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Background: Previous studies on the five-repetition chair stand test (CS-5) are limited by the representativeness of the sample or the lack of reference equations for CS-5. Defined reference values for CS-5 in a large population are not available for middle-aged and elderly Chinese adults.

Objective: We established age- and sex-stratified reference values for CS-5 times in a large population in China, and to investigate the associations between demographic and anthropometric factors and CS-5 times.

Methods: Analysis of data from the national baseline survey of the China Health and Retirement Longitudinal Study, a nationally representative longitudinal survey that includes 450 urban communities and rural villages within 28 provinces, municipalities, and autonomous regions of China.

Results: Twelve thousand six hundred five of seventeen thousand seven hundred eight participants were included for the reference value analyses. Twelve thousand three hundred out of seventeen thousand seven hundred eight participants were included for the risk factor analyses. Of 12,605 participants, the mean CS-5 time was 10.13 s (SD, 3.32) in men and 11.03 s (SD, 3.54) in women aged 40+ year. The CS-5 times were shorter in men than women of all age categories (P < 0.001). The cut-off points ranged from 5.36 to 9.98 s and from 6.48 to 10.29 s in men and women, respectively. Mean velocity was higher in men than in women (P < 0.001). Age, waist circumference, living in a rural village, and having chronic diseases were positively associated with CS-5 time, whereas male, handgrip strength, currently married, income, and current or ex-drinker were negatively associated with CS-5 time in this population (all P < 0.001).

Conclusions: The comprehensive normative values for CS-5 are essential for enabling clinicians to better evaluate functional performance, determine the appropriate interventional strategy, and promote healthy aging of older adults.

Keywords: community-dwelling, five-repetition chair stand test, older adult, physical function, reference value


INTRODUCTION

Aging of the population in China is growing and becoming a very serious problem. In 2010, about 111 million (8.2% of the total population) older adults were identified in China and about 19.3 million were >80 years old. Due to the effect of the one-child policy and the increase in life expectancy, it is estimated that there will be 400 million older adults in 2050 (26.9% of the total population), 150 million of whom will be >80 years old (1). Declining muscle function due to losses in muscle mass and muscle strength is considered a hallmark of the aging process (2). Recent studies have shown that higher muscle mass and muscle strength are conversely associated with lower morbidity and all-cause mortality in older adults (3, 4). Early clinical detection of functional decline allows for an intervention and prevents a further decline in physical function and independence.

The chair stand test is a widely implementable test used to assess physical functioning and lower body muscular strength and endurance, particularly among older adults. The chair stand test requires little training to administer and uses simple equipment (conventional chair and a stopwatch), such as the five-repetition chair stand test (CS-5), 30-s chair stand test, and 1-min sit-to-stand test (5). Of these, the CS-5 captures a subject standing from a seated position five times. It may be used as an individual measure or as part of the Short Physical Performance Battery to assess physical functioning (6). A poor performance time on the CS-5 has been used as a predictor of falls and decline in activities of daily living in a wide range of functional outcomes, including chronic obstructive pulmonary disease (7), stroke (8), and musculoskeletal symptoms (9). The CS-5 demonstrates clinical significance for diagnosing limited mobility, aiding in the prognosis, and comparing groups or evaluating the effectiveness of interventions on physical functioning (10).

A comparison with age- and sex-matched normative reference data generated from a large population undergoing the chair stand test is required for use in clinical practice. Several studies [four studies for CS-5 (11–14)], three studies for the 30-s chair stand test (15–17), and one study for the 1-min chair stand test (18) have reported reference values for the chair stand test in the past decade. A previous meta-analysis reported that the reference value for the CS-5 was 8.50 s [95% confidence interval (CI): 7.93–9.07], and the reference value for the 30-s chair stand test was 17.26 times (95% CI: 15.98–18.55) in healthy Japanese older adults (19). However, existing datasets for the CS-5 are limited by the representativeness of the sample or the lack of reference equations for CS-5 and details of the chair characteristics. Defined reference values for CS-5 in a large population are not available for a large aging population like that in China.

