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Purpose: Fall is a common geriatric syndrome leading to various adverse outcomes in the elderly. Gait and balance disorders and
decreased lower extremity muscle function are the major intrinsic risk factors of falls, and studies suggested that they were closely
related to the underlying chronic conditions. This study aimed to explore the patterns of multimorbidity and determine the associations
of these multimorbidity patterns with gait, balance and lower extremity muscle function.

Patients and Methods: A cross-sectional survey of 4803 participants aged >60 years in Shaanxi Province, China was conducted and
the self-reported chronic conditions were investigated. The 6-m walk test, timed-up-and-go test (TUG) and 5-sit-to-stand test (5-STS)
were conducted to evaluate gait, balance, and lower extremity muscle function respectively. Latent class analysis was used to explore
patterns of multimorbidity, and multivariate regression analysis was used to determine the associations of multimorbidity patterns with
gait, balance, and lower extremity muscle function.

Results: Five multimorbidity patterns were identified: Degenerative Disease Class, Cardio-metabolic Class, Stroke-Respiratory-
Depression Class, Gastrointestinal Class, and Very sick Class, and they were differently associated with gait and balance disorders
and decreased lower extremity muscle function. In particular, the multimorbidity patterns of Degenerative Disease Class and Stroke-
Respiratory-Depression Class were closely associated with all the three risk factors of falls.

Conclusion: There are significant differences in the impact of different multimorbidity patterns on the major intrinsic risk factors of
falls in the elderly population, and appropriate multimorbidity patterns are closely related to the prediction of falls and can help to
develop fall prevention strategies in the elderly.
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Introduction

With the advancements in medical technology and the growth of the social economy, there has been a significant increase
in the average life expectancy of human beings over the past two centuries." However, the improvement in healthy life
expectancy has been comparatively slower in relation to overall life expectancy. According to World Health Statistics,
between 2000 and 2019, the average life expectancy worldwide increased by 6.5 years. In contrast, the average healthy
life expectancy only saw an increase of 5.4 years.” As a result, a considerable number of older adults are now
experiencing the onset of chronic diseases later in life. Among these, the coexistence of two or more conditions, referred
to as multimorbidity,”* has become a prevalent issue within the elderly population and a growing public health concern.’
A European survey revealed that over 50% of older adults experience the coexistence of two or more diseases

simultaneously.® Moreover, two recent nationally representative surveys conducted in China reported the prevalence of
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multimorbidity among the elderly as 31.8% and 42.4% respectively.”® Multimorbidity has been linked to various adverse
outcomes, including a decline in functional status and quality of life, increased rates of hospitalization, and elevated all-
cause mortality.” ' However, it is worth highlighting that the majority of current clinical guidelines primarily concen-
trate on individual diseases, and the few guidelines that exist for multimorbidity merely define it in terms of quantifying
the number of chronic diseases.'*'* This quantitative approach to assessing multimorbidity has limitations in providing
information to clinical guidelines because it is difficult to differentiate individuals with the same number but different
types of chronic diseases (for example, two individuals with the same number of chronic diseases may have completely
different disease combinations, treatment approaches, and prognoses). Consequently, numerous studies that employ
a counts-based definition of multimorbidity have failed to produce consistent evidence supporting effective health
management strategies.'”"'’ Due to the lack of integrated approaches, clinicians still primarily focus on individual
diseases in the daily clinical practice of elderly patients with multiple conditions,'® which often fails to meet the complex
needs of multimorbidity patients and can become duplicative, inefficient or even problematic.'® Therefore, it is crucial to
look at multimorbidity as a whole, and there is also an urgent need for a more precise qualitative classification of
multimorbidity combinations.” Existing evidence indicates that the combination of chronic conditions in the same
individuals is non-random, as they may share common risk factors, pathophysiological mechanisms, and mutually
influence each other.?' Building upon this rationale, it is justifiable to identify distinct patterns of multimorbidity and
approach them holistically in the study of risk factors, treatment outcomes, and prognostic management, which will help
provide clues for the prevention and treatment of multimorbidity as well as improving prognosis.

