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Abstract 

Background To investigate factors that have an impact on the risk of falls and determine whether radiographic knee 
osteoarthritis (KOA) is a factor involved in falls independent of knee pain, psychological factors, and physical function.

Methods A cross-sectional analysis was conducted on 1083 subjects for the 2009 Locomotive Syndrome and Health 
Outcomes in the Aizu Cohort Study (LOHAS). A logistic regression analysis was performed to examine the relationship 
between radiographic KOA and fall history.

Results Fall history was significantly associated with the severity of knee pain. Compared to subjects with no knee 
pain, the odds ratio (OR) was 1.53 times higher in the subjects with mild knee pain (95% confidence interval [CI]: 
1.04–2.25), 1.69 times higher in those with moderate knee pain (95%CI: 1.03–2.79), and 2.98 times higher in those 
with severe knee pain (95%CI: 1.67–5.30). In subjects with depression, the OR was 1.91 (95%CI: 1.25–2.92), and in those 
with decreased mobility, the OR was 1.70 (95%CI: 1.08–2.69). Age, gender, knee crepitus, BMI, OLST, and sleeping pill 
use were not significantly associated with fall risk. In a multivariate analysis, radiographic KOA severity was not signifi-
cantly associated with fall risk (OR 0.81, 95%CI 0.44–1.50 in mild OA; OR 1.10, 95%CI 0.57–2.14 in severe OA).

Conclusion Knee pain, decreased mobility, and depression, but not the radiographic KOA severity, were significantly 
associated with a fall risk. Regardless of the individual’s radiographic KOA severity, the risk of falls may be reduced 
by treating his/her knee pain, mobility problems, and/or psychological factors.

Keywords Fall, Radiographic knee osteoarthritis, Knee pain, Psychological factor, Mobility, Timed up and go test

Background
Falls are a leading cause of injury-related morbidity and 
mortality among older adults, with more than one in four 
older adults falling each year [1]. Costs of care after falls 
in the elderly are burdensome, reaching over $31 billion 
dollars in the United States in 2015 [2]. Falls may also 
lead to a fear of falling, decreased physical function, lim-
ited physical activity, loss of independence, and a higher 
mortality risk [3, 4].
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Knee osteoarthritis (KOA) is a major public health 
problem associated with aging in musculoskeletal disor-
ders [5]. The prevalence of radiographic KOA in adults 
aged ≥ 60 years in the U.S. was estimated to be 37% [6]. 
Common symptoms of KOA include knee pain, stiffness, 
swelling, decreased mobility, muscle weakness, and diffi-
culty walking and climbing stairs [7]. Pain, dysfunction, 
and disability are caused by progressive loss of articular 
cartilage [8] and synovitis [9] of the knee joint, and the 
progression of KOA tends to lead to increased physical 
limitations, pain, and functionality restrictions [10].

An association between KOA and the risk of falls 
has been reported in cross-sectional studies [11–14], 
prospective cohorts [15–18], and longitudinal stud-
ies [19–23] (Table  1), but the results are inconsistent 
and controversial [17]. Although the diagnosis of KOA 
is often based on the combination of plain radiographs 
and subjective symptoms, several studies have described 
the involvement of psychological factors such as depres-
sion in the severity of symptoms and physical function in 
patients with KOA [24]. The need to consider psychologi-
cal factors in assessing the association between KOA and 
falls has been addressed [13], but we found no published 
investigation of the impact of radiographic KOA severity 
on fall risk that also takes into account psychological fac-
tors. Even with the same radiographic KOA severity, pain 
and physical function vary from case to case. Prior stud-
ies have shown that the radiographic KOA severity itself 
is associated with falls [14, 15, 20]. By considering a vari-
ety of confounding factors, including psychological fac-
tors that have not been examined previously, this would 
be a new finding to determine whether the radiographic 
KOA severity itself is a risk for falls. Furthermore, if the 
radiographic KOA severity itself is not a risk for falls, this 
finding sends an important clinical message that falls can 
be prevented by improving factors other than the radio-
graphic KOA severity, which are difficult to improve with 
current medicine. We conducted the present study to (i) 
investigate factors that have an impact on the risk of falls, 
and (ii) clarify the impact of the radiographic KOA sever-
ity on the risk of falls.

