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Abstract

Background As the population ages, chronic diseases, frailty, and physical-psychological multimorbidity (PP-MM)
increase. However, the association between frailty and PP-MM remains unclear. This study aimed to investigate this
relationship in middle-aged and elderly Chinese individuals.

Methods This study used four waves of data from the Chinese Longitudinal Study of Health and Aging. The main
measures included frailty by the frailty index(Fl) constructed using 40 indicators. PP-MM was defined as the concur-
rent presence of two kinds of diseases (physical illness and psychological disorders). The relationship between Fl
and PP-MM was evaluated using COX risk regression models and restricted cubic spline (RCS) curves and P<0.05
was considered statistically significant.

Results This study included 10,707 subjects, and after adjusting for potential confounders, the HR was 3.01 (95% con-
fidence interval (Cl) =2.05-4.23) for pre-frail and 6.11 (95% Cl=3.79-9.84) for frail. COX regression analysis indicated

a potential association between Fl and PP-MM progression. RCS analysis revealed that the risk of PP-MM prevalence
increased faster with an Fl between 0.10 and 0.25.

Conclusion Our study suggests that Fl is positively associated with the prevalence of PP-MM and that the pre-frail
phase may be a better opportunity to implement interventions for PP-MM prevention, with early monitoring of Fl
to identify patients at high risk for PP-MM and to provide direction and rationale for preventing PP-MM.
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Introduction

As the population ages and lives longer, chronic diseases
have become a significant global public health challenge
[1]. Many people also experience multimorbidity, char-
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[3, 4], and the prevalence of depression in patients with
chronic diseases has been estimated to be 9.3%-25%
[5]. Chronic diseases are associated with a significantly
higher risk of depression in middle-aged and elderly Chi-
nese [6].

Multimorbidity has been associated with frailty [7].
Frailty—an emerging global health concern—is charac-
terised by a decline in the functioning of multiple physi-
ological systems and increased vulnerability to stressors
[8]. It is commonly related to various adverse outcomes,
including falls, disability, hospitalisation, and even death
[9]. The National Institute for Health and Care Excellence
and the British Geriatrics Society have emphasised the
importance of identifying frail and multimorbid patients
at higher risk of adverse outcomes and more likely to
benefit from treatment [10]. These patients are at greater
risk of adverse outcomes and are more likely to benefit
from treatment optimisation.

The prevalence of multimorbidity and frailty increases
with age. Research on frailty and multimorbidity has pri-
marily focused on the elderly population [10-12]. How-
ever, as there are more middle-aged individuals than
older individuals, there are more adults under 65 years
of age with multiple long-term conditions than those
aged 65 years [13]. To date, no study has assessed the
correlation between frailty and the occurrence of physi-
cal-psychological multimorbidity (PP-MM) in Chinese
middle-aged and older adults. This longitudinal study
aimed to explore the concurrent trajectories of frailty
and physical-mental multimorbidity in a national cohort
of middle-aged and older adults in China and to quan-
tify the dose—response relationship between frailty and
PP-MM.

Materials and methods

Population and data sources

We used data from the China Health and Retirement
Longitudinal Study (CHARLS). CHARLS was established
in 2011 as a national longitudinal cohort survey on age-
ing. It was designed based on the US Health and Retire-
ment Study [14] and used a multistage cluster sampling
method to select participants and conduct a series of
data collections. The Ethical Application for Collecting
Human Subject Data in CHARLS was approved by the
Biomedical Ethics Review Board of Peking University
(IRB00001052-11015), and all participants provided writ-
ten informed consent. Detailed information regarding
the CHARLS data is available on their website at http://
charls.pku.edu.cn/en.

We conducted four rounds of the CHARLS core sur-
vey [2011 (baseline), 2013, 2015, and 2018], encompass-
ing 17,708 participants. Of these, 7001 participants were
excluded for the following reasons: having PP-MM at
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baseline (#=634), missing baseline PP-MM data (n=68),
missing demographic data (m=124), health-related fac-
tors (n=23469), missing sleep data (n=1553), and missing
lifestyle data follow-up data (n=1153). Ultimately, 10,707
participants were included in this study. Details of the
selection process are displayed in Fig. 1.

