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Comorbidity increased the risk of falls in Chinese older
adults: a cross-sectional study
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Abstract: Objective: Today, there are no state-level investigations on falls involving elderly individuals with comorbid-
ity and risk factors associated with falls and multi-comorbidity by sex and age strata reported in China. Additionally,
the relationship between comorbidity and falls remains unknown. We investigated the prevalence of falls in Chi-
nese elderly with comorbidities and determined the risk factors. Methods: A total of 4419 elderly subjects (agerange:
52-110 years old) were involved in the cross-sectional study, including 3081 with comorbidity and 1338 without
comorbidity. In a face-to-face interview, we recorded the history of falls, demographic characteristics and informa-
tion for 28 chronic diseases. Results: The prevalence of falls in patients with comorbidity was higher than that for
patients without comorbidity (21.8% vs. 6.4%, P<0.001). The risk of falls in the comorbidity group was higher than
that in the group without comorbidity (OR=4.05, 95% CI: 3.20-4.87, P<0.001). When patients were stratified by age
(more than 75 years old and less than 75 years old), we showed that patients who experienced falls associated
with aging were more susceptible to comorbidity (ORrange3.51-4.68, Prang90-0.0001). Conclusion: We observed that
the prevalence of falls with comorbidity was 21.8% in the elderly. We showed that falls in the elderly are markedly
related to comorbidity.
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Introduction However, data on falls among the elderly in
China are still not clear.

Population aging is a global process that is
even more serious in developing countries,
such as China. Today, 125 million people are
80 years or older. According to WHO reported in
2015, by 2050, there will be nearly as many
(120 million) people 80 years old or older living
in China alone. With the increase in population

aging, new problems have arisen, such as frail-

Comorbidity is commonly defined as simultane-
ous coexistence of two or more chronic condi-
tions in the elderly [2]. The prevalence of comor-
bidity increases with increasing age, and the
prevalence of falls also increases with increas-
ing age. Then, is comorbidity one of the causal
factors affecting the elderly who fall? Although

ty, urinary incontinence, delirium, pressure
ulcers and, more seriously, falls.

Falling among the elderly is a significant health
problem, and fall-related injuries among the
elderly (age 65 and older) are the cause of
nearly 750,000 hospitalizations and 25,000
deaths per year in the United States [1].

the relationship between comorbidity and falls
has not been reported, we postulated that
comorbidity could be a fall risk factor for the
elderly. Therefore, we aimed to investigate the
risk association between comorbidity and falls
as well as increasing age. This study is a nation-
al cross-sectional epidemiologic study designed
to understand the risk of multi-comorbidity on
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Table 1. Demographic characteristic of the subjects

N  Percentage Mean+SD

Gender
Male 2233  50.5% -
Female 2183  49.4%

Age
>75 2785 37% 71.95+8.1
<75 1634 63%

The use of walking aid
Use 718 16.2% -
Do not use 3678 83.2%

Ability of daily living
Independent 3530 79.9%

Taken care by families 639 14.5%
Taken care by caregivers 245 5.5%
Education level (years)
Uneducated (0) 842 19.1% 7.65+5.19
Elementary school (1-5) 1613 26.3%
Junior high school (6-8) 1083 24.5%
High school (9-12) 690 15.6%
College or above (12-) 640 14.5%

falls in the elderly and clarify the correlation
between comorbidity and falls in Chinese el-
derly.

Materials and methods

This study consists of elderly people from
China. To date, we completed the collection of a
baseline database, including demographics,
general characteristics and clinical informa-
tion, for 4419 subjects with a mean age of 71.9
years (range 52-110 years) from 6areas in
China. Each patient provided written informed
consent before participation in our study, and
the study was conducted with the approval of
the Ethics Committees of the Beijing Hospital,
Ministry of Health and the National Center of
Gerontology.

Fall investigation and assessment

Each participant was interviewed in person
about falls, including questions about whether
the patient experienced falls during the previ-
ous 12 months, and we recorded all answers.
Falls are commonly defined as “inadvertently
coming to rest on the ground, floor or other
lower level, excluding intentional changes in
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position to rest on furniture, walls or other
objects”.