Methods
Participants
The Aizu Cohort Study on Locomotive Syndrome and 
Health Outcomes (LOHAS) was designed in 2008 to 
investigate the quality of life (QOL), motor function, 
medical costs, mortality, and cardiovascular disease 
attributable to motor dysfunction. Residents of the Jap-
anese towns of Minamiaizu and Tadami in Fukushima 
Prefecture who participated in annual health checkups 
conducted by their local governments were enrolled in 
the LOHAS. All of the participants were enrolled in the 

National Health Insurance System of Japan. The detailed 
design of LOHAS has been described [25]. The present 
study was a cross-sectional analysis using data from the 
2009 LOHAS baseline survey, which included 3,790 par-
ticipants, among whom all 1,469 subjects who requested 
the examination underwent plane radiography of both 
knee joints while in a standing position and responded 
to fall history. The 26 subjects with a history of knee sur-
gery, trauma, rheumatoid arthritis, or joint diseases other 
than KOA were excluded from the present study, as were 
the 386 subjects with missing data regarding BMI, sleep-
ing pill use, knee pain, knee crepitus, Center of Epide-
miologic Studies Depression Scale-10 (CESD-10) score, 
Timed Up and Go test (TUG), One-leg Standing Test 
(OLST), or fall history. A final total of 1,083 subjects were 
included in the present analyses (Fig. 1).

Written informed consent for the use of data collected 
in LOHAS was obtained from all participants upon 
enrollment. The present study complied with the Dec-
laration of Helsinki and was approved by the Research 
Ethics Committee of Fukushima Medical University (No. 
295, 673).

The questionnaire used in LOHAS recorded the partic-
ipant’s occupation, employment status, surgical history, 
sleeping pill use, CESD-10 score, and fall history. Sleep-
ing pill use is one of the most common causes of falls [26]. 
In this study, a history of sleeping pill use was defined as 
using sleeping pills at least once a week. The Center of 
Epidemiologic Studies Depression Scale (CES-D) is a 
self-reported psychometric scale intended to identify 
the frequency and severity of depressive symptoms [27]. 
The CESD-10 is a short form (10 items) of the CES-D 
that provides a simple assessment of depression; scores 
of ≥ 10 points indicate the presence of clinical depression 
[28]. We defined a fall as ’an event in which an individual 
unexpectedly comes to rest on the ground, floor, or lower 
level by tripping or stepping off.’ The participants were 
asked ’Have you had any falls in the past 12 months?’. If 
the participant had a fall history, we defined him or her 
as “positive” for fall experiences.

Knee symptoms
During the annual physical checkup, the degree of 
knee pain in the last month was recorded using a six-
point scale (0 points, a complete absence of pain, 1 
point; very slight pain, 2 points; slight pain; 3 points, 
moderate pain; 4 points, difficult pain; 5 points, 
severe pain) based on the participant’s questionnaire 
response. Subjects who had any fall in the past month 
recorded regular knee pain after falls. If there was a 
fall history, the degree of knee pain prior to the fall 
was recorded. In our present analyses, knee pain was 
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classified into four categories; 0 points, no pain; 1 or 2 
points, mild pain; 3 points, moderate pain; and 4 or 5 
points, severe pain.

The presence or absence of crepitus was also 
recorded. Crepitus is one of the physical symptoms of 
KOA. If crepitus was present in either knee as a physi-
cal symptom by self-report, the subjects were defined 
to have crepitus. Individuals with KOA and knee crepi-
tus have been reportedly associated with falls [22]; 
therefore, knee crepitus was included in this analysis.

Radiological assessment
The subjects’ radiographic KOA severity was graded 
based on the Kellgren-Lawrence classification (KL 
grade) [29]. Two well-trained knee surgeons assessed 
the anterior–posterior view of both knee plane radio-
graphs of subjects in the standing position. The intra-
observer reliability was 0.653, and the inter-observer 
reliability was 0.652. Since the reported intra- and 
inter-observer reliability values of the KL-grade clas-
sification are 0.56 and 0.61, respectively, our grading 
accuracy equals or surpasses that of an earlier study 
[30]. When the knee surgeons’ assessment of the KL 
grade for a subject did not match, consensus was 
reached via discussion. In the present study, we thus 
used the KL grade on the subject’s more severe side 
and categorized the KL grades 0 as no OA, grades 1 
and 2 as mild OA, and grades 3 and 4 as severe OA.

Physical function
In the present study, we evaluated the subjects’ physical 
function based on their TUG and OLST results. TUG 
evaluates mobility capability, and OLST assesses static 
balance. The TUG score is the time taken to get up from 
a chair without armrests, walk 3  m, return to the chair 
and sit down. Several studies have considered a TUG 
time ≥ 10 s to be the cutoff value for fall risk [31, 32]. In 
the present study we likewise defined a TUG time < 10 s 
as normal mobility and ≥ 10 s as decreased mobility. The 
OLST score is the length of time that a subject is able to 
stand on one leg (either side) with open eyes. An OLST 
time < 10 s is considered a useful predictor of fall risk in 
the elderly [33, 34]. We used the OLST score measured 
on the subject’s side with the more severe KL grade in the 
present analyses, and we thus defined OLST times ≥ 10 s 
as normal balance and < 10 s as balance disability.

