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Objective: Frailty and depression, as two common conditions among older adults in China, have been shown to be closely related to each other. The aim of this study was to investigate the bidirectional effects between frailty and depressive symptoms in Chinese population.

Methods: The bidirectional effect of frailty with depressive symptoms was analyzed among 5,303 adults ≥ 60 years of age from the China Health and Retirement Longitudinal Study (CHARLS). Phenotype and a frailty index were used to measure frailty. Depressive symptoms were evaluated using the Epidemiological Studies Depression Scale (CES-D). Logistic regression and Cox proportional hazard regression models were used to determine the bidirectional effects of frailty and depressive symptoms in cross-sectional and cohort studies, respectively. Subgroup and sensitivity analyses were further used to further verify the associations.

Results: In the cross-sectional study, the multivariate-adjusted ORs (95% CIs) for depressive symptoms among pre-frail and frail adults, as defined by the frailty index and phenotype, were 3.05 (2.68–3.49), and 9.78 (8.02–12.03), respectively. Depressed participants showed higher risks of pre-frailty and frailty [frailty index, 3.07 (2.69–3.50); and phenotypic frailty, 9.95 (8.15–12.24)]. During follow-up, the multivariate-adjusted HRs (95% CIs) for depressive symptoms among pre-frail and frail participants, as defined by the frailty index and phenotype, were 1.38 (1.22–1.57), and 1.30 (1.14–1.48), respectively. No significant relationship existed between baseline depressive symptoms and the incidence of frailty. Moreover, the results from subgroup and sensitivity analyses were consistent with the main results.

Conclusion: Although a cross-sectional bidirectional association between depressive symptom and frailty has been observed in older (≥60 years old) Chinese adults, frailty may be an independent predictor for subsequent depression. Moreover, no effect of depressive symptoms on subsequent frailty was detected. Additional bidirectional studies are warranted in China.
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INTRODUCTION

The aging population is a global phenomenon, with 1 billion adults ≥ 60 years of age. This number is estimated to reach 1.4 billion by 2030, and will be on the rise in the ensuing decades (World Health Organization, 2018, 2019). The old adults are more likely to have age-related disorders, including mental health and physical fitness, given the limited regenerative abilities. Moreover, the old adults are more likely to have more than one co-morbidity at the same time (World Health Organization, 2019). Indeed, depression, a common mental illness, has a prevalence ranging from 10 to 20% in the older population (Rodda et al., 2011). In addition, depression is associated with a 6–10%, and 30% rate of disability in the primary care setting, and in medical and long-term care settings, respectively (Reynolds et al., 2012). Frailty is a common physical condition among older adults, and is characterized by a functional decline in multiple physiologic systems that causes an increased susceptibility to stressors (Hoogendijk et al., 2019). As reported, the prevalence of frailty has been estimated to range from 10% among community-dwellers (Collard et al., 2012) to 18–40% in hospitalized patients (Cunha et al., 2019). When stressors, such as acute illness, occur, a person with frailty rapidly has a deterioration in functional capacity. Generally, several instruments have been established to identify frailty. The two most common frailty instruments used in studies and clinical settings are the phenotypic and the frailty indices. The phenotype model of frailty considers frailty as a biological syndrome, defined by a set of five specific symptoms: weakness; slowness; exhaustion; low physical activity; and shrinking (Fried et al., 2001). The frailty index is based on the cumulative deficit model, and covers non-specific diseases, deficits, signs, symptoms, disabilities, and mental factors (Rockwood and Mitnitski, 2007).

Notably, frailty and depression may share common risk factors and pathophysiologic pathways, including inflammation and mitochondrial dysfunction (Franceschi et al., 2018). As a result, frailty and depression also contribute to a range of harmful consequences of old age, such as poor quality of life, and increased health care needs, morbidity, and mortality (Rodda et al., 2011; Clegg et al., 2013; Shamliyan et al., 2013; Hare et al., 2014). Moreover, co-existing frailty and depressive symptoms have been reported to be associated with impaired cognitive functioning and disability based on a cross-sectional study from the Neurocognitive Outcomes of Depression in the Elderly study (Potter et al., 2016). To date, previous studies have demonstrated a strong link between frailty and depressive symptoms (Nabi et al., 2008; Surtees et al., 2008). As summarized by a meta-analysis based on 16 cross-sectional and 23 cohort studies in 2012, a positive association between depression and frailty was observed in cross-sectional studies, whereas findings from cohort studies were inconsistent (Mezuk et al., 2012). A 2017 meta-analysis from multiple countries reported that frail individuals have a 4.42-fold increased probability of being depressed and the likelihood of being frail is 4.07-fold higher in depressed patients (Soysal et al., 2017). Similarly, the increased likelihood of being frailty is 4.07-fold higher in depressed patients. In addition, the incidence of frailty among depressed patients is 2.72-fold higher than non-depressed patients, whereas the increased probability of being depressed was 0.90-fold higher in frail patients (Soysal et al., 2017). These findings suggest that frailty and depression may have an influence on each other, but no such data are available in China.