Data collection

Data was methodically gathered through organised
household interviews carried out by skilled staff. These
interviews included demographic data, including age,
gender, residential address, marital status, educational
level and medical history, with a particular emphasis on
chronic illnesses. In addition, comprehensive data were
collected on health behaviours such as smoking sta-
tus, alcohol consumption and body mass index (BMI).
The inclusion of these behaviours in our study provides
a more comprehensive understanding of the direct and
indirect factors that contribute to PP-MM and frailty.
Data on health behaviours, particularly BMI, were
assessed by measuring an individual’s weight and height
(kg/m?), while information on smoking and drinking
habits was obtained through self-reporting.The CHARLS
data collection procedure adhered to the code of ethics
established by the Research Ethics Committee of Peking
University, which ensured that participant privacy and
autonomy were preserved throughout the course of the
study.

Assessment of frailty

The frailty index (FI) was constructed using the defi-
cit accumulation model developed by Searle et al. This
methodology takes advantage of the extensive data avail-
able in the CHARLS dataset and is in line with accepted
research standards [15]. Indexes containing 30—40 vari-
ables are effective in predicting unfavourable health out-
comes, according to previous research [16]. To construct
the FI, we selected 40 items, including activities of daily
living (11 items), functional limitations (9 items), diag-
nosis (14 items), disabilities (5 items), and self-reported
health status. In order to create this index, we used a
binary coding system where ‘0’ indicates no deficit and
‘1" indicates a deficit. In cases where the variable con-
tains intermediate response options (e.g. ‘sometimes’ or
‘maybe’), the value ‘0.5 is assigned to reflect partial defi-
cits. Using this approach, a more complex picture of an
individual’s health can be created. We defined the follow-
ing three frailty state categories: non-frail (FI<0.10), pre-
frail (FI>0.10 to <0.25), and frail (FI>0.25) [17].

Assessment of PP-MM
The occurrence of physical-psychological multimorbidity
(PP-MM) was the outcome of this research. PP-MM was
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/
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Fig. 1 The flow chart of participants selection process

defined as the presence of two kinds of diseases (includ-
ing physical illness, psychological disorders) [18].

Physical Illness: As in previous studies [19], a physi-
cal illness was identified if a physician informed the par-
ticipant that they had at least one of the following twelve
chronic diseases: hypertension, diabetes, dyslipidemia,
heart disease, stroke, chronic lung disease, asthma, liver
disease, cancer, digestive disease, kidney disease, and
arthritis.

Psychological disorders: As in previous studies, a psy-
chological condition was determined by the following
two methods: assessment based on study-specific symp-
toms and self-reported diagnosis. Using the 10-item Cen-
tre for Epidemiological Studies Depression Scale (CES-D;
0-30 on the CHALS), participants were defined as hav-
ing depression when they exhibited a CES-D score of > 10
[20]. Alternatively, a physician informed participants that
they were experiencing affective, emotional, nervous, or
psychiatric issues.

Accompanying factors
The covariates included information on socio-demo-
graphics, lifestyle behaviours, and health-related factors.
The sociodemographic  variables encompassed
age(under 65,65 and over), sex(male, female), marital sta-
tus (married and other), Hukou (Agricultual Hukou and
other), and educational level (Primary school below, Pri-
mary school, and Middle school or above).

1150 Participants who died or were

lost to follow-up

The behavioral characteristics included smoking (yes or
no) and alcohol consumption (yes or no), sleep (average
hours per night).

Health factors: The BMI was determined by measuring
the weight and height of individuals (kg/m?) and catego-
rised into three categories based on the guidelines set by
the WHO: underweight/normal (<25), overweight (25 to
30) and obese (>30). Hypertension(yes or no) was iden-
tified by self-reported diagnosis or medication use, as
well as by clinical criteria: a systolic blood pressure of
>140mm Hg or a diastolic blood pressure of >90mm
Hg, based on the average of three consecutive measure-
ments obtained by proficient medical staff throughout
the interview.

