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Background: Frailty and obesity are associated with poor outcomes in older adults. Previous studies have shown that excessive 
visceral fat leads to frailty by promoting inflammation. However, the association between visceral fat obesity (VFO) and frailty has not 
been elucidated. We aimed to investigate the correlation between VFO and frailty in middle-aged and older adults.
Methods: A total of 483 adults aged ≥45 years were recruited. Estimated visceral fat area (eVFA) and total fat (TF) were determined 
by bioimpedance analysis. Waist circumference, body mass index (BMI), and waist-to-hip ratio (WHR) were recorded. Frailty was 
assessed using the Fried frailty phenotype. Logistic regression analysis was used to analyze the association between frailty and other 
variables. Spearman correlation coefficients were calculated to assess the correlations between the frailty phenotype score, eVFA/TF, 
and other factors.
Results: Frail adults were older and had higher waist circumference, eVFA metabolic indicators, and coronary artery disease 
incidence. Participants with frailty had a higher prevalence of VFO than those without. After adjusting for age, sex, and chronic 
diseases, frailty was associated with eVFA but not waist circumference, WHR, or BMI. Spearman correlation analysis showed that the 
frailty phenotype score was positively associated with eVFA and BMI in women but not men. After adjusting for age, frailty was not 
associated with BMI or WHR. The eVFA/TF ratio was negatively correlated with grip strength and walking speed and positively 
correlated with the clinical frailty scale score in middle-aged and older adults.
Conclusion: Middle-aged and older adults with VFO had a higher risk of frailty. Frailty was associated with a higher eVFA but not 
with BMI or WHR. The frailty score was positively associated with eVFA and BMI in women, but not in men. A higher eVFA was 
correlated with worse physical function, even after adjusting for TF.
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Introduction
Frailty is a medical syndrome with decreased multisystem function, manifested by increased susceptibility to stress 
events and increased risk of disability, falls, fractures, hospitalization, dependency, and death.1 Although frailty was 
initially identified and confirmed in older adults, increasing evidence suggests that frailty is a marker of the health status 
of inpatients in all age groups.2,3 Therefore, frailty does not only affect older adults; it can be measured from the middle 
years, thereby expanding the possibility of prevention and strengthening the focus on frailty development in the course of 
life.

Obesity has been recognized as one of the most serious public health problems and may exacerbate age-related 
declines in health and physical function, leading to deterioration in overall health and quality of life.4 Obesity is one of 
the most important predictors of cardiovascular and cerebrovascular diseases.5 Intra-abdominal fat is more harmful to the 
cardiovascular and metabolic systems than abdominal wall fat.6 Visceral fat is an independent risk factor for all-cause 
mortality.7 The relationship between visceral fat and longevity is causal, visceral fat depletion as a potential treatment 
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strategy to prevent or delay age-related diseases and to increase longevity.8 Bioelectrical impedance analysis (BIA) has 
been used to assess visceral fat area (VFA), reflecting the degree and distribution of visceral fat accumulation.9 Adults 
with VFA ≥100 cm2 can be diagnosed with visceral fat obesity (VFO).10

Frail older adults with obesity have a high mortality.11 Abdominal obesity is a risk factor for frailty in various 
populations.12,13 Recent studies highlighted the importance of assessing body mass index (BMI) and waist circumference 
(WC) in older adults, suggesting that general and abdominal obesity should be routinely screened to determine frailty in 
clinical practice.14 Frail patients are more likely to have a higher body fat mass and WC.15 Furthermore, WC is a better 
indicator for detecting frailty than BMI.13 Excessive visceral fat can lead to frailty by promoting inflammation and 
increasing insulin resistance.16 However, the relationship between VFO and frailty has not been investigated. Therefore, 
we aimed to clarify the association between VFO, which is harmful to health, and frailty. In addition, the selection of 
middle-aged and older adults is more conducive to early detection and intervention. We hypothesized that VFO would be 
associated with a high risk of frailty in middle-aged and older adults.