Currently, China has approximately 250 million old adults, accounting for 17.9% of the total 1.4 billion people (Jia et al., 2020). As expected, 27% of the population will be old populations by 2050 (United Nations, 2019). Hence, investigating the bidirectional association between frailty and depressive symptoms is older Chinese adults is warranted. To fill this gap in knowledge and provide the evidence, we conducted this study to analyze the bidirectional effect between frailty and depressive symptoms among older adults from the China Health and Retirement Longitudinal Study (CHARLS) using a cross-sectional and cohort design.



MATERIALS AND METHODS


Study Participants

The study sample was obtained from the (CHARLS), a representative national cohort with middle-aged and older adults in China, as described previously (Zhao et al., 2014). At baseline, 17,708 participants from 450 urban and rural areas of 28 provinces were recruited in 2011, with follow-up evaluations in 2013, 2015, and 2018. During each survey, information on age, sex, marital status, educational level, family income, residence, social activities, retirement, cigarette smoking, alcohol consumption, sleep duration, number of chronic diseases, and body mass index (BMI) was collected from structured questionnaires and physical examinations by trained interviewers and physicians, respectively. Adults ≤ 60 years of age (N = 10,255), and those with missing depressive symptom assessments (N = 454) and demographic data (N = 50) were excluded. In addition, 1,646 or 1,361 participants without sufficient evaluation data on the frailty index or phenotypic frailty were excluded, respectively. Thus, using the baseline data in 2011, 5,303 or 5,117 participants underwent a cross-sectional analysis between frailty, as defined by a frailty index or phenotype, respectively, and depressive symptoms, using the baseline data in 2011. In the cohort study (2011–2018), we further excluded those participants with baseline frailty or depressive symptoms and those lost to follow-up. Therefore, 3,157 or 3,082 participants remained in the cohort analysis with baseline frailty, as defined by a frailty index or phenotype, respectively, and the incidence of depressive symptoms, while 2,086 or 1,491 participants were included for the cohort analysis between baseline depressive symptoms and incidence of frailty assessed by a frailty index or phenotype, respectively. Additionally, with the limited information, such as physical examination indicators, for the definition of phenotypic frailty in 2018, the association between baseline depressive symptoms and the incidence of phenotypic frailty was only evaluated during follow-up from 2011 to 2015. The flow chart of the selection process for participants is shown in Supplementary Figure 1.

This study was approved by the Peking University Ethical Committee. Informed consent was obtained from all participants.



Assessment of Depressive Symptoms

The 10-item Center for Epidemiological Studies Depression Scale (CES-D) was used to evaluate depressive symptoms (Andresen et al., 1994). As reported elsewhere, the CES-D includes 10 items with four answers for each item, as follows: “rarely (<1 day/week);” “some days (1–2 days/week);” “occasionally (3–4 days/week);” “most (5–7 days/week).” For the negative items, the score was assigned 0, 1, 2, and 3 points for “rarely,” “some days,” “occasionally,” and “most,” respectively; whereas for the positive items, the score was defined as 3, 2, 1, and 0 points for “rarely,” “some days,” “occasionally,” and “most,” respectively. Then, the total score was summed for the 10 items, ranging from 0 to 30. In agreement with a prior study verified the validity of CES-D in CHARLS (Chen and Mui, 2014), the study participants were classified as depressed with a CES-D score ≥ 12 and non-depressed with a CES-D score < 12.



Assessment of Frailty

Frailty was assessed by both phenotype and a frailty index. As reported elsewhere, phenotypic frailty was determined by the physical frailty phenotype (PEP) scale, which includes weakness, slowness, exhaustion, inactivity and weight loss (Wu et al., 2017). Weak was defined as a maximum handgrip strength for either hand less than the 20th percentile for the sex- and BMI- adjusted weighted population distribution. Slow was the average time of repeated walking tests over a 2.5-m course that exceeded the 80th percentile for the sex- and height- adjusted weighted population distribution. Exhaustion occurred when subjects felt that anything they did was an effort or they could not get going. Inactivity was defined as subjects who walked continuously for < 10 min in a typical week. Weight loss was defined as a self-rated loss of ≥5 kg in the previous year or a BMI ≤ 18.5 kg/m2. Using the above information, phenotypic frailty was categorized into three levels, as follows: robust (meeting none of the five domains); and prefrail and frail (meeting any one or more criteria).

