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Introduction: Falls are the primary cause of unintentional fatalities among individuals aged 65 and older. Enhancing research on fall prevention among older adults is an urgent priority. Consequently, this study aims to investigate the prevalence and influencing factors of falls among community-dwelling older adults in Guangzhou, China, with a particular emphasis on the impact of family functioning.

Methods: We used a multi-stage stratified cluster random sampling technique to successfully survey 2,399 individuals aged 65 and above across 11 districts in Guangzhou City. Data on sociodemographic characteristics, health and lifestyle factors, and fall incidents were collected through telephone interviews. Chi-square tests, Lasso regression, and logistic regression were utilized to pinpoint fall risk factors. Association rule mining uncovered the relationships between falls and associated variables.

Results: A total of 390 participants reported experiencing falls, the prevalence of falls among older adults was 16.3% (95%CI: 14.82% ~ 17.78%). Logistic regression analysis identified several risk factors for falls among older adults: female [OR = 1.511, 95%CI (1.188–1.922)], age 85 years and older [OR = 2.332, 95%CI (1.447–3.758)], stroke [OR = 1.821, 95%CI (1.038–3.192)], hypoglycemia [OR = 1.639, 95%CI (1.228–2.186)], visual impairment [OR = 1.418, 95%CI (1.097–1.833)], need to be cared for [OR = 1.722, 95%CI (1.339–2.215)], chronic pain [OR = 1.663, 95%CI (1.302–2.124)], and anxiety [OR = 1.725, 95%CI (1.243–2.395)]. In addition, it was shown that a well-functioning family was a protective factor against falls [OR = 0.589, 95%CI (0.44–0.789)].

Conclusion: The prevalence of falls among community-dwelling older adults in Guangzhou City was high, and the influencing factors were complex. It is recommended to develop and implement comprehensive intervention measures for high-risk groups, including those who are females, older adults, and suffer from chronic diseases while paying special attention to the care of family members for older adults.
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Introduction

With the rapid development of the socio-economic and healthcare sectors, population health has improved significantly, and the life expectancy of the residents in different countries has also increased as a whole (1). According to data reported by the National Bureau of Statistics (NBS), by the end of 2022, China’s population of older people aged 65 and above will be close to 210 million, accounting for 14.9% of the total population. China is facing the problem of population aging (2). Aging is associated with changes such as increasing aging of body organs, increased prevalence of chronic diseases, and impaired ability to perform activities of daily living, which makes older adults a high-risk group for falls (3).

Falls were defined as a sudden, involuntary, unintentional change in body position to the same or lower plane than the starting position (4). According to WHO estimates, globally 28–35% of people aged 65 years and older experience at least one fall each year, and the prevalence of falls increases with age (5). In China, the prevalence of falls among older adults is 23.4% (6). The injuries caused by falls among older adults can lead to soft tissue damage, fractures, paralysis, craniocerebral injuries, and even death (7). Data show that falls are the leading cause of injury-related deaths among older adults aged 65 years and older (6, 8). The high prevalence and serious consequences of falls in older adults not only result in functional impairment, disability, or death, leading to a decline in long-term quality of life but also increase the burden on families and society (9). Therefore, falls among older adults are an important public health problem that has attracted widespread attention worldwide.

The factors influencing falls are complicated and the causes of falls may be varied in different countries, regions, and economic backgrounds. The prevention of falls among older adults has been taken up as an important research topic in China and a series of related studies have been carried out. The majority of older adults live in the community for a long time and use the family as the center of their lives. Family is the most basic and important living unit in human society, which provides certain environmental conditions for the healthy development of family members in terms of physical, psychological, and social support. However, the association between falls and older adult family functioning has not been reported. In summary, this study aimed to further explore the prevalence and influencing factors of falls among community-dwelling older adults in Guangzhou, China, focusing on its association with family functioning in particular.



Methods


Study design and sampling

This is a cross-sectional study of the prevalence of falls and their association with risk factors among 2,399 participants aged 65 years and older in 2023 in Guangzhou. Structured questionnaires for telephone interviews were adopted, and the interviews were conducted by a group of trained hotline staff and medical students in this study. Social expectation bias and non-response bias are two common biases in telephone interviews. We used measures such as avoiding sensitive questions in the questionnaire and promising confidentiality to the respondents to minimize social expectation bias, and we made multiple contacts with non-respondents to minimize missed interviews.

