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Abstract

Background The associations of multimorbidity patterns with transitions between frailty states remain unclear in older
individuals.
Methods We used data from the National Health and Aging Trends Study 2011–2019. Frailty was measured annually
using the Fried frailty phenotype. Multimorbidity patterns at baseline were identified using latent class analysis based
on 14 chronic conditions. We used the semi-Markov multi-state model to investigate the influences of multimorbidity
characterized by condition counts and patterns on subsequent frailty transitions over follow-ups.
Results Among 9450 participants aged ≥65 years at baseline, 34.8% were non-frail, 48.1% were pre-frail and 17.0%
were frail. Over a median follow-up of 4.0 years, 16 880 frailty transitions were observed, with 10 527 worsening
and 6353 improving. For 7675 participants with multimorbidity, four multimorbidity patterns were identified:
osteoarticular pattern (62.4%), neuropsychiatric–sensory pattern (17.2%), cardiometabolic pattern (10.3%) and com-
plex multimorbidity pattern (10.1%). Compared with no disease, multimorbidity was significantly associated with an
increased risk of worsening transitions, including from non-frail to pre-frail (hazard ratio [HR] = 1.35; 95% confidence
interval [CI] = 1.21–1.52), from non-frail to frail (HR = 1.68; 95% CI = 1.04–2.73), from pre-frail to frail (HR = 2.19;
95% CI = 1.66–2.90) and from pre-frail to death (HR = 1.64; 95% CI = 1.11–2.41). Compared with the osteoarticular
pattern, neuropsychiatric–sensory, cardiometabolic and complex multimorbidity patterns had a significantly higher risk
of worsening frailty (all P < 0.05).
Conclusions Multimorbidity was associated with dynamic transitions between frailty states and death among older
American adults, and the associations varied across multimorbidity patterns. The findings could offer significant impli-
cations for public health policymakers in planning interventions and healthcare resources. They also might inform
clinicians regarding providing targeted clinical treatment and health management based on multimorbidity patterns
of older people.
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Introduction

Multimorbidity and frailty have received increasing attention
as clinical and public health challenges with the rapid growth
of the older adult population.1,2 Multimorbidity is commonly

defined as the coexistence of two or more chronic diseases
in an individual,2 whereas frailty is a geriatric syndrome
characterized by increased vulnerability to stressors due to
the declined reserve and function in the multisystem.1,3

Previous studies have demonstrated that phenotypic frailty
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(or physical frailty) can present independently of any specific
chronic disease but is aggravated by the coexistence of
multiple diseases.4,5 Uncovering relationships between
multimorbidity and frailty can advance the understanding of
mechanisms underlying the ageing process and facilitate
targeted interventions for multimorbid patients with a
greater risk of adverse outcomes.5 The importance of
identifying frailty status when managing older multimorbid
adults has been emphasized by the National Institute for
Health and Care Excellence (NICE) and the British Geriatrics
Society.6,7

Although multimorbidity has been associated with frailty, a
meta-analysis showed that one fourth of patients with
multimorbidity do not have frailty, suggesting the need to
recognize specific multimorbidity status at risk for frailty.5

Previous studies have reported that increased unweighted
and weighted disease counts were associated with a higher
risk of frailty.5,8,9 However, fully understanding how
multimorbidity relates to frailty requires consideration of po-
tential interactions between particular groups of conditions
that commonly exist and may have synergistic effects on
health-related outcomes.9–12

Furthermore, frailty denotes a gradual change in losing
capacities to handle stressors and has been considered as a
dynamic changeable state.1 Previous studies mostly define
frailty at one time point when investigating the associations
between multimorbidity patterns and frailty; it is still unclear
how multimorbidity patterns predict the change of frailty
states.9,10 Evaluating the effect of different multimorbidity
patterns on the dynamics of frailty over time is essential for
developing interventions to prevent, ameliorate and
potentially reverse frailty among older adults with
multimorbidity.13,14 This study aimed to explore baseline
multimorbidity patterns and examine their associations with
the subsequent transitions between frailty states and death
among older American adults.

Methods

Study design

Data came from the National Health and Aging Trends Study
(NHATS). The NHATS was a nationally representative longitu-
dinal study of Medicare beneficiaries aged ≥65 years that
aims to evaluate national trends in late-life functioning and
examine the effect of late life on individuals, families and
society.15 The NHATS participants were initially enrolled in
2011 and replenished in 2015. Data were collected annually
via in-person or proxy interviews (if participants could not
self-report). All-cause mortality was ascertained through an
annual proxy respondent interview. More details about the
study design were provided elsewhere.15 The Johns Hopkins

Bloomberg School of Public Health Institutional Review Board
approved the NHATS protocol. Signed informed consent was
obtained from the study participants or their proxy
respondents.

