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Background: Hip fractures pose a major public health burden in aging populations,
driven by rising osteoporosis prevalence and demographic aging. In China, nearly 2
million new cases occurred in 2019, disproportionately affecting middle-aged and
older women. Despite extensive research on biomedical risk factors, mechanistic
links between Activities of Daily Living (ADL) disability and hip fractures remain unclear.

Objectives: This study aims to elucidate the relationship between ADL disability
and hip fractures incidence among middle-aged and older adult individuals in
China. Furthermore, it seeks to explore the potential mediating role of depressive
symptoms in this association, thereby contributing to a deeper understanding of
hip fracture risk determinants.

Methods: This longitudinal analysis utilized data from the China Health and
Retirement Longitudinal Study (CHARLS) covering the period from 2011 to 2015.
The study involved 5,066 participants who had no pre-existing hip fractures at
baseline. ADL functional capacity was assessed by categorizing Instrumental
Activities of Daily Living (IADL) and Basic Activities of Daily Living (BADL).
Depressive symptoms were measured using the Center for Epidemiological
Studies Depression Scale (CES-D-10). The incidence of hip fractures was
documented over a four-year follow-up period, and both logistic regression
and mediation analyses were performed to investigate the associations.

Results: Within the follow-up cohort, a total of 256 incident hip fractures were
recorded. After adjusting for confounding variables, IADL disability emerged as
a significant predictor of fracture risk (OR = 1.42, 95% Cl: 1.07-1.89, p = 0.017),
while BADL disability was found to have an even greater impact (OR = 1.96, 95%
Cl: 147-2.61, p < 0.001). Mediation analysis indicated that depressive symptoms
accounted for a substantial portion of the association, mediating 43.8% of the
relationship between IADL disability and hip fractures risk, and contributing to
23.4% of the association between BADL disability and hip fractures.

Conclusion: ADL disability, particularly BADL, independently predicts hip
fractures in older Chinese adults. Depressive symptoms mediate 43.8% of the
risk associated with IADL and 23.4% of the effect related to BADL. Therefore,
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integrating depression management into ADL-focused interventions may
enhance strategies for fracture prevention.

KEYWORDS

hip fractures, Activities of Daily Living (ADL), depressive symptoms, mediating role,

older adults

1 Introduction

Hip fractures are a serious public health issue, often leading to
severe complications and death, particularly among the older adult.
With the acceleration of population aging and the rising prevalence of
osteoporosis, the incidence of hip fractures in the older adult
population continues to increase (1-3). According to relevant data
from 2019, there were approximately 2 million new cases of hip
fractures in China, with an age-standardized incidence rate of 117.8
per 100,000 people. This trend is expected to continue with population
aging, posing a greater burden on healthcare systems and society (4).
The older adult, especially women, face a higher risk of hip fractures,
particularly among individuals aged >80 years (5, 6).

Previous research has primarily concentrated on biomedical
factors, such as osteoporosis. However, there is a notable lack of
systematic studies examining the mechanisms that link disability in
ADL with hip fractures. ADL encompasses Basic Activities of Daily
Living (BADL), such as getting up and washing hands, as well as
Instrumental Activities of Daily Living (IADL), such as grocery
shopping and housework (7). Disability in ADL significantly impacts
the quality of life for middle-aged and older adult individuals in
China. ADL disability is associated with various negative outcomes,
often resulting in a decline in individual quality of life (8). Research
indicates that a majority of older adult individuals experience a decline
in functional abilities related to daily activities, with the incidence rate
of ADL disability among the older adult being approximately 17.22
per thousand. Given the increasing trend of an aging population in
China, it is projected that by 2060, the number of individuals aged 65
and above with ADL disability will rise to 96.2 million (8, 9).

A meta-analysis indicates that older adults in Europe exhibit
significantly lower scores in ADL prior to hip fractures compared
to their non-fractured peers, suggesting that functional decline
may precede fractures. The Health and Retirement Study (HRS)
confirms that many patients with hip fractures had already
experienced severe disability before the fracture, with this
disability accelerating in the lead-up to the event. Another HRS
study highlights that many older adults relied on others for daily
activities prior to their fractures, facing mobility issues and
difficulties with stair climbing (10-12). Depressive symptoms may
further link ADL disability to fracture risk via psychobiological
pathways. Depression is highly prevalent among the older adult,
with its incidence closely linked to health status; poorer health

Abbreviations: ADL, Activities of Daily Living; BADL, Basic Activities of Daily Living;
IADL, Instrumental Activities of Daily Living; BMI, Body Mass Index; CHARLS, China
Health and Retirement Longitudinal Study; CES-D-10, Center for Epidemiological
Studies Depression Scale (10-item version); Cl, Confidence Interval; OR, Odds
Ratio; HPA, Hypothalamic—Pituitary—Adrenal axis; BMD, Bone Mineral Density;
STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.
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conditions correlate with a higher incidence of depression (13,
14). Research demonstrates a bidirectional relationship between
ADL disability and depressive symptoms, indicating that older
adults with ADL disability are more likely to exhibit depressive
symptoms, while depressive symptoms can also adversely affect
ADL performance (15-17), depression has been established as an
independent risk factor for hip fractures, with numerous studies
finding that individuals with depressive symptoms are more
susceptible to hip fractures (18-21).