Statistical methods

Baseline characteristics are presented by the following
three frailty status categories: non-frail, pre-frailty, and
frail. Data are expressed as mean *standard deviation
(SD) for continuous variables and as a percentage for cat-
egorical variables. Categorical and continuous variables
were tested using the chi-squared and ¢-tests, respec-
tively. We recorded the number of individuals who were
followed up from the baseline date to the date of diagno-
sis or December 31, 2018, whichever occurred first. We
employed COX proportional risk models to estimate the
association between frailty indices (included as continu-
ous and categorical variables in the models, respectively)
and PP-MM. We built model 1 (the crude model) for the
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initial analyses, with model 2 incorporating confound-
ers, including age, gender, residence, marriage, educa-
tion level, drinking, smoking, sleep, and BMI. We used
the restricted cubic spline (RCS) to further assess the
potential nonlinear association between FI and PP-MM
progression. For subgroup analyses, the samples were
stratified by various factors, including age, gender, resi-
dence, hukou, education, marriage, alcohol consumption,
sleep, smoking, and BMI. A P<0.05 was considered sta-
tistically significant in each analysis. R 4.4.1 was used for
the analysis.

Results

Descriptive statistics

The characteristics of the 10,707 subjects in this study
according to PP-MM subgroups are summarised in
Table 1. There were 8213 (76.7%) subjects younger than
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65 years of age and 2494 (23.3%) subjects 65 years of age
and older, of which 5760 (53.80%) were female partici-
pants.179 (1.67%) participants had new onset of PP-MM
during the follow-up period.Analyses showed that older
age, being a female, being of rural origin, having a lower
level of education, being a non-smoker, consuming alco-
hol, and having a short period of sleep were were associ-
ated with the occurrence of PP-MM.

Association between Fl and PP-MM

In univariate analyses, the risk of physical-psychological
multimorbidity (PP-MM) increased by 1.57 (95% confi-
dence interval (CI) =1.40-1.76) for each 0.1 increase in FI
(Table 2). After adjusting for confounders including age,
sex, race, education, household income, marital status,
social security, smoking, alcohol consumption, and BMI,
the HR (Hazard Ratio,HR) was 1.53 (95% CI=1.34—1.74).

Table 1 Baseline characteristics of the longitudinal study population by PP-MM

Characteristic Overall (n=10,707) Non-PP-MM PP-MM (n=179) P value
(n=10,528)

Age_group (%) 56.4 (8.64) 59.3(9.24) 582(9.18) 0.032
Under 65 8213 (76.7) 8061 (76.6) 152 (84.9)
65 and over 2494 (23.3) 2467 (23.4) 27 (15.1)

Gender (%)
Men 4947 (46.2) 4896 (46.5) 51 (28.5) <0.001
Women 5760 (53.8) 5632 (53.5) 128 (71.5)

Hukou (%)
Agricultual Hukou 8771(81.9) 8606 (81.7) 165 (92.2) 0.002
Other 1936 (18.1) 1922 (18.3) 14 (7.8)

Marriage (%)
Married and living with spouse 9166 (85.6) 9019 (85.7) 147 (82.1) 0.408
Other 1541 (14.4) 1509 (14.3) 32(17.9)

Education (%)
Primary school below 4863 (45.4) 1923 (35.9) 562 (65.8) <0.001
Primary school 2390 (22.3) 1223 (22.9) 154 (18.0)
Middle school or above 3454 (32.3) 2205 (41.2) 138 (16.2)

Smoking (%)
Smoker 4081 (38.1) 4031 (38.3) 50 (27.9) 0.018
Non-smoker 6626 (61.9) 6497 (61.7) 129 (72.1)

Drinking (%)
Drinker 3522 (32.9) 7049 (67.0) 136 (76.0) <0.001
Non-drinker 7185 (67.1) 3479 (33.0) 43 (24.0)

Sleep_group (Mean (SD)) 6.42 (1.85) 6.43 (1.85) 5.83(2.05) <0.001

BMI_group (%)
Under 25 7294 (68.1) 7177 (68.2) 117 (65.4) 0.935
25-30.0 2851 (26.6) 2798 (26.6) 53(29.6)
30.0 and over 562 (5.2) 553 (5.3) 9 (5.0)

Hypertension (%)
Yes 3635 (33.9) 6961 (66.1) 111 (62.0) 0516
No 7072 (66.1) 3567 (33.9) 68 (38.0)
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Table 2 Hazard ratios and 95% Cl of frailty status for PP-MM

