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Abstract
Objective

This study aimed to examine transitions between depressive states among individuals with arthritis and evaluate their associations with life expectancy (LE)
and depression-free life expectancy (DFLE).

Methods

Using data from the China Health and Retirement Longitudinal Study (CHARLS), we included older adults with arthritis who had available depressive status
and follow-up information. A multi-state model was used to estimate transitions among no depression, mild depression, moderate-to-severe depression, and
death. Multi-state life tables were constructed to estimate LE, DFLE, mild depression life expectancy, and moderate-to-severe depression life expectancy at
age 60 by baseline depressive status. Stratified analyses were conducted by sex and educational attainment. The Health and Retirement Study (HRS) was
used to examine the consistency of the findings.

Results

At age 60, LE differed only modestly across baseline depressive states, ranging from approximately 20.4 to 20.8 years. However, DFLE varied substantially.
Individuals without depression at baseline were expected to live about 12.4 years free of depression, compared with about 9.5 years among those with mild
depression and fewer years among those with moderate-to-severe depression. Years lived with depression increased as baseline depressive severity
worsened. Transition analyses showed that no depression was relatively stable, mild depression involved both recovery and progression, and moderate-to-
severe depression was more likely to persist or transition to death. Women and individuals with lower education had a lower proportion of DFLE and spent a
greater proportion of remaining life with depression.

Conclusions

Depression among individuals with arthritis is associated with a substantial reduction in depression-free years and a shift toward longer survival with
depression. Long-term arthritis management should incorporate mental health screening and integrated interventions, particularly for women and
socioeconomically vulnerable groups.

1 Introduction

Arthritis is one of the most common chronic conditions among older adults. It is characterized by high prevalence, prolonged disease course, and substantial
disability burden [1, 2]. Osteoarthritis (OA) and rheumatoid arthritis (RA) are the most common forms of arthritis. Patients often experience persistent joint
pain, stiffness, and functional limitation, which impair daily activities, reduce quality of life, and impose a considerable long-term care burden on families and
society [3, 4]. With rapid population ageing, the burden of arthritis continues to increase and has become an important public health and economic concern

[5].

Depression is another major public health issue and a common mental health problem in later life, contributing substantially to disease burden [6]. Among
individuals with arthritis, depression deserves particular attention. Chronic pain, sleep disturbance, impaired mobility, and reduced social participation may
increase the risk of depression [7-9]. In turn, depression may worsen arthritis-related outcomes by reducing physical activity, impairing self-management,
and aggravating inflammatory and stress-related responses [10—12]. Thus, arthritis and depression may not simply coexist, but may form a mutually
reinforcing cycle. For individuals with arthritis, depression is not only a common psychological comorbidity but also a potential determinant of disease
progression and long-term health outcomes.

Nevertheless, mental health problems among individuals with arthritis remain insufficiently addressed in clinical practice. Previous studies have mainly
focused on the prevalence and risk factors of depression in arthritis, or on its associations with single adverse outcomes [10, 13, 14]. Less is known about
how depression shapes subsequent health trajectories over the life course. For chronic and long-lasting conditions such as arthritis, patients may experience
both physical and psychological burdens for many years. Therefore, mortality risk or total life expectancy alone may not fully capture the long-term health
loss associated with depression. Depression-free life expectancy (DFLE), developed within the framework of health expectancy, estimates the expected
number of remaining years lived without depression [15, 16]. Compared with measures based solely on depression prevalence or mortality risk, DFLE
provides a more intuitive assessment of the combined impact of depression on both length and quality of life. By decomposing survival time into different
depressive states, DFLE and related state-specific life expectancies can more comprehensively characterize the long-term health trajectories of individuals
with arthritis and inform clinical screening, risk stratification, and integrated interventions.

Based on this rationale, the present study used multi-state models and multi-state life tables to distinguish mild depression from moderate-to-severe
depression and to examine dynamic transitions among no depression, mild depression, moderate-to-severe depression, and death in individuals with
arthritis. We further estimated total life expectancy, depression-free life expectancy, and life expectancy lived in different depressive states, aiming to provide
epidemiological evidence for mental health screening, risk identification, and integrated management in this population.

2 Methods
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2.1 Study Design and Data Sources

This study used a two-cohort design. Data were obtained from the China Health and Retirement Longitudinal Study (CHARLS) and the Health and Retirement
Study (HRS). CHARLS was used as the primary analytical cohort to systematically evaluate transitions between depressive states among individuals with
arthritis and their impact on remaining life expectancy. HRS was used as an external validation cohort to examine the consistency of the direction and
pattern of the findings. Detailed descriptions of the two cohorts are provided in Supplementary File 1.

