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Abstract
Summary The association of BMI with falls differed between men and women in Korea. Obesity was associated with a greater
risk of falls in women, whereas underweight seemed to increase the risk of falls compared with normal weight in men.
Purpose This study examined the sex-specific association between body mass index (BMI) and falls in Korean adults using data
from a large population-based survey.
Methods We analyzed 113,805 men and women (age ≥ 50 years) who participated in the Korean Community Health Survey in
2013. Logistic regression was used to assess the relationship between BMI and falls.
Results Themean (± standard deviation) age and BMI of all participants were 63.8 ± 9.6 years and 23.2 ± 2.9 kg/m2, respectively.
Among the 113,805 subjects, 19.1% and 6.7% had histories of falls and recurrent falls, respectively. The association of BMI with
recurrent falls differed between men and women. The multivariable-adjusted odd ratios (ORs) for recurrent falls were 0.98 (95%
confidence interval [CI] 0.86–1.12), 1.23 (1.14–1.32), and 1.51 (1.26–1.81) in women with BMIs of < 18.5, 25–29.9, and ≥ 30
kg/m2, respectively, relative to those with BMIs of 18.5–24.9 kg/m2. The corresponding ORs for men were 1.20 (95% CI 1.01–
1.42), 1.05 (0.96–1.14), and 0.97 (0.69–1.38), respectively. Older age and low economic level were associated independently
with higher ORs of recurrent falls in men and women, respectively. In addition, comorbidities, including diabetes, stroke,
arthritis, osteoporosis, and asthma, correlated significantly with an increased risk of recurrent falls (all p < 0.001).
Conclusions Obesity was associated with a greater risk of recurrent falls in women, whereas underweight seemed to be associated
with a greater risk of falls in men.
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Introduction

Falls are the leading cause of unintentional injury and a major
public health problem in worldwide [1]. In the USA, one-third
of community-dwelling people aged ≥ 65 years fall every

year, and about 10% of these events result in major injuries,
including fractures and severe soft-tissue injuries requiring
medical attention [2]. Previous studies have identified clinical
risk factors for falls, which include previous falls, gait and
balance impairments, visual impairment, depression, and
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cognitive impairment [3]. In addition, polypharmacy, arrhyth-
mia, and Parkinson’s disease are reported risk factors for falls
[4, 5].

Obesity is also a public health concern worldwide.
Although lower than in other populations, the prevalence
of obesity is rapidly increasing in Asian populations and
is a growing concern in Asia [6]. As aspects of balance
control, such as postural stability, are altered in adults
with obesity [7, 8], obesity has been suggested to increase
the risk of falling. Few studies have assessed the relation-
ship between obesity and falls, and the results have been
contradictory. Some researchers have reported that obese
adults have an increased risk of falls relative to those of
normal weight [9, 10]. A longitudinal study conducted
with older adults in the USA showed that centrally obese
participants had an increased risk of falls (odds ratio [OR]
1.37), but that adults with obesity according to their body
mass indices (BMIs; > 30 kg/m2) were not at greater risk
than their counterparts [11].

We previously reported that the association of BMI
with hip fracture differed according to sex, namely, that
obesity was associated with an increased risk of hip frac-
ture in women, but not in men [12]. Thus, we hypothe-
sized that the association between BMI and falls may
differ by sex. A limited number of studies have involved
sex-specific analyses of the association between BMI and
fall risk. A study conducted in Canada showed that obese
men had a 33% greater risk of falls than did normal-
weight men, but that obese women were not at greater
risk [13].

No previous study has evaluated the relationship be-
tween BMI and falls according to sex in Asia. Thus, the
objective of this study was to evaluate the sex-specific
association between BMI and falls among Korean adults
and to examine the clinical risk factors for falls.