The modified procedure of the China Kadoorie Biobank was used to evaluate the frailty index (Fan et al., 2020), and included 20 deficits, including chronic diseases (i.e., hypertension, heart disease, stroke, emphysema or bronchitis, tuberculosis, asthma, peptic ulcer, gallstone diseases, rheumatoid arthritis, fracture, neurasthenia, diabetes, cancer, and chronic kidney diseases), symptoms and signs (i.e., sleep disturbances, body pain or discomfort, unintentional weight loss, feeling sad or depressed, and poor health status), and physical measurements (i.e., BMI). Each deficit was dichotomized or mapped from 0 (the healthiest status) to 1 (the unhealthiest status). The frailty index was calculated as a ratio of the number of deficits for each participant to the total number of deficits, with a range from 0 to 1. Two subgroups were created, as follows: robust (≤0.10); and pre-frailty and frailty (>0.10). Because the number of frail people over 60 aged in the CHARLS is limited, we had to combine the prefrailty and frailty conditions.



Statistical Analysis

The distributions of the study sample were determined by frailty status. Means ± standard deviations (SDs) or numbers (percentages) were calculated to perform continuous or categorical variables, respectively. Student’s t-test, the Mann-Whitney U-test and the chi-square test were used to compare the distribution of covariates in univariate analyses. Logistic regression models were used to determine the bidirectional associations between frailty and depressive symptoms with a cross-sectional design. Cox proportional hazard regression models were used to determine the relationship between frailty and the incidence of depression, as well as the relationship between depression and the incidence of frailty. For example, in the association between frailty index and the incidence of depressive symptoms, if individuals without depressive symptoms at baseline (2011), but were evaluated to be with depressive symptoms in 2013, then the time interval in Cox proportional hazards model was considered as 2 years. Similarly, if participant without depressive symptoms in 2011 and 2013, but were assessed to be with depressive symptoms in 2015, then the time interval was defined as 4 years; if individuals without depressive symptoms in 2011, 2013, and 2015, but were evaluated to be with depressive symptoms in 2018, then the time interval was considered as 7 years. Additionally, to ensure the reliability of the results, we further calculated the per SD change value after zero-mean normalization of the continuous independent variable. The standardization process was calculated according to the following formula:
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where zij represents the standardized independent variable, xij represents the original independent variable, xi represents the mean value of the independent variable, and si represents the SD of the independent variable.

Moreover, subgroup analyses based on sex and residence were both performed to verify such associations, either in a cross-sectional or prospective study. In addition, a series of sensitivity analyses were further conducted. Firstly, because the definition of frailty might involve depressive symptoms-related factor (“Overall in the last month, how much of a problem did you have with feeling sad, low, or depressed?”), we excluded the associated factors and performed sensitivity analyses. Secondly, since the age limit established for old age is 65 years, we conducted the sensitivity analyses among people over the age of 65, as well. Thirdly, the survival time is unlikely to be precisely observed in the queuing setting, and thus at best it is known only to fall within an interval between two consecutive surveys, that is interval-censoring. Briefly, it treats the right-truncated observation value as a special interval with an infinite right boundary and the exact event time as a zero-length interval. The PROC ICLIFETEST (Guo et al., 2014) provides a non-parametric statistical method for estimating survival functions and a statistical test of interval-censored data. Therefore, we used this procedure to investigate the association between baseline frail status and incidence of depressive symptoms, as well as the association between baseline depressive symptoms and the incidence of frailty.

In the present study, the crude model was used to evaluate the odd ratio (OR) or hazard ratio (HR) and the 95% confidence interval (CI) without any adjustment. Model 1 adjusted for age and sex, and model 2 additionally adjusted for education level, smoking status, alcohol consumption, marital status, place of residence, income, participation in social activities, number of chronic diseases, retirement status, and sleep duration. All statistical analyses were conducted using SAS (version 9.4; SAS Institute Inc., Cary, NC, United States). All P-values were two-tailed, and a P < 0.05 was considered statistically significant.




RESULTS


Basic Characteristics

Table 1 shows the basic characteristics of the study population. As calculated by the frailty index, greater than one-half of 5,303 participants (53.84%) were pre-frail or frail, primarily affecting the majority of women and retirees. These subjects tended to have a higher BMI, lower educational level and family income, shorter sleep duration, and several chronic diseases. In addition, the prevalence of depressive symptoms among pre-frail and frail subjects was significantly greater than the robust subjects. Indeed, 65.88% of subjects had pre-frailty and frailty when determined based on phenotype. Specifically, the pre-frail and frail subjects were more likely to be older, females, no alcohol consumption, countrymen, and retirees. Furthermore, the pre-frail and frail subjects tended to have several chronic diseases, but a lower BMI, educational and income levels, and shorter sleep duration. The prevalence of depressive symptoms in pre-frail and frail subjects was significantly greater than the robust subjects.