Multi-comorbidity study and assessment

All subjects were interviewed about comor-
bidities via a questionnaire. A total of 28
diseases were recorded in the study,
including the following: depression, cog-
nitive impairment, delirium, stroke, Par-
kinson’s disease, cerebellar diseases, cer-
vical spondylosis, vestibular dysfunction,
peripheral neuropathy, hydrocephaly, or-
thostatic hypotension, hypertension, hypo-
tension, arrhythmia, heart failure, vision
system diseases, cataract, glaucoma, visu-
al impairment, musculoskeletal disorders,
osteoarthritis, fracture, osteoporosis, mus-
cular disorders, urinary incontinence, dia-
betes mellitus, hypoglycemia and syncope.
All patients with comorbidity were diag-
nosed by clinical physicians, surgeons or
specialists from local city- or county-level
hospitals. According to the illness status of
the patients, the subjects were classified
as a comorbidity group and a non-comorbidity
(NC) group.

Covariates

The demographic characteristics including the
age, gender, education level, use of a walking
aid and ability to participate in activities of daily
living were recorded for all participants. We
classified the ability to perform daily living
based on “Guideline of Fall Prevention in Elderly
Population” published by the Chinese ministry
of health.

Statistical analysis

The demographic variables between two groups
were examined by Student’s unpaired t-test
and one-way analysis of variance (ANOVA). The
prevalence of falls was compared between age
specific strata (more than 75 years old and less
than 75 years old), and the rate of falls was
compared between two groups using the Chi-
square test. The correlation analysis between
falls with chronic comorbidities and other risk
factors was tested by the Pearson test. Data
analyses were performed using SPSS software
package, version 17.0. The significance level
was designated as P<0.05.
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Figure 1. The prevalence of comorbidity in fallers.

Results

Demographic data and general characteristics
of the subjects

A total of 4419 subjects were recruited in our
study; the mean age was 71.95+7.76 years
(range 52 to 110 years), and the sex ratio was
almost one (2233 males and 2183 females).
Additionally, the demographics and general
characteristics, including the age, gender, edu-
cation attainment, use of a walking aid and
ability to participate in activities of daily living,
are listed in Table 1. In our study, we observed
that the overall prevalence of falls was 17.1%
and that the aggregate prevalence of comor-
bidities was 69.5%.

Prevalence of falls in elderly with comorbidity

The number of patients who reported one or
more falls during the last 12 months was 758;
among those who fell, 671 had comorbidities,
and 87 did not. The prevalence of falls in comor-
bid patients was 21.8% (671/3071), which was
3.4 times higher than that in the NC group
(87/1348, 6.4%). The prevalence of comorbidi-
ty in people who had fallen is shown in Figure 1.
Among 27 with comorbidities, approximately
22 diseases were associated with falls (P<
0.05), which are as follows: cognitive impair-
ment (129/389, 58.8%), delirium (20/43,
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46.5%), cervical spondylosis (120/482, 45.6%),
syncope (99/237, 41.8%), fracture (152/376,
40.4%), depression (50/124, 40.3%), glauco-
ma (23/84, 39.4%), Parkinson’s disease
(29/77, 37.6%), urinary incontinence (60/
186, 32.2%), orthostatic hypotension (27/84,
32.1%), vestibular dysfunction (9/31, 29%),
osteoporosis (355/1244, 28.5%), arrhythmia
(133/474, 28.0%), osteoarthritis (267/999,
26.7%), peripheral neuropathy disorders (29/
109, 26.6%), heart failure (128/496, 25.8%),
musculoskeletal disorders (341/1381, 24.7%),
diabetes mellitus (201/883, 22.7%), cataracts
(166/733, 22.6%), vision system diseases
(302/1429, 21.1%), visual impairment (279/
1332, 20.9%) and stroke (50/758, 6.5%). The
correlations between falls and comorbidity are

shown in Supplementary Table 1.