We hypothesize that there exists a significant relationship
between ADL disability and hip fractures in the older adult, with
the potential for depressive states to mediate this relationship.
This study employs longitudinal data from the China Health and
Retirement Longitudinal Study (CHARLS) to investigate the
correlation between ADL disability and the incidence of hip
fractures, as well as to assess the degree to which depressive
symptoms mediate this association among older adults in China.

2 Method
2.1 Study population

The CHARLS is a comprehensive longitudinal survey aimed
at collecting extensive health-related data from mainland Chinese
residents aged 45 and older. It encompasses a wide array of
inquiries concerning economic status, physical and mental health,
demographics, and the social networks of the aging population.
The baseline survey, conducted in 2011, utilized a stratified
multistage sampling method, covering 150 counties or urban
districts across 28 provinces and involving 17,708 individuals
from 10,257 households (8, 22). We conducted a longitudinal
study over 4 years (2011-2015), using the 2011 population data as
the baseline. After excluding subjects diagnosed with hip fractures
at baseline or lacking information on hip fractures during
follow-up, we monitored and observed eligible subjects until 2015.

We conducted a four-year longitudinal study (2011-2015),
using the population data from 2011 as the baseline. Among the
initially screened 17,708 participants, 12,642 were excluded due
to the following reasons: individuals under 45 years old (n = 648),
missing ADL information (n = 327), absence of CES-D-10 score
data (n = 1,389), incomplete hip fracture information in Wave 1
(n=9) and Wave 3 (n =2,485), and baseline diagnosed hip
fractures (n = 208). Ultimately, the longitudinal analysis included
12,642 participants (Figure 1), comprising 12,386 individuals
without hip fractures and 256 individuals with hip fractures.

The CHARLS survey was approved by the Biomedical Ethics
Committee of Peking University (IRB00001052-11015) and obtained
written informed consent from all participants before their
involvement in this survey. This study adhered to the Strengthening
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Baseline in 2011
N=17 708
, Those under 45 years were excluded
n=648
Those missing information on ADL
| EEEE—— were excluded
N=327
Those missing data on depressive
—b status were excluded
n=1 389

A 4

N=15 344
Those confirmed hip fracture in baseline or
—> lost to follow-up were excluded
n=2 702
4
Finally in analysis
N=12 642
FIGURE 1
Flow chart of sample selection and the exclusion criteria. According to the figure, the number of observation was 12,642.

the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guidelines (23).

2.2 Assessment of hip fractures

During the household interviews, each participant was asked the
following question in the baseline survey: “Have you ever had a
fracture?” To ensure a clear understanding of the definition of hip
fractures, the interviewer provided a detailed explanation of the
location of the hip bone. Participants who responded “Yes” to this
question were classified as having experienced hip fractures. Incident
hip fractures were defined as participants who did not have hip
fractures at baseline but were identified as having one during the
follow-up survey (24, 25).

2.3 Assessment of ADL disability
We assessed ADL disability using the BADL and IADL scales.

BADL encompasses six items measuring dressing, bathing, eating,
getting up, toileting, and continence. IADL consists of five items,
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including housework, cooking, shopping, taking medication, and
managing finances. Each item offers four response options: (1). No
difficulty; (2). Difficulty but achievable; (3). Some difficulty, requires
assistance; and (4). Unable to complete. Based on prior studies, the
outcome is dichotomous; the lack of complete independence in any
ADL item is defined as having an ADL disability (26, 27).