Our sample derived from the NHATS 2011–2019 cycles was
restricted to participants completing sample person
interviews and dwelling in community or non-nursing home
residential care settings at baseline. To ensure a sufficient
sample size, we combined participants recruited in 2011
(N = 7609) and 2015 (N = 3949).16 The exclusion criteria were
as follows: (1) missing ≥3 frailty components (i.e., exhaustion,
low physical activity, shrinking, weakness and slowness) at
baseline (N = 93)17 and (2) missing any annual follow-ups
(N = 2015). A total of 9450 participants were finally included
in the analyses. The flow chart and comparison of baseline
characteristics between included and excluded participants
are shown in Figure S1 and Table S1.

Chronic conditions and multimorbidity

Fourteen chronic conditions at baseline were included in this
study, covering somatic diseases and mental disorders
frequently used in defining multimorbidity.2 Nine chronic
conditions, including heart attack, heart disease (angina or
congestive heart failure), hypertension, arthritis (osteoarthri-
tis and rheumatoid arthritis), osteoporosis, diabetes, lung
disease, stroke and cancer, were ascertained through
self-reported physicians’ diagnoses. Vision impairment was
defined as blindness or inability to see well enough even
with glasses or contacts to recognize someone across the
street, to watch television or to read newspaper print.18,19

Participants were identified as having hearing impairment
if they were deaf or unable to hear well enough even with
hearing aids to use the telephone and to carry on a conver-
sation in a room with a radio or TV playing or in a quiet
room.18,19 Anxiety symptoms and depressive symptoms
were assessed via the Generalized Anxiety Disorder-2
(GAD-2) and Patient Health Questionnaire-2 (PHQ-2) scales,
both ranging from 0 to 6. Anxiety was defined as a GAD-2
score ≥ 3, whereas depression was defined as a PHQ-2
score ≥ 3, as previously validated.20 Cognitive tests, including
orientation, memory and executive functioning domains,
were used to evaluate the cognitive capacity of
participants.21 Additionally, the AD8 Dementia Screening
Interview was administered to proxy respondents.21

Participants were classified as having dementia if they had
a self-reported physician diagnosis of dementia or
Alzheimer’s disease, an AD8 score ≥ 2 or the cognitive test
performance ≤ 1.5 standard deviations (SDs) below the
mean for at least one of the three domains.21 Multimor-
bidity was defined as the coexistence of two or more chronic
conditions within one person.
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Frailty

Frailty was assessed each year by the Fried frailty
phenotype.3 The criteria of five phenotypes (exhaustion,
low physical activity, shrinking, weakness and slowness)
followed the approach of Bandeen-Roche et al.17 Exhaustion
was defined as having low energy or being easily exhausted
to the point of limiting activities in the last month. Partici-
pants met the criteria for low physical activity if they never
walked for exercise or engaged in vigorous activities in the
last month. Shrinking was defined as body mass index
(BMI) < 18.5 kg/m2, based on self-reported weight and
height, or unintentional weight loss ≥ 10 lb in the last year.
Weakness was measured by the best of two dominant hand-
grip strength measurements (measured by the Jamar Plus+
Digital Hand Dynamometer). Participants with handgrip
strength ≤ 20th percentile of the population distribution
stratified by sex and BMI groups (<18.5, 18.5–24.9, 25.0–
29.9 and ≥30.0 kg/m2) were defined as having weakness.
Slowness was assessed by gait speed from the first of two
3 m walking trails. Gait speed ≤ 20th percentile of the popu-
lation distribution stratified by sex and height (≤175 or
>175 cm for men; ≤159 or >159 cm for women) indicated
slowness. Following recommended practice, if participants
were not eligible due to surgery or pain, or did not attempt
to test physical performance because of safety concerns, or
attempted but failed to complete a test, their grip strength
and gait speed were scored as ‘0’.17,22 Detailed definitions
are described in Table S2. Participants were categorized into
‘frail’, ‘pre-frail’ and ‘non-frail’ for those meeting ≥3, 1–2
criteria and none of the criteria, respectively.

Confounding variables

Age (65–74, 75–84 or ≥85 years), sex (male or female), race/
ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic
or other), residence (community or non-nursing home resi-
dential care settings), marital status (married/partnered or
unmarried, including separated, divorced, widowed or never
married), educational levels (<high school, high school, some
college or ≥college graduate), smoking status (never, former
or current) and chronic pain (no pain, bothersome pain or
activity-limiting pain) were collected at baseline.

