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Background: This study aimed to determine whether food security moderates the rela-
tionship of skeletal muscle mass with metabolic syndrome (MetS) and insulin resistance 
(IR). Methods: This study analyzed the data of 10,680 adults using the Korea National 
Health and Nutrition Examination Survey from 2008 to 2011. The food security reported 
by households, appendicular skeletal muscle mass (ASM) divided by body mass index 
(BMI) (ASM/BMI), weight (ASM/weight), or height squared (ASM/height2) as muscle 
mass indicators, MetS (defined as presence of at least 3 components of MetS), and IR 
(defined as sex-specific highest quintile of homeostatic model assessment for IR) were 
assessed. The association between the muscle mass indicators and food security as well 
as their interaction with MetS and IR was analyzed for all participants and each sex using 
complex sample logistic regression and general linear model analyses. Results: When 
the ASM/BMI increased by 0.1 kg/BMI, the odds for MetS and IR decreased by 36% and 
29%, respectively, after adjusting for age, sex, education, economic level, smoking, alco-
hol consumption, physical activity, chronic diseases, and intake of fats and protein. There 
was a significant interaction between ASM/BMI and food security in their relationship 
with MetS and its components. In the low food security group, the inverse relationship 
of ASM/BMI with MetS and IR was stronger than in the food security group. These find-
ings were more pronounced in men than in women, and similar findings were observed 
in the association with ASM/weight. Conclusions: The associations of skeletal muscle 
mass with MetS and IR may be influenced by household food security in Korean adults.
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INTRODUCTION

Metabolic syndrome (MetS), a multiplex risk factor for cardiovascular disease [1] 
and insulin resistance (IR), a fundamental cause of metabolic disturbances includ-
ing type 2 diabetes, are interconnected with decreased skeletal muscle mass.[2] 
Several studies have reported a favorable relationship of skeletal muscle mass 
with MetS,[3,4] the components of MetS, and an IR indicator such as homeostatic 
model assessment for IR (HOMA-IR).[5] 

In addition to the effects of aging, environmental factors may play an important 
role in the reduction of skeletal muscle mass and development of MetS and IR.[1,6] 
Among environmental factors, food security related to nutritional intake may be 
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involved in the interrelationship between skeletal muscle 
mass, MetS, and IR. Lower food security, which refers to the 
state in which safe and sufficient food cannot be secured 
for the healthy life of household members,[7,8] may be 
linked to loss of skeletal muscle mass and increase in adi-
posity because lower food security has been associated 
with lower dietary quality [9] and compensatory reliance 
on energy-dense and nutrient-poor foods, as well as ener-
gy-poor and nutrient-poor foods.[10,11] 

However, the evidence for whether food security moder-
ates the relationship between skeletal muscle mass, MetS, 
and IR is unclear. Although the results of previous studies 
on the relationships of food security with sarcopenia,[12-15] 
MetS,[16-18] and IR [19] were inconsistent, there is evidence 
to support that food security was associated with sarcope-
nia, MetS, and IR.[13,14,16,19] In addition, the associations 
of sarcopenia with MetS and IR are well established.[5,20] 
However, it is unclear if the level of food security has an ef-
fect on these relationships. The strength of the associations 
of skeletal muscle mass with MetS and IR may vary depend-
ing on the level of food security in the household. There-
fore, the hypothesis of this study assumes that the rela-
tionships of skeletal muscle mass with MetS and IR will be 
affected by food security levels. The importance of avail-
ability of high-quality, nutritious food will be reaffirmed by 
investigating whether household food security influences 
the associations between skeletal muscle mass and MetS 
and IR. As a result, it was investigated whether the relation-
ships of skeletal muscle mass with MetS and IR were modi-

fied by household food security in this study utilizing Kore-
an representative data.

