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Abstract
Body weight is a major risk determinant of frailty, but the effect of obesity on frailty is controversial. The present study aimed to confirm the
hypothesis that the risk of frailty is positively associated with obesity (BMI ≥ 30 kg/m2), but the association is mediated by the waist:height ratio
(WHtR) in older women and men. A total of 2862 community-dwelling older individuals aged 70–84 years were assessed for frailty using the
Korean version of Fatigue, Resistance, Ambulation, Illnesses, and Loss of weight index. Obesity (BMI ≥ 30 kg/m2) was associated with a higher
risk of frailty compared with BMI 18·5–<23 kg/m2 in all the older individuals (OR 1·88; 95 % CI 1·11, 3·17; P = 0·018) and in older women
(OR 1·86; 95 % CI 1·01, 3·42; P = 0·047) before adjusting for WHtR but was not associated with BMI after adjusting for WHtR. Additionally,
obesity was not significantly associated with the risk of frailty before and after adjusting for WHtR in older men. Mediation analysis revealed
that the association between BMI and frailty score was mediated by WHtR. Moreover, the mediating effect of WHtR on frailty score was positive
in both women and men, but the frailty score was associated with BMI positively in women and negatively in men. The present study suggests
that the risk of frailty is higher in obese women, which is mediated by WHtR, but not in obese men.
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Frailty is a state of high vulnerability for adverse health outcomes, including disability, dependency, falls, need for longterm care and mortality(1). Korea is one of the most rapidly
ageing countries worldwide(2), and the prevalence of frailty
defined by the Korean version of the Fatigue, Resistance,
Ambulation, Illnesses, and Loss of weight (K-FRAIL) index
has been reported to be 12·4 % in Koreans aged 70 years or
older(3).
One of the important factors for frailty is weight loss since the
decline in body weight leads to frequently observed underweight
in the older adults aged 70 years or older(4,5). Epidemiological
studies consistently reported that the prevalence of frailty
was higher in the older adults who are underweight (BMI
< 20 kg/m2)(6–10) and lower in those who are overweight (BMI
25–29·9 kg/m2)(8–10). However, the association between obesity
and frailty is controversial. The previous studies showed that
obesity defined by BMI ≥ 30 kg/m2 was positively associated with
the prevalence and incidence of frailty in the older adults(8,10–16),
but a few studies showed no significant association between
obesity and the risk of frailty(7,9,16).

Garcia-Esquinas et al.(16) reported that obesity was positively associated with the risk of frailty in the older adults,
but the association was not significant after adjusting for waist
circumference (WC), suggesting that the association between
BMI and frailty could be mediated by abdominal obesity.
A few previous studies reported that abdominal obesity was
associated with higher prevalence and incidence of frailty in
the older adults(8,9,16,17). Increased WC has been suggested to
be associated with a marker of oxidative stress and inflammation, independent of BMI(18), which may be the major mechanism leading to frailty(19).
Abdominal obesity is commonly defined by WC, and waist:
height ratio (WHtR) has been suggested to be a better predictor
of whole-body fat percentage and visceral adipose tissue mass as
well as increased health risk compared with WC(20). PartezaniRodrigues et al.(21) reported that in the older adults the risk of
frailty was significantly associated with WHtR but not with
WC. However, no study investigated the mediating effect of
WHtR on the association between BMI and the risk of frailty.
Therefore, the present study aimed to confirm the hypothesis
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that the risk of frailty was positively associated with obesity, but
the association was mediated by WHtR in the older women
and men.

calculated as the sum of muscle mass in the four limbs (kg)
divided by the squared height (m2).

Frailty indices
Methods
Participants
The present study used the data from the Korean Frailty and
Aging Cohort Study (KFACS), a multicentre, longitudinal study
of community-dwelling older adults(22). Between June 2016
and November 2017, the participants of the KFACS were
recruited from ten participating centres across the urban and
rural areas of Korea on the basis of age- and sex-specific strata.
The following participants were included in the study: those
aged 70–84 years, those living independently at home, those
with no plans to move out in the next 2 years and those having
no serious problems with communication. Among the 3014 participants who completed the initial assessment, 2997 participants
with non-missing data on frailty assessments were included in
the present study. The study was conducted according to the
guidelines in the Declaration of Helsinki(23) and was approved
by the institutional review board of Kyung Hee University
(KHUH-2015-12-103-044) and the institutional review board of
Hanyang University (HYI-18-167-1). All participants signed a
written informed consent form.