To improve comparability between the two cohorts, we selected five follow-up waves with similar time structures for analysis: CHARLS waves 1-5,
conducted from 2011 to 2020, and HRS waves 10-14, conducted from 2010 to 2018. Given differences in the observation structure and measurement
framework between the two databases, cohort-specific multi-state models were fitted according to the characteristics of each dataset. In both cohorts, the
fitted models were used to generate age-specific state transition probability matrices, which were subsequently incorporated into multi-state life table
estimation.

2.2 Variable Definitions

In the primary analysis, arthritis status was defined using self-reported information. In CHARLS, participants were asked during standardized interviews
whether a doctor had ever diagnosed them with arthritis. Those who answered “yes” were classified as having arthritis. Similarly, in HRS, participants were
asked whether they had ever had arthritis or whether a doctor had ever told them that they had arthritis. Participants who answered “yes” were defined as
having arthritis.

The health state variable was defined according to each participant’s depressive status at each follow-up wave. Depressive symptoms were assessed using
standardized depression scales in both cohorts. In CHARLS, depressive symptoms were measured using the 10-item Center for Epidemiologic Studies
Depression Scale (CES-D-10), with a total score ranging from 0 to 30. Depressive status was categorized into three levels: no depression (State 1, CES-D
score < 10), mild depression (State 2, 10 < CES-D score < 15), and moderate-to-severe depression (State 3, CES-D score = 15) [17]. In HRS, depressive
symptoms were assessed using the eight-item CES-D scale (CES-D-8), with a total score ranging from 0 to 8. Following previous studies, depressive status
was categorized as no depression (State 1, CES-D-8 score 0-1), mild depression (State 2, CES-D-8 score 2-3), and moderate-to-severe depression (State 3,
CES-D-8 score > 3) [18].

Because comparable variables were limited across the two cohorts, the models included only age, sex, and educational attainment. These variables were
incorporated as covariates in the multinomial logit transition models and were also used for stratified analyses. To ensure comparability between the two
data sources, educational attainment was classified according to the highest completed level of education as lower education, defined as below high school,
and higher education, defined as high school or above.

2.3 Multi-state Model Framework

In this study, we used a multi-state Markov model (MSM) to describe changes in depressive status among individuals with arthritis during follow-up [19]. At
any given time, each participant could occupy one of four mutually exclusive health states (Fig. 1): no depression (State 1), mild depression (State 2),
moderate-to-severe depression (State 3), and death (State 4). Death was treated as an absorbing state, meaning that no further transitions were possible
once this state was reached.

Multi-state models have been widely used to characterize dynamic transitions between multiple health states and to estimate quantities such as state
occupancy probabilities, transition probabilities, and life expectancy [20]. In this study, the process was assumed to satisfy the Markov property. That is,
conditional on the current state and covariates, the future state depends only on the current state and not on the previous state history. Based on this
framework, we estimated age-specific state transition probability matrices, which were subsequently used in the multi-state life table analysis.

Because health states in both CHARLS and HRS were observed primarily at discrete follow-up waves, we adopted a discrete-time multi-state Markov
modelling approach in both cohorts. Transitions were defined as changes in state between two adjacent observations, and the outcome state at the next
observation was predicted according to age, the starting state, and covariates [21]. In CHARLS, follow-up intervals were not completely uniform and mainly
consisted of 2-year and 3-year intervals. Therefore, transition probabilities were estimated separately for different interval lengths and then combined
according to the observed interval structure. In contrast, the main HRS analysis was based on adjacent waves with a fixed 2-year interval, and transition
probabilities were estimated using a common 2-year step.

For model estimation, separate multinomial logit transition models were fitted for each of the three non-death starting states. Age-specific state transition
probability matrices were then derived from model-based predictions. Overall estimates were obtained by weighting sex- and education-specific subgroup
estimates. Confidence intervals were estimated using individual-level bootstrap resampling. Details on the integration of different observation intervals in

CHARLS, the fixed-step approach in HRS, the specification of initial states, and the life table recursion formulas are provided in Supplementary File 1.

2.4 Multi-state Life Table and Life Expectancy Estimation

After obtaining age-specific state transition probability matrices, we constructed multi-state life tables to estimate total life expectancy (LE) among
individuals with arthritis. LE was further decomposed into depression-free life expectancy (DFLE), mild depression life expectancy (MDLE), and moderate-to-
severe depression life expectancy (SDLE). Based on state transition probabilities at different ages, the multi-state life table recursively estimates the
expected time spent in each health state over the remaining lifetime. The sum of all state-specific life expectancies equals total LE.