Statistical analyses

Baseline characteristics were summarized using frequencies
(percentages) for categorical variables and medians (inter-
quartile ranges [IQRs]) for continuous variables. Chi-squared
tests for categorical variables and Kruskal–Wallis tests for
nonnormally distributed continuous variables were used to

compare baseline characteristics between groups with differ-
ent condition counts or multimorbidity patterns.

Multimorbidity patterns were explored using latent class
analysis (LCA) (poLCA package) among multimorbid partici-
pants at baseline.23 LCA modelling does not need to define
cluster distance, or select cluster algorithms, but rather
allows statistical testing of model fit and classifies objects
according to membership probabilities, which performs more
objectively and rigorously than traditional hierarchical clus-
tering methods.24 We examined 3 to 10 latent classes (i.e.,
multimorbidity patterns) in the LCA models and determined
the optimal number of the classes based on the Bayesian in-
formation criterion (BIC), Pearson χ2 goodness of fit and clin-
ical interpretability. Participants were assigned to the class
for which they had the highest probability of membership.

We used the semi-Markov multi-state model (mstate pack-
age) to determine the covariate-adjusted association of
multimorbidity with the transitions between frailty states (i.
e., non-frail, pre-frail and frail) and death.25 Participants with
any frailty states at baseline could remain in the entry state
or transition to another state (Figure S2). It is impossible to
emerge further transitions for participants once death
occurs. Transition intensities were modelled using the ‘clock
reset’ approach, where time was measured since entering
each state (Figure S3). Participants were censored if they
were lost to follow-up or their frailty state did not change
during the follow-up period. The ‘clock reset’ modelling
approach of the semi-Markov multi-state model relaxed the
Markov assumption based on the ‘clock forward’ approach
by considering both the current frailty state and the time
spent in that state when predicting the future state, thus
improving the biological plausibility of models.25,26

We developed Cox proportional hazards models stratified
by transitions to estimate transition-specific hazard ratios
(HRs) with 95% confidence intervals (CIs), which represent
the effect of multimorbidity on each transition in the
multi-state model. We first included condition counts as the
independent variable in the multi-state model to investigate
the influence of multimorbidity on transitions in frailty states
among all participants. We then examined the effects of
different multimorbidity patterns on transitions among
multimorbid participants. To assess the independent
association of multimorbidity patterns with frailty transitions,
we further added condition counts as a continuous variable
in the models. Because the associations between
multimorbidity patterns and incident frailty have been sug-
gested to vary by age, we performed all analyses stratified
by age (65–74, 75–84 and ≥85 years).9

To test the robustness of our results, we performed sensi-
tivity analyses after excluding the participants living in the
non-nursing home residential care settings (N = 444). Addi-
tionally, to address missing data on frailty assessments, we
employed multiple imputation by chained equations, incor-
porating all variables in this study, and conducted primary
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analyses using imputed datasets. Final estimates were gener-
ated by pooling the results of five imputed datasets. Because
the analytic weights were not available for the combined
samples in the current study, our statistical analyses did not
incorporate the sample weights, which has been considered
acceptable for modelling the relationship between the inde-
pendent and dependent variables.27 All statistical analyses

were conducted using R software Version 4.1.1 (R Foundation
for Statistical Computing, Vienna, Austria). A two-sided
P < 0.05 was considered statistically significant.

Results

Table 1 shows the characteristics of the study population at
baseline. Of the 9450 participants, 42.2% were aged 65–
74 years and 42.9% were male. The majority enrolled were
non-Hispanic Whites (68.6%). The proportions of non-frail,
pre-frail and frail participants were 34.8%, 48.1% and
17.0%, respectively. Significant differences in baseline charac-
teristics were observed between participants with no disease,
only one disease and multimorbidity (Table S3).

Among the LCA models with 3 to 10 classes, the four-class
model with the optimal fit and the most reasonable clinical
interpretability was finally selected (Table S5). Four classes
were labelled according to chronic conditions having excess
prevalence in each class than the prevalence in all
multimorbid participants (Figure 1): osteoarticular pattern
(N = 4786, 62.4%), neuropsychiatric–sensory pattern
(N = 1322, 17.2%), cardiometabolic pattern (N = 788, 10.3%)
and complex multimorbidity pattern (N = 779, 10.1%). The
baseline characteristics by patterns are reported in Table S4.