Materials and methods

Study participants

We used data from the 2013 Community Health Survey
(CHS), a nationwide, cross-sectional interview-based
health survey conducted by the Korea Centers for
Disease Control and Prevention. The CHS has been con-
ducted annually since 2008 with individuals aged ≥19
years in 253 regions around the country; two-stage sys-
tematic sampling methods are used to ensure that the sam-
ples are representative of the entire population [14]. Of
the 228,781 participants, the following participants were
excluded from this study: individuals who did not indicate
their height or weight (n = 13,758); individuals who had
incomplete data related to smoking, alcohol consumption

history, exercise, and comorbidities (n = 39); and individ-
uals aged < 50 years (n = 101,179).

Assessment of falls

All participants were asked whether and how many times
they had fallen in the previous 12 months. We defined a
history of falls as any experience of falling in the past
year and recurrent falls as the occurrence of two or more
falls in the past year. Also, all participants were asked if
they experienced a fear or “severe fear” of falling.

Socioeconomic and demographic factors

Participants were asked to report their current height and
weight, and their BMIs (kg/m2) were calculated. The
questionnaire also solicited data on participants’ smoking
histories, alcohol use, and physical activity. Smoking sta-
tus was divided into three groups: non-smoker, past
smoker, and current smoker. Current smokers included
individuals who had quit smoking for < 1 year. Alcohol
consumption was categorized according to alcohol use
frequency (none, < 4 times/month, 2 or 3 times/week, ≥
4 times/week). Physical activity was classified using three
items about the usual time (min) participants spent (1)
walking, (2) engaging in moderate-intensity activity
(e.g., slow swimming, doubles tennis, badminton, table
tennis), and (3) engaging in vigorous-intensity activity
(e.g., jogging or running, brisk bicycling, swimming, soc-
cer) for at least 10 min. Metabolic equivalent of task
(MET) ratings of 2.9, 4.0, and 7.0 were assigned for walk-
ing, moderate-intensity, and vigorous-intensity activities,
respectively. Physical activity–related energy expenditure
(MET min/week) was calculated by summing the product
of frequency, intensity, and duration. The METs for phys-
ical activity were categorized into quartiles. Participants
who had ever received National Basic Living Security
were categorized as having low socioeconomic status.
All participants were asked about their histories of comor-
bidities, including diabetes, hypertension, stroke, myocar-
dial infarction, arthritis, osteoporosis, and asthma. Those
who reported being diagnosed by a medical doctor with
any of these diseases were recorded as having positive
comorbidity histories.

Statistical analysis

Because fall and recurrent fall experiences differed signifi-
cantly between men and women, all analyses were stratified
by sex. BMIs were categorized into four groups (< 18.5,
18.5–24.9, 25–29.9, and ≥ 30 kg/m2) using cut-off points
suggested by the World Health Organization. ORs were
calculated for outcomes related to falls using logit
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regression models after adjustment for age at baseline (con-
tinuous variable within each age group), smoking status
(current smoker, former smoker, never smoker), alcohol
consumption frequency (none, < 4 times/month, 2 or 3
times/week, ≥ 4 times/week), physical activity (MET quar-
tiles), and income status (history of National Basic Living
Security receipt). The sensitivity analysis was adjusted fur-
ther for comorbidities (physician diagnoses, including dia-
betes, stroke, myocardial infarction, arthritis, osteoporosis,
and asthma). We also performed stratified analyses by sex
and age group (50–59, 60–69, and ≥ 70 years). Subgroup
analyses were used to test the sensitivity of the results. All
p values are two-sided. All analyses were conducted using
SAS software (ver. 9.4; SAS Institute, Cary, NC, USA).

Results

Characteristics of the study population

Tables 1 and 2 show the clinical characteristics of the study
population. The mean age and BMI of all participants were
63.8 ± 9.6 years and 23.2 ± 2.9 kg/m2, respectively. Of the
113,805 subjects, 4.6% were underweight, 23.0% were over-
weight, and 1.7% were obese. The percentage of current
smokers was highest in the underweight group and decreased
with increasing BMI. The prevalence of diabetes and hyper-
tension increased with increasing BMI in men and women,
respectively. As expected, the prevalence of osteoporosis was
greatest in the underweight group. In men, the prevalence of

Table 1 Characteristics of participants according to body mass index categories in men