TABLE 1. The basic characteristic of the study population in the cross-sectional study.
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Bidirectional Relationship of Frailty With Depressive Symptoms in the Cross-Sectional Study

Figure 1 presents the association of frailty with depressive symptoms in the cross-sectional study. Pre-frail and frail participants had higher risks of depression before and after adjustments for confounders when compared to the robust participants. As shown in Supplementary Table 1, the crude ORs (95% CIs) for depressive symptoms among pre-frail and frail participants, as defined by the frailty index and phenotype, were 3.25 (2.87–3.69) and 10.56 (8.73–12.89), respectively. The ORs (95% CIs) for depressive symptoms for each incremental increase in the standard deviation of the frailty index and phenotypic frailty scores were 2.03 (1.91–2.17), and 2.58 (2.41–2.77), respectively. The ORs (95% CIs) for depressive symptoms among pre-frail and frail participants, as defined by the frailty index and phenotype were 3.19 (2.82–3.62) and 10.86 (8.95–13.29) after adjustment for age and sex, respectively. The ORs (95% CIs) for depressive symptoms for each incremental increase in the standard deviation of the frailty index and phenotypic frailty scores were 2.01 (1.88–2.14), and 2.76 (2.56–2.97), respectively. The full-adjusted ORs (95% CIs) for depressive symptoms among pre-frail and frail people defined by index and phenotype were 3.05 (2.68–3.49) and 9.78 (8.02–12.03), respectively. The ORs (95% CIs) for depressive symptoms for each incremental increase in the standard deviation of the frailty index and phenotypic frailty scores were 1.95 (1.82–2.08), and 2.61 (2.42–2.82), respectively.


[image: image]

FIGURE 1. Bidirectional association between frailty and depressive symptoms in the cross-sectional study.


When assigning depressive symptoms as an independent variable, as shown in Supplementary Table 2, depressed patients had higher risks of pre-frailty and frailty, with crude ORs (95% CIs) of 3.25 (2.87–3.69) for the frailty index and 10.56 (8.73–12.89) for phenotypic frailty. The ORs (95% CIs) for pre-frailty and frailty, as assessed by the frailty index and phenotype, for each incremental increase in the standard deviation of the depressive symptoms score were 1.90 (1.79–2.02) and 3.78 (3.46–4.16), respectively. After adjusting for age and sex, depressed patients had higher risks of pre-frailty and frailty, with ORs (95% CIs) of 3.19 (2.81–3.62) for the frailty index; and 10.88 (8.97–13.31) for phenotypic frailty. The ORs (95% CIs) for pre-frailty and frailty, as assessed by the frailty index and phenotype, for each incremental increase in the standard deviation of the depressive symptoms score were 1.89 (1.77–2.01) and 3.90 (3.55–4.29), respectively. Moreover, depressed patients had higher risks of pre-frailty and frailty, with ORs (95% CIs) of 3.07 (2.69–3.50) for the frailty index and 9.95 (8.15–12.24) for phenotypic frailty, after adjusting for age, sex, education level, smoking status, alcohol consumption, marital status, place of residence, income, participation in social activities, number of chronic diseases, retirement status, and sleep duration. The ORs (95% CIs) for pre-frailty and frailty, as assessed by the frailty index and phenotype, for each incremental increase in the standard deviation of the depressive symptoms scores were 1.89 (1.77–2.02) and 3.97 (3.59–4.40), respectively.



Sensitivity Analysis Between Frailty and Depressive Symptoms in the Cross-Sectional Study

Because the definition of frailty might involve depressive symptom-related factors, sensitivity analysis was performed after excluding the related factors, as shown in Supplementary Table 3. The results were similar to that of the entire population. Pre-frail and frail participants had higher risks of depressive symptoms before and after adjustments for confounders, when compared to the robust participants. In the crude model, pre-frail and frail participants were at higher risk of depressive symptoms when assessed by the frailty index and phenotype [ORs (95% CIs), 3.46 (3.00–4.00) and 1.69 (1.51–1.91), respectively], compared to robust subjects. In addition, the ORs (95% CIs) for depressive symptoms per each incremental increase in the standard deviation for the frailty index and phenotypic frailty scores were 1.95 (1.83–2.08) and 1.32 (1.25–1.40), respectively. After adjusting for age and sex, pre-frail and frail participants were at higher risk of depressive symptoms when assessed by the frailty index and phenotype [ORs (95% CIs), 3.32 (2.87–3.84) and 1.73 (1.53–1.95), respectively], respectively, compared to robust subjects. In addition to the ORs (95% CIs) for depressive symptoms per each incremental increase in the standard deviation for the frailty index and phenotypic frailty scores were 1.93 (1.81–2.06), and 1.35 (1.27–1.43). In the full-adjusted model, pre-frail and frail participants were at higher risk of depressive symptoms when assessed by an index and phenotype [ORs (95% CIs), 3.12 (2.68–3.63) and 1.59 (1.40–1.82), respectively], compared to robust subjects. The ORs (95% CIs) for depressive symptoms per each incremental increase in the standard deviation for the frailty index and phenotypic frailty scores were 1.88 (1.76–2.01) and 1.28 (1.20–1.37), respectively.

