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Visceral fat area is the measure of obesity
best associated with mobility disability in
community dwelling oldest-old Chinese
adults
Kevin Yiqiang Chua1,2, Xinyi Lin3,4, Yeli Wang5, Yap-Seng Chong6,7, Wee-Shiong Lim8 and Woon-Puay Koh9*

Abstract

Background: Although obesity can be clinically defined by body mass index (BMI), waist circumference, percent
body fat, or visceral fat area, it is unclear which specific measure is best associated with mobility disability in oldest-
old adults.

Methods: Among 589 Chinese participants aged 85 years and older in a population-based cohort in Singapore, we
measured waist circumference, computed BMI, estimated appendicular skeletal muscle mass, percent body fat, and
visceral fat area using bioelectrical impedance analysis, and evaluated mobility disability using the Loco-Check
questionnaire. We computed areas under the receiver operating characteristic curves (AUCROC) to compare how
well these measures discriminated between those with and without mobility disability. Logistic regression models
were used to estimate the odds ratios (OR) and 95% confidence intervals (CI) for the associations between obesity
defined by these measures and mobility disability.

Results: Compared to BMI, which had an AUCROC (95% CI) of 0.68 (0.64–0.72) for the discrimination of mobility
disability, only visceral fat area had a significantly higher discriminative performance [AUCROC (95% CI) of 0.71 (0.67–
0.75) (Padjusted = 0.002)]. The optimal cut-offs of visceral fat area for the discrimination of mobility disability were ≥
104 cm2 in men and ≥ 137 cm2 in women. In fully adjusted models, only obesity defined by visceral fat area was
significantly associated with mobility disability [OR (95% CI) of 2.04 (1.10–3.77)]; obesity defined by the other
measures were not associated with mobility disability after adjusting for visceral fat.

Conclusion: In oldest-old adults, visceral fat area was the best discriminator for obesity associated with mobility
disability.

Keywords: Body mass index (BMI), Waist circumference, Percent body fat, Visceral fat area, Bioelectrical impedance
analysis (BIA), Locomotive syndrome, Mobility disability
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Background
Obesity is defined as an abnormal or excessive accumu-
lation of fat that presents a risk to health [1]. In older
adults, numerous studies have shown that obesity affects
not only morbidity and mortality [2–8], but also quality
of life and risk of institutionalization [2, 6–8]. Obesity,
however, is also recognized as a heterogeneous dis-
order [9, 10]. Obese individuals are known to vary in
their body fat distribution, and increasing evidence
suggests that the regional distribution of adipose tis-
sue might be more important than the total amount
of body fat [9, 10]. Body fat tissue has traditionally
been thought to be distributed across two main com-
partments – subcutaneous fat, and visceral fat [11].
These two different fat depots have been shown to
have disparate functions, biochemical features, and
metabolic characteristics [11, 12].
Unfortunately, the gold-standard methods for accur-

ately identifying and measuring adiposity in these
compartments, such as magnetic resonance imaging
(MRI) and computed tomography (CT), require the
use of sophisticated equipment that are not always
readily available [2, 8]. As such, the World Health
Organization (WHO), epidemiological studies, and cli-
nicians typically utilize body mass index (BMI) as a
surrogate for overall adiposity in clinical and public
health practice [1–3]. BMI, which is a composite
index of total body weight accounting for height [3],
is easy and inexpensive to measure [2, 8], and has
been shown to correlate reasonably well with overall
adiposity in younger and middle-aged adults [7, 8].
However, BMI cannot differentiate between fat mass

and lean muscle (fat-free) mass [2–5, 8]; as such,
many studies have since found it to be a poor meas-
ure of overall adiposity in older adults [2–5, 8]. In
addition to BMI, waist circumference has also been
widely used as a surrogate measure for total abdom-
inal adiposity in the assessment of body composition
in older adults [3, 4, 6, 7, 13]; however, this measure
is unable to differentiate between the subcutaneous
and the visceral fat within the abdominal region [11].
Recently, bioelectrical impedance analysis (BIA) has
emerged as a simple, rapid, inexpensive, and non-
invasive diagnostic tool for the assessment of body
composition [2, 14]. BIA utilizes differences in resist-
ance between the fat and lean components of the
body to provide an estimate for fat-free mass, total body
fat, and more recently, for abdominal visceral fat [11].
In older adults, obesity is known to be associated with

impaired function and physical disability [2–4, 6–8].
However, it remains unclear whether it is total body fat,
subcutaneous fat, or visceral fat that is specifically re-
lated to mobility disability in older adults. Knowledge
about the specific measure of obesity that is best

associated with mobility disability in older adults could
be applied in the screening of at-risk individuals, and in
the design of specific interventions targeted at reducing
obesity for attenuating the risk of mobility disability in
the older adult population.
In our study, we evaluated the performance of four

clinical measures of obesity – namely BMI, waist cir-
cumference, percent body fat, and visceral fat area – in
discriminating between individuals with and without
mobility disability among community-dwelling partici-
pants aged 85 years and older. The oldest-old (85 years
and above) constitute 7% of the world’s 65 years-and-
over population [15], and although they are generally
recognized as the fastest growing segment of the popula-
tion in many countries, they remain under-represented
in ageing studies [16].

Methods
Study population
We used data from the SG90 study, which is nested
within the population-based Singapore Chinese Health
Study [17] (Supplementary Figure S1, Additional file 1).
The latter is an on-going prospective cohort study de-
signed to evaluate the genetic, dietary, and environmen-
tal determinants of chronic diseases in Chinese adults
living in Singapore. Detailed descriptions of the study
have been reported previously [17]. In brief, 63,257 par-
ticipants (27,959 men and 35,298 women) aged 45–74
(mean 53) years old were enrolled between April 1993
and December 1998. Study participants belonged to ei-
ther of the two major dialect groups of Chinese in
Singapore (Hokkiens or Cantonese), and they were per-
manent residents or citizens who resided in
government-built housing estates – where 86% of all
Singaporeans resided during that period. After recruit-
ment, the participants were re-contacted for follow-up
interviews in 1999–2004 (phone), 2006–2010 (phone),
and 2014–2017 (face-to-face) (Supplementary Figure S1,
Additional file 1). The study was approved by the Insti-
tutional Review Board at the National University of
Singapore, and written informed consent was obtained
from all study participants.
There were 1305 participants who had hitherto partici-

pated in all three of the follow-up interviews, and who
were also 85 years and older during the recruitment
period of this study from July 2017 to August 2018. In
this SG90 sub-cohort, we recruited the first 1000 con-
senting participants for in-person interviews that exam-
ined specific measures relevant to ageing, such as
cognitive performance, quality of life, functional inde-
pendence, etc. (Supplementary Figure S1, Additional file
1). During these interviews, we also asked participants
for their sociodemographic characteristics and history of
physician-diagnosed diseases that included diabetes,
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stroke, coronary artery disease, arthritis, and osteopor-
osis/hip fracture. We used the Singapore-modified Mini-
Mental State Examination (SM-MMSE) [18] to screen
participants for cognitive impairment. We also measured
each participant’s handgrip strength and usual gait speed
in line with methods described by the 2019 consensus
update from the Asian Working Group for Sarcopenia
(AWGS 2019), and then used the recommended cut-off
values to detect cases of sarcopenia [19].