Variables Characteristics Total Underweight Normal weight Overweight Obesity P-value
< 18.5 kg/m2 18.5–24.9 kg/m2 25–29.9 kg/m2 ≥ 30 kg/m2

N = 52,912 n = 2085 n = 37,412 n = 12,767 n = 648

Body mass index Kg/m2 23.3 ± 2.8 17.3 ± 1.1 22.4 ± 1.6 26.6 ± 1.2 31.5 ± 1.9 < 0.001

Age Years 63.7 ± 9.4 71.5 ± 9.8 64.1 ± 9.4 61.5 ± 8.5 60.8 ± 8.6 < 0.001

Age group 50–59 years 20,971 (39.6) 324 (15.5) 14,190 (37.9) 6117 (47.9) 340 (52.5) < 0.001

60–69 years 16,048 (30.3) 407 (19.5) 11,350 (30.3) 4101 (32.1) 190 (29.3)

≥ 70 years 15,893 (30.0) 1354 (64.9) 11,872 (31.7) 2549 (20.0) 118 (18.2)

Smoking status Never smoker 10,786 (20.4) 305 (14.6) 7644 (20.4) 2700 (21.1) 137 (21.1) < 0.001

Past smoker 24,667 (46.6) 954 (45.8) 16,802 (44.9) 6596 (51.7) 315 (48.6)

Current smoker 17,489 (33.0) 826 (39.6) 12,966 (34.7) 3471 (27.2) 196 (30.2)

Recipient history of Basic living security 2226 (4.2) 193 (9.3) 1589 (4.2) 396 (3.1) 48 (7.4) < 0.001

Alcohol use frequency None 15,932 (30.1) 1006 (48.2) 11,303 (30.2) 3421 (26.8) 202 (31.2) < 0.001

< 4/month 16,894 (31.9) 432 (20.7) 11,864 (31.7) 4398 (34.4) 200 (30.9)

2–3/week 9945 (18.8) 204 (9.8) 6898 (18.4) 2712 (21.2) 131 (20.2)

≥ 4/week 10,141 (19.2) 443 (21.2) 7347 (19.6) 2236 (17.5) 115 (17.7)

Exercise None 8103 (15.3) 566 (27.1) 5625 (15.0) 1770 (13.9) 142 (21.9) < 0.001

< 8.7 (Q1) 7951 (15.0) 381 (18.3) 5546 (14.8) 1922 (15.1) 102 (15.7) < 0.001

8.7–20.2 (Q2) 8954 (16.9) 327 (15.7) 6313 (16.9) 2218 (17.4) 96 (14.8)

20.3–52.1(Q3) 13,090 (24.7) 387 (18.6) 9312 (24.9) 3239 (25.4) 152 (23.5)

≥ 52.2(Q4) 14,814 (28.0) 424 (20.3) 10,616 (28.4) 3618 (28.3) 156 (24.1)

Comorbidity Hypertension 19,701 (37.2) 545 (26.1) 12,685 (33.9) 6.075 (47.6) 396 (61.1) < 0.001

Diabetes 8534 (16.1) 245 (11.8) 5486 (14.7) 2616 (20.5) 187 (28.9) < 0.001

Stroke 2030 (3.8) 124 (5.9) 1360 (3.6) 510 (4.0) 36 (5.6) < 0.001

MI 1591 (3.0) 54 (2.6) 1050 (2.8) 462 (3.6) 25 (3.9) < 0.001

Arthritis 5294 (10.0) 294 (14.1) 3581 (9.5) 1344 (10.5) 85 (13.1) < 0.001

Osteoporosis 1201 (2.3) 126 (6.0) 877 (2.3) 189 (1.5) 9 (1.4) < 0.001

Asthma 2299 (4.3) 222 (10.6) 1496 (4.0) 538 (4.2) 43 (6.6) < 0.001

Fall Fall 8114 (15.3) 413 (19.8) 5695 (15.2) 1902 (14.9) 104 (16.0) < 0.001

Recurrent fall 3020 (5.7) 170 (8.2) 2111 (5.6) 704 (5.5) 35 (5.4) < 0.001

Fear of falling 16,725 (31.6) 1125 (54.0) 11,951 (31.9) 3460 (27.1) 189 (29.2) < 0.001

