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Abstract

Background The present study evaluated the associations of the fat-to-muscle ratio (FMR) with metabolic syndrome (MetS)
and insulin resistance (IR) in Korean adults using nationally representative survey data.
Methods A two-stage stratified sampling method was reflected in a cross-sectional study involving a total of 13 032
participants aged ≥ 19 years who participated in the fourth and fifth Korea National Health and Nutrition Examination
Surveys. The homeostasis model assessment for IR (HOMA-IR) was used to evaluate IR and was calculated as follows:
[fasting plasma glucose level (mg/dL) × fasting plasma insulin level (uIU/mL)]/405. MetS was defined using the 2006
International Diabetes Federation criteria, and FMR was measured using whole-body dual-energy X-ray absorptiometry
and calculated as follows: total fat mass (kg) divided by total lean mass (kg). In addition, the optimal FMR cut-
off values for detecting MetS and the odds ratios (ORs) for MetS risk were determined according to the FMR quartile
and sex.
Results Among all participants, the proportion of women was 58.4%, and the mean age was 44.22 ± 0.26 years. The
FMR significantly differed between men and women (0.30 ± 0.002 vs. 0.53 ± 0.003, respectively, P < 0.001), and the prev-
alence of MetS and IR gradually increased as FMR increased (P for trend: <0.001). The optimal FMR cut-off value for de-
tecting MetS was higher in women than in men (0.555 vs. 0.336, respectively). The negative predictive value was the
highest in normal-weight participants (0.9992 in women and 0.9986 in men), while the positive predictive value was
the highest in obese participants (0.5994 in women and 0.5428 in men). Based on the derived cut-off FMR, a high
FMR was associated with poor outcomes in terms of cardiometabolic risk markers (P < 0.001). The multivariable-
adjusted ORs for MetS, abdominal obesity, and IR (HOMA-IR ≥ 3) were 5.35 [95% confidence interval (CI): 4.39–6.52],
7.67 (95% CI: 6.33–9.30), and 3.25 (95% CI: 2.70–3.92), respectively, in men and 5.59 (95% CI: 4.66–6.72), 7.48 (95%
CI: 6.35–8.82), and 2.55 (95% CI: 2.17–3.00), respectively, in women.
Conclusions In the present study, a high FMR was significantly associated with the prevalence of MetS and IR. The present
findings also showed that FMR can be a novel indicator for detecting the absence or presence of MetS, particularly in meta-
bolically healthy normal-weight individuals and metabolically obese obese-weight individuals.
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Introduction

Obesity has become a major health problem, owing to its
increasing prevalence worldwide, and is an important risk
factor for metabolic syndrome (MetS) and cardiovascular
diseases.1–3 Body mass index (BMI) is the most commonly
used method to assess overweightness and obesity, which
are characterized by excessive accumulation of fat.
However, BMI has several limitations in assessing
obesity-related cardiometabolic risks because it cannot dis-
tinguish between fat and muscle mass.4,5 For example,
normal-weight obesity can be associated with MetS and in-
sulin resistance (IR),6,7 and metabolically obese normal-
weight individuals are associated with increased cardiovas-
cular risks compared with metabolically healthy obese
individuals.8,9

Furthermore, Asians suffer from obesity-related compli-
cations at lower BMI values than do Caucasians,10,11 and in-
dividuals in the same BMI category can exhibit
heterogeneous metabolic and functional characteristics
such as differences in blood pressure (BP), lipid profiles,
glucose intolerance, physical activity (PA), muscle mass,
and visceral obesity.5,7,12,13 Because the close correlation
between abdominal fat and MetS has been validated by
many studies, waist circumference (WC) is now used as
one of the criteria included in the diagnosis of MetS.14–17

However, there are some limitations to using WC to assess
the risk of obesity; for example, there are population-
specific cut-off levels for abdominal obesity.18 In addition,
visceral adipose tissue is pro-inflammatory19 and has been
associated with cardiometabolic risks across BMI categories.
Thus, visceral adiposity could represent a more sensitive in-
dex of cardiometabolic risk when combined with measures
of low muscle mass.20,21 In addition, WC does not accu-
rately reflect visceral adiposity, and thus imaging studies
are needed to ensure accurate evaluations. However, the
regular assessment of visceral fat using computed tomogra-
phy, magnetic resonance imaging, and/or abdominal ultra-
sounds remains limited owing to the high costs and/or
radiation exposure.

Some studies have proposed that body composition
measurements are useful for assessing cardiometabolic
risk.22–26 For example, low muscle mass and high fat mass
(FM) may play important roles in MetS and cardiovascular
diseases,20,21,27 because FM is considered an appropriate
marker of total body fat and improves the predictive power
of MetS.22 Recently, use of the fat-to-muscle ratio (FMR)
was introduced as a novel assessment of the combined ef-
fects of fat and skeletal muscle mass. The FMR is associ-
ated with IR, liver fat accumulation, and MetS,28–34 and
our research group has reported that the FMR is a useful
indicator of metabolic and inflammatory statuses, as well
as an independent risk factor for the long-term outcomes
of patients with chronic kidney disease.32 A previous study

has explored FMR thresholds for diagnosing MetS using
bioelectrical impedance analysis (BIA) in young adults.28

Therefore, the objective of this study was to evaluate the
associations of FMR with MetS and IR according to obesity
status using whole-body dual-energy X-ray absorptiometry
(DXA) in nationally representative survey data including Ko-
rean adults of all ages.

Methods

Study participants

The present study evaluated data from the fourth and fifth
Korea National Health and Nutrition Examination Surveys
(KNHANES), which is a nationally representative survey con-
ducted between 2008 and 2011 by the Korea Centers for
Disease Control and Prevention (KCDC). To assess the rela-
tionship between FMR and cardiometabolic risk, the data
from 18 915 participants aged ≥ 19 years who underwent
DXA were examined. Participants who had severely reduced
kidney function (estimated glomerular filtration rate < 30;
n = 82), had ever been diagnosed with cancer (n = 598),
fasted for >24 or <8 h (n = 638) prior to the health exam-
ination, had an inadequately low or high daily energy intake
(<500 or >5000 kcal/day, respectively; n = 217), had an in-
adequately high daily water intake per body weight (≥90 g/
kg; n = 5), and/or had missing survey records or examina-
tion results (n = 4343) were excluded from the analyses. Ul-
timately, 13 032 participants were selected for inclusion in
the present analyses.

All procedures have been approved by the ethics com-
mittee of the KCDC (Institutional Review Board numbers:
2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C,
and 2011-02CON-06-C) and have therefore been performed
in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments.
Signed informed consent was obtained from all KNHANES
participants, and because the KNHANES data are publicly
available, no further institutional review board approval
was required for the study protocol.