2.4 Depressive symptoms

The Center for Epidemiological Studies Depression Scale
(CES-D-10) consists of 10 items designed to assess the depressive
symptoms experienced by informants over the previous week.
This scale includes two parts: eight negative items and two
positive items. Negative moods or behaviors occurring for less
than 1 day, 1 to 2 days, 3 to 4 days, or 5 to 7 days are rated as 0, 1,
2, or 3, respectively. The two positive items are scored in reverse
(28, 29). The scores from all 10 items are summed to obtain a total
score, which ranges from 0 to 30; a higher score indicates more
severe depressive symptoms. Individuals with a score of >10 are
classified as having depressive symptoms, while those with a score
of < 10 are considered normal (30).
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2.5 Evaluation of covariates

For the selection of covariates, we referred to previous studies
(31, 32) following baseline characteristics were extracted: age, sex,
residence (rural or urban), education level (below primary,
primary, secondary, high school and above), illiteracy, primary
school, middle school, high school or above, marital status
(married or others), sleep duration, drinking status (ex-drinking,
current drinking, or never drinking), smoking status (ex-smoking,
current smoking, or never smoking), and Body Mass Index (BMI).
Chronic diseases assessed included hypertension and diabetes.
BMI is calculated as weight (kg) divided by the square of height
(m). Participants are classified as having hypertension if they self-
report a physician-diagnosed hypertension or have a systolic
blood pressure (BP) > 140 mmHg or diastolic BP > 90 mmHg.
Diabetes is defined as self-reported physician-diagnosed diabetes,
fasting plasma glucose level > 7 mmol/L, random plasma glucose
level > 11.1 mmol/L, or glaciated hemoglobin (HbAlc) > 6.5%.
The assessment of fall history was based on the question, “Have
you fallen in the past 2 years?” Participants who answered “Yes”
to this question were considered to have fallen in the past
2 years (33).

2.6 Statistical analysis

In the dataset, we described the baseline characteristics of
non-normally distributed data: categorical variables are presented
as totals and percentages, while continuous variables are
represented by medians and interquartile ranges (IQR). Inter-
group comparisons were performed using ¢-tests, Mann-Whitney
U tests, or chi-square tests, depending on the type of data
distribution. We employed logistic regression analysis to examine
the prospective association between baseline ADL disability and
hip fractures, expressed as odds ratios (OR) with 95% confidence
intervals (CI). To mitigate the influence of confounding factors,
we conducted multivariable adjusted models. Specifically, Model
1 is a simple regression model without adjustments for
confounding factors. Model 2 adjusted for sex, age, marital status,
residence, and education level; Model 3 further adjusted for
drinking status, smoking status, chronic disease history
(hypertension and diabetes), sleep duration, and BMI, while
Model 4 additionally adjusted for a history of falls based on
Model 3. Furthermore, we performed subgroup analyses to assess
potential interactions among various variables, specifically
examining interactions based on factors such as sex, age, marital
status, residence, BMI, sleep duration, smoking status, drinking
status, depressive symptoms, and chronic disease history
(hypertension and diabetes).

The mediation model was constructed using the R package
“mediation”, employing a modeling approach that utilizes
Bootstrap with 1,000 simulations (34). This analysis assessed both
the indirect and direct effects of ADL on the risk of hip fractures,
as well as the mediation proportions attributed to the depression
variable. Statistical analyses were conducted using R version 4.4.2,
with a p-value threshold of less than 0.05 indicating
statistical significance.
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3 Result

3.1 Characteristics of the study
population

This study included a total of 12,642 participants, with males
representing 47.18% and females 52.82%. Participants were
categorized into the normal function group and the disability group
based on the IADL and BADL scales. The IADL disability group
demonstrated significant differences compared to the normal group,
including a higher median age, shorter sleep duration, lower BMI, a
higher proportion of females, a lower proportion of married
individuals, and a greater proportion of rural residents. Similarly, the
BADL disability group exhibited notable differences from the normal
group, characterized by older age, shorter sleep duration, a higher
proportion of females and rural residents, while no intergroup
difference in BMI was observed. Both groups of individuals with
disability also displayed significant characteristics regarding
educational level, risk behaviors, prevalence of chronic diseases, and
incidence of falls: compared to the normal group, they exhibited
lower educational levels, lower risk behaviors (with higher
proportions of never smoking and never drinking), and a higher
prevalence of chronic diseases (such as hypertension and diabetes),
as well as a higher incidence of falls, with all comparisons yielding
p-values less than 0.001 (except for BADL BMI). More detailed
demographic characteristics are provided in Table 1.

3.2 The longitudinal association between
DAL and new-onset hip fractures

During the four-year follow-up period, a total of 256 respondents
experienced hip fractures. In the adjusted model, the association
between IADL and incident hip fractures remained significant, with
an odds ratio (OR) of 1.42 (95% CI: 1.07-1.89), p = 0.017. Similarly,
in the adjusted model, the association between BADL and the study
outcome was also significant, with an OR of 1.96 (95% CI: 1.47-2.61),
p <0.001. These findings indicate that after adjusting for confounding
factors such as sex, age, marital status, educational level, residence,
chronic diseases, sleep duration, BMI, history of falls, drinking status,
and smoking status, both IADL and BADL significantly predicted the
study outcomes (Table 2).