Thus, the aim of the present study was to establish age- and sex-stratified reference values for CS-5 times in a large soon-to-be old and older adult population in China, and to investigate the associations between demographic and anthropometric factors and CS-5 times.



MATERIALS AND METHODS


Study Population

The China Health and Retirement Longitudinal Study (CHARLS) is a nationally representative longitudinal survey that includes 450 urban communities and rural villages within 28 provinces, municipalities, and autonomous regions of China. The design and data collection of this cohort study has been described previously (20). The survey included three waves, such as the baseline (W1) 2011–2012 survey, the second wave (W2) 2013–2014 survey, and the third wave (W3) 2015–2016 survey.

This cross-sectional study used data from the CHARLS national baseline survey conducted between June 2011 and March 2012 and included 17,708 participants. We excluded participants who did not provide information on CS-5 time (n = 4,802), and participants whose age was <40 years (n = 50). We also deleted the top and bottom 1% values on the CS-5 time (n = 251). Therefore, 12,605 participants were eligible for reference values analyses (Supplementary Figure 1). Furthermore, we excluded participants who did not provide information on body mass index (BMI) (n = 109), smoking status (n = 9), waist circumference (n = 18), or handgrip strength (n = 169). Thus, 12,300 participants were eligible for risk factor analyses (Supplementary Figure 1). This study protocol was approved by the Ethical Committee of Peking University. Written informed consent was obtained from all participants.



Measurement of CS-5

A CS-5 pre-test was performed on a standardized armless chair (0.47 m height) using a handheld stopwatch. The back of the chair was stabilized against a wall. Participants were asked to fold their arms across their chest (i.e., armrests were not used) and stand up from the chair. If the pre-test was successful, the participants were asked to perform five chair stands as quickly as possible without using their hands to push up from the chair. They were timed (in sec) from the initial sitting position to the final standing position on the fifth stand. The CS-5 mean velocity (in m·s−1) was calculated as the vertical distance (m) covered by the center of mass divided by the mean time (in sec) spent to complete the concentric phase of the CS-5 (21).



Assessment and Definition of Other Variables

Demographic and other variables were collected by trained interviewers according to standard procedures. Age, sex, educational level, smoking and drinking status, place of residence, marital status, income, and number of chronic diseases were gathered using a standardized, structured interview questionnaire. For further analysis, age groups were classified into “40–44,” “45–49,” “50–54,” “55–59,” “60–64,” “65–69,” “70–74,” “75–79,” or “80+”; educational levels were classified into “no formal education,” “primary school,” or “middle school or above”; smoking status was classified as “current or ex-smoker” or not; drinking status was classified as “current or ex-drinker” or not; place of residence was classified as “rural village” or “urban community”; marital status was classified as “currently married” or not; income was classified as “≥ mean value” or not; and the number of chronic diseases was classified as “0” or “≥1.”

Height, body weight, and waist circumference were measured using a standard protocol. BMI was calculated as the weight in kilograms divided by the square of the height in meters (kg·m−2). Handgrip strength was measured using a hand-held dynamometer. Participants were tested by trained technicians under the same conditions. Participants were asked to perform two maximum-force trials for each hand. The greatest force was used as the final handgrip strength. Cognitive functioning (including orientation and attention, episodic memory, and visuo-construction) was assessed. The detailed information of cognitive functioning test can be found elsewhere (22).



Statistical Analysis

Normality of the data was assessed using the Kolmogorov–Smirnov test and the appropriate parametric or non-parametric test was applied. The 5th, 25th, 50th, 75th, and 95th percentiles were chosen as age-specific and sex-specific percentiles of CS-5 time. Participant characteristics were stratified by sex. Continuous variables are presented as least-square means, standard deviations (SD), and 95% CIs; categorical variables are presented as counts and percentages. The cutoff values of CS-5 time were <1 SD by sex and age group. Significant differences between men and women group were analyzed by Student's t-test or the χ2-test. A multiple linear stepwise regression analysis (significance level for entry = 0.10, significance level to stay = 0.15) was developed to determine the extent to which CS-5 time was influenced by the participants' demographic (age, sex, marital status, place of residence, income, educational level, smoking and drinking status, and no. of chronic diseases) and anthropometric (height, weight, waist circumference, and handgrip strength) characteristics. All statistical analyses were performed using the Statistical Analysis System 9.4 edition for Windows (SAS Institute, Cary, NC, USA). All tests were two-tailed, and a P < 0.05 was considered significant.