In addition to stratified analyses, overall estimates were obtained by weighting subgroup-specific estimates according to the distribution of sex and
educational attainment at the starting age. In this study, age 60 was used as the common starting point for life expectancy estimation. However, the
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analytical sample was not restricted mechanically to individuals who were already aged 60 years or older at the survey baseline. The term “baseline
depressive status” refers to the initial health state at the starting age of the life table, rather than the depressive status at cohort baseline. LE refers to the
expected remaining years of life from the specified starting age. Further details of the calculation procedures are provided in Supplementary File 1.

All statistical analyses were performed using R software, version 4.5.2.

3 Results
3.1 Baseline Characteristics of the Study Population

In the primary CHARLS analysis, using the first entry into the analytical age window of 60 years or older as baseline, 2,037 participants were included, of
whom 946 were men (46.4%). The mean age at entry into the analytical age window was 63.9 years, with an age range of 60-91 years. The sample was
concentrated in younger age groups, with 70.2% aged younger than 65 years and only 4.9% aged 75 years or older. Educational attainment was generally low,
with 92.7% classified as having lower education. At baseline, 50.3% of participants had no depression, 24.0% had mild depression, and 25.7% had moderate-
to-severe depression. Women had a higher proportion of moderate-to-severe depression than men, whereas men were more likely to be free of depression. In
the HRS analysis, 10,205 participants were included, of whom 3,717 were men (36.4%). The mean age at entry into the analytical age window was 70.5 years,
with an age range of 60—99 years. The baseline age distribution was relatively balanced, with participants mainly concentrated among those younger than 65
years (32.4%) and those aged 75 years or older (31.3%). Regarding educational attainment, most participants were classified as having higher education
(77.6%), with little difference in educational distribution between men and women. At baseline, 64.2% of participants had no depression, 18.8% had mild
depression, and 17.1% had moderate-to-severe depression. By sex, men had a higher proportion without depression, whereas women had higher proportions
of both mild and moderate-to-severe depression.

The baseline characteristics of participants included in the two cohorts are summarized in Table 1.

Table 1
Baseline characteristics of the study participants.
Data source Variables Options Male Female Total
N % N % N %
CHARLS
Age <65 640 67.60 791 72.50 1431 70.20
65-69 165 17.40 165 15.10 330 16.20
70-74 85 8.99 92 8.43 177 8.69
75+ 56 5.92 43 3.94 99 4.86
Education level Below high 862 91.10 1026  94.00 1888 92.70
High and above 84 8.88 65 5.96 149 7.31
Depression status ~ No depression 546 57.70 479 43.90 1025 50.30
Mild depression 211 22.30 278 25.50 489 24.00
Moderate-to-severe depression 189 20.00 334 30.60 523 25.70
HRS
Age <65 1173  31.56 2129 3292 3302 3242
65-69 578 15.55 1102 17.04 1680 16.49
70-74 764 20.55 1247 19.28 2011 19.74
75+ 1202 32.34 1990 30.77 3192 31.34
Education level Below high 814 21.90 1471 22.74 2285 22.43
High and above 2903 78.10 4997  77.26 7900 77.57
Depression status ~ No depression 2575 69.28 3960 61.22 6535 64.16
Mild depression 643 17.30 1268 19.60 1911  18.76
Moderate-to-severe depression 499 13.42 1240 19.17 1739 17.07

3.2 Transition Probabilities Between Depressive States in CHARLS

Figure 2 presents the age-specific transition probabilities between depressive states in the overall CHARLS sample. The transition patterns differed clearly by
initial depressive state. Among individuals without depression at age 60, remaining non-depressed was the most likely subsequent outcome, although this
probability declined with age. Correspondingly, the probabilities of developing mild depression, moderate-to-severe depression, or dying gradually increased.
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For individuals with mild depression at age 60, the main subsequent outcomes were either remaining mildly depressed or recovering to a non-depressed
state. However, transitions to moderate-to-severe depression and death became more frequent at older ages, suggesting that mild depression may represent
an unstable intermediate state with both potential for recovery and risk of progression.

Among individuals with moderate-to-severe depression at age 60, persistence in the same state was relatively common, whereas recovery to no depression
was less likely. The probability of death also increased substantially with age and was generally higher among those with more severe baseline depression.
Overall, these findings indicate that depressive states among individuals with arthritis are dynamic, and that greater depressive severity is associated with
more persistent psychological burden and a less favorable subsequent health trajectory.