Analysis by age strata

In comparison by age-specific strata (more than
75 years old and less than 75 years old), we
showed that the prevalence of falls in individu-
als more than 75 years old was higher
(358/1634, 22%) than that in individuals less
than 75 years old (400/2785, 14.3%). The
prevalence of fall patients more than 75 years
old in the comorbidity group (335/1307, 25.6%)
was higher than that in the less than 75 years
old comorbidity group (336/1764, 19.0%). The
distribution of the study population according
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fall-related injuries. Of those
who had a fall-related injury,
there were 362 (89.8%) pa-
tients with comorbidity and 41
non-comorbidity subjects. The
comorbidity group had a higher
prevalence of fall-related injury
than the NC group (OR=3.16,
95% Cl: 2.06-3.99, P<0.0001).
Fall risk comparative analysis
by age strata between the
comorbidity and NC groups is
shown in Table 3.

Other fall risk factors

In our study, we found that
walking aid use was associat-
ed with an increased risk of
falls compared to not using a
walking aid (OR=3.57, 95%
Cl=2.98-4.49,P<0.0001).Additio-
nally, patients who have care-
givers have a greater risk of
falls than independent individ-
uals (OR=3.86, 95% Cl=2.93-
5.49, P<0.0001) and those ca-
red for by family members
(OR=1.41, 95% CI=1.03-2.22,
P<0.05). Table 2 summarizes
the prevalence and odds ratios

for falls in the last year by

demographic variables.

Figure 2. Distribution of study population according to comorbidity, falls and

age strata.

to comorbidity, falls and age strata is shown in
Figure 2.

Age and comorbidity as fall risk factors

Compared with the NC group, patients with
comorbidity have an increased risk of falls
(OR=4.05, 95% CI: 3.20-4.87, P<0.001). Ad-
ditionally, a higher risk of falls was observed in
advanced age patients (OR=1.67, 95% CI: 1.42-
2.00, P<0.001) than in those less than 75
years of age. Additionally, comorbid patients
with advancing age (more than 75 years old)
had higher odds of falls (OR=1.46, 95% ClI:
1.23-1.81, P<0.001) than comorbidity patients
who were less than 75 years old. There were
403 participants who had fallen and sustained

10756

Discussion

In this national cross-sectional study, we dem-
onstrated that comorbidity could increase the
prevalence of falls and fall risks. The preva-
lence of falls in comorbidity patients (21.6%)
was higher than that (6.4%, P<0.001) in the NC
group; the fall risk in the comorbidity group was
approximately 4 times that in the NC group
(OR=4.05, 95% ClI: 3.20-4.87, P<0.001). In
addition to comorbidities, the data in our study
show that other risk factors, including the use
of walking aids (OR=3.57, 95% Cl: 2.89-4.49,
P<0.0001) and receiving care from families
and caregivers (ORrange: 1.41-3.86, Prange:
0-0.05), play important roles in falls. Of note,
there is a cumulative effect of increasing the
risk of falling between these fall risk factors.
The analysis of the cumulative effect for the
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Table 2. Prevalence and odds ratios for falls in last one year by demo-

graphic variables

claimed that age-related
cataracts (ARCs) are a

main cause of visual im-
pairment in China. A pre-

Falls
OR (95% Cl) P
n/N %

Gender

Male 368/2233 16.4%

Female 389/2183 17.8% 1.09 (0.93-1.30) 0.23
Age

>75 400/2785 14.4%

<75 365/1634 22.3% 1.67 (1.42-2.00) <0.001
The use of walking aid

Do not use 497/3678 -

Use 257/718 3.57 (2.98-4.50) <0.001
Ability of daily living

Independent 475/3530 13.5% -

Taken care by families 191/639 29.9%

2.74 (2.25-3.48) <0.001
Taken care by caregivers ~ 92/245 37.6% 3.86(2.93-5.50) <0.001

vious study suggested a
3-fold increase in fall risk
in those with cataracts
[15]. We detected that el-
derly patients with cata-
- racts were associated
with falls (r=0.065, P<
0.001). Therefore, visual
field damage caused by
comorbidity increases the
risk for falls.

It is well known that car-
diovascular disease (CVD)
is associated with fall

OR: odds ratio, Cl: confidence interval.