Fat-to-muscle ratio

Body composition was measured using whole-body DXA
(Discovery, Hologic Inc.; Bedford, MA, USA) by licensed
and trained technicians. Data from DXA included values
for bone mineral content (g), bone mineral density (g/
cm2), FM (g), lean mass (g), total mass (g), and fat percent-
age (%) of the whole body and six regions (head, left arm,
right arm, trunk, left leg, and right leg). The FMR was cal-
culated as the whole-body FM divided by the whole-body
lean mass (bone mineral contents were subtracted) and
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was grouped into quartiles (Q1–Q4) from the lowest (Q1)
to highest (Q4) values.

Metabolic syndrome

The 2001 National Cholesterol Education Program/Adult
Treatment Panel III35 and 2005 American Heart
Association/National Heart, Lung, and Blood Institute36

criteria were used to define MetS on the basis the pres-
ence of any three of the following five traits: (i) WC ≥ 90 cm
in men and ≥85 cm in women, which are the WC cut-off
levels for abdominal obesity in Koreans37; (ii) serum triglyc-
eride (TG) level ≥ 150 mg/dL or receiving drug treatment
for dyslipidaemia; (iii) serum high-density lipoprotein (HDL)
cholesterol level < 40 mg/dL in men or <50 mg/dL in
women; (iv) BP ≥ 130/85 mmHg or receiving drug treat-
ment for elevated BP; and (v) fasting plasma glucose
(FPG) level ≥ 100 mg/dL or receiving drug treatment for el-
evated blood glucose levels.

The 2006 International Diabetes Federation (IDF)18

criteria were used to define MetS on the basis of the pres-
ence of abdominal obesity (WC ≥ 90 cm in men and
≥85 cm in women) plus any two of the following four
traits: (i) TG level ≥ 150 mg/dL or receiving treatment for
dyslipidaemia; (ii) HDL cholesterol level < 40 mg/dL in
men or <50 mg/dL in women; (iii) systolic BP ≥ 130, dia-
stolic BP ≥ 85, or receiving treatment for hypertension;
and (iv) FPG level ≥ 100 mg/dL or previously diagnosed
with type 2 diabetes.

Insulin resistance

The homeostasis model assessment for IR (HOMA-IR) was
used to evaluate IR and was calculated using the following
formula: [FPG level (mg/dL) × fasting plasma insulin level
(uIU/mL)]/405.

Obesity status

The World Health Organization BMI cut-off levels in adult
Asians are 18.5, 23, and 25 kg/m2,38 with underweight, nor-
mal weight, overweight, and obesity defined as BMI < 18.5,
18.5–22.9, 23–24.9, and ≥25 kg/m2, respectively.

Variables

For sex-based analyses, the following data were
collected: age, FMR, WC, MetS status, HOMA-IR, BMI, obe-
sity status, daily nutritional intake (total energy intake; per-
centages of energy intake from carbohydrate, protein, and
fat; and water intake per body weight by the 24 h recall

method), smoking status (none, past, or current), monthly
alcohol consumption (<once or ≥once/month), education
level (≤elementary school, middle or high school, and
≥college), average monthly household income (quartile),
co-morbidity (hypertension, diabetes, or dyslipidaemia),
and survey year. PA was assessed as the metabolic
equivalent value or as a categorical variable (low, moder-
ate, or high) on the basis of the International Physical
Activity Questionnaire data processing and analysis
guidelines.39

Statistical analysis

KNHANES data were extracted using two-stage stratified
cluster sampling rather than simple random sampling;
therefore, the complex sampling weights are reflected in
the present data analyses. Linear regression analyses and
χ2 tests were conducted to compare the general character-
istics among the FMR quartiles according to sex, and
then box plots of the FMR according to sex and age were
drawn. In addition, the relationship between FMR and IR
was analysed by estimating the least square means
(marginal means) of the HOMA-IR according to FMR
quartile. Logistic regression analyses were performed to as-
sess MetS risk according to FMR quartile and to compare
daily nutritional intake levels according to FMR quartile. Ad-
justed odds ratios (ORs) or beta coefficients were calcu-
lated after accounting for potential confounding variables
such as age, total energy intake, water intake per body
weight, smoking status, monthly alcohol consumption, PA,
education level, average monthly household income, and
survey year.

A receiver operating characteristic (ROC) curve adjusted
for potential confounding variables was constructed, using
the point on the ROC curve closest to (0, 1) as a criterion
to calculate the cut-off FMR for assessing MetS risk accord-
ing to obesity status. We also calculated the cut-off FMR
using criterion based on Youden’s index. We obtained po-
tential cut-offs from the minimum distance criterion and
adopted the cut-off that maximized Youden’s index. We
also examined the sensitivity, specificity, likelihood ratio
positive and negative, and positive and negative predictive
values. After the participants were divided according to
the cut-off FMR, cardiometabolic risk levels were compared
between groups using the linear regression analysis and the
χ2 test. In addition, logistic regression analysis was per-
formed to compare cardiometabolic risk levels using the
cut-off FMR for MetS. All statistical analyses were con-
ducted using Stata/MP version 14.0 (StataCorp., College
Station, TX, USA). All statistical tests were two-sided, and
a P value < 0.05 was considered to indicate statistical
significance.
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Results

General characteristics

Of the 13 032 participants in the present study, 58.4% were
women, and the mean age was 44.22 ± 0.26 years. Table 1
shows the general characteristics of the participants among
the FMR quartiles according to sex. As FMR increased, WC,
BMI, and HOMA-IR gradually increased; and co-morbidity
prevalence, MetS prevalence, and the proportion of partici-
pants satisfying each MetS criterion tended to gradually in-
crease. In FMR Q4, participants with a WC ≥ 90 cm
accounted for >50%; those with TG ≥ 150 mg/dL or drug
treatment for dyslipidaemia accounted for close to 50%;
and those with HDL < 40 mg/dL, BP ≥ 130/85 mmHg or drug
treatment for an elevated BP, and FPG ≥ 100 mg/dL or drug
treatment for an elevated FPG accounted for >40%. On the
other hand, in FMR Q1, the proportion of participants satisfy-
ing each MetS criterion was <25%. However, the proportion
of normal-weight participants tended to gradually decrease
as FMR increased. In FMR Q3, men with a percentage body
fat (%BF) of ≥25% accounted for <20%, while women with
a %BF ≥ 35% accounted for close to 50%. FMR Q4 had the
lowest proportion of current smokers, but the highest pro-
portion of past smokers. FMR Q4 had the lowest proportion
of alcohol drinkers (≥once/month), while FMR Q3 had the
highest proportion of alcohol drinkers (≥once/month). In ad-
dition, FMR Q4 had the lowest proportion of men with a high
PA level.

