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Objective: Prefrailty and frailty are two common conditions among older individuals.
Recent studies have reported the association between frailty and depressive symptoms,
but whether those conditions could predict depressive symptoms is still inconsistent
in a few longitudinal studies. In our study, we aimed to estimate the cross-sectional and
longitudinal associations between frailty and incident depressive symptoms in a nationally
representative sample of community-dwelling middle-aged and older Chinese adults.

Method: Data were obtained from the China Health and Retirement Longitudinal
Study (CHARLS), which included 17,284 adults aged > 45 years. Participants were
followed every two years using a face-to-face, computer-aided personal interview (CAPI)
and structured questionnaire. We excluded participants with no follow-up data. The
numbers of individuals who completed the baseline surveys were 2,579 and follow-up
surveys were 839 for the short-term (2 years from 2011 to 2013) and 788 for the
long-term (4 years from 2011 to 2015). In addition, Frailty was measured by the Fried
criteria and depressive symptoms were estimated by the Chinese version of the Center
for Epidemiologic Studies-Depression scale (CES-D). Logistic regression was used to
analyze the odds ratio (OR), and 95% confidence interval (Cl) for the cross-sectional
associations of frailty and its components with depressive symptoms in the participants
at baseline. Cox proportional hazards analysis was conducted using the hazard ratio
(HR), and 95% confidence interval (Cl) for the prospective associations of baseline
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frailty and pre-frailty and its component in the participants without depressive symptoms
at baseline.

Results: At baseline, 57.93% of participants had depressive symptoms and
55.84% had pre-frail and 11.63% had frailty. In the cross-sectional analysis, both
pre-frailty (OR = 5.293, 95%CIl 4.363-6.422) and frailty (OR = 16.025, 95%CI
10.948-23.457) were associated with depressive symptoms. In the longitudinal analysis,
frailty [HR = 1.395 (0.966-2.013)] and pre-frailty [HR = 2.458 (0.933, 6.479)] were
not significantly associated with incident depressive symptoms in a full-adjusted model
among participants free of baseline depressive symptoms during the short-term.
However, frailty [HR = 1.397 (1.017, 1.920)] and pre-frailty [HR = 2.992 (1.210, 7.397)]
were significantly associated with incident depressive symptoms during the short term.
In the components of frailty, slowness [HR = 1.597 (1.078, 2.366)] was associated
with an increased risk of depressive symptoms onset during the short-term. Weakness
[HR = 2.08 (1.055, 4.104)] and exhaustion [HR = 1.928 (1.297, 2.867)] were associated
with increased risk of depressive symptoms onset during the short-term.

Conclusion: Among the middle-aged and older adults, frailty, pre-frailty did not predict
depressive symptoms during 2 years of follow-up, when accounting for the potential
confounders, slowness considered alone predicted depressive symptoms. Additionally,
frailty, pre-frailty predicted depressive symptoms during 4 years of follow-up, when
accounting for the potential confounders, weakness and exhaustion considered alone

predicted depressive symptoms.

Keywords: cohort study, depressive symptoms, frailty, incidence, middle-aged and elderly

INTRODUCTION

The depressive symptom is a common medical disorder
condition among middle-aged and elderly adults with a
prevalence of 37.84% in China (1). Depressive symptom severity
is related to serious results such as sadness, disability, increasing
the burden of patients, family, and society (2, 3). Frailty, defined
by a clinical syndrome of increased vulnerability to stressors, is
characterized by loss of physiologic reserve among older age,
which is associated with disability, hospitalization, and death
(4). The most well-known biological syndrome model of frailty
is characterized as exhaustion, weakness, low physical activity,
slowness, and weight loss (pre-frailty as the presence of one or
two of these components, and frailty as the presence of three
or more components) (5). Most studies included adults aged
>65years, the proportions of 10.7% for frailty and 41.6% for
prefrailty (6). A meta-analysis including 240 studies reported that
the prevalence of frailty was 11-13% among the aged >50 adults,
and the prefrailty was 45-48% (7). Cross-sectional analysis of

Abbreviations: CHARLS, China Health and Retirement Longitudinal Study;
CAPI, Computer-Aided Personal Interview; HRs, Hazard Ratios; OR, Odds Ratio;
BMI, Body Mass Index; M, Mean; SD, Standard Deviation; CIs, Confidence
Intervals; CESD, Chinese version of the Center for Epidemiologic Studies-
Depression scale; CRP, C-Reactive Protein; IL-6, Interleukin-6; TNF-a, Tumor
Necrosis Factor-o; GDS-15, Geriatric Depression Scale; NSFC, The National
Natural Science Foundation of China; NIA, National Institute on Aging; WB,
World Bank.