Unadjusted model Adjusted model

HR (95% Cl) Pvalue HR(95% Cl) Pvalue
Continuous  1.57(1.40, 1.76) <0.001 1.53(1.34,1.74) <0.001
Categories
Healthy Ref Ref
Pro-frailty 3.33(2.28,4.84) <0.001 3.01(2.05,4.23) <0.001
Frailty 6.50(4.15,10.16) <0.001 6.11(3.79,9.84) <0.001

Notes: Model adjusted for age, gender, hukou, marriage, education level,
drinking, smoking, sleep, BMI and Hypertension

After categorising FI into non-frail (FI<0.10), pre-frail
(0.10<FI<0.25), and frail (FI>0.25), the results of the
univariate analyses revealed that, compared to non-frail,
the HR was 3.33 (95% CI=2.28-4.84) for pre-frail and
6.50 (95% CI=4.15-10.16) for frail. After adjusting for
the confounders of age, sex, race, education, household
income, marital status, social security, smoking, alcohol
consumption, and BMI, the HR was 3.01 (95% CI=2.05-
4.23) for pre-frail and 6.11 (95% CI=3.79-9.84) for frail.
Moreover, the RCS model demonstrated a nonlin-
ear relationship between frailty (FI) and PP-MM inci-
dence in all subjects (overall, P<0.001; nonlinear,
P=0.001) (Fig. 2). The incidence of PP-MM increased

40
P for overall <0.001
P for nonlinear = 0.001

30+

HR(95% CI)
[y}
=]
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as FI increased. The 95% CI for the HR of PP-MM were
all above 1 at an FI of approximately 0.1, and the rate of
increase in the incidence of PP-MM was faster when the
FI was between 0.10 and 0.25 and decreased after an FI of
0.25. These findings indicate that the association between
increased FI and the risk of developing PP-MM in sub-
jects was more significant in the pre-frailty period.

Subgroup analyses and interactions

Subgroup and interaction analyses were performed to
further evaluate the relationship between FI and PP-MM
incidence. These analyses were based on various char-
acteristics, including age, gender, household, education,
smoking, alcohol consumption, and sleep. The effects of
FI and PP-MM were consistent across subgroups, testing
the robustness of the results (Fig. 3).

Discussion

This prospective nationwide study utilised a 4-node RCS
curve and a COX regression model for the first time to
evaluate the relationship between FI and PP-MM. This
study identified 4,502 cases of pre-frail and 854 cases of
frailty. The COX regression model indicated a correlation
between FI and PP-MM prevalence in middle-aged and
older Chinese individuals. The RCS findings revealed that

0
0.0 0.1 0.2

Fig. 2 RCS between frailty and PP-MM
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Variable Count Percent(%) HR (95% Cl)
Age_group
Under 65 8213 767 1.54 (1.34 10 1.78)
65 and over 2494 233 1.48 (1.05 to 2.08)
Gender
Men 4947 462 1.53 (1.21 to 1.92)
Women 5760 53.8 1.53 (1.31to 1.80)
Hukou
Agricultual Hukou 1936 181 2.59 (1.60 to 4.18)
Other 8771 819 1.47 (1.28 to 1.69)
Education
Middle school or above 3454 323 1.71 (1.24 to 2.36)
Primary school 2390 223 1.65 (1.29 to 2.11)
Primary school below 4863 454 1.45 (1.2210 1.72)
Marriage
Married 9166 856 1.53 (1.3310 1.77)
Other 1541 144 1.47 (1.08 to 1.99)
Drinking
Non-drinker 7185 671 1.52 (1.31 to 1.76)
Drinker 3522 329 1.55 (1.18 to 2.04)
Smoking
Non-smoker 6626 619 1.60 (1.38 to 1.86)
Smoker 4081 381 1.33 (1.03t0 1.71)
Hypertension
No 7072  66.1 1.48 (1.26 to 1.75)
Yes 3635 339 1.62 (1.31 to 1.99)
Sleep_group
Under 6 5470 511 1.41 (1.11 t0 1.79)
6 and over 5237 489 1.53 (1.31 to 1.78)
BMI_group
Under 25 2851 266 1.73 (1.33 t0 2.25)
25-30.0 562 52 1.39 (0.86 t0 2.23)
30.0 and over 7294 68.1 1.48 (1.26 t0 1.73)