METHODS

1. Subjects 
The subjects of this study were a representative sample 

of the civilian, noninstitutionalized Korean population in-
cluded in the Korea National Health and Nutrition Exami-
nation Survey (KNHANES) that was conducted during 2008 
to 2011. The survey used a multistage, stratified, systemat-
ic sampling method and a rolling survey sampling of house-
hold units.[21,22] The current study included 10,680 sub-
jects (4,446 men and 6,234 women) aged between 19 and 
80 years who provided complete data on skeletal muscle 
mass, MetS, IR, food security, health behaviors, concurrent 
illness, and demographic characteristics (Fig. 1). Informed 
consent was obtained from all subjects. Written informed 
consents were obtained from all subjects. The study proto-
col was approved by the Institutional Review Board (IRB) 
of Korea Centers for Disease Control and Prevention (IRB 
no. 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-
21-C, and 2011-02CON-06-C).[23] 

2. Muscle mass, MetS, and IR 
Skeletal muscle mass was defined as appendicular skele-

tal muscle mass (ASM) divided by body mass index (BMI) 
[12] ASM was assessed using dual energy X-ray absorpti-
ometry (Discovery QDR4500W; Hologic Inc., Bedford, MA, 

Fig. 1. Process flow depicting subject inclusion and exclusion. KNHANES, Korea National Health and Nutrition Examination Survey.

N=18,915 adults aged 19 to 80 years 
using KNHANES 2008-2011

N=10,680 included in analysis 
• 4,446 men
• 6,234 women

N=8,235 excluded due to missing data
• Skeletal muscle mass (N=5,451)
• Metabolic syndrome (N=6,515)
• Insulin resistance (N=6,033)
• Food security (N=7,064)
• Smoking status, physical activity, and alcohol use (N=5,620)
• Concurrent illness (N=5,525)
• Education and income (N=2,710)  
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USA). BMI was calculated by measured weight divided by 
measured height (kg/m2). Sarcopenia was defined as an 
ASM/BMI <0.789 for men and <0.512 for women, based 
on the Foundation for the National Institutes of Health Sar-
copenia Project.[24] Other skeletal muscle mass indicators 
were calculate as the ASM divided by squared height (ASM/ 
height2) [25] or weight (ASM/weight) [26] for sensitivity 
analysis.

Waist circumference (WC) was measured to the nearest 
0.1 cm at the end of normal expiration at the midpoint be-
tween the lowest rib and the iliac crest. Blood pressure (BP) 
was measured 3 times using a standard manual sphygmo-
manometer with the participants seated and the average 
of the second and third BP values was used. Antecubital 
venous blood samples were taken from each subject after 
a 12 hr overnight fast. An automatic analyzer (Automatic 
Chemistry Analyzer 7600; Hitachi Ltd., Tokyo, Japan) was 
used to measure insulin levels using an immunoradiomet-
ric assay, while high-density lipoprotein (HDL) cholesterol 
and triglyceride (TG) levels were measured using an en-
zyme method, and glucose levels were measured by enzy-
matic colorimetric method. MetS was defined as satisfying 
at least 3 of the following components. The MetS compo-
nents were WC ≥90 cm (for men) or 85 cm (for women) 
[27]; BP ≥130/85 mmHg or a history of hypertension; fast-
ing plasma glucose levels ≥5.6 mmol/L (100 mg/dL) or a 
history of diabetes mellitus; HDL levels <1.03 mmol/L (40 
mg/dL) for men or 1.29 mmol/L (50 mg/dL) for women; 
and TG levels ≥1.7 mmol/L (150 mg/dL).[28] An individual 
was defined as having a history of hypertension or diabe-
tes mellitus based on having been diagnosed by a physi-
cian or currently being treated for those illnesses using a 
standardized questionnaire.[29] 

IR was defined as high HOMA-IR. HOMA-IR was calculat-
ed using the following formula: fasting plasma glucose 
(mmol/L)×fasting insulin (mU/mL)/22.5.[30] The high HOMA-
IR for each gender was defined by the highest quintiles. 
The cutoff value of high HOMA-IR was 2.89 for men and 
2.77 for women.[31] 