18,227 selected community-dwelling individuals 50 years of age
and older in Europe in 2004 found that prevalence of frailty
was 4.1%, and prefrail was 37.4% (8). 2006-2010 Bus Santé
study including participants aged 50 and more showed that
28.7% and 7.8% presented one frailty indicator, and two or more
frailty indicators, respectively (9). Other studies reported that
the prevalence of frailty was 61.6% in the middle-aged diabetic
population (10), and 6.1% in HIV-infected individuals.
Mounting evidence demonstrates that frailty could be
associated with depression. The current meta-analysis sought
to estimate the strength of the relationship between frailty and
depression. A recent meta-analysis conducted with fourteen
studies (10 cohort studies and 4 cross-sectional studies) by Chu
et al. (11) found that older adults aged 65 years or older, with
depression, are more prone to frailty than are those without
depression (OR = 2.99, 95%CI 2.19-4.08). Furthermore, older
males with depression were at a higher risk for frailty than
older females with depression (female: OR = 2.25, 95%CI 1.54—
3.27; male: OR = 4.76, 95%CI 3.61-6.27). Another meta-analysis
performed for the 24 studies by Soysal et al. (12) found that (I)
people with depression were at increased odds of having frailty
(OR = 4.07, 95%CI 1.93-8.55), and (II) older adults with frailty
were at increased odds of having depression (OR = 2.64, 95%CI:
1.59-4.37), and (III) frailty at the baseline increased the risk of
incident frailty by about 272% (HR = 3.72, 95%CI 1.95-7.08);
and (IV) frailty at the baseline increased the risk of incident
depression by about 90% (HR = 1.90, 95%CI 1.55-2.32). In
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addition, the other three meta-analysis studies (13-15) also tested
the association between frailty and depression and supported
for a bidirectional association between depression and frailty.
Although the meta-analysis included cohort studies and cross-
sectional studies and highlighted the potential adverse effect of
frailty on depression, no considerations of the components effect
of frailty on depression over several years in different studies
were made. Moreover, the meta-analysis only included Western
participants, and no considerations of other ethnicities, such as
Asians. Thus, further studies among the middle-aged and elderly
in Asian nations are needed to identify whether the relationship
between frailty and incidence of depression in Asian participants.

To address these gaps, we used 4 years of longitudinal
data from the nationally-representative sample of community-
dwelling Chinese participants aged >45 years and explored
to examine the relationship between frailty and incidence of
depressive symptoms during the short- (2 years) and long-term
(4 years) internals. Furthermore, our study explores the stability
of the association between components of frailty and depressive
symptoms by controlling potential confounders.

MATERIALS AND METHODS

Study Participants

We obtained the data from The China Health and Retirement
Longitudinal Study (CHARLS). The CHARLS began in 2011
with a cohort of 17,284 participants >45 years (Wavel).
Subsequently, data collection was conducted in 2013 (Waves2),
2015 (Waves3). CHARLS was a nationally representative
longitudinal survey of the mid-aged and elderly population
in China along with their spouses. The respondents will be
followed every 2 years using a face-to-face, computer-aided
personal interview (CAPI) and structured questionnaire. The
current study used data from participants who participated in
Wavel, Waves2, and Waves3. We excluded individuals who
met any of the following criteria at baseline (1) Chinese
version of the Center for Epidemiologic Studies-Depression
scale (CESD-10) >10 scores, (2) no components of frailty
data, (3) no age/sex/educational levels/marital status/current
smoking/alcohol drinking/exercise/chronic diseases/live place/
activities data. In addition, we excluded participants with no
follow-up data. The numbers of individuals who completed both
the baseline were 2,579 individuals, and follow-up surveys were
839 for the short-term (2 years from 2011 to 2013), and 788 for
the long-term (4 years from 2011 to 2015).

Depressive Symptom

The Chinese version of the Center for Epidemiologic Studies-
Depression scale (CES-D) (16-19) was used to measure
depressive symptoms in the study. The CES-D consists of 10
items, and each item uses a 4-point Likert scale [from 0 “Rarely
or none of the time (<1 day)” to 3 “Most or all of the time (5-
7 days)”] to reflect the severity of a particular symptom during
the past week. The total score ranges from 0 to 30, with a higher
total score indicating more severe depressive symptoms. We used
harmonized criteria cutoff values to define depressive symptom-
total score >10. The Chinese version of the CES-D has shown

adequate reliability and validity in the middle-aged and elderly.
In our study, the Cronbach alpha coefficient was 0.86 and the
construct validity was 0.62 (1).

Frailty Assessment

Frailty was evaluated through the widely used criteria originally
proposed by Fried et al. (5), modified with the information
available in the CHARLS. In the definition, frailty contained
five components of exhaustion, weakness, low physical activity,
weight loss, and slowness. In our study, the five components of
frailty were evaluated and defined as follows: (1) Exhaustion:
exhaust was present if the participant answered “Most or all
of the time” or “Occasionally or a moderate amount of the
time” for either of the Chinese version of the Center for
Epidemiologic Studies-Depression scale (CES-D) questions (20):
“I felt everything I did was an effort during last week” or “I could
not get going during last week.” This component was constructed
identically to the originally proposed by Fried et al. (5). (2)
Weakness: weakness was measured using the self-reported item
“having difficulty in Lifting or carrying weights over 10 jin, like a
heavy bag of groceries” (21). (3) Low physical activity: CHARLS
defined WALK as walking those participants might do solely for
recreation, sport, excise, or leisure at work and at home, walking
to travel from place to place, and any other walking. Low physical
activity was considered to be present if the participants had no
physical activity or WALK at least 10 min at a time during a usual
week. This component was different from that proposed by Fried
etal. (5), but similar treatment variables have been used before to
evaluate the low physical activity (22). (4) Weight loss: the weight
loss was defined as the unintentional loss of 5 or more kilograms
in the last year (21) or current body mass index (BMI) < 18.5
kg/m? (23). (5) Slowness: these questions asked the participants
to report whether they have difficulty with walking 100 meters
or climbing several flights of stairs without resting, which was
similar to that used in other studies (21). Those participants
who had difficulty with performing the walking or climbing were
categorized as slowness. In our study, robustness was defined as
the absence of any component, pre-frailty as the presence of one
or two of these components, and frailty as the presence of three
or more components.

Body Measurement

Body measure index (BMI) was defined as the body mass (kg)
divided by the square of the body height (m). BMI were divided
into 4 categories: underweight (BMI < 18.5 kg/m?), normal
(18.5-24 kg/mz), overweight (24-28 kg/mz), and obese (>28
kg/mz) (24-26).