In recent few years increasing interest has been turned to the patterns of associative multimorbidity in older adults.
A recent study conducted a systematic review incorporating 97 articles on the patterns of multimorbidity and their
associated social and behavioral determinants.”> The study found that the most commonly reported patterns of multi-
morbidity were cardiometabolic, musculoskeletal, mental, and respiratory patterns, and that different multimorbidity
patterns have different influencing factors in terms of sociodemographic characteristics, socioeconomic status, and
lifestyle. Furthermore, a prospective cohort study showed that subjects belonging to the cardiovascular/anemia/dementia
disease pattern had the highest risk of disability in basic activities of daily living (ADL) than other multimorbidity
patterns they identified.”® In a prospective study from Italy, Fan Junning et al found that mortality among older residents
of nursing homes differed between multimorbidity patterns. These two studies indicate that the prognosis of multi-
morbidity is strictly dependent on the patterns of underlying disease combination.** Similarly, existing evidence suggests
that different multimorbidity patterns have varying effects on disability, frailty, hospitalization rates, and quality of
life.>>*>® However, the current literature on multimorbidity patterns primarily comes from Europe and South America,
and there is still limited information available on Asian populations, which need more research data to provide further
support.*>?

Falls are one of the most common geriatric syndromes, which are the leading cause of unintentional injury and the
third cause of chronic disability in older adults.*® Approximately 28.7% of the elderly over 65 years old reported at least
one fall accident,®' seriously affecting the functional status and quality of life of the elderly. Although the causes of falls
are multifactorial, many high-quality randomized clinical trials, systematic reviews and meta-analyses have shown that
gait and balance disorders and decreased lower extremity muscle function are the major intrinsic risk factors for falls in
older adults.>** Gait is a unique rhythmic leg activity characteristic of walking. The formation and maintenance of
normal gait depend on the synergistic effect of multiple systems such as the nervous system, motor system, respiratory
system, and circulatory system.” Balance function is the ability to maintain the normal posture of the human body and
automatically adjust the posture state when the posture changes, which is also important for the maintenance of normal
gait. The elderly have a high prevalence of gait and balance disorders, because the postural reflex to transfer body weight
and regulate balance in time when stability is disturbed is weaker due to the degeneration of the nervous system and the
decline of muscle strength.>® Approximately 35% of adults aged more than 70 years and 61% aged more than 80 years

have gait and balance disorders,>”*®

the main manifestations of which are stiff and uncoordinated gait and impaired
postural control ability. In addition, studies have shown that ankle, knee, and hip strength decreases by more than 30%
per year after age 50,°>*" resulting in a 2-3 times increased risk of falls.*' Simultaneously, the decrease in lower

extremity muscle function is also one of the main causes of abnormal balance in older adul'[s,42 However, researches have
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demonstrated that gait and balance disorders and decreased lower extremity muscle function in older adults were not
inevitable consequences of aging, but related to the underlying chronic conditions of the individual.**~** In particular, the
elderly are more likely to have multimorbidity, which further exacerbates the negative impact of chronic diseases and
increases the risk of falls. Numerous studies have established a link between multimorbidity and an increased risk of
falls. A multicenter trial involving 7 European centers demonstrated a significant correlation between baseline multi-
morbidity and elevated rates of both falls and injurious falls during a 3-year follow-up period.*® Similarly, a study in
Ireland observed a prospective relationship between multimorbidity and falls, indicating that older adults with two
chronic conditions had a 1.32-fold higher risk of falls, while those with more than four chronic conditions had a 1.92-fold
higher risk of experiencing falls.*” Furthermore, consistent results have also been observed in two studies conducted in
Asian countries, aligning with findings from Europe.**** To date, however, few studies have explored the relationship
between different patterns of condition combinations and fall risk. A recent cross-sectional study discovered that specific
multimorbidity patterns were associated with a 2-year history of falls among Chinese over 45 years old.”® Nevertheless,
there is a lack of relevant research focused specifically on the elderly population. In particular, the impact of distinct
multimorbidity patterns on gait, balance, and lower extremity muscle function, which are the three main intrinsic
determinants of falls in the elderly, remains unclear. Previous studies have demonstrated that regular exercise targeting
gait, balance, and muscle strength is an important preventive measure against falls and fall-related injuries.’'>
Therefore, understanding the association between multimorbidity patterns and gait and balance disorders, as well as
decreased lower extremity muscle function, will not only help identify specific high-risk populations for falls but also
facilitate the selection of more targeted preventive measures.