When assigning depressive symptoms as an independent variable, as shown in Supplementary Table 4, depressed participants had a higher risk of pre-frailty and frailty before and after adjustments for confounding factors, including age, sex, education level, smoking status, alcohol consumption, marital status, place of residence, income, participation in social activities, number of chronic diseases, retirement status, and sleep duration, when compared to the non-depressed participants. In the crude model, the ORs (95% CIs) for pre-frailty and frailty, as defined by the frailty index and phenotype among depressed patients, were 3.46 (3.00–4.00) and 1.69 (1.51–1.91), respectively. The ORs (95% CIs) for pre-frailty and frailty, as assessed by the frailty index and phenotype, for each incremental increase in the standard deviation for the depressive symptoms scores were 1.98 (1.84–2.11) and 1.34 (1.27–1.42), respectively. After adjusting for age and sex, the ORs (95% CIs) for pre-frailty and frailty, as defined by the frailty index and phenotype among depressed patients, were 3.31 (2.87–3.84) and 1.73 (1.53–1.95), respectively. The ORs (95% CIs) for pre-frailty and frailty, as assessed by the frailty index and phenotype, for each incremental increase in the standard deviation for the depressive symptoms scores were 1.93 (1.80–2.07) and 1.36 (1.28–1.44), respectively. The full-adjusted ORs (95% CIs) for pre-frailty and frailty, as defined by the frailty index and phenotype among depressed patients were 3.15 (2.71–3.67) and 1.59 (1.40–1.82), respectively. The ORs (95% CIs) for pre-frailty and frailty, as assessed by the frailty index and phenotype, for each incremental increase in the standard deviation for the depressive symptoms scores were 1.92 (1.79–2.08) and 1.31 (1.23–1.40), respectively.

Consistently shown in Supplementary Figure 2, after adjusting for age, sex, education level, smoking status, alcohol consumption, marital status, place of residence, income, participation in social activities, number of chronic diseases, retirement status, and sleep duration, pre-frail and frail participants (>65 years) were at higher risk of depressive symptoms when assessed by an index and phenotype [ORs (95% CIs), 2.78 (2.35–3.30) and 11.03 (8.31–14.94), respectively], compared to robust subjects. In contrast, the full-adjusted ORs (95% CIs) for pre-frailty and frailty, as defined by the frailty index and phenotype among depressed patients were 2.79 (2.36–3.31) and 11.23 (8.45–15.22), respectively.



Bidirectional Effect Between Frailty and Depressive Symptoms in the Cohort Study

The incidence of depressive symptoms was 56 per 1,000-person years. The association between frailty and the incidence of depressive symptoms is shown in Table 2. Compared with the robust participants, prefrail or frail participants had higher risks of depressive symptoms before and after adjusting for confounders, including age, sex, education level, smoking status, alcohol consumption, marital status, place of residence, income, participation in social activities, number of chronic diseases, retirement status, and sleep duration. The crude HRs (95% CIs) for depressive symptoms among prefrail and frail participants, as defined by the frailty index and phenotype, were 1.39 (1.23–1.58) and 1.38 (1.21–1.56), respectively. The HRs (95% CIs) for the incidence of depressive symptoms for each incremental increase in the standard deviation of the frailty index and phenotypic frailty scores were 1.24 (1.17–1.31), and 1.19 (1.12–1.26), respectively. After adjusting for age and sex, the HRs (95% CIs) for depressive symptoms among prefrail and frail participants, as defined by the frailty index and phenotype, were 1.38 (1.22–1.57) and 1.38 (1.21–1.57), respectively. The HRs (95% CIs) for the incidence of depressive symptoms for each incremental increase in the standard deviation of the frailty index and phenotypic frailty scores were 1.23 (1.16–1.30), and 1.19 (1.12–1.27), respectively. The full-adjusted HRs (95% CIs) for depressive symptoms among prefrail and frail people, as defined by an index and phenotype, were 1.38 (1.22–1.57), and 1.30 (1.14–1.48), respectively. The HRs (95% CIs) for the incidence of depressive symptoms for each incremental increase in the standard deviation of the frailty index and phenotypic frailty scores were 1.23 (1.16–1.30), and 1.15 (1.08–1.30), respectively.