Covariates

Age, sex (male, female), educational levels, marital status, current
residence, current smoking, alcohol drinking, chronic diseases,
activities at baseline, and entry wave (Wave 1, 2, 3) were
incorporated as covariates in the present research. (1) Age
was classified into four categories: below 45-54, 55-64, 65-
74, and above 75 yr old. (2) Educational levels including
illiterate (no formal education), less than elementary school (did
not finish primary school but capable of reading or writing,
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graduate from sishu/home school, elementary school, or middle
school), high school, and above vocational school (graduate
from two/three-year college/associate degree, graduate from
post-graduate, doctoral degree/Ph. D). (3) Marital status was
categorized into two groups: the single (divorced, and never
married, widowed, or separated) and married. (4) Current
residence including rural and urban. (5) Current smoking
including current smoker, former-smoker and never smoked.
(6) Alcohol drinking including never drinker, less than once a
month, and more than once a month. (7) Activities (interacted
with friends/ provided help to family, friends, or neighbors
who do not live with you and who did not pay you for the
help/went to a sport, social, or other kind of club/played Ma-jong,
played chess, played cards, or went to community club/took part
in a community-related organization/done voluntary or charity
work/cared for a sick or disabled adult who does not live with you
and who did not pay you for the help/attended an educational
or training course/stock investment /used the Internet) were
dichotomized as ever (at least once a month) vs. never. (8)
Chronic diseases, including (1) hypertension, (2) cancer or
malignant tumor (excluding minor skin cancers), (3) diabetes
or high blood sugar, (4) chronic lung diseases, (5) dyslipidemia,
(6) liver disease (except fatty liver, tumors, and cancer), (7)
kidney disease (except for tumor or cancer), (8) stroke, (9) heart
attack, coronary heart disease, angina, congestive heart failure,
or other heart problems, (10) stomach or other digestive disease
(except for tumor or cancer), (11) memory-related disease, (12)
emotional, nervous, or psychiatric problems, (13) arthritis or
rheumatism, (14) asthma were reported by the respondents
(diagnosed by a doctor). According to previous standard (1, 27),
a continuous variable is used to reflect the presence of chronic
health conditions among 14 common chronic diseases which
ranges from 0 to 14. The numbers of the condition of the chronic
disease were classified into three categories: 0, 1-2, and 3-14.
The categories have been widely used in our previous studies
(1,24-26, 28-31).

Statistical Analysis

Statistical analyses were performed using the IBM SPSS
version25.0 (IBM Corp., Armonk, NY). Categorical variables
were expressed as frequencies and percentages and compared
using the x? test. Logistic regression was used to analyze the
odds ratio (OR), and 95% confidence interval (CI) for the
cross-sectional associations of frailty and its components with
depressive symptoms in the participants at baseline. Depressive
symptoms were analyzed as binary dependent variable (no-
depressive symptoms and depressive symptoms), and covariates
were sequentially entered into the regression models. Model 1
included frailty or its components only, model 2 additionally
included socio-demographic characteristics (age, sex, educational
levels, marital status, current residence), and model 3 further
included health behaviors and condition (current smoking,
alcohol drinking, activities, chronic diseases), and model 4
additionally included body measure (BMI). Cox proportional
hazards analysis was conducted using the hazard ratio (HR),
and 95% confidence interval (CI) for the prospective associations

of baseline frailty and pre-frailty and its component in the
participants without depressive symptoms at baseline. Covariates
were modeled by methods identical to those in cross-sectional
analysis. A two-sided P-value of <0.05 was considered a
statistically significant level.

RESULTS

Table1 shows the baseline characteristics of participants
according to the level of depressive symptoms. The mean age of
participants was 61.06 (SD =+ 10.12); 38.31% were male; 16.01%
were single; 91.74% were living in rural. 9.00% were former
smoking, and 24.58% were current smoking; 7.10% were drinking
less than once a month, and 19.35% were drinking more than
once a month; 49.24% were taking activities; 51.38% had 1-2
chronic diseases, and 27.14% had 3-14 chronic diseases. The
frequency of depressive symptoms was 57.93%. The differences
among participants with or without depressive symptoms were
observed in the distribution of age subgroups, sex, educational
levels, marital status, living place, cigarette smoking, alcohol
consumption status, and chronic diseases.

Table 2 shows the baseline characteristics of participants
according to the level of frailty. A total of 2,579 robust individuals
(32.53%), pre-frail (55.84%), and frailty (11.63%) at baseline were
included in the cross-sectional analysis. The differences among
components of frailty were observed in the distribution of age
subgroups, sex, educational levels, marital status, living place,
alcohol consumption status, taking activities, chronic diseases,
and BMI categories.

Table 3 shows baseline characteristics classified according to
the subsequent onset of depressive symptoms. In the short-
term (2 years from 2011 to 2013), participants who developed
depressive symptoms were more likely to be female and to live
in rural. They tended to be never smoking. In the long-term (4
years from 2011 to 2015), participants who developed depressive
symptoms were also more likely to be female and to take no
activities.

