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Background: It is generally believed that sedentary behavior (SB) increases the risk of falls among older adults, but the evidence for it remains inconsistent and scarce.

Purpose: Our study aims to provide a systematic review and meta-analysis of available evidence regarding the association of SB with falls in older adults.

Method: A comprehensive search strategy was conducted using several online databases from 1906 to March 2022. Cohort studies both concerning the association between SB and falls and involving participants over 60 years old were regarded as eligible for inclusion. Evidence was pooled by a random-effects meta-analysis. Quality assessment for individual studies was performed with the Newcastle–Ottawa Scale (NOS).

Results: Altogether seven publications were identified, and the age of the 24,750 individuals involved ranging from 60 to 99 years old. Overall quality of the included studies was rated as moderate-to-high quality. We found that SB was significantly associated with increased risk of falls compared with non-SB among older adults [Odds ratio (OR) = 1.17, 95% confidence interval (CI): 1.07–1.28; I2 = 46.90%, Pheterogeneity = 0.07, random model]. Subgroup analyses that stratified the studies according to NOS score showed significant differences between groups. Subgroup analysis stratified by SB measurement, sample size, region, publication year, and follow-up duration showed no significant differences between groups.

Conclusion: The findings provide reliable support for the hypothesis that sedentary lifestyles are strong predictors of falls among older adults, offering critical indications to develop strategies for fall prevention.
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Introduction

The incidence of falls increases with age, usually due to age-related issues (e.g., impaired posture control, balance, and gait). Falls and fall-related injuries are common for older adults (1), and are the leading causes of morbidity and mortality in older adults (2). Approximately 30% of adults more than 65 years old fall each year (3), and about half of whom suffer from fall-related injuries (e.g., hospitalizations and hip fractures) (2, 4). Asa result, it not only places a huge burden on their families and the healthcare system but also adds to socio-economic pressure, thereby becoming a public health concern (5).

Since the outbreak of the COVID-19, people's range of motion has been more restricted, especially for the elderly, who are even less active than before, which leads to more frequent sedentary behavior (6, 7). Sedentary behavior (SB) refers to any waking behavior featuring an energy expenditure ≤ 1.5 metabolic equivalents in various postures (sitting, reclining, or lying) (8, 9), which is connected with falls among the old (10). As an independent risk factor for health problems (11), SB is typical in older people. Some studies indicate that SB has a detrimental effect on the quality of life (12) and increases the incidence of falls in old people (13). The reasons for this are varied. For instance, SB was related to the reduction of bone mass (14), sarcopenia (15), and muscle weakness (15), which may increase the fall risk in older adults.

Despite the growing interest in the association between SB and fall risks (12), problems occurring in previous studies remain to be solved. First of all, existing evidence remains ambiguous (14), and some arguments are controversial (15, 16). For example, some studies regarding SB and falls indicated that SB could greatly increase the risk of falls (10, 17), while others showed no significant differences (18, 19). Besides, SB includes various behavior that needs to be measured objectively (such as pedometers and accelerometers), which was neglected in previous studies where subjective test methods were adopted, such as self-reported SB time (20) or questionnaires (21). Furthermore, the previous systematic review was conducted based on qualitative research, lacking objective quantitative analysis. Finally, plentiful new studies focusing on SB and falls have been published with significantly larger datasets, demanding reliable evidence summaries, and requiring updated reliable evidence summaries. As a result, the association between SB and falls among the older people needs further discussion. To look into the association, a meta-analysis, the systematic review that summarizes similar results quantitatively, can be conducted. It enlarges the sample size, improves the statistical effectiveness, as well as obtains results based on a comprehensive analysis, especially when the results of previous studies are conflicting. The aim of this review is, therefore, to determine the overall influence of SB on falls in older adults by conducting a meta-analysis.



Methods

This meta-analysis was conducted following the Cochrane Collaboration Handbook recommendations (22). We use the PRISMA statement to guide our article selection (23) (Supplementary PRISMA Checklist).