3.3 Life Expectancy Among Older Adults With Arthritis in CHARLS

Table 2 shows life expectancy at age 60 according to baseline depressive status in the 2011-2020 CHARLS primary analysis. Total LE differed only slightly
across baseline depressive states, whereas the composition of state-specific life expectancy varied substantially. At age 60, individuals without depression
were expected to live 20.4 years, including 12.4 years free of depression. Among those with mild depression, total LE was 20.8 years, but DFLE decreased to
9.46 years. Among those with moderate-to-severe depression, total LE was 20.4 years, with DFLE further reduced to 8.26 years. In contrast, SDLE increased
with greater baseline depressive severity, from 4.27 years among those without depression to 5.12 years among those with mild depression and 7.88 years
among those with moderate-to-severe depression. These findings suggest that baseline depressive status had a limited impact on total remaining survival,
but substantially altered the distribution of future years across mental health states. More severe baseline depression was associated with longer time
expected to be lived with depression.

Total life expectancy and state-specific life expectancy at-;ztz%(z) by baseline depression status in the CHARLS population.
‘ Health State LE (year) DFLE (year) MDLE (year) SDLE (year) DFLE/LE MDLE/LE SDLE/LE ‘
‘ No depression 20.40 12.40 3.77 4.27 0.61 0.19 0.21 ‘
‘ Mild depression 20.80 9.46 6.20 5.12 0.46 0.30 0.25 ‘
‘ Moderate-to-severe depression 20.40 8.26 4.21 7.88 0.41 0.21 0.39 ‘
| |

LE, life expectancy, DFLE, depression-free life expectancy, MDLE, mild depression life expectancy, SDLE, moderate-to-severe depression life expectancy.

In the overall estimates, individuals with arthritis at age 60 had a total LE of 20.17 years, including 10.53 years of DFLE, accounting for 52.2% of total LE.
MDLE was 4.37 years, accounting for 21.7%, and SDLE was 5.27 years, accounting for 26.1%. These results indicate that, during later life, individuals with
arthritis were expected to spend only about half of their remaining lifetime free of depression, whereas approximately 47.8% of remaining life would be lived
with mild or moderate-to-severe depression.

The age-specific life table (Table 3) showed that total LE and all state-specific life expectancies declined steadily with increasing starting age. Total LE
decreased from 20.17 years at age 60 to 11.68 years at age 70 and further to 5.26 years at age 80. Between ages 60 and 80, DFLE consistently accounted for
the largest proportion of total LE, remaining approximately 52%—56%. The proportions of MDLE and SDLE remained relatively stable, at approximately 21%—
23% and 23%-27%, respectively. These findings suggest that although the absolute amount of remaining life decreased with age, the distribution of
remaining years across depressive states was broadly stable.
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Table 3

Life expectancy and state-specific life expectancy by age in the CHARLS analysis.