Severe fear of falling 3688 (7.0) 396 (19.0) 2583 (6.9) 666 (5.2) 43 (6.6) < 0.001

MI myocardial infarction

Data are expressed as mean ± SD or number (%). The p values were calculated Chi-square test and one-way ANOVA between BMI groups

1073Osteoporos Int (2021) 32:1071–1078



asthma was greatest in the underweight group; in women, it
was greatest in the obese group.

Association between BMI and falls

Of the 113,805 subjects, 19.1% and 6.7% had histories of falls
and recurrent falls, respectively. There were 446, 5126, 1823,
and 176 cases of recurrent falls among those with BMIs of <
18.5, 18.5–24.9, 25–29.9, and ≥ 30 kg/m2, respectively. The
patterns of recurrent fall experiences across BMI categories
differed between men and women. The ORs for recurrent falls
among women with BMIs of < 18.5, 25–29.9, and ≥ 30 kg/m2

were 0.98, 1.23, and 1.51, respectively (p < 0.05 for BMI
categories > 25 kg/m2), relative to that for women with

BMIs of 18.5–24.9 kg/m2 after adjustment for age, smoking,
alcohol use, exercise, and income status (Table 3). After fur-
ther adjustment for comorbidity, the ORs for recurrent falls
among women with BMIs of 25–29.9 and ≥ 30 kg/m2

remained significantly higher than those for women in the
reference BMI category (Table 2). Among women with
BMIs ≥ 30 kg/m2, the OR was highest in the 50–59-year
age group and decreased gradually with age (Pinteraction =
0.252). The ORs were 1.78 (95% confidence interval [CI]
1.30–2.43) in the 50–59-year age group, 1.48 (95% CI 1.08–
2.03) in the 60–69-year age group, and 1.26 (95% CI 0.93–
1.72) in those aged ≥ 70 years (Supplementary Table S1). For
men, the ORs for recurrent falls associated with BMIs of <
18.5, 25–29.9, and ≥ 30 kg/m2 were 1.20, 1.05, and 0.97,

Table 2 Characteristics of participants according to body mass index categories in women

Variables Characteristics Total Underweight Normal weight Overweight Obesity p Value
< 18.5 kg/m2 18.5–24.9 kg/m2 25–29.9 kg/m2 ≥ 30 kg/m2

N = 60,893 N = 3171 N = 42,919 N = 13,464 N = 1339

Body mass index kg/m2 23.2 ± 3.1 17.3 ± 1.0 22.2 ± 1.7 26.7 ± 1.2 31.8 ± 1.9 < 0.001

Age Years 63.9 ± 9.8 70.6 ± 10.9 63.7 ± 9.8 63.1 ± 8.7 63.8 ± 8.8 < 0.001

Age group 50–59 years 24,211 (39.8) 659 (20.8) 17,736 (41.3) 5316 (39.5) 500 (37.3) < 0.001

60–69 years 18,225 (29.9) 604 (19.0) 12,394 (28.9) 4772 (35.4) 455 (34.0)

≥ 70 years 18,457 (30.3) 1908 (60.2) 12,78
(29.8)

3376 (25.1) 384 (28.7)

Smoking status Never smoker 57,945 (95.2) 2839 (89.5) 40,990 (95.5) 12,861 (95.5) 1255 (93.7) < 0.001

Past smoker 1239 (2.0) 116 (3.7) 821 (1.9) 267 (2.0) 35 (2.6)

Current smoker 1709 (2.8) 216 (6.8) 1108 (2.6) 336 (3.5) 49 (3.7)

Recipient history of Basic living security 3363 (5.5) 284 (9.0) 2180 (5.1) 769 (5.7) 130 (9.7) < 0.001

Alcohol use frequency None 34,617 (56.8) 2217 (69.9) 24,181 (56.3) 7429 (55.2) 790 (59.0) < 0.001