In men, the youngest age and highest proportion of low-
income participants were observed in Q1, and the highest
proportion of highly educated participants was in Q4. In
women, the youngest age and highest proportion of highly
educated participants were in Q1, whereas income level did
not significantly differ among the quartiles. In men, the daily
total energy intake and water intake per body weight were
the lowest in Q4, whereas the percentage of energy intake
from protein was higher in Q4 compared with Q1. In women,
the daily total energy intake and water intake per body
weight were the lowest in Q4, and the energy intake from
fat was lower in Q4 compared with Q1.

Correlations of the fat-to-muscle ratio with sex,
age, and nutrient intake

The FMR significantly differed between men and women at
all ages (0.30 ± 0.002 vs. 0.53 ± 0.003, respectively,
P < 0.001; Figure 1). The highest mean FMR was observed
in women in their 60s, whereas the FMR increased with age
in men. In women, the daily total energy intake and the per-
centage of energy intake from carbohydrate decreased,
whereas the percentage of energy intake from protein and

fat increased, as FMR increased, after adjusting for potential
confounding variables. On the other hand, in men, the daily
total energy intake decreased, and the percentage of energy
intake from fat increased, as FMR increased, after adjusting
for potential confounding variables (Table 2).

Correlations of the fat-to-muscle ratio with
metabolic syndrome and insulin resistance

There were significant differences in IR status according to
FMR quartile (Figure 2), in that the HOMA-IR gradually in-
creased as FMR increased, even after adjusting for potential
confounding variables. The prevalence of MetS also gradually
increased as FMR increased after adjusting for potential con-
founding variables (P for trend < 0.001; Table 3). The
multivariable-adjusted ORs for MetS (according to the IDF
criteria) in FMR Q2, Q3, and Q4 compared with Q1 were
6.43 [95% confidence interval (CI): 3.98–10.40], 14.00 (95%
CI: 8.69–22.57), and 36.26 (95% CI: 22.81–57.63), respec-
tively, for men and 3.05 (95% CI: 2.02–4.62), 8.32 (95% CI:
5.72–12.12), and 17.63 (95% CI: 11.94–26.04), respectively,
for women.

Cut-off fat-to-muscle ratio for detecting metabolic
syndrome

Figure 3 shows the ROC curves, cut-off levels, and area under
the ROC curve (AUC) values according to obesity status. Re-
gardless of BMI, the cut-off level was higher in women than
in men (0.555 vs. 0.336 kg/kg, respectively). The sensitivity,
specificity, and likelihood ratio positive were higher in women
than in men (0.7794, 0.7413, 3.0126 vs. 0.7432, 0.6871,
2.3754, respectively), while the likelihood ratio negative was
lower in women than in men (0.2976 vs. 0.3738). In
normal-weight participants, the sensitivity, specificity, and
likelihood ratio positive were higher in women than in men
(0.9394, 0.7968, 4.6223 vs. 0.8889, 0.7623, 3.7397, respec-
tively), while the likelihood ratio negative was lower in
women than in men (0.0761 vs. 0.1458). In overweight partic-
ipants, the sensitivity, specificity, and likelihood ratio positive
were higher in women than in men (0.7219, 0.7392, 2.7679
vs. 0.6866, 0.6630, 2.0375, respectively), while the likelihood
ratio negative was lower in women than in men (0.3762 vs.
0.4727). In obese participants, the sensitivity, specificity,
and likelihood ratio positive were higher in women than in
men (0.6761, 0.6405, 1.8808 vs. 0.5990, 0.6678, 1.8031, re-
spectively), while the likelihood ratio negative was lower in
women than in men (0.5057 vs. 0.6005). The C-statistic of
FMR for MetS was the highest in normal-weight participants
(AUC: 0.9357 in women and 0.9352 in men), followed by
overweight (AUC: 0.8192 in women and 0.7798 in men) and
obese participants (AUC: 0.7036 in women and 0.7114 in
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men). The negative predictive value was the highest in
normal-weight participants (0.9992 in women and 0.9986 in
men), while the positive predictive value was the highest in
obese participants (0.5994 in women and 0.5428 in men).

Based on the derived cut-off point, a high FMR was associ-
ated with poor outcomes for all cardiometabolic risk markers
(P < 0.001; Table 4). All multivariable-adjusted ORs of the
cardiometabolic risk markers according to FMR were signifi-
cant (Table 5). The multivariable-adjusted ORs for MetS,
WC, HOMA-IR ≥ 2, and HOMA-IR ≥ 3 were 5.35 (95% CI:
4.39–6.52), 7.67 (95% CI: 6.33–9.30), 3.00 (95% CI: 2.53–
3.56), and 3.25 (95% CI: 2.70–3.92), respectively, in men
and 5.59 (95% CI: 4.66–6.72), 7.48 (95% CI: 6.35–8.82), 2.32
(95% CI: 2.05–2.63), and 2.55 (95% CI: 2.17–3.00), respec-
tively, in women.

Discussion

The present analysis of nationally representative survey data
from the KNHANES revealed that high FMR was significantly
associated with the prevalence of MetS as well as the compo-
nents of MetS and IR. In addition, the negative predictive
value was particularly high in normal-weight participants,
while the positive predictive value was particularly high in
obese participants. This is the first large cross-sectional study
to investigate the associations of FMR (assessed by DXA) with
MetS and IR and to determine sex-specific optimal cut-off
values of FMR for predicting MetS and IR in a Korean
population.

Although a high BMI has been consistently associated
with cardiometabolic risks and is often used as a simple in-
dicator of obesity in large populations, its limitations as an
index of obesity are well established. For example, Asian
populations have lower BMI values, but a higher risk of IR
as well as a higher visceral fat level or fat percentage for

a given BMI, than have Caucasians.10,11,40 Many studies
have investigated the associations of skeletal muscle mass
and FM or %BF with MetS in Asian populations.21,24,25,41,42

Muscle mass and strength are protective factors against
cardiometabolic risk,24–26,43 whereas high FM index, %BF,
and visceral obesity are each positively associated with
MetS and IR.27,44,45 In addition, a decrease in muscle mass
can reduce the basal metabolic rate and PA, which can sub-
sequently lead to an increase in FM. Although BMI is posi-
tively associated with FM and skeletal muscle mass, an
increase in FM may occur simultaneously with loss of skel-
etal muscle mass in the absence of weight gain.24 The dou-
ble burden of excess FM and low muscle mass can lead to
higher risks of MetS and IR.42