3.3 Subgroup analysis

To investigate the robustness of ADL and hip fractures,
we divided participants into various subgroups. Further
interaction tests indicated that age served as the primary
moderating factor in the relationship between IADL and hip
fractures (interaction p = 0.032), while a history of falls was the
main moderator in the relationship between BADL and hip
fractures (interaction p = 0.004) (Figure 2).

In the multivariate model, confounding factors such as age,
sex, residence, educational level, BMI, sleep duration, drinking
status, smoking status, history of chronic diseases (diabetes,
hypertension), and history of falls were considered.
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TABLE 1 Baseline characteristics of participants categorized by ADL (2011).

Variables

Total

Total (n = 12,642)

No (n = 10,076)

IDAL

Yes (n = 2,566)

BDAL
No (n = 10,667)

Yes (n = 1975)

Age, median (IQR), years 58 (51, 65) 57 (51, 64) 61 (55.25, 69) <0.001 57 (51, 64) 62 (56, 70) <0.001
Sleep duration, median (IQR), hours 6(5,8) 7 (5, 8) 6(4,8) <0.001 7 (5, 8) 6(4,7) <0.001
Body mass index, median (IQR), kg/m? 23.11 (20.85, 25.75) 23.18 (20.94, 25.79) 22.8 (20.45, 25.58) <0.001 23.11 (20.89, 25.67) 23.09 (20.64, 26.09) 0.987
Sex, 1 (%) <0.001 <0.001
Female 6,677 (52.82) 5,075 (50.37) 1,602 (62.43) 5,491 (51.48) 1,186 (60.05)
Male 5,965 (47.18) 5,001 (49.63) 964 (37.57) 5,176 (48.52) 789 (39.95)
Marital status, n (%) <0.001 <0.001
Others 1,509 (11.94) 1,049 (10.41) 460 (17.93) 1,161 (10.88) 348 (17.62)
Married 11,133 (88.06) 9,027 (89.59) 2,106 (82.07) 9,506 (89.12) 1,627 (82.38)
Educational level, 1 (%) <0.001 <0.001
Illiteracy 5,858 (46.38) 4,164 (41.37) 1,694 (66.07) 4,591 (43.08) 1,267 (64.18)
Primary school 2,727 (21.59) 2,259 (22.44) 468 (18.25) 2,358 (22.13) 369 (18.69)
Middle school 2,613 (20.69) 2,316 (23.01) 297 (11.58) 2,369 (22.23) 244 (12.36)
High school or above 1,432 (11.34) 1,327 (13.18) 105 (4.1) 1,338 (12.56) 94 (4.76)
Residence, n (%) <0.001 <0.001
Urban 4,643 (36.73) 3,931 (39.01) 712 (27.75) 4,102 (38.46) 541 (27.39)
Rural 7,999 (63.27) 6,145 (60.99) 1854 (72.25) 6,565 (61.54) 1,434 (72.61)
Smoking, n (%) <0.001 <0.001
Ex-smoking 1,014 (8.02) 733 (7.28) 281 (10.96) 778 (7.3) 236 (11.96)
Current smoking 4,153 (32.86) 3,484 (34.59) 669 (26.08) 3,640 (34.14) 513 (25.99)
Never smoking 7,470 (59.11) 5,855 (58.13) 1,615 (62.96) 6,245 (58.57) 1,225 (62.06)
Drinking, n (%) <0.001 <0.001
Ex-drinking 1,049 (8.3) 804 (7.98) 245 (9.55) 847 (7.94) 202 (10.23)
Current drinking 3,899 (30.84) 3,263 (32.39) 636 (24.79) 3,400 (31.88) 499 (25.27)
Never drinking 7,693 (60.86) 6,008 (59.63) 1,685 (65.67) 6,419 (60.18) 1,274 (64.51)
Hypertension, 7 (%) <0.001 <0.001
No 6,923 (54.94) 5,672 (56.43) 1,251 (49.04) 5,971 (56.12) 952 (48.5)
Yes 5,679 (45.06) 4,379 (43.57) 1,300 (50.96) 4,668 (43.88) 1,011 (51.5)
Diabetes, 1 (%) 0.001 <0.001
No 11,007 (87.82) 8,824 (88.29) 2,183 (85.94) 9,353 (88.39) 1,654 (84.73)
Yes 1,527 (12.18) 1,170 (11.71) 357 (14.06) 1,229 (11.61) 298 (15.27)
Fall, n (%) <0.001 <0.001
No 10,667 (84.41) 8,733 (86.71) 1934 (75.37) 9,239 (86.65) 1,428 (72.3)
Yes 1970 (15.59) 1,338 (13.29) 632 (24.63) 1,423 (13.35) 547 (27.7)
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TABLE 2 Presents the OR values and 95% confidence intervals for new-onset hip fractures based on ADL disability.