< 4/month 22,923 (37.6) 772 (24.3) 16,352 (38.1) 5311 (39.4) 488 (36.4)

2–3/week 2387 (3.9) 107 (3.4) 1692 (3.9) 546 (4.1) 42 (3.1)

≥ 4/week 966 (1.6) 75 (2.4) 594 (1.6) 178 (1.3) 19 (1.4)

Exercise None 10,505 (17.3) 818 (25.8) 7053 (16.4) 2355 (17.5) 790 (20.8) < 0.001

< 8.7 (Q1) 12,773 (21.0) 702 (22.1) 8721 (20.3) 3003 (22.3) 347 (25.9) < 0.001

8.7–20.2 (Q2) 12,413 (20.4) 512 (16.1) 8825 (20.6) 2820 (20.9) 256 (19.1)

20.3–52.1(Q3) 13,191 (21.7) 523 (16.5) 9617 (22.4) 2815 (20.9) 236 (17.6)

≥ 52.2(Q4) 12,011 (19.7) 616 (19.4) 8703 (20.3) 2471 (18.4) 221 (16.5)

Comorbidity Hypertension 24,251 (39.8) 1016 (32.0) 15,437 (36.0) 6928 (51.5) 870 (65.0) < 0.001

Diabetes 8366 (13.7) 315 (9.9) 5238 (12.2) 2434 (18.1) 379 (28.3) < 0.001

Stroke 1696 (2.8) 96 (3.0) 1136 (2.6) 410 (3.0) 54 (4.0) < 0.001

MI 1029 (1.7) 66 (2.1) 632 (1.5) 280 (2.1) 42 (3.1) < 0.001

Arthritis 19,591 (32.2) 1025 (32.3) 12,577 (29.3) 5317 (39.5) 672 (50.2) < 0.001

Osteoporosis 14,352 (23.6) 1146 (36.1) 10,599 (23.4) 2856 (21.2) 291 (21.7) < 0.001

Asthma 2632 (4.3) 178 (5.6) 1554 (3.6) 767 (5.7) 133 (9.9) < 0.001

Fall Fall 13,638 (22.4) 768 (24.2) 9297 (21.7) 3195 (23.7) 378 (28.2) < 0.001

Recurrent fall 4551 (7.5) 276 (8.7) 3015 (7.0) 1119 (8.3) 141 (10.5) < 0.001

Fear of falling 35,231 (57.9) 2173 (68.5) 24,190 (56.4) 7974 (59.2) 894 (66.8) < 0.001

Severe fear of falling 11,214 (18.4) 955 (30.1) 7306 (17.0) 2557 (19.0) 396 (29.6) < 0.001

MI myocardial infarction

Data are expressed as mean ± SD or number (%). The p values were calculated Chi-square test and one-way ANOVA between BMI groups
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respectively (p < 0.05 for BMI categories < 18.5 kg/m2) rela-
tive to those in the reference BMI category (Table 2). After
further adjustment for comorbidity, the risk of recurrent falls
in men with BMIs < 18.5 kg/m2 was not significantly higher
than that in men with normal BMIs. Amongmen with BMIs <
18.5 kg/m2, the ORwas highest (1.84) in the young age group
and decreased gradually with age (Supplementary Table S1).

Association between BMI and fear of falling

The percentages of all participants with fear and severe
fear of falling were 45.7% and 13.1%, respectively.

Among women, the risks of fear and severe fear of falling
were greater in participants with BMIs of 25–29.9 and ≥
30 kg/m2 than in those with reference BMIs (Table 4).
The OR for the severe fear of falling was significantly
higher in underweight women (< 18.5 kg/m2) than in
those with reference BMIs, although these women did
not have higher ORs for recurrent falls. Among men, the
underweight group had higher ORs for fear of falling (OR
1.41, 95% CI 1.28–1.55) and severe fear of falling (OR
1.52, 95% CI 1.34–1.73) compared with the normal-
weight group (Table 4). These results are consistent with
the recurrent fall experience across BMI groups.