Frailty was defined using the K-FRAIL index(28), a modified
version of the published FRAIL scale(29). The FRAIL scale exhibited the strongest predictive validity for disability and mortality
compared with the Cardiovascular Health Study (CHS) index(30).
Since the K-FRAIL index is easier to measure compared with CHS
because of interview-based test(31), the K-FRAIL index was
measured in all participants in the study. The K-FRAIL index
assigns 1 point to each of the following five components.
Fatigue was assessed by asking the participants for how much
time during the preceding 4 weeks they felt tired, with responses
of ‘all of the time’ or ‘most of the time’ scored as 1 point.
Resistance was defined as difficulty in walking up to ten stair
steps alone without resting and without aid, and ambulation
was assessed by asking whether they had any difficulty in walking 300 m alone and without aid. Illness was defined as having
five or more conditions among the following eleven conditions:
hypertension, diabetes mellitus, chronic obstructive pulmonary
disease, angina, myocardial infarction, heart failure, asthma,
arthritis, stroke, renal disease and cancer. Loss of weight was
recorded as loss of at least 5 % of the body weight within the
preceding year. Participants with a total score of 3 or higher
are classified as frail.

Data collection
Data were obtained from the KFACS(22) and included age, sex,
height, weight, WC, educational level (less than middle school
or more than high school), job (currently working, previously
working or non-working), smoking (current, former or never),
alcohol drinking (once or more times in a month) and living
alone. Polypharmacy was defined as the regular use of five or
more prescription medications. Cognitive impairment was
defined as a Korean Mini-Mental State Examination score of
less than 24(24). Co-morbidity was defined as the number of
self-reported diseases diagnosed by a physician (hypertension,
dyslipidaemia, CVD, peripheral arterial disease, cerebrovascular
disease, osteoarthritis, osteoporosis, respiratory disease, lung
disease, thyroid disease, dementia, kidney disease and cancer).
Disabilities were defined as dependence in at least one item in
the Korean activities of daily living(25) and Korean instrumental
activities of daily living(26).
Weight was measured to the nearest 0·1 kg using a portable
digital scale, and height was measured to the nearest 0·1 cm
using a measuring tape. The BMI was calculated as weight
divided by square of the height. According to the criteria of
the World Health Organization Asia-Pacific Region(27), BMI was
categorised as <18·5 kg/m2, 18·5–<23 kg/m2, 23–<25 kg/m2,
25–<30 kg/m2 and ≥30 kg/m2. The WC was measured at the
middle point between the rib margin and iliac crests in a horizontal plane using an inelastic measuring tape. The WHtR (cm/cm)
was calculated as WC divided by height with the median value of
0·557 as the cut-off point in the study participants. Dual-energy
X-ray absorptiometry was used to obtain appendicular skeletal
muscle mass (ASM) of the four limbs, and ASM index was

Statistical analysis
Independent two-sample t tests for continuous variables and
χ2 tests for categorical variables were used to compare the
differences in the characteristics and risk factors for frailty
between older women and men. Continuous variables were
presented as means and standard deviations, and categorical
variables were expressed as the number of participants (percentage distribution). Pearson’s correlation analysis was performed
to determine the bivariate association between the main variables. To assess whether the association between BMI and risk
of frailty weakened or became non-significant after adjusting
for WHtR, binary logistic regression analysis was performed after
adjusting for confounding factors. ANCOVA with least significant
difference post hoc test was used in comparing the marginal
means of lean mass by adjusting the confounding variables.
Moderation, mediation and moderated mediation analyses
were performed using the Hayes PROCESS macro (models 1,
4 and 14)(32). For these analyses, independent, dependent and
mediator variables or categorical covariates were designated
as numerical variables or dummy variables. Additionally, moderator variables were recoded using indicator coding, with
men as the reference category(33). This macro used a bootstrapping strategy to test the validity of the indirect effects and calculate the 95 % bias-corrected CI from 5000 bootstrap samples(34).
These analyses were considered significant if the CI excluded
zero. In the multivariable models, the covariates showing a
significance level below 0·2 were included in the final model(35).
All statistical tests were two sided according to a 0·05 significance
level and performed using SPSS (version 25.0; SPSS Inc.).
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Table 1. Characteristics of women and men*
(Mean values and standard deviations; percentages)
Total (n 2862)