Assessment of the four measures of obesity
Five hundred and eighty-nine of these participants add-
itionally consented to undergo measurements for height,
weight, and waist circumference, as well as to an assess-
ment of body composition using bioelectrical impedance
analysis (BIA). Each participant was visited by a trained
interviewer and had their height measured to the nearest 1
cm using a stiff, self-retracting, metallic tape measure, and
their weight measured to the nearest 0.1 kg with a Soehnle
Exacta Comfort digital weighing scale (Model S63315
PSD). BMI (kg/m2) was computed as weight divided by
height squared. Waist circumference was measured by po-
sitioning a soft, flexible, plastic tape measure at a level that
was 2.5 cm (1 in.) above the participant’s navel [20].
We used the InBody S10 body composition analyser

(Biospace Co. Ltd., Seoul, South Korea) to assess body
composition through direct segmental multi-frequency
bioelectrical impedance analysis (DSM-BIA). Each subject
was asked to maintain a supine posture for at least 10 to
15min before measurements were commenced. Eight tet-
rapolar adhesive electrodes (two for each hand and foot)
were then attached to the participant, and they were used
to obtain 30 impedance measurements across six frequen-
cies (1, 5, 50, 250, 500, and 1000 kHz) as well as 15 react-
ance and phase angle measurements across three
frequencies (5, 50, and 250 kHz) at each of five body seg-
ments (left arm, right arm, trunk, left leg, and right leg).
These resulting measurements were subsequently used to
estimate appendicular skeletal muscle mass [19], percent
body fat, and visceral fat area for each participant.

Assessment of the mobility disability outcome
During the in-person interviews, participants were
assessed for mobility disability using the Loco-Check
questionnaire. This questionnaire was originally de-
signed by the Japanese Orthopaedic Association as a
self-reported checklist comprising seven physical activ-
ities related to daily living to screen for locomotive syn-
drome – defined as a condition of reduced mobility due
to impairment of the locomotive organs [21]. Subse-
quent studies have shown that the Loco-Check question-
naire is also useful in estimating the extent of overall
physical dysfunction in older adults [22, 23]. Participants
were scored according to the number of activities

that they reported having difficulty with, and those with
a total score of four or more were considered to have
mobility disability [24].

Statistical analyses
We first evaluated which of the four measures of obesity
had the best performance in discriminating between
oldest-old adults with and without mobility disability
through in-sample receiver operating characteris-
tic (ROC) analysis. In this analysis, we first constructed a
classification model for each of the four obesity mea-
sures using a logistic regression model which included
sex and the respective obesity measure on a continuous
linear scale as the exposures of interest, and mobility
disability as the outcome of interest. This classification
model was trained on the entire dataset, and its output
(the estimated probability of mobility disability) was then
tested against the observed outcome of mobility disabil-
ity for every participant in the dataset. Using the ‘roctab’
and ‘roccomp’ commands in Stata [25], in-sample ROC
curves were created by plotting the true positive rate
(sensitivity) against the false positive rate (1 − specificity)
as the discrimination threshold of the classification
model was varied. Finally, we compared the areas under
the in-sample ROC curves (in-sample AUCROC) for
waist circumference, percent body fat, and visceral fat
area against that of BMI as a reference using an algo-
rithm by DeLong et al. [26] through the ‘rocgold’ com-
mand in Stata [25], and further adjusted for multiple
comparisons using Bonferroni correction. To further
evaluate how these models might generalize to new
cases, and to obtain more realistic estimates of their pre-
dictive performance, we also performed five-fold cross-
validation using the ‘cvauroc’ package [27] in Stata [25].
In this cross-validation analysis, the dataset was first ran-
domly partitioned into five equal-sized groups (folds).
Then, for each of the four obesity measures, a classifica-
tion model was trained on four of the five folds, and its
output was then tested against the observed outcome for
every participant in the remaining fold, creating a cross-
validated ROC curve. This process was repeated five
times for each obesity measure, until each of the folds
had been used as the held-out test set, and five different
cross-validated ROC curves had been generated. The
mean area under these five cross-validated ROC curves
was then reported for each obesity measure. As a sensi-
tivity analysis to account for possible non-linear relation-
ships between the obesity measures and mobility
disability, we repeated both the in-sample and cross-
validated ROC analyses, but modelled each obesity
measure with a restricted cubic spline with three knots
at its 10th, 50th, and 90th percentiles [28] using the
‘mkspline’ command in Stata [25]. We also evaluated the
statistical significance of the non-linear spline term in
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each logistic regression model to assess for the presence
of a non-linear association. For each obesity measure, we
used the ‘roccomp’ command to compare the area under
the in-sample ROC curve of the continuous linear model
against that of its respective spline-transformed
counterpart.
After visceral fat area had been identified as the meas-

ure of obesity with the highest discriminative perform-
ance, optimal cut-off points for men and women were
derived separately by selecting the points with the high-
est Youden’s J statistic [29, 30] that also had at least 50%
sensitivity and 50% specificity in sex-specific ROC
curves. These cut-off points were used to define obesity
by visceral fat area in a binary fashion. For additional
comparisons, previously established cut-off points were
also used to define cases of obesity through BMI (cut-off
point of 27.5 kg/m2) [31], waist circumference (cut-off
point of 90 cm for men and 80 cm for women) [32], and
percent body fat (cut-off point of 30% for men and 40%
for women) [33, 34]. Multivariable logistic regression
models were used to compute odds ratios (OR) and 95%
confidence intervals (CI) for the association between
these four definitions of obesity and mobility disability.
In Model 1, we adjusted for age, sex, and level of educa-
tion (no formal education, primary, secondary and
above). In Model 2, we additionally adjusted for other
chronic conditions that could have contributed to mobil-
ity disability in older adults, such as diabetes, stroke, cor-
onary artery disease, arthritis, osteoporosis/hip fracture,
cognitive impairment, and sarcopenia. In Model 3, we
further adjusted for the three respective measures (BMI,
waist circumference, percent body fat, or visceral fat
area) that were not utilized in that particular definition
of obesity as continuous variables [35]. All statistical
analyses were conducted using Stata/SE 14.2 software
[25] and R version 3.5.3 software [36]. All P-values pre-
sented were two-sided, and P < 0.05 was considered sta-
tistically significant.