Search strategies and study selection

With no language and publication date restrictions, a strategic literature search was exhaustively performed to identify relevant observational studies regarding the association between SB and falls in older adults, such as Medline (via PubMed), EMBASE, Web of Science, Chinese BioMedical Literature Database, China Science and Technology Journal Database, China National Knowledge Infrastructure and WanFang Database (search strategy conducted from their 1906 to March 2022). After combining medical subject heading terms and keywords, Boolean logic operators were used to widen the scope of literature search. The items and their combinations used are as follows: “sedentary behavior,” “physical inactivity,” “older adults,” “falls,” and “sedentary lifestyle.” All specific search strategies are provided in the supplementary search strategy in production forum (Supplementary Table 4).

Recursive research was manually performed to identify potentially relevant literature by screening similar reviews' references and articles in crucial journals that were presented in the form of abstracts. The selection procedure was separately conducted by two investigators. The Endnote X9 software (Thompson ISI Research Soft, Philadelphia, PA) was used to import and manage all citations, and a third specialist got involved when different opinions between the two investigators emerged. Duplicates were deleted automatically and evaluation of the titles and abstracts was carried out respectively by the two authors. Subsequently, a further full-text evaluation was made to ensure the studies' accuracy and integrity.



Inclusion criteria

The following criteria were used to select studies: (1) The study design involved only cohort studies; (2) PICOS principles were used for inclusion and exclusion of literature; (3) the study population was older adults (≥60 years old); (4) The exposure factors included any type of SB, such as mobility limitation, physical inactivity, screen time, reclining, mobility limitation, seated position, watching TV, card-playing, and sitting. We chose the SB group with the highest level as a reference category when studies reported multiple categories of SB levels; (5) The measurement strategies of SB were either subjective measurement (e.g., structured questionnaire and telephone interview) or objective measurement (e.g., accelerometer).



Data extraction and quality assessment

All the basic information extracted from the included studies is as follows: publication year, name of the first author, follow-up time, age, sample size, gender ratio, measurement of falls, study design, definition of sedentary factor and covariates of physical activity. When publications did not report essential data, we contacted the first author to obtain detailed data.

We assessed the quality of cohort studies by the Newcastle-Ottawa Scale (NOS) (Supplementary Table 1), which included three major items: subject selection, comparability between observation groups, and outcome assessment (24). A NOS score <6 was assigned to low quality, while those with a score ≥6 were considered high quality. All the studies were rated independently according to the NOS quality criteria by 2 reviewers, and discrepancies were resolved by a third expert.



Statistical analyses

For all comparisons, we performed a conventional pairwise meta-analysis using random effects (22). For the results presented as dichotomous data, the effect size was calculated using the odds ratio (OR) with 95% confidence interval (CI) to measure group effects (25). OR was transformed logarithmically when we combined effect size, as it did not conform to the normal distribution. Pooled analyses of the effect of SB on falls were performed based on the random effect model (22). We measured heterogeneity using a P-value (<0.1 indicates statistical significance) and I2 statistic with values of 25, 50, and 75% representing low, moderate, and high heterogeneity, separately (26). The publication bias was first judged through a comparison-adjusted funnel plot, followed by a quantitative egger's test to assess whether P-values were < 0.05 (27) (Figure 2). Additionally, a sensitivity analysis was conducted to exclude the studies with a higher risk of bias. A subgroup analysis was performed to identify potential sources of heterogeneity or to explore statistically significant differences across studies. The items of subgroup analyses were as follows: SB measurement (accelerometer vs. non-accelerometer), total sample size (sample size ≥1,000 vs. sample size <1,000), region (city vs. rural), year of publication (publication year ≥2013 vs. publication year <2013), NOS quality of included studies (score ≥6 points vs. score <6 points), follow-up duration (>1 vs. ≤ 1 year) (Table 2). All the data analyses mentioned above were conducted using STATA software version 14.0 (Stata, Corp, College Station, TX, USA).




Results


Literature selection and characteristics of included studies

The literature search yielded 21,575 studies, among which 3 articles retrieved through reviewing related meta-analysis publications. After excluding 4,470 duplicate references, we further screened the abstracts and titles of the remaining 17,105 articles as they did not meet the inclusion criteria. The remaining 88 articles were scrutinized for full-text screening, and 81 articles were removed due to the availability of data, correlation of outcome indicators, and so on. Finally, seven cohort studies survived the careful selection and qualified for our meta-analysis (10, 19, 28–32). The flow chart depicts the details of the study selection procedure (Figure 1).