Table 3. Fall risk comparative analysis by age strata between Comor-

bidities and NC group

risks. Previous research
[16-18] has suggested
that comorbid diseases
related to heart failure
(HF) place HF patients ata

Comorbidity NC

greater risk of falls. Our

Aee Falls qroup  group X Ok 99%Cl work showed that HF is
<75 Fall 336 64 858 0001 352 2.66-4.39  associated with falls in
Non-fall 1428 957 the elderly (r=0.082, P<
>75 Fall 335 23 528 0.000 4.56 2.92-6.38 0.001). This result implies
Non-fall 972 304 that cerebral hypoperfu-
Summary  Fall 671 87 53433 0.000 2.90 2.15 sion because of HF was

Non-fall 2400 1261

probably the cause of falls

NC: Non-comorbidity.

risk of falls is listed in Supplementary Table 2.
Therefore, we speculate that the prevalence of
falls in comorbidity patients will increase with
fall risk factors and further investigation in a
larger population should be performed.

Numerous chronic diseases can contribute to
falls in the elderly. A few studies have reported
that visual field damage increases the risk for
falls [3, 4]. In our study, we found a correlation
(r=0.038, P=0.012) between glaucoma and
falls in the elderly. As previously reported [5-7],
glaucoma is associated with an increased risk
of falls due to damage to the visual field [8-11].
With the pace of population aging around the
world, glaucoma-related falls and injuries will
place an increasing burden on society [12, 13].
In addition, cataracts are another important
cause of visual impairment, and Tang Y [14]
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in the older population. In
addition, orthostatic hypo-
tension (OH) was consid-
ered another important risk factor for falls in
elderly. McDonald C [19] and his colleagues, in
a prospective study, observed that OH, which
was defined according to 2011 criteria, is asso-
ciated with falls and the time to first fall in geri-
atric patients. Based on the American Academy
of Neurology 2011 Orthostatic Hypotension cri-
teria, OH is defined as a 20-mmHg drop in sys-
tolic BP and/or a 10-mmHg drop in diastolic BP
within 3 min of standing unless either (1) the
participant has supine hypertension in which a
decrease in systolic BP of at least 30 mmHg is
required for diagnosing OH or (2) the BP nadir
occurred within the first 15 s of standing where-
in a 40-mmHg systolic BP and/or 20-mmHg
diastolic BP was required for diagnosing OH.
Our results demonstrated that OH was corre-
lated with falls (r=0.053, P<0.001). Therefore,
cardiovascular diseases were more likely to

Int J Clin Exp Med 2017;10(7):10753-10763
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result in falls due to cerebral hypoperfusion or
dizziness.

As a common disease among the elderly, syn-
cope is often defined as a sudden loss of con-
sciousness due to transient global cerebral
hypoperfusion. Bhangu J [20] demonstrated
that there is evidence of an overlap between
syncope and unintentional falls in the elderly,
and we observed that syncope was correlated
with falls (r=0.155, P<0.001). Additionally, ar-
rhythmias are an important cardiac cause of
syncope in the elderly. Recently, Jansen S [21]
reported that cardiac arrhythmias were associ-
ated with a risk of falls. This study showed that
arrhythmias were associated with falls (r=
0.077, P<0.001). Therefore, we have provided
evidence that strengthens the association
between arrhythmias, as a comorbidity in the
elderly, and falls. Impaired hemodynamic func-
tion that results from arrhythmia is probably
the underlying mechanism for falls.

Our study demonstrated that patients with
musculoskeletal system disease, including
musculoskeletal disorder, osteoarthritis (OA),
osteoporosis and fracture, were more likely to
fall. A previous study [22] demonstrated an
association with OA and fall risk. A study con-
ducted by Sturnieks [23] suggested that elderly
patients with lower limb arthritis are at
increased risk for falling. Our study demonstrat-
ed that there was a correlation between OA
and falls (r=0.137, P<0.0001), which can be
explained by changes in joint kinematics re-
sulting from OA. Additionally, we demonstrated
that osteoporosis was correlated (r=0.189,
P<0.01) with falls. Seyfizadeh N [24] repor-
ted that there was a significant association
between age and osteoporosis. A possible
explanation for our result is that reduced flexi-
bility, lower bone density, muscular weakness
and postural imbalance from osteoporosis pre-
dispose patients to falls. Our results also sug-
gest that fracture was associated with falls
(r=0.188, P<0.0001). Fracture can be both a
cause and a consequence of a fall event. Perez-
Lopez [25] reported that fragility fractures are
remarkably related to falls, which we found was
consistent with a previous study. A possible
reason for the correlation between fractures
and falls was gait deficit, restricted physical
function, and muscle weakness of the lower
limb caused by previous fractures.
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Musculoskeletal disorders (MSDs) are a po-
tential cause of falls. Several studies [26, 27]
have focused on low back pain, which is the
most common symptom in patients with MSDs.
Prospective studies [28, 29] demonstrated
that there was a positive association between
back pain and falls, and we showed that MSDs
were associated (r=0.135, P<0.001) with falls
in the elderly, which suggests that low back
pain from MSDs was a reason for falls in older
adults.