There are 11 districts in Guangzhou, each of which may differ in terms of economy, culture, and demographics. Consequently, stratified sampling should be used to ensure balanced coverage of the characteristics of each district, randomly select clusters to ensure sampling fairness, and stage-by-stage meticulous sampling to accommodate different strata, while considering intra-cluster and inter-cluster differences and determining a sufficient sample size so that the samples can accurately reflect the overall situation of the city of Guangzhou. Therefore, the researchers were selected based on a multi-stage stratified whole cluster random sampling method. In the first stage, ≥5 community health service centers were randomly selected as monitoring sites in each district of Guangzhou City according to the systematic sampling method of population size ordering; in the second stage, two neighborhood committees/village committees were randomly selected in each of the sampled community service centers; in the third stage, several householders were randomly selected; and in the fourth stage, a whole group of sampling was done among the sampled householders, in which older adults who met the inclusion and exclusion criteria were included as the survey respondents. The inclusion criteria were older adults in the population aged 65 years and older, with clear awareness and strong expression ability. The exclusion criteria were older adults who suffered from severe mental illness during the survey period and were unable to cooperate in completing the questionnaire.

A total of 5,004 older adults were selected as study participants. A total of 2,501 older adults were surveyed excluding death, missing phone numbers, and refusal to answer the phone. After data processing, 102 individuals with missing information were excluded, and 2,399 study participants were finally included.



Instruments

A self-designed questionnaire on the health status of older adults was used in this study, which was constituted by socio-demographic characteristics, health and lifestyle factors, and the assessment of falls and home functioning.



Socio-demographic characteristics

These measured the socio-demographic information, including gender, age, area of residence, marital status, education level, and medical insurance.



Health and lifestyle factors

Lifestyle-related factors included asking investigators about smoking, alcohol consumption, and physical exercise. Health-related factors included chronic diseases (diabetes, hypertension, osteoarthritis, osteoporosis, stroke, heart disease, dyslipidemia, kidney disease, and cancer), use of insulin, hypoglycemic and antihypertensive drugs, the presence of hypoglycemia, orthostatic hypotension, visual impairment, chronic pain, anxiety, and the need to be cared for, sleep quality status, frequency of easy or early awakening, sleep duration and the family functioning.



Assessment of family functioning

Family functioning was assessed using the Family Care Index Scale in five dimensions: family adaptation, partnership, growth, affection, and resolve (APGAR). For each question, there were three answers to choose from: “often” scored 2 points, “sometimes” scored 1 point, and “almost rarely” scored 0 points. The scores for the five questions were summed to produce a total score, with 7–10 indicating good family functioning and 0–6 indicating family dysfunction.



Assessment of falls

The assessment of falls was based on the question, Have you fallen in the past 2 years? Falls were defined as a sudden, involuntary, unintentional change in body position to the same or lower plane than the starting position (4). This includes slipping, tripping, fainting, being accidentally bumped or knocked over.



Ethics statement

Ethical approval for this study was obtained from the Ethics Committee of the Center for Disease Control and Prevention of Guangzhou.



Statistical analyses

Statistical analyses were performed using R 4.3.2 and Statistical Package for Social Sciences (SPSS), version 25.0 (SPSS Inc., Chicago, IL, United States). Categorical data were described by frequency and percentage. Univariate analysis was performed with the χ2 test to explore the effect of each explanatory variable on the prevalence of falls. A binomial logistic regression model was used for the analysis, and significant explanatory variables from the univariate analysis were included in the multivariate logistic regression analysis to identify factors associated with falls. Odds ratios (OR) and 95% confidence intervals (95% CI) were presented. Lasso regression was performed with R software to screen for explanatory variables associated with falls. Association rule algorithms are used to explore the association between falls and related factors. Two-tailed p values <0.05 were considered statistically significant in all performed analyses.




Results

A total of 2,399 older adults aged 65 years and older were investigated in this study in Guangzhou, of whom 390 reported falls, resulting in the prevalence of falls was 16.3% (95% CI: 14.82% ~ 17.78%). Univariate analyses of falls and sociodemographic characteristics, health and lifestyle factors, and family functioning are shown in Tables 1, 2, respectively.



TABLE 1 Prevalence of falls and its association with socio-demographic characteristics among community-dwelling older people in Guangzhou, China.
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TABLE 2 Prevalence of falls and its association with health and lifestyle factors among community-dwelling older people in Guangzhou, China.
[image: Table2]

The results of the Chi-square test in Table 1 showed that the prevalence of falls among the respondents showed significant differences in gender, age, and marital status (p < 0.05), while there were no significant differences in areas of living, education level, and health insurance (p ≥ 0.05). The results of the Chi-square test in Table 2 showed that cigarette smoking, diabetes, hypertension, osteoarthritis, osteoporosis, stroke, kidney disease, diabetes complications, receipt of insulin treatment, use of antihypertensive or hypoglycemic drugs, hypoglycemia, orthostatic hypotension, visual impairment, need to be cared for, chronic pain, sleep quality, frequency of easy or early awakening, anxiety, and family functioning differed significantly in association with the prevalence of falls (p < 0.05), while alcohol drinking, physical exercise, heart disease, dyslipidemia, cancer, and sleep duration were not significantly associated with the prevalence of falls (p ≥ 0.05).