The observed transitions among all participants and those
with multimorbidity at baseline are summarized in Figure 2.
Over the 41 519 person-years of follow-up, with a median
(IQR) follow-up of 4.0 (2.2–7.5) years, we observed 16 880
transitions among all participants. Of those, 10 527 (62.4%)
were worsening transitions and 6353 (37.6%) were improving
transitions. The percentage of worsening transitions among
participants with multimorbidity (62.9%) was higher than
that among those with no disease (58.2%) or only one dis-
ease (60.2%). For older multimorbid patients, worsening tran-

Table 1 Baseline characteristics of all participants (N = 9450)

Characteristics N (%)

Age group (years)
65–74 3986 (42.2)
75–84 3608 (38.2)
≥85 1856 (19.6)

Male 4051 (42.9)
Race/ethnicity
Non-Hispanic White 6479 (68.6)
Non-Hispanic Black 2005 (21.2)
Hispanic 574 (6.1)
Othera 392 (4.1)

Community 9006 (95.3)
Married or living with a partner 4765 (50.4)
Educational levels
<High school 2294 (24.3)
High school 2558 (27.1)
Some college 2463 (26.1)
≥College graduate 2135 (22.6)

Smoking status
Never 4688 (49.6)
Former 4039 (42.7)
Current 723 (7.7)

Chronic pain
No pain 4310 (45.6)
Bothersome pain 2348 (24.8)
Activity-limiting pain 2792 (29.5)

Frailty states
Non-frail 3292 (34.8)
Pre-frail 4548 (48.1)
Frail 1610 (17.0)

aOther race/ethnicity includes American Indian, Alaska Native,
Asian, Native Hawaiian, Pacific Islander or other.

Figure 1 Prevalence (%) of having chronic conditions for each latent class. The dark blue-coloured condition indicates that its prevalence exceeds the
population prevalence.
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sitions accounted for 62.9% of all 14 091 transitions. Older
people in the neuropsychiatric–sensory pattern showed the
highest percentage of worsening transitions (68.3%).

Figure 3 shows the associations between multimorbidity
and the transitions between frailty states and death. After
adjusting for covariates, multimorbidity was significantly as-
sociated with an increased risk of worsening transitions from
non-frail to pre-frail (HR = 1.35; 95% CI = 1.21–1.52), from
non-frail to frail (HR = 1.68; 95% CI = 1.04–2.73), from pre-
frail to frail (HR = 2.19; 95% CI = 1.66–2.90) and from pre-
frail to death (HR = 1.64; 95% CI = 1.11–2.41), compared
with no disease. Multimorbidity also reduced the chance
of improving transitions from pre-frail to non-frail
(HR = 0.60; 95% CI = 0.53–0.68). Regarding analyses strati-
fied by age categories, adjusted HRs among participants
aged 65–74 years were similar to our primary results,
whereas the effect of multimorbidity on most transitions
was not statistically significant among those aged 75–84
and ≥85 years (Figure S4).

The complex multimorbidity pattern was associated with a
higher risk than the osteoarticular pattern in all worsening
transitions except that from non-frail to pre-frail or death
(all P < 0.05). Additionally, individuals in the complex
multimorbidity pattern were less likely to recover from
pre-frail to non-frail (HR = 0.39; 95% CI = 0.31–0.48), from
frail to non-frail (HR = 0.47; 95% CI = 0.29–0.75) and from frail
to pre-frail (HR = 0.71; 95% CI = 0.63–0.81), compared with
those in the osteoarticular pattern. Similarly, compared with

the osteoarticular pattern, the increased risk of worsening
transitions and reduced likelihood of improving transitions
were observed in neuropsychiatric–sensory and cardiometa-
bolic patterns (all P < 0.05). Multimorbidity patterns were in-
dependently associated with frailty transitions after adjusting
for condition counts (Figure S6). It was observed that the as-
sociations between multimorbidity patterns and frailty transi-
tions did not vary by age (Figure S5).

Multiple imputations of missing frailty criteria did not alter
the results (Figure S7). There was little difference in the re-
sults derived from the model with and without excluding par-
ticipants living in the non-nursing home residential care set-
tings (Figure S8).

Discussion

This is the first study to investigate the role of multimorbidity
characterized by both condition counts and patterns on
frailty transitions. Our findings showed that multimorbidity
was associated with worsening transitions in frailty states
among older American adults, and there were variations in
the relationships between four multimorbidity patterns
and frailty transitions. Compared with the osteoarticular pat-
tern, neuropsychiatric–sensory, cardiometabolic and complex
multimorbidity patterns had a significantly higher risk of
worsening frailty.

