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Significance of this study

What is already known about this subject?
 ► The homeostatic model assessment of 
insulin resistance (HOMA2-IR) is convenient 
to assess IR.

 ► Both abdominal obesity and IR associated 
strongly with type 2 diabetes are commonly 
associated with physical activity (PA).

 ► PA has been associated with reductions 
in the risks of mortality and morbidity 
associated with chronic diseases, 
prevention of obesity, cardiovascular 
disease, cancer, and enhanced insulin 
sensitivity.

What are the new findings?
 ► In this study, walking plus moderate-to-
vigorous physical activity (MVPA) ≥5 times 
per week was associated with the lowest 
HOMA2-IR levels, followed by MVPA ≥5 
times per week; by contrast, generally 
walking alone did not affect the HOMA2-IR.

 ► Among men with overweight body mass 
index (BMI), walking plus MVPA, and only 
walking were also associated with lower 
HOMA2-IR.

 ► Walking plus MVPA ≥5 times per week and 
MVPA ≥5 times per week were effective.

 ► A reduction in the HOMA2-IR could be 
better achieved by exercising the most 
appropriate type and frequency of PA 
according to the subject's individual 
characteristics.

How might these results change the focus 
of research or clinical practice?

 ► Our study can suggest the most appropriate 
type and frequency of PA for reducing 
HOMA2-IR, and to make particularly 
specific inferences and recommendations 
for individuals with an overweight BMI. 
Therefore, it can help prevent the IR 
through PA.

AbSTrACT
This study analyzed the type and frequency of 
physical activity that most effectively reduces the 
homeostatic model assessment of insulin resistance 
(HOMA2-IR) among adults (≥19 years) in Asia. 
We used national representative data from 1645 
men and 2272 women who participated in the 
Korea National Health and Nutrition Examination 
Survey in 2015 were included in the analysis. The 
effects of different types and frequencies of physical 
activity on HOMA2-IR were investigated using a 
multiple regression analysis. Compared with no 
activity, moderate-to-vigorous physical activity 
(MVPA) ≥5 times per week (β: −0.214, p≤0.0198) 
and walking and MVPA ≥5 times per week (β: 
−0.183, p≤0.0049) were negatively associated 
with HOMA2-IR. In the subgroup analysis, the 
strongest effect was observed among overweight 
men. Additionally, walking plus MVPA ≥5 times per 
week had the strongest effect on men with a higher-
than-recommended daily calorie intake (β: −0.350, 
p≤0.0030). Therefore, in conclusion, the appropriate 
type and frequency of physical activity can help 
reduce HOMA2-IR in South Korean men, especially 
those who are overweight and/or have a higher-
than-recommended daily calorie intake.

InTrOduCTIOn
Diabetes is an important public health issue 
worldwide.1 Considering the financial effects 
of diabetes, numerous countries are taking 
steps to comply with the goals of the WHO 
Non-Communicable Disease Global Action 
Plan 2013–2020.2 

Most cases of diabetes are considered type 
2, the risk of which is closely related to insulin 
resistance (IR).3–5 Currently, many IR measure-
ment methods are available. Although the gold 
standard euglycemic-hyperinsulinemic clamp 
test and intravenous glucose tolerance test are 
among the most typical methods for assessing 
IR,6 7 they are relatively time consuming and 
costly.8 By contrast, the homeostatic model 
assessment of IR (HOMA2-IR) is much more 
convenient because it can be used when only 
2 fasting glucose and fasting insulin concentra-
tions are available.9

Abdominal obesity has a major influence on 
IR,10 such that even those with normal weight 
exhibited an increase in IR if they had developed 
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abdominal obesity, which make the carotid artery’s endog-
enous membrane dreadful.11 In brief, abdominal obesity 
directly affects IR. Notably, both of these variables associ-
ated strongly with type 2 diabetes are commonly associated 
with physical activity (PA).12 13 In previous studies, PA has 
been associated with reductions in the risks of mortality 
and morbidity associated with chronic diseases, as well 
as the prevention of obesity,14 15 cardiovascular disease,16 
cancer,17 18 and enhanced insulin sensitivity.19 Conversely, 
insufficient PA can lead to an increased IR.20 Despite the 
obvious links between PA and chronic disease prevention, 
few studies have investigated the association between PA 
and HOMA2-IR. Therefore, this study aimed to examine 
the effects of the type and frequency of PA on IR, using 
data from the Korea National Health and Nutrition Exam-
ination Survey (KNHANES). Specifically, we evaluated the 
influences of type and frequency of PA on IR and differ-
ences in the body mass index (BMI) and daily caloric intake. 
Furthermore, this study attempted to suggest the type and 
frequency of PA that could most effectively reduce the indi-
vidual HOMA2-IR.

