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Purpose: The study aimed to investigate the association between body composition and
frailty in elder inpatients.

Patients and Methods: This is a cross-sectional study including 656 elder inpatients (275
females and 381 males) aged >65 years, from department of geriatrics of Zhejiang Hospital
between January 2018 and March 2019. Sociodemographic, health-related data and anthropometric
measurements were evaluated. Body composition was assessed by bioimpedance analysis (BIA),
mainly including skeletal muscle mass, body fat mass, total body water, fat-free mass,percent body
fat, basal metabolic rate. Frailty was assessed by Clinical Frailty Scale (CFS). Univariate logistic
regression was used to analyze the association between body composition and frailty.

Results: Frailty was present in 43.9% of the participants. Frail inpatients showed higher waist
circumference, body fat mass and percent body fat, non-frail inpatients showed greater upper arm
circumference, calf circumference, skeletal muscle mass, total body water, fat-free mass and
basal metabolic rate. Subjects with underweight (body mass index (BMI)<18.5 kg/m?; odds ratio
(OR), 95% confidence interval (CI)=4.146 (1.286—13.368) P=0.017) and those with high waist
circumference (OR 95% CI=1.428 (0.584-3.491) P<0.001), body fat mass (OR, 95% CI=1.143
(0.892—1.315) P<0.001) presented a higher risk of frailty compared to normal subjects. Skeletal
muscle mass (OR; 95% CI=0.159 (0.064-0.396) P<0.001) was a protective factor for frailty.
Conclusion: Frailty in elder Chinese inpatients was characterized by a body composition
phenotype with underweight, high waist circumference, low skeletal muscle mass and high
body fat mass. Underweight, abdominal obesity and sarcopenic obesity may, therefore, be
targets for intervention of frailty.
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Introduction

Frailty is a progressive age-related decline in physiological systems that results in
decreased reserves of intrinsic capacity, which confers extreme vulnerability to
stressors.' > As a result, frail old people are at increased risk of disease, disability,
hospitalization and death.*® For inpatients, frailty also affects hospitalization time,
expenses and mortality. However, the etiology and mechanism of frailty are not
fully understood. There are several risk factors related to frailty such as aging,
chronic disease, skeletal muscle disuse and cognitive function decline.”’ Many
studies have sought to assess frailty. The model of Fried' is most commonly used.
Rockwood et al* developed Clinical Frailty Scale (CFS) and validated its ability in
predicting adverse health outcomes. The CFS does not need complex questionnaire
and special facilities. It has some advantages to assess frailty, especially for

inpatients. For example, when the CFS assessment is performed, the patient is
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not required to complete a lot of actions. Although it has
been used in other countries, CFS has not been fully
validated in older Chinese people.

The body composition changes with age, especially in the
elder people. Some studies show that body composition of
the elder people is loss of muscle mass, loss of fat-free mass
and increase in total fat mass.®® These changes in body
composition in the elders have a great impact on the health
and quality of life and expose the elders to the risk of mal-
nutrition and could lead to conditions of disability.”

The relationship between body composition and frailty is

1'° found that elder Brazilian

complex and unclear. Ferriolli et a
subjects with elevated waist circumference presented a higher
risk of frailty. Falsarella et al'' found that frail elder people
have the characteristics of lower muscle mass, lower bone
mass and higher fat percentage. Reinders et al'* reviewed
recent literatures and found that obesity and high waist cir-
cumference show a high risk of association with frailty and the
relationship between muscle mass, muscle fat infiltration and
frailty remains unclear. Subjects of previous studies were
mainly elder residents of the community-dwelling and little
research studied the body composition of inpatients and its
correlation with frailty.

The association between frailty and body composition
has not been examined systematically in inpatients, although
a better understanding of the pathogenesis of frailty is very
important, especially for inpatients. Firstly, we compared the
different characteristics of frail and non-frail inpatients.
Then, we used logistic regression to investigate the associa-
tion between body composition and frailty in elder inpatients.
We hypothesized that low skeletal muscle mass and BMI,
high body fat mass and waist circumference are high-risk
factors of frailty in elder inpatients.

Materials and Methods
Study Subjects

The study used a cross-sectional design. Subjects were elder
inpatients recruited from the department of geriatrics of
Zhejiang Hospital between January 2018 and March 2019.
The inclusion criteria were >65 years of age and the ability to
communicate. The subjects with the following characteristics
were excluded from this study: significant cognitive deficit-
Mini-Mental-State-Examination (MMSE) (<14) and poor
compliance to evaluation. Inpatients with peripheral amputa-
tion and life-sustaining transplantable medical instruments
such as pacemakers in the body, for whom we were unable to
use the BIA analyzer due to these conditions, were also

excluded. All subjects underwent anthropometric assessment
and body composition evaluation by well-trained nurses. Our
study was conducted in accordance with the Declaration of
Helsinki and was approved by the clinical research ethics
committee of Zhejiang Hospital. Written informed consent
was obtained from each subject.

