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Introduction

The concentration of C-reactive protein (CRP) in blood is a marker of 

systemic inflammation and is elevated in acute infections, inflamma-

tory responses, and aging [1]. In clinical practice, two methods are 

used to measure blood CRP levels: standard and high-sensitivity C-re-

active protein (hs-CRP) assays. Standard clinical assays for CRP have a 

lower detection limit of 3–8 mg/L, which can be used to evaluate acute 

infections and trauma, whereas the hs-CRP assay is suitable for identi-

fying low-grade inflammatory states because it can measure CRP 

within the normal range in healthy people [2]. An increase in blood hs-

CRP concentrations from low levels has been used as a marker of ath-

erosclerosis [3] and to stratify cardiovascular risk [4]. In addition, some 

studies have used hs-CRP levels to determine all-cause mortality [5]. 

In particular, high CRP levels are strongly associated with the progres-

sion of coronary heart disease in men but weakly associated in women 

[6]. Additionally, previous studies have reported a stronger association 

between elevated CRP levels and the incidence of metabolic syndrome 

and diabetes in men than in women [7]. 

	 Breakfast is widely recognized for its role in rebalancing energy lev-

els, modulating appetite, and weight regulation [8]. Recent studies 

have demonstrated that breakfast consumption is associated with a 

reduced risk of atherosclerotic cardiovascular disease (ASCVD), dia-

betes, and metabolic syndrome [9,10]. Chronic low-grade inflamma-

tory conditions have been found to disrupt metabolism, leading to an 

increased risk of conditions closely related to cardiovascular diseases 

(CVD), such as diabetes, hypertension, and obesity [11,12]. However, 

according to the 2012–2021 breakfast skipping rate trend by the Korea 

Centers for Disease Control and Prevention (currently, Korea Disease 

Control and Prevention Agency), the rate will be 31.7% in 2021, which 

is an 8.3% increase from 23.4% in 2012. Based on age, those in the ages 

of 19–29 years were the most likely to miss breakfast (53.0%), whereas 

those aged 65 years or older were the least likely (6.3%), indicating that 

younger people are more likely to miss breakfast. The prevalence of 

skipping breakfast among young people is worsening, with the highest 

prevalence among those aged 19–29 years at 53.0% and the lowest 

prevalence among those aged 65 years or older at 6.3% [13]. Although 

overseas studies have demonstrated an association between breakfast 

skipping and inflammation using markers such as hs-CRP and glyco-

protein acetyls [14,15], no study has yet been conducted on this topic 

specifically in Korean males. The current study aimed to investigate 

the association between breakfast consumption frequency and in-

flammation, estimated via hs-CRP levels, in non-smoking adult males 

with no history of CVD, diabetes, rheumatoid arthritis, or cancer, using 

data from the Korean National Health Insurance Service.

Methods

Study subjects
The study utilized data from the 7th Korea National Health and Nutri-

tion Examination Survey (2016–2018), focusing on adult males aged 

19 years or older. Initially, the sample included 24,269 subjects. Exclu-

sions were made for those under 19 years of age (n=4,880), females 

(n=10,831), individuals with a history of myocardial infarction, angina, 

stroke, diabetes, rheumatoid arthritis, or various cancers (stomach, liv-

er, colon, breast, cervical, lung, thyroid, and other cancers) (n=2,335)—

due to their potential to influence hs-CRP levels—and current smokers 