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Abstract
Background  Due to the high prevalence of multimorbidity and realistic health service demands for fall prevention, 
there is growing interest in the association between multimorbidity and falls. Our study aimed to identify 
multimorbidity patterns among Chinese older adults and explore the association between multimorbidity patterns 
and falls.

Methods  Data from 4,579 Chinese community-dwelling older adults was included in this analysis. Information 
regarding falls and 10 chronic conditions was collected. An exploratory factor analysis was performed to determine 
multimorbidity patterns. Regression models were fitted to explore the associations of individual chronic disease or 
multimorbidity patterns with falls.

Results  Among 4,579 participants, 368 (8.0%) were defined as fallers, including 92 (2.0%) frequent fallers, and 
multimorbidity affected 2,503 (54.7%) participants. Older adults with multimorbidity were more likely to be fallers 
[odds ratio (OR) = 1.3, P = 0.02] and frequent fallers (OR = 1.7, P = 0.04). Three multimorbidity patterns were identified 
(i.e., cardiovascular-metabolic diseases, psycho-cognitive diseases and organic diseases), and the associations 
between psycho-cognitive diseases/organic diseases and prevalent falls or frequent falls were found to be significant.

Conclusions  The psycho-cognitive disease pattern and organic disease pattern are significantly associated with falls. 
Therefore, more attention should be paid to patients with psycho-cognitive diseases and timely, targeted diagnostic 
and treatment services should be provided in fall prevention.
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Introduction
Falls, defined as “an event which results in a person com-
ing to rest inadvertently on the ground or floor or other 
lower level” [1], have become the second leading cause of 
death in older adults [2]. Approximately 30% older adults 
aged 65 years and above experience falls annually [3]. 
Even without injury-related death [4], falls can lead to a 
series of adverse health outcomes, such as activity restric-
tion [5], mental health disorders [6] and reduced quality 
of life [7], which may result in a heavy health care bur-
den. Meanwhile, the substantial costs related directly or 
indirectly to fall management should also be recognized 
[8]. Thus, it is imperative to investigate the risk factors 
associated with falls, which may offer invaluable insights 
for formulating effective prevention strategies tailored to 
older adults.

To date, numerous studies have investigated the asso-
ciation between falls and chronic conditions and con-
firmed the adverse effect of a single chronic condition, 
such as stroke, cataracts and depression [9–11]. Con-
sidering that 65–85% of older adults suffer from multi-
morbidity [12], which is defined as the co-occurrence 
of two or more chronic conditions in the same person 
[13], focusing only on single-disease models may fail to 
meet the realistic health service demands of fall preven-
tion [14]. Several studies have assessed the potential rela-
tionship between multimorbidity and falls among older 
adults. For example, a community-based study including 
12,669 older adults in America found that an increasing 
number of chronic conditions was associated with the 
frequency of falls in the previous year [15]. Moreover, a 
longitudinal study in Ireland determined that multimor-
bidity increased the risk for incident falls in older adults. 
However, the majority of relevant studies have been con-
ducted in developed countries [16–18], and there is a lack 
of research in developing countries such as China, which 
is facing the conflict between the rapid population aging 
problem and a shortage of healthcare resources for older 
adults [19]. Additionally, most studies focused on the 
number of chronic diseases [17], and few of them iden-
tified the patterns of multimorbidity and further investi-
gated the influence of particular combinations of chronic 
diseases on fall experience or frequency.

Therefore, in this community-based study among older 
Chinese adults, we aimed to identify patterns of multi-
morbidity and investigate the relationship between pat-
terns of multimorbidity and falls.

Methods
Study population
This study was a community-based study among adults 
aged 60 years or older residing in Weitang town in 
Suzhou, China. Details of the baseline study have been 
described elsewhere [20–22]. Based on the official 

records, there are 6,030 individuals aged 60 years or older 
in the town. At the recruitment stage, an invitation letter 
with the study objectives explained was sent to each fam-
ily, inviting all the adults aged 60 years or older to partici-
pate in the study. The exclusion criteria were: (1) under 
60 years old; (2) migration from the residing address; (3) 
living period less than 6 months in the Weitang town; 
and (4) death. From August 2014 to February 2015, a 
total of 4,611 subjects (82.1%) attended the clinic. Then, 
32 subjects were excluded for incomplete data. Finally, 
4,579 older adults were included for the analysis.