Instruments and Measures

Sociodemographic and Health-Related Characteristics
Sociodemographic and health-related characteristics including
age, gender, hearing, eyesight, fall, comorbidity, polyphar-
macy, smoking history, drinking history were collected.
A fall is a sudden, involuntary, unintentional change of
body position, falling to the ground or a lower plane."
Comorbidities were defined as coexisting five kinds or more
diseases. Participants who took five or more oral prescription

medications were considered as polypharmacy.'*

Anthropometric Measurements

Weight (kg) was measured by a standard electronic scale and
height (m) by a fixed graduation rule in the wall. Body mass
index (BMI) was calculated by weight/height’, i.e.,
BMI=weight/height”. BMI is classified according to
criteria proposed by WHO."> Underweight was defined as
BMI<18.5 kg/m2, normal weight as 18.5<BMI<25.0
kg/m2, overweight as 25<BMI<30.0kg/m2, obesity as
BMI>30 kg/m2. Upper arm circumference was measured
using a tape around the thickest part of the upper arm. Waist
circumference was measured at the narrowest part of the body
between the chest and hips. According to the criteria of
WHO,'® waist circumference of 88 cm or more (for women)
and 102 cm or more (for men) was defined as abdominal
obesity (high waist circumference). Calf circumference was
measured in the most prominent region of the leg with the
subject in a sitting position with both legs on the floor and
relaxed.

Body Composition Measurements

Body composition was assessed by BIA with a body com-
position device, InBody S10 (BioSpace, Seoul, Korea).
InBody S10 is based on multi-frequency BIA that analyzes
body composition in 5 segments of the body (right upper
limb, left upper limb, trunk, right lower limb, left lower
limb) at 6 different frequencies (1, 5, 50, 250, 500, and
1000 kHz). The device measured the amount of skeletal
muscle mass, body fat mass, total body water, fat-free
mass, percent body fat and basal metabolic rate.
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Frailty Measurements

In the study, frailty was assessed by CFS and determined by
a geriatrician trained for scoring with the CFS scale. The CFS
was assigned from 1 to 9 (1, very fit; 2, well; 3, managing well;
4, vulnerable; 5, mildly frail; 6, moderately frail; 7, severely
frail; 8, very severely frail; 9, terminally ill) (2). The CFS > 5
was considered as frail and CFS< 4 as non-frail.>'®

Statistical Analyses

Categorical variables were presented through percentages,
while means and standard deviation were applied for contin-
uous variables. The student’s ¢ test (for normally distributed
continuous data, such as age, height, weight, body composi-
tions) and Chi-square test (for covariate variables, such as
gender, comorbidities, polypharmacy, hearing loss, eyesight
loss, fall, smoking history, drinking history and BMI cate-
gories) were used to compare the differences in the non-frail
group and the frail group. Furthermore, we used the univariate
logistic regression to analyze the association between frailty
and body composition in total sample; and the frail status was
considered as the dependent variable, those variables of P<0.1
in univariate analysis and gender'” were defined as covariates.
At last, after adjusting for age, gender, hearing loss, eyesight
loss, fall, comorbidity and polypharmacy, the multinomial
logistic regression was used to explore these two relationships.

Total patients

The odds ratio (OR) for significant values was calculated by
using the logistic regression analysis. The analyses of all
variables were calculated with a 95% confidence interval
(CI) and P<0.05 was considered as statistically significant.
Statistical analysis was performed using PASW Statistics (ver-
sion 18.0, SPSS Inc., Chicago, IL).

Results
There were 904 inpatients in the department of geriatrics of
Zhejiang Hospital between Jan 2018 and Mar 2019. 248 were
excluded from analysis due to: refusal to participate (n=43),
age <65 years (n =68), missing data (n=35), with MMSE
below 14 (n=87), with pacemakers (n=15). At last, a total of
656 elder inpatients were included in this study with a mean
age of 83.29+8.29 years (range: 65-100 years) (Figure 1). As
shown in Table 1, 368 participants (56.1%) were determined
as non-frail and 288 participants (43.9%) were frail based on
the CFS. Gender, weight, height, smoking and drinking were
not different between frail and non-frail participants
(p>0.05). Hearing loss, eyesight loss, comorbidity, polyphar-
macy, age and fall were more frequent in frail participants
than non-frail participants (p<0.001).