Table 3 Adjusted ORs (and 95% CI) for recurrent falls according to BMI categories in men and women

Number of
recurrent fall

Model 1 Model 2
(main analysis)

Model 3
(sensitivity analysis)

Men

BMI < 18.5 kg/m2 170 (8.2%) 1.28 (1.08–1.50)* 1.20 (1.01–1.42)** 1.18 (0.99–1.40)

BMI 18.5–24.9 kg/m2 2111 (5.6%) 1.0 1.0 1.0

BMI 25–29.9 kg/m2 704 (5.5%) 1.03 (0.94–1.13) 1.05 (0.96–1.14) 0.98 (0.89–1.07)

BMI ≥ 30 kg/m2 35 (5.4%) 1.02 (0.73–1.44) 0.97 (0.69–1.38) 0.83 (0.58–1.18)

Women

BMI < 18.5 kg/m2 276 (8.7%) 1.02 (0.90–1.17) 0.98 (0.86–1.12) 1.04 (0.91–1.19)

BMI 18.5–24.9 kg/m2 3015 (7.0%) 1.0 1.0 1.0

BMI 25–29.9 kg/m2 1119 (8.3%) 1.23 (1.15–1.32)* 1.23 (1.14–1.32)* 1.10 (1.02–1.19)*

BMI ≥ 30 kg/m2 141 (10.5%) 1.57 (1.31–1.88)* 1.51 (1.26–1.81)* 1.21 (1.01–1.46)**

BMI body mass index, CI confidence interval, OR odd ratio

Model 1: adjusted for age

Model 2: adjusted for age, smoking, alcohol, exercise, and income status

Model 3: adjusted for age, smoking, alcohol, exercise, income status, and comorbid diseases including diabetes, stroke, myocardial infarction, arthritis,
osteoporosis, and asthma

*p value < 0.01, **p value < 0.05

Table 4 Adjusted ORs (and 95% CI) for fear of falling and severe fear of falling according to BMI categories in men and women

Fear of falling Severe fear of falling

aOR (95% CI) p Value aOR (95% CI) p Value

Men

BMI < 18.5 kg/m2 1.41 (1.28–1.55) < 0.001 1.52 (1.34–1.73) < 0.001

BMI 18.5–24.9 kg/m2 1.0 1.0

BMI 25–29.9 kg/m2 0.97 (0.93–1.02) 0.282 0.99 (0.90–1.08) 0.758

BMI ≥ 30 kg/m2 1.08 (0.90–1.29) 0.415 1.12 (0.80–1.55) 0.512

Women

BMI < 18.5 kg/m2 1.05 (0.96–1.14) 0.279 1.17 (1.08–1.28) < 0.001

BMI 18.5–24.9 kg/m2 1.0 1.0

BMI 25–29.9 kg/m2 1.16 (1.11–1.21) < 0.001 1.26 (1.19–1.33) < 0.001

BMI ≥ 30 kg/m2 1.54 (1.37–1.74) < 0.001 2.17 (1.91–2.47) < 0.001

aOR adjusted OR; adjusted for age, sex, smoking, alcohol, exercise, and income status
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Clinical factors associated with recurrent falls

In the multivariable-adjusted models, older age and low eco-
nomic level were associated with an increased risk of recurrent
fall history in men and women, respectively (Table 5). Some
risk factors were sex-specific. Men in the highest quartile of
exercise had an increased risk for recurrent falls, whereas
women in the lower three quartiles of exercise were at lesser
risk for recurrent falls than were those who did not exercise.
As expected, diabetes, stroke, arthritis, osteoporosis, and asth-
ma were associated significantly with recurrent falls among
men and women (Table 5).

Discussion

Major findings

Our study showed that the association between BMI and re-
current falls among community-dwelling Koreans aged ≥ 50

years differed according to sex. Women with BMIs of 25–
29.9 and ≥ 30 kg/m2 had an increased risk of recurrent falls
than did those with reference BMIs (18.5–24.9 kg/m2) after
adjustment for multiple confounders, including comorbidities.
Low BMI was associated with a greater prevalence of recur-
rent falls among men, although this association was not sig-
nificant after adjustment for comorbidity.