TABLE 2. Association between frailty and incidence of depressive symptoms.
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When setting depressive symptoms as an independent variable, the incidences of frailty defined by phenotype and index were 45 per 1,000 person years and 94 per 1,000-person year. As shown in Table 3, depressed participants had a higher risk of pre-frailty and frailty when assessed by the frailty index, although the risk was not statistically significant. The crude HRs (95% CIs) for the incidence of pre-frailty and frailty, as defined by the frailty index and phenotype among depressed patients, were 1.17 (0.98–1.39) and 1.47 (0.95–2.28), respectively. The HRs (95% CIs) for the incidence of pre-frailty and frailty, as assessed by the frailty index and phenotype, for each incremental increase in the standard deviation of the depressive symptoms scores, were 1.06 (0.996–1.12) and 1.33 (1.17–1.53), respectively. With adjustment for age and sex, the adjusted HRs (95% CIs) for the incidence of pre-frailty and frailty, as defined by the frailty index and phenotype among depressed patients, were 1.15 (0.96–1.37), and 0.98 (0.63–1.52), respectively. The HRs (95% CIs) for the incidence of pre-frailty and frailty, as assessed by the frailty index and phenotype, for each incremental increase in the standard deviation of the depressive symptoms scores, were 1.05 (0.99–1.11) and 1.14 (0.995–1.31), respectively. Moreover, the full-adjusted HRs (95% CIs) for the incidence of pre-frailty and frailty, as defined by the frailty index and phenotype among depressed patients, were 1.18 (0.98–1.41) and 0.96 (0.61–1.50), respectively. The HRs (95% CIs) for the incidence of pre-frailty and frailty, as assessed by the frailty index and phenotype for each incremental increase in the standard deviation of the depressive symptoms scores were 1.06 (0.99–1.13) and 1.12 (0.96–1.29), respectively.


TABLE 3. Association between depressive symptoms and incidence of frailty.
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Sensitivity Analysis Between Frailty and Depressive Symptoms in the Follow-Up Study

In agreement with the results from the entire study population, the sensitivity analysis showed that pre-frail or frail participants had a higher risk of depressive symptoms before and after adjustments for confounding factors, including age, sex, education level, smoking status, alcohol consumption, marital status, place of residence, income, participation in social activities, number of chronic diseases, retirement status, and sleep duration, when compared with the robust participants (Supplementary Table 5). The crude HRs (95% CIs) for depressive symptoms among pre-frail and frail participants, as assessed by the frailty index and phenotype, were 1.58 (1.39–1.81) and 1.17 (1.03–1.34), respectively. The depressive symptom HRs (95% CIs) for each incremental increase in standard deviation of the frailty index and phenotypic frailty scores were 1.22 (1.15–1.30) and 1.09 (1.03–1.16), respectively. After adjusting for age and sex, the HRs (95% CIs) for depressive symptoms among pre-frail and frail participants, as assessed by the frailty index and phenotype were 1.55 (1.36–1.77) and 1.19 (1.04–1.35), respectively. The depressive symptom HRs (95% CIs) for each incremental increase in standard deviation of the frailty index and phenotypic frailty scores were 1.21 (1.15–1.29) and 1.10 (1.03–1.17), respectively. The multivariate-adjusted HRs (95% CIs) for depressive symptoms among pre-frail and frail participants, as assessed by the frailty index and phenotype, were 1.55 (1.35–1.77) and 1.16 (1.02–1.32), respectively. The depressive symptoms HRs (95% CIs) for each incremental increase in standard deviation of the frailty index and phenotypic frailty scores were 1.22 (1.15–1.29) and 1.09 (1.02–1.16), respectively. When depressive symptoms were set as an independent variable (Supplementary Table 6), no significant relationship of existed between depressive symptoms and the incidence of frailty.

Using the ICLIFETEST procedure, the results were consistent with that of the main analysis. As shown in Supplementary Table 7, the crude HRs (95% CIs) for depressive symptoms among pre-frail and frail participants, as assessed by the frailty index and phenotype, were 1.44 (1.27–1.63) and 1.41 (1.24–1.60), respectively. With adjustment for age and sex, the HRs (95% CIs) for depressive symptoms among pre-frail and frail participants, as assessed by the frailty index and phenotype were 1.43 (1.26–1.62) and 1.42 (1.24–1.61), respectively. Moreover, the multivariate-adjusted HRs (95% CIs) for depressive symptoms among pre-frail and frail participants, as assessed by the frailty index and phenotype, were 1.44 (1.27–1.63) and 1.35 (1.19–1.54), respectively. However, considering the depressive symptoms as an independent variable, no significant relationship of existed between depressive symptoms and the incidence of frailty (Supplementary Table 8).