Methods
Study Population
A total of 483 participants (45–97 years), 211 middle-aged adults (45–64 years) and 272 older adults (65–97 years), were 
recruited. The average age for the total population was 68.82±11.04 years, including 295 men and 188 women. Data on 
medical history and physical and laboratory examinations were collected. Those who could not complete the assessments 
or had severe diseases, including heart, liver, kidney, thyroid, and hematological diseases, were excluded. Adults with 
peripheral amputation and life-sustaining transplantable medical instruments such as pacemakers for whom we were 
unable to use BIA due to these conditions were also excluded. The study was conducted in accordance with the 
Declaration of Helsinki and was approved by the ethics committee of Xuanwu Hospital Capital Medical University 
(2018–039). Written informed consent was obtained from each participant.

Frailty Assessment
Frailty was assessed by frailty phenotype by Fried et al17 including the following five items: 1) Shrinking was defined as 
unintentional weight loss by ≥4.5 kg or ≥5% of body weight in the past year;17 2) Weakness used the cutoff value of 
handgrip strength based on Chinese older adults, adjusted for sex and BMI;18 3) Fatigue was identified by two questions 
from the Center for Epidemiological Studies Depression Scale: “I felt that everything I did was an effort” or “I could not 
get going”;19 4) Slowness used the cutoff value of walking speed based on our previous study, adjusted for sex and 
height;20 5) Inactivity was defined as self-reported exercise for <3h/week over the past 12 months.21 Frailty was 
classified as the presence of three or more of these criteria, and non-frailty as less than 3.

Handgrip strength was measured in the standing position with participants wearing light clothes. Both hands were 
measured using a CAMRY EH101 electronic grip meter (SENSSUN, China). Two measurements were performed for 
each individual, and a higher value was recorded in kilograms (kg). Walking was measured over 4 m in an unobstructed 
corridor. Individuals were instructed to walk at their usual pace, and walking time was recorded. The ratio of 4 m to time 
was the walking speed.

The Clinical Frailty Scale (CFS) was used to assess a person’s level of frailty. CFS is a judgment-based frailty tool 
that evaluates specific domains, including comorbidity, function, and cognition, to generate a frailty score ranging from 1 
(very fit) to 9 (terminally ill).22

Anthropometric Assessment
Trained staff administered a structured questionnaire through interviews and collected anthropometric measurements 
using standard procedures.23 Height, body mass, WC, and hip circumference were recorded. Waist-to-hip ratio 
(WHR) is the ratio of WC divided by hip circumference. BMI was calculated as weight (kg) divided by height 
(m) squared.
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Assessment of Estimated VFA
Estimated VFA (eVFA) and total fat (TF) were assessed using BIA with a body composition analyzer, ioi353 (JAWON, 
Korea). We used ioi353 to analyze body composition in five segments of the body (right upper limb, left upper limb, 
trunk, right lower limb, and left lower limb) with 8 points of tactile electrodes, according to the manufacturer’s 
guidelines. The BIA method for measuring VFA is significantly associated with computed tomography (CT), which is 
the gold standard for measuring VFA.24 Individuals with an eVFA ≥100 cm2 were defined as having a VFO.10 The eVFA/ 
TF is the ratio of eVFA divided by TF.

Clinical Assessment
After a rest period of at least 10 min, systolic blood pressure (SBP) and diastolic blood pressure (DBP) (HBP-1300, 
Omron electronic sphygmomanometer, Japan) in the left and right arms were measured in the supine position, and the 
mean value calculated. Hypertension was defined as SBP ≥140 mmHg (1 mmH=0.133 kPa), DBP ≥90 mmHg, per the 
use of antihypertensive medication based on WHO guidelines for the management of hypertension.25 Type 2 diabetes 
was defined based on the 2006 WHO National Diabetes Group criteria26 or use of treatments for diabetes. Coronary heart 
disease (CHD) was defined as significant coronary stenosis(es) on coronary angiography or CT and/or positive ischemia 
by stress myocardial scintigraphy.27

Laboratory Assessment
Fasting blood glucose (FBG), glycated hemoglobin, type A1C (HbA1c), alanine transaminase (ALT), uric acid (UA), 
total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), 
triglyceride (TG), serum creatinine (SCr), and homocysteine (HCY) levels were measured using 12-h fasting blood 
samples.