Age LE (year) DFLE (year) MDLE (year) SDLE (year) DFLE/LE MDLE/LE SDLE/LE
60 20.17 (19.39-21.17) 10.53(9.91-11.30) 4.37 (4.06-4.75) 5.27 (4.82-5.75) 0.52 0.22 0.26
61 19.30 (18.54-20.25) 10.08 (9.47-10.81) 4.18 (3.89-4.54) 5.05(4.61-5.51) 0.52 0.22 0.26
62 18.41 (17.66-19.33) 9.63(9.05-10.35) 3.97 (3.69-4.31) 4.81(4.39-5.29) 0.52 0.22 0.26
63 17.48 (16.74-18.35) 9.13 (8.58-9.76) 3.78 (3.51-4.10) 4.58 (4.19-5.08) 0.52 0.22 0.26
64 16.61 (15.89-17.53) 8.65 (8.10-9.33) 3.61(3.34-3.95) 4.36 (3.99-4.84) 0.52 0.22 0.26
65 15.75 (15.00-16.65) 11 (7.55-8.77) 3.46 (3.18-3.82) 4.18 (3.78-4.66) 0.52 0.22 0.27
66 14.97 (14.24-15.92) 7.66 (7.12-8.34) 3.31(3.02-3.68) 4.00 (3.60-4.48) 0.51 0.22 0.27
67 14.07 (13.31-15.00) 7.14 (6.58-7.86) 3.13 (2.82-3.50) 3.80 (3.41-4.24) 0.51 0.22 0.27
68 13.24 (12.47-14.15) 6.74 (6.21-7.48) 2.92 (2.64-3.30) 3.57 (3.18-4.03) 0.51 0.22 0.27
69 12.44 (11.68-13.36) 6.33 (5.80-7.04) 2.74 (2.43-3.11) 3.37(3.01-3.82) 0.51 0.22 0.27
70 11.68 (10.99-12.60) 5.97 (5.46-6.67) 2.56 (2.27-2.91) 3.14 (2.77-3.59) 0.51 0.22 0.27
71 10.88 (10.21-11.84) 5.59 (5.05-6.26) 2.41 (2.09-2.77) 2.89 (2.52-3.35) 0.51 0.22 0.27
72 10.18 (9.44-11.12) 5.28 (4.71-5.98) 2.25(1.94-2.61) 2.65(2.29-3.12) 0.52 0.22 0.26
73 9.44 (8.73-10.40) 4.93 (4.32-5.63) 11 (1.78-2.47) 2.41 (2.07-2.88) 0.52 0.22 0.26
74 8.89(8.15-9.86) 4.68 (4.03-5.46) 1.95(1.63-2.34) 2.26 (1.94-2.72) 0.53 0.22 0.25
75 8.10 (7.37-9.11) 4.22 (3.61-4.94) 1.77 (1.44-2.14) 2.11(1.78-2.57) 0.52 0.22 0.26
76 7.51 (6.73-8.54) 3.93 (3.28-4.72) 1.69 (1.35-2.05) 1.89 (1.56-2.33) 0.52 0.23 0.25
77 6.94 (6.12-7.99) 3.58 (2.93-4.29) 1.59 (1.23-1.96) 1.77 (1.41-2.19) 0.52 0.23 0.26
78 6.38 (5.55-7.42) 3.40 (2.64-4.17) 1.44 (1.08-1.84) 1.53 (1.21-1.94) 0.53 0.23 0.24
79 5.92 (5.03-6.98) 3.30 (2.51-4.14) 1.22 (0.88-1.62) 1.40 (1.08-1.81) 0.56 0.21 0.24
80 5.26 (4.42-6.56) 2.95 (2.14-3.89) 1.10 (0.73-1.52) 1.21(0.93-1.68) 0.56 0.21 0.23
81 4.95 (4.05-6.27) 2.83(1.96-3.78) 1.09 (0.72-1.53) 1.03 (0.75-1.47) 0.57 0.22 0.21
82 4.65 (3.68-6.09) 2.62(1.75-3.70) 1.05 (0.67-1.50) 0.98 (0.67-1.42) 0.56 0.23 0.21
83 4.35(3.29-5.68) 2.61(1.65-3.72) 0.95 (0.59-1.46) 0.79 (0.48-1.19) 0.6 0.22 0.18
84 3.73 (2.66-5.16) 2.22(1.31-3.33) 0.74 (0.43-1.22) 0.77 (0.46-1.21) 0.6 0.2 0.21
85 3.21 (2.11-4.66) 1.90 (1.00-3.23) 0.61 (0.33-1.06) 0.70 (0.41-1.11) 0.59 0.19 0.22

‘ LE, life expectancy, DFLE, depression-free life expectancy, MDLE, mild depression life expectancy, SDLE, moderate-to-severe depression life expectancy. ‘

3.4 Differences in Life Expectancy by Sex and Educational Attainment in CHARLS

Subgroup analyses in the CHARLS primary analysis showed clear differences in life expectancy and its state-specific composition by sex and educational
attainment among individuals with arthritis (Table 4). At age 60, women had a longer total LE than men (21.45 years vs. 18.51 years). However, the
proportion of DFLE was lower in women than in men (45.8% vs. 61.9%), whereas the proportion of SDLE was higher (30.8% vs. 19.0%). These findings
suggest that although women were expected to live longer, they also spent more of their remaining lifetime with depression. Analyses stratified by education
further showed that higher educational attainment was associated with longer total LE and a higher proportion of DFLE. Age-specific results by sex and
education are presented in Supplementary Tables S1 and S2.
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Table 4
Life expectancy and state-specific life expectancy at age 60 by baseline depression status in the CHARLS population, stratified by sex and educatio

Health Female Male Lower education Higher educatiol
State
LE DFLE MDLE SDLE LE DFLE MDLE SDLE LE DFLE MDLE SDLE LE DFLE
(year) (year) (year) (year) (year) (year) (year) (year) (year) (year) (year) (year) (year) (year)
No 22.07 1192 447 5.68 18.9 12.82  3.12 2.97 19.88 11.84 3.8 4.24 25.34 17.26
depression
Mild 21.76  8.93 6.69 6.14 19.07 1037 535 3.35 20.34 8.98 6.24 513 25.2 14.3
depression
Moderate-  21.15 7.89 4.58 8.69 18.56  9.08 34 6.09 20.06 7.9 4.24 7.92 24.54  13.44
to-severe
depression
LE, life expectancy, DFLE, depression-free life expectancy, MDLE, mild depression life expectancy, SDLE, moderate-to-severe depression life expectancy.