Accordingly, the purpose of the present study is to identify the patterns of multimorbidity among older adults in
community and hospitals in northwest China, and examine the association of these multimorbidity patterns with gait,
balance and lower extremity muscle function through a cross-sectional study design. We expect that our findings will
provide more effective suggestions for screening high-risk population and formulating prevention strategies of falls.

Methods
Study Population

The study participants were inpatients and community elderly over 60 years old in 10 hospitals, 6 community healthcare
centers and 1 nursing home in northwest China. A convenient sampling method was used and a face-to-face survey was
conducted during September-December 2021. Participants were excluded if they were unable to complete the physical
performance tests, or if they were in an unstable state of illness or an active phase of psychiatric illness. Finally, a total of
4803 elderly people were eligible participants in the study.

Data Collection

We conducted a field survey using the Elder Health Management Platform established by Beijing Hospital to collect and
manage data. All investigators underwent uniform training and strictly followed standardized protocols for conducting
the survey, measuring indices, and entering data. The survey process was supervised online by designated managers to
ensure quality control and adherence to established guidelines. This study was conducted in compliance with the
Declaration of Helsinki, and was reviewed and approved by the Ethics Committee of the First Affiliated Hospital of
the Air Force Medical University (No.KY20212113). All subjects were informed of the purpose and significance of the
study and signed informed consent prior to the survey.

From September to December 2021, we ascertained self-reported chronic conditions by asking “Have you been diagnosed
with the following chronic conditions by a doctor” including hypertension, diabetes, heart disease, stroke, cancer, osteoarthro-
pathy, anemia, cataract, Parkinson’s disease, respiratory disease, gastrointestinal disease, depression, kidney disease, hepato-
biliary disease, and thyroid disease. Visual impairment and hearing impairment were defined by self-reported poor vision and
poor hearing, respectively. Multimorbidity was defined as the simultaneous occurrence of two or more chronic conditions
mentioned above. Meanwhile, we conducted the 6-m walk test, timed up and go test(TUG), and 5-Times Sit-to-Stand test
(5-TST) in subjects, which are common assessment tools for gait performance, balance, and lower extremity muscle function,
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respectively.® ¢ They are widely used in primary care settings due to their advantages of being easy to measure and no reliance
on special equipment, and there is evidence of their validity in screening the risk of falls.” 7759 In the 6-m walk test, participants
were asked to walk a distance of 6 meters on a flat, unobstructed ground at their habitual pace (the use of walking aids was
allowed) and the time it took was recorded by a stopwatch. Each subject was tested twice and the shortest time was used. Gait
speed (meter per second) was calculated as the walking distance divided by the time. The timed up and go test (TUG) measured
the duration of standing up from a 46cm high chair with 65cm high armrests, walking 3 m, returning, and sitting down.
Participants were asked to start with their hands on the armrests and back against the back of the chair. Walking with a cane was
allowed, but assistance was not. The 5-times sit to stand test measured the fastest time to get up and sit down 5 times in a chair
without armrests, requiring that each rise must be upright. According to previous studies,’”*' the TUG duration and 5-STS
duration were further categorized as abnormal and normal groups with the cut-off value of 13.5s and S5s, respectively.
Furthermore, information of participants’ age, sex, height, nutritional status (BMI) (underweight, BMI<18.5 kg/m?; normal
weight, BMI=18.5-23.9 kg/m?; overweight, BMI=24-27.9 kg/m?; and obesity, BMI>28 kg/m?), residential region, family type,
physical activity, vocational type, smoking status, drinking status, and medication use were collected as covariates.