This study followed the tenets of the Helsinki Declara-
tion and was approved by the Institutional Review Board 
of Soochow University. Written informed consent was 
obtained from all the participants.

Falls
Detailed information on falls of the eligible participants 
was collected through interviews by a trained research 
assistant. Participants responded to the question “How 
many times have you fallen down during the past twelve 
months?” Those who responded “at least once” were 
identified as “fallers”, while other participants were 
defined as “non-fallers”. If participants had fallen over 
once, he or she was regarded as a “frequent faller”.

Chronic conditions and multimorbidity
A total of ten chronic conditions were identified, includ-
ing hypertension, diabetes, hyperlipidemia, obesity, 
stroke, heart disease, headache, cognitive dysfunction, 
depression and visual impairment. Given their con-
siderable prevalence among Chinese older adults, as 
well as the potential associations with falls, they were 
taken into consideration [4, 16, 17, 23–26]. Participants 
were defined as having hypertension if their systolic/
diastolic blood pressure was > 140/90 mmHg, respec-
tively, or if they were taking anti-hypertension medica-
tions. Diabetes mellitus was defined as a fasting serum 
glucose level > 7.0 mmol/L or use of antidiabetic medi-
cation. We defined hyperlipidemia as the serum total 
cholesterol > 6.22 mmol/L, low density lipoprotein cho-
lesterol > 4.14 mmol/L, triglycerides > 2.26 mmol/L or use 
of lipid-lowering medication. Participants with a body 
mass index equal to or greater than 28 kg/m2 were con-
sidered obese [27]. The presence of headache was self-
reported by the participants. The presence of stroke and 
heart disease was determined through questions such as 
“Have you ever been told by a doctor that you had.?” The 
Abbreviated Mental Test (AMT) was used to assess cog-
nitive status, with an AMT score of 6 or less suggestive of 
significant cognitive dysfunction [28]. The Patient Health 
Questionnaire-9 (PHQ-9) was applied to evaluate the 
psychological status of the participants. A total PHQ-9 
score of 5 or above indicates clear depression [29]. The 
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Chinese version of the AMT and PHQ-9 have been vali-
dated to have good reliability and validity in Chinese 
older adults [30–33]. Visual impairment was determined 
if the participant’s visual acuity, as measured by the Snel-
len Eye Chart, was worse than 20/40 in the better-seeing 
eye [34].

Assessment of covariates
Social-demographic characteristics (i.e., age, sex, educa-
tion level, marital status) were collected using a prede-
signed questionnaire, in which marital status was divided 
into living “with” and “without partner”, education level 
was classified into “primary education or below” and 
“secondary education or above” and monthly income was 
categorized into three groups: “no more than 1000 Chi-
nese Yuan (CNY)”, “1001 to 3000 CNY” and “more than 
3000 CNY”. Moreover, information regarding lifestyle-
related variables, including smoking status (smokers/
non-smokers), alcohol status (drinkers/non-drinkers), tea 
consumption (drinkers/non-drinkers) and physical activ-
ity (with/without), was collected.

Statistical analysis
Means and standard deviations were used to describe 
continuous variables with percentages for categorical 
variables in descriptive studies. To compare the differ-
ences in characteristics of participants in demographic 
and behavioral aspects, Student’s t test and chi-square 
test were used for continuous and categorical variables, 
respectively. We performed an exploratory factor analy-
sis of the 10 morbidities to determine multimorbid-
ity patterns based on a tetrachoric correlation matrix. 
Eigenvalues greater than 1.0 combined with a scree plot 
were used to determine the number of domains [35]. A 
chronic condition with a factor loading of lower than 
0.40 was excluded in a given pattern of multimorbidity. 
Multiple logistic regression models were used to examine 
the associations of chronic conditions and multimorbid-
ity with fall experience and frequencies. Logistic models 
were controlled for social-demographic characteristics 
(i.e., age and gender) and lifestyle habits (i.e., education 
level, marriage status, monthly income, smoking sta-
tus, alcohol consumption, tea consumption and physical 
activity).

