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Aims: This study aimed to investigate the association between breakfast frequency and insulin resistance
using the triglyceride and glucose (TyG) index in Korean adults with prediabetes.
Methods: This study used data from the 2016e2018 Korea National Health and Nutrition Examination
Survey (KNHANES). A total of 16,925 participants were included in this study. Breakfast frequency was
classified as 0 times, 1�4 times, and 5�7 times per week. High insulin resistance was defined as a TyG
index of �8.5. A multivariate logistic regression analysis was performed.
Results: Compared with the group whose breakfast frequency was 5e7 times per week, the odds ratio for
high insulin resistance was 1.39 times (95% confidence interval (CI), 1.21�1.59) and 1.17 times (95% CI,
1.04e1.32) higher in the group whose breakfast frequency was 0 times and 1�4 times per week,
respectively.
Conclusions: This study revealed that a lower frequency of breakfast consumption was significantly
associated with a higher risk of insulin resistance in Korean adults with prediabetes. In the future, a
large-scale prospective longitudinal study is required to establish the causal relationship between
breakfast frequency and insulin resistance.

© 2023 The Authors. Published by Elsevier Ltd on behalf of Research Trust of DiabetesIndia
(DiabetesIndia) and National Diabetes Obesity and Cholesterol Foundation (N-DOC). This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prediabetes refers to the stage of dysglycemia between nor-
moglycemia and type 2 diabetes mellitus (DM) [1]. Prediabetes is
defined as the presence of at least one of the following three cat-
egories: 1) HbA1c between 5.7% and 6.4%; 2) impaired glucose
tolerance, defined as a blood glucose level of 140e199 mg/dL 2 h
after the 75 g oral glucose tolerance test [2]; and 3) impaired fasting
blood glucose, defined as a fasting blood glucose level between
100mg/dL and 125mg/dL [3]. Prediabetes is a conditionwith a high
risk of progression to diabetes, with a yearly progression rate of
ce interval; HbA1c, glycated
utrition Examination Survey;
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dicine, Chung-ang University
eukseok-ro 102, Dongjak-gu,

er Ltd on behalf of Research Trus
der the CC BY-NC-ND license (htt
5e10% [4]. In 2019, the International Diabetes Federation reported
that the estimated worldwide prevalence of impaired glucose
tolerance is 7.5% [5]. Between 2015 and 2016, the prevalence of
prediabetes was 43.5% in adults 20 years old or older [6]. In Korea,
from 2007 to 2017, the prevalence of impaired fasting glucose
among adults aged 30 or older increased from 20.2% to 26.3% [7].
Moreover, several studies have reported that prediabetes is related
to health problems, such as morbidity and mortality, and increased
financial burden [8e13].

Insulin resistance is a major pathophysiological mechanism of
prediabetes and type 2 DM [14,15], and several studies have re-
ported an association between skipping breakfast and insulin
resistance [16e20]. To identify insulin resistance, the TyG index is
commonly used. TyG index is calculated using fasting blood tri-
glyceride level and fasting blood glucose level, and it has a high
sensitivity for identifying insulin resistance [21].

In a cross-sectional study that studied the association between
breakfast frequency and insulin resistance using the TyG index in
adults without diabetes using data collected between 2016 and
t of DiabetesIndia (DiabetesIndia) and National Diabetes Obesity and Cholesterol
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2018 from the KNHANES, the odds ratio for insulin resistance was
1.17 and 1.42 for the group with an average breakfast frequency of
1e4 per week and 0 per week respectively, compared to the group
with an average breakfast frequency of 5e7 per week [16].
Furthermore, in a randomized crossover study that examined the
association between skipping breakfast and 24-h energy expendi-
ture and 24-h blood glucose level in Japanese males in their 20s,
skipping breakfast increased the 24-h average blood glucose [18].

The potential mechanisms that highlight the association of
frequent breakfast skipping with a higher risk of insulin resistance
include that 1) breakfast skipping disrupts the circadian rhythm
[22], which has been closely associatedwith the pathophysiology of
type 2 diabetes [23], and 2) by skipping breakfast, the absence of
glucose elevation due to fasting until noon may diminish b-cell
responsiveness and memory, leading to a reduced and delayed
insulin response after lunch [22], whereas the magnitude of insulin
release is enhanced significantly by previous glucose exposure [24].

However, these prior studies were limited to the general pop-
ulation, and to our knowledge, no study has investigated the as-
sociation between breakfast frequency and insulin resistance only
in people with prediabetes, who are more likely to progress to
diabetes. Reducing insulin resistance is important to prevent pro-
gression to diabetes in people with prediabetes and could be a
method to prevent progression to diabetes.