Statistical Analysis

To explore the multimorbidity patterns in the study population, latent class analysis (LCA) was conducted based on the 17
chronic conditions described above. LCA is a type of structural equation modeling to identify the latent variables behind a set
of observed variables that are statistically associated. Among the three commonly used unsupervised clustering methods, it is
more advantageous when dealing with categorical data in comparison to exploratory factor analysis,** and is more objective
in the method of determining the optimal number of clusters than cluster analysis,® Specifically, latent class analysis (LCA)
can objectively select the best models with optimal number of clusters through some information criteria, such as Akaike
Information Criterion (AIC), adjusted Bayesian Information Criterion (aBIC) and log-likelihood (LL). A series of LCA
models ranging from two to eight classes were evaluated and compared to determine the optimal number of latent classes to
fit the data. The model fit, classification accuracy, LMR likelihood ratio tests, parsimony, and clinical interpretability of the
results were the final criteria to determine the best model. Model fit statistics used in comparing models include Akaike
Information Criterion (AIC), sample size adjusted Bayesian Information Criterion (aBIC), and log-likelihood (LL), smaller
values of which indicate better model fit to the data. The classification accuracy was evaluated by Entropy, and the larger the
index, the higher the classification accuracy of the model. The LMR likelihood ratio tests were used to test whether the model
was better as the number of classes increased. Once the optimal model is determined, A posterior probability (ie, the
probability that an individual belongs to a specific latent class) can be calculated for each participant through the constructed
model, and then each participant was assigned to a latent class with the highest computed posterior probability. Furthermore,
the model should have substantive clinical meaning and a good classification effect on diseases.

In order to examine the association of multimorbidity and multimorbidity patterns with gait, balance, and lower
extremity muscle function, multivariable linear regression analysis and multivariable binary logistic regression analysis
were performed with gait speed, TUG duration, and 5-STS duration as dependent variables and multimorbidity or
multimorbidity patterns as independent variable. These models were adjusted for the covariates mentioned above.

The LCA was performed using Mplus 8.3, and other analyses were conducted using SPSS 26.0. Descriptive analysis
of the study population was performed by calculating the means with standard deviation (SD) for continuous variables
and the frequencies with percentages for discrete variables. The #-test and ANOVA were used for comparison of
continuous variables, and the comparisons of discrete variables were performed by chi-square test. All statistical tests
were two-tailed, and the significance level was set at P = 0.05 or less.

Results

Characteristics of Study Participants

A total of 4803 participants aged 60 years or older were included, with a mean age of 69.94+6.68 years. Among them,
2527 were women (52.6%). It was found that 428 participants (8.9%) lived alone, 4057 (84.5%) lived in urban areas, and
1929 (40.2%) had a high school education or above (Table 1). The prevalence of multimorbidity was 39.2%, with 18.1%
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Table | Descriptive Characteristics of the Study Population (N=4803)

Characteristics Overall Multimorbidity

N % N %
Age**:
60-69 2509 522 847 338
70-79 1826 38.0 754 413
280 468 9.7 28I 60.0
Gender:
Male 2276 47.4 914 40.2
Female 2527 52.6 968 383
Residential regions**:
Rural 746 15.5 456 6l.1
Urban 4057 84.5 1426 35.1
Education level**:
Primary school or below 1342 27.9 713 53.1
Secondary school 1532 319 482 315
High school or above 1929 40.2 687 35.6
Family style**:
Living alone 428 8.9 223 52.1
Not living alone 4375 9l.1 1659 37.9
Vocational type**:
Heavy physical labor 938 19.5 487 51.9
Light physical labor 2888 60.1 986 34.1
Brainwork 977 20.3 409 41.9
Smoking status**:
Never 3615 753 1327 36.7
Former 499 10.4 301 60.3
Current 540 1.2 245 45.4
Missing 149 3.1 9 6.0
Alcohol consumption**:
Never 3451 71.9 1253 363
Sometimes 1051 21.9 552 525
Often 153 32 66 43.1
Missing 148 3.1 I 74

Notes: **Chi-square test P<0.001, there are significant overall differences in prevalence of multimorbidity between
groups.

of participants having two chronic conditions, 11.2% having three chronic conditions, and 9.9% having four or more
chronic conditions. The number of chronic conditions increased with age (Figure 1). The average gait speed was
measured at 0.89+0.26 m per second. Additionally, 9.9% of participants had an abnormal Timed Up and Go (TUG)
test duration, and 19.3% had an abnormal 5-Time Sit-to-Stand (5-STS) test duration. Participants with multimorbidity
exhibited slower gait speed and a higher prevalence of abnormal TUG and 5-STS test durations compared to those with
fewer than two chronic conditions.

