to dysregulation of the HPA axis (41). A systematic review reported that exercise can reduce depressive symptoms, which was indicated by moderate-to-large effect sizes, and it can be a useful complement to medication and psychotherapy (42). In addition, PA can improve self-esteem and life satisfaction, reduce loneliness, and promote psychosocial development and emotional balance in older adults (20).

We found that female, participation in social activities, ADLs, and depression were the main influencing factors related to PA in elderly patients with OP (Table 3). Housework involving PA, such as cleaning, cooking, gardening, and shopping, can benefit older people’s health (43). Females spend more time on housework than men, which may improve muscle strength and cognitive ability and increase PA scores (44). Social isolation was associated with depressive symptoms and psychological distress among older adults (45, 46). Our study showed that older persons who participated pin social activities 1–2 times/year, 1–2 times/month, and 1–2 times/week had higher PA scores than those who had no participation in social activities, which means that the more participation in social activities older persons have, the higher their PA scores. Previous studies have shown that social relationships can promote PA. Family and friends may encourage older persons to engage in more PA or may influence older persons through their own behavior, such as visiting and traveling with friends (45). PA is closely related to the physical health of elderly individuals, and impaired ADLs may limit PA (46). Older persons with OP have higher levels of comorbid depression, chronic somatic non-musculoskeletal diseases, and more pain than older adults without OP; these problems worsen the impairment of ADLs and result in decreased PA (18). ADLs are primarily dependent on motor functions, such as limb control and postural stability, which are necessary to accomplish the most basic forms of self-care. ADL injuries are often caused by musculoskeletal failure and render basic activities impossible, which results in a decrease in PA (47). Our study showed that participants with depression had lower PA, and these results were similar to those of other studies (35, 48). Depression can amplify pain and limit mobility (37). Older adults may reduce PA as a result of pain, fear of fractures, and increased depression, which may lead to decreased BMD and an increased risk of fractures (14).

Our results also showed that PA was negatively related to depression in older persons with OP (Figure 1). This means that lower PA levels may increase the risk of depression, and depression may decrease levels of activity due to low motivation and energy, thereby reducing PA; these results are similar to another study (38). In other words, depressed persons with OP are usually more prone to a sedentary lifestyle, consequently aggravating bone loss, and older persons with lower PA might be afraid to participate in their favorite forms of exercise, leading to a decrease in outdoor activities, which could negatively influence their mood and increase the risk of depression (49). A previous study showed that PA interventions can reduce depression and the impaired function caused by OP in older adults (50). The interaction between depression and PA may influence OP, and further research is still needed.



5. Limitations

Our study has some limitations that need to be considered. The main limitation of our study is the convenience sample, if we consider that we are referring to older persons with OP in China. Although all participants lived in southwestern China, they had different living conditions: some lived with children, while some did not, and some were married, while some were not. Because each region’s economy and way of life are different, our results may not be generalizable to other cultures or other geographic regions in China. The subjects in this investigation were older adults with OP, and the results of the depression and PA assessments may be different from those in older persons without OP. We should conduct multiregional and multicenter studies to improve the universality of the data samples in the future.



6. Conclusion

We found that depression was prevalent and that PA was negatively correlated with depression in older persons with OP in China. This means that the higher the PASE scores were, the lower the incidence of depression. Therefore, medical staff should give attention to depression, PA and its influencing factors; provide early screening and prompt identification of depression and PA among older persons with OP; and take effective measures to intervene and prevent adverse health outcomes. Further research on this topic is needed to gain deeper insight into these relationships.
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