MeTHOdS
Study population
This study used data from the KNHANES, which has been 
conducted by the Korean Centers for Disease Control and 
Prevention to assess the health and nutritional status of the 
Korean population since 1998. This national, cross-sec-
tional, population-based survey evaluates the health and 
nutritional statuses of non-institutionalized Korean civilians 
using health interviews and examinations, as well as nutri-
tion surveys. Survey stratification is based on 16 metropol-
itan cities and provinces, as well as administrative divisions 
and dwelling units.

The 2015 KNHANES baseline data sets included 3381 
and 3999 individuals, respectively. Among the 7380 total 
eligible respondents, subjects younger than 19 years of age 
and those with missing data for variables used in this study 
were excluded. Finally, 3917 subjects, including 1645 men 
and 2272 women, were included in this study.

Measures
Dependent variable
This study aimed to investigate differences in the 
HOMA2-IR, a simple and useful indicator of IR, according 
to the type and frequency of PA among South Korean 
adults. The HOMA2-IR was the dependent variable. 
Although many methods for quantifying the measured IR 
are available, the HOMA2-IR is considered accurate and 
is widely used in clinical studies.21 In this study, we used 
the HOMA calculator version 2.2.3 (available from http://
www. dtu. ox. ac. uk).22 This method can be easily calculated 
based on measured fasting plasma blood glucose (3.5–
25.0 mmol/L) and fasting plasma insulin (20–400 pmol/L) 
concentrations.

HOMA2-IR, an indicator of IR, is relatively simple and 
also provides accurate values. It has been used in many clin-
ical studies and is a reliable measure. Hence, it is believed 
that the use of HOMA2-IR is still being updated.

Variables of interest
In this study, the independent variable was PA, which was 
classified by type plus frequency for analysis. The PA criteria 
included exercise during leisure time but excepted PA 
during work. The PA type was subcategorized into walking 
and moderate-to-vigorous physical activity (MVPA). MVPA 
included vigorous intensity, moderate intensity, strength, 
and flexibility exercises, all of which were used to examine 
the effect of PA on the HOMA2-IR. With respect to exer-
cise frequency, the subjects were also divided into 3 groups: 
none, ≥5 times per week, and <5 times per week. We 
combined these 2 variables of PA type plus frequency, which 
was categorized as follows: no activity, walking <5 times, 
walking ≥5 times, MVPA <5 times, MVPA ≥5 times, 
walking and MVPA <5 times, and walking and MVPA ≥5 
times.

Covariates
The characteristics of the individual study subjects were 
stratified by sex and included in this study as covariates. 
The individual characteristics included age (19–29, 30–39, 
40–49, 50–59, 60–69, and ≥70 years), educational level 
(elementary school graduate or below, middle school grad-
uate, high school graduate, and college graduate or higher), 
marital status (single, once married, and married), income 
status (low, mid-low, mid-high, and high), job (white collar, 
pink collar, blue collar, and unemployed), smoking (current, 
former, and never), alcohol intake (yes or no), BMI (average, 
overweight, and obese), diabetes (yes or no), daily calorie 
intake (less than recommended, recommended, and more 
than recommended), and family history of chronic diseases 
(yes or no). The subjects were classified into 3 groups by 
BMI—average (<23 kg/m2), overweight (23–24.9 kg/m2), 
and obese (≥25 kg/m2)—according to the WHO criteria for 
adults.23 24 The subjects were also classified into 3 groups 
by daily caloric intake—less than recommended, recom-
mended, and more than recommended—in alignment with 
the criteria of the National Research Council in the USA.25

Statistical analysis
The general characteristics of the study subjects were 
analyzed using t-test and analysis of variance with regard 
to comparisons of the differences in median HOMA2-IR. 
The HOMA2-IR values were log transformed for para-
metric tests. A multiple regression analysis was used to 
analyze the associations between the HOMA2-IR and the 
type and frequency of PA. Additionally, a sex-stratified anal-
ysis was performed to determine whether different patterns 
exist between men and women. Statistical analyses were 
conducted using the SAS software, V.9.4 (SAS Institute). All 
p values in this study were two sided and considered signif-
icant at <0.05.