All analyses were performed using SPSS version 21.0 
(SPSS Inc., Chicago, IL, USA). A two-sided P value of less 
than 0.05 was considered statistically significant.

Results
Table  1 summarizes the sociodemographic characteris-
tics of the study participants. Among 4,579 participants, 
368 (8.0%) were defined as fallers in the current study, 
including 92 (2.0%) frequent fallers, and multimorbid-
ity affected 2,503 (54.7%) participants. Compared to 
the non-fallers, the proportion of women among the 
fallers was higher than that of men (66.8% vs. 50.7%, 
P < 0.001). Participants who lived with a partner were 
less likely to be fallers (P = 0.036). Smokers and alco-
hol drinkers had a significantly lower risk of falls than 
non-smokers (P = 0.001) and non-alcoholic drinkers 
(P = 0.018), respectively. Fallers tended to have a signifi-
cantly higher prevalence of stroke (3.3%, P = 0.011), heart 
disease (10.6%, P = 0.048), headache (28.0.6%, P < 0.001), 
depression (14.4%, P = 0.029), and visual impairment 
(21.2%, P = 0.029). The number of chronic diseases was 
significantly higher in the fallers (2.1 ± 1.4) than in the 
non-fallers (1.8 ± 1.2) (P < 0.001). The prevalence of mul-
timorbidity was higher in the fallers (64.1%) than in the 
non-fallers (53.8%) (P < 0.001).

Table  2 demonstrates the association between differ-
ent chronic conditions and falls, adjusting for differ-
ent confounders. Participants with stroke [odds ratio 
(OR) = 2,144, 95% confidence interval (CI): 1.130–4.067, 
P = 0.020], headache (OR = 1.604, 95% CI: 1.253–2.053, 
P < 0.001), and depression (OR = 1.844, 95% CI: 1.331–
2.556, P < 0.001) had a higher risk for falls. Participants 

Table 1  Characteristics of study participants (n = 4579)
Characteristic Fallers 

(n = 368)
Non-fallers 
(n = 4211)

P 
value

Age, mean (SD), years 68.2 (6.7) 67.6 (6.3) 0.088
Sex (women), n (%) 246 (66.8%) 2133 (50.7%) < 0.001
Living with partner, n (%) 288 (78.3%) 3479 (82.6%) 0.036
Primary and below educa-
tion, n (%)

324 (88.0%) 3630 (86.2%) 0.324

Retired, n (%) 248 (67.4%) 2756 (65.4%) 0.452
Monthly Income 0.059
  ≤1000 CNY 228 (62.0%) 2394 (56.9%)
  1001–3000 CNY 122 (33.2%) 1492 (35.4%)
  > 3000 CNY 18 (4.9%) 325 (7.7%)
Current smoking, n (%) 66 (17.9%) 1127 (26.8%) 0.001
Alcohol drinker, n (%) 65 (17.7%) 970 (23.0%) 0.018
Tea drinker, n (%) 110 (29.9%) 1461 (34.7%) 0.063
With physical activity, n (%) 146 (39.7%) 1862 (43.9%) 0.092
Hypertension, n (%) 282 (76.7%) 3172 (75.3%) 0.577
Diabetes, n (%) 43 (11.7%) 454 (10.8%) 0.593
Hyperlipidemia, n (%) 65 (17.7%) 633 (15.0%) 0.178
Obesity, n (%) 12 (3.3%) 203 (4.8%) 0.175
Stroke, n (%) 12 (3.3%) 63 (1.5%) 0.011
Heart Disease, n (%) 39 (10.6%) 324 (7.7%) 0.048
Headache, n (%) 103 (28.0%) 748 (17.8%) < 0.001
Cognitive dysfunction, n (%) 96 (26.1%) 849 (20.2%) 0.067
Depression, n (%) 53 (14.4%) 312 (7.4%) < 0.001
Visual impairment, n (%) 78 (21.2%) 704 (16.7%) 0.029
Number of chronic condi-
tions, mean(SD)