Age (years)
Height (cm)
Weight (kg)
BMI (kg/m2)
BMI (%)
<18·5 kg/m2
18·5–<23 kg/m2
23–<25 kg/m2
25–<30 kg/m2
≥30 kg/m2
WC (cm)
WHtR (cm/cm)
Education (%)
<High school
≥High school
Currently working (%)
Smoking (%)
Current
Former
Never
Alcohol drinking (%)
Living alone (%)
Polypharmacy (%)
Cognitive impairment (%)
Co-morbidity (%)
0
1
≥2
ADL disability (%)
IADL disability (%)
Frailty (%)

Women (n 1482)

Men (n 1380)

Mean

SD

Mean

SD

Mean

SD

P†

75·96
157·88
61·03
24·46

3·89
8·54
9·33
3·01

75·66
151·50
57·26
24·92

3·85
5·27
7·93
3·03

76·29
164·72
65·08
23·96

3·91
5·55
9·00
2·92

<0·001
<0·001
<0·001
<0·001
<0·001

1·9
29·3
28·5
36·1
4·1
87·83
8·49
0·56
0·06

0·9
25·2
28·5
39·9
5·5
87·05
8·37
0·58
0·06

3·0
33·7
28·6
32·1
2·6
88·66
8·56
0·54
0·05

62·3
37·7
26·2

76·0
24·0
22·1

47·7
52·3
30·5

5·7
33·7
60·6
37·5
22·4
33·0
20·9

0·9
2·0
97·1
19·7
35·2
30·3
26·5

10·9
67·7
21·4
56·5
8·7
35·9
15·0

16·9
26·2
56·9
11·0
37·8
12·3

10·9
22·5
66·5
13·7
18·4
17·1

23·3
30·1
46·6
8·2
58·5
7·2

<0·001
<0·001
<0·001
<0·001
<0·001

<0·001
<0·001
0·001
<0·001
<0·001

<0·001
<0·001
<0·001

WC, waist circumference; WHtR, waist:height ratio; ADL, activities of daily living; IADL, instrumental activities of daily living.
* Number of participants was discordant; education (n 2861), at work (n 2860), smoking (n 2861), alcohol drinking (n 2852),
polypharmacy (n 2848) and IADL (n 2857).
† P values were analysed using the independent t test for continuous variables and χ2 test for categorical variables.

Results
Characteristics of older women and men
The prevalence of frailty was 12·3 % and was higher in
women than in men (Table 1). Women were younger; and
had lower educational level, proportion of currently working,
smoking, alcohol drinking, polypharmacy and instrumental
activities of daily living disability. However, women had higher
BMI, WHtR, proportion of living alone, cognitive impairment,
co-morbidity and activities of daily living disability compared
with men.

Association between frailty and body composition
Multivariable-adjusted regression analysis revealed that the risk
of frailty was higher in all older individuals and in older men with
BMI < 18·5 kg/m2 before and after adjusting for WHtR (Table 2).
Furthermore, the risk of frailty was higher in all older individuals
and in older women with BMI ≥ 30 kg/m2 before adjusting for
WHtR, but the risk disappeared after adjusting for WHtR. On
the other hand, the risk of frailty was lower in men with BMI
25–<30 kg/m2 before adjusting for WHtR but lower in all older
individuals and older women with BMI 25–<30 kg/m2 after
adjusting for WHtR.

When participants were divided into low and high WHtR
groups according to the median value of 0·557 as cut-off point,
the risk of frailty was higher in all older individuals and in
older men with BMI < 18·5 kg/m2 and low WHtR compared
with those with BMI 18·5–<23 kg/m2 and low WHtR (Table 3).
Moreover, the risk of frailty was higher in all older individuals
and women with BMI ≥ 30 kg/m2 and high WHtR than those
with BMI 18·5–<23 kg/m2 and low WHtR. On the other hand,
the risk of frailty was lower in men with BMI 25–<30 kg/m2 and
high WHtR compared with those with BMI 18·5–<23 kg/m2 and
low WHtR.