3. Food security
Food security was assessed with a single-item question-

naire that was verified for reliability and validity.[32] The 
tool was used in the National Health and Nutrition Exami-
nation Survey (NHANES) III in the USA as a food sufficiency 

questionnaire [7,33] and composed as follows. “Which of 
the following has best represented your family’s dietary 
situation in the last year?” and the 4 answers: “We were able 
to eat as much as we wanted and in a wide variety of foods”, 
“We were able to eat enough food, but we were not eating 
a variety of foods”, “We were economically difficult, so we 
sometimes did not have enough food”, and “We were eco-
nomically difficult, so we often lacked food”.[23,34] In this 
study, 4 levels of food security were determined: food se-
curity for the first answer, marginal food security for the 
second answer, low food security for the third answer, and 
very low food security for the fourth answer. One person in 
the household responded on behalf of the food security 
for the last year.

4. Confounding factors
The potential confounding variables were evaluated us-

ing the data of the survey. These variables included educa-
tion level (≤graduated high school or >graduated high 
school), household income level (<3rd quartile or ≥3rd 
quartile), current smoking status (yes or no), alcohol use 
(yes or no for drinking at least once a month for the past 
year), physical activity (yes vs. no for engaging in high-in-
tensity activity for >75 min/week or moderate-intensity 
activity for >150 min/week), and chronic diseases (number 
of diseases diagnosed as diabetes, hypertension, dyslipid-
emia, cardiovascular diseases, pulmonary tuberculosis, 
asthma, arthritis, depression, liver cirrhosis, kidney failure, 
and cancers), and daily intake of fat and protein. 

5. Statistical analyses
All analyses were weighted to account for the multistage, 

clustered probability sampling for the KNHANES. Complex 
samples χ2 test or complex samples generalized linear mod-
el was applied to compare categorical variables or continu-
ous variables among food security levels. After adjusting 
for the confounding factors including age, gender, educa-
tional background, economic level, smoking, drinking, physi-
cal activity, chronic diseases, and daily intake of fat and 
protein, complex samples logistic regression analysis was 
performed to analyze the relationships of ASM/BMI, food 
security, and the interaction between ASM/BMI and food 
security with MetS, individual MetS components, and IR. 
The sensitivity analysis was undertaken on the relationship 
between other skeletal muscle mass indicators and MetS 
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and IR after adjusting for the same confounding variables. 
Considering the difference in the skeletal muscle mass by 
gender, the same analysis was performed on the associa-
tion between ASM/BMI and MetS and IR in each gender 
after adjusting for the same confounding factors excluding 
gender. Then, the relationships of ASM/BMI with MetS, in-
dividual MetS components, and IR for each food security 
level were additionally analyzed using complex samples 
logistic regression analysis. Similarly, by applying complex 
samples general linear model, analyses were performed 
with the MetS indicators as continuous variables and HOMA-
IR as outcome variables. 

Moderation of food security in the relationships of ASM/
BMI with MetS components (as continuous variables) and 
HOMA-IR was evaluated with the PROCESS macro of SPSS 
version 26.0, developed by Hayes.[35] The conditional ef-
fects of ASM/BMI on the MetS components and HOMA-IR 
for each food security level after adjusting for the confound-
ing variables were visualized as Figure 2. All analyses were 
performed using the IBM SPSS software version 27.0 (IBM 
Corp., Armonk, NY, USA).

RESULTS

In this representative Korean adults, 4.2% had house-

holds with low or very low food security, and 26.0% and 
24.3% had MetS and IR, respectively. Subjects from house-
holds with lower food security had lower skeletal muscle 
mass indicators, higher prevalence of sarcopenia, MetS, and 
high HOMA-IR, older age, lower educational background, 
lower economic level, lower daily intake of fat and protein, 
and chronic diseases than those from households with 
higher food security (Table 1). 