Results
Of the 589 oldest-old participants included in our ana-
lyses, 356 (60.4%) of them were women. The mean
[standard deviation (SD)] age of the participants was 88
(2.4) years, and their ages ranged from 85 to 97 years.
All the four measures of obesity had moderate to high
correlations with one another; the Pearson’s correlation

coefficients (r) for pairwise correlations ranged from 0.59
(between percent body fat and waist circumference) to
0.94 (between percent body fat and visceral fat area)
(Table 1). 284 (48.2%) participants were defined as having
mobility disability using the Loco-Check questionnaire.
When adjusted for sex, BMI had an in-sample

AUCROC (95% CI) of 0.68 (0.64, 0.72) for discriminating
between oldest-old adults with and without mobility dis-
ability, (Table 2) (Fig. 1). Waist circumference and per-
cent body fat initially appeared to have nominally higher
in-sample discriminative performances when compared
to BMI; however, these differences were no longer statis-
tically significant after correction for multiple compari-
sons (Padjusted ≥ 0.075) (Table 2). Only visceral fat area,
which had an in-sample AUCROC (95% CI) of 0.71 (0.67,
0.75), had a significantly higher in-sample discriminative
performance when compared to BMI (Padjusted = 0.002)
(Table 2) (Fig. 1). The discriminative performances of
the four obesity measures remained mostly unchanged
when they were validated through five-fold cross-
validation (Supplementary Table S1, Additional file 1).
Earlier studies had reported non-linear relationships

between measures of obesity like BMI and waist circum-
ference on the risk for adverse outcomes such as mobil-
ity disability [37], physical frailty [38, 39], colon cancer
[40], and mortality [41, 42]. To account for possible
non-linear associations between the four obesity mea-
sures and mobility disability, and to evaluate any effects
that these non-linearities might have had on their dis-
criminative performances, we conducted a sensitivity
analysis where the four obesity measures were modelled
with restricted cubic splines (Table 2). There was some
evidence of a non-linear association between the obesity
measure and mobility disability for all four measures of
obesity (P for non-linearity = 0.024, 0.023, 0.065, and
0.050 for BMI, waist circumference, percent body fat,
and visceral fat area respectively). Nevertheless, we
found that these restricted cubic spline models did not
have significantly different in-sample discriminative per-
formances when compared to their respective linear
counterparts (P = 0.73, 0.88, 0.080, and 0.45 for the dif-
ference between the BMI, waist circumference, percent
body fat, and visceral fat area models respectively) (Table
2). Furthermore, the overall trend of the discriminative
performances across the four spline-transformed obesity
measures remained largely unchanged in both in-sample

Table 1 Pearson’s correlation coefficients for the pairwise correlations among the four measures of obesity

Body mass index Waist circumference Percent body fat Visceral fat area

Body mass index 1.00

Waist circumference 0.82 1.00

Percent body fat 0.74 0.59 1.00

Visceral fat area 0.82 0.71 0.94 1.00
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(Table 2) as well as cross-validated ROC analyses (Sup-
plementary Table S1, Additional file 1).
In this population of the oldest-old, women had a

higher mean (SD) visceral fat area of 137.23 (45.65) cm2,
compared to a mean (SD) visceral fat area of 99.73
(41.19) cm2 in men. The prevalence of mobility disability
was also higher in women (60.1%) than in men (30.0%).
In men, the optimal cut-off point for discriminating be-
tween individuals with and without mobility disability
using visceral fat area was ≥104 cm2; this cut-off point
gave an in-sample sensitivity of 60.0% and an in-sample
specificity of 65.0% (Youden’s J statistic of 0.25). For
women, the optimal cut-off point for visceral fat area

was ≥137 cm2; this cut-off point gave an in-sample sensi-
tivity of 60.8% and an in-sample specificity of 59.9%
(Youden’s J statistic of 0.21).
Based on these sex-specific cut-off points, 286 (48.6%)

participants were defined as being viscerally obese
(Table 3). Compared to their counterparts, participants
in the viscerally obese group were more likely to be
women, be less educated, and to have a history of arth-
ritis (Table 3). They were also more likely to have higher
BMI values, larger waist circumferences and higher per-
cent body fat measurements (Table 3). Interestingly, we
also noticed that the participants in the viscerally obese
group had a significantly lower prevalence of sarcopenia

Table 2 In-sample performance of the four obesity measures in discriminating between oldest-old adults with/without mobility
disability, adjusted for sex

Measure of obesity In-sample AUCROC (95% CI) P-value Bonferroni-adjusted P-value

Linear models a

Body mass index 0.68 (0.64, 0.72) Ref. Ref.

Waist circumference 0.70 (0.65, 0.74) 0.040 0.12

Percent body fat 0.70 (0.66, 0.74) 0.025 0.075

Visceral fat area 0.71 (0.67, 0.75) < 0.001 0.002

Restricted cubic spline models b

Body mass index 0.68 (0.64, 0.73) Ref. Ref.

Waist circumference 0.70 (0.65, 0.74) 0.28 0.84

Percent body fat 0.70 (0.66, 0.74) 0.079 0.24

Visceral fat area 0.71 (0.67, 0.75) 0.024 0.072

AUCROC area under the receiver operating characteristic curve, CI confidence interval
a Obesity measures were modelled on a continuous linear scale
b Obesity measures were modelled with a restricted cubic spline with three knots at its 10th, 50th, and 90th percentiles

Fig. 1 Discriminative performance of visceral fat area vs. body mass index. Legend: In-sample ROC curves for the performance of (1) body mass
index and (2) visceral fat area in discriminating between oldest-old adults with and without mobility disability, adjusted for sex. ROC: receiver
operating characteristic; AUC-ROC: area under the ROC curve; CI: confidence interval
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[65.6% vs. 81.5% respectively (P < 0.001)] (Table 3). This
prompted us to investigate the odds of sarcopenia in the
viscerally obese group compared to their non-obese
counterparts. Indeed, once the other differentiating fac-
tors between these two groups (especially BMI, waist

circumference, and percent body fat) had been adjusted
for in a logistic regression model, the initial crude asso-
ciation between visceral obesity and sarcopenia [crude
OR (95% CI) of 0.43 (0.30, 0.63)] was attenuated and no
longer of statistical significance [adjusted OR (95% CI)

Table 3 Characteristics of viscerally obese versus non-viscerally obese participants

Not viscerally obese Viscerally obese P-
value(N = 303) (N = 286)

Mean visceral fat area (SD) / cm2 85.66 (26.22) 161.31 (31.45) < 0.001

Mean body mass index (SD) / kg/m2 20.66 (2.59) 26.02 (3.55) < 0.001

Mean waist circumference (SD) / cm 81.05 (8.57) 93.97 (7.96) < 0.001

Mean percent body fat (SD) / % 30.64 (7.16) 43.60 (5.80) < 0.001

Mobility disability (total score≥ 4) 112 (37.0%) 172 (60.1%) < 0.001

Mean Loco-Check score (SD) 3.00 (1.66) 4.04 (1.79) < 0.001

Mean age at test (SD) / years 87.73 (2.45) 87.88 (2.32) 0.45

Men 134 (44.2%) 99 (34.6%) 0.017

Level of education < 0.001

No formal education 99 (32.7%) 141 (49.3%)