Identification of Multimorbidity Patterns

Determination of the Best Model with Optimal Number of Clusters

Seven LCA models ranging from 2—-8 classes were constructed. The evaluation indices of the models can be found in
Supplementary Table 1 and Figure 2. With an increase in the number of potential classes, the aBIC value reached its

lowest point at six potential classes. Although the AIC value was lowest with eight latent classes, LMR likelihood ratio

tests indicated that the improvement in model fit was not significant beyond six classes. Furthermore, the model with six
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Figure 2 Scree plot of ACI and aBIC for LCA models with different numbers of clusters.

latent classes was clinically interpretable for the potential classification of the 17 chronic diseases, and the classification
accuracy was also acceptable. Hence, we consider the LCA model with six latent classes to be the optimal model.

Characteristics of the Five Multimorbidity Patterns
Figure 3 displays the conditional probabilities of the 17 chronic diseases across the six identified potential classes. Based
on the patterns of chronic condition combinations, five multimorbidity patterns were identified and labeled as follows:
Degenerative Disease Class (higher prevalence in cancer, anemia, Parkinson’s disease, visual impairment, hearing
impairment, osteoarthrosis), Cardio-metabolic Class (higher prevalence in hypertension, diabetes, heart disease), Stroke-
Respiratory-Depression Class (higher prevalence in stroke, respiratory disease and depression), Gastrointestinal Class
(higher prevalence in gastrointestinal disease), and Very Sick Class (prevalence of all 17 conditions is above cohort
average). Additionally, there was a class labeled as the “Relatively Healthy Class” where the prevalence of all
investigated chronic diseases was significantly lower than that in the total sample.

In the developed LCA model, the posterior probability, representing the probability of belonging to each of the six latent
classes, was calculated for each participant. Subsequently, participants were assigned to the latent class with the highest
posterior probability. The characteristics of individuals in the six latent classes are presented in Supplementary Table 2. The

most prevalent multimorbidity pattern identified was the Cardio-Metabolic Class, with a prevalence of 17.7%. The
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Figure 3 Probabilities of chronic conditions for each latent class.

prevalence of this pattern was significantly higher in urban areas compared to rural areas. However, no significant gender
differences were observed among the five multimorbidity patterns. Participants in the Degenerative Disease Class were
generally the oldest, with an average age of 76.79 years, followed by the Very Sick Class (73.948.1). Those in the Very sick
Class presented the highest number of chronic conditions with an average of 5.95, followed by the Degenerative Disease
Class (4.38 conditions on average). The Relatively Healthy Class had the youngest average age (68.9+6.1) and the lowest
number of chronic conditions (0.5+0.5). Furthermore, participants in the Degenerative Disease Class displayed the slowest
gait speed and the highest prevalence of abnormal Timed Up and Go (TUG) test duration and abnormal 5-Time Sit-to-Stand
(5-STS) test duration.

Associations Between Multimorbidity Patterns and Gait Speed

After adjustment for covariates in the multiple linear regression analysis, the average gait speed of participants belonging
to Very Sick Class, Degenerative Disease Class, and Stroke-Respiration-Depress Class decreased by 0.10m/s (95%CL:
—0.15, —0.05), 0.08m/s (95%CL: —0.12, —0.05), and 0.03m/s (95%CL: —0.06, —0.01) respectively when compared with
those in Relatively Healthy Class, while participants in Cardio-metabolic Class and Gastrointestinal Class had no
significant difference in average gait speed with that of Relatively Healthy Class (Table 2).

Associations Between Multimorbidity Patterns and TUG Test Duration

Table 3 shows the results of the binary logistic regression analysis exploring the cross-sectional association between
multimorbidity patterns and abnormal TUG test duration. After adjusting for age, sex, height, nutritional status (BMI),
residential region, family type, physical activity, vocational type, smoking status, drinking status and polypharmacy in
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Table 2 Cross-Sectional Associations Between Multimorbidity Patterns and Gait Speed Among the

Participants (N=4803)