Table4 shows the cross-sectional relationship between
frailty and depressive symptoms at baseline. Both pre-frailty
(OR = 5.293, 95%CI 4.363-6.422) and frailty (OR = 16.025,
95%CI 10.948-23.457) were significantly associated with
depressive symptoms after adjusting for age, sex, educational
levels, marital status, live place, current smoking, alcohol
drinking, activities, chronic diseases, and BMI (adjusted model
4). In the frailty component, after adjusting for the full set
of covariates, exhaust (OR = 12.094, 95%CI 9.864-14.827),
weakness (OR = 2.058, 95%CI 1.526-2.775), weight loss
(OR = 1.526, 95%CI 1.167-1.995), and slowness (OR = 1.849,
95%CI 1.521-2.247) were associated with prevalent depressive
symptoms. However, low physical activity (OR = 1.227, 95%CI
0.973-1.548) was not associated with prevalent depressive
symptoms.

Table 5 shows the prospective associations between baseline
frailty and depressive symptoms at 2- and 4-years follow-
up survey in the participants without depressive symptoms
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TABLE 1 | Baseline characteristics of participants according to the level of depressive symptoms in CHARLS Waves 2011 (N, %).

Variables All No-depressive symptoms Depressive symptoms t/x? P-value
participants (2,579) (1,085) (1,494)
Age (years) 61.06 + 10.12 61.67 + 10.29 60.61 &+ 9.98 2.623 0.006
Age groups (years)
45-54 727 (28.19) 298 (27.47) 429 (28.71) 10.074 0.018
55-64 948 (36.76) 370 (34.10) 578 (38.69)
65-74 620 (24.04) 287 (26.45) 333 (22.29)
>75 284 (11.01) 130 (11.98) 154 (10.31)
Sex
Male 988 (38.31) 499 (45.99) 489 (32.73) 46.761 0.000
Female 1,591 (61.69) 586 (54.01) 1,005 (67.27)
Education
lliterate 890 (34.51) 328 (30.23) 562 (37.62) 44.975 0.000
Less than elementary school 1,517 (58.82) 647 (59.63) 870 (58.23)
High school 102 (3.96) 62 (5.71) 40 (2.68)
Above vocational school 70 (2.71) 48 (4.42) 22 (1.47)
Marital status
Single 413 (16.01) 153 (14.1) 260 (17.40) 5.094 0.024
Married 2,166 (83.99) 932 (85.9) 1,234 (82.60)
Current residence
Rural 2,366 (91.74) 973 (89.68) 1,393 (93.24) 10.526 0.001
Urban 213(8.26) 112 (10.32) 101 (6.76)
Current smoking
No 1,713 (66.42) 675 (62.21) 1,038 (69.48) 16.487 0.000
Former smoke 232 (9.00) 118 (10.88) 114 (7.63)
Current smoke 634 (24.58) 292 (26.91) 342 (22.89)
Alcohol drinking
No 1,897 (73.56) 771 (71.06) 1,126 (75.37) 9.220 0.010
Less than once a month 183 (7.10) 74 (6.82) 109 (7.30)
More than once a month 499 (19.35) 240 (22.12) 259 (17.34)
Taking activities
No 1,309 (50.76) 528 (48.66) 781 (52.28) 3.281 0.070
Yes 1,270 (49.24) 557 (51.34) 713 (47.72)
Chronic diseases (counts) 1.76 £1.49 155+ 142 1.92 +1.53 1.932 0.000
Chronic diseases groups (counts)
0 554 (21.48) 282 (25.99) 272 (18.21) 42.020 0.000
1-2 1,325 (51.38) 572 (52.72) 753 (50.40)
3-14 700 (27.14) 231 (21.29) 469 (31.39)
BMI (kg/m?)
BMI categories 23.70 £+ 4.09 23.86 + 4.08 23.58 + 4.09 0.214 0.078
<18.5 200 (7.75) 68 (6.27) 132 (8.84) 6.808 0.078
18.5-24 1,253 (48.58) 530 (48.85) 723 (48.39)
24-28 789 (30.59) 348 (32.07) 441 (29.52)
>28 337 (13.07) 139 (12.81) 198 (13.25)

at baseline. Firstly, in crude analysis, pre-frailty and frailty
were not significantly associated with incident depressive
symptoms during the short-term [pre-frail: HR = 1.316 (0.959,
1.805); frailty: HR = 2.162 (0.945, 4.948)]. Secondly, in crude
analysis, the frailty [HR = 1.386 (1.019, 1.885)] and pre-frailty
[HR = 2.492 (1.054, 5.893)] were significantly associated with
incident depressive symptoms during the long-term. Thirdly,

after adjusting for age, sex, educational levels, marital status,
live place, current smoking, alcohol drinking, activities, chronic
diseases, and BMI, frailty [HR = 1.395 (0.966, 2.013)] and
pre-frailty [HR = 2.458 (0.933, 6.479)] were not significantly
associated with incident depressive symptoms during the short-
term. Lastly, after adjusting for the full set of covariates,
the HR for pre-frailty was 1.397 (95%CI 1.017-1.920)
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TABLE 2 | Baseline characteristics of participants according to the level of frailty in CHARLS Waves2011.