Joint stratified analyses by sex and education showed similar patterns (Fig. 3 and Supplementary Table S3). At age 60, total LE was 21.03 years among
women with lower education and 17.86 years among men with lower education, compared with 27.05 years and 23.65 years among women and men with
higher education, respectively. Women with lower education had the greatest burden of life expectancy lived with depression, with SDLE accounting for
31.4% of total LE. In contrast, men with higher education showed the most favorable life expectancy profile, with the highest proportion of DFLE (68.5%).
Overall, women and individuals with lower educational attainment, particularly women with lower education, experienced a greater burden of life expectancy
lived with depression, although women tended to have longer total LE than men within the same educational group.

3.5 Comparative Validation cohort

3.5.1 Transition Probabilities Between Depressive States Among Older Adults With
Arthritis in HRS

Figure S1 presents the age-specific transition probabilities between depressive states in the overall HRS sample. The transition patterns were broadly
consistent with those observed in CHARLS. Among individuals without depression at age 60, remaining non-depressed was the most likely subsequent
outcome, although this probability declined with age, while transitions to depression or death increased. Among individuals with mild depression, subsequent
transitions were mainly characterized by either persistence of mild depression or recovery to no depression, supporting the interpretation of mild depression
as an unstable and potentially reversible intermediate state. In contrast, individuals with moderate-to-severe depression were more likely to remain in the
same state and had a lower probability of recovery to no depression. The probability of transitioning to death increased with age across all baseline
depressive states and was generally higher among those with more severe baseline depression. Overall, these findings support the consistency of the HRS
results with the main CHARLS analysis.

3.5.2 Life Expectancy Differences and Subgroup Analyses in HRS

In the HRS analysis, total life expectancy (LE) at age 60 differed only slightly across baseline depressive states, with estimates of approximately 35 years.
However, the composition of state-specific life expectancy varied substantially. Compared with individuals without depression at baseline, those with mild or
moderate-to-severe depression had progressively fewer depression-free years and more years lived with depression, particularly moderate-to-severe
depression (Supplementary Table S4). Age-specific estimates showed that LE, depression-free life expectancy (DFLE), mild depression life expectancy
(MDLE), and moderate-to-severe depression life expectancy (SDLE) all declined with increasing starting age. Nevertheless, DFLE consistently accounted for
the largest share of remaining life, while the proportion of SDLE generally decreased at older ages (Supplementary Table S5). Subgroup analyses showed
patterns broadly consistent with those observed in CHARLS. Women had longer total LE than men, but they spent more years with depression and had a
lower proportion of DFLE. In contrast, men had shorter total LE but relatively longer depression-free survival (Supplementary Table S6). Similarly, individuals
with higher education had longer total LE and DFLE, whereas those with lower education had longer MDLE and SDLE across baseline depressive states
(Supplementary Table S7). Joint stratified analyses further supported the consistency of these subgroup patterns with the CHARLS findings (Supplementary
Figure S2).

3.5.3 Sensitivity Analysis in HRS

In the HRS sensitivity analysis using data from 2008 to 2020 (waves 9-15), total life expectancy at age 60 differed only slightly across baseline depressive
states, with estimates of approximately 36 years. However, the composition of state-specific life expectancy varied substantially (Supplementary Table S8).
Compared with individuals without depression at baseline, those with mild or moderate-to-severe depression had progressively shorter depression-free life
expectancy and longer moderate-to-severe depression life expectancy. The age-specific life table further showed that all state-specific life expectancies
declined with increasing starting age, while depression-free life expectancy consistently accounted for the largest share of remaining life (Supplementary
Table S9). Overall, the sensitivity analysis yielded findings consistent with the main analysis, supporting the robustness of the observed pattern in HRS.

4 Discussion
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Using a multi-state modelling framework, this study systematically characterized the dynamic transitions among no depression, mild depression, moderate-
to-severe depression, and death in individuals with arthritis. We further estimated total life expectancy and state-specific life expectancy according to
depressive status. The results showed that, although total life expectancy at age 60 differed only modestly across baseline depressive states, the
composition of remaining life varied substantially. Compared with individuals without depression, those with mild or moderate-to-severe depression at
baseline had markedly shorter depression-free life expectancy and a greater proportion of remaining life lived with mild or moderate-to-severe depression.

Transition probability analyses further indicated that different depressive states were associated with distinct health trajectories. The non-depressed state
was relatively stable, whereas greater depressive severity was associated with a higher probability of remaining in an adverse mental health state and
transitioning to death. These unfavorable patterns were not evenly distributed across sex and educational subgroups. Overall, our findings highlight the
importance of mental health management among individuals with arthritis, particularly among those with a greater depression burden and in vulnerable
subgroups, to improve long-term health outcomes.