Mediating effects of waist:height ratio on the association
between BMI and frailty
Bivariate correlations revealed that BMI was positively correlated with WHtR (r 0·82, P < 0·001) and frailty (r 0·04,
P = 0·024), and WHtR was positively correlated with frailty
(r 0·18, P < 0·001) (online Supplementary Table S1). In the
mediation analysis, the negative direct effect and the positive
indirect effect of BMI on the score of frailty were significant in
all older individuals, in older women and in older men (Fig. 1).
On the other hand, the total effect of BMI on the score of frailty
was positive in women but negative in men. Additionally,
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Table 2. Association between BMI and risk of frailty before and after adjusting for waist:height ratio (WHtR)*
(Odds ratios and 95 % confidence intervals)
Model 1
Total

Model 2

Women

Men

Total

Women

Men†

BMI (kg/m2)

OR

95 % CI

OR

95 % CI

OR

95 % CI

OR

95 % CI

OR

95 % CI

OR

95 % CI

<18·5
18·5–<23
23–<25
25–<30
≥30

3·19
1·0
1·02
0·76
1·88

1·55, 6·57

1·81
1·0
0·92
0·92
1·86

0·48, 6·79

4·19
1·0
1·10
0·40
1·89

1·73, 10·17

4·02
1·0
0·86
0·56
1·08

1·88, 8·57

2·33
1·0
0·72
0·58
0·82

0·60, 9·05

3·74
1·0
1·19
0·45
2·47

1·36, 10·26

0·73, 1·41
0·55, 1·06
1·11, 3·17

0·61, 1·40
0·62, 1·36
1·01, 3·42

0·64, 1·88
0·21, 0·75
0·64, 5·57

0·60, 1·24
0·36, 0·87
0·51, 2·28

0·45, 1·14
0·34, 0·99
0·34, 1·96

0·63, 2·22
0·19, 1·07
0·51, 11·97

ADL, activities of daily living; IADL, instrumental activities of daily living.
* For logistic regression model 1, it was adjusted for age, sex, education, alcohol drinking, polypharmacy, cognitive impairment, co-morbidity, ADL and IADL in total older individuals
(n 2830); age, education, polypharmacy, cognitive impairment, co-morbidity, ADL and IADL in women (n 1465); age, education, alcohol drinking, living alone, polypharmacy,
co-morbidity and IADL in men (n 1365). For logistic regression model 2, model 1 adjusted additionally for WHtR in total older adults, women and men.
† As WHtR was a NS covariate variable (P = 0·643), the Hosmer–Lemeshow test was significant (χ2 = 16·689, df = 8, P = 0·034) for men after adjusting for WHtR in model 2.

Table 3. Subgroup analysis of waist:height ratio (WHtR) on the association between BMI and risk of frailty*†
(Odds ratios and 95 % confidence intervals)
BMI (kg/m2)
<18·5

Total (n 2830)
Low WHtR
High WHtR
Women (n 1465)
Low WHtR
High WHtR
Men (n 1365)
Low WHtR
High WHtR

18·5–<23

23–<25

≥30

25–<30

OR

95 % CI

OR

95 % CI

OR

95 % CI

OR

95 % CI

OR

95 % CI

3·32
N/A

1·61, 6·86

1·0
1·41

0·74, 2·67

1·08
1·07

0·70, 1·67
0·71, 1·61

0·29
0·88

0·10, 0·82
0·62, 1·24

N/A
2·00

1·17, 3·42

2·08
N/A

0·55, 7·87

1·0
1·74

0·86, 3·50

0·76
1·21

0·40, 1·46
0·74, 1·98

0·70
1·08

0·23, 2·13
0·70, 1·67

N/A
2·13

1·13, 4·01

4·16
N/A

1·70, 10·18

1·26
0·72

0·70, 2·27
0·32, 1·64

N/A
0·50

0·26, 0·95

N/A
1·84

0·62, 5·43

1·0
N/A

N/A, not applicable; ADL, activities of daily living; IADL, instrumental activities of daily living.
* N/A was used if there were no frail or older adult participants.
† Confounding factors were age, sex, education, alcohol drinking, polypharmacy, cognitive impairment, co-morbidity, ADL and IADL in total older adults; age, education,
polypharmacy, cognitive impairment, co-morbidity, ADL and IADL in women; age, education, alcohol drinking, living alone, polypharmacy, co-morbidity, ADL and IADL in men.

the mediating effect of WHtR on the score of frailty was positive
in both women and men, but the score of frailty was associated
with BMI positively in women but negatively in men, suggesting that the association was affected by sex (online
Supplementary Fig. S1).