Table 2 shows the associations of ASM/BMI, household 
food security, and the interaction between food security 
and ASM/BMI with MetS and IR after adjusting for the con-
founding variables. When the ASM/BMI increased by 0.1 
kg/BMI, the odds for MetS and IR decreased by 36% and 
29%, respectively. There was a significant interaction be-
tween ASM/BMI and food security in the relationship with 
MetS. In the analysis by food security level, the lower the 
food security level, the higher the inverse relationship be-
tween ASM/BMI and MetS. An increase in ASM/BMI of 0.1 
kg/BMI resulted in a 17% to 41% reduction in odds for all 
components of the MetS, and the interactions between 
ASM/BMI and food security in these relationships were sig-
nificant. On the other hand, a 1-level decrease in food se-
curity was associated with a 2.17-fold increase in odds for 
MetS (Table 2).

After adjusting for the confounding variables, household 

Fig. 2. The relationship between appendicular skeletal muscle mass (ASM)/body mass index (BMI) and metabolic syndrome components and ho-
meostatic model assessment for insulin resistance (HOMA-IR) according to food security level. WC, waist circumference; BP, blood pressure; TG, 
triglyceride; HDL, high-density lipoprotein; FS, food security.
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food security, and interaction between ASM/BMI and food 
security, an increase of ASM/BMI was associated with a de-
crease in WC, BP, glucose, TG, and HOMA-IR, and an increase 
in HDL. There were significant interactions between ASM/
BMI and food security in these associations except for glu-
cose and HOMA-IR. The MetS component change accord-
ing to the increase in ASM/BMI was greater when food se-
curity was less secure (Table 3). Figure 2 presents the rela-
tionships of ASM/BMI with WC, systolic BP, TG, HDL, and 
HOMA-IR according to food security level. The inverse rela-
tionships of ASM/BMI with WC, TG, and HOMA-IR and the 
positive relationship between ASM/BMI and HDL were like-
ly to increase as food security decreased.

Table 4 presents the results of a sensitivity analysis using 
other skeletal muscle mass indicators, as well as gender-
specific analysis findings. A one-unit increase in ASM/hei-

ght2 and ASM/weight was linked with a 2.02 to 2.66 times 
increase and a 20% to 33% decrease in the odds ratio (OR) 
for MetS and IR, respectively, in the adjusted models. As a 
result of analysis according to gender, the OR of MetS and 
IR decreased by 34% to 36% in men and 34% to 39% in 
women according to the increase in ASM/BMI. At a very 
low food security level, this OR decreased by 58% to 88% 
in men but was not significant in women. In this gender-
specific analysis, there was no significant interaction be-
tween ASM/BMI and food security.

DISCUSSION

This study suggested that the inverse relationships of 
skeletal muscle mass with MetS and IR could be greater 
when food security was less secure in a representative Ko-

Table 1. Characteristics of subjects and comparison of ASM/BMI, MetS, insulin resistance, and general characteristics according to food security 
level

Overall (N=10,680) Securea) Marginalb) Lowc) Very lowd) P-valuee)