According to the metabolic load-capacity model, FMR
may be a potential indicator of the combined effects of
FM and skeletal muscle mass.29 Because FMR may be a
more appropriate index for assessing cardiometabolic risk
than are indices of each individual component, several
studies have examined the clinical utility of the FMR.28,30–
33,46–48 Recently, the FMR has been used as a novel indica-
tor of MetS.28,46 Those studies measured body composition
using BIA in a Colombian cohort of 1416 young subjects
and determined the optimal cut-off FMR for detecting
MetS in a young population. Similarly, Xu et al.46 showed
that FMR measured by BIA had a high predictive power
for MetS in a Chinese population. In the present study,
body composition was measured by DXA, which is consid-
ered a reference method; and the optimal cut-off FMR
values for the detection of MetS on the basis of the
IDF criteria were 0.336 kg/kg in men and 0.555 kg/kg
in women. Variations among these studies may be the re-
sult of racial and ethnic differences and/or the methods
used to assess body composition, because BIA tends to
underestimate FM but overestimate muscle mass. In a
population of 6256 Korean subjects, Park et al.48

found that the muscle-to-fat ratio is a useful indicator for
the management and early prevention of MetS. In the
present study, the dietary information, alcohol and smoking
habits, socio-economic status, and co-morbidities of 13 032
participants were assessed to investigate the associations of
FMR with MetS and IR, and the results supported the hy-
pothesis that FMR is a useful indicator for screening MetS
and IR.

The present study also found that the highest average
FMR in women occurred when they are in their 60s,
whereas the FMR increased with age in men. Aging is asso-
ciated with detrimental changes in body composition, and
changes in fat distribution and body composition are accel-
erated by the menopausal transition in women. Further-
more, age-related increases in FM may simultaneously
occur with the loss of skeletal muscle mass in the absence
of weight gain, and these changes can result in an in-
creased FMR with aging. The present findings confirmed

Figure 1 Fat-to-muscle ratio according to sex and age.
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that a high FMR was associated with MetS and IR and
showed that energy intake was associated with the FMR.
In men, the daily total energy intake was the lowest in
FMR Q4, but the percentage of energy intake from protein
was higher in Q4 compared with Q1. In women, the daily
total energy intake was the lowest in FMR Q4. Because

skeletal muscle mass is responsible for an important por-
tion of total energy expenditure, sufficient calories and nu-
trients might contribute to the preservation of skeletal
muscle mass. For example, there is a positive association
between daily energy intake and skeletal muscle mass,49,50

and dietary intake is related to MetS in that the Western

Table 2 Beta coefficients for nutritional intake according to fat-to-muscle ratio quartile

Nutritional intake Sex Fat-to-muscle ratio quartile Crude Age adjusted Multivariablea

Total energy, kcal/day
Male (n = 5425)

Q1 (n = 1357) Reference Reference Reference
Q2 (n = 1356) �41.45 ± 41.40 �13.88 ± 41.06 �31.13 ± 40.84
Q3 (n = 1356) �56.43 ± 38.87 �24.04 ± 38.34 �48.13 ± 37.90
Q4 (n = 1356) �170.38 ± 42.43 �147.67 ± 42.27 �184.20 ± 41.88
P for trendb 0.000 0.001 0.000

Female (n = 7607)
Q1 (n = 1902) Reference Reference Reference
Q2 (n = 1902) �39.69 ± 26.75 �23.38 ± 26.71 �31.78 ± 26.07
Q3 (n = 1902) �78.85 ± 26.93 �49.10 ± 26.98 �58.15 ± 26.69
Q4 (n = 1901) �125.72 ± 25.90 �91.05 ± 25.78 �108.67 ± 25.40
P for trendb 0.000 0.000 0.000

Carbohydrate, % of energy
Male (n = 5425)

Q1 (n = 1357) Reference Reference Reference
Q2 (n = 1356) 0.78 ± 0.60 �0.05 ± 0.57 0.07 ± 0.57
Q3 (n = 1356) �0.75 ± 0.68 �1.72 ± 0.63 �1.37 ± 0.62
Q4 (n = 1356) �0.04 ± 0.65 �0.73 ± 0.62 �0.63 ± 0.60
P for trendb 0.429 0.051 0.081

Female (n = 7607)
Q1 (n = 1902) Reference Reference Reference
Q2 (n = 1902) 0.69 ± 0.48 �0.46 ± 0.45 �0.46 ± 0.43
Q3 (n = 1902) 1.23 ± 0.48 �0.85 ± 0.44 �0.94 ± 0.44
Q4 (n = 1901) 0.78 ± 0.49 �1.65 ± 0.44 �1.67 ± 0.42
P for trendb 0.056 0.000 0.000

Protein, % of energy
Male (n = 5425)

Q1 (n = 1357) Reference Reference Reference
Q2 (n = 1356) 0.12 ± 0.18 0.22 ± 0.18 0.09 ± 0.18
Q3 (n = 1356) 0.33 ± 0.20 0.45 ± 0.20 0.31 ± 0.19
Q4 (n = 1356) 0.38 ± 0.19 0.46 ± 0.19 0.27 ± 0.20
P for trendb 0.028 0.008 0.098

Female (n = 7607)
Q1 (n = 1902) Reference Reference Reference
Q2 (n = 1902) 0.11 ± 0.16 0.26 ± 0.16 0.22 ± 0.16
Q3 (n = 1902) 0.12 ± 0.15 0.39 ± 0.15 0.40 ± 0.15
Q4 (n = 1901) 0.17 ± 0.15 0.50 ± 0.16 0.53 ± 0.15
P for trendb 0.270 0.001 0.000

Fat, % of energy
Male (n = 5425)

Q1 (n = 1357) Reference Reference Reference
Q2 (n = 1356) �0.45 ± 0.38 0.25 ± 0.35 �0.03 ± 0.34
Q3 (n = 1356) 0.59 ± 0.39 1.42 ± 0.35 1.12 ± 0.36
Q4 (n = 1356) 0.25 ± 0.40 0.83 ± 0.36 0.36 ± 0.36
P for trendb 0.154 0.001 0.049

Female (n = 7607)
Q1 (n = 1902) Reference Reference Reference
Q2 (n = 1902) �0.64 ± 0.36 0.22 ± 0.34 0.22 ± 0.32
Q3 (n = 1902) �1.53 ± 0.34 0.03 ± 0.30 0.07 ± 0.30
Q4 (n = 1901) �1.06 ± 0.39 0.77 ± 0.36 0.82 ± 0.35
P for trendb 0.001 0.059 0.035