Statistics analysis
Only the LOHAS subjects with complete data were 
enrolled in the primary analysis. Descriptive statistics 
were calculated for the subjects’ baseline characteris-
tics. Continuous data are summarized as means and 
standard deviations, and dichotomous or categorical 
data are presented as proportions. Means of continuous 
variables for the two groups were compared by t-test. To 
observe correlations between variables, Pearson’s cor-
relation coefficients were obtained. We performed uni-
variate and multivariate logistic analyses to investigate 

Fig. 1 Flowchart of the subjects’ enrollment. A total of 1,083 subjects were included in the analysis. LOHAS, the Locomotive Syndrome and Health 
Outcome in Aizu Cohort Study, BMI Body mass index, CESD-10 Center of Epidemiologic Studies Depression Scale-10, TUG Timed Up and Go Test, 
OLST One-Leg Standing test
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the association between fall history and several factors, 
and we used a categorical variable, i.e., fall history, as 
the dependent variable. The categorical variables age, 
gender, BMI, sleeping pill use, knee pain, knee crepi-
tus, CESD-10, TUG, OLST, and radiographic KOA 
severity were used as independent variables. In addi-
tion, we also performed a multivariate analysis exclud-
ing subjects with no OA, to consider for depression and 
decreased mobility not associated with KOA. Variance 
inflation factor (VIF) is a measure of multicollinearity 
in multivariate analysis. A high VIF indicates that the 
associated independent variable is highly collinear with 

other variables in the model. The odds ratios (OR) and 
95% confidence intervals (CI) were calculated. All tests 
of statistical significance were two-tailed. Probability 
(p)-values < 0.05 were considered significant. All analy-
ses were conducted using JMP PRO 16 (SAS, Cary, NC, 
USA).

Results
The subjects’ characteristics
The characteristics of the 1,083 subjects are summa-
rized in Table  2. Compared to the excluded subjects, 
the enrolled subjects tended to be older and more likely 

Table 2 Subject characteristics

The data are n (%). BMI Body mass index, CESD-10 Center of Epidemiologic Studies Depression Scale-10, TUG  Timed Up and Go Test, OLST One-Leg Standing Test

All subjects n  = 3,790 Excluded subjects n  = 2,707 Analyzed subjects n = 1,083 Probability (p)-value

Age, yrs: mean (95%CI) 67.5  (58.4–76.5) 66.9  (57.5–76.3) 68.7  (60.9–76.5)  < 0.0001
Age, yrs:  < 0.0001
  < 65 1200 (31.6) 938 (34.7) 261 (24.1)

 65–74 1640 (43.3) 1085 (40.1) 555 (51.2)

  ≥ 75 950 (25.1) 683 (25.2) 267 (24.7)

Gender: 0.8707

 Male 1560 (41.2) 1112 (41.1) 448 (41.4)

 Female 2230 (58.8) 1595 (58.9) 635 (58.6)

BMI: 0.2109

  < 18.5 98 (3.1) 70 (3.4) 28 (2.6)

 18.5–24.9 1981 (63.6) 1307 (64.3) 674 (62.2)

 25.0–29.9 921 (29.6) 579 (28.5) 342 (31.6)

  ≥ 30 116 (3.7) 77 (3.8) 39 (3.6)

Sleeping pill use: 0.0326
 Absence 3231 (86.3) 2317 (87.1) 914 (84.4)

 Presence 513 (13.7) 344 (12.9) 169 (15.6)

Knee pain:  < 0.0001
 No pain 1155 (30.5) 1378 (50.9) 419 (38.7)

 Mild pain 425 (11.2) 906 (33.5) 419 (38.7)

 Moderate pain 196 (5.2) 268 (9.9) 157 (14.5)

 Severe pain 47 (1.2) 155 (5.7) 88 (8.1)

Knee crepitus 0.0048
 Absence 3139 (87.3) 1776 (73.4) 745 (68.8)

 Presence 455 (12.7) 642 (26.6) 338 (31.2)

CESD-10: 0.1318

 Not depressive 3139 (87.3) 2207 (87.9) 932 (86.1)

 Depressive 455 (12.7) 304 (12.1) 151 (13.9)

TUG:  < 0.0001
 Normal mobility 2978 (84.4) 2025 (82.9) 953 (88.0)

 Decreased mobility 549 (15.6) 419 (17.1) 130 (12.0)

OLST: 0.9602

 Normal balance 2923 (83.6) 2017 (83.6) 906 (83.7)

 Balance disability 573 (16.4) 396 (16.4) 177 (16.3)

Fall history: 0.0027
 No fall 3127 (83.4) 2255 (84.6) 872 (80.5)

 Positive fall experience 622 (16.6) 411 (15.4) 211 (19.5)



Page 7 of 13Sonobe et al. BMC Musculoskeletal Disorders          (2024) 25:298  

to use sleeping pills, have severe knee pain and crepi-
tus, have decreased mobility, and be a positive for falls.