Association between BMI and falls

Several researchers have reported on the correlation between
BMI and falls, but findings have been inconsistent. Many
studies have shown a positive correlation between obesity
and falls, but some studies have not. Himes et al. [9] conduct-
ed a longitudinal population-based survey to examine the ef-
fects of obesity on falls and fall-related injuries among 10,755
adults aged ≥ 65 years. They noted that obesity was associated
significantly with fall risk, and that this risk increased with the
BMI (obesity class 1, OR 1.17; obesity class 2, OR 1.26;
obesity class 3, OR 1.50). Mitchell et al. [10] also found that

Table 5 Variables to associate with recurrent falls

Variables Subgroup Men Women

OR (95% CI) p Value OR (95% CI) p Value

Age Per each 10 years increase 1.08 (1.04–1.13) < 0.001 1.14 (1.10–1.18) < 0.001

Economy Low level economy 2.04 (1.78–2.33) < 0.001 1.69 (1.52–1.88) < 0.001

Smoking Non-smoker 1.0 1.00

Ex smoker 1.04 (0.94-1.15) 0.456 1.27 (1.06–1.53) 0.010

Current smoker 1.01 (0.90–1.12) 0.913 1.11 (0.94–1.32) 0.218

Alcohol None 1.00 1.00

Mild 0.93 (0.85–1.03) 0.159 1.06 (0.99–1.14) 0.071

Moderate 0.95 (0.85–1.07) 0.427 1.15 (0.98–1.36) 0.088

Severe 0.99 (0.89–1.10) 0.873 1.06 (0.83–1.36) 0.625

Physical activity G1 (none) 1.00 1.00

G2 (1st quartile) 1.07 (0.94–1.22) 0.330 0.86 (0.79–0.95) 0.003

G3 (2nd quartile) 0.94 (0.82–1.07) 0.349 0.84 (0.76–0.93) 0.001

G4 (3rd quartile) 0.90 (0.79–1.02) 0.091 0.89 (0.81–0.98) 0.022

G5 (4th quartile) 1.28 (1.14–1.44) < 0.001 0.99 (0.90–1.10) 0.906

BMI < 18.5 kg/m2 1.18 (0.99–1.40) 0.057 1.04 (0.91–1.19) 0.534

18.5–24.9 kg/m2 1.00 1.00

25–29.9 kg/m2 0.98 (0.89–1.07) 0.624 1.10 (1.02–1.19) 0.009

≥ 30 kg/m2 0.83 (0.58–1.18) 0.294 1.21 (1.01–1.46) 0.039

Comorbidities Diabetes mellitus 1.29 (1.17–1.41) < 0.001 1.27 (1.17–1.47) < 0.001

Stroke 2.26 (1.96–2.59) < 0.001 1.78 (1.55–2.05) < 0.001

Myocardial infarction 1.17 (0.97–1.40) 0.105 1.44 (1.20–1.72) < 0.001

Arthritis 2.04 (1.85–2.25) < 0.001 1.75 (1.64–1.87) < 0.001

Osteoporosis 1.29 (1.06–1.57) 0.010 1.28 (1.20–1.37) < 0.001

Asthma 2.28 (2.01–2.60) < 0.001 1.90 (1.70–2.13) < 0.001

BMI body mass index, CI confidence interval, OR odd ratio.
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older obese people had a 31% greater risk of falls than did
normal-weight persons. Cho et al. [11] analyzed the US
Health and Retirement Study data from community-dwelling
adults aged ≥ 65 years. They showed that adults with central
obesity were more likely to experience a fall (OR 1.37, 95%
CI 1.01–1.85), whereas obese adults did not have a greater
risk of falls. The mechanisms of increased fall risk in obese
adults have not been explained fully. Generally, aspects of
balance control, such as postural stability, are altered in obese
adults. In particular, centrally obese people have higher cen-
ters of gravity and more pronounced lumbar lordosis, which
are correlated with poor postural stability.