Data are presented as beta coefficients ± standard error.
aMultivariable model adjusted for age, smoking, alcohol consumption, physical activity, education, income, and survey year.
bTest for linear trend across fat-to-muscle ratio quartiles.
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diet is associated with the development of MetS. Although
traditional Korean meals contain high proportions of vege-
tables and carbohydrates with low proportions of fat, previ-
ous findings of the association between diet and MetS in
this population have been inconclusive.51–54 Similar to the
present results, Woo et al.53 found a positive association
between meat consumption and MetS but only in men;
the sex difference may be related to the relatively low
red meat consumption in women compared with men.
Likewise, Kim et al.54 suggested that the relatively low con-
sumption of red meat by Asians compared with Caucasians

can explain these inconsistent results. However, after po-
tential confounding variables were adjusted for, the daily
total energy intake and the percentage of energy intake
from carbohydrate decreased, whereas the percentage of
energy intake from protein and fat increased, as FMR in-
creased, in women. In men, the daily total energy intake
decreased, and the percentage of energy intake from fat
increased, as FMR increased, after adjusting for potential
confounding variables. A recent study in mice reported that
only increased dietary fat intake, but not protein or carbo-
hydrate intake, causes adiposity.55 A recent randomized

A B

Figure 2 Least square mean (marginal mean) of the HOMA-IR according to the fat-to-muscle ratio. Multivariable regression models were adjusted for
age, energy intake, water intake per body weight, smoking, alcohol consumption, physical activity, education, income, and survey year. HOMA-IR, ho-
meostasis model assessment for insulin resistance. (A) Male; (B) Female.

Table 3 Odds ratios for the risk of metabolic syndrome according to fat-to-muscle ratio quartile

MetS criteria Sex Quartile of fat-to-muscle ratio Crude Age adjusted Multivariablea

NCEP
Male (n = 5425)

Q1 (n = 1357) Reference Reference Reference
Q2 (n = 1356) 3.79 (2.83 to 5.07) 3.62 (2.70 to 4.84) 3.77 (2.81 to 5.05)
Q3 (n = 1356) 5.67 (4.30 to 7.49) 5.43 (4.12 to 7.15) 5.68 (4.29 to 7.52)
Q4 (n = 1356) 9.55 (7.30 to 12.51) 9.82 (7.49 to 12.88) 11.01 (8.33 to 14.54)
P for trendb 0.000 0.000 0.000

Female (n = 7607)
Q1 (n = 1902) Reference Reference Reference
Q2 (n = 1902) 2.35 (1.79 to 3.09) 2.15 (1.63 to 2.84) 2.15 (1.62 to 2.86)
Q3 (n = 1902) 4.85 (3.70 to 6.34) 4.03 (3.08 to 5.27) 3.96 (3.02 to 5.20)
Q4 (n = 1901) 8.31 (6.39 to 10.81) 6.96 (5.32 to 9.11) 6.73 (5.13 to 8.82)
P for trendb 0.000 0.000 0.000

IDF
Male (n = 5425)

Q1 (n = 1357) Reference Reference Reference
Q2 (n = 1356) 6.60 (4.10 to 10.63) 6.23 (3.87 to 10.03) 6.43 (3.98 to 10.40)
Q3 (n = 1356) 14.21 (8.88 to 22.76) 13.42 (8.41 to 21.42) 14.00 (8.69 to 22.57)
Q4 (n = 1356) 31.18 (19.83 to 49.04) 31.09 (19.81 to 48.80) 36.26 (22.81 to 57.63)
P for trendb 0.000 0.000 0.000

Female (n = 7607)
Q1 (n = 1902) Reference Reference Reference
Q2 (n = 1902) 3.43 (2.25 to 5.21) 3.09 (2.04 to 4.68) 3.05 (2.02 to 4.62)
Q3 (n = 1902) 10.26 (6.99 to 15.07) 8.49 (5.85 to 12.32) 8.32 (5.72 to 12.12)
Q4 (n = 1901) 21.93 (14.78 to 32.55) 18.31 (12.42 to 26.99) 17.63 (11.94 to 26.04)
P for trendb 0.000 0.000 0.000

Data are presented as odds ratios (95% confidence interval).
IDF, 2006 International Diabetes Federation; NCEP, 2005 National Cholesterol Education Program Adult Treatment Panel III.
aMultivariable: adjusted for age, energy intake, water intake per body weight, smoking, alcohol consumption, physical activity, education,
income, and survey year.
bTest for linear trend across fat-to-muscle ratio quartiles.
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Figure 3 Cut-off fat-to-muscle ratios for detecting metabolic syndrome ROC curves of the fat-to-muscle ratio for detecting metabolic syndrome (ac-
cording to the IDF criteria) on the basis of multivariable logistic regression analysis. Multivariable regression models were adjusted for age, energy in-
take, water intake per body weight, smoking, alcohol consumption, physical activity, education, income, and survey year. IDF, 2006 International
Diabetes Federation; ROC, receiver operating characteristic. (A) Male, total; (B) Female, total; (C) Male, normal weight; (D) Female, normal weight;
(E) Male, overweight; (F) Female, overweight; (G) Male, obese weight; (H) Female, obese weight.
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controlled trial found that changes in the percentage of en-
ergy intake from fat correlated positively with changes in
FM, even after adjustment for changes in BMI and energy
intake.56 Moreover, dietary fat restriction results in greater
loss of body fat than does carbohydrate restriction in peo-
ple with obesity.57 Therefore, in this study, it is expected
that fat intake would have played a major role in the in-
crease in FMR, even considering the influence of other
factors.

In the present study, the proportion of participants with
a low PA and the prevalence of hypertension, diabetes, and
dyslipidaemia increased according to the FMR quartile. Al-
though PA did not differ among the four FMR quartiles in
younger women (<50 years of age), the proportion with
low PA increased with the FMR quartile in women-
50 years of age. The close relationships between high PA
level and high lean mass and low %BF are well
documented.58

The present study had several limitations that should be
considered. The analyses were conducted using data from
the KNHANES questionnaires, but the primary study variables
were measured directly in all participants. Furthermore, this
cross-sectional study had a limited ability to demonstrate
causal relationships between MetS and IR and other vari-
ables. However, the present results can be generalized to all
Koreans owing to the large population sample size, the high
response rate (~80%), and the use of proportional systematic
sampling with multistage stratification based on geographical
area, sex, and age group. This study also has strengths: the
use of a large-scale nationally representative dataset and
the measurement of body composition using DXA, which is
the gold standard, rather than BIA. In addition, the present
analyses were adjusted for dietary information, lifestyle fac-
tors, socio-economic status, and co-morbidities. Finally, the
present study was also able to determine differences in the
predictive nature of the FMR according to BMI.