2.1 (1.4) 1.8 (1.2) < 0.001

Multimorbidity, n (%) 236 (64.1%) 2267 (53.8%) < 0.001
SD: standard deviation; CNY: Chinese Yuan
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with stroke (OR = 3.189, 95% CI: 1.223–8.316, P = 0.018), 
heart disease (OR = 2.288, 95% CI: 1.295–4.044, 
P = 0.004), and depression (OR = 2.379, 95% CI: 1.364–
4.150, P = 0.002) were more likely to be frequent fallers.

Figure  1 suggests 3 patterns of multimorbidity, which 
could explain 36.83% of the total variance. Multimor-
bidity pattern 1 was cardiovascular-metabolic diseases, 
including hypertension, diabetes, hyperlipidemia and 
obesity. Multimorbidity pattern 2 contained cognitive 
dysfunction and depression, which was summarized 
as psycho-cognitive diseases. Multimorbidity pattern 3 
referred to organic diseases consisting of stroke, heart 
disease, headache and visual impairment. The cumulative 
percentages of multimorbidity patterns 1, 2 and 3 were 
12.38%, 24.68% and 36.83%, respectively.

The prevalence of falls and frequent falls based on dif-
ferent patterns of multimorbidity are shown in Figs.  2 

and 3, respectively. The psycho-cognitive disease pat-
tern of multimorbidity suggested the highest prevalence 
of falls (18.9%) and frequent falls (7.5%). In each of these 
patterns, the prevalence of falls and frequent falls was 
generally higher in participants with multimorbidity than 
in those without disease or with a single disease.

The associations between multimorbidity and falls are 
presented in Table 3. The higher the number of chronic 
conditions among participants, the more likely they were 
to be fallers (OR = 1.152, 95% CI: 1.049–1.265, P = 0.003) 
or frequent fallers (OR = 1.384, 95% CI: 1.180–1.623, 
P < 0.001). Additionally, participants with multimorbid-
ity were also more likely to be fallers (OR = 1.308, 95% CI: 
1.037–1.649, P = 0.024) or frequent fallers (OR = 1.668, 
95% CI: 1.033–2.692, P = 0.036). The cardiovascular-met-
abolic disease pattern was not related to falls or frequent 
falls (all P > 0.05). The psycho-cognitive disease pattern 

Table 2  Odds ratios (95% confidence interval) of chronic conditions in predicting falls
Fallers Frequent fallers
OR (95%CI) P value OR (95%CI) P value

Number of chronic conditions 1.152 (1.049, 1.265) 0.003 1.384 (1.180, 1.623) < 0.001
Multimorbidity 1.308 (1.037, 1.649) 0.024 1.668 (1.033, 2.692) 0.036
Cardiovascular-metabolic diseases
0 Reference Reference
1 0.927 (0.699, 1.229) 0.599 1.324 (0.714, 2.455) 0.373
≥2 1.037 (0.750, 1.434) 0.827 1.653 (0.838, 3.261) 0.147
Psycho-cognitive diseases
0 Reference Reference
1 1.062 (0.811, 1.390) 0.663 1.117 (0.663, 1.880) 0.678
2 2.273 (1.445, 3.575) < 0.001 3.150 (1.525, 6.507) 0.002
Organic diseases
0 Reference Reference
1 1.359 (1.067, 1.732) 0.013 1.658 (1.035, 2.657) 0.036
≥2 1.814 (1.278, 2.576) 0.001 2.442 (1.308, 4.557) 0.005

Fig. 1  Factor score for each of the 10 chronic conditions by disease patterns (factors) from factor analysis
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with two or more diseases was positively associated with 
both falls (OR = 2.273, 95% CI: 1.445–3.575, P < 0.001) 
and frequent falls (OR = 3.150, 95% CI: 1.525–6.507, 
P = 0.002). The organic disease pattern with two or more 
diseases was also positively associated with both falls 
(OR = 1.814, 95% CI: 1.278–2.576, P = 0.001) and frequent 
falls (OR = 2.442, 95% CI: 1.308–4.557, P = 0.005).