reSulTS
The 2015 baseline general characteristics of the study 
subjects are shown in table 1 according to sex, along with 
the relationship between HOMA2-IR and each of the 
covariates. The 1645 male subjects reported the following: 
153 (9.3%), no activity; 180 (10.9%), walking <5 times per 
week; 179 (10.9%), walking ≥5 times per week; 65 (4.0%), 
MVPA <5 times per week; 83 (5.0%), MVPA ≥5 times 
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Table 2 Results of analyzing the effect of the type and frequency of exercise

Variables

HOMA2-Ir (log transformed)

Men Women

β Se P value β Se P value 

Type and frequency of PA

  No activity Ref Ref

  Walking+ <5 times −0.023 0.078 0.7695 −0.027 0.061 0.652

  Walking+ ≥5 times −0.029 0.084 0.7268 0.029 0.057 0.6105

  MVPA*+ <5 times −0.099 0.094 0.296 0.013 0.071 0.8497

  MVPA+ ≥5 times −0.214 0.091 0.0198 −0.128 0.08 0.1104

  Walking and MVPA+ <5 times −0.073 0.068 0.2797 −0.006 0.057 0.9224

  Walking and MVPA+ ≥5 times −0.183 0.064 0.0049 −0.071 0.047 0.1346

Age

  19–29 Ref Ref

  30–39 −0.126 0.086 0.1457 −0.158 0.065 0.0159

  40–49 −0.178 0.084 0.0367 −0.233 0.064 0.0004

  50–59 −0.229 0.09 0.0113 −0.206 0.067 0.0026

  60–69 −0.285 0.097 0.0037 −0.202 0.079 0.0117

 ≥70 −0.191 0.101 0.059 −0.206 0.088 0.0201

Educational level

  Elementary school graduate/below Ref Ref

  Middle school graduate 0.058 0.085 0.5006 −0.051 0.053 0.3423

  High school graduate 0.08 0.078 0.3072 −0.036 0.049 0.4668

  College graduate/higher 0.122 0.091 0.1811 −0.028 0.054 0.6089

Marital status

  Single 0.032 0.075 0.6728 0.041 0.059 0.487

  Once married 0.008 0.081 0.9239 −0.005 0.047 0.9164

  Married Ref Ref

Income status

  Low Ref Ref

  Mid-low −0.029 0.049 0.5572 −0.017 0.042 0.6882

  Mid-high −0.004 0.053 0.9395 −0.037 0.035 0.2908

  High 0.004 0.05 0.9321 −0.058 0.036 0.1127

Job

  White collar Ref Ref

  Pink collar −0.052 0.051 0.3126 0.067 0.041 0.1033

  Blue collar −0.037 0.048 0.4402 −0.045 0.051 0.3725

  Unemployed 0.019 0.047 0.6835 0.076 0.033 0.0221

Smoking

  Current 0.065 0.037 0.0808 −0.138 0.086 0.1091

  Former 0.043 0.044 0.3221 −0.095 0.062 0.1286

  Never Ref Ref

Alcohol

  Yes Ref Ref

  No 0.086 0.084 0.3047 0.033 0.042 0.4308

BMI

  Average Ref Ref

  Overweight 0.323 0.041 <0.0001 0.328 0.033 <0.0001

  Obese 0.763 0.038 <0.0001 0.662 0.031 <0.0001

Diabetes

  Yes 0.304 0.06 <0.0001 0.318 0.062 <0.0001

  No Ref Ref

Daily calorie intake

  Less than recommended 0.052 0.04 0.202 −0.007 0.036 0.851

  Recommended Ref Ref

  More than recommended 0.027 0.041 0.5054 −0.05 0.042 0.2341

Continued
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Variables

HOMA2-Ir (log transformed)

Men Women

β Se P value β Se P value 

Family history of chronic diseases

  Yes 0.039 0.043 0.3608 0.08 0.036 0.0283

  No Ref Ref

*Moderate -to-vigorous  physical activity (MVPA) includes vigorous intensity, moderate intensity, strength and flexibility exercise. 
BMI, body mass index; HOMA2-IR, homeostatic model assessment of insulin resistance; MVPA, moderate-to-vigorous physical activity; PA, physical activity.