The prevalence and grade classification of knee pain
The degree and classification of knee pain in the 1,083 
subjects were as follows: no pain in 419 subjects (38.7%), 
mild pain (1 or 2 points) in 419 subjects (38.7%), moder-
ate pain in 157 subjects (14.5%), and severe pain (4 or 5 
points) in 88 subjects (8.1%).

The prevalence of KL-grade more severe side 
and radiographic KOA severity
The prevalence of the KL-grade severe side (i.e., whether 
the side with the more severe KL grade was the left or 
right side) and the radiographic KOA severity are sum-
marized in Table 3.

Association between fall history and continuous variables 
in T-test
In the T-test, CESD-10 and TUG were significantly 
higher in the positive fall experience group. Conversely, 
OLST were significantly lower in the positive fall experi-
ence group (Table 4).

Factors associated with fall history in univariate analysis
In univariate analyses, significant associations were found 
in age ≥ 75 years (OR 1.66, 95%CI: 1.08–2.56 compared to 
the subjects aged < 65 years), knee pain (OR 1.63, 95%CI 
1.12–2.35 in mild knee pain, OR 2.00, 95%CI 1.26–3.18 in 
moderate knee pain, OR 4.08, 95%CI 2.44–6.82 in severe 
knee pain, compared to the subjects with no knee pain), 
depression (OR 2.20, 95%CI 1.50–3.22), decreased mobil-
ity (OR 2.51, 95%CI 1.69–3.74), and balance disability 
(OR 2.02, 95%CI 1.41–2.91) (Table 5).

Factors associated with fall history in multivariate analysis 
about KOA
The relationship between confounders (age, gender, BMI, 
sleeping pill use, knee pain, knee crepitus, CESD-10, 
TUG, OLST, and radiographic KOA severity [exclud-
ing no OA: excluding no OA pattern]) and fall history 
is shown in Table 6. Patterns excluding groups included 
in the no OA category in the radiographic KOA severity 
were defined as excluding no OA pattern. In the multi-
variate analysis, fall history was significantly associated 
with knee pain. Compared to subjects with no pain, the 
OR was 1.53 times higher in subjects with mild pain 
(95%CI: 1.04–2.25), 1.69 times higher in those with mod-
erate pain (95%CI: 1.03–2.79), and 2.98 times higher in 
those with severe pain (95%CI: 1.67–5.30); thus, the OR 
increased as the pain worsened.

In subjects with depression, the OR was 1.91 (95%CI: 
1.25–2.92). Depression was also significantly associated 
with fall history. Moreover, in subjects with decreased 
mobility, the OR was 1.70 (95%CI: 1.08–2.69), and in 
subjects with balance disability, the OR was 1.35 (95%CI: 
0.89–2.06). Decreased mobility evaluated by TUG was 
thus significantly associated with fall history, while balance 
disability evaluated by OLST was not. Age, gender, BMI, 
sleeping pill use, and knee crepitus were not significantly 
associated with decreased mobility in multivariate analy-
sis. The results of this study demonstrated that the radio-
graphic KOA severity was not significantly associated with 
subjects’ fall history (OR: 0.81, 95%CI: 0.44–1.50 in mild 
OA, OR: 1.10, 95%CI: 0.57–2.14 in severe OA). As the VIF 
of each covariate was quite low in this analysis, there was 
no multicollinearity between the covariates.

In the excluding no OA pattern, significant associations 
were found in knee pain (OR 1.58, 95%CI 1.05–2.37 in 
mild knee pain, OR 1.78, 95%CI 1.03–3.07 in moderate 
knee pain, OR 2.81, 95%CI 1.55–5.30 in severe knee pain, 
compared to the subjects with no knee pain), depression 
(OR 2.11, 95%CI 1.36–2.61), decreased mobility (OR 
1.64, 95%CI 1.03–2.61). As the VIF of each covariate was 
quite low in this analysis, there was no multicollinearity 
between the covariates.