Primary 153 (50.5%) 116 (40.6%)

Secondary and above 51 (16.8%) 29 (10.1%)

Diabetes 68 (22.4%) 81 (28.3%) 0.10

Stroke 23 (7.6%) 28 (9.8%) 0.34

Heart diseases 56 (18.5%) 61 (21.3%) 0.39

Arthritis 71 (23.4%) 96 (33.6%) 0.006

Osteoporosis / hip fracture 40 (13.2%) 44 (15.4%) 0.45

Cognitive impairment 62 (20.5%) 78 (27.3%) 0.052

Sarcopenia (AWGS 2019) 247 (81.5%) 187 (65.6%) < 0.001

Legend: Continuous variables were presented as mean (SD), while categorical variables were presented as N (%). SD standard deviation, AWGS 2019 Asian Working
Group for Sarcopenia 2019 consensus update

Table 4 Associations between the four definitions of obesity and odds of mobility disability

N (%) Model 1 a Model 2 b Model 3 c

OR (95% CI) OR (95% CI) OR (95% CI)

Obesity defined by visceral fat area

Not obese 303 (51.4%) Ref. Ref. Ref.

Obese 286 (48.6%) 2.38 (1.68, 3.38) 2.36 (1.61, 3.47) 2.04 (1.10, 3.77)

Obesity defined by body mass index

Not obese 505 (85.7%) Ref. Ref. Ref.

Obese 84 (14.3%) 2.22 (1.33, 3.72) 2.57 (1.38, 4.79) 1.43 (0.70, 2.94)

Obesity defined by waist circumference

Not obese 218 (37.0%) Ref. Ref. Ref.

Obese 371 (63.0%) 1.85 (1.27, 2.68) 1.61 (1.06, 2.44) 0.96 (0.56, 1.62)

Obesity defined by percent body fat

Not obese 257 (43.6%) Ref. Ref. Ref.

Obese 332 (56.4%) 2.07 (1.45, 2.94) 2.13 (1.44, 3.13) 1.29 (0.69, 2.40)

OR odds ratio, CI confidence interval
a Model 1: adjusted for age, sex, level of education
b Model 2: adjusted for Model 1 and diabetes, stroke, heart diseases, arthritis, osteoporosis/hip fracture, cognitive impairment, sarcopenia
c Model 3: adjusted for Model 2 and body mass index, waist circumference, percent body fat, visceral fat area
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of 0.61 (0.24, 1.52)]. Viscerally obese participants did not
have a lower likelihood for sarcopenia after adjusting for
other differentiating factors.
Compared to their leaner counterparts after adjust-

ments for age, sex, level of education, and other chronic
conditions related to mobility disability (including sarco-
penia) (Model 2), those with visceral obesity were associ-
ated with a significantly increased risk for mobility
disability [OR (95% CI) of 2.36 (1.61, 3.47)] (Table 4).
Even after adjusting for BMI, waist circumference, and
percent body fat (Model 3), visceral obesity remained as-
sociated with a significantly increased risk for mobility
disability [OR (95% CI) of 2.04 (1.10, 3.77)] (Table 4).
We then further investigated the association between
obesity defined by the other measures and the odds of
mobility disability. After adjusting for visceral fat area
and the other obesity measures (Model 3), obesity de-
fined by BMI [OR (95% CI) of 1.43 (0.70, 2.94)], by waist
circumference [OR (95% CI) of 0.96 (0.56, 1.62)] and by
percent body fat [OR (95% CI) of 1.29 (0.69, 2.40)] were
no longer associated with an increased risk for mobility
disability (Table 4).

Discussion
Our study compared the performance of four measures
of obesity – namely BMI, waist circumference, percent
body fat, and visceral fat area – in discriminating be-
tween community-dwelling oldest-old Chinese adults
with and without mobility disability, and showed that
visceral fat area had the highest discriminative perform-
ance. We further determined optimal cut-off points of
≥ 104 cm2 in men and ≥ 137 cm2 in women for the dis-
crimination of oldest-old adults with mobility disability.
Finally, we showed that obesity defined by visceral fat
area remained consistently associated with significantly
increased risks for mobility disability even after adjust-
ments for chronic conditions like sarcopenia, and other
measures of obesity like BMI, waist circumference, and
percent body fat. Our findings provided evidence impli-
cating the role of visceral fat in mobility disability among
the oldest-old in the population.
Although BMI has been shown to correlate reasonably

well with overall adiposity in younger and middle-aged
adults [7, 8], many studies have since found that BMI is
actually a poor measure of overall adiposity in older
adults [2–5, 8]. The inability of BMI to accurately reflect
the true extent of adiposity in older adults has been pro-
posed to be caused by several different factors: First,
BMI does not account for the fact that older adults lose
height as they age, thus leading to overestimated values
within these populations [2–4, 8]. Second, BMI cannot
differentiate between fat mass and (fat-free) lean muscle
mass, and it is thus unable to account for the age-
dependent loss of lean body mass that commonly occurs

in older adults [2, 3, 8]. Third, BMI is unable to distin-
guish between peripheral and visceral obesity [2, 4]. This
last point is particularly pertinent to older adults as age-
ing is known to be associated with a decrease in periph-
eral and subcutaneous fat, while being associated with
an increase in visceral fat [2–4].
There are few studies that have examined the associ-

ation between waist circumference measurements and
various aspects of disability in oldest-old adults. The Vi-
tality 90+ Study in Finland studied 153 men and 416
women aged 90–91 years, and reported that when both
BMI and waist circumference were included in the same
model, only waist circumference remained significantly as-
sociated with an increased risk for disability in activities of
daily living [OR (95% CI) of 3.17 (1.51, 6.68) for the highest
compared to the lowest tertile of waist circumference] [43].
The Chinese Longitudinal Healthy Longevity Study (CLHL
S), which included 2303 men and 3192 women aged 80
years and above living in China, reported that when com-
pared to the lowest tertile, participants in the highest tertile
of waist circumference also had a greater risk for disability
in activities of daily living [OR (95% CI) of 2.01 (1.44, 2.82)]
[44]. Yet another study conducted among 200 community-
dwelling older adults aged 50 years and above in Singapore
showed that when compared to BMI and percent body fat,
sarcopenic obesity defined by waist circumference was best
associated with poorer muscle function [34]. This finding
was consistent with numerous other studies that had also
found that waist circumference was more significantly asso-
ciated with disability than BMI in younger populations of
older adults [45–54].
Although waist circumference has been shown to be