Table 2 Continued

per week; 258 (15.7%), walking plus MVPA <5 times per 
week; and 727 (44.2%), walking plus MVPA ≥5 times per 
week. The corresponding median (IQR) HOMA2-IR scores 
were 1.015 (0.601–1.477), 0.917 (0.607–1.456), 0.933 
(0.569–1.403), 0.913 (0.649–1.447), 0.799 (0.551–1.244), 
0.890 (0.601–1.276) and 0.835 (0.559–1.261), respec-
tively. The 2272 female subjects reported the following: 
200 (8.8%), no activity; 320 (14.1%), walking <5 times 
per week; 295 (13.0%), walking ≥5 times per week; 98 
(4.3%), MVPA <5 times per week; 73 (3.2%), MVPA ≥5 
times per week; 374 (16.5%), walking plus MVPA <5 times 
per week; and 912 (40.1%), walking plus MVPA ≥5 times 
per week. The corresponding median (IQR) HOMA2-IR 
scores were 0.927 (0.572–1.363), 0.932 (0.627–1.425), 
0.834 (0.611–1.311), 0.826 (0.500–1.222), 0.922 (0.577–
1.346), 0.845 (0.565–1.211) and 0.814 (0.583–1.205), 
respectively. In addition, the dependent variable of this 
study, HOMA2-IR, was calculated by levels of triglyceride 
(TG) and high-density lipoprotein cholesterol (HDL-C). 
The results of the regression analysis revealed that among 
men, both TG (β: 0.07, p≤0.0001) and HDL-C (β: −0.90, 
p≤0.0001) are associated with IR with statistical signifi-
cance. Among women, both TG (β: 0.18, p≤0.0001) and 
HDL-C (β: −0.64, p≤0.0001) again showed a statistically 
significant relationship with IR.

Table 2 describes the relationships of HOMA2-IR with 
the combined type plus frequency. Among men, the log 
HOMA2-IR decreased when individuals performed MVPA 
≥5 times per week (β: −0.214, p≤0.0198) and walking 
plus MVPA ≥5 times per week (β: −0.183, p≤0.0049). 
No statistically significant results were observed among 
women. Regarding BMI, both men with overweight (β: 
0.323, p≤0.0001) and obese BMI (β: 0.763, p≤0.0001) 
exhibited increased log HOMA2-IR values than men 
with average BMI. Women with overweight (β: 0.328, 
p≤0.0001) and obese BMI (β: 0.662, p≤0.0001) also 
exhibited increased log HOMA2-IR values than women 
with average BMI. When diabetes was considered, statis-
tically significant results were observed in both men (β: 
0.304, p≤0.0001) and women (β: 0.318, p≤0.0001) with 
regard to HOMA2-IR.

Table 3 presents the associations between PA and the log 
HOMA2-IR by BMI and daily calorie intake. Men with 
an overweight BMI generally exhibited significant results 
with respect to the combined type plus frequency of PA. 
When the PA type and frequency were evaluated concur-
rently, the highest scores were obtained in the group 
that reported walking plus MVPA ≥5 times per week (β: 
−0.425, p≤0.0006), followed by those who performed 

walking ≥5 times per week (β: −0.376, p≤0.0105), MVPA 
≥5 times per week (β: −0.368, p≤0.0318) group, walking 
plus MVPA <5 times per week (β: −0.310, p≤0.0334), 
and walking <5 times per week (β: −0.243, p≤0.0385). 
Men with an obese BMI also exhibited significant associa-
tions of HOMA2-IR with PA type plus frequency, but only 
in the MVPA ≥5 times per week (β: −0.294, p≤0.0250) 
group. Among women, by contrast, statistically significant 
results were only observed among those with an average 
BMI who reported walking plus MVPA ≥5 times per week 
(β: −0.135, p≤0.0238).

We further observed that men who consumed more than 
the recommended daily calorie intake exhibited significant 
associations in the analysis. Highest scores were found in 
those in the walking plus MVPA ≥5 times per week (β: 
−0.269, p≤0.0468) group, followed by the walking plus 
MVPA ≥5 times per week (β: −0.350, p≤0.0030) group. 
Among women, no significant results were found.

dISCuSSIOn
This study analyzed the associations of the HOMA2-IR with 
the type and frequency of leisure-time PA using data from a 
nationally representative sample of Korean adults. The results 
revealed that in men, the combined type and frequency of PA 
correlate with negative changes in HOMA2-IR. Specifically, 
the performance of MVPA ≥5 times per week and walking 
plus MVPA ≥5 times per week reduced HOMA2-IR levels.