Table 4 Sex-specific thresholds of the fat-to-muscle ratio for detecting a high risk of metabolic syndrome according to the International Diabetes Fed-
eration criteria using anthropometric, blood pressure, and metabolic parameters

Characteristics Male (n = 5425) Female (n = 7607)

FMR < 0.3361079 FMR ≥ 0.3361079
P

valuea FMR < 0.5552342 FMR ≥ 0.5552342
P

valuea

(n = 3542) (n = 1883) (n = 4540) (n = 3067)

Anthropometric
parameters
Body weight, kg 66.92 ± 0.20 76.20 ± 0.37 0.000 54.19 ± 0.12 62.65 ± 0.25 0.000
Body mass index, kg/

m2
22.97 ± 0.06 26.14 ± 0.11 0.000 21.65 ± 0.05 25.57 ± 0.09 0.000

Waist circumference,
cm

80.82 ± 0.19 90.20 ± 0.29 0.000 73.63 ± 0.18 83.79 ± 0.27 0.000

Waist-to-height ratio 0.47 ± 0.001 0.53 ± 0.002 0.000 0.47 ± 0.001 0.54 ± 0.002 0.000
Fat mass, kg 12.69 ± 0.08 21.13 ± 0.14 0.000 16.60 ± 0.06 23.82 ± 0.11 0.000
Body fat, % 18.92 ± 0.09 27.83 ± 0.10 0.000 29.40 ± 0.08 38.15 ± 0.09 0.000
Fat mass index 0.44 ± 0.003 0.72 ± 0.004 0.000 0.64 ± 0.002 0.97 ± 0.005 0.000
FMR 0.25 ± 0.001 0.41 ± 0.002 0.000 0.44 ± 0.001 0.66 ± 0.003 0.000
Obesity status 0.000 0.000

Underweight 179 (5.05) 1 (0.05) 394 (8.68) 14 (0.46)
Normal 1634 (46.13) 273 (14.50) 2726 (60.04) 648 (21.13)
Overweight 954 (26.93) 462 (24.54) 903 (19.89) 769 (25.07)
Obesity 775 (21.88) 1147 (60.91) 517 (11.39) 1636 (53.34)

Blood pressure
Systolic blood

pressure
116.97 ± 0.34 120.13 ± 0.43 0.000 110.64 ± 0.34 117.07 ± 0.45 0.000

Diastolic blood
pressure

76.64 ± 0.25 79.02 ± 0.34 0.000 71.23 ± 0.21 74.55 ± 0.27 0.000

Metabolic parameters
Total cholesterol, mg/

dL
183.38 ± 0.71 193.08 ± 1.09 0.000 180.34 ± 0.63 194.10 ± 0.77 0.000

TG, mg/dL 140.22 ± 2.52 180.80 ± 4.12 0.000 97.77 ± 1.24 123.05 ± 1.60 0.000
HDL, mg/dL 47.64 ± 0.25 43.32 ± 0.27 0.000 52.68 ± 0.22 49.12 ± 0.24 0.000
FPG, mg/dL 96.86 ± 0.46 100.69 ± 0.68 0.000 92.67 ± 0.33 96.74 ± 0.45 0.000
HOMA-IR 2.13 ± 0.03 2.97 ± 0.07 0.000 2.10 ± 0.02 2.67 ± 0.04 0.000
MetS (IDF) 317 (8.95) 598 (31.76) 0.000 302 (6.65) 854 (27.84) 0.000

Data are presented as means ± standard error for continuous variables and numbers (%) for categorical variables.
FMR, fat-to-muscle ratio; FPG, fasting plasma glucose; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin
resistance; IDF, 2006 International Diabetes Federation; MetS, metabolic syndrome; TG, triglyceride.
aP value from linear regression analysis for continuous variables or χ2 test for categorical variables, comparing differences between two
groups.
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Conclusions

In conclusion, a high FMR was significantly associated with
the prevalence of MetS and IR. In addition, the negative pre-
dictive value was particularly high in normal-weight partici-
pants, while the positive predictive value was particularly
high in obese participants. Therefore, FMR can be used as a
novel indicator for detecting the absence or presence of
MetS, particularly in metabolically healthy normal-weight in-
dividuals and metabolically obese obese-weight individuals.
This is the first large cross-sectional study to investigate the
associations of FMR, as assessed by DXA, with MetS and IR
and to determine sex-specific optimal cut-off values of the
FMR for predicting MetS and IR in the Korean population.
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Data are presented as odds ratios (95% confidence interval).
BP, blood pressure; FPG, fasting plasma glucose; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resis-
tance; IDF, 2006 International Diabetes Federation; MetS, metabolic syndrome; TG, triglyceride; WC, waist circumference.
aMultivariable model adjusted for age, energy intake, water intake per body weight, smoking, alcohol consumption, physical activity, ed-
ucation, income, and survey year.

FMR as a predictor of IR and MetS 723

Journal of Cachexia, Sarcopenia and Muscle 2020; 11: 710–725
DOI: 10.1002/jcsm.12548



income country. PLoS ONE 2013;8:
e60673.

7. Shea J, King M, Yi Y, Gulliver W, Sun G.
Body fat percentage is associated with car-
diometabolic dysregulation in BMI-defined
normal weight subjects. Nutr Metab
Cardiovasc Dis 2012;22:741–747.

8. Seo YG, Choi HC, Cho B. The relationship
between metabolically obese non-obese
weight and stroke: the Korea National
Health and Nutrition Examination Survey.
PLoS ONE 2016;11:e0160846.

9. Yoo HJ, Hwang SY, Hong HC, Choi HY, Seo
JA, Kim SG, et al. Association of metaboli-
cally abnormal but normal weight (MANW)
and metabolically healthy but obese
(MHO) individuals with arterial stiffness
and carotid atherosclerosis. Atherosclerosis
2014;234:218–223.

10. Deurenberg P, Deurenberg-Yap M, Guricci
S. Asians are different from Caucasians
and from each other in their body mass
index/body fat per cent relationship. Obes
Rev 2002;3:141–146.

11. Pan W-H, Yeh W-T, Weng L-C. Epidemiol-
ogy of metabolic syndrome in Asia. Asia
Pac J Clin Nutr 2008;17:37–42.

12. Gómez-Ambrosi J, Silva C, Galofré JC,
Escalada J, Santos S, Millán D, et al. Body
mass index classification misses subjects
with increased cardiometabolic risk factors
related to elevated adiposity. Int J Obes
(Lond) 2012;36:286–294.

13. De Lorenzo A, Bianchi A, Maroni P,
Iannarelli A, Di Daniele N, Iacopino L,
et al. Adiposity rather than BMI determines
metabolic risk. Int J Cardiol
2013;166:111–117.

14. Klein S, Allison DB, Heymsfield SB, Kelley
DE, Leibel RL, Nonas C, et al. Waist circum-
ference and cardiometabolic risk: a consen-
sus statement from shaping America’s
health: Association for Weight Manage-
ment and Obesity Prevention; NAASO, the
Obesity Society; the American Society for
Nutrition; and the American Diabetes Asso-
ciation. Obesity (Silver Spring)
2007;15:1061–1067.