Overall 10707 100 1.53 (1.34 to 1.74)

Fig. 3 Subgroup and interaction analyses

the prevalence risk of PP-MM increased as FI increased,
and the rate of increase was more rapid in the pre-frail.
Positive associations between frailty and the risk of
a single chronic condition have been studied, includ-
ing heart failure, coronary artery disease [21], chronic
obstructive pulmonary disease, and asthma [22]. Sev-
eral studies have also explored frailty and multimorbid-
ity, demonstrating that frailty is strongly associated with
chronic disease multimorbidity [23, 24]. This is consist-
ent with our findings. A study discovered that depression
partially mediated the association between prior frailty
and subsequent multimorbidity [25], possibly because
most frail patients have chronic inflammatory condi-
tions, including elevated levels of interleukin-6, which is
a significant risk factor for various chronic illnesses [26].
Frail older adults with multiple chronic diseases experi-
ence an accumulation of inflammatory conditions that
may prolong the pro-inflammatory state, increase corti-
sol levels, and reduce muscle mass, physiological reserve,
and immunocompetence, creating a vicious cycle [27].
Frail older adults may experience disability or functional
dependence, pain due to chronic conditions, activity
limitations, and poor endurance, leading to depression
and psychological problems [28]. Therefore, we suggest
incorporating frailty assessment into the routine moni-
toring and evaluation of patients with chronic conditions,
leading to the identification of those at greater risk of
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PP-MM and facilitating targeted clinical care and health
management.

This study determined that the HR and 95% CI for
PP-MM were greater than 1 at FI of 0.10 and that the
risk of developing PP-MM increased more rapidly as FI
increased between 0.10 and 0.25 and slowed down after
FI of 0.25. This revealed a significant relationship between
the increase in FI and the risk of PP-MM prevalence in
the pre-frail period. Moreover, the pre-frail period may
present a better opportunity to implement interventions
to prevent PP-MM, providing new evidence for PP-MM
prevention. A comprehensive longitudinal study on
frailty transitions in community-dwelling adults revealed
that over 50% of participants transitioned between frail
states. Moreover, although most of these transitions were
to more frail states, some made transitions to less frail
states, suggesting that frailty is reversible [29] and can
be reversed through Exercise and nutritional improve-
ment [30]. A study shows that pre-frail people are more
likely to transition to strength than those who are frail. So
we should pay more attention to the early identification
of pre-frail.It has been shown that Lifestyle risk factors
including alcohol consumption [31], poor sleep [32] and
social determinants including low educational attain-
ment [32] are associated with the development of frailty.
This is consistent with our study and provides some basis
for identifying early frailty in key populations.
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In this study, we found that the prevalence risk of
PP-MM rose faster with increasing FI between 0.10 and
0.25 and slowed down after FI of 0.25. This suggests
that the relationship between rising FI and PP-MM
prevalence risk is meaningful in the pre-frail period
and the pre-frail period may be a better opportunity to
implement interventions for PP-MM prevention. This
provides new evidence for preventing PP-MM.

This is the first time that the association between FI
and PP-MM has been explored longitudinally using a
large sample from a nationally representative sample.
This study used the COX regression and RCS models
to estimate the association between FI and PP-MM
in middle-aged and older adults. A series of subgroup
analyses and interactions were conducted to confirm
the robustness of our results.

This study has several limitations. First, the respond-
ents self-reported physical, psychological, and cogni-
tive impairments, which may have introduced recall
bias and neglected undiagnosed disorders. Second,
despite adjusting for many potential confounders, the
possibility of residual confounding factors could not be
eliminated. Finally, although longitudinal studies have
yielded stronger correlations between FI and PP-MM
than cross-sectional studies, we remain unable to
establish a causal relationship or elucidate the underly-
ing biological mechanisms. Further experimental stud-
ies are required to confirm this association.

Conclusions

In summary, the prevalence of PP-MM increased with
increasing FI. Pre-frail may represent a better oppor-
tunity to implement interventions to prevent PP-MM.
Early identification of pre-frailty and frailty can assist in
identifying individuals at a greater risk of PP-MM and
facilitate the provision of targeted clinical treatment
and health management.
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