Crude Adjusted®

B (95%CL) P B (95%CL) P
Relatively Healthy Class Ref / Ref /
Degenerative Disease Class —0.20(—0.24, —0.16) <0.001 —0.08(—0.12, —0.05) <0.001
Very Sick Class —0.16(-0.21, —0.11) <0.001 —0.10(-0.15, —0.05) <0.001
Cardio-Metabolic Class 0.00(—0.02, 0.02) 0.98 0.00(—0.02, 0.02) 0.619
Stroke-Respiratory-Depression Class —0.08(—0.11, —0.05) <0.001 —0.03(—0.06, —0.01) 0.013
Gastrointestinal Class —0.02(—0.04, 0.01) 0.25 0.01(-0.01, 0.03) 0.587

Notes: *Models are adjusted for age, sex, height, nutritional status (BMI), residential region, family type, physical activity, vocational type,

smoking status, drinking status, polypharmacy.

Table 3 Cross-Sectional Associations Between Multimorbidity Patterns and Abnormal TUG Test Duration

Among the Participants (N=4803)

Crude Adjusted®

OR (95%CL) P OR (95%CL) P
Relatively Healthy Class Ref / Ref /
Degenerative Disease Class 3.50(2.41, 5.07) <0.001 1.61(1.05, 2.48) 0.030
Very Sick Class 2.74(1.59, 4.72) <0.001 1.54(0.84, 2.85) 0.166
Cardio-Metabolic Class 1.06(0.80, 1.41) 0.681 0.97(0.70, 1.33) 0.828
Stroke-Respiratory-Depression Class 2.87(2.18, 3.79) <0.001 2.23(1.62, 3.07) <0.001
Gastrointestinal Class 1.64(1.20, 2.25) 0.002 1.40(0.99, 1.97) 0.054

Notes: *Models are adjusted for age, sex, height, nutritional status (BMI), residential region, family type, physical activity, vocational type,
smoking status, drinking status, polypharmacy.

Logistic regression analysis, we found that participants in stroke-respiration-depress Class (OR=2.23, 95%CL: 1.62, 3.07)
and in Degenerative Disease Class (OR=1.61, 95%CL: 1.05, 2.48) were more likely to be abnormal in TUG test when
compared with those in Relatively Healthy Class, while other multimorbidity patterns presented no statistically sig-
nificant associations with abnormal TUG test duration.

Associations Between Multimorbidity Patterns and 5-STS Test Duration
The results of the binary logistic regression analysis investigating the associations between multimorbidity patterns and
abnormal 5-STS test duration are displayed in Table 4. After adjusting for multiple covariates, we found that participants

Table 4 Cross-Sectional Associations Between Multimorbidity Patterns and Abnormal 5-STS Test Duration
Among the Participants (N=4803)

Crude Adjusted®

OR (95%CL) P OR (95%CL) P
Relatively Healthy Class Ref / Ref /
Degenerative Disease Class 4.41(3.24, 5.99) <0.001 2.41(1.69, 3.43) <0.001
Very Sick Class 3.63(2.36, 5.58) <0.001 2.77(1.70, 4.52) <0.001
Cardio-Metabolic Class 1.26(1.03, 1.54) 0.027 1.32(1.05, 1.67) 0.019
Stroke-Respiratory-Depression Class 2.34(1.86, 2.95) <0.001 2.03(1.55, 2.65) <0.001
Gastrointestinal Class 1.93(1.53, 2.44) <0.001 1.80(1.39, 2.34) <0.001

Notes: *Models are adjusted for age, sex, height, nutritional status (BMI), residential region, family type, physical activity, vocational type,

smoking status, drinking status, polypharmacy.
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in all five latent classes had statistically significant increased odds of abnormal 5-STS test duration when compared with
those in Relatively Healthy Class, with participants in Degenerative Disease Class had the highest odds ratio of 2.41
(95%CL: 1.69, 3.43), followed by those in Very Sick Class (OR=2.77, 95%CL: 1.70, 4.52) and Stroke-Respiratory-
Depression Class (OR=2.03, 95%CL: 1.55, 2.65).