For the body composition, frail participants showed sig-
nificantly higher waist circumference, body fat mass and

Final patients
(n=656)

Figure | Flowchart of patient inclusion.
Abbreviation: MMSE, Mini-Mental State Examination.

(n=904)
Refuse to participate(n=43)
Age <65 years (n=68)
V
Agreed to participate
(n=793)
Patients were excluded for
MMSE<14 (n=87)
>| With pacemakers (n=15)
V
Meet inclusion criteria
(n=691)
Missing data
> (n=35)
V
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Table | Participants’ Characteristics by Frailty Subgroups

Characteristics Total Sample (n=656) Non-Frail (n=368) Frail (n=288) P-value

Age (mean *SD) 83.29+8.29 79.55+8.16 88.07+5.55 <0.001

Gender, n (%) 0.907
Male 381(58.1%) 213(57.9%) 168(58.3%)
Female 275(41.9%) 155(42.1%) 120(41.7%)

Comorbidity, n(%) <0.001
No 228(34.8%) 163(44.3%) 65(22.6%)
Yes 428(65.2) 205(55.7%) 223(77.4%)

Polypharmacy, n(%) <0.001
No 308 (47.0%) 221 (60.1%) 87(30.2%)
Yes 348 (53.0%) 147(39.9%) 201(69.8%)

Hearing, n(%) <0.001
Normal 339 (51.7%) 220(59.5%) 119(41.3%)
Loss 317 (48.3%) 150(40.5%) 169(58.7%)

Eyesight, n(%) <0.001
Normal 279(42.5%) 187(50.8%) 92(48.9%)
Loss 377(57.5%)) 181(49.2%) 196(51.1%)

Fall, n(%) <0.001
No 493(75.2%) 300(81.5%) 193(67.0%)
Yes 163(24.8%) 68(18.5%) 95(33.0%)

Smoking history, n(%) 0.157
Never smoking 484 (73.8%) 278(75.5%) 206(71.5%)
Former smoker 103 (15.7%) 49(13.3%) 54(18.8%)
Current smoker 69 (10.5%) 41(11.1%) 28(9.7%)

Drinking history, n (%) 0.333
Never drinking 505 (77.0%) 283(76.9%) 222(77.1%)
Former drinker 39 (5.9%) 18(4.9%) 21(7.3%)
Current drinker 112 (17.1%) 67(18.2%) 45(15.6%)
Height, (mean +SD) 161.27+8.54 161.85+8.09 160.43+9.10 0.041
Weight, (mean +SD) 60.66x11.27 61.37+10.73 59.65x11.93 0.060

BMI categories, n(%) 0.109
Underweight (BMI<18.5 kg/m?) 52(8.4%) 26(7.1%) 26(10.2%)
Normal weight (18.5<BMI<25.0 kg/m?) 382(61.4%) 230(62.8%) 152(59.4%)
Overweight (25<BMI<30.0kg/m?) 165(26.5%) 101(27.6%) 64(25.0%)
Obesity (230 kg/m?) 23(3.7%) 9(2.5%) 14(5.5%)

Body composition (mean +SD)
Left calf circumference 33.00+£3.43 33.75£3.05 32.01+3.66 <0.001
Right calf circumference 33.17£3.50 33.93+3.17 32.16£3.66 <0.001
Left arm circumference 25.46%3.10 25.76%2.79 25.07+£3.43 0.007
Right arm circumference 25.80+3.11 26.131£2.86 25.36+2.38 0.003
Waist circumference 88.34+10.36 87.4219.26 89.58+11.58 0.011
Skeletal muscle mass 23.36+4.86 24.15+4.64 22.18+4.97 <0.001
Body fat mass 17.59+6.61 16.85+5.81 18.70+7.53 0.002
Total body water 31.77+6.08 32.5945.82 30.56+6.25 <0.001
Fat-free mass 43.85+15.31 44.36+7.57 43.10+22.25 <0.001
Body fat percentage 28.36+8.08 27.12+7.22 30.22+8.91 <0.001
Basal metabolic rate 1299.81+189.27 1322.68+179.83 1265.46+198.15 <0.001

Note: Data in bold indicate P<0.05.