Discussion
Within a sample of community-dwelling older adults 
in eastern China, our study results revealed that multi-
ple chronic conditions were significantly related to falls 
among Chinese older adults, and two multimorbidity 
patterns (psycho-cognitive diseases and organic diseases) 
were found to be positively associated with prevalent falls 
or frequent falls.

Fig. 3  Prevalence of frequent falls by patterns of multimorbidity

 

Fig. 2  Prevalence of falls by patterns of multimorbidity
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In our study, 368 participants were defined as fallers, 
and 92 fallers were classified as frequent fallers. Sur-
prisingly, our findings suggest that smokers and alcohol 
drinkers are associated with a lower risk of falls. This 
contradicts previous studies [34, 36, 37], which indicated 
that smokers and drinkers face a heightened risk of falls. 
The inconsistency observed may stem from the cross-
sectional nature of our study, which limits our ability to 
establish the temporal sequence of events and control for 
all potential confounding factors associated with falls.

Our results suggested that the number of chronic 
conditions among older adults were positively associ-
ated with prevalent falls and frequent falls. Such results 
were consistent with previous studies [2, 16, 17], which 
is not surprising. Notably, we found three main patterns 
of multimorbidity in participants. Due to the remark-
able heterogeneity in the methodological criteria among 
studies addressing patterns of multimorbidity, especially 
the difference in the number and types of chronic condi-
tions under consideration, patterns from different stud-
ies appear to be diverse [38]. According to a systematic 
review of 14 original studies, older adults living in West-
ern countries have 3 major patterns of multimorbidity, 
including cardiovascular and metabolic diseases, mental 
health problems and musculoskeletal disorders [38]. This 
result was similar to our findings. In terms of cardiovas-
cular-metabolic diseases, the impact of certain diseases 
on falls has been widely reported [39–42]. For example, 
older adults suffering from hypertension are more likely 
to experience transient cerebral ischemia because of 
acute orthostatic drops in blood pressure, which may 
exacerbate a chronic decrease in cerebral blood flow and 
finally lead to falls [39, 40]. However, a significant asso-
ciation between cardiovascular-metabolic diseases and 
falls was not observed in the current study. The follow-
ing 2 reasons may have contributed to this inconsistency. 
On the one hand, the community-based participants in 
our study reported a low prevalence of prevalent falls 
and frequent falls (8.0% and 2.0%, respectively), which 
may lead to the failure to detect a statistically significant 

association. On the other hand, specific drug therapy and 
lifestyle modifications after developing certain cardiovas-
cular-metabolic diseases tend to attenuate the effect of 
the disease itself on falls. For instance, as antilipidemic 
drugs, statins might beneficially increase bone health 
and subsequently reduce the risk of falls [43]. Addition-
ally, studies have indicated that obese older adults prefer 
to reduce their daily activities to rest at rest because of 
fear of falling, thus decreasing the chances of falling [44]. 
Further studies are needed to determine the association 
and underlying mechanisms between cardiovascular-
metabolic diseases and falls.

According to our study results, older adults suffering 
from organic diseases were at greater risk of being fallers. 
In contrast to primary cardiovascular-metabolic diseases, 
the role of secondary organic diseases that contributed to 
falls appeared to be more evident. A cross-sectional study 
in Singapore analyzed data from 10,033 participants and 
suggested that diabetes per se was not linked to a higher 
risk of falls, but diabetes patients with diabetic retinop-
athy were more likely to have fallen (OR = 1.31, 95% CI: 
1.07–1.60, P = 0.008) than participants without diabetes, 
which revealed that secondary visual impairment actually 
increased the risk of falls [45]. In addition, the results of 
our study showed that stroke was significantly associated 
with both falls and frequent falls in the regression mod-
els of individual diseases. Falls are common accidents at 
all stages after stroke, including the acute, rehabilitative, 
and chronic phases [9]. A series of impairments from 
stroke substantially increases the probability of falls, such 
as decreased strength and balance, perceptual or visual 
problems and hemineglect [9].