Discussion
The present study showed that the risk of frailty was higher in the
older individuals with BMI ≥ 30 kg/m2 than those with BMI
18–<23 kg/m2 before adjusting for WHtR but not after adjusting
for WHtR in total older individuals and women but not in men.
The association between BMI and the risk of frailty was mediated
by WHtR in the older individuals, particularly in women.
Consistent with the present study, the majority of previous
studies reported that obesity (BMI ≥ 30 kg/m2) was associated
with a higher prevalence or incidence of frailty in the older adults
without adjusting for abdominal obesity(8,10–16). However, a few
studies showed that the risk of frailty was not significantly higher
in obese older adults(7,9,16). This inconsistency could be partly
because of the proportion of frailty among the female study participants. Older women tended to be more prone to obesity(36)

and had a higher prevalence of frailty compared with older
men(37). In previous studies reporting the absence of an association between obesity and frailty, the proportion of frailty in
women (8–9 %) was lower than that in the present study
(17 %)(7,9). Oestrogen levels declined after menopause, leading
to a decrease in bone density, muscle mass and muscle strength
but an increase in visceral adiposity(38). Consistent with the findings of the present study, the prevalence of obesity was higher in
women than in men(39). Additionally, previous studies did not
include abdominal obesity as a confounding factor to confirm
the association between frailty and obesity(7–15). In the present
study, obesity was also associated with a higher risk of frailty
before adjusting for WHtR, but it was not associated with the risk
of frailty after adjusting for WHtR. Previous epidemiological studies consistently reported that abdominal obesity defined by
WC(8,9,16,17,40) and WHtR(21) was associated with a higher prevalence and incidence of frailty in the older adults. Older adults
with high WC had high levels of oxidative stress markers,
independent of BMI, suggesting a possible involvement of
oxidative stress in the genesis of frailty(18,19). Garcia-Esquinas
et al.(16) reported that the association between obesity and the
risk of frailty was not significant in the older adults after adjusting
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(A) Total
a 0·0151**
(0·0147, 0·0155)
R2 0·7390

WHtR
Indirect effect = 0·0560*
(0·0371, 0·0737)

517

b 3·7120**
(2·5034, 4·9206)

Direct effect = –0·0581**
(–0·0799, –0·0362), R2 0·2206
BMI

Frailty
Total effect = –0·0021
(–0·0142, 0·0100)
R2 0·2106

(B) Women
a 0·0147**
(0·0141, 0·0152)
R2 0·6863

WHtR
Indirect effect = 0·0630*
(0·0398, 0·0858)

b 4·2935**
(2·6539, 5·9332)

Direct effect = –0·0399*
(–0·0695, –0·0103), R2 0·2189
BMI

Frailty
Total effect = 0·0231*
(0·0058, 0·0404)
R2 0·2048

(C)

Men

a 0·0154**
(0·0149, 0·0159)
R2 0·7484

WHtR
Indirect effect = 0·0357*
(0·0059, 0·0642)

b 2·3104*
(0·5039, 4·1168)

Direct effect = –0·0708**
(–0·1032, –0·0384), R2 0·1548
BMI

Frailty
Total effect = –0·0351**
(–0·0517, –0·0185)
R2 0·1509

Fig. 1. Mediating effects of waist:height ratio (WHtR) on the association between BMI and frailty score in total older adults (A), women (B) and men (C). Unstandardised
coefficients and 95 % confidence intervals are presented: ‘a’ is the linear regression coefficient of the BMI–WHtR association and ‘b’ is that of the WHtR–frailty association. Adjusted confounding factors were age, sex, education, alcohol drinking, polypharmacy, cognitive impairment, activities of daily living (ADL) and instrumental
activities of daily living (IADL) in total older adults; age, education, polypharmacy, cognitive impairment, ADL and IADL in women; age, education, alcohol drinking, living
alone, polypharmacy, ADL and IADL in men. * P < 0·05, ** P < 0·001.