Variables Model 1 Model 2 Model 3 Model 4
OR (95%Cl) OR (95%Cl) P OR (95%Cl) OR (95%Cl)
BADL
No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 2.42 (1.85 ~ 3.18) <0.001 2.04 (154 ~ 2.71) <0.001 2.05 (1.54 ~ 2.73) <0.001 1.96 (1.47 ~ 2.61) <0.001
IADL
No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 1.78 (1.36 ~ 2.32) <0.001 1.47 (1.1 ~ 1.95) 0.008 1.48 (1.11 ~ 1.96) 0.007 1.42 (1.07 ~ 1.89) 0.017

The data are presented in the form of OR (95% CI). OR, odds ratio; CI, confidence interval; IADL, Instrumental Activities of Daily Living; BADL, Basic Activities of Daily Living.
Model 1 was unadjusted.

Model 2 was adjusted for sex, age, marital status, educational level, and residence.

Model 3 was further adjusted for hypertension, diabetes, sleep duration, BMI, drinking status, and smoking status based on Model 2.

Model 4 additionally adjusted for fall.

A B
Variables OR (95% CI) P for interaction Variables OR (95% CI) P for interaction
Age 0.032 Age 0.362
<60 0.94 (0.56, 1.56) +— <60 1.69 (1.03, 2.78) ——
260 1.90 (1.34, 2.71) —— 260 2.30(1.61,3.28) ——
Sex 0.285 Sex 0.235
Female 1.28 (0.87 , 1.88) i Female 1.71(1.16 , 2.53) ——
Male 1.76 (1.16 , 2.68) —— Male 2.52(1.65,3.83) ——
Marital status 0.23 Marital status 0.188
Others 1.02(0.52,2.00) +W—i Others 1.40(0.70,2.79) +—W—
Married 1.62(1.19,2.21) i Married 224 (1.64,3.07) ——
Education level 0.888 Education level 0.413
llliteracy 1.45(1.02, 2.04) - lliteracy 1.83(1.28,2.62) ——
Primary school 1.57 (0.79, 3.11) —— Primary school 2.61(1.33,5.09) ——
Middle school 1.67 (0.73, 3.79) —— Middle school 3.38(1.61,7.06) ——
High school or above 2.00 (0.53,7.58) +—+—l————> High school or above 1.32(0.26 , 6.80) +—#—————>
Residence 0.364 Residence 0.775
Urban 1.70 (1.02, 2.84) —— Urban 2.15(1.26 , 3.66) ——
Rural 1.39(0.99, 1.96) - Rural 2.08 (1.48,2.93) ——
Sleep duration 0.214 Sleep duration 0.153
<7 1.32(0.90, 1.94) - <7 1.80(1.23, 2.63) ——
27 1.73(1.14,2.63) —— 27 2.46 (1.60, 3.77) ——
BMI(Kg/m?) 0.211 BMI(Kg/m?) 0.256
<18.5 0.75(0.22 , 2.56) +—l—— <18.5 1.61(0.51,5.13) +——W————>
218.5 <24 1.30(0.89, 1.92) i 218.5 <24 1.81(1.22, 2.69) ——
224 <28 2.07 (1.23, 3.50) —— 224 <28 3.01(1.77,5.11) ——
228 1.88 (0.77 , 4.57) —— 228 1.50(0.59,3.79) +——
Drinking 0.934 Drinking 0.807
Ex-drinking 1.67(0.65,4.27) +——@— Ex-drinking 2.71 (1.07, 6.89) ——
Current drinking 1.34 (0.79, 2.26) —— Current drinking 2.19(1.31,3.67) ——
Never drinking 1.52 (1.06 , 2.19) —— Never drinking 1.92 (1.32, 2.79) ——
Smoking 0.527 Smoking 0.742
Ex-smoking 2.68(1.07 , 6.72) —— Ex-smoking 277 (1.07,7.17) ——
Current smoking 1.43(0.82,2.48) —— Current smoking 1.73(0.97 , 3.06) ——
Never smoking 1.40 (0.98 , 2.00) i Never smoking 2.14 (1.50, 3.06) ——
Hypertension 0.06 Hypertension 0.715
No 1.16 (0.77 , 1.76) i No 2.07 (1.38, 3.09) ——
Yes 1.94 (1.30, 2.90) —— Yes 2.08 (1.37,3.14) ——
Diabetes 0.431 Diabetes 0.569
No 1.47 (1.07 ,2.02) i No 2.09 (1.52,2.88) ——
Yes 1.49 (0.77 ,2.87) —— Yes 2.03(1.05, 3.94) —a—
Fall 0.115 Fall 0.004
No 1.69 (1.22, 2.34) i No 2.63(1.90, 3.64) ——
Yes 1.03(0.59,1.79) +— Yes 1.09(0.61,1.94) +~—
02 1 5 02 1 5
— & —
Low Risk High Risk Low Risk High Risk
FIGURE 2
Subgroup analysis of IADL (A) and BADL (B) with the odds ratio (95% CI) of hip fractures.