In this study, we showed neurological disorders,
including Parkinson’s disease, peripheral neu-
ropathy, cognitive impairment, delirium and
depression, can lead to falls in various ways
(P<0.001). Rumalla K [30] reported that a
greater proportion of fall-related traumatic
brain injury occurs in PD patients compared to
patients without PD, indicating that PD patients
have a high risk of falls and suffer from fall-
related injury (r=0.069, P<0.001). The results
from the present study revealed an association
between PD and falls.

Peripheral neuropathy often resulted in falls
in elderly patients. The results from this study
revealed an association (r=0.04, P<0.01) be-
tween peripheral neuropathy and falls. A study
conducted by Kolb NA [31] suggested that the
sensory symptoms of chemotherapy-induced
peripheral neuropathy were an indicator of an
increased risk of falling. Falls in elderly patients
with diabetic peripheral neuropathy were previ-
ously identified [17, 32]. Based on this finding,
we can infer that balance impairment due to
peripheral neuropathy was the main reason for
increasing the fall risk in seniors.

Consistent with previous findings [33], we
found that delirium, as a comorbidity, seems to
be a risk factor for geriatric falls. Additionally,
there is an association (r=0.077, P<0.001)
between delirium and falls in elderly. Our study
revealed that falls in elderly were associated
with gait disturbance and involuntary move-
ments due to delirium.

Depressive symptomatology was identified as a
risk factor for falls in a previous study [34]. In
our study, we found a correlation (r=0.104,
P<0.001) between depression and falls in
elderly. Therefore, the severe anxiety caused by
depression may be a potential cause of falls,
and further research to investigate the relation-
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ship between anxiety and falls in older depres-
sion patients should be performed.

Falls are common in the elderly with cognitive
impairment (Cl) and dementia. Holtzer R [35]
identified Cl as a risk factor for falls in aging. A
study conducted by Taylor ME [36] demonstrat-
ed that elderly individuals with mild-moderate
Cl had an increased risk of multiple falls. A cor-
relation between cognitive impairment and
falls in elderly individuals was found in our
study (r=0.132, P<0.001). This finding was con-
sistent with prior studies in older adults, and
the result suggests that cognitive deficit-relat-
ed gait disorders are possible mechanisms for
falls.

Older adults with type 2 diabetes have a signifi-
cantly higher prevalence of falls than those
without type 2 diabetes mellitus. Recently,
Hewston P [37] claimed that falls may be attrib-
uted to the damage caused by type 2 diabetes
affecting various systems, including the soma-
tosensory system, visual system, vestibular
system, muscular system and cognitive sys-
tem. Consistent with previous studies, our
study demonstrated that type 2 diabetes melli-
tus is associated with falls in older adults
(r=0.074, P<0.001). Our work highlights that
visual damage caused by diabetic retinopathy
and gait disorder from diabetic foot ulcers or
peripheral vascular disease in the lower extrem-
ities can contribute to falls beyond the diseas-
es previously reported in the participants we
studied.

Urinary incontinence is a “geriatric syndrome”,
which is a major problem in the elderly. A previ-
ous study [38] showed that urinary inconti-
nence is associated with the fall risk. In our
study, we revealed that urinary incontinence
(r=0.102, P<0.001) was correlated with falls,
and the association between increased fall risk
and urinary incontinence reveals those elderly
who suffered from urinary incontinence tend to
experience falls as a consequence of the need
to rush to the toilet.

Studies have demonstrated that balance and
stepping impairments following small balance
disturbances, including delayed and declined
muscle activations, decreased control of the
trunk [39], abnormal muscle activation pat-
terns [40], and asymmetrical weight bearing
[41], are common in stroke survivors, which
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may often result in falls. In agreement with
previous studies, we found stroke (r=0.20,
P<0.001) was associated with falls in elderly
patients.