ASM/BMI (kg/BMI) 0.83±0.01 0.84±0.01 0.82±0.01 0.76±0.01 0.79±0.02 <0.001

ASM/weight (%) 30.4±0.1 30.6±0.1 30.3±0.1 29.5±0.1 29.7±0.5 <0.001

ASM/height2 (kg/m2) 6.74±0.02 6.80±0.03 6.71±0.02 6.60±0.06 6.56±0.11 0.001

Low ASM/BMI (%) 4.3±0.3 3.1±0.3 4.7±0.4 10.7±1.7 11.1±3.7 <0.001

MetS (%) 26..0±0.6 24.2±0.7 26.5±0.8 37.1±3.0 44.2±6.3 <0.001

   High WC (%) 23.8±0.6 23.0±0.8 24.1±0.8 26.8±2.6 27.6±5.5 0.335

   High BP (%) 38.4±0.7 35.6±1.0 39.4±1.0 51.6±2.8 67.8±6.9 <0.001

   High glucose (%)  25.5±0.6 25.0±0.9 24.9±0.8 37.5±2.8 43.3±7.0 0.001

   High TG (%) 28.0±0.5 27.3±0.8 28.2±0.8 31.1±2.7 47.6±7.3 0.012

   Low HDL (%) 44.2±0.6 43.6±0.9 44.0±0.8 54.2±2.7 52.5±6.7 0.003

High HOMA-IR (%) 24.3±0.7 23.7±0.9 24.2±0.9 29.4±2.9 43.7±6.1 0.004

Age (yr) 45.0±0.3 43.4±0.4 45.6±0.4 53.2±1.2 57.4±2.5 <0.001

Women (%) 52.4±0.5 51.1±0.8 53.0±0.6 58.2±2.3 48.8±5.5 0.010

Graduated ≥ high school (%) 69.9±0.9 76.8±1.0 66.8±1.1 40.6±3.4 33.6±6.9 <0.001

Income >  2nd quartile (%) 58.8±1.0 68.5±1.3 53.9±1.2 24.3±3.1 12.0±5.6 <0.001

Current smoker (%) 24.9±0.5 24.7±0.8 25.0±0.8 24.9±2.7 22.3±5.7 0.967

Alcohol user (%) 58.2±0.7 61.0±0.9 57.2±0.8 43.1±3.0 43.1±5.9 <0.001

Physically active (%) 25.3±0.6 26.3±0.9 24.5±0.8 23.3±2.6 30.4±6.2 0.280

Chronic diseases (%) 45.1±0.7 42.1±0.9 45.9±0.8 64.1±3.0 69.6±6.8 <0.001

Fat intake (g/day) 41.3±0.5 43.7±0.7 40.4±0.7 29.2±2.0 24.6±4.5 <0.001

Protein intake (g/day) 72.6±0.6 75.5±0.9 71.6±0.8 55.2±1.9 54.6±4.6 <0.001

The data is presented as weighted %±standard error or mean±standard error.
a)Secure (sufficient and diverse foods)=42.4±0.8%.
b)Marginal (sufficient but less diverse foods)=53.3±0.8%.
c)Low (often insufficient foods due to economic restriction)=3.6±0.3%.
d)Very low (frequently insufficient foods due to economic restriction)=0.6±0.1%.
e)Using complex samples χ2 test or complex samples general linear model.
ASM, appendicular skeletal muscle mass; BMI, body mass index; MetS, metabolic syndrome; WC, waist circumference; BP, blood pressure; TG, triglyc-
eride; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance.
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rean population. When ASM/BMI increased by 0.1 kg/BMI, 
the odds of MetS and IR decreased by 32% and 36% in the 
food security group, respectively, but decreased by 46% 
and 54% in the very low food security group, respectively. 
There was a tendency for the relationships of ASM/BMI 
with individual factors of MetS to be greater in subjects 
from households with less food security than households 
with food security. These results were similar even when 
the components of MetS and IR were considered as con-
tinuous variables. This result, in which the decrease in OR 
for MetS and IR with increasing skeletal muscle mass was 
greater in subjects from households with less food securi-
ty, was more evident in men and was also shown in the re-
sults analyzed using ASM/weight as a skeletal muscle mass 
indicator.

There may be a lack of studies that investigated the rela-
tionship between skeletal muscle mass and MetS and IR 
according to the level of household food security. On the 
other hand, there are studies that suggested the associa-
tions of food security with sarcopenia,[13] grip strength,[14] 
MetS,[16] and IR.[19] Using the cross-sectional data from 
the Study on Global Ageing and Adult Health, severe food 
insecurity was linked to 2.05 times higher risk of sarcope-
nia in older adults in low- and middle-income countries.
[13] In a cross-sectional study using the NHANES, the odds 
for weak grip strength in USA older adults in households 
with food insecurity was about twice higher than those 
who were food secure.[14] In another study using data of 
the NHANES, compared with adults who were food secure, 
adults in households with marginal and very low food se-
curity had 1.8-fold and 1.65-fold increased odds of MetS, 
respectively.[16] In another study using this data, there 
was an association between lower food security and IR ac-
cording to weight status in men, whereas there was no 
such association in women.[19] 