This study aims to identify the association between breakfast
frequency and insulin resistance, using the TyG index. Therefore,
we hypothesized that in adults aged �19 years with prediabetes,
less breakfast frequency is associated with higher insulin resistance
and conducted a cross-sectional study using data collected be-
tween 2016 and 2018 from the KNHANES.

2. Materials and methods

2.1. Subjects

This secondary data analysis assessed data collected between
2016 and 2018 from the KNHANES. The KNHANES is a nationwide
population-based survey that examines the general health and
nutritional status of the civilian non-institutionalized population in
South Korea conducted by the Korean Ministry of Health and
Welfare and the Division of Chronic Disease Surveillance of the
Korean Centers for Disease Control and Prevention. Of the 24,269
people surveyed, we first excluded people under 19 years old and
those who fell under any of these three categories: 1) had been
diagnosed with or treated for DM; 2) HbA1c level was not between
5.7% and 6.4%; 3) fasting blood glucose level was not between
100 mg/dL and 125 mg/dL. After exclusion, among the remaining
17,535 people, those with missing TyG index, which represents
insulin resistance, were excluded, and finally 16,295 people were
included in the study population (Fig. 1).

Written informed consent was obtained from all participants
before participating in the study, and the KNHANES was conducted
with ethical approval from the Institutional Review Board of the
Korea Centers for Disease Control and Prevention (KNHANES was
exempt from research ethics review based on the Bioethics and
Safety Act from 2016 to 2017 [25] and no. 2018-01-03-P-A in 2018).

2.2. Data collection

Participants were interviewed by trained staff using standard-
ized health questionnaires to collect data on demographic infor-
mation, medical history, lifestyle, and nutrient intake [25].
Anthropometric measurements and laboratory tests were also
performed. The independent variable, the frequency of breakfast,
was assessed using the KHNAES VII questionnaire; the frequency of
2

breakfast for 1 week over the past year was expressed in three
categories (0 per week,1�4 per week, 5�7 per week). Furthermore,
variables such as age, sex, income level, education level, marital
status, residential area, occupation, smoking, alcohol intake, phys-
ical activity, obesity, weekly lunch frequency during the past year,
weekly dinner frequency during the past year, daily energy intake,
average daily carbohydrate intake, average daily protein intake, and
average daily fat intake were adjusted. The income level was
expressed in four categories: low, medium-low, medium-high, and
high. Level of education was expressed in two categories: “under
high school graduate” and “high school graduate or higher.”Marital
status was classified into three categories: “single,” “married,” and
“divorced or widowed.” Residential areas were divided into two
categories: “urban” and “rural,” with “Seoul,” “Busan,” “Daegu,”
“Incheon,” “Gwangju,” “Daejeon,” “Ulsan,” “Sejong,” and
“Gyeonggi” being classified as “urban” areas and “Gangwon,”
“Chungbuk,” “Chungnam,” “Jeonbuk,” “Jeonnam,” “Gyeongbuk,”
“Gyeongnam,” and “Jeju” classified as “rural” areas. The occupation
was expressed in four categories: “office worker,” “service worker,”
“skilled worker,” and “unemployed,” and smoking status was
classified into three categories: “non-smoker,” “past smoker,” and
“current smoker.” Alcohol intake was defined as drinking at least
one drink per month in the last year, and physical exercise was
defined as 150 min of moderate-intensity physical activity or
75 min of high-intensity physical activity, or an equivalent time of
mixed moderate- and high-intensity physical activity per week.
Obesity was defined as a body mass index (BMI; calculated by
dividing weight [kg] by the square of height [m2]) of �25 kg/m2.
The average frequency of lunch and dinner per week over the past
year was expressed in three categories: 0 per week, 1�4 per week,
and 5�7 per week. Daily energy (kcal/day), carbohydrate (g/day),
protein (g/day), and fat (g/day) intakes were expressed as contin-
uous variables. Serum triglycerides and fasting blood glucose levels
were measured using an automatic analyzer (Hitachi 7600, Tokyo,
Japan).