[image: Figure 1]
FIGURE 1
 Literature review flowchart. CNKI, China national knowledge infrastructure; CMB, Chinese biomedical; CSTJ, China science and technology journal; WOS, web of science.


All seven included studies enrolled 24,750 individuals aged between 60 and 99 years, among which the number of male participants [5,612 (22.7%)] was significantly lower than that of the female [19,138 (77.3%)]. The follow-up time ranged from 1 to 6 years, with a median follow-up time of 2 years. SB was measured by the accelerometer and various questionnaires such as the international physical activity questionnaire (IPAQ) and women's health initiative physical activity questionnaire (WHIPAQ). Further characteristics of the included studies were summarized in Table 1 (e.g., study design, region, sex proportion, quality of the study, SB assessment, the definition of sedentary factor and covariates of physical activity).


TABLE 1 Demographic characteristics of included studies.
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Quality of the included studies

Quality assessment of the included studies was done by NOS in Supplementary Table 1. Overall seven studies, six were rated as high quality and the rest one as low quality. The average NOS score was 6.57 points, ranging from 5 to 8 points.



Primary outcomes

Seven studies (24,750 participants) were analyzed to discover the association between SB and falls among older adults. The pooled effect size (OR) was 1.17 (95% CI: 1.07–1.28), with moderate heterogeneity (I2 = 46.90%, P = 0.07, random model) (Table 2), which revealed that older adults with SB were more likely to fall than those without SB. The funnel plot was visually asymmetrical, suggesting the potential existence of publication bias among included studies ([image: image] = 0.11) (Figure 2). PA was a significant variable in the relationship between sedentary and falls in older adults, with two articles adjusted for PA covariates (19, 32) and five articles not adjusted for PA covariates (10, 28–31).


TABLE 2 Primary results and subgroup analyses based on random effect model.
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FIGURE 2
 Literature review funnel plot.




Subgroup analyses

Based on the primary outcome, the subgroup analyses were conducted with different variables (SB measurement, total sample size, region, publication year, etc.) of interest to explore the possible source of heterogeneity, and most of them yielded consistency that failed to reveal the source of heterogeneity. Nevertheless, when the items of NOS quality were taken into consideration, the NOS score ≥6 (OR = 1.18; 95% CI: 1.08–1.30; I2 = 55.10%, P < 0.05, random model) saw a notable increase of heterogeneity compared with the NOS score <6 (OR = 1.00; 95% CI: 0.56–1.78, random model). Details of pooled effect size for subgroup analyses were based on the random model, respectively, as shown in Table 2.



Sensitivity analysis

Sensitivity analysis was performed repeatedly by omitting one study each time, with the pooled OR fluctuating between 1.15 (95% CI: 1.05–1.27) and 1.22 (95% CI: 1.09–1.36). It showed that the association between SB and falls changed after the exclusion of three studies (30–32), indicating these three studies may influence our results.




Discussion

Our study found that older adults with SB present with a higher risk of fall compared to those without, which was consistent with the results of previous studies. We also found that the effect of sedentary behavior on falls in the elderly was not influenced by regional divisions.

This meta-analysis demonstrated that SB can significantly add to the risk of falls in aged people (OR = 1.17; 95% CI: 1.07–1.28). Recent studies also revealed consistent results with ours (10, 32). A longitudinal cohort study, used an accelerometer to measure sedentary time and examine mean sedentary bout duration objectively, which lasted for more than 1 year and involved 5,545 older adults (32). The outcome suggested that longer sedentary time put older women at greater risk of falls. Similarly, in a large sample size cohort study (n = 11,761) focusing on SB and falls of postmenopausal women, a logistic regression model was conducted to determine the odds of falling based on the baseline of sedentary time, physical activity duration, and change of physical activity category within 6 years, which showed that SB (0-3METs) was associated with odds of falling (P = 0.04), but increasing activity up to ≥9 MET-h/week can also increase the risk of falling (10). Some mechanisms may help explain the relationship between SB and the risk of falls among older adults. First, long-term SB might reduce the physical activity bout duration (10), which cuts down skeletal muscle strength (33) and then lowers the balance performance and gait function (34), resulting in decreased posture control, and consequently leading to a higher risk of falling. In addition, SB often brings about fear of falling (35), a common psychological symptom, and poses a psychological barrier for older adults (36). Some studies have identified the fear of falling as a predictor of falls (35, 37), which can lead to late-life depression (38), reduction of self-efficacy, restriction of social activity (39), and decrease of life-space mobility (40), thereby increasing the fall risks of the aged people. Furthermore, SB might enhance frailty levels of older adults, which contributed to declining cognitive function first (41), and then an increase in fall incidence. Lastly, bone mass might be reduced as a result of SB, and then muscle skeletal pain occurred (42), both of which are triggers of falls.