Our study also found that cervical spondylosis
was associated (r=0.071, P<0.001) with falls.
McCormick WE [42] reported that the most
common characteristic symptoms of cervical
spondylotic myelopathy are gait instability, loss
of fine motor control of the upper limbs, neck
pain with reduced range of motion in this region
and urinary emergency. In addition, a previous
study [43] identified that poor gait was associ-
ated with fall risks; therefore, it can be seen
that cervical spondylotic myelopathy patients
are at an increased risk of falls.

Fall risk factors

Age was an independent risk factors for falls
[44]. In our study, we found that increasing age
increased the risk of falls in the elderly by
1.6-foldand that comorbid patients with ad-
vancing age (over 75 years) had higher odds of
falling (OR=1.46, 95% Cl: 1.23-1.81, P<0.001)
than comorbid patients younger than 75 years
of age. This result indicates that a variety of
effects of aging increase the risk of falling.
Additionally, we found that age and comorbi-
dity have a cumulative effect (shown in

Supplementary Table 2) on the risk of falling.

In the present study, we showed that the use
of a walking aid is a risk factor for falls in the
elderly. Rubenstein LZ [45] found that the use
of a walking aid was associated with a 2.6-fold
increased risk of falling. In our study, we detect-
ed that the use of walking aid increased the
risk of falls in elderly people by 3.5 times.
Based on our findings, the association between
the increased fall risk and use of a walking aid
reveals elderly who use a walking aid tend to
fall because of gait disorders, musculoskeletal
dysfunction and other risk factors beyond that
falls are caused by the walking aid itself.

Notably, we found that there was no significant
difference between the patient genders in our
study. In other words, gender is not a risk factor
for falls, which does not agree with some previ-
ous studies. Existing evidence [43, 46, 47] has
showed that being female is a risk factor for
falls because women lose more bone mass and
have less lean mass and muscle strength than
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men. However, we detected that there were
368 males and 389 females who fell; the ratio
of males and females who fell was almost 1,
and the discrepancy in the gender distribution
from the present study is likely due to differ-
ences in the patient selection criteria and
effect of comorbidities.

Conclusion

In conclusion, this study confirms that comor-
bidity was markedly related to falls in the elder-
ly and increased the risk of falling. In addition, a
low education level, the use of a walking aid
and receiving care from caregivers were risk
factors that contribute to falls in geriatric
patients. Therefore, it is important to study the
risk association between comorbidity and falls.
Further research should focus on monitoring
the elderly with risk factors of FRI and aims to
develop effective prevention and intervention
measures, which can be applied and improve
the life expectancy of older adults in the
community.
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Supplementary Table 1. Correlations between falls and
comorbidity

Comorbidities r P

Stroke 0.205 0.000
Osteoporosis 0.189 0.000
Fracture 0.188 0.000
Syncope 0.155 0.000
Osteoarthritis 0.137 0.000
Musculoskeletal disorders 0.135 0.000
Cognitive impairment 0.132 0.000
Depression 0.104 0.000
Urinary incontinence 0.102 0.000
Arrhythmia 0.1 0.000
Heart failure 0.082 0.000
Delirium 0.077 0.000
Diabetes mellitus 0.074 0.000
Vision system diseases 0.073 0.000
Cervical spondylosis 0.071 0.000
Parkinson’s disease 0.069 0.000
Visual impairment 0.066 0.000
Cataract 0.065 0.000
Orthostatic hypotension 0.053 0.000
Peripheral neuropathy 0.040 0.008
Glaucoma 0.038 0.012

Supplementary Table 2. Analysis of cumulative effects of
comorbidity and other risk factors contribute to fall risk

Comorbidity Total % of Variance Cumulative %
Musculoskeletal disorders 2.661 24.089 24.089
Cardiovascular diseases  1.559 10.823 34.912
Education level 1.511 6.295 41.207
Urinary incontinence 1.218 5.075 46.282
Glaucoma 1.159 4.831 51.113
Diabetes 1.096 4.565 55.678
Neuropathy 1.013 4.22 59.898

Age 0.609 2.536 62.434