Moreover, for participants aged over 65, we got a similar result. As shown in Supplementary Figure 3, the multivariate-adjusted HRs (95% CIs) for depressive symptoms among pre-frail and frail participants (age over 65), as assessed by the frailty index and phenotype, were 1.25 (1.05–1.49) and 1.27 (1.06–1.53), respectively. Whereas considering depressive symptoms as an independent variable, the full-adjusted HRs (95% CIs) for the incidence of pre-frailty and frailty, as defined by the frailty index and phenotype among depressed patients, were 1.22 (1.00–1.49) and 0.92 (0.43–1.97), respectively.



Subgroup Analysis Between Frailty and Depressive Symptoms in the Cohort Study

Tables 4, 5 present the subgroup analysis of the association between frailty and incidence of depressive symptoms, according to sex and place of residence. No significant interaction effects of frailty were detected with sex, or the place of residence. Pre-frailty and frailty participants, as assessed by the frailty index, had a higher risk of depressive symptoms [HRs (95% CIs), 1.27 (1.05–1.53) for males; 1.48 (1.24–1.76) for females; 1.53 (1.21–1.94) for urban residents; and 1.33 (1.14–1.55) for rural residents]. The HRs (95% CIs) for the incidence of depression for each incremental increase in the standard deviation for frailty index scores were 1.28 (1.15–1.42) for males, 1.28 (1.16–1.42) for females, 1.37 (1.20–1.56) for urban residents, and 1.25 (1.14–1.36) for rural residents. Pre-frail and frail participants assessed by phenotype had a higher risk of depressive symptoms [HRs (95% CIs), 1.45 (1.19–1.75) for males; 1.25 (1.05–1.50) for females; 1.35 (1.07–1.72) for urban residents; and 1.28 (1.10–1.50) for rural residents). The HRs (95% CIs) for the incidence of depressive symptoms for each incremental increase in the standard deviation for phenotypic frailty scores were 1.26 (1.13–1.41) for males, 1.16 (1.05–1.29) for females, 1.18 (1.02–1.36) for urban residents, and 1.18 (1.08–1.29) for rural residents. The results of subgroup analysis between depressive symptoms and the incidence of frailty were consistent with the entire population (data not shown). Thus, no significant interaction effects of depressive symptoms were detected with sex, or the place of residence.


TABLE 4. Subgroup analysis of the association between frailty and incidence of depressive symptoms according to the sex.
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TABLE 5. Subgroup analysis of the association between frailty and incidence of depressive symptoms according to the place of residence.
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DISCUSSION

The current cohort study first explored the bidirectional relationship between frailty and depressive symptoms in older Chinese adults. The cross-sectional study showed a bidirectional association between frailty and depressive symptoms, but the cohort study only reported that frailty was a risk predictor for subsequent depressive symptoms.

As previously reported, frailty is associated with increased mortality, hospitalization, falls, and admission to long-term care facilities, all of which may lead to disability or functional dependence, which in turn may contribute to the development of depressive symptoms (Woods et al., 2005; Hoogendijk et al., 2019). In agreement with our findings, Brown et al. (2021) reported that phenotypic frailty was related to depressive symptoms among 134 US residents. Similarly, an increased odds of depressive symptoms were shown in pre-frail [OR (95% CI), 3.82 (3.72–3.93)] and frail [OR (95% CI), 11.23 (10.89–11.58)] older Mexican adults (≥60 years of age) than non-frail older Mexican adults (Sánchez-García et al., 2014). Moreover, several prospective studies have shown that the presence of frailty at baseline predicts new-onset incident depressive symptoms (Feng et al., 2014; Collard et al., 2015; Makizako et al., 2015). In contrast, physical activity protects against depressive symptoms among older adults from south and southeast Asia (Kadariya et al., 2019). As a result, these findings suggest that frailty is a longitudinal predictor of depressive symptoms.