For measuring insulin resistance, the dependent variable, the
TyG index, was used. The TyG index is calculated using fasting
blood glucose and triglycerides and is useful for evaluating insulin
resistance [26]. When comparing the two measures to evaluate
insulin resistance, the Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR) and the TyG index, studies have shown that
the TyG index is better at predicting the prevalence of metabolic
syndrome and type 2 DM [27,28]. The TyG index was calculated
using the following equation: Ln (triglyceride (mg/dL) � fasting
glucose (mg/dL)/2) [29], and insulin resistance was defined as TyG
�8.5. The cut-off value of the TyG index, 8.5, is a value that previous
studies found to increase the risk of metabolic disorders. Zhang
et al. found that a TyG index�8.5 or higher is extremely sensitive to
the diagnosis of non-alcoholic fatty liver disease [30], and Joo et al.
found a high association between a TyG index of �8.5 and insulin
resistance in Korean adults without diabetes [16].

2.3. Statistical analysis

The characteristics of the participants classified according to
high insulin resistance using the TyG index are expressed as means
and standard deviations for continuous variables and as numbers
and percentages for categorical variables. The participant groups
were compared using the independent t-test for continuous vari-
ables and the Chi-square test for categorical variables.

Multivariate logistic regression analysis was used to analyze the
association between breakfast frequency and high insulin resis-
tance using the TyG index. Relative risks were estimated using odds
ratios (ORs) and 95% confidence intervals (CIs). We adjusted for
multiple variables that showed significant associations in the



Fig. 1. Flow diagram of the selection of study participants
HbA1c, glycated hemoglobin; TyG index, triglyceride and glucose index.
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univariate analysis and those with clinical relevance. After calcu-
lating the crude ORs (Model 1), Model 2 was adjusted for age, sex,
income, education level, occupation, residential area, marital sta-
tus, smoking, alcohol intake, physical activity, and obesity. Model 3
was further adjusted for weekly lunch and dinner frequency,
3

calories, and macronutrients (carbohydrate, protein, and fat)
intake.

All variables entered into the logistic regression analysis were
examined for multicollinearity and only those with a variance
inflation factor of <5 were used. All statistical analyses were
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performed with SPSS version 25 (IBM, Armonk, NY, USA). The level
of statistical significance was set at P < 0.05, and all P-values were
two-tailed.
3. Results

3.1. Demographic characteristics of the participants

Table 1 shows the baseline characteristics of the study
Table 1
Demographic characteristics according to insulin resistance in Korean adults with pred

Variables Insulin resistance using the T

Low (<8.5) (n ¼ 7896)

Breakfast per week
0 times 943 (15.9)
1�4 times 1642 (26.9)
5�7 times 4344 (57.2)

Sex
Male 2141 (37.6)
Female 4789 (62.4)

Age 43.27 ± 0.29
Marital status
Single 1462 (30.0)
Married 4733 (62.1)
Separated or divorced 733 (7.9)

Income
Low 1654 (24.6)
Lower-middle 1678 (23.8)
Upper-middle 1764 (25.5)
High 1819 (26.1)

Educational level
Middle school or lower 1572 (16.8)
High school or higher 5087 (83.2)

Residential region
Rural 1935 (22.5)
Urban 4995 (77.5)

Occupation
Office worker 1856 (29.9)
Service worker 884 (14.0)
Manual worker 1341 (19.5)
Unemployed 2574 (36.6)

Obesity*
No 5465 (79.5)
Yes 1451 (20.5)

Smoking status
Non-smoker 4927 (68.4)
Past smoker 766 (13.9)
Current smoker 1191 (17.7)

Alcohol intake
No 3247 (42.7)
Yes 3638 (57.3)

Physical activityy

Inactive 3534 (48.7)
Active 3121 (51.3)

Lunch per week
0 times 106 (1.5)
1�4 times 608 (9.3)
5�7 times 6215 (89.2)

Dinner per week
0 times 31 (0.4)
1�4 times 743 (11.6)
5�7 times 6155 (88.0)

Calorie intake (kcal/day) 1964.52 ± 14.31
Carbohydrate intake (g/day) 291.01 ± 1.92
Protein intake (g/day) 72.28 ± 0.64
Fat intake (g/day) 47.53 ± 0.59

TyG index, triglyceride and glucose index.
Data were obtained from the 2016e2018 Korean National Health and Nutrition Examin
The P-values were calculated using an independent t-test or a chi-square test.
Continuous variables are expressed as means and standard deviations, whereas catego
*Defined as body mass index �25 kg/m2.
yDefined as 150 min of moderate-intensity physical activity or 75 min of high-intensit
physical activity per week.
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population. The number of participants with high insulin resistance
using the TyG indexwas 9029 (53.3% of the total). The proportion of
no breakfast intake per week was higher in the high insulin resis-
tance group than in the low insulin resistance group (P < 0.001).
Regarding sex, the proportion of males in the high insulin resis-
tance group was significantly higher (61.4%, P < 0.001). Compared
with those of the low insulin resistance group, the age and the
amount of daily calorie, carbohydrate, and protein intake of the
high insulin resistance group were higher (P < 0.001). In addition,
iabetes.