Variables All Robust (839) Pre-frail (1,440) Frailty (300) F/x? P-value
participants (2,579)
Age (years) 61.06 + 10.12 60.11 + 9.84 60.61 + 9.88 65.83 + 10.79 39.506 0.000
Age groups (years)
45-54 727 (28.19) 263 (31.35) 425 (29.51) 39 (13) 81.216 0.000
55-64 948 (36.76) 317 (37.78) 528 (36.67) 103 (34.33)
65-74 620 (24.04) 185 (22.05) 347 (24.1) 88 (29.33)
>75 284 (11.01) 74 (8.82) 140 (9.72) 70 (23.33)
Sex
Male 988 (38.31) 347 (41.36) 556 (38.61) 85 (28.33) 15.990 0.000
Female 1,591 (61.69) 492 (58.64) 884 (61.39) 215 (71.67)
Education
lliterate 890 (34.51) 245 (29.2) 494 (34.31) 151 (50.33) 71.495 0.000
Less than elementary school 1,517 (58.82) 505 (60.19) 872 (60.56) 140 (46.67)
High school 102 (3.96) 47 (5.6) 49 (3.4) 6(2)
Above vocational school 70 (2.71) 42 (5.01) 25 (1.74) 3(1)
Marital status
Single 413 (16.01) 108 (12.87) 240 (16.67) 65 (21.67) 13.740 0.001
Married 2,166 (83.99) 731(87.13) 1,200 (83.33) 235 (78.33)
Current residence
Rural 2,366 (91.74) 745 (88.8) 1,338 (92.92) 283 (94.33) 14.890 0.001
Urban 213 (8.26) 94 (11.2) 102 (7.08) 17 (6.67)
Current smoking
No 1,713 (66.42) 565 (67.34) 932 (64.72) 216 (72) 9.004 0.061
Former smoke 232 (9) 77 (9.18) 127 (8.82) 28 (9.33)
Current smoke 634 (24.58) 197 (23.48) 381 (26.46) 56 (18.67)
Alcohol drinking
No 1,897 (73.56) 594 (70.8) 1,058 (73.47) 245 (81.67) 16.428 0.002
Less than once a month 183 (7.1) 71 (8.46) 93 (6.46) 19 (6.33)
More than once a month 499 (19.35) 174 (20.74) 289 (20.07) 36 (12)
Taking activities
No 1,309 (50.76) 361 (43.03) 769 (53.4) 179 (69.67) 33.617 0.000
Yes 1,270 (49.24) 478 (56.97) 671 (46.6) 121 (40.33)
Chronic diseases (counts) 1.76 + 1.49 1.43+1.33 1.83 +1.47 2.38 £1.77 50.520 0.000
Chronic diseases categories
0 554 (21.48) 229 (27.29) 287 (19.93) 38 (12.67) 80.684 0.000
1-2 1,325 (51.38) 457 (54.47) 732 (50.83) 136 (45.33)
3-14 700 (27.14) 1563 (18.24) 421 (29.24) 126 (42)
BMI (kg/m?) 23.70 £+ 4.09 24.00 £ 4.05 23.61 £ 4.00 23.26 £ 4.55 4.289 0.014
BMI categories
<185 200 (7.75) 37 (4.41) 118 (8.19) 45 (15) 41,081 0.000
18.5-24 1,253 (48.58) 409 (48.75) 703 (48.82) 141 (47)
24-28 789 (30.59) 284 (33.85) 434 (30.14) 71 (23.67)
>28 337 (13.07) 109 (12.99) 185 (12.85) 43 (14.33)

and for frailty was 2.992 (95%CI 1.210-7.397) during
the long-term.

Table 6 shows the association between components of frailty
and incident depressive symptoms not depressed at baseline.
Firstly, in crude analysis, depressive symptoms risk was increased
for the slowness [HR = 1.519 (1.046, 2.204)] during the
short-term. However, weakness, weight loss, exhaustion, and

low activity were not significantly associated with incident
depressive symptoms [weakness: HR = 1.334 (0.694, 2.566),
weight loss: HR = 1.631 (0.983, 2.705), exhaustion [HR=1.410
(0.944, 2.104), low activity: HR = 0.972 (0.604, 1.563)].
Secondly, in crude analysis, depressive symptoms risk was
increased for the weakness [HR = 2.205 (1.146, 4.243)]
and exhaustion [HR = 1.853 (1.264, 2.716)] during the
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TABLE 3 | Baseline characteristics classified according to subsequent onset of
depressive symptoms.

Variables 2011— 2013 P1 2011— 2015 P2
Incidence rate Incidence rate
(N = 839,%) (N = 788,%)

Age (years) 0.313 0.121
45-54 8.34 1117
55-64 8.82 11.93
65-74 7.39 7.74
>75 1.67 1.27

Sex 0.000 0.000
Male 9.42 11.04
Female 16.81 21.07

Education 0.204 0.245
lliterate 8.46 10.41
Less than elementary school 15.49 18.91
High school 1.67 1.65
Above vocational school 0.6 1.14

Marital status 0.124 0.671
Single 23.6 28.43
Married 2.62 3.68

Current residence 0.025 0.853
Rural 24.67 29.06
Urban 1.55 3.05

Current smoking 0.004 0.136
No 18.59 21.95
Former smoke 1.43 2.28
Current smoke 6.2 7.87

Alcohol drinking 0.258 0.081
No 19.55 24.62
Less than once a month 1.31 2.038
More than once a month 5.36 5.46

Taking activities 0.590 0.008
No 12.75 17.51
Yes 13.47 14.59

Chronic diseases (counts) 0.126 0.752
0 5.6 8.5
1-2 15.14 17.13
3-14 5.48 6.47

BMI (kg/m?) 0.525
<18.5 1.79 1.78 0.344
18.5-24 13.71 16.12
24-28 7.75 9.39
>28 2.98 4.82

long-term. However, slowness, weight loss, and low activity
were not significantly associated with incident depressive
symptoms [slowness: HR = 1.006 (0.687, 1.474), weight loss:
HR = 0.986 (0.574, 1.693), low activity: HR = 1.478 (0.941,
2.32)]. Thirdly, after adjusting for age, sex, educational levels,
marital status, live place, current smoking, alcohol drinking,
activities, chronic diseases, and BMI, the HR for slowness was
1.597 (95%CI 1.078, 2.366) during the short-term. However,

weakness, weight loss, exhaustion, and low activity were not
significantly associated with incident depressive symptoms
[weakness: HR = 1.186 (0.602, 2.334), weight loss: HR = 1.510
(0.895, 2.548), exhaustion: HR = 1.353 (0.897, 2.041), low
activity: HR = 1.023 (0.627, 1.668)]. Lastly, adjusting for the
full set of covariates, the HR for weakness was 2.080 (95%CI
1.055, 4.104) and for exhaustion was 1.928 (95%CI 1.297,
2.867) during the long-term. However, slowness, weight loss,
and low activity were not significantly associated with incident
depressive symptoms [slowness: HR = 0.998 (0.670, 1.487),
weight loss: HR = 0.992 (0.568, 1.735), low activity: HR = 1.582
(0.988, 2.533)].