Discussion

Multimorbidity has attracted increasing interest worldwide due to its clinical complexity, high prevalence, and substantial
impact on individual, household and society in recent decades.”®*®* It has been noted that the impact of multiple
conditions on one individual is not a simple linear accumulation of single conditions, but there would be synergistical or
antagonistical effect among concurrent conditions.®®®” For example, a large collaborative study found that any combina-
tion of co-occurring cardio-metabolic conditions was associated with multiplicative mortality risk.®® Additionally, there
are interlinks in pathophysiological trajectories among some chronic conditions that coexist so that they are not just
random combination but have some certain relatively common and fixed combination patterns.®® As a result, the
conventional management approaches that focus on single conditions may be impractical, irrelevant, or even harmful
for patients with multimorbidity.'®’® Therefore, there is an urgent need to develop an integrated management strategy
that regards multiple related conditions as a whole and aims to improve the overall status and reduce adverse outcomes of
multimorbidity patients. However, the mechanisms and pathophysiology underlying the prevalence and adverse out-
comes of multimorbidity are complicated and steal uncertain. This is partly due to the fact that the population with
multimorbidity defined using chronic condition count as the only metric is highly heterogeneous, because it neglects the
nature and interactions of chronic conditions.®* Thus, distinguishing different multimorbidity patterns to manage older
adults with multiple chronic conditions may be a desirable way. Based on this, in the present study we explored
multimorbidity patterns in the sample population through the method of Latent Class Analysis (LCA), a probabilistic
modeling algorithm that can explore the latent variables behind observed categorical variables which are statistically
associated. The LCA is more objective in the method of determining the optimal number of latent classes than cluster
analysis,® so it is widely used in studies concerning multimorbidity patterns.”'’> Then, for the first time, we explored
the cross-sectional associations of the distinct multimorbidity patterns with gait, balance and lower extremity muscle
function, which are three major intrinsic risk factors of falls, for the purpose of providing evidence for the development
of prevention strategy of falls in older adults with multimorbidity.

The five multimorbidity patterns identified in our study are not only statistically significant but also clinically
explicable. The combination of gastrointestinal diseases, labeled as Gastrointestinal Class, are mainly due to their
common pathophysiological basis as the diseases belong to the same system. This multimorbidity pattern was not rare
in related studies. In a large sample cross-sectional study from China, a pattern of “gastrointestinal and hepatorenal
multimorbidity” was reported as one of the four multimorbidity patterns prevalent in the study population.” The same is
true in European population, as a similar pattern labeled “gastrointestinal diseases and cancer pattern” was also
demonstrated in a study on Germans.”* Cardio-Metabolic Class, which was the highest prevalent multimorbidity pattern
in our sample population, was also the most common patterns reported in similar studies on both western and Asian
population.®*”> Indeed, hypertension and diabetes are frequently coexist because they have more than one interlinks in

7677 and heart disease is a common adverse outcome of both hypertension and

their pathophysiological trajectories,
diabetes. Thus, this is likely the intrinsic mechanism for the prevalence of this multimorbidity pattern. The Degenerative
Disease Class comprised a combination of discases that are related to advancing age, such as Parkinson’s disease, cancer,
osteoarthrosis, visual impairment and hearing impairment. Consistently, several studies have demonstrated similar
multimorbidity patterns which mainly consist of arthritis or joint disease, musculoskeletal system diseases, cancer, eye
problems and hearing disorders.”®* Of note, few studies have reported multimorbidity patterns similar to “Stroke-
Respiratory-Depression Class”, but there are some evidences to explain the nonrandom combination of the three
conditions. A meta-analysis has reported that approximately one-third of stroke survivors experience depression at any
time-point in the first year after stroke, although the mechanism is still unclear.®*' According to a prospective cohort
study, the risk of depression in the elderly with slow gait speed was 1.82 times higher than that of the normal elderly
during a two-year follow-up.®* Hence we speculate that the fear of falling and activity limitation caused by abnormal gait
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function after stroke may increase the risk of depression in the elderly. Moreover, stroke often causes decreased
respiratory muscle function and changes in respiratory rhythm, thereby affecting lung function and increasing the risk
of chronic pulmonary infection.®® In the end, there were some older adults with multimorbidity unlike any of the above
patterns, because they present the worst health status and have low capacity for disease prevention, so that they are
vulnerable to all chronic conditions. They were assigned to the “Very Sick Class” as another multimorbidity pattern. Not
surprisingly, we found that the elderly with this multimorbidity pattern suffered the most chronic conditions.