Based on the subgroup analysis, although older people living in urban areas and those living in rural areas have different lifestyles (43), the results of the impact of sedentary behavior on their falls are consistent. Typically, older people living in cities have better living conditions and they lead a relaxed life under the care of their families (44, 45). Some of the activities they should be doing in this situation are correspondingly reduced, such as household chores or farm work, which leads to less time for physical activity and more time for sedentary activities, which in turn raises the risk of falls (46). And for older adults living in the countryside, they lack awareness of exercise and are unaware of the benefits of regular exercise (47). On the other hand, economic development in rural areas is generally slower and therefore fitness facilities are generally less available, which can also lead to a reduction in physical activity among older people (48). Therefore, despite the different lifestyles of older people in urban and rural areas, the impact of SB on their falls is the same. Although the results showed that the effect of sedentary behavior on falls was not influenced by SB measurements, different sedentary times had varied effects on falls (10), which were greatly influenced by measurement methods (49). Current measures of SB include accelerometers, physical activity scales, and structural interviews, of which accelerometers are the most accurate. Hence, the selection of SB measurement should also be considered in future research. Owing to the moderate heterogeneity (~46.90%), we explored the main factors to explain the heterogeneity. Based on the results of the subgroup analysis, I2 fluctuated especially in groups of stratification by SB measurement and region. The focus of future studies can be assessment technology to measure SB objectively, such as an accelerometer, a wearable device that enables continuous and precise monitoring of the multiaxial accelerations of body movement in patients. With the help of it, a higher level of reliability can be achieved compared with traditional self-report questionnaires (50). Furthermore, additional studies should be conducted to estimate the dose-response relationship between SB and falls and explore the appropriate time limit for SB.



Strengths and limitations

There are some strengths in this meta-analysis. For one thing, it is the first meta-analysis ever to discuss the effect of SB on falls in older adults, and the result certifies that SB can significantly increase the incidence of falls. For another, our study employed a comprehensive search strategy and multiple databases, and a complementary search was performed for potential literature such as meetings and abstracts. Consequently, the size of the participants in this study is big enough to provide strong statistical evidence for the estimated effects. Also, this study may act as a useful reference for policymakers, clinicians, or caregivers to make choices and navigate the direction of clinical decision-making, thereby advancing future research and clinical application.

Several limitations should also be acknowledged. First of all, all results came from a relatively limited number of included studies, leading to insufficient evidence in our analysis. Second, the methodological shortcomings of the observational studies might jeopardize the overall quality of the research. Furthermore, nearly a quarter of the participants were male, which may cause some bias. And the heterogeneity and publication bias risk of the included studies was mostly reflected in outcome assessment blinding and selective bias items. In addition, some of the articles' models were not adjusted for PA covariates, potentially reducing the precision and stability of the study results and thus biasing the results of our articles. Last, sedentary behavior (e.g., watching TV) does not always mean low physical activity (e.g., doing housework). Typically, for older adults, a cut point of ≤ 1.5 METs is used to distinguish sedentary behavior from light physical activity (8). Low physical activity and sedentary behavior need to be clearly defined in future studies.



Conclusions and implications

It is found that there is a positive association between SB and falls among older adults, which serves as an important step forward for considering SB as a modifiable risk factor for falls in older adults. Reducing SB can help reduce the level of falls and improve the quality of life of older adults. Therefore, older adults should be encouraged to reduce sedentary behavior and engage in appropriate physical activity. Considering the quantity and quality of the included studies, our conclusion needs to be interpreted with caution. In addition, given the rising prevalence of falls and universal SB in modern society, the results of our study provide valuable insights into promoting clinical and public health. In the future, more longitudinal studies should be conducted to better demonstrate the relationship between sedentary behavior and falls in older adults.
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