easy to measure in older adults, and strongly correlated
to both total body fat and visceral fat as measured by
CT [3, 7], the use of different anatomical landmarks to
measure waist circumference might lead to different
classifications of abdominal obesity [35, 55], and this
might be more problematic in our population of oldest-
old adults [20]. The other limitation inherent to waist
circumference measurements is the inability to differen-
tiate between the subcutaneous fat and the visceral fat
within the abdominal region [11]. As such, our study
meaningfully expanded upon the findings of those prior
studies by showing that it was the amount of visceral fat,
and not subcutaneous fat, that was associated with mo-
bility disability in oldest-old adults. To our best know-
ledge, this is the first study that has investigated the
association between visceral fat area and the risk of mo-
bility disability in the older adult population.
The biological plausibility of our findings could be ex-

plained by the anatomical, cellular, molecular, and
physiological differences between subcutaneous adipose
tissue and visceral adipose tissue [9]. For example, vis-
ceral adipose tissue is known to contain a greater
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percentage of large adipocytes, and a larger number of
inflammatory and immune cells than subcutaneous adi-
pose tissue [9]. Furthermore, the adipocytes in visceral
adipose tissue are also known to be more metabolically
active and more insulin-resistant [9]. Hence, not unex-
pectedly, compared to general obesity, visceral obesity
has also been shown to be more closely associated with
a wide variety of chronic diseases such as type-2 dia-
betes, atherogenic dyslipidemia, cardiovascular disease,
hypertension, specific cancers, obstructive sleep apnea,
and metabolic syndrome [10]. In this study, we further
showed that visceral obesity could also have significant
implications on mobility disability – defined as depend-
ence in carrying out physical activities related to daily
living due to reduced mobility [21]. Among the oldest-
old, this is undoubtedly an important ageing outcome.
In our oldest-old population, we found that women

had a higher mean visceral fat area and a higher optimal
cut-off point for visceral obesity when compared to men.
These findings are discrepant from what is known in
younger adult populations, where women have been
shown to have less visceral fat [56, 57] and lower cut-off
points for risk of heart disease, type-2 diabetes, and cer-
tain cancers [56]. Although age is known to be associ-
ated with an increase in visceral fat, more recent studies
have since found sex-specific differences in the rate of
increase in these age-related changes. For example, a
study in the United States reported that between the 3rd
and 7th decades of life, men had over a 200% increase in
visceral fat, whereas women had over a 400% increase
[56]. Similarly, another study in Japan showed that be-
tween 40 and 79 years, visceral fat area increased by
42.9% in men compared with 65.3% in women [57]. This
greater rate of age-related increase in visceral fat in
women compared to men might possibly explain the
higher values seen in our population of oldest-old
women. Finally, since having higher visceral fat areas has
been associated with increased risk of severe morbidity
and/or mortality earlier in life [10], our finding of a
higher visceral fat area in women than in men in this
population of the oldest-old could also be explained by a
relatively higher survival bias in men with lower visceral
fat than in women.
Since the obesity measures and outcome of mobility

disability were assessed at the same time in the cross-
sectional design of this study, we acknowledge that re-
verse causality cannot be excluded, and that we are un-
able to conclusively determine the temporal relationship
between obesity and mobility disability. Another limita-
tion concerned our definition of mobility disability,
which was assessed for using the Loco-Check question-
naire – a self-reported checklist [21]. In older adults,
studies have noted discrepancies or contrasting results
when functional limitations were assessed through self-

report, as opposed to when these limitations were
assessed by means of objective performance-based tests
[58–61]. These studies found that affective functioning
and personality traits [58], such as perception of physical
competence, mastery or personal control, and levels of
depressive symptomatology [59], affected the discrepan-
cies between self-reported and performance-based func-
tional limitations. Nevertheless, in spite of these
discrepancies, these studies still reported moderate [58]
to strong [60, 61] correlations between self-reported and
performance-based functional limitations. One other po-
tential limitation of our study concerned the
generalizability of our percent body fat and visceral fat
area measurements, as well as the applicability of our
visceral fat area cut-off points, which were all estimated
through DSM-BIA. Studies have suggested that, among
other factors, biological differences between different
ethnic populations might affect the relationship be-
tween electrical impedance and body composition
[14], leading to inaccurate estimates of both fat and
lean muscle mass. As such, our findings need to be
replicated in other oldest-old populations to validate
their generalizability. Going forward, it will also be
important to investigate whether these findings apply
to younger, general populations of older adults (i.e.,
those aged 65 years and above).

Conclusions
Our study found that when compared to other common
measures of obesity, visceral fat area had the highest per-
formance in discriminating between oldest-old
adults with and without mobility disability. We also
showed that obesity defined by visceral fat area remained
consistently associated with significantly increased risks
for mobility disability even after adjusting for chronic
conditions like sarcopenia, and other measures of obesity
like BMI, waist circumference, and percent body fat.
Our findings are aligned with studies which implicate
the putative role of visceral fat with risk of chronic dis-
eases among older adults, and they provide support for
measuring visceral fat using BIA in the screening of at-
risk oldest-old individuals in the community. Clinical in-
terventions targeting the reduction of visceral fat may
also decrease the likelihood of mobility disability in the
oldest-old population.

Abbreviations
AUCROC: Area under the receiver operating characteristic curve;
BIA: Bioelectrical impedance analysis; BMI: Body mass index; CI: Confidence
interval; CLHLS: Chinese Longitudinal Healthy Longevity Study;
CT: Computed tomography; DSM-BIA: Direct segmental multi-frequency bio-
electrical impedance analysis; MRI: Magnetic resonance imaging; OR: Odds
ratio; ROC: Receiver operating characteristic; SD: Standard deviation; SM-
MMSE: Singapore-modified Mini-Mental State Examination; WHO: World
Health Organization

Chua et al. BMC Geriatrics          (2021) 21:282 Page 8 of 10



Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12877-021-02226-6.

Additional file 1: Supplementary Table S1. Cross-validated perform-
ance of the four obesity measures in discriminating between oldest-old
adults with/without mobility disability, adjusted for sex. Five-fold cross-
validated performance of the four measures of obesity (modelled both
linearly and with restricted cubic splines) in discriminating between
oldest-old adults with and without disability after adjustment for sex.
Supplementary Figure S1. Flowchart of the Singapore Chinese Health
Study and the SG90 sub-cohort. Flowchart detailing the Singapore Chin-
ese Health Study, its three follow-up interviews, as well as the SG90 sub-
cohort.

Acknowledgements
We thank Siew-Hong Low of the National University of Singapore for super-
vising the fieldwork in the Singapore Chinese Health Study and the SG90
sub-cohort.

Authors’ contributions
W-P Koh and Y-S Chong designed the study. W-P Koh conducted the study.
W-P Koh, X Lin, Y Wang, and KY Chua analysed the data. W-S Lim assisted in
interpreting the data. KY Chua wrote the first draft, and all authors critically
edited the manuscript. W-P Koh had primary responsibility for final content.
All authors read and approved the final manuscript.