3.4 Mediation analysis BMLI, sleep duration, drinking status, smoking status, and chronic
disease history, including diabetes and hypertension. The results

To further evaluate the mediating role of depressive states in the  indicate that depressive symptoms play a distinct mediating role
relationship between ADL disability and the risk of hip fractures, this ~ between ADL disability and the risk of hip fractures. Statistical
study employed the Center for CESD-10 as a mediating variable, while ~ analyses reveal that the p-value for the average direct effect (ADE) of
controlling for factors such as age, sex, residence, education level, ~ IADL on hip fracture risk is 0.21, which does not achieve statistical
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TABLE 3 Depressive symptoms mediating the association between IADL and BADL with hip fractures.

Depressive symptoms-ADL-Hip  Effect Estimate 95% Cl lower = 95% Cl upper P-value
fractures
ACME (average) 0.0032 0.0016 0.005 <0.001 ##*
IDAL ADE (average) 0.0041 —0.0022 0.01 0.21
Prop. Mediated (average) 0.4377 0.1663 2.39 0.016 *
ACME (average) 0.0037 0.0017 0.01 <0.001 *#*
BDAL ADE (average) 0.0122 0.0046 0.02 <0.001 ##*
Prop. Mediated (average) 0.2342 0.1031 0.47 <0.001 ***

CI, confidence interval; IADL, Instrumental Activities of Daily Living; BADL, Basic Activities of Daily Living; ADE, average direct effect; ACME, average causal mediation effect.

significance. This finding suggests that the direct impact of IADL on
hip fracture risk is not significant, and its effect is primarily mediated
by depressive symptoms. In other words, depressive symptoms serve
as a complete mediator between IADL and hip fractures risk, with a
mediating effect proportion as high as 43.8%. Conversely, the ADE
p-value of BADL on hip fracture risk is less than 0.001, indicating high
statistical significance. These results suggest that BADL not only has a
significant direct impact on hip fractures risk but also that depressive
symptoms exert a partial mediating effect between the two, with a
mediating effect proportion of 23.4% (Table 3).

4 Discussion

This study investigates the relationship between disability in ADL
and hip fractures among middle-aged and older adult individuals in
China, revealing a significant correlation between the two. To our
knowledge, this is the first study to examine the mediating role of
depressive symptoms in the relationship between ADL disability and
hip fractures. Over a four-year follow-up period, we observed a total
of 256 new cases of hip fractures. After controlling for factors such as
sex, age, and marital status, the study found that disability in IADL
was significantly associated with an increased risk of hip fractures
(OR =142, 95% CI: 1.07-1.89), while the impact of disability in
BADL was even more pronounced (OR = 1.96, 95% CI: 1.47-2.61).
Furthermore, mediation analysis indicated that depressive symptoms
played a mediating role in this relationship: 43.8% of the effect of
IADL disability on the risk of hip fractures was mediated through
depressive symptoms, while for BADL disability, 23.4% of the effect
was partially mediated by depressive symptoms. Our mediation
analysis results suggest that addressing depressive symptoms may help
mitigate the negative impact of functional disability on the risk of
hip fractures.

This study, utilizing data from the CHARLS, confirms a positive
correlation between ADL, encompassing both BADL and IADL,
and the risk of hip fractures among the older adult. This finding
aligns with multiple studies (10, 35, 36). Research conducted in the
United States indicates that difficulties in performing daily living
activities, including challenges with indoor walking, dressing, and
bathing, are associated with an increased risk of hip fractures (36).
Furthermore, an analysis from Korea reveals that the incidence of
hip fractures among older adult individuals with disability is 1.6
times higher than that of their non-disabled counterparts (35). A
meta-analysis conducted in Europe demonstrates that prior to
experiencing hip fractures, older adult individuals exhibit
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significantly lower scores in daily living abilities compared to their
non-fractured peers, suggesting that functional decline may precede
fractures (10). Additionally, the HRS confirms that many patients
who sustain hip fractures had already experienced severe disability
prior to the fractures and relied on others for assistance with daily
activities (11, 12).