Statistical Analysis
Data are presented as mean±standard deviation, mean rank, or number and percentage. Differences in the characteristics 
between the two groups were evaluated using the chi-squared test for categorical variables, independent t-test for 
continuous variables, and Kruskal–Wallis comparisons for abnormally distributed continuous variables. Binary logistic 
regression analysis adjusted for age, sex, and other risk factors was used to identify the factors associated with frailty. 
Spearman correlation coefficients were calculated to assess the relationship between frailty phenotype score, eVFA/TF, 
and other factors. All statistical analyses were performed with SPSS (Chicago, IL, USA, version 25.0) or GraphPad 
Prism 9.3 software (GraphPad Software Inc., CA, USA). P-value was considered significant at <0.05.

Results
A total of 350 participants were diagnosed with as VFO in this population (72.5%). As shown in Table S1, for the total 
population, WC was 96.33±8.65 cm in men and 87.56±9.48 cm in women. eVFA was 144.82±41.20 cm2 in men and 
94.86±37.25 cm2 in women. The percentage of patients with hypertension, type 2 diabetes, and CHD were 70.2%, 
38.1%, and 29.8%, respectively. The average frailty phenotype score was 1.04±1.10. Among the 47 participants (9.7%) 
categorized as frail, 0.95% were middle-aged adults, and 16.5% were older adults. The average CFS score was 
4.67±1.37.

Participants with frailty were older and had more chronic diseases such as CHD. The estimated VFA and WC in the 
frail group was higher than those in the non-frail group; however, BMI and WHR were not different. CFS score, DBP, 
HbA1c, TG, TC, LDL-C, and SCr levels were higher in the frail group than in the non-frail group. Participants with 
frailty had a higher prevalence of VFO than those without it (89.4% vs 70.2%, P=0.042) (Table 1). Binary logistic 
regression analysis showed that, after adjusting for sex, age, CHD, WC, DBP, HbA1c, TC, TG, LDL-C, and Scr, eVFA 
was associated with frailty (odds ratio [OR]=0.982, 95% CI: 0.969–0.996, P=0.010) (Table 2).

We further examined the correlation between the frailty phenotype score and eVFA, BMI, and WHR. The frailty 
phenotype score was positively correlated with eVFA (r=0.208, P=0.013) and BMI (r=0.202, P=0.005) in middle-aged 
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and older women adults, and not associated with WHR (r=0.179, P=0.069) (Figure 1A–1C). For men, the frailty 
phenotype score was negatively associated with BMI (r=−0.134, P=0.022) before adjusting by age and this relationship 
was lost afterward (Table 3). However, after adjusting for age, frailty was not found to be associated with BMI or WHR. 
Further analysis of the subgroup of older adults showed that the frailty phenotype score was positively correlated with 
eVFA (r=0.147, P=0.038) (Figure 1D) but not with BMI or WHR (data not shown).

To avoid the effect of TF on the above association, we used the ratio of eVFA/TF to analyze the correlation between 
eVFA and physical function (grip strength and walking speed) and CFS. Higher eVFA/TF was associated with worse 
physical function, as indicated by weaker grip strength (men: r=−0.559, P<0.001; women: r=−0.307, P<0.001) and 
slower walking speed (men: r=−0.325, P<0.001; women: r=−0.200, P=0.026), as well as higher levels of frailty (CFS, 
men: r=0.335, P<0.001; women: r=0.284, P=0.001) in the total population. In older adults, eVFA/TF was negatively 

Table 1 Comparison Between Frail and the Non-Frail Adults

Non-Frail (n=436) Frail (n=47) P value

General data Sex (Male, n (%)) 259 (59.4%) 33 (70.2%) 0.147
Age (years) 67.27±10.34 81.66±7.93 <0.001

BMI/ (kg/m2) 25.53±3.09 25.47±3.90 0.758

SBP (mmHg) 135.72±17.82 136.02±19.01 0.958
DBP (mmHg) 76.09±11.14 70.79±10.69 0.002

Obesity WC (cm) 92.58±9.89 96.62±10.92 0.027

WHR 0.94±0.07 0.96±0.05 0.105
eVFA (cm2) 123.04±45.84 154.05±50.26 0.005

TF (kg) 20.40±5.50 20.80±6.15 0.955
CFS CFS score 3.14±1.2 5.60±1.01 <0.001

Glucose and lipid metabolism FBG (mmoL/L) 5.8524±1.97 6.10±2.59 0.534

HbA1c (%) 6.32±1.30 6.66±1.46 0.007
ALT (U/l) 19.96±11.61 21.38±20.76 0.076

UA (μmol/L) 339.71±88.54 355.70±86.54 0.181

TG (mmol/L) 1.74±1.31 1.38±0.68 0.015
TC (mmol/L) 4.37±1.08 4.00±1.04 0.017

LDL-C (mmol/L) 2.60±0.86 2.29±0.82 0.021

HDL-C (mmol/L) 1.21±0.33 1.18±0.31 0.735
Scr (μmoL/L) 70.85±35.90 84.47±44.92 0.016