Table 3 The prevalence of the KL-grade more severe side and 
the radiographic KOA severity

The data are n (%). KL Kellgren-Lawrence, KOA Knee osteoarthritis, OA 
Osteoarthritis

KL grade Radiographic

KOA severity

0 83 (7.7) No OA 83 (7.7)

1 322 (29.7) Mild OA 619 (57.2)

2 297 (27.4)

3 293 (27.1) Severe OA 381 (35.1)

4 88 (8.1)

Table 4 T-test for falls

Fall history No fall 
n = 879

Positive fall 
experience 
n = 213

Probability
(p)-value

CESD-10: mean ± SD 4.9 ± 4.0 6.3 ± 4.4  < 0.0001
TUG: mean ± SD 7.7 ± 2.0 8.4 ± 3.1  < 0.0001
OLST: mean ± SD 23.5 ± 9.0 19.7 ± 10.4  < 0.0001
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Factors associated with fall history in multivariate analysis 
about physical function
The relationship between confounders (age, gender, 
BMI, sleeping pill use, knee pain, knee crepitus, CESD-
10, [TUG: excluding OLST pattern], [OLST: exclud-
ing TUG pattern], and radiographic KOA severity) and 

fall history is shown in Table 7. In excluding OLST pat-
tern, significant associations were found in knee pain 
(OR 1.51, 95%CI 1.03–2.22 in mild knee pain, OR 1.70, 
95%CI 1.03–2.80 in moderate knee pain, OR 3.11, 95%CI 
1.76–5.52 in severe knee pain, compared to the subjects 
with no knee pain), depression (OR 1.95, 95%CI 1.27–
2.97), decreased mobility (OR 1.79, 95%CI 1.14–2.80). 
In excluding TUG pattern, significant associations were 
found in knee pain (OR 1.53, 95%CI 1.04–2.25 in mild 
knee pain, OR 1.76, 95%CI 1.07–2.88 in moderate knee 
pain, OR 3.11, 95%CI 1.75–5.51 in severe knee pain, 
compared to the subjects with no knee pain), depression 
(OR 2.01, 95%CI 1.32–3.05).

Correlation between knee pain and depression
The correlation coefficient between knee pain and 
depression was 0.2, with a probability (p)-value 
of < 0.0001.

Discussion
Our findings revealed that knee pain, decreased mobility, 
and depressive mood were significantly associated with 
a fall history. On the other hand, the radiographic KOA 
severity was not associated with a fall history.

Osteoarthritis has been considered an established 
risk factor for falls [35]. Regarding KOA, several stud-
ies [11–23] have obtained inconsistent results, based 
on different diagnoses and classifications of KOA. We 
analyzed the influence of radiographic KOA itself on 
the risk of falls, including as covariates factors that 
have been reported as a correlation or risk factor for 
falls (i.e., gender, pain, limited physical ability, and 
imbalance)11–23 and a psychological factor (depression) 
[13]. Falls exacerbate knee pain [20]. In this study, to 
minimize the impact of falls on regular knee pain, we 
assessed knee pain after the falls. Our present investi-
gation is the first to analyze the impact of radiographic 
KOA on falls, taking into account not only the symp-
toms of KOA but also psychological factors and physi-
cal function. Our results corroborate and extend the 
prior studies’ findings.

According to the present results, having a fall history 
was significantly associated with knee pain. Knee pain 
and other symptoms have been reported to be risk fac-
tors for falls among individuals with KOA [11, 12, 18, 
20–22], and knee pain was significantly associated with 
falls in the present study as well. Pain related to OA leads 
to decreased use of the affected limbs and joints, muscle 
weakness, and poor functional performance, resulting 
in an increased risk of falls [16]. However, in KOA, the 
degree of knee pain is not necessarily related to radio-
graphic severity [36]. In addition, we detected no sig-
nificant association between radiographic KOA severity 

Table 5 Univariate analysis for falls

In the univariate analysis, a logistic regression analysis was performed with age, 
gender, BMI, sleeping pill use, knee pain, knee crepitus, CESD-10, TUG, OLST, and 
radiographic KOA severity, respectively

BMI Body mass index, CESD–10 Center of Epidemiologic Studies Depression 
Scale–10, TUG  Timed Up and Go Test, OLST One-Leg Standing Test, KOA Knee 
osteoarthritis, OA Osteoarthritis

Fall history Crude analysis

OR (95%CI) Probability (p)-value

Age, yrs:

  < 65 years ref ー
 65–74 years 1.14 (0.77–1.69) 0.5073

  ≥ 75 years 1.66 (1.08–2.56) 0.0200
Gender:

 Male ref –

 Female 1.29 (0.94–1.76) 0.1097

BMI:

  < 18.5 1.52 (0.63–3.66) 0.3472

 18.5–24.9 ref –

 25.0–29.9 1.35 (0.98–1.86) 0.0660

  ≥ 30 0.67 (0.26–1.75) 0.4168

Sleep pill use:

 Absence ref –

 Presence 1.19 (0.80–1.78) 0.3895

Knee pain:

 No ref –

 Mild 1.63 (1.12–2.35) 0.0099
 Moderate 2.00 (1.26–3.18) 0.0034
 Severe 4.08 (2.44–6.82)  < 0.0001
Knee crepitus:

 Absence ref –

 Presence 1.24 (0.91–1.71) 0.1778

CESD–10:

 Not depressive ref –

 Depressive 2.20 (1.50–3.22)  < 0.0001
TUG:

 Normal mobility ref –

 Decreased mobility 2.51 (1.69–3.74)  < 0.0001
OLST:

 Normal balance ref –

 Balance disability 2.02 (1.41–2.91) 0.0002
Radiographic KOA severity:

 No OA ref –

 Mild OA 0.86 (0.47–1.57) 0.6299

 Severe OA 1.55 (0.85–2.83) 0.1565
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and fall history in a multivariate logistic analysis. In clini-
cal practice, the radiographic severity tends to be more 
focused on the diagnosis of KOA, but we must not forget 
to properly evaluate knee pain when assessing its rela-
tionship to falls. Regardless of the severity of the imag-
ing findings, the treatment of knee pain may improve an 
individual’s risk of falling.

Our analyses revealed that decreased mobility was sig-
nificantly associated with fall history. Decreased mobil-
ity has been reported as a risk factor for falls [37], which 
is consistent with our present observations. Our pre-
sent univariate analysis detected a significant associa-
tion between balance disability and fall history, but the 
multivariate analysis did not. In a multivariate analysis 

Table 6 Multivariate analysis for falls about KOA

In the multivariate analysis, a logistic regression analysis was performed with age, gender, BMI, sleeping pill use, knee pain, knee crepitus, CESD–10, TUG, OLST, and 
radiographic KOA severity (excluding no OA: excluding no OA pattern) as covariates

KOA Knee osteoarthritis, BMI Body mass index, CESD–10 Center of Epidemiologic Studies Depression Scale–10, TUG  Timed Up and Go Test, OLST One-Leg Standing 
Test, OA Osteoarthritis

Fall history Multivariate analysis Multivariate analysis: excluding no OA pattern

OR (95%CI) Probability (p)-
value

VIF OR (95%CI) Probability (p)-
value

VIF

Age, yrs:

  < 65 years ref ー 1.26 ref ー 1.26

 65–74 years 0.97 (0.64–1.47) 0.8759 0.98 (0.63–1.54) 0.9399

  ≥ 75 years 1.14 (0.69–1.89) 0.6131 1.17 (0.69–2.00) 0.5574

Gender:

 Male ref – 1.11 ref – 1.12

 Female 1.06 (0.76–1.50) 0.7197 1.04 (0.72–1.48) 0.8466

BMI:

  < 18.5 1.48 (0.57–3.79) 0.4184 1.07 1.35 (0.49–3.73) 0.5673 1.07

 18.5–24.9 ref – ref –

 25.0–29.9 1.16 (0.83–1.62) 0.404 1.26 (0.89–1.78) 0.1999

  ≥ 30 0.51 (0.19–1.39) 0.1896 0.52 (0.19–1.41) 0.1963

Sleeping pill use:

 Absence ref – 1.14 ref – 1.15

 Presence 0.71 (0.45–1.12) 0.1412 0.63 (0.39–1.27) 0.0555

Knee pain:

 No ref – 1.23 ref – 1.23

 Mild 1.53 (1.04–2.25) 0.0310 1.58 (1.05–2.37) 0.0310
 Moderate 1.69 (1.03–2.79) 0.0389 1.78 (1.03–3.07) 0.0381
 Severe 2.98 (1.67–5.30) 0.0002 2.81 (1.55–5.30) 0.0007
Knee crepitus:

 Absence ref – 1.18 ref – 1.19

 Presence 0.84 (0.59–1.22) 0.3611 0.88 (0.60–1.27) 0.4912

CESD–10:

 Not depressive ref – 1.13 ref – 1.13

 Depressive 1.91 (1.25–2.92) 0.003 2.11 (1.36–3.29) 0.0009
TUG:

 Normal mobility ref – 1.17 ref – 1.18

 Decreased mobility 1.70 (1.08–2.69) 0.0224 1.64 (1.03–2.61) 0.0385
OLST:

 Normal balance ref – 1.18 ref – 1.18

 Balance disability 1.35 (0.89–2.06) 0.161 1.49 (0.97–2.29) 0.0708

Radiographic KOA severity:

 No OA ref – 1.29 – – 1.31

 Mild OA 0.81 (0.44–1.50) 0.5076 ref –

 Severe OA 1.10 (0.57–2.14) 0.77 1.33 (0.92–1.94) 0.1305
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in which both OLST and TUGT variables were entered 
separately, we also found that decreased mobility was sig-
nificantly associated with falls, but balance disability was 
not significantly associated with falls. This suggests that 
the association between balance disability and fall his-
tory was confounded by other factors. The OLST assesses 

static balance and is considered a strong predictor of falls 
[33], but the parameters of the OLST may vary between 
different testing sessions for the same individuals [38]. In 
this study, statistically, there was a significant difference 
in OLST between the positive fall experience group and 
no fall group, with lower mean values in the positive fall 

Table 7 Multivariate analysis for fall about physical function

In the multivariate analysis without no OA, a logistic regression analysis was performed with age, gender, BMI, sleeping pill use, knee pain, knee crepitus, CESD–10, 
(TUG: excluding OLST pattern), (OLST: excluding TUG pattern), and radiographic KOA severity as covariates

BMI Body mass index, CESD–10 Center of Epidemiologic Studies Depression Scale–10, TUG  Timed Up and Go Test, OLST One-Leg Standing Test, KOA Knee 
osteoarthritis, OA Osteoarthritis

Fall history Multivariate analysis:  excluding OLST pattern Multivariate analysis:  excluding TUG pattern

OR (95%CI) Probability (p)-
value

VIF OR (95%CI) Probability (p)-
value

VIF

Age, yrs:

  < 65 years ref ー 1.21 ref ー 1.21

 65–74 years 0.98 (0.65–1.49) 0.9370 0.99 (0.65–1.50) 0.9521

  ≥ 75 years 1.22 (0.74–2.00) 0.4286 1.29 (0.79–2.11) 0.3114

Gender:

 Male ref – 1.11 ref – 1.11

 Female 1.08 (0.77–1.52) 0.6426 1.07 (0.76–1.51) 0.6923

BMI:

  < 18.5 1.53 (0.60–3.91) 0.3737 1.06 1.51 (0.59–3.83) 0.3876 1.07

 18.5–24.9 ref – ref –

 25.0–29.9 1.18 (0.84–1.65) 0.3392 1.16 (0.83–1.62) 0.3967

  ≥ 30 0.54 (0.20–1.45) 0.2209 0.52 (0.19–1.41) 0.1976

Sleeping pill use:

 Absence ref – 1.15 ref – 1.15

 Presence 0.72 (0.45–1.13) 0.1552 0.72 (0.46–1.14) 0.1642

Knee pain:

 No ref – 1.22 ref – 1.21

 Mild 1.51 (1.03–2.22) 0.0345 1.53 (1.04–2.25) 0.0294
 Moderate 1.70 (1.03–2.80) 0.0373 1.76 (1.07–2.88) 0.0266
 Severe 3.11 (1.76–5.52) 0.0001 3.11 (1.75–5.51) 0.0001
Knee crepitus:

 Absence ref – 1.18 ref – 1.18

 Presence 0.86 (0.60–1.24) 0.4152 0.86 (0.60–1.24) 0.4176

CESD–10:

 Not depressive ref – 1.13 ref – 1.12

 Depressive 1.95 (1.27–2.97) 0.0021 2.01 (1.32–3.05) 0.0012
TUG:

 Normal mobility ref – 1.15 – – –

 Decreased mobility 1.79 (1.14–2.80) 0.0114 – –

OLST:

 Normal balance – – – ref – 1.14

 Balance disability – – 1.45 (0.96–2.20) 0.0767

Radiographic KOA severity:

 No OA ref – 1.29 ref – 1.29

 Mild OA 0.81 (0.44–1.49) 0.4936 0.83 (0.45–1.53) 0.5540

 Severe OA 1.10 (0.57–2.14) 0.7677 1.15 (0.59–2.22) 0.6874
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experience group, but the SD was larger in the positive 
fall experience group than in the no fall group. In other 
words, we showed that OLST in the positive fall experi-
ence group varied widely among individuals. Therefore, 
OLST may not have been extracted as a factor signifi-
cantly related to falls in logistics analysis. Further, fac-
tors such as fatigue can influence the balance ability [38]. 
Although static balance is a clinically important factor 
in the risk of falling, this limited reproducibility of the 
OLST may have led to the lack of a significant association 
in the present study.