DISCUSSION

Previous studies have reported differences in the relationship
between frailty and the incidence of depressive symptoms.
Furthermore, the results in the association among the mid-aged
and elderly in China have been sparse. Our study describes
the cross-sectional and longitudinal associations between pre-
frailty/frailty/components of frailty and depressive symptoms.
Firstly, it is confirmed that pre-frailty/frailty/components
of frailty (exhaust, weakness, weight loss, and slowness) at
baseline was related to depressive symptoms; Secondly, pre-
frailty/frailty at baseline was not significantly associated with
the onset of depressive symptoms after 2 years of follow-
up. Among specific criteria, slowness was a significant
independent predictor of future depressive symptoms.
Lastly, pre-frailty/frailty at baseline was significantly
associated with the onset of depressive symptoms after 4
years of follow-up. Among specific criteria, weakness and
exhaustion were significant independent predictors of future
depressive symptoms.

Although several meta-analysis studies (11-15) included
cohort studies and cross-sectional studies and highlighted the
potential adverse effect of frailty on depression, no considerations
of the components effect of frailty on depression over several
years in different studies were made. Moreover, the meta-analysis
only included Western participants, and no considerations
of other ethnicities, such as Asians. Thus, further studies
among the middle-aged and elderly in Asian nations are
needed to identify whether the relationship between frailty and
incidence of depression in Asian participants. Several findings
from longitudinal studies have found that factors similar to
components of frailty, such as physical activity (32, 33), fatigue
(34-36) and mobility impairment (37) appear to increase the
risk for developing depressive symptoms in the older adult.
Findings from the present longitudinal data in our study indicate
that preferability/frailty is associated with increased risk of
incident depressive symptoms after 4 years of follow-up in the
middle-aged and elderly aged 45-96 years was in line with the
previous studies conducted in the United Kingdom (22), Japan
(38), Italians (39), and mainland China (22, 40-42), although
the measurements of the frailty phenotype, the population
and the years of follow-up were different. Interestingly,
we did not find a significant association between baseline
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TABLE 4 | Odds ratios (ORs) and 95% confidence interval (Cls) for depressive symptoms at baseline associated with frailty and components of frailty at baseline.

N = 2,579 Model 1 Wald, df P-value Model 2 Wald, df P-value Model 3 Wald, df P-value Model 4 Wald, df P-value
OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
Frailty status
Robust (839) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Pre-frail (1,440) 5.413 315.891,1 0.000 5.539 305.97,1 0.000 5.32 287.728,1 0.000 5.293 285.437,1 0.000
(4.493, 6.522) (4.572,6.710) (4.385, 6.453) (4.363, 6.422)
Frailty (300) 15.942 221.346,1 0.000 17.445 220.146,1 0.000 16.228 205.974,1 0.000 16.025 203.67,1 0.000
(11.07, 22.96) (11.958, 25.45) (11.091, 23.743) (10.948, 23.457)
P-trend 4.696 379.743,1 0.000 4.852 370.504,1 0.000 4.668 347.338,1 0.000 4.642 343.942,1 0.000
(4.020, 5.487) (4.131, 5.698) (3.970, 5.489) (3.947, 5.46)
Weakness
No (2,301) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (278) 2.395 36.251,1 0.000 2.266 29.6,1 0.000 2.089 23.426,1 0.000 2.058 22.387,1 0.000
(1.802, 3.182) (1.688, 3.043) (1.55, 2.816) (1.526, 2.775)
Slowness
No (1,875) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (704) 1.969 51.916,1 0.000 1.979 48.715,1 0.000 1.833 37.154,1 0.000 1.849 38.066,1 0.000
(1.638, 2.367) (1.634, 2.398) (1.508, 2.227) (1.521, 2.247)
Weight loss
No (2,285) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (294) 1.688 15.556,1 0.000 1.677 14.669,1 0.000 1.575 11111 0.001 1.526 9.533,1 0.002
(1.301, 2.189) (1.287, 2.185) (1.206, 2.058) (1.167, 1.995)
Exhaustion
No (1,360) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (1,219) 12.185 623.315,1 0.000 12.511 598.182,1 0.000 12177 578.921,1 0.000 12.094 574.89,1 0.000
(10.014, 14.828) (10.218, 15.319) (9.934, 14.927) (9.864, 14.827)
Low activity
No (2,188) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (391) 1.169 1.929,1 0.165 1.201 2.458,1 0.117 1.208 2.565,1 0.109 1.227 2.994 1 0.084
(0.938, 1.457) (0.955, 1.509) (0.959, 1.523) (0.973, 1.548)

Model 1, unadjusted; Model 2, adjusted for age, sex, educational levels, marital status, live place; Model 3, adjusted for age, sex, educational levels, marital status, live place, current smoking, alcohol drinking, activities, chronic diseases;
Model 4, adjusted for age, sex, educational levels, marital status, live place, current smoking, alcohol drinking, activities, chronic diseases, BMI.