To date, few studies have investigated the relationship
between BMI and falls in men and women separately, and
the results have been inconsistent [13]. In a Canadian
study, obesity was associated with a 33% greater risk of
falls in men, but not women [13]. The prevalence of re-
current falls was greater among overweight and obese
women than among normal-weight women (ORs 1.23
and 1.51, respectively) and a high BMI was not associated
with recurrent falls among the men of our study.
However, it remains unclear whether the association dif-
fers between the sexes. No clear explanation for any such
difference is apparent. However, ethnic variation in body
composition and sites of fat accumulation may partially
explain the differences between the findings of the
Canadian study and ours. Generally, white men accumu-
late fat around the trunk and abdomen and white women
fat around the hips and thighs. Asian women have more
abdominal and visceral fat, but less leg and hip fat, than
do white women of similar overall adiposity [15]. This
may explain the increased risk of falls and hip fracture
in obese Asian women [12].

Underweight men had a 20% greater risk of recurrent falls
than did normal-weight men after adjustment for age,
smoking, alcohol use, exercise, and income status. However,
after further adjustment for several comorbidities, the risk of
recurrent falls decreased slightly (OR 1.18, P = 0.057). We
also noted that asthma and osteoporosis were more prevalent
among underweight men than among men in other BMI cat-
egories. This finding suggests that the correlation of low BMI
with recurrent falls is due mainly to comorbidities, such as
asthma and osteoporosis, although a low BMI itself could
contribute to the increased risk of falls. Being underweight,
which is associated with low muscle mass and increased frail-
ty, could induce falls.

Association between BMI and fear of falling

As expected, the association between BMI and fear of falling
was similar to that between BMI and recurrent falls in men
and women. Additionally, the ORs for severe fear of falling
were higher than those for recurrent falls in the same BMI

categories, suggesting that fall experience may induce a more
severe fear of falling. For example, women with BMIs > 30
kg/m2 had a 51%more experience of recurrent falls, but 117%
more experience of severe fear of falling than did those with
reference BMIs. Interestingly, we found that underweight
women had a more severe fear of falling than did those with
reference BMIs (OR 1.17, 95% CI 1.08–1.28), although they
did not have an increased risk of falls or recurrent falls.
Conversely, more womenwith low BMIs had a fear of falling,
which may influence the prevalence of falls by reducing ex-
ercise or efforts to prevent falling. The occurrence or preva-
lence of fear or severe fear of falling was much higher than the
fall number or recurrent fall experience in our study. Many
studies have confirmed that a previous history of falls is a risk
factor for the fear of falling [16]; in one study, however, the
fear of falling at baseline was a predictor of fall occurrence
during a 24-month follow-up period [17].

Clinical risk factors for falls

In this study, several comorbidities were associated with the
increased prevalence of recurrent falls. For example, the prev-
alence of recurrent falls was greater in men and women with
diabetes after adjustment for other confounders, including
BMI, economic status, age, and physical activity. Among sev-
eral comorbidities, asthma, stroke, and arthritis correlated
strongly with recurrent fall risk after adjustment for other con-
founding factors (OR > 2.0 for all diseases in men and OR
1.75–1.9 in women).

Study strengths and limitations

The strengths of this study included the large numbers of
participants and recurrent fall cases, which increased the sta-
tistical power. Our study also had some limitations. It was a
cross-sectional survey, and the results for various variables are
based on self-reports. We used self-reported height and
weight, which likely introduced misclassification bias. Also,
we lacked information on frailty and fall-related injuries, in-
cluding fractures.

Conclusions

In conclusion, we found that obesity was associated with a
greater risk of recurrent falls in women, whereas men with
low BMIs had an increased prevalence of recurrent falls.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00198-020-05725-1.

Data availability There were some restrictions to accessing the raw data.
The data are available from the Community Health Survey (CHS)
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conducted by the Korea Centers for Disease Control and Prevention, but
access to confidential data is limited to researchers who meet the neces-
sary criteria; basically, any researchers who propose a study subjects and
plans with standardized proposal form, and being approved.
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