In the overall estimates, LE and DFLE at age 60 were 20.17 and 10.53 years, respectively, in CHARLS, compared with 35.16 and 23.23 years in HRS. These
estimates differ from those reported in previous studies. A prior study on depression-free life expectancy among older Chinese adults reported that LE and
DFLE at age 65 were 25.39 and 15.61 years, respectively [22]. Another study estimated DFLE at age 60 in the Chinese population to be 23.10 years [16]. In a
study examining widowhood and depression-free life expectancy in the United States, DFLE at age 60 was estimated to range from 18.2 to 18.9 years [15].
Under the modelling strategy and sample framework of the present study, the estimates from the two cohorts differed from previous findings and also varied
considerably between cohorts. These differences should not be interpreted simply as true cross-national differences in survival among individuals with
arthritis. They are more likely to reflect differences in cohort inclusion criteria, sample age structure, follow-up design, depression scales and cut-off values,
ascertainment of mortality, and model specifications. Nevertheless, in both the Chinese and US cohorts, baseline depressive status and its severity at age 60
had a relatively limited impact on total LE. Compared with differences in the length of survival, the effect of depression among individuals with arthritis was
more clearly reflected in the composition of remaining life. As baseline depressive severity increased, the expected number of future years lived without
depression decreased, whereas the expected number of years lived with depression increased. These findings suggest that depression is not merely a
coexisting condition in individuals with arthritis, but may continue to affect healthy ageing over a substantial part of later life.

The transition probability results provide a dynamic explanation for the observed differences in the composition of life expectancy. Overall, the non-
depressed state showed a certain degree of stability, whereas mild depression and moderate-to-severe depression were associated with less favorable
transition patterns. Mild depression is particularly important because individuals in this state may either recover to a non-depressed state or progress to
moderate-to-severe depression, suggesting that it may represent a clinically modifiable transitional stage. In contrast, moderate-to-severe depression was
more likely to persist or to transition to death. These findings indicate that early identification and intervention at the stage of mild depression may be
important for improving subsequent health trajectories among individuals with arthritis. Therefore, in the long-term management of arthritis, earlier
depression screening, together with integrated interventions such as pain control and functional rehabilitation, may be more effective than treatment initiated
only after marked psychological deterioration has occurred.

Greater depressive severity was associated with a higher probability of transition to death, which is consistent with previous evidence showing that severe
depression significantly increases mortality risk [23, 24]. In addition, we found that the ratio of DFLE to LE increased with age in both the Chinese and US
cohorts. This pattern may partly reflect the higher mortality risk among individuals with moderate-to-severe depression, who may therefore be
underrepresented at older ages. However, this finding may also suggest that mental health among older adults with arthritis does not necessarily deteriorate
in a linear manner with advancing age. Some researchers have proposed that long-term survivors may have stronger coping capacity, more mature emotion
regulation, and more stable social relationships, which may help reduce the persistence or recurrence of moderate-to-severe depression [22]. Evidence on
age-related changes in the DFLE/LE ratio remains limited, and further research is needed to clarify this pattern.

Stratified analyses further suggested substantial heterogeneity in the burden of depression and its impact on the composition of life expectancy across
subgroups. In this study, stratification by sex and educational attainment was not conducted merely for descriptive purposes. Rather, these two variables
represent two important dimensions of mental health trajectories among individuals with arthritis: biological and social role differences, and differences in
social resources and health management capacity. Sex-stratified analysis has clear clinical relevance. The observed sex differences in this study may be
partly explained by known sex disparities in both depression and arthritis. Previous studies have shown that women generally have a higher prevalence and
burden of depression than men [25, 26], and that the burden of arthritis and chronic pain is also greater among women [27]. Women with arthritis may
therefore face both a greater musculoskeletal disease burden and greater mental health vulnerability. This may make them more likely to experience
depressive states during long-term follow-up and to accumulate more years lived with depression. These findings suggest that emotional screening and
integrated interventions should be given greater attention in the clinical management of female patients with arthritis.