All statistically significant variables in the univariate analysis were subjected to stepwise logistic regression analysis and the results are summarized in Table 3. The results showed that risk factors for falls in older adults were: female [OR = 1.511, 95% CI (1.188–1.922)], age ≥ 85 years [OR = 2.332, 95% CI (1.447–3.758)], stroke [OR = 1.821, 95% CI (1.038–3.192)], hypoglycemia [OR = 1.639, 95% CI (1.228–2.186)], visual impairment [OR = 1.418, 95% CI (1.097–1.833)], need to be cared for [OR = 1.722, 95% CI (1.339–2.215)], chronic pain [OR = 1.663, 95% CI (1.302–2.124)], and anxiety [OR = 1.725, 95% CI (1.243–2.395)]. In addition, it was shown that a well-functioning family was a protective factor against falls [OR = 0.589, 95% CI (0.44–0.789)].



TABLE 3 Association of falls with socio-demographic and health and lifestyle factors among community-dwelling older people in Guangzhou, China.
[image: Table3]

The variables screened using Lasso regression were generally consistent with the logistic stepwise regression results. Lasso regression achieves variable selection by constructing a penalty function that compresses the coefficients of the variables and makes certain regression coefficients zero. This penalty function is mainly adjusted by the hyperparameter l. The value of l the smallest mean square error (left dashed line in Figure 1A) and the value of 1 one standard error away from the smallest mean square error (right dashed line in Figure 1A) are obtained by 10-fold cross-validation. The latter was chosen as the best l value as it helps to get more streamlined results. According to the optimal hyperparameter l selected in Figure 1A, nine variables with non-zero characteristic coefficients were selected, including gender, age, cigarette smoking, hypoglycemia, visual impairment, need to be cared for, chronic pain, anxiety, and the Family Care Index, and the specific characteristic coefficients are shown in Table 4.

[image: Figure 1]

FIGURE 1
 Lasso regression analysis of falls among community-dwelling older adult people in Guangzhou, China. (a) LASSO regression cross validation curve plots; (b) LASSO regression variable contraction plot.




TABLE 4 Lasso variable characterization coefficient.
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The fall patterns of community-dwelling older adults in Guangzhou based on Apriori algorithm association rule mining were demonstrated in Table 5. When there is only one item set on the left-hand side in the association rule, the most common pattern was the model of gender and falls (support: 57.11%, confidence: 19.05). When there were two item sets on the left-hand side, the most common pattern was the model of pain, gender, and falls (support: 34.68%, confidence: 23.08%). Meanwhile, the network diagram of falls among community-dwelling older adults in Guangzhou is presented in Figure 2.



TABLE 5 The pattern of falls based on the Mining Association Rules of Apriori algorithm among community-dwelling older adult people in Guangzhou, China.
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FIGURE 2
 Web diagram of falls among community-dwelling older adults in Guangzhou, China.




Discussion

Our study found that the prevalence of falls was 16.3% among community-dwelling older adults in Guangzhou, China. This was similar to the prevalence of falls among people aged 60 and over in China, Korea, Singapore, and certain parts (Taiwan and Chengdu City) of China (10–14). However, it was lower than the United States (27.5%) (15) and South Africa (20.8%) (16). A systematic review of older adults worldwide showed that the prevalence of falls was 26.5% (17). Differences in the prevalence of falls between regions can be attributed to a variety of factors, including the selection of subjects for the survey, geographic location, sociodemographic differences, and economic level.

The result of the multivariate analysis showed that nine factors (gender, age, stroke, visual impairment, need to be cared for, chronic pain, anxiety, and family functioning) had a relationship with the prevalence of falls. In previous studies, age was a common risk factor for falls, and the prevalence of falls in older adults increased with age (18–20). It may be attributed to degenerative changes in the musculoskeletal system, the decline in gait stability, and the emergence of age-related diseases (such as osteoarthritis, and diabetes mellitus) of older adults with the increase of age, which leads to the increased risk of falls in older adults (21–23). Multiple studies have shown a correlation between gender and the occurrence of falls, with females being more prone to falls than males, which is consistent with our results (24, 25). This may indicate that the differences in falls in older adults stem from gender-related factors. In the years after menopause, women’s muscle strength decreases to some extent faster than men’s (26). At the same time, postmenopausal ovarian dysfunction leads to a decrease in estrogen levels, making women more likely to suffer from osteoporosis. This may explain why men are more prone to falls than men.