15. Pouliot MC, Després JP, Nadeau A,
Moorjani S, Prud’Homme D, Lupien PJ,
et al. Visceral obesity in men: associations
with glucose tolerance, plasma insulin,
and lipoprotein levels. Diabetes
1992;41:826–834.

16. Shah RV, Murthy VL, Abbasi SA, Blankstein
R, Kwong RY, Goldfine AB, et al. Visceral
adiposity and the risk of metabolic syn-
drome across body mass index: The MESA
Study. JACC Cardiovasc Imaging
2014;7:1221–1235.

17. Kissebah AH, Vydelingum N, Murray R, Ev-
ans DJ, Kalkhoff RK, Adams PW. Relation
of body fat distribution to metabolic com-
plications of obesity. J Clin Endocrinol
Metab 1982;54:254–260.

18. Alberti KG, Zimmet P, Shaw J. Metabolic
syndrome—a new world-wide definition.
A consensus statement from the Interna-
tional Diabetes Federation. Diabet Med
2006;23:469–480.

19. Schrager MA, Metter EJ, Simonsick E, Ble A,
Bandinelli S, Lauretani F, et al. Sarcopenic

obesity and inflammation in the InCHIANTI
study. J Appl Physiol 2007;102:919–925.

20. Lim K, Yang SJ, Kim TN, Yoo HJ, Kang HJ,
Song W, et al. The association between
the ratio of visceral fat to thigh muscle area
and metabolic syndrome: the Korean
Sarcopenic Obesity Study (KSOS). Clin
Endocrinol (Oxf) 2010;73:588–594.

21. Kim TN, Park MS, Lim KI, Yang SJ, Yoo HJ,
Kang HJ, et al. Skeletal muscle mass to vis-
ceral fat area ratio is associated with
metabolic syndrome and arterial stiffness:
the Korean Sarcopenic Obesity Study
(KSOS). Diabetes Res Clin Pract 2011;93:
285–291.

22. Ramírez-Vélez R, Correa-Bautista JE,
Sanders-Tordecilla A, Ojeda-Pardo ML,
Cobo-Mejía EA, Castellanos-Vega RDP,
et al. Percentage of body fat and fat mass
index as a screening tool for metabolic syn-
drome prediction in Colombian university
students. Nutrients 2017;9:https://doi.
org/10.3390/nu9091009.

23. Liu P, Ma F, Lou H, Liu Y. The utility of fat
mass index vs. body mass index and per-
centage of body fat in the screening of
metabolic syndrome. BMC Public Health
2013;13:629.

24. Moon JH, Choo SR, Kim JS. Relationship be-
tween low muscle mass and metabolic syn-
drome in elderly people with normal body
mass index. J Bone Metab 2015;22:99–106.

25. Moon SS. Low skeletal muscle mass is asso-
ciated with insulin resistance, diabetes, and
metabolic syndrome in the Korean popula-
tion: the Korea National Health and Nutri-
tion Examination Survey (KNHANES)
2009–2010. Endocr J 2014;61:61–70.

26. Atlantis E, Martin SA, Haren MT, Taylor
AW, Wittert GA. Members of the Florey
Adelaide Male Ageing Study. Inverse asso-
ciations between muscle mass, strength,
and the metabolic syndrome. Metabolism
2009;58:1013–1022.

27. Cho YG, Song HJ, Kim JM, Park KH, Paek YJ,
Cho JJ, et al. The estimation of cardiovascu-
lar risk factors by body mass index and
body fat percentage in Korean male adults.
Metabolism 2009;58:765–771.

28. Ramírez-Vélez R, Carrillo HA, Correa-
Bautista JE, Schmidt-RioValle J, González-
Jiménez E, Correa-Rodríguez M, et al. Fat-
to-muscle ratio: a new anthropometric in-
dicator as a screening tool for metabolic
syndrome in young Colombian people. Nu-
trients 2018;10:https://doi.org/10.3390/
nu10081027.

29. Prado C, Wells J, Smith S, Stephan B, Siervo
M. Sarcopenic obesity: a critical appraisal
of the current evidence. Clin Nutr
2012;31:583–601.

30. Ezeh U, Pall M, Mathur R, Azziz R. Associa-
tion of fat to lean mass ratio with meta-
bolic dysfunction in women with
polycystic ovary syndrome. Hum Reprod
2014;29:1508–1517.

31. Auyeung TW, Lee JSW, Leung J, Kwok T,
Woo J. Adiposity to muscle ratio predicts
incident physical limitation in a cohort of
3,153 older adults—an alternative mea-
surement of sarcopenia and sarcopenic
obesity. Age (Dordr) 2013;35:1377–1385.

32. Lee HS, Kim SG, Kim JK, Lee YK, Noh JW, Oh
J, et al. Fat-to-lean mass ratio can predict
cardiac events and all-cause mortality in
patients undergoing hemodialysis. Ann
Nutr Metab 2018;73:241–249.

33. Mizuno N, Seko Y, Kataoka S, Okuda K,
Furuta M, Takemura M, et al. Increase in
the skeletal muscle mass to body fat mass
ratio predicts the decline in transaminase
in patients with nonalcoholic fatty liver dis-
ease. J Gastroenterol 2018;54:1–11.

34. Kurinami N, Sugiyama S, Morita A, Yoshida
A, Hieshima K, Miyamoto F, et al. Ratio of
muscle mass to fat mass assessed by bio-
electrical impedance analysis is significantly
correlated with liver fat accumulation in
patients with type 2 diabetes mellitus. Dia-
betes Res Clin Pract 2018;139:122–130.

35. Expert panel on detection, evaluation, and
treatment of high blood cholesterol in
adults. Executive summary of the third re-
port of the National Cholesterol Education
Program (NCEP) expert panel on detection,
evaluation, and treatment of high blood
cholesterol in adults (Adult Treatment
Panel III). JAMA 2001;285:2486–2497.

36. Grundy SM, Cleeman JI, Daniels SR, Donato
KA, Eckel RH, Franklin BA. et al; American
Heart Association; National Heart, Lung,
and Blood Institute. Diagnosis and manage-
ment of the metabolic syndrome: an Amer-
ican Heart Association/National Heart,
Lung, and Blood Institute scientific state-
ment. Circulation 2005;112:2735–2752.

37. Lee S, Park HS, Kim SM, Kwon HS, Kim DY,
Kim DJ, et al. Cut-off points of waist cir-
cumference for defining abdominal obesity
in the Korean population. Korean J Obes
2006;15:1–9, Korean.