RESULTS


Study Population

We included 12,605 of 17,708 participants (71.8%) for reference values analyses, and 12,300 of 17,708 participants (69.5%) for risk factors analyses (Supplementary Figure 1). Among the 12,605 participants, their mean age was 58.3 years (SD, 9.39), and 6,641 (52.7%) of the participants were women. The mean CS-5 time was 10.13 s (SD, 3.32) in men and 11.03 s (SD, 3.54) in women aged 40+ years; 14.06 s (SD, 4.08) in men and 14.89 s (SD, 4.60) in women aged 80+ years.



Reference Values for CS-5

Table 1 and Figure 1 show smoothed age-specific and sex-specific percentiles of CS-5 time in men and women. The data show that men performed better at all ages than women. In men, the 50th percentile of CS-5 time ranged from 7.93 to 13.54 s and in women it was from 8.94 to 14.60 s. There was an increase in CS-5 time across the age range in both sexes. More details on the percentiles of CS-5 time are shown in Supplementary Tables 1, 2.


Table 1. Age-specific and sex-specific percentile of CS-5 time (in sec) in men and women (n = 12,605).
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FIGURE 1. The five-repetition chair stand test times in middle-aged and elderly community-dwelling Chinese adults.


The cutoff values of CS-5 time using <1 SD by sex and age group are presented in Table 2. These cutoff points ranged from 5.36 to 9.98 s and from 6.48 to 10.29 s in men and women, respectively.


Table 2. CS-5 time (in sec) cutoff values using <1 SD by sex and age group (n = 12,605).
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The characteristics of the participants for the risk factor analyses stratified by sex are presented in Table 3. The means (95% CIs) of CS-5 time (in sec) for men and women were 10.11 (10.02, 10.20) and 11.01(10.93, 11.09), respectively. The means (95% CIs) of mean velocity (in m·s−1) for men and women were 0.38 (0.38, 0.39) and 0.30 (0.29, 0.30), respectively. Females tended to be young, currently married, non-smokers, and non-drinkers; they also tended to have higher educational levels and BMI, but lower handgrip strength and annual income, and more chronic diseases (all P < 0.001).


Table 3. Participant characteristics according to sex (n = 12,300).
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Reference Equations for CS-5

As shown in Table 4, multiple regression analysis was performed, where age (β = 0.092; P < 0.001), waist (β = 0.012; P < 0.001), BMI (β = 0.019; P = 0.051), place of residence (β = 0.516; P < 0.001), and no. of chronic diseases (β = 0.267; P < 0.001) were positively associated with CS-5 time and sex (β = −0.267; P < 0.001), handgrip strength (β = −0.049; P < 0.001), marital status (β = −0.237; P = 0.012), income (β = −0.321; P < 0.001), and drinking status (β = −0.286; P < 0.001) were negatively associated with CS-5 time in this population.


Table 4. Multiple liner stepwise regression of CS-5 time.
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DISCUSSION

In the present study, we established age- and sex-stratified reference values for the CS-5 from a large population of 12,605 Chinese community-dwelling adults, aged 40+ years. To the best of our knowledge, the present study is the first to define reference values for the CS-5 among middle aged and elderly Chinese. The present results suggest that the CS-5 time increased more with age in women than in men. Furthermore, our study identified parameters, such as waist circumference, handgrip strength, marital status, place of residence, income, and no. of chronic diseases, as independently associated with the CS-5 times.