for WC, suggesting that the association could be mediated by
abdominal obesity. Moreover, Ferriolli et al.(9) suggested that
the WC may be one of the main factors that associate obesity with
frailty in the older adults. However, Rodrigues et al.(21) reported
that the risk of frailty was positively associated with WHtR ≥ 0·50

but not with WC, suggesting that WHtR could be a better
marker of abdominal obesity. Hirani et al.(41) also reported that
the risk of frailty was significantly higher in the older adults with
sarcopenic obesity than in those with non-sarcopenic normal
weight, but it was not significantly different from those with
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non-sarcopenic obesity. It is well known that sarcopenia,
defined as an abnormal loss of muscle mass and strength, is
one of the major causes for an increase in the risk of frailty(42).
Falsarella et al.(43) reported that frail older individuals had
a lower muscle mass and higher percentage of body fat
compared with non-frail older individuals. In the present study,
the obese older individuals had a higher lean mass compared
with the older individuals with normal weight (online
Supplementary Table S2).
In the present study, obesity was not associated with risk of
frailty in men before and after adjusting for WHtR. The mediating
effect of WHtR on the association between BMI and risk of
frailty was shown only in women but not in men, suggesting
that the mediating effect was moderated by sex (online
Supplementary Fig. S1). In the present study, it could be impossible to detect the association between BMI and the risk of frailty
in men, because there were only five frail men with obesity.
Furthermore, according to the previous studies, men had a
higher muscle mass compared with women(44), and high muscle
mass has been shown to be associated with lower risk of frailty
in the older adults(45). The present study also showed that
men had more muscle mass compared with women (online
Supplementary Table S2). Bigaard et al.(46) reported that WC
reflected visceral fat, whereas BMI reflected fat-free mass or
fat deposit elsewhere, suggesting that BMI in men could not
be associated with the risk of frailty because of the body composition effect. In the present study, the effect of BMI on frailty
score was positive in women, but negative in men, suggesting
that high muscle mass in men could attenuate the adverse
effect of obesity through WHtR on the risk of frailty (online
Supplementary Fig. S1).
The previous studies consistently suggested that underweight was associated with higher prevalence and incidence of
frailty(6–10, 12–15). Underweight could have resulted from malnutrition, cachexia and sarcopenia, which were also associated
with increased risk of frailty and represent low reserve capacity
and weight loss, a key component of frailty(47). In the present
study, underweight was associated with higher risk of frailty
in the older men before and after adjusting for WHtR, suggesting that WHtR was not associated with the risk of frailty
in men who are underweight. However, in the present study,
the risk of frailty was not higher in underweight women
because of a small proportion of underweight women with
frailty (n 4).
Previous studies reported that overweight defined by BMI
25–29·9 kg/m2 was associated with lower prevalence and
incidence of frailty in the older adults(8–10,17). Overweight was
also associated with lower risk of mortality in the older adults,
suggesting that overweight could represent a higher reserve
capacity than those who are underweight or even normal
weight(7). Oreopoulos et al.(48) reported that a higher BMI in
advanced age can actually be considered a protective factor
against oxidative stress, inflammation, malnutrition, fractures
and cognitive decline. Additionally, the negative association
between BMI and mortality suggested a paradoxical association

of overweight or obesity with reduced CVD-related mortality in
the older adults(49). In the present study, BMI 25–29·9 kg/m2 was
associated with lower risk of frailty in all older individuals and in
women after adjusting for WHtR.
The present study has a few limitations. First, the present
study was composed of only a small proportion of frail older
individuals. Second, the cross-sectional study design was not
able to identify the causal association between BMI and WHtR
with the risk of frailty. Third, although adjustments for confounders were made, unmeasured factors might affect the results of the
present study.
In conclusion, the present study showed that the risk of frailty
was higher in obese individuals, which was mediated by WHtR
in older individuals, particularly older women, suggesting that
abdominal obesity could increase the risk of frailty in women
but not in men. A large population-based prospective observational study is needed to confirm whether the reduction in WHtR
in obese older adults reduces the risk of frailty.
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