Our research indicates that limitations in ADL disability are a
significant factor contributing to an increased risk of hip fractures in
the older adult. Firstly, ADL disability directly leads to reduced levels
of physical activity, which accelerates the loss of skeletal muscle mass
and strength, thereby inducing or exacerbating sarcopenia. Studies
have shown that ADL disability is closely associated with a decrease
in skeletal muscle mass, particularly in the older adult population,
where diminished activity due to ADL disability directly affects the
mechanical load on muscles, consequently accelerating muscle
atrophy and strength decline (37). This loss of muscle mass not only
diminishes mobility but also exacerbates skeletal fragility, especially
in the hip region, thereby increasing the risk of fractures (38).
Sarcopenia is a syndrome characterized by a decline in muscle mass
and function associated with aging, and its occurrence is closely
related to limitations in physical function (39). Research indicates that
individuals with ADL restrictions often exhibit lower grip strength
and lower limb muscle strength, which are highly consistent with the
diagnostic criteria for sarcopenia (40). Longitudinal data from
CHARLS confirm that the risk of hip fractures in sarcopenic patients
is twice that of non-sarcopenic individuals, and this association is
independent of traditional risk factors (41). It is noteworthy that there
exists a significant interaction between activities of ADL disability and
the decline in grip strength. ADL disability are associated with
reduced mobility and grip strength, which are critical indicators of
muscle degradation (42). Grip strength, recognized as a core
diagnostic criterion for sarcopenia, correlates with diminished
dynamic balance ability and an elevated risk of falls (43, 44).
Concurrently, research suggests that a decline in grip strength itself
can lead to an increased risk of hip fractures, serving as a vital tool for
predicting both fractures and fall risk (32, 45). Furthermore,
individuals with ADL disability, particularly those with BDAL
disability, encounter challenges related to insufficient intensity in their
daily activities. This insufficiency can reduce bone density and
contribute to the development of osteoporosis, thus heightening the
risk of hip fractures. Studies have demonstrated a significant negative
correlation between levels of physical activity and bone mineral
density (BMD), as well as fracture risk: higher physical activity levels
are associated with a decreased risk of hip fractures, while sedentary
behavior is closely linked to an increased risk (46-48). Additionally,
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inadequate intensity of daily activities among the older adult can
directly diminish the mechanical load on bones, adversely affecting
bone metabolism and exacerbating bone density decline, which
further increases the risk of hip fractures (49, 50). Lastly, the cessation
of physical activity among the older adult, prompted by fear of falling
or physical limitations, intensifies bone loss and raises the risk of hip
fractures (51).

This study reveals, for the first time through mediation analysis,
that disability in ADL may indirectly increase the risk of hip
fractures by inducing or exacerbating depressive symptoms. This
finding is supported by research derived from the CHARLS, which
indicates that impaired ADL directly elevates the risk of hip
fractures. Additionally, baseline depressive symptoms are associated
with an increased risk of hip fractures, and this association is fully
mediated by cognitive decline and ADL disability (52). Notably, this
study does not elaborate on the mediating mechanism of ADL
disability in the occurrence of hip fractures. Based on this,
we propose that depressive symptoms serve as a more appropriate
mediating factor linking ADL disability and hip fractures. Our
research further confirms that depressive symptoms play a crucial
mediating role in the pathway through which ADL disability affect
the risk of hip fractures.

The exacerbation of depressive symptoms has been confirmed
to accelerate muscle atrophy and abnormalities in bone metabolism,
both of which are crucial factors that elevate the risk of hip fractures
(53). Sarcopenia, a common consequence of reduced physical
activity, may be intensified by the physiological stress associated
with depression, potentially leading to enhanced catabolic processes
and decreased muscle protein synthesis (8). The relationship
between depression and osteoporosis in postmenopausal women is
significant, as they face an elevated risk of bone loss due to declining
estrogen levels. Studies indicate that the bone mineral density of
women with depression is significantly lower than that of their
non-depressed counterparts, resulting in a higher incidence of
osteoporosis (54, 55). The interaction between depressive symptoms
and musculoskeletal health is particularly pronounced in the older
adult, who are at an increased risk for both depressions and bone-
related injuries (56). The bidirectional relationship between
disability in ADL and depressive symptoms has been extensively
studied. On one hand, individuals with ADL disability are more
likely to exhibit depressive symptoms due to the psychological stress
stemming from the loss of independence and reliance on others for
daily activities (57). Conversely, depressive symptoms may lead to
a decline in physical function, further exacerbating ADL disability
(58). This mutual influence creates a feedback loop that can
significantly impair an individual’s quality of life and increase the
risk of adverse health outcomes, such as hip fractures (59).
Specifically, ADL disability can lead to reduced social participation
and feelings of helplessness, which may exacerbate depressive
symptoms. The worsening of these symptoms can further accelerate
muscle atrophy and deterioration of bone metabolism, thereby
increasing the risk of hip fractures (60-62). Longitudinal studies
based on the CHARLS have confirmed a significant bidirectional
association between ADL disability and depressive symptoms
among the middle-aged and older adult population (16, 63).
Furthermore, previous research has demonstrated that depression
is associated with a decrease in bone mineral density, which
increases the risk of osteoporotic fractures. Notably, the risk of hip
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fractures in depressed patients is significantly higher than that in
non-depressed individuals (52, 64).