HCY (μmoL/L) 14.81±6.85 15.42±5.15 0.127

Chronic diseases Hypertension (n, %) 302 (69.3%) 36 (76.6%) 0.083
T2D (n, %) 162 (37.2%) 23 (48.9%) 0.329

CHD (n, %) 116 (26.6%) 28 (59.6%) <0.001

Notes: Data were expressed as mean (standard deviation), median (interquartile range) or n (%). 
Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; eVFA, estimated visceral fat area; TF, total fat; CFS, Clinical Frailty Scale; FBG, fasting blood glucose; HbA1c, glycosylated 
hemoglobin, Type A1C; ALT, alanine transaminase; UA, uric acid; TG, triglyceride; TC, total cholesterol; LDL-C, low density lipoprotein 
cholesterol; HDL-C, high density lipoprotein cholesterol; Scr, serum creatinine; HCY, homocysteine; T2D, type 2 diabetes; CHD, 
coronary heart disease.

Table 2 Logistic Regression Analysis of Factors Associated with Frailty

Crude OR (95% CI) Adjusted OR* (95% CI)

WC 0.961 (0.929–0.995) 0.996 (0.984–1.007)

eVFA 0.989 (0.981–0.997) 0.982 (0.969–0.996)

Notes: *Adjusted for sex, age, coronary heart disease, diastolic blood pressure, glycosylated 
hemoglobin Type A1C, total cholesterol, triglyceride, low density lipoprotein cholesterol, and 
serum creatinine. 
Abbreviations: OR, odds ratio; CI, confidence interval; WC, waist circumference; eVFA, 
estimated visceral fat area.
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correlated with grip strength (r=−0.348, P<0.001) and walking speed (r=−0.230, P=0.027) and positively correlated with 
CFS (r=0.267, P<0.001) in men. In middle-aged adults, eVFA/TF was negatively correlated with grip strength (r=−0.472, 
P<0.001) in men and positively correlated with CFS (r=0.369, P=0.011) in women (Table 4).

Discussion
Frailty is an age-related syndrome characterized by the loss of functional reserve and an increased risk of adverse 
consequences.28,29 Nearly 10% of adults aged ≥45 years diagnosed frailty in this study, indicating that frailty has become 
a serious social problem and tends to occur earlier in life. We found that participants with frailty had a higher prevalence 
of VFO than those without it (89.4% vs 70.2%). eVFA was higher in frail adults and remained associated with an 
increased risk of frailty even after adjustments for multiple variables such as age, WC, chronic conditions, and glucose 

Figure 1 Correlation between frailty and eVFA, BMI and WHR. Spearman correlation coefficients were calculated between frailty phenotype score and (A) eVFA, (B) BMI, 
(C) WHR in women (middle-aged and older adults), (D) eVFA in older adults (men and women). 
Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio; eVFA, estimated visceral fat area.

Table 3 Correlation Between Frailty and eVFA, BMI and WHR

Male Female

r P value Adjusted P value* r P value Adjusted P value*

eVFA −0.010 0.882 0.693 0.208 0.013 0.026

BMI −0.134 0.022 0.787 0.202 0.005 0.057
WHR −0.019 0.813 0.891 0.179 0.069 0.118

Note: *Adjusted by age. 
Abbreviations: eVFA, estimated visceral fat area; BMI, body mass index; WHR, waist-to-hip ratio.
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and lipid metabolism. These findings provide evidence implicating the role of VFO in frailty among middle-aged and 
older adults.