Depressive symptoms, in contrast, is often accompanied by a sedentary lifestyle, physical inactivity, poor social relationships, slow gait speed, risk of falls, weight loss, and malnutrition, thus making depressive symptoms a predictor of frailty, which in turn can exacerbate the typical emotional symptoms of depression, including sadness, anhedonia, and helplessness (Paulson and Lichtenberg, 2013; Soysal et al., 2017). Using a cross-sectional design, studies from Europe and the United States have also indicated that older people with depressive symptoms are more likely to be frail than those without depressive symptoms (Chang et al., 2010; Gurina et al., 2011; Jurschik et al., 2012; Collard et al., 2014; Lohman et al., 2014; Pegorari and Tavares, 2014; Sanchez-Garcia et al., 2014; Espinoza and Hazuda, 2015), whereas one study from northeast Brazil showed a negative association between depressive symptoms and frailty in community-dwelling older adults [OR (95% CI), 1.782 (0.820–3.870)] (Sousa et al., 2012). The discrepancy in findings may vary with different methods of assessing depressive symptoms and frailty, and the composition of the study population. Moreover, prospective studies from Australia, the United States, and six Latin American countries have shown that depressive symptoms might be an adverse consequence of frailty among older adults (Woods et al., 2005; Lakey et al., 2012; Lohman et al., 2014; Almeida et al., 2015; Prina et al., 2019). A study from the Rugao Longevity and Aging Study conducted in China investigated the association between depression symptoms and frailty among 1,168 Chinese adults > 70 years of age with a cross-sectional and 3-year follow-up analysis (Zhang et al., 2020). It was found that depressive symptoms are associated with the prevalence of pre-frailty and frailty. In addition, depressive symptoms were related to a 2.79-fold increased risk of the 3-year incidence of frailty. We also reported a positive relationship between depressive symptoms and frailty in the cross-sectional study, but no significant association existed between baseline depressive symptoms and incidence of frailty for phenotypic frailty or frailty index. The inconsistent findings may be partially attributed to ethnicity and population differences, as well as the assessment of frailty. Further studies with large sample are warranted, especially in China.

Frailty and depressive symptoms often independently reflect the physical and mental health of individuals. A strong link has been demonstrated between physical and mental health (Mezuk et al., 2012). In a sense, depressive symptoms is a sign of psychological frailty (Fitten, 2015). Depressive symptoms and physical frailty share several clinical characteristics, such as loss of energy, fatigue, poor sleep, and reduced interest, which may attribute to common risk factors and pathophysiologic pathways. Aging, is often accompanied by the appearance of chronic, sterile, low-grade inflammation, which may be involved in the pathogenesis of age-related diseases (Franceschi et al., 2018). Increased inflammatory cytokines are not only closely related to decreased muscle mass and strength, but also have a negative impact on central dopaminergic function, which may lead to fatigue, motor slowing, and depressive symptoms (Brown et al., 2016). Growing evidence has shown that higher levels of circulating inflammatory cytokines (C-reactive protein and IL-6) have been confirmed in pre-frailty and frailty participants (Soysal et al., 2016; Ma et al., 2018), as well as depressed patients (Howren et al., 2009; Valkanova et al., 2013). Moreover, mitochondrial dysfunction, which has been reported in several neurodegenerative diseases, including depressive symptoms, might be another explanation for the increased circulating cytokines (Bansal and Kuhad, 2016). Muscle biopsies obtained from depressed participants were been shown to have decreased ATP production. Impaired mitochondrial respiration in peripheral blood mononuclear cells has also been reported in depressed patients (Brown et al., 2016). Taken together, these markers have a strong relationship with frailty syndrome symptoms (Arauna et al., 2020).

This study had several strengths. First, the bidirectional longitudinal association between frailty and depressive symptoms we analyzed added the evidence in Chinese old adults, which helps identifying the sequence of physical and psychological frailty and thus provide insights into interventions for adverse health outcomes. Second, two definitions were used to evaluate frailty in the present study (phenotype and an index), which may reflect different dimensions of frailty. Third, because there may be an overlap between frailty and depressive symptoms, we further excluded those items and performed subgroup analyses. The findings were consistent with the entire population, suggesting the reliability of the results. Some limitations should be acknowledged. First, although depressive symptoms was assessed by a self-rated questionnaire (CES-D), the CES-D has been validated (Chen and Mui, 2014) and widely applied (Ni et al., 2017; Luo et al., 2018; Liu et al., 2020; Shao et al., 2021) in this cohort. Second, the frailty index items were modified based on the questionnaire because an evaluation can be performed if a questionnaire contains health variables and sufficient valid health variables (Searle et al., 2008). Third, due to the limited information (physical examination indicators) for the definition of phenotypic frailty in 2018, the association between baseline depressive symptoms and the incidence of phenotypic frailty was only evaluated in follow-up appointments from 2011 to 2015. Thus, whether the findings in our study can be extended to clinical practice remains to be explored. Moreover, the exclusion of a large number of adults makes the study sample may not be representative of Chinese adults. Prospective studies among Chinese adults are still warranted. Additionally, the time points of frailty or depressive symptoms incidents were only calculated by the time interval of follow-up, which may not be the exact time of points and makes the results misestimated, given that limited manpower and resources make it difficult to conduct more frequent follow-up investigations.



CONCLUSION

A positive bidirectional association between depressive symptoms and frailty status has been demonstrate in older Chinese adults. More importantly, given that frailty is a risk factor for later depression, healthcare practitioners should be increasingly aware of the relationship, to avoid the co-existing conditions of frailty and depressive symptoms. Further researches are still warranted to clarify the causal relationship between these two conditions among Chinese adults.
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