It is worth noting that the pattern of psycho-cogni-
tive diseases was found to exhibit the largest OR value 
in predicting fallers and frequent fallers (2.3 and 3.2, 
respectively), suggesting a great risk of falls when cogni-
tive dysfunction and depression co-occurred. Previous 
studies have reported that impaired orientation, confu-
sion and misperception of functional ability in patients 
suffering from cognitive dysfunction could significantly 

Table 3  Odds ratios (95% confidence interval) of multimorbidity in predicting falls
Fallers Frequent fallers
OR (95%CI) P value OR (95%CI) P value

Hypertension 0.993 (0.769, 1.283) 0.958 1.619 (0.907, 2.890) 0.103
Diabetes 1.114 (0.797, 1.558) 0.528 1.526 (0.854, 2.729) 0.154
Hyperlipidemia 1.141 (0.858, 1.516) 0.364 1.171 (0.675, 2.033) 0.574
Obesity 0.700 (0.386, 1.270) 0.241 0.744 (0.232, 2.382) 0.618
Stroke 2.144 (1.130, 4.067) 0.020 3.189 (1.223, 8.316) 0.018
Heart Disease 1.362 (0.951, 1.951) 0.091 2.288 (1.295, 4.044) 0.004
Headache 1.604 (1.253, 2.053) < 0.001 1.418 (0.876, 2.295) 0.155
Cognitive dysfunction 1.096 (0.839, 1.432) 0.502 1.248 (0.763, 2.041) 0.377
Depression 1.844 (1.331, 2.556) < 0.001 2.379 (1.364, 4.150) 0.002
Visual impairment 1.139 (0.859, 1.511) 0.364 1.392 (0.839, 2.310) 0.201
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increase the risk of falls [43]. Meanwhile, the adverse 
effect of depression on falls has been widely confirmed 
[11, 46, 47]. The psychological and behavioral changes 
due to depression could contribute to accidental falls, 
including reduced motivation/apathy, social isolation and 
physical inactivity [48]. The side effects of antidepressants 
are also noteworthy, which have been classified as risk-
increasing drugs [49]. Moreover, the co-occurrence of 
cognitive dysfunction and depression seems to lead to a 
larger risk of falls than having a single disease. A system-
atic review focused on older adults with cognitive dys-
function suggested that patients simultaneously suffering 
from depression symptoms were more likely to be fallers 
than patients without depression [50]. The structures in 
the brain that regulate cognitive functions and process 
emotional information (i.e., the hippocampal formation 
and prefrontal cortex) have strong neural synchrony and 
interact in a bidirectional manner, leading to a firm link 
between cognitive and mental disorders [51]. Thus, the 
co-occurrence of cognitive dysfunction and depression 
might contribute to further deterioration of each. Such 
results may remind policy makers to pay more attention 
to older adults with the multimorbidity of psycho-cogni-
tive diseases when developing fall prevention programs.

To the best of our knowledge, this was the first study 
exploring the relationship between multimorbidity and 
falls in China, including identifying the patterns of mul-
timorbidity. In addition, the large sample size of our 
research enhances the trustworthiness of the results. Our 
findings are expected to provide useful information for 
the development of fall prevention programs for older 
adults in the community. However, our study still has 
several limitations. First, considering our cross-sectional 
study design, the causal direction of the relationship 
could not be inferred. Second, due to study design we 
have only included a limited number of chronic condi-
tions and failed to incorporate several diseases that have a 
high prevalence among older adults, such as cancer [52], 
arthritis [52], seizure disorder [53] and overactive blad-
der [54]. Third, the information on falls and partial data 
on chronic disease used in our study were self-reported; 
therefore, recall and reporting bias cannot be excluded.

Conclusions
In summary, our study revealed that multimorbidity pat-
terns were significantly associated with prevalent falls 
and frequent falls among Chinese older adults. Moreover, 
the psycho-cognitive disease pattern and organic disease 
pattern were positively related to falls. Therefore, more 
attention should be paid to the combination of specific 
diseases in the heath management among older adults, 
especially the psycho-cognitive diseases.
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