We showed that the prevalence of VFO was as high as 72.5% in this population, which is consistent with the characteristics 
of central obesity in the body fat distribution in the Chinese population.30 Excessive visceral fat and increased intramuscular 
fat have been shown to favor pro-inflammatory and insulin resistance, and catabolic status requires clinical trials evaluating 
interventions for metabolic syndrome to prevent or treat frailty.16 This study showed that eVFA, but not BMI or WHR, was 
higher in frail participants than in non-frail participants. BMI cannot distinguish between fat mass and lean muscle mass;31 

thus, it is considered a poor measure of overall obesity in older adults.31,32 WC has also been diffusely used as a substitute 
measure for total abdominal obesity;32 however, it cannot distinguish between subcutaneous and visceral fat within the 
abdominal region.33 The accrual of subcutaneous fat does not appear to play an important role in the etiology of disease risk.8

Through binary logistic regression analysis, we found that eVFA was more predictive of frailty than WC. Meanwhile, 
eVFA was an independent risk factor for frailty, after adjusting for sex and other risk factors. Recent studies have shown that 
frailty is a wasting disease, consistent with the incorporation of weight loss into the frailty criteria.34 Therefore, BMI is 
generally considered unsuitable for older adults; too low a BMI may increase the risk of frailty, and the relationship between 
them presents a U-shaped curve correlation.35 However, this was not true for VFO and frailty. With increasing medical 
resources, the use of simple, rapid, inexpensive, and noninvasive techniques to accurately measure body composition values, 
such as eVFA, can allow more accurate assessment of obesity types to predict the occurrence of frailty. An individualized 
program was developed for this population to improve the overall health and quality of life of the patients.

Frailty is more common in women than in men.36 Spearman correlation analysis showed that the frailty phenotype 
score was positively associated with eVFA in women adults in this study, and the association did not change after 
adjusting for age, indicating that it is necessary to control VFO as early as possible. Further analysis adjusted for TF 
showed that eVFA was negatively correlated with grip strength and walking speed and positively correlated with CFS in 
both men and women, confirming that VFO is associated with decreased physical function and frailty. Compared with 
older men, grip strength was more correlated with eVFA/TF in middle-aged men, and CFS was correlated with eVFA/TF 
in middle-aged women but not older women. This indicates that early intervention for middle-aged patients with eVFA is 
necessary. A previous study showed that in oldest-old adults, VFA was the best evaluator for obesity associated with 
mobility disability.37 Abdominal obesity could be a concern for physical, psychological, and social frailty.38 Those with 
high visceral adipose tissue were more likely to have poor grip strength, suggesting that the mechanisms of frailty may 
differ by visceral adipose tissue.39 Obesity, as defined by VFA, should be considered and valued. VFA plays an important 
role and has a good evaluation effect on the course of frailty.

Table 4 Correlation Between eVFA/TF and Other Variables

Male Female

r P value r P value

All adults
Grip strength −0.559 <0.001 −0.307 <0.001
Walking speed −0.325 <0.001 −0.200 0.026

CFS 0.335 <0.001 0.284 0.001

Older adults
Grip strength −0.348 <0.001 −0.148 0.188

Walking speed −0.230 0.027 −0.067 0.559

CFS 0.267 <0.001 0.178 0.114
Middle-aged adults

Grip strength −0.472 <0.001 −0.265 0.051

Walking speed −0.153 0.184 −0.112 0.457
CFS 0.091 0.417 0.369 0.011

Abbreviations: eVFA, estimated visceral fat area; TF, total fat; CFS, Clinical Frailty Scale.
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This study had some limitations. First, this was a cross-sectional study and the associations observed could not 
establish a causal relationship between VFO and frailty. Therefore, further longitudinal studies are required. Second, we 
could not eliminate some remnant confounding influences due to comorbid conditions. Therefore, further prospective 
studies are needed to explore the association between frailty and VFO. Third, some relationships are based on weak 
r values, which may be caused by the small number participants. Despite these limitations, most frailty-related studies 
only targeted older adults, showing that some middle-aged adults have developed frailty, while eVFA/TF was negatively 
correlated with grip strength in men and positively correlated with CFS in women. Therefore, it is necessary to identify 
early interventions for frailty. Recent study have targeted weight loss interventions led to decreases in body and VF but 
preservation of muscle mass and strength.40

In conclusion, frailty has become an important issue endangering human health, and early recognition and interven-
tion should be emphasized. This study showed that frailty was more likely in middle-aged and older adults with VFO, 
and that eVFA was a risk factor for frailty, which highlights the importance of assessing eVFA in middle-aged and older 
adults. Frailty screening should be routinely performed in adults with VFO in clinical practice. Further studies on the 
reduction of visceral fat accumulation and frailty interventions are warranted to validate our findings.
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