Funding
The SG90 study was jointly supported by the Agency for Science,
Technology and Research (A*STAR) under the A*STAR-AMED Joint Grant Call
in “Biological and molecular determinants of human ageing (AMED2016-
SG002)”, and the NUHS-A*STAR Biology of Human Ageing Program seed
funding. The Singapore Chinese Health Study was supported by the
Singapore National Medical Research Council [NMRC/CSA/0055/2013], the
United States National Cancer Institute, National Institutes of Health [UM1
CA182876 and R01 CA144034], and the Saw Swee Hock School of Public
Health, National University of Singapore. W-P Koh is supported by the Na-
tional Medical Research Council, Singapore (MOH-CSASI19nov-0001). The fun-
ders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Availability of data and materials
The datasets generated and/or analysed during the current study may be
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board at the National
University of Singapore, and written informed consent was obtained from all
study participants. All methods were carried out in accordance with relevant
guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Integrative Sciences and Engineering Programme, NUS Graduate School,
National University of Singapore, Singapore, Singapore. 2Saw Swee Hock
School of Public Health, National University of Singapore, Singapore,
Singapore. 3Centre for Quantitative Medicine, Duke-NUS Medical School,
Singapore, Singapore. 4Singapore Clinical Research Institute, Singapore,
Singapore. 5Health Services and Systems Research, Duke-NUS Medical
School, Singapore, Singapore. 6Department of Obstetrics & Gynaecology,
Yong Loo Lin School of Medicine, National University of Singapore, National
University Health System, Singapore, Singapore. 7Singapore Institute for
Clinical Sciences, Agency for Science Technology and Research (A*STAR),

Singapore, Singapore. 8Department of Geriatric Medicine, Institute of
Geriatrics and Active Aging, Tan Tock Seng Hospital, Singapore, Singapore.
9Healthy Longevity Translational Research Programme, Yong Loo Lin School
of Medicine, National University of Singapore, Singapore, Singapore.

Received: 2 December 2020 Accepted: 6 April 2021

References
1. World-Health-Organization. Obesity and overweight. Fact sheet no. 311.

January 2015. 2015.
2. Batsis JA, Zagaria AB. Addressing obesity in aging patients. Med Clin North

Am. 2018;102(1):65–85. https://doi.org/10.1016/j.mcna.2017.08.007.
3. Zamboni M, Mazzali G, Zoico E, Harris TB, Meigs JB, Di Francesco V, et al.

Health consequences of obesity in the elderly: a review of four unresolved
questions. Int J Obes. 2005;29(9):1011–29. https://doi.org/10.1038/sj.ijo.0803
005.

4. Decaria JE, Sharp C, Petrella RJ. Scoping review report: obesity in older
adults. Int J Obes. 2012;36(9):1141–50. https://doi.org/10.1038/ijo.2012.29.

5. McTigue KM, Hess R, Ziouras J. Obesity in older adults: a systematic review
of the evidence for diagnosis and treatment. Obesity (Silver Spring). 2006;
14(9):1485–97. https://doi.org/10.1038/oby.2006.171.

6. Kim TN. Elderly obesity: is it harmful or beneficial? J Obes Metab Syndr.
2018;27(2):84–92. https://doi.org/10.7570/jomes.2018.27.2.84.

7. Han TS, Tajar A, Lean ME. Obesity and weight management in the
elderly. Br Med Bull. 2011;97(1):169–96. https://doi.org/10.1093/bmb/
ldr002.

8. Villareal DT, Apovian CM, Kushner RF, Klein S, American Society for N, Naaso
TOS. Obesity in older adults: technical review and position statement of the
American Society for Nutrition and NAASO, The Obesity Society. Am J Clin
Nutr. 2005;82(5):923–34. https://doi.org/10.1093/ajcn/82.5.923.

9. Ibrahim MM. Subcutaneous and visceral adipose tissue: structural and
functional differences. Obes Rev. 2010;11(1):11–8. https://doi.org/10.1111/j.14
67-789X.2009.00623.x.

10. Tchernof A, Despres JP. Pathophysiology of human visceral obesity: an
update. Physiol Rev. 2013;93(1):359–404. https://doi.org/10.1152/physrev.
00033.2011.

11. Shuster A, Patlas M, Pinthus JH, Mourtzakis M. The clinical importance
of visceral adiposity: a critical review of methods for visceral adipose
tissue analysis. Br J Radiol. 2012;85(1009):1–10. https://doi.org/10.1259/
bjr/38447238.

12. Anderson CAM, Mongraw-Chaffin M. Central obesity in older adults: what
should be the priority? J Am Heart Assoc. 2018;7(16):e010119. https://doi.
org/10.1161/JAHA.118.010119.

13. Zamboni M, Mazzali G. Obesity in the elderly: an emerging health issue. Int
J Obes. 2012;36(9):1151–2. https://doi.org/10.1038/ijo.2012.120.

14. Batsis JA, Villareal DT. Sarcopenic obesity in older adults: aetiology,
epidemiology and treatment strategies. Nat Rev Endocrinol. 2018;14(9):513–
37. https://doi.org/10.1038/s41574-018-0062-9.

15. Suzman RM, Manton KG, Willis DP. Introducing the oldest old. In: The oldest
old; 1992. p. 3–14.

16. Suzman R, Beard J. Global health and aging. NIH Publ. 2011;1(4):273–7.
17. Hankin JH, Stram DO, Arakawa K, Park S, Low SH, Lee HP, et al. Singapore

Chinese health study: development, validation, and calibration of the
quantitative food frequency questionnaire. Nutr Cancer. 2001;39(2):187–95.
https://doi.org/10.1207/S15327914nc392_5.

18. Feng L, Chong MS, Lim WS, Ng TP. The modified mini-mental state
examination test: normative data for Singapore Chinese older adults and its
performance in detecting early cognitive impairment. Singap Med J. 2012;
53(7):458–62.

19. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, et al. Asian
Working Group for Sarcopenia: 2019 consensus update on sarcopenia
diagnosis and treatment. J Am Med Dir Assoc. 2020;21(3):300–7 e2. https://
doi.org/10.1016/j.jamda.2019.12.012.

20. Guerra RS, Amaral TF, Marques EA, Mota J, Restivo MT. Anatomical location
for waist circumference measurement in older adults: a preliminary study.
Nutr Hosp. 2012;27(5):1554–61. https://doi.org/10.3305/nh.2012.27.5.5922.

21. Nakamura K, Ogata T. Locomotive syndrome: definition and management.
Clin Rev Bone Miner Metab. 2016;14(2):56–67. https://doi.org/10.1007/s1201
8-016-9208-2.