yG index

High (�8.5) (n ¼ 9029) P-value

<0.001
972 (16.3)
1550 (23.9)
5220 (59.8)

<0.001
4024 (61.4)
3718 (38.6)
49.42 ± 0.28 <0.001

<0.001
966 (18.8)
5603 (69.7)
1172 (11.5)

0.195
1954 (24.9)
1958 (25.0)
1935 (25.1)
1875 (25.0)

<0.001
2556 (25.2)
4846 (74.8)

<0.001
2404 (25.8)
5338 (74.2)

0.484
1710 (28.5)
899 (13.1)
1850 (23.8)
2936 (34.7)

<0.001
4193 (53.3)
3521 (46.7)

<0.001
4097 (47.4)
1693 (27.1)
1874 (25.5)

<0.001
3446 (38.7)
4226 (61.3)

<0.001
4396 (55.4)
2995 (44.6)

0.694
156 (1.8)
616 (8.0)
6970 (90.2)

0.151
32 (0.4)
607 (8.6)
7103 (91.0)
2117.51 ± 15.32 <0.001
307.98 ± 1.99 <0.001
75.30 ± 0.64 <0.001
46.89 ± 0.56 0.391

ation Survey.

rical variables are expressed as numbers and percentages.

y physical activity, or an equivalent time of mixed moderate- and high-intensity
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the proportion of low education level, rural residence, obesity,
current alcohol intake, and physical inactivity were also higher in
the high insulin resistance group (P < 0.001).

3.2. Association between breakfast frequency and insulin resistance
using the TyG index

Table 2 shows ORs and 95% CIs with high insulin resistance
compared to the 5�7 breakfast frequency per week after dividing
them into three subgroups according to breakfast frequency. The
model was adjusted for age, sex, income, education level, occupa-
tion, residential area, marital status, smoking status, alcohol intake,
physical activity, obesity, weekly lunch and dinner frequency, and
calorie and macronutrients (carbohydrate, protein, fat) intake. The
OR of insulin resistance in the group with 5e7 breakfasts per week
was 1.17 (95% CI, 1.04�1.32) and 1.39 times (95% CI, 1.21�1.59)
higher than that in the groups with 1e4 breakfasts and 0 breakfast,
respectively.

4. Discussion

In this study, it is shown that decreased breakfast frequency is
associated with increased insulin resistance. As mentioned above,
prediabetes is related to health problems and increased financial
burden [8e13].

Although the causal relationship between breakfast frequency
and insulin resistance is not identified, our study results can give a
clue that frequent breakfast consumption could be a simple way of
reducing the risk of prediabetes and diabetes and preventing the
development of diabetes in people with prediabetes.

There have been prior studies that studied the association be-
tween breakfast consumption and insulin resistance and risk of
metabolic disorders [16e20,31e34]. In a study of 14- to 18-year-old
adolescents in Slovakia, skipping breakfast was identified as a sig-
nificant risk factor for insulin resistance, measured using HOMA-IR
[17]. A study in Japanese people without diabetes also showed that
skipping breakfast, eating irregularly, and eating quickly were
associatedwith insulin resistance, measured using HOMA-IR [19]. A
randomized controlled trial of healthy lean females in the UK found
that skipping breakfast impaired fasting lipid levels and post-
prandial insulin sensitivity [32]. A meta-analysis of studies on the
Asia-Pacific population also showed a positive correlation between
skipping breakfast and the prevalence of overweight and obesity
[33]. A study using data from KNHANES from 2007 to 2009 found
that higher breakfast energy intake was associated with lower risk
of metabolic disorders [34]. These results of previous studies are
consistent with the known mechanisms of insulin resistance in
type 2 DM: 1) hepatic lipid accumulation activates protein kinase C
Table 2
Unadjusted and adjusted odds ratios and 95% confidence intervals for insulin resistance

Multivariate model Model 1

Insulin resistanceb OR (95% CI)
Breakfast per week
0 times 0.98 (0.87�1.10) P ¼ 0.691
1�4 times 0.85 (0.77�0.94)a P ¼ 0.001
5�7 times Reference