38. The Regional Office for the Western Pacific,
World Health Organization, the Interna-
tional Association for the Study of Obesity
and the International Obesity Task Force.
The Asia-Pacific Perspective: Redefining
Obesity and Its Treatment. Sydney: Health
Communications Australia. 2000. http://
www.wpro.who.int/nutrition/documents/
docs/Redefiningobesity.pdf. Accessed 1
Feb 2019.

39. The IPAQ group. Guidelines for Data Pro-
cessing and Analysis of the International
Physical Activity Questionnaire (IPAQ)—
Short and Long Forms. http://www.IPAQ.
ki.se. Accessed 1 Feb 2019.

40. Araneta MRG, Wingard DL, Barrett-Connor
E. Type 2 diabetes and metabolic syndrome
in Filipina–American women: a high-risk
nonobese population. Diabetes Care
2002;25:494–499.

41. Kim G, Lee SE, Jun JE, Lee YB, Ahn J, Bae JC,
et al. Increase in relative skeletal muscle
mass over time and its inverse association
with metabolic syndrome development: a
7-year retrospective cohort study.
Cardiovasc Diabetol 2018;17:23.

42. Kim K, Park SM. Association of muscle mass
and fat mass with insulin resistance and
the prevalence of metabolic syndrome in
Korean adults: a cross-sectional study. Sci
Rep 2018;8:2703.

43. Srikanthan P, Karlamangla AS. Relative
muscle mass is inversely associated with

724 Y.-G. Seo et al.

Journal of Cachexia, Sarcopenia and Muscle 2020; 11: 710–725
DOI: 10.1002/jcsm.12548

https://doi.org/10.3390/nu9091009
https://doi.org/10.3390/nu9091009
https://doi.org/10.3390/nu10081027
https://doi.org/10.3390/nu10081027
http://www.wpro.who.int/nutrition/documents/docs/Redefiningobesity.pdf
http://www.wpro.who.int/nutrition/documents/docs/Redefiningobesity.pdf
http://www.wpro.who.int/nutrition/documents/docs/Redefiningobesity.pdf
http://www.IPAQ.ki.se
http://www.IPAQ.ki.se


insulin resistance and prediabetes. Findings
from the third National Health and Nutri-
tion Examination Survey. J Clin Endocrinol
Metab 2011;96:2898–2903.

44. Wang J, Rennie KL, Gu W, Li H, Yu Z, Lin X.
Independent associations of body-size ad-
justed fat mass and fat-free mass with the
metabolic syndrome in Chinese. Ann Hum
Biol 2009;36:110–121.

45. Zeng Q, Dong S-Y, Sun X-N, Xie J, Cui Y. Per-
cent body fat is a better predictor of car-
diovascular risk factors than body mass
index. Braz J Med Biol Res
2012;45:591–600.

46. Xu K, Zhu HJ, Chen S, Chen L, Wang X,
Zhang LY, et al. Fat-to-muscle ratio: a new
anthropometric indicator for predicting
metabolic syndrome in the Han and Bouyei
populations from Guizhou Province, China.
Biomed Environ Sci 2018;31:261–271.

47. Kurinami N, Sugiyama S, Yoshida A,
Hieshima K, Miyamoto F, Kajiwara K, et al.
Correlation of body muscle/fat ratio with
insulin sensitivity using hyperinsulinemic–
euglycemic clamp in treatment-naïve type
2 diabetes mellitus. Diabetes Res Clin Pract
2016;120:65–72.

48. Park J, Kim S. Validity of muscle-to-fat ratio
as a predictor of adult metabolic syn-
drome. J Phys Ther Sci 2016;28:1036–1045.

49. McNeil J, Lamothe G, Cameron JD, Riou
MÈ, Cadieux S, Lafrenière J, et al. Investi-
gating predictors of eating: is resting meta-
bolic rate really the strongest proxy of
energy intake? Am J Clin Nutr
2017;106:1206–1212.

50. Cameron JD, Sigal RJ, Kenny GP, Alberga
AS, Prud’homme D, Phillips P, et al. Body
composition and energy intake—skeletal
muscle mass is the strongest predictor of
food intake in obese adolescents: the
HEARTY trial. Appl Physiol Nutr Metab
2016;41:611–617.

51. Cho YA, Kim J, Cho ER, Shin A. Dietary pat-
terns and the prevalence of metabolic syn-
drome in Korean women. Nutr Metab
Cardiovasc Dis 2011;21:893–900.

52. Song Y, Joung H. A traditional Korean die-
tary pattern and metabolic syndrome ab-
normalities. Nutr Metab Cardiovasc Dis
2012;22:456–462.

53. Woo HD, Shin A, Kim J. Dietary patterns of
Korean adults and the prevalence of meta-
bolic syndrome: a cross-sectional study.
PLoS ONE 2014;9:e111593.

54. Kim Y, Je Y. Meat consumption and risk of
metabolic syndrome: results from the Ko-
rean population and a meta-analysis of ob-
servational studies. Nutrients 2018;10:
https://doi.org/10.3390/nu10040390.

55. Hu S, Wang L, Yang D, Li L, Togo J, Wu Y,
et al. Dietary Fat, but not protein or carbo-
hydrate, regulates energy intake and
causes adiposity in mice. Cell Metab
2018;28:415–431.e4.

56. Kahleova H, Hlozkova A, Fleeman R,
Fletcher K, Holubkov R, Barnard ND. Fat
quantity and quality, as part of a low-fat,
vegan diet, are associated with changes in
body composition, insulin resistance, and
insulin secretion. A 16-week randomized
controlled trial. Nutrients 2019;11:https://
doi.org/10.3390/nu11030615.

57. Hall KD, Bemis T, Brychta R, Chen KY,
Courville A, Crayner EJ, et al. Calorie for cal-
orie, dietary fat restriction results in more
body fat loss than carbohydrate restriction
in people with obesity. Cell Metab
2015;22:427–436.

58. Zanovec M, Lakkakula AP, Johnson LG,
Turri G. Physical activity is associated with
percent body fat and body composition
but not body mass index in white and black
college students. Int J Exerc Sci
2009;2:175–185.

59. von Haehling S, Morley JE, Coats AJS, Anker
SD. Ethical guidelines for publishing in the
Journal of Cachexia, Sarcopenia and Mus-
cle: update 2019. J Cachexia Sarcopenia
Muscle 2019; 10: 1143–1145.

FMR as a predictor of IR and MetS 725

Journal of Cachexia, Sarcopenia and Muscle 2020; 11: 710–725
DOI: 10.1002/jcsm.12548

https://doi.org/10.3390/nu10040390
https://doi.org/10.3390/nu11030615
https://doi.org/10.3390/nu11030615