Figure 2 Number (%) of observed transitions between frailty states and death by (A) condition counts and (B) multimorbidity patterns. Data are pre-
sented as numbers (percentages). The arrow displays the direction of the transition between frailty states and death.
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In line with previous studies, we found that older people
with multimorbidity were more likely to experience wors-
ened frailty states over time.5,8,9 Disease-associated declines
in several physiological systems have been reported as a ma-
jor risk factor for worsening frailty status.5,28 In addition, our
study showed that multimorbidity had no significant effect
on transitions between frailty states and death among adults
aged ≥85 years, which is similar to results from a German
study.29 This finding may support the idea previously
proposed that ageing-related decreases in gait speed and grip
strength, two domains of frailty, were greater than those re-
lated to chronic diseases.30

Four identified multimorbidity patterns reported in this
study, including cardiometabolic, osteoarticular/musculoskel-
etal, neuropsychiatric–sensory multimorbidity and complex
multimorbidity patterns, were concordant with prior
studies.23,31,32 In the current study, although the prevalence
of hypertension and arthritis was relatively high in most
multimorbidity patterns, we could observe the differences
in major chronic diseases of each pattern.23

Our study found that multimorbidity patterns were
significantly associated with frailty transitions even after
adjusting for condition counts. Prior research also docu-
mented different risks of health-related outcomes in distinct
multimorbidity patterns with similar condition counts,
which suggests the importance of identifying specific patterns

in the health management of older multimorbid adults.9,11

However, due to variations in multimorbidity definitions and
data-driven methods, multimorbidity patterns in these stud-
ies might not be directly comparable, limiting the under-
standing in the mechanism of different associations between
multimorbidity patterns and adverse outcomes.31

Our study showed a lower risk of worsening frailty in
older patients with osteoarticular diseases than the other
three multimorbidity patterns, consistent with previous
studies.12,33 One possible reason is that osteoarticular
multimorbidity pattern, such as coexisting arthritis and oste-
oporosis, may receive effective management through lifestyle
intervention (e.g., physical activities) and specific medications
(e.g., angiotensin-converting enzyme [ACE] inhibitors), fol-
lowing the current clinical guidance.34 We observed that
complex multimorbidity pattern, as well as patterns charac-
terized by cardiometabolic diseases and neuropsychiatric–
sensory disorders, had a positive association with worsening
frailty status, in line with prior findings.9,35 A plausible expla-
nation is that disease combinations affecting multiple organ
systems may be more detrimental than combinations sharing
common etiologic or pathophysiologic mechanisms.35

Moreover, low awareness of mild cognitive impairment,
difficulty to recognize sensory impairment in patients with
dementia and reluctance to seek healthcare services for neu-
ropsychiatric–sensory diseases could also possibly lead to

Figure 3 Adjusted hazard ratios (95% confidence intervals) for (A) condition counts and (B) multimorbidity patterns. All models were adjusted for age,
sex, race/ethnicity, residence, marital status, educational levels, smoking status and chronic pain. The arrow displays the direction of the transition
between frailty states and death. Boldface indicates statistical significance (P < 0.05).
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subsequent progression of existing diseases, form a vicious
circle and thus accelerate the functional decline among older
individuals.16,36,37

The main strength of our study is the use of a large sample
with an extensive annual follow-up that allowed us to capture
the dynamic nature of frailty among older American adults.
Furthermore, we not only compared the risk of worsening
frailty between participants with and without multimorbidity
but also investigated the influence of multimorbidity patterns
identified by LCA on transitions between frailty states and
death within patients with multimorbidity. In addition, our
study used multi-state models based on the semi-Markov as-
sumption to enhance the biological plausibility of models.
Nonetheless, several limitations should be noted. First, most
of the chronic conditions were assessed by self-reported
questionnaires rather than clinical records, which might have
led to recall bias and information bias. Second, we did not
have information on the severity, duration, treatment of each
condition or biomarkers, and their influence on frailty needs
to be considered in further research. Finally, applying these
data-driven multimorbidity patterns directly to the clinical
classification of individual patients is challenging.38 However,
the identified patterns, similar to those in previous studies,
and their different associations with frailty transition may
provide insights into possible common underlying causes or
shared risk pathways for multiple coexisting chronic
conditions and help optimize the prevention and treatment
of multimorbidity to improve frailty status among older
adults.38,39

Conclusions

Multimorbidity was associated with dynamic transitions be-
tween frailty states and death among older American adults,
and the associations varied across multimorbidity patterns.
Our findings may guide public health policymakers to plan
preventative interventions and healthcare resources for older
adults with multimorbidity in community settings. Under-

standing the relationship between multimorbidity and frailty
can also inform clinicians to provide targeted clinical
treatment and health management to prevent or delay the
progression of frailty according to individual multimorbidity
status. Further research is needed to investigate the underly-
ing mechanisms through which different multimorbidity
patterns affect frailty.
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