In our study, stroke was a risk factor for falls. Our finding is consistent with previous research findings (27). The higher prevalence of falls in the stroke population may be due to an increase in stroke-specific injuries. Muscle weakness or spasticity, sensory deficits, visual field deficits, balance dysfunction, decreased attention, and visuospatial deficits may all increase the risk of falls after a stroke (28–30). In addition, taking psychotropic drugs such as sedative-hypnotics and antidepressants is a risk factor for falls in stroke patients. These drugs directly act on the central nervous system, affecting the patient’s intuition, thinking, behavior, and mood, leading to decreased attention and impaired postural control, which may lead to falls.

Compared with people who had better vision, older adults with visual impairments were more likely to experience falls. This is consistent with previous research findings (31). Perhaps due to insufficient visual input, balance control, and obstacle avoidance abilities are impaired by distance misjudgments and misinterpretation of spatial information. This makes older people more likely to fall.

Our study found that older adults who need to be cared for in their daily lives are more likely to fall. It may be that the pushing and pulling difficulties that occur in daily life lead to losing balance, tripping, and ultimately falling (32, 33). Therefore, older people should be especially careful and try not to push or pull things to reduce the risk of falling. Another important reason is difficulty with bed and chair transfers, also known as sit-to-stand maneuvers, and the inability of older adults to perform this skill can lead to mobility problems, falls, or hospitalization (34). Previous studies have shown that difficulty rising from a chair was associated with decreased lower extremity muscle strength, poor balance, slow reaction time, and an increased risk of falling (35, 36).

In this study, chronic pain was a risk factor for falls in older adults. Previous studies have found that older adults with chronic multisite musculoskeletal pain or more severe generalized pain have reduced mobility and a higher risk of falling compared to older adults without pain (37–39). At the same time, chronic pain affects neuromuscular and motor control, cognitive function, and especially attention, leading to decreased responsiveness to postural perturbations (40–42). These factors may explain the higher prevalence of falls in older adults with chronic pain.

Anxiety is a common mental activity in life that increases the risk of falls in older adults. A study from the United States (43) suggested that fear of falling was correlated with anxiety. In addition, anxiety predicts fear of falling and activity restriction, which may be another way in which anxiety may influence fall risk. Other studies have reported that anxiety could cause a stiffening of the ankle joint, making balancing more difficult when an individual encounters a fall hazard (44). Additionally, anxiety can lead to a decrease in walking speed and stride length, which can also reduce balance. All of these factors combined can result in an increased risk of falls. Measures can be taken to help older adults manage anxiety and reduce the risk of falls due to psychological factors, such as the provision of psychological counseling services.

In our study, a well-functioning family was a protective factor for falls in older adults. First, a well-functioning family enhances the sense of security of older adults. The care and attention of family members can enable older adults to receive timely assistance when they experience mobility or vision problems and reduce the risk of falls due to solitary movement. Family members can prevent falls by reminding, accompanying or providing necessary assistive devices. Secondly, at the psychological level, a well-functioning family provides older adults with the necessary emotional support and reduces their feelings of anxiety and loneliness. This positive mental state helps older adults stay alert and focused, which in turn reduces the risk of falls. In addition, family members can help older adults maintain their physical vitality and balance by encouraging and participating in moderate physical activities, thereby reducing the risk of falls. At the same time, family members can also assist older adults to undergo regular health check-ups for timely identification and treatment of health problems that may increase the risk of falls.

The strength of this study is its population-based sample and analysis. Meanwhile, this study explored the association between family functioning and falls among older adults. However, some limitations of this study need to be considered. First, it is difficult to exhaust all potential risk factors for falls. For example, we did not make a detailed assessment of factors such as hearing, cognitive status, fear of falling, and environment. More detailed and comprehensive research on factors influencing falls in older adults is needed. Secondly, the data were obtained by conducting telephone interviews, so there may be social expectation bias and non-response bias. Third, due to the cross-sectional method of this study, the causal relationship between the factors studied and falls could not be inferred. Therefore, prospective studies were necessary to determine the prevalence and risk factors for falls.



Conclusion

In summary, people who are female, with advanced age, stroke, vision impairment, need to be cared for, chronic pain, anxiety, and family dysfunction are more susceptible to suffering falls. Identifying modifiable risk factors for falls in older adults is of importance to public health. The risk factors identified in this study provide a theoretical basis for developing fall prevention strategies for older adults.
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