Chua et al. BMC Geriatrics          (2021) 21:282 Page 9 of 10

https://doi.org/10.1186/s12877-021-02226-6
https://doi.org/10.1186/s12877-021-02226-6
https://doi.org/10.1016/j.mcna.2017.08.007
https://doi.org/10.1038/sj.ijo.0803005
https://doi.org/10.1038/sj.ijo.0803005
https://doi.org/10.1038/ijo.2012.29
https://doi.org/10.1038/oby.2006.171
https://doi.org/10.7570/jomes.2018.27.2.84
https://doi.org/10.1093/bmb/ldr002
https://doi.org/10.1093/bmb/ldr002
https://doi.org/10.1093/ajcn/82.5.923
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1259/bjr/38447238
https://doi.org/10.1259/bjr/38447238
https://doi.org/10.1161/JAHA.118.010119
https://doi.org/10.1161/JAHA.118.010119
https://doi.org/10.1038/ijo.2012.120
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.1207/S15327914nc392_5
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.3305/nh.2012.27.5.5922
https://doi.org/10.1007/s12018-016-9208-2
https://doi.org/10.1007/s12018-016-9208-2


22. Matsui Y, Takemura M, Harada A, Ando F, Shimokata H. Utility of “loco-
check,” self-checklist for “locomotive syndrome” as a tool for estimating the
physical dysfunction of elderly people. Health. 2013;05(12):97–102.

23. Noge S, Ohishi T, Yoshida T, Kumagai H. Quantitative assessment of
locomotive syndrome by the loco-check questionnaire in older Japanese
females. J Phys Ther Sci. 2017;29(9):1630–6. https://doi.org/10.1589/jpts.29.1
630.

24. Akahane M, Maeyashiki A, Yoshihara S, Tanaka Y, Imamura T. Relationship
between difficulties in daily activities and falling: loco-check as a self-
assessment of fall risk. Interact J Med Res. 2016;5(2):e20. https://doi.org/10.21
96/ijmr.5590.

25. StataCorp. Stata statistical software: release 14. College Station: StataCorp LP;
2015.

26. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under
two or more correlated receiver operating characteristic curves: a
nonparametric approach. Biometrics. 1988;44(3):837–45. https://doi.org/10.23
07/2531595.

27. Luque-Fernandez MA, Redondo-Sánchez D, Maringe C. Cvauroc: command
to compute cross-validated area under the curve for ROC analysis after
predictive modeling for binary outcomes. Stata J. 2019;19(3):615–25. https://
doi.org/10.1177/1536867X19874237.

28. Harrell F. Regression modeling strategies - with applications to linear
models, logistic regression, and survival analysis, vol. XXIV. 1st ed: Springer-
Verlag; 2001. p. 572.

29. Youden WJ. Index for rating diagnostic tests. Cancer. 1950;3(1):32–5. https://
doi.org/10.1002/1097-0142(1950)3:1<32::AID-CNCR2820030106>3.0.CO;2-3.

30. Fluss R, Faraggi D, Reiser B. Estimation of the Youden Index and its
associated cutoff point. Biom J. 2005;47(4):458–72. https://doi.org/10.1002/
bimj.200410135.

31. Consultation WHOE. Appropriate body-mass index for Asian populations
and its implications for policy and intervention strategies. Lancet. 2004;
363(9403):157–63.

32. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome--a new world-wide
definition. A consensus statement from the international diabetes
federation. Diabet Med. 2006;23(5):469–80. https://doi.org/10.1111/j.1464-54
91.2006.01858.x.

33. Dufour AB, Hannan MT, Murabito JM, Kiel DP, McLean RR. Sarcopenia
definitions considering body size and fat mass are associated with mobility
limitations: the Framingham study. J Gerontol A Biol Sci Med Sci. 2013;68(2):
168–74. https://doi.org/10.1093/gerona/gls109.

34. Khor EQ, Lim JP, Tay L, Yeo A, Yew S, Ding YY, et al. Obesity definitions in
Sarcopenic obesity: differences in prevalence, agreement and association
with muscle function. J Frailty Aging. 2020;9(1):37–43. https://doi.org/10.142
83/jfa.2019.28.

35. Ross R, Neeland IJ, Yamashita S, Shai I, Seidell J, Magni P, et al. Waist
circumference as a vital sign in clinical practice: a consensus statement from
the IAS and ICCR working group on visceral obesity. Nat Rev Endocrinol.
2020;16(3):177–89. https://doi.org/10.1038/s41574-019-0310-7.

36. R-Core-Team. R: a language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing; 2019.

37. Marsh AP, Rejeski WJ, Espeland MA, Miller ME, Church TS, Fielding RA, et al.
Muscle strength and BMI as predictors of major mobility disability in the
lifestyle interventions and Independence for elders pilot (LIFE-P). J Gerontol
A Biol Sci Med Sci. 2011;66(12):1376–83.

38. Watanabe D, Yoshida T, Watanabe Y, Yamada Y, Kimura M, Kyoto-Kameoka
SG. A U-shaped relationship between the prevalence of frailty and body
mass index in community-dwelling japanese older adults: The Kyoto-
Kameoka Study. J Clin Med. 2020;9(5):1367.

39. Hubbard RE, Lang IA, Llewellyn DJ, Rockwood K. Frailty, body mass index,
and abdominal obesity in older people. J Gerontol A Biol Sci Med Sci. 2010;
65(4):377–81.

40. Odegaard AO, Koh WP, Yu MC, Yuan JM. Body mass index and risk of
colorectal cancer in Chinese Singaporeans: the Singapore Chinese Health
Study. Cancer. 2011;117(16):3841–9. https://doi.org/10.1002/cncr.25936.

41. Odegaard AO, Pereira MA, Koh WP, Gross MD, Duval S, Yu MC, et al. BMI, all-
cause and cause-specific mortality in Chinese Singaporean men and
women: the Singapore Chinese health study. PLoS One. 2010;5(11):e14000.
https://doi.org/10.1371/journal.pone.0014000.

42. Visscher TL, Seidell JC, Molarius A, van der Kuip D, Hofman A, Witteman JC.
A comparison of body mass index, waist-hip ratio and waist circumference
as predictors of all-cause mortality among the elderly: the Rotterdam study.

Int J Obes Relat Metab Disord. 2001;25(11):1730–5. https://doi.org/10.1038/sj.
ijo.0801787.

43. Lisko I, Stenholm S, Raitanen J, Hurme M, Hervonen A, Jylha M, et al.
Association of body mass index and waist circumference with physical
functioning: the vitality 90+ study. J Gerontol A Biol Sci Med Sci. 2015;70(7):
885–91. https://doi.org/10.1093/gerona/glu202.

44. Yin Z, Shi X, Kraus VB, Brasher MS, Chen H, Liu Y, et al. Gender-dependent
association of body mass index and waist circumference with disability in
the Chinese oldest old. Obesity (Silver Spring). 2014;22(8):1918–25. https://
doi.org/10.1002/oby.20775.

45. Angleman SB, Harris TB, Melzer D. The role of waist circumference in
predicting disability in periretirement age adults. Int J Obes. 2006;30(2):364–
73. https://doi.org/10.1038/sj.ijo.0803130.