Several normative data of the CS-5 for older adults from populations with different nationalities have been published in the last decade (11–14). However, reference values for the CS-5 have never been described in the Chinese adult population. The present findings are consistent with those of a previous study indicating that performance on the CS-5 increases with age across sexes. A previous study conducted in Colombia reported that the mean CS-5 times for men and women were 12.95 s (SD, 5.52) and 14.10 s (SD, 6.03), respectively (14). Furthermore, consistent with the present results, previous studies indicated that men did performed better on the CS-5 than women in the same age range. Ramírez-Vélez et al. suggested that performance on the CS-5 was different between men and women in the 60 to 69-, 70 to 79-, and 80+-year groups (all P < 0.001). The mean CS-5 times for Colombian older adults aged 80+ years were 15.94 s (SD, 6.14) for men and 16.00 s (SD, 7.02) for women (14). Another study conducted in Thailand suggested that performance on the CS-5 was different between men and women in the 70 to 79-year and 80+-year groups (all P < 0.001). The mean CS-5 times for Thai older adults aged 80+ years were 14.2 s (SD, 3.4) in men and 17.1 s (SD, 4.6) in women (11). Gender and age also affect performance on the 30-s chair stand test and 1-min chair stand test (15, 18).

Moreover, in the present study, the impact of health-related factors, such as higher BMI, lower handgrip strength, and residence in a rural village, on mobility also contributes to the observation. A previous study conducted on Filipinos reported that higher CS-5 time are related to lower BMI values [β = −0.020, P < 0.001; (13)]. Another study including 6,926 participants also reported that lower chair stand test performance was related to five BMI units [β = −0.283, P < 0.001; (18)]. Men and women in mid-life begin to show a decrease in muscle strength, such as handgrip strength, which is a good marker of physical performance (2). Stevens et al. reported that handgrip strength is associated with a 1% decrease in the CS-5 time [β = 0.99, P < 0.001; (23)]. Older people who live in Chinese rural villages have poorer health compared to their urban dwelling peers due to inadequate access to health care and resources (24). Consistent with the present results, Lunar et al. indicated that urban-dwellers perform better on the CS-5 than their rural dwelling counterparts (13).

Only three of eight previous studies provided chair heights in their reports (Supplementary Table 3). A standard armless chair is usually 43–47 cm in height (25). The participants for the CS-5 test sat on a standard armless chair with a seat height of 47 cm in the present study. Thaweewannakij et al. performed the CS-5 test using a 43 cm chair height. However, different seat heights may have increased the variability of the reference value results for the CS-5 (26). Height may be a risk factor for CS-5, and should be included in the reference equations for CS-5.


Strengths and Limitations

The present study had several strengths. First, this study used a nationally representative sample that included 450 urban communities and rural villages within 28 provinces of China. Second, the present study is the largest and the first study to provide comprehensive reference data for the CS-5 in a Chinese adult population. The reference values were calculated for sex-specific, 5-year age spans to improve clinical applicability. Third, the analyses investigated the association between demographic and anthropometric factors and CS-5 times. Nevertheless, there were several limitations of this study. First, the study population was comprised of only Chinese adults, which limits generalizability of the results to other populations. Moreover, we excluded 4,802 participants who did not provide information on CS-5 time. Participants who had cognitive impairment could not follow an instruction and these participants would have been expected to perform poorly in CS-5. We found that there was no significant difference in total cognitive scores between participants who were included for reference values analyses and who were excluded due to missing data on CS-5 times (Supplementary Table 4). However, we also found that 12.1 and 45.9% participants were excluded due to missing data on cognitive scores in the included and excluded participants, respectively (Supplementary Table 4). Thus, participants who had missing data on CS-5 times tended to have missing data on cognitive scores, and participants who had missing data both on CS-5 times and cognitive scores would have been expected to perform poorly in CS-5. Furthermore, participants who were excluded due to missing data on CS-5 times were older than that of included participants. Thus, the presented results could be biased. Second, there could have been recall bias in this study. Third, it is impossible to infer causality due to the cross-sectional study design. Fourth, factors associated with chair stand are expected; what is really needed is the determinations of cut off values relating to adverse health outcomes, which require longitudinal and clinical data.




CONCLUSION

The present study provides valid national reference standards for the CS-5 in Chinese middle-aged and elderly adults. The comprehensive normative values for CS-5 are essential to enable clinicians to better evaluate functional performance, determine an appropriate interventional strategy, and promote healthy aging of older adults.
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