In the subgroup analysis, significant associations were 
found between HOMA2-IR and the combined type and 
frequency of PA among men with overweight BMI. Specifi-
cally, HOMA2-IR was most reduced by walking plus MVPA 
≥5 times per week, followed by walking ≥5 times per week 
and MVPA ≥5 times per week. Among men with obese 
BMI, the performance of MVPA ≥5 times per week group 
had reduced HOMA2-IR level. In addition, among men 
who consumed more than the recommended daily calorie 
intake, walking plus MVPA ≥5 times per week most effec-
tively reduced HOMA2-IR, followed by MVPA ≥5 times per 
week. By contrast, only 1 variable, walking plus MVPA ≥5 
times, affected HOMA2-IR of women in the average BMI 
group.

Our study results are consistent with those of previous 
studies, in which participation in overall and vigorous PA was 
found to associate with significantly high insulin sensitivity.19 
Additionally, in a prospective cohort study examining the 
association between regular vigorous exercise and the subse-
quent incidence of non-insulin-dependent diabetes mellitus, 
PA was identified as a probable preventive method.12 Another 
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study also found that MVPA affects the prevention of type 2 
diabetes.26

One particular focus of this study was the potential influ-
ence of walking, one of the lightest and most basic physical 
activities, on IR, given that this form of exercise has been 
identified as one of the most effective in terms of a wide 
range of health benefits.27 28 Notably, previous studies have 
reported that walking may reduce the incidence of premature 
death,29 chronic disease,27 while brisk walking was shown 
to improve insulin sensitivity.26 Moreover, another study 
found that low-intensity exercise, including walking, effec-
tively reduces HOMA-IR; however, the study focused solely 
on patients with diabetes and their treatment, with variables 
including other types of low-intensity PA and hospital diet.30 
As previous studies of walking have yielded various results, 
further investigation is needed to clarify the associations 
between various walking strengths and HOMA-IR.

In this study, MVPA ≥5 times per week was associated 
with the lowest HOMA2-IR levels, followed by walking plus 
MVPA ≥5 times per week; by contrast, generally walking 
alone did not affect HOMA2-IR. A statistically significant 
result was found only in men with overweight BMI. Although 
these results are consistent with those of previous studies 
reporting steady exercise as an effective means of reducing 
IR,19 they also present MVPA, rather than walking, as an 
associative factor with HOMA-IR. However, among subjects 
with a particularly high (ie, overweight) BMI, walking was 
also associated with a lower HOMA2-IR. In general, although 
walking is known to be beneficial to health,27 28 it generally 
did not improve IR in this study.

Our results allow us to suggest the most effective PA type 
and frequency for reducing HOMA2-IR, and to make partic-
ularly specific inferences and recommendations for individ-
uals with an overweight BMI. Appropriate PA is known to 
have various beneficial health effects, and certain PAs affect 
the HOMA2-IR. Therefore, a reduction in the HOMA2-IR 
could be better achieved by exercising the most appropriate 
type and frequency of PA according to the subject's individual 
characteristics. However, we note that statistically significant 
associations were only observed among male subjects in this 
study and further studies are needed to investigate relevant 
associations among women. In conclusion, the findings of 
this study suggest that PA is negatively associated with the 
HOMA2-IR.

This research had some limitations. For example, the PA 
type and frequency categories were not stratified into more 
detailed subcategories. With respect to PA type, this study 
aimed to investigate whether walking alone could reduce IR; 
therefore, all the exercises except walking were combined 
into a single group. In addition, we attempted to investigate 
the duration and other frequently used variables for a more 
detailed classification of PA, such as information on heart 
rate, oxygen uptake. Due to data limitations, however, the 
correlation of HOMA2-IR with such variables could not be 
determined. Moreover, this study featured a cross-sectional 
design; therefore, we could not exclude a potential bidirec-
tional effect.

COnCluSIOn
Among Korean adults, and especially among men, partic-
ipating in MVPA was associated with a reduction in the 

HOMA2-IR, regardless whether walking was practiced. 
Additionally, among men with an overweight BMI and those 
who consumed above the recommended daily calorie intake, 
walking plus MVPA ≥5 times per week appeared to be most 
effective for reducing the HOMA2-IR. These findings infer 
the potential benefits of performing PA in a manner that could 
effectively reduce the HOMA2-IR.
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