Our analyses also demonstrated a significant asso-
ciation between depression and fall history. Individuals 
with more than moderate depressive symptoms are more 
likely to have a fear of falling than those without depres-
sion [39], and such symptoms were reported to be asso-
ciated with an increased risk of falls in the future [40]. 
We speculate that a fear of falling may increase in indi-
viduals with KOA as their depression worsens, eventu-
ally contributing to falls to the same degree as decreased 
gait and balance functions. In addition, depression is 
considered a potential mediator of knee pain and falls 
[41]. Our results indicated a significantly weak posi-
tive correlation and correlation with little clinical mean-
ing between them (correlation coefficient; 0.2, (p)-value 
of < 0.0001). It should be noted that knee pain was sig-
nificantly associated with falls in this study as well, and 
that depression itself is not only associated with falls, but 
may also influence falls through the mediation of knee 
pain. Prior research indicated that psychological factors 
(e.g., depression) and cognitive factors should be consid-
ered when assessing the association between KOA and 
falls [13]. Our present findings suggest that assessing 
and treating psychological factors might be important in 
reducing the risk of falls as well as improving pain.

We also analyzed excluding no OA pattern to account 
for the effects of depression and decreased mobility not 
associated with KOA. Our results showed that knee pain, 
depression, and decreased mobility affected the risk of 
falling, regardless of the presence or absence of a radio-
graphic KOA.

Our results also demonstrated no significant direct 
relationship between radiographic KOA severity and 
fall history. However, it has previously been reported 
that the risk of falling increases with more severe KOA 
[20], which contradicts our results. Although KOA 
is usually diagnosed based on radiographic severity, 
symptoms of KOA do not always match imaging find-
ings [36, 42]. Similarly, the risk of falls in KOA should 
not be based on imaging findings alone, but addition-
ally include the patient’s clinical symptoms, knee pain, 
physical function, and psychological factors.

Despite being considered risks for falls in previous 
studies, gender [12,  18,  19], crepitus [22], and sleep-
ing pill use [26] were not significantly associated with 
fall history in the present study. it has been indicated 
that differences in fall rates by gender may reflect dif-
ferences in lifestyle [43]. Because the subjects in this 
study were residents of a limited rural region, their life-
styles may not have varied significantly between gender. 
Crepitus is reported to be poorly understood, especially 
among the elderly [44]. In this study, self-reports of 
knee crepitus may have been lower than actual. In addi-
tion, since this study was conducted at the same time 
as the annual health checkups, subjects may have been 
concerned about their health. Thus, it is possible that 
there were more healthy subjects and that sleeping pill 
use was not significantly associated with fall history. 
Therefore, gender, crepitus, and sleeping pill use may 
not have been significantly associated with fall history.

Although clinical symptoms and image findings of 
KOA patients are often the clinical focus, we must not 
forget to evaluate psychological factors (such as depres-
sive symptoms) and physical function. Regardless of the 
radiographic KOA severity, the treatment of knee pain 
and treatment for depression and reduced mobility 
may reduce the risk of falls. Our present findings pro-
vide key points for clinical practice because they show 
the importance of therapeutic interventions for knee 
pain, depression, and mobility in preventing falls in the 
elderly. Further research and intervention studies are 
required to test our present findings.

Several study limitations must be addressed. First, 
because this study was a cross-sectional analysis, a 
causal relationship cannot be determined. Second, we 
were unable to include polypharmacy, malnutrition, 
smoking, alcohol consumption, stroke, and Parkinson’s 
disease, which are commonly considered risk factors for 
 falls26, in our analysis. Third, we did not investigate the 
subjects’ detailed history of treatment for KOA, which 
might have affected their symptoms. Fourth, in this 
study, because plain radiographs of the knee, responses 
to the questionnaire, and physical function assessment 
were optional, subjects enrolled in the study differed 
significantly from those excluded in demographic and 
clinical variables. Many symptomatic or health-con-
scious subjects may have participated, possibly biasing 
the study. The generalizability of the results must be 
carefully considered. Finally, a subject’s fall history may 
be more excessive or may be insufficient compared to 
the actual fall history, due to recall bias.
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Conclusions
In conclusion, the results of this study demonstrated that 
knee pain, decreased mobility, and depression were signifi-
cantly associated with a history of falling and hence, a risk 
of future falls. However, the radiographic KOA severity was 
not significantly associated with fall history. Regardless of 
the patients’ radiographic KOA severity, their risk of falling 
may be reduced by treating their knee pain, improving their 
mobility function, and addressing psychological factors.
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