Our study found that distinct multimorbidity patterns were differently associated with gait and balance disorders and
decreased lower extremity muscle function. Specifically speaking, the Degenerative Disease Class and Stroke-
Respiratory-Depression Class were strongly associated with slower gait speed, poorer TUG test performance and poorer
5-STS test performance compared with Relatively Healthy Class. This may be resulted from comprehensive impact of
chronic conditions in these patterns, such as Parkinson’s disease, osteoarthrosis, visual impairment, as well as stroke. By
contrast, the Cardio-Metabolic Class and Gastrointestinal Class had no significant associations with either slower gait
speed or poorer 5-STS test performance. This indicates that there are significant differences in the impact of different
multimorbidity patterns on the major intrinsic risk factors of falls in the elderly population. Likewise, there has been
a large body of evidence demonstrating that certain specific multimorbidity patterns are associated with more severe
adverse health outcomes, such as increased health care utilization,** disability,®> and mortality.*® It will be beneficial to
uncover these multimorbidity patterns and conduct targeted prevention and intervention. The results of our study
emphasized the necessity for distinguishing multimorbidity patterns to predict risk for falls in the elderly and, in
particular, called for a greater focus on the prevention of falls in those with multimorbidity patterns of Degenerative
Disease Class and Stroke-Respiratory-Depression Class in the population. In addition, a previous study showed that older
adults frequently paid attention to environmental and behavioral risk factors of falls but always overlooked the intrinsic
ones.®” However, numerous studies have highlighted the importance of intervening the intrinsic factors to prevent falls,
such as balance, gait and muscle strength exercise.’'**** The findings of our study can help distinguish the specific risk
population of falls with intrinsic risk factors and contribute to its targeted prevention and management.

We noted that the elderly with multimorbidity pattern of Very sick Class in this study had the highest average number
of diseases, and all 17 chronic diseases had high prevalence in this population. However, binary Logistic regression
analysis showed that this multimorbidity pattern was not significantly associated with abnormal TUG test duration after
adjusting for multiple covariates. One possible explanation for this is that the subjects included in the present study were
elderly people who were able to complete the three tests, while those with poor physical conditions who were unable to
complete the gait, balance, and sit-to-stand tests were not included, thus introducing a selection bias. In addition, the
regression results were less stable due to the small number of elderly people classified as Very sick Class. We suggest that
future studies make up for the shortcomings of this study by using possible alternative outcome variables so that they are
able to include the older adults who have difficulty completing the gait, balance, and sit-to-stand tests in research.

The present study has several strengths. To the best of our knowledge, this is the first study to examine the association
of multimorbidity patterns with the three major intrinsic risk factors of falls (gait and balance disorders and decreased
lower extremity muscle function) based on a large sample of Chinese older adults, which is helpful for developing
healthcare and management strategies for specific populations in the elderly with multimorbidity. Second, our study used
validated performance-based indicators to assess three major intrinsic risk factors for falls, which are much more
objective. Third, we used Latent Class Analysis (LCA) to identify multimorbidity patterns, which is more objective in
the method of determining the optimal number of latent classes compared to cluster analysis.®®> However, our study also
has several limitations. First, the study population was selected by convenient sampling, which may lead to selection
bias. Second, self-reported disease history is subject to recall bias, which leads to a underestimation of the prevalence of
chronic conditions, and the stage and severity of diseases cannot be evaluated. Finally, this study is cross-sectional and
therefore cannot determine causality.

Conclusion
We found that the five multimorbidity patterns identified in the study population were differently associated with gait and
balance disorders and decreased lower extremity muscle function. In particular, the multimorbidity patterns of
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Degenerative Disease Class and Stroke-Respiratory-Depression Class were closely associated with all the three risk
factors of falls. Thus, early interventions, especially regular strength, balance, and gait training, might be beneficial for
the elderly with multimorbidity of Degenerative Disease Class or Stroke-Respiratory-Depression Class to prevent falls.
Further longitudinal research and interventional trial are needed to elucidate the causality and evaluate the effectiveness
on prevention of falls by targeted functional training for elderly people with specific multimorbidity patterns.
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