‘feie nn

swoldwAg enisseidaq 1usploul pue Ayel


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Liu et al.

Frailty and Incident Depressive Symptoms

[
= © o) —
s N~ o N
s o e} =}
g [} =} [}
Q
M-
° — - -
- t5) od &)
o [te} o —
© — @ ™
= © [} 0
s <o 2 g 8§
L
*Q € Ld S .3
[TREY S A O
T8 - ® s 5 5 -
o= T -8 a® ~-Bb
s ) © I} 19}
o o 2 = Q
T S S =
[
3 to) <t ¢}
© @ (<o} (e}
g =} S e}
g [} =} =}
Q
5 — — -
> N
k] ~ ) o
© @ ~ 0
= SV [}
= . @ o ?,-\8
2
® Q9 8 o)} 0 o
- X S o~ g o
O S ? O ™ o © < —
T8 - ™ - < -+ ¥ 5
2 = s ~b ¥ -3
= )
o o @ @ Q
T [SHEC T
[
S N~ o} ©
© Yo} © —
g =} S o
d o o =}
Q
£ — - -
- < © ©
° I I3 re)
T © %} N
= (<} (<) 0
£ .5 ¢ § 8 8
2 N9 S @ = 4 X
A © S © 6+~ oW o~
el - - ® - & o T
- o2 g - G0 -
5] s w5 T N T o
5 o< o 2 @ Q
53 = o o —
o) <5 e =
1%}
D
o
]
3 S o) oo} o)
= 5 @ © I8
] g =} S S
c d S =} o
1) a
IS
i)
g 5 — -
- - ol ©
> |3 &)} 19} <
< @ Q
2 = ® w©
[}
1%}
&
£ .5 <o 8 % 3
2 1z8 S 0® o3 o~
5 TR S -~ oY ©r
S| Be T g T 2
‘© - w T 0o N T
£ 2 g 3 o 3
o T S S <=
C
@
>
=
© o = @
= S o~ <
c ® * @ ©
S @ ©
3 B = = A% o
g > 2 8 > c
2 £ 3 % £ 9]
3 s o @ S =
p - o a - Qa
iS]
g | g
|9
g |2
1%} @ ™
< Q b
w | 3
B T8
o -
2 3 s !
[ '8 N

Frailty status

2011— 2015

N

Ref (1.000)

Ref (1.000)

Ref (1.000)

Robust (447) Ref (1.000)

=788

0.039

4.2491

1.397
(1.017, 1.920)

4.2951 0.038

1.400
(1.018, 1.923)

54171 0.020

1.450
(1.06, 1.983)

0.037

4.33,1

1.386
(1.019, 1.885)

Pre-frail (319)

0.018

5.63,1

2.992
(1.210, 7.397)

5.815,1 0.016

3.036
(1.231, 7.487)

4.326,1  0.038 2.939 5.644,1 0018
(1.208, 7.159)

2.492
(1.054,5.893)

Frailty (22)

0.005

7.7751

1.489
(1.126, 1.969)

7.941 0.005

1.494
(1.130, 1.976)

9.08,1 0.003

1.525
(1.159, 2.006)

0.007

7.178,1

1.443
(1.103, 1.886)

P-trend

Model 1, unadjusted; Model 2, adjusted for age, sex, educational levels, marital status, live place; Model 3, adjusted for age, sex, educational levels, marital status, live place, current smoking, alcohol drinking, activities, chronic diseases;

Model 4, adjusted for age, sex, educational levels, marital status, live place, current smoking, alcohol drinking, activities, chronic diseases, BMI.

preferability/frailty and the longitudinal onset of depressive
symptoms after 2 years of follow-up. The phenomenon could be
explained by the cumulative effect, which showed a significant
association between preferability/frailty and the longitudinal
onset of depressive symptoms over long-term exposure (4 years
of follow-up).

With regard to the components of frailty, we found slowness
was related to increased risk of incident depressive symptoms
after 2 years of follow-up in older adults without baseline
depressive symptoms. Moreover, weakness and exhaustion were
significantly associated with the onset of depressive symptoms
after 4 years of follow-up. However, the findings are partly in
accordance with previous studies. Veronese et al. (23) using
data from 4,077 representative of people living in England
aged 50 years and over, found that slowness (slow gait
speed) considered alone predicted depression. Collard et al.
(39) launched another similar study to discuss the association
and found that Low physical activity was associated with
incident depressive symptoms. Chu et al. (42) conducted a
population-based cohort study including 1,788 older adults
aged 70-84 years in Rugao, Jiangsu Province, China and
found that weakness (lower grip strength) was associated
with incident depressive symptoms. Several hypotheses could
be used to explain the differences between our study and
the previously mentioned studies in the literature. First,
methodological differences (evaluation tools for depressive
symptoms and frailty, length of follow up and confounders)
reported in these studies may play an important role. For
example, 10-item Epidemiologic Studies-Depression scale for
evaluating depressive symptoms was used in our study, but
20-item Epidemiologic Studies-Depression scale and 15-item
Geriatric Depression Scale (GDS-15) in other studies (23, 39,
42). Second, the different results reflect that the association
may be influenced by cultural background. Furthermore, it
is likely adaption of revised Frieds criteria (5) used in our
study may influence our result. The mechanisms underline
the relationship between frailty and incidence of depressive
symptoms is still unknown. Frail individuals may develop
depressive symptoms through impaired function, lack of social
community, and lower physical activity (42). Several hypotheses
could explain the significant relationship between slowness
and the onset of depressive symptoms (2 years of follow-up).
Firstly, slowness might be an early marker of a depressed
mood (43). Secondly, slowness and depressive symptoms shared
some risk and pathogenic factor that might affect the onset of
depressive symptoms (23). Thirdly, individuals with slowness
might be socially isolated, and could be more depressive
symptoms (44). Finally, individuals with slowness might have
lower physical activity, and might increase the risk of future
depressive symptoms (45). However, weakness and exhaustion
were significantly associated with the onset of depressive
symptoms after 4 years of follow-up. Long exposure to the
frailty, individuals with weakness and exhaustion may impair
posterior aspects of brain (40, 46), and increased low-grade
inflammation such as C-reactive protein (CRP), interleukin-6
(IL-6), or tumor necrosis factor-a(TNF-a), and mediated the
risk of depressive symptoms. Interventions designed to prevent
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TABLE 6 | Association between components of frailty and incident depressive symptoms not depressed at baseline.