46. Chen H, Bermudez OI, Tucker KL. Waist circumference and weight change
are associated with disability among elderly Hispanics. J Gerontol A Biol Sci
Med Sci. 2002;57(1):M19–25. https://doi.org/10.1093/gerona/57.1.M19.

47. Chen H, Guo X. Obesity and functional disability in elderly Americans. J Am
Geriatr Soc. 2008;56(4):689–94. https://doi.org/10.1111/j.1532-5415.2007.01624.x.

48. Corona LP, Alexandre TD, Duarte YA, Lebrao ML. Abdominal obesity as a
risk factor for disability in Brazilian older adults. Public Health Nutr. 2017;
20(6):1046–53. https://doi.org/10.1017/S1368980016003505.

49. Gadelha AB, Neri SGR, Safons MP, Moreira SR, Lima RM. Comparisons
between body adiposity indexes and cutoff values in the prediction of
functional disability in older women. Rev Br Cineantropometria
Desempenho Humano. 2016;18(4):381–90. https://doi.org/10.5007/1980-003
7.2016v18n4p381.

50. Guallar-Castillon P, Sagardui-Villamor J, Banegas JR, Graciani A, Fornes NS,
Lopez Garcia E, et al. Waist circumference as a predictor of disability among
older adults. Obesity (Silver Spring). 2007;15(1):233–44. https://doi.org/10.103
8/oby.2007.532.

51. Houston DK, Stevens J, Cai J. Abdominal fat distribution and functional
limitations and disability in a biracial cohort: the atherosclerosis risk in
communities study. Int J Obes. 2005;29(12):1457–63. https://doi.org/10.1038/
sj.ijo.0803043.

52. Liao Q, Zheng Z, Xiu S, Chan P. Waist circumference is a better predictor of risk
for frailty than BMI in the community-dwelling elderly in Beijing. Aging Clin
Exp Res. 2018;30(11):1319–25. https://doi.org/10.1007/s40520-018-0933-x.

53. Muramoto A, Imagama S, Ito Z, Hirano K, Tauchi R, Ishiguro N, et al. Waist
circumference is associated with locomotive syndrome in elderly females. J
Orthop Sci. 2014;19(4):612–9. https://doi.org/10.1007/s00776-014-0559-6.

54. Ramsay SE, Whincup PH, Shaper AG, Wannamethee SG. The relations of
body composition and adiposity measures to ill health and physical
disability in elderly men. Am J Epidemiol. 2006;164(5):459–69. https://doi.
org/10.1093/aje/kwj217.

55. Ma WY, Yang CY, Shih SR, Hsieh HJ, Hung CS, Chiu FC, et al. Measurement
of waist circumference: midabdominal or iliac crest? Diabetes Care. 2013;
36(6):1660–6. https://doi.org/10.2337/dc12-1452.

56. Hunter GR, Gower BA, Kane BL. Age related shift in visceral fat. Int J Body
Compos Res. 2010;8(3):103–8.

57. Yamada M, Moriguch Y, Mitani T, Aoyama T, Arai H. Age-dependent
changes in skeletal muscle mass and visceral fat area in Japanese adults
from 40 to 79 years-of-age. Geriatr Gerontol Int. 2014;14(Suppl 1):8–14.
https://doi.org/10.1111/ggi.12209.

58. Kempen GI, van Heuvelen MJ, van den Brink RH, Kooijman AC, Klein M,
Houx PJ, et al. Factors affecting contrasting results between self-reported
and performance-based levels of physical limitation. Age Ageing. 1996;25(6):
458–64. https://doi.org/10.1093/ageing/25.6.458.

59. Kempen GI, Steverink N, Ormel J, Deeg DJ. The assessment of ADL among frail
elderly in an interview survey: self-report versus performance-based tests and
determinants of discrepancies. J Gerontol B Psychol Sci Soc Sci. 1996;51(5):254–60.

60. Kivinen P, Sulkava R, Halonen P, Nissinen A. Self-reported and performance-
based functional status and associated factors among elderly men: the
Finnish cohorts of the seven countries study. J Clin Epidemiol. 1998;51(12):
1243–52. https://doi.org/10.1016/S0895-4356(98)00115-2.

61. Coman L, Richardson J. Relationship between self-report and performance
measures of function: a systematic review. Can J Aging. 2006;25(3):253–70.
https://doi.org/10.1353/cja.2007.0001.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Chua et al. BMC Geriatrics          (2021) 21:282 Page 10 of 10

https://doi.org/10.1589/jpts.29.1630
https://doi.org/10.1589/jpts.29.1630
https://doi.org/10.2196/ijmr.5590
https://doi.org/10.2196/ijmr.5590
https://doi.org/10.2307/2531595
https://doi.org/10.2307/2531595
https://doi.org/10.1177/1536867X19874237
https://doi.org/10.1177/1536867X19874237
https://doi.org/10.1002/1097-0142(1950)3:1<32::AID-CNCR2820030106>3.0.CO;2-3
https://doi.org/10.1002/1097-0142(1950)3:1<32::AID-CNCR2820030106>3.0.CO;2-3
https://doi.org/10.1002/bimj.200410135
https://doi.org/10.1002/bimj.200410135
https://doi.org/10.1111/j.1464-5491.2006.01858.x
https://doi.org/10.1111/j.1464-5491.2006.01858.x
https://doi.org/10.1093/gerona/gls109
https://doi.org/10.14283/jfa.2019.28
https://doi.org/10.14283/jfa.2019.28
https://doi.org/10.1038/s41574-019-0310-7
https://doi.org/10.1002/cncr.25936
https://doi.org/10.1371/journal.pone.0014000
https://doi.org/10.1038/sj.ijo.0801787
https://doi.org/10.1038/sj.ijo.0801787
https://doi.org/10.1093/gerona/glu202
https://doi.org/10.1002/oby.20775
https://doi.org/10.1002/oby.20775
https://doi.org/10.1038/sj.ijo.0803130
https://doi.org/10.1093/gerona/57.1.M19
https://doi.org/10.1111/j.1532-5415.2007.01624.x
https://doi.org/10.1017/S1368980016003505
https://doi.org/10.5007/1980-0037.2016v18n4p381
https://doi.org/10.5007/1980-0037.2016v18n4p381
https://doi.org/10.1038/oby.2007.532
https://doi.org/10.1038/oby.2007.532
https://doi.org/10.1038/sj.ijo.0803043
https://doi.org/10.1038/sj.ijo.0803043
https://doi.org/10.1007/s40520-018-0933-x
https://doi.org/10.1007/s00776-014-0559-6
https://doi.org/10.1093/aje/kwj217
https://doi.org/10.1093/aje/kwj217
https://doi.org/10.2337/dc12-1452
https://doi.org/10.1111/ggi.12209
https://doi.org/10.1093/ageing/25.6.458
https://doi.org/10.1016/S0895-4356(98)00115-2
https://doi.org/10.1353/cja.2007.0001

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population
	Assessment of the four measures of obesity
	Assessment of the mobility disability outcome
	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