Abbreviations: BMI, body mass index; SD, standard deviation.
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body fat percentage than non-frail participants (p<0.05),
while non-frail participants showed significantly greater
upper arm circumference, calf circumference, skeletal mus-
cle mass, total body water, fat-free mass and basal metabolic
rate than frail participants (all p<0.05, Table 1).

Table 2 shows each risk factor associated with frailty by
univariate logistic regression analysis. The results indicated
that age, eyesight loss, hearing loss, fall, comorbidity and
polypharmacy were associated with frailty (all p<0.05). For
the body composition, calf circumference, arm circumfer-
ence, high waist circumference, skeletal muscle mass, body
fat mass, total body water, body fat percentage, basal meta-
bolic rate, underweight were associated with frailty (all
p<0.05). However, gender and fat-free mass were not asso-
ciated with frailty (p>0.05).

After adjustment of age, gender, hearing loss, eyesight
loss, fall, comorbidity and polypharmacy, we found that
underweight, high waist circumference, body fat mass and
skeletal muscle mass were associated with frailty (Table 3).
Skeletal muscle mass was a protective factor for frailty,

Table 2 Risk Factors Associated with Frailty by Univariate
Logistic Regression Analysis

Risk Factors Frailty OR (95% CI) | P-value
Age 1.194(1.158-1.236) <0.001
Gender 0.982(0.718-1.342) 0.907
Hearing loss 1.780(1.431-2.213) <0.001
Eyesight loss 2.214(1.657-2.722) <0.001
Comorbidity 2.728(1.933-3.850) <0.001
Polypharmacy 3.473(2.505-4.816) <0.001
Fall 2.172(1.515-3.113) <0.001
Left calf circumference 0.855(0.813-0.899) <0.001
Right calf circumference 0.857(0.815-0.901) <0.001
Left arm circumference 0.930(0.882-0.980) 0.007
Right arm circumference 0.921(0.873-0.902) 0.003
Waist circumference 1.021(1.005-1.037) 0.011
High waist circumference 1.858(1.298-2.660) <0.001
Skeletal muscle mass 0.917(0.883-0.952) <0.001
Body fat mass 1.044(1.016-1.072) 0.002
Total body water 0.945(0.917-0.974) <0.001
Fat-free mass 0.993(0.976—1.009) 0.386
Body fat percentage 1.051(1.027-1.075) <0.001
Basal metabolic rate 0.998(0.997-0.999) <0.001
BMI categories

Normal weight 18.5<BMI<25.0 Ref.

Underweight BMI<18.5 3.040(1.239-7.461) 0.015

Overweight 25.0sBMI<30.0 0.928(0.496—1.735) 0814

Obesity BMI230.0 1.671(0.437-6.391) 0.453

Note: Data in bold indicate P<0.05.

Abbreviations: OR, odds ratio; Cl, confidence interval; BMI, body mass index.

Table 3 Association Between Waist Circumferences, Skeletal
Muscle Mass, Body Fat Mass, BMI and Frailty by Multinomial
Logistic Regression

Risk Factors Adjusted Model P-value
OR (95% CI)

High waist circumference 1.428(0.584-3.491) <0.001

Skeletal muscle mass 0.159(0.064-0.396) <0.001

Body fat mass 1.143(0.892—-1.315) <0.001

BMI categories
Normal weight 18.5sBMI<25.0 | Ref.
Underweight BMI<18.5 4.146(1.286-13.368) | 0.017
Overweight 25.0sBMI<30.0 1.117(0.471-2.653) 0.801
Obesity BMI230.0 2.072(0.358-11.989) | 0.416

Notes: Data in bold indicate P<0.05. Multinomial logistic regression models
adjusted for age, gender, hearing loss, eyesight loss, fall, comorbidity, polypharmacy.
Abbreviations: OR, odds Ratio; Cl, confidence interval; BMI, body mass index.

while underweight, high waist circumference, high body
fat mass were risk factors for frailty.

Discussion

The main findings of the present study were that frail elder
inpatients had the characteristics of underweight, high
waist circumference, high body fat mass and low skeletal
muscle mass.

In the present study, underweight in elder inpatients
was associated with an almost four-fold increased risk of
developing frailty as compared to those with normal
weight. However, overweight and obesity elder inpatients
showed no higher risk of frailty. The relationship between
frailty and BMI is discordance. Some studies showed that
low BMI and obesity were both associated with a higher
risk of frailty in the elders. Blaum et al'® conducted
a study including 599 community-dwelling adults aged
70-79 years and found obesity was significantly associated
with pre-frailty and frailty. Another study identified lower
BMI as risk factors for frailty in 109 community-dwelling
elder women.'® But other studies showed no higher risk of
frailty among obese underweight/normal elder adults.''*
BMI is affected by many factors, such as body size,
skeletal and muscular weight, and it does not reflect the
body fat distribution. Underweight may develop chronic
diseases, undernourishment and sarcopenia, which were
also associated with increased risk for frailty.