Stratification by educational attainment is also important. Compared with indicators such as income, which may fluctuate substantially over time,
educational attainment is generally more stable in older populations. In this study, individuals with arthritis and lower educational attainment showed a less
favorable depression-related composition of life expectancy. Educational attainment is associated not only with the risk of depression, but also with health
literacy and the ability to use healthcare resources [28, 29]. Individuals with lower education may occupy a lower socioeconomic position and may have
greater difficulty understanding disease-related information and implementing long-term management strategies. As a result, they may be more likely to
accumulate adverse health states and more years lived with depression [30]. Therefore, stratification by education does not merely compare differences in
depression across educational groups. Rather, it helps assess how long-term mental health trajectories among individuals with arthritis may vary across
different social resource contexts. These findings also suggest that mental health interventions in arthritis management should not adopt a completely
uniform approach. Greater attention should be given to vulnerable groups with relatively limited health literacy and weaker social support.
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Further joint stratification by sex and educational attainment suggests that the burden of depression and its long-term impact among individuals with
arthritis are not evenly distributed across the population. Instead, they are more likely to be concentrated in socio-demographically vulnerable subgroups.
More proactive screening, follow-up, and support for these groups may be more effective than general management strategies in improving long-term health
outcomes.

Given the increasing prevalence of arthritis in older populations and the substantial impact of depression on overall functioning, the potential link between
depressive symptoms and arthritis in adults should be carefully recognized. For individuals with arthritis, disease management should not aim solely to
prolong survival, but also to maximize the years lived in better mental health. Therefore, DFLE is not merely a statistical measure; it is an important outcome
for assessing the quality of healthy ageing and the effectiveness of comprehensive management in this population. From clinical and public health
perspectives, incorporating depression screening into routine arthritis care, together with early identification and intervention for individuals with mild
depression, may help delay the development of adverse psychological trajectories and improve quality of life, functional independence, and long-term health
outcomes.

This study has several strengths. First, we used a multi-state model to simultaneously characterize dynamic transitions among no depression, mild
depression, moderate-to-severe depression, and death in individuals with arthritis. This approach provides a more comprehensive representation of long-
term health trajectories than conventional single-endpoint analyses. Second, we distinguished mild depression from moderate-to-severe depression and
estimated both total life expectancy and life expectancy lived in different depressive states, allowing a more detailed assessment of how depression affects
the composition of remaining life.

Several limitations should also be acknowledged. First, because of data limitations, arthritis was mainly defined using self-reported information. We were
unable to further distinguish arthritis subtypes, disease duration, or disease severity. Therefore, potential heterogeneity in the relationship between different
types of arthritis and depression could not be fully assessed. Second, depressive status was defined using scale-based symptom scores rather than clinical
diagnoses. Accordingly, the depression severity categories in the two cohorts should be regarded as approximately harmonized classifications, rather than
fully equivalent clinical categories. Third, the multi-state model was based on the Markov assumption, under which future transitions depend primarily on the
current state. This approach may not fully capture historical information such as cumulative depression burden, duration of depressive episodes, or recurrent
symptoms. Fourth, this study identified dynamic associations between depressive states and transition to death, rather than causal effects. Therefore,
mechanistic interpretations should be made with caution. Finally, our findings were based on specific study populations and measurement frameworks.
Generalization to other populations should be validated in settings with different cultural backgrounds, disease profiles, and healthcare systems. Similarly,
the findings should not be directly extrapolated to specific arthritis subtypes.

Future studies should incorporate more detailed information on arthritis subtype, pain severity, functional impairment, inflammatory markers, and treatment
patterns to better clarify the potential mechanisms linking arthritis and depression. In addition, future work may consider time-varying covariates or more
flexible transition modelling strategies to capture dynamic changes between health states more accurately.

5 Conclusion

This study showed that baseline depressive status had a relatively limited impact on total life expectancy, but substantially influenced the composition of
remaining life. As depressive severity increased, individuals with arthritis experienced shorter depression-free life expectancy and longer survival with
depression. Greater depressive severity was further associated with less favorable health trajectories and a higher probability of transition to death. These
mental health losses also varied substantially across sex and educational subgroups. These findings suggest that depression screening and early
intervention should be incorporated into routine long-term management of individuals with arthritis. Particular attention should be given to high-risk and
vulnerable groups to improve long-term health outcomes and promote healthy ageing.
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Figure 1

Multi-state schematic diagram of the health status transition.
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Transition probabilities between depression-related health states among older adults with arthritis in CHARLS. Panels A—C show the probabilities of
transitioning from no depression, mild depression, and moderate-to-severe depression to each subsequent health state, respectively. Panel D shows the
probabilities of transitioning from each depression-related health state to death.
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Figure 3

Composition of state-specific life expectancy among older adults with arthritis in the CHARLS population, stratified jointly by sex and educational level. LE,
life expectancy, DFLE, depression-free life expectancy, MDLE, mild depression life expectancy, SDLE, moderate-to-severe depression life expectancy.
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