Follow-up period Model 1 Wald, df  P-value Model 2 Wald, df  P-value Model 3 Wald, df  P-value Model 4 Wald, df  P-value
HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl)
2011— 2013 Weakness
N =839 No (795) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (44) 1.334 0.747 1 0.387 1.29 0.56,1 0.454 1.224 0.343,1 0.558 1.186 0.243,1 0.622
(0.694, 2.566) (0.662, 2.516) (0.623, 2.403) (0.602, 2.334)
Slowness
No (679) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (160) 1.519 4.828,1 0.028 1.617 5.995,1 0.014 1.549 4.829,1 0.028 1.597 5.454,1 0.020
(1.046, 2.204) (1.101, 2.376) (1.048, 2.288) (1.078, 2.366)
Weight loss
No (766) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (73) 1.631 3.592,1 0.058 1.632 3.488,1 0.062 1.587 3.042,1 0.081 1.510 2.38,1 0.123
(0.983, 2.705) (0.976, 2.73) (0.944, 2.667) (0.895, 2.548)
Exhaustion
No (705) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (134) 1.410 2.82,1 0.093 1.394 2.556,1 0.110 1.3562 2.079,1 0.149 1.353 2.082,1 0.149
(0.944, 2.104) (0.928, 2.093) (0.897, 2.037) (0.897, 2.041)
Low activity
No (738) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (101) 0.972 0.014,1 0.907 1.006 0.001,1 0.982 0.997 0,1 0.991 1.023 0.008,1 0.929
(0.604, 1.563) (0.619, 1.634) (0.612, 1.625) (0.627, 1.668)
2011— 2015 Weakness
N =788 No (750) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (38) 2.205 5.61,1 0.018 2.098 4.755,1 0.029 2.103 4.625,1 0.032 2.080 4.467 1 0.035
(1.146, 4.243) (1.078, 4.083) (1.068, 4.142) (1.055, 4.104)
Slowness
No (639) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (149) 1.006 0.001,1 0.975 1.047 0.052,1 0.820 0.992 0.002,1 0.969 0.998 0.000,1 0.993
(0.687,1.474) (0.708, 1.547) (0.667,1.477) (0.670, 1.487)
Weight loss
No (722) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (66) 0.986 0.003,1 0.958 0.994 0,1 0.984 1.017 0.004,1 0.951 0.992 0.001,1 0.979
(0.574, 1.693) (0.575,1.72) (0.585,1.77) (0.568, 1.735)
Exhaustion
No (656) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (132) 1.853 9.997 1 0.002 1.961 11.394,1 0.001 1.936 10.674,1 0.001 1.928 10.542,1 0.001
(1.264, 2.716) (1.326, 2.898) (1.302, 2.877) (1.297, 2.867)
Low activity
No (698) Ref (1.000) Ref (1.000) Ref (1.000) Ref (1.000)
Yes (90) 1.478 2.878,1 0.090 1.618 41131 0.043 1.566 3.495,1 0.062 1.582 3.652,1 0.056
(0.941,2.32) (1.016, 2.576) (0.979, 2.505) (0.988, 2.533)

Model 1, unadjusted; Model 2, adjusted for age, sex, educational levels, marital status, live place; Model 3, adjusted for age, sex, educational levels, marital status, live place, current smoking, alcohol drinking, activities, chronic diseases;
Model 4, adjusted for age, sex, educational levels, marital status, live place, current smoking, alcohol drinking, activities, chronic diseases, BMI.
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depressive symptoms may be useful in reducing frailty among
middle-aged and older adults.

STRENGTHS AND LIMITATIONS OF THE
STUDY

Our study has several strengths. The study was based
on a nationwide population-based cohort study, which
included participants aged >45 years. It compared the
effect of frailty and its components across two different
intervals on the depressive symptom. Previous studies
used only a set single interval to identify the relationship
between frailty and depressive symptom. It helped us to
understand the short- and long-term effects of frailty on
the incidence of depressive symptoms. Several limitations
in our study should be noted. The depressive symptom was
self-reported in the three waves when it was subjectively
measured. This may have a reporting bias. It is known
that people tend to underreport their mental illness in the
research. Many participants were excluded for the missing
data, and further research should focus more on a set of
complete material.

CONCLUSIONS
Among middle-aged and older adults, frailty, pre-
frailty did not predict depressive symptoms during 2

years of follow-up, when accounting for the potential
confounders,  slowness  considered alone  predicted
depressive  symptoms.  Additionally, frailty, pre-frailty
predicted depressive symptoms during 4 years of follow-
up, when accounting for the potential confounders,
weakness and exhaustion considered alone predicted
depressive symptoms.
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