Although these studies suggest that low food security 
may be associated with low skeletal muscle mass and a 
higher risk of MetS and IR, the mechanisms by which the 
association between skeletal muscle mass and MetS and 
IR increases when food security levels are low are unclear. 
Low food security can lead to a lack of protein consump-
tion, which is necessary for muscle mass preservation, as 
well as a shortage of various nutrients necessary for mus-
cle metabolism.[36,37] In addition, low food security in the 
household may lead to an increase in the consumption of 

high-energy-density but nutritionally imbalanced foods, 
which can contribute to abdominal obesity, hypertension, 
hyperglycemia, and dyslipidemia.[16] If food security is 
low, eating patterns of episodic under consumption and 
overconsumption according to food availability and stress-
related hormonal and autonomic dysregulation may occur, 
which may increase the risk of IR.[19] As a result, if food se-
curity is inadequate, the risk of low skeletal muscle mass 
and MetS and IR are likely to be higher, and the link be-
tween skeletal muscle mass and MetS and IR may be in-
creased. Food security, based on these findings, may allevi-
ate the interrelationship between low skeletal muscle 
mass, MetS, and IR. At low levels of food security, the Car-
bohydrate-Insulin Model of obesity may be involved.[38] 
Because fat and protein intake tended to be lower at lower 
levels of food security, the proportion of carbohydrate in-
take will increase with lower levels of food security com-
pared to a secure level of food security. Excessive carbohy-
drate consumption causes postprandial hyperinsulinemia, 
which leads to adipose tissue storage.[38] Excess body fat 
can lead to malfunction as a result of factors like aging, 
and it can also have a negative impact on muscles.[39]

The results of ASM/weight and ASM/BMI remained simi-
lar in sensitivity analysis, while ASM/height provided the 
opposite results. The discrepancies could be explained by 
the different body-size adjustment methods for estimating 
skeletal muscle mass. If ASM is divided by BMI or weight 
rather than height, it is more likely to adjust fat mass.

Previous research has also suggested that ASM/height 
has an unfavorable relationship with cardiometabolic risk 
factors.[40,41] The mechanisms underlying the gender- 
differences in the associations of ASM/BMI with MetS and 
IR at low and very low levels of food security are unclear. 
Men may be more prone than women to have impaired 
muscle metabolic functions, such as glycemic regulation 
homeostasis and insulin sensitivity,[42] at low or very low 
food security levels. 

At low food security, the MetS and high WC and high BP 
among the MetS components exhibited a less noticeable 
tendency to lower the OR as ASM/BMI increased. Although 
the mechanism for these findings is uncertain, these find-
ings suggest that the relationships of ASM/BMI with MetS, 
as well as high WC and high BP are not markedly different 
from secure to low food security levels, but that there is a 
possibility of strengthening of the association at very low 
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food security levels.
Although the results of this study may be generalized to 

Koreans in terms of utilizing the survey data of representa-
tive population groups of Koreans, the following limita-
tions should be taken into account. These limitations in-
clude the difficulty in inferring causality due to the cross-
sectional study design and the residual confounding fac-
tors that were not adjusted in the analysis. Despite these 
limitations, the significance of this study is that it reaffirmed 
the importance of food security for health as it suggested 
the possibility that food security could be a factor moder-
ating the relationships of skeletal muscle mass with MetS 
and IR. A prospective intervention study will be needed to 
determine whether these results are changed through the 
improvement of food security. 

In conclusion, this study based on data for the KNHANES 
demonstrated households with lower food security might 
be more vulnerable to the inverse associations of skeletal 
muscle mass with MetS and IR. Food security will need to 
be improved to mitigate the vulnerability of these groups. 
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