In general, BMI is related to general obesity and waist
circumference can more accurately reflect abdominal obesity.
Ramsay et al*' found that frail men in British had high waist
circumference when compared with non-frail men. The simi-
lar results were reported in other studies.'®** Liao et al*®
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further found that abdominal obesity is more closely asso-
ciated with incidence of frailty than general obesity in the
elders. Consistently, in the present study, we found that high
waist circumference and body fat mass in elder inpatients
were risk factors for frailty. Abdominal obesity is associated
with systemic inflammation, oxidative stress and insulin
resistance.>**> Abdominal obesity is also related to cardio-
vascular disease and diabetes. It is known that adipose tissue
is a metabolic tissue that secretes hormones and proteins. For
example, it produces cytokines such as leptin, adiponectin,
resisting, Tumor necrosis factor, interleukin-6 and visfatin.
Increased inflammation and insulin resistance contribute to
decline of muscle mass and strength,>® which have been
proposed to mediate the mechanisms leading to frailty.

Spira et al*’

studied the association between appendi-
cular lean mass and frailty status in a sample of commu-
nity-dwelling elder adults and found that low appendicular
lean mass was associated with a 2.4-times increase of risk
of prefrail or frail. Idoate et al*° found that 29 frail elder
adults had lower-dense muscle tissue when compared to
13 non-frail older adults. But Williams et al*' only found
a weak association between muscle mass and frailty in the
sample of elder adults with cancer. Makizako et al** found
that social frailty was not independently associated with
loss of skeletal muscle mass after adjusting for covariates.
In the present study, skeletal muscle mass in frail inpati-
ents was less than that in non-frail inpatients. Skeletal
muscle mass is important for the health of the elders.
Low skeletal muscle mass is related to the decline in the
nutritional, functional, endocrine and cognitive status
while higher muscle mass is associated with better survival
in the elders,®® which may be one reason for the higher
comorbidity in frail inpatients in the present study.

In the present study, frail patients had high body fat
mass and low skeletal muscle mass. Some studies have
described this symptom as “sarcopenic obesity”. The
pathogenesis of sarcopenic obesity is complex, with an
interplay between aging, lifestyle, hormones, oxidative
stress, neuromuscular changes, vascular and immunologi-
cal factors.***> Sarcopenic obesity may affect the disor-
ders of metabolism, physical capacity, and quality of life.>*
The combination of high body fat mass and low skeletal
muscle mass would be more strongly associated with
health risk and disability than either condition alone.*
Hirani et al’” found that men with sarcopenic obesity had
an increased risk of frailty. Jarosz et al*® also thought that
sarcopenic obesity is an emerging cause of frailty in elder
adults.

Thus, the present study supports the view that the effect of
body composition on frailty is mainly through three pathways.
The first one is underweight to develop chronic diseases,
undernourishment and sarcopenia. The second one is sarcope-
nic obesity which may affect physical capacity and result
disorders of metabolism. The last one is abdominal obesity,
involving inflammation, oxidative stress, insulin resistance,
cardiovascular disease and diabetes as the primary causes.

It should be pointed out that the frailty prevalence in the
present study was higher than previous reports,' which may
be attributed by elder and hospitalized participants in the
present study. Because of the different definitions of frailty,
inclusion criteria, exclusion criteria, areas, genders, ages, the
prevalence of frailty may be widely differing between studies.
In a systematic review, a total of 21 studies reported frailty
prevalence rates of 4.0~59.1%.>° There were also some other
limitations in the present study and its results should be viewed
with caution. This is a cross-sectional study, and the associa-
tions observed could not establish a causal nexus between the
studied variables and frailty. Our study was an observational
research and subjects were from one hospital, which may limit
the potential for extrapolating study results. A lot of factors
were included in the present study, we cannot exclude some
residual confounding influence due to co-morbid conditions.
Further prospective studies are needed to explore the associa-
tion between frailty and body composition.

Conclusion

This study highlights the relationship of body composition
with frailty. The body composition of the frail elder inpa-
tients was found to be characterized by low skeletal mus-
cle mass, underweight and high body fat mass, high waist
circumference compared with the non-frail inpatients.
Underweight, abdominal obesity and sarcopenic obesity
may, therefore, be targets for intervention for frailty.
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