TyG index, triglyceride and glucose index; OR, odds ratio; CI, confidence interval.
Data from the 2016e2018 Korean National Health and Nutrition Examination Survey.
Model 1 is crude.
Model 2 is adjusted for age, sex, income, educational level, occupation, residential area,
Model 3 is adjusted for weekly lunch and dinner frequency and calorie andmacronutrient
2.

a Indicates P-value <0.05.
b Insulin resistance is defined using the TyG index, and a value greater than 8.5 is defi
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and interferes with insulin signaling [35]; 2) inflammation of the
liver causes Kupffer cells and macrophages to secrete proin-
flammatory molecules, thus decreasing insulin sensitivity [36]; 3)
an unfolded protein response is induced so that it interferes with
insulin signaling [37]; 4) increases in non-esterified fatty acids,
glycerol, hormones, and proinflammatory cytokines, which can be
observed in obese people, induce beta-cell dysfunction and pro-
mote gluconeogenesis [38]. These mechanisms also support our
finding that insulin resistance increases with decreased breakfast
frequency.

Compared with previous studies, this study has several differ-
ences. First, the participants were limited to people with predia-
betes, who have a higher risk of progression to diabetes. People
with prediabetes are more likely to progress to diabetes than the
general population, and 5�10% of people with prediabetes progress
to diabetes each year [4]. Second, unlike in some previous studies,
the breakfast frequency in the present study was quantified and
analyzed with three categories of ordinal scale: 0 times aweek, 1�4
times a week, and 5�7 times a week.
5. Limitation

This study has several limitations. First, this study is a cross-
sectional study, making it difficult to know the causal relation-
ship; therefore, a prospective longitudinal study with a large
sample is required. Second, there may have been recall bias because
data about breakfast frequency were collected using a participant-
reported questionnaire. However, KNHANES survey interviews are
conducted by well-trained staff to obtain consistent and reliable
answers [39], and self-reports are common in population-based
studies [40]. Furthermore, the reliability of the data and the
representativeness of the entire Korean population are guaranteed,
considering that the KNHANES comprises the largest source of
open data in Korea and is conducted by the government. Third, in
this study, the composition of the breakfast was not analyzed. In
this study, the daily intake of calories and macronutrients were
calculated as confounders, but the amount and the ratio of the
nutrients in each meal were not analyzed; therefore, more studies
on the association between insulin resistance and meal composi-
tion are required.

However, this study is the first that identified the association
between breakfast frequency and insulin resistance in people with
prediabetes, using nationwide data. The strength of this study is
that it has added clinical significance by targeting people with
prediabetes, who have a high risk of progressing to diabetes, in
addition to previous studies targeting the general population.
Second, the KNHANES data used in this study are large-scale and
randomly sampled from the entire Korean population; therefore,
using the TyG index according to weekly breakfast frequency.

Model 2 Model 3

OR (95% CI) OR (95% CI)

1.41 (1.23�1.61)a P < 0.001 1.39 (1.21�1.59)a P < 0.001
1.17 (1.04�1.32)a P ¼ 0.008 1.17 (1.04�1.32)a P ¼ 0.010
Reference Reference

marital status, smoking status, alcohol intake, physical activity, and obesity.
intake (carbohydrate, protein, and fat) in addition to the variables adjusted in Model

ned as insulin resistance.
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the study results could be applicable to the entire Korean popula-
tion. Through this, it is expected that public health benefits such as
reduction of morbidity due to chronic diseases including diabetes,
prevention of health problems such as complications related to
diabetes, and reduction of burden of medical expenses will be
achieved.

6. Conclusion

In conclusion, the OR of insulin resistancewas 1.17 times (95% CI,
1.04�1.32) in those with 1e4 breakfasts per week and 1.39 times
(95% CI, 1.21�1.59) in those with 0 breakfast, compared to those
with 5e7 breakfasts per week, among Korean adults with predia-
betes. In the future, a large-scale prospective longitudinal study is
required to establish the causal relationship between breakfast
frequency and insulin resistance. And finally, we hope that frequent
breakfast consumption would be identified as an easy and useful
method for preventing the development of diabetes.

Availability of data and materials

The datasets analyzed during the current study are available in
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knhanes/index. do]. The KNHANES is a nationwide population-
based survey conducted by the Korean Ministry of Health and
Welfare and the Division of Chronic Disease Surveillance of the
Korean Centers for Disease Control and Prevention. All data are fully
available without restriction. All data files are available from the
KNHANES database.

All methods were carried out in accordance with relevant
guidelines and regulations.
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