Depression, along with its associated chronic inflammatory
response and dysfunction of the hypothalamic-pituitary-adrenal
(HPA) axis, has garnered significant attention due to its substantial
negative impact on bone health, particularly concerning the risk
of hip fractures (65). The chronic activation of the HPA axis,
commonly observed in patients with depression, results in
sustained elevations in cortisol levels, which disrupt bone
metabolism and promote bone loss (66, 67). Specifically, cortisol
impairs bone formation and enhances bone resorption by
inhibiting osteoblast activity, promoting osteoclastogenesis, and
reducing calcium absorption (68, 69). Concurrently, inflammatory
cytokines involved in the pathophysiology of depression, such as
IL-6 and TNF-q, directly affect bone metabolism by stimulating
osteoclast activity and inhibiting osteoblast function, thereby
disrupting bone homeostasis (70, 71). Moreover, a vicious cycle
exists between HPA axis dysfunction and inflammatory pathways:
elevated pro-inflammatory cytokines (such as IL-6 and TNF-«)
exacerbate HPA axis dysregulation and its detrimental effects on
bone, while HPA axis activation further promotes the
inflammatory response, collectively aggravating the imbalance of
bone homeostasis (72, 73). Additionally, in patients with
depression, HPA axis dysfunction can lead to increased
glucocorticoids, which inhibit osteoblast function and promote
osteoclast activity, thereby exacerbating bone loss (74, 75). This
related
neuroendocrine-immune dysregulation, significantly increases the

pathological process, driven by depression and
risk of hip fractures in middle-aged and older adult individuals.

Based on this, it is essential to develop differentiated
intervention strategies tailored to the various types of ADL
disability. For individuals with IADL disability, the focus should
be on psychological adjustment and the management of depressive
symptoms to enhance their daily living activities. In contrast, for
patients experiencing BADL disability, intervention measures
should prioritize physical exercise, as regular training can
significantly enhance bone density (76). Beyond improving BMD
and bone strength, physical exercise also contributes to increased
muscle mass and strength, thereby reducing the risk of falls and hip
fractures (77). In clinical practice, it is crucial to prioritize the
assessment of ADL functionality and the screening for depressive
states to develop individualized intervention plans, ultimately
aiming to reduce the risk of hip fractures among the middle-aged
and older adult population.

This study is based on the CHARLS study, a nationally representative
longitudinal cohort study, which offers several advantages. First, the
sample size is sufficiently large to ensure robust statistical power, and
CHARLS provides national sample representation. Second, throughout
the study, we adjusted for confounding variables to enhance the reliability
of the results. By introducing depressive symptoms as a mediator, this
study attempts for the first time to establish the association between
depressive symptoms, ADL disability, and the risk of hip fractures in the
Chinese population. However, there are limitations that should
be acknowledged. First, the assessment of hip fractures relies entirely on
self-reports rather than radiological or clinical data, which may lead to
recall bias and result in the exclusion of some subjects with hip fractures,
potentially underestimating the actual incidence. Nonetheless, the
interviewer provided detailed descriptions of the hip bone location to
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enhance the accuracy of respondents’” answers. Second, the CES-D10
questionnaire was administered through self-reports from the sample
population, which may introduce the risk of recall bias and inaccurate
responses. Although the CES-D10 is a widely used tool for assessing
clinically significant depressive symptoms, it serves only as a screening
tool and cannot be used for diagnosing depression. Fourth, due to the
absence of certain key potential fracture risk factors in the CAHRLS
dataset, we are unable to fully adjust for all risk factors associated with hip
fractures, including pre-existing osteoporosis/osteopenia, sarcopenia,
bone mineral density, and medication treatment status. Finally, this study
utilized a representative sample from the national population of China;
therefore, caution should be exercised when generalizing the findings to
other populations.

5 Conclusion

This study of CHARLS data (2011-2015) shows that ADL, especially
BADL disability, predicts hip fractures in older Chinese adults, with
depressive symptoms mediating 43.8% of IADL and 23.4% of BADL
associations with fractures. Integrating depression management into ADL
interventions could improve fracture prevention. The findings highlight
the importance of addressing ADL disability and depression in risk
strategies, suggesting future research on their link and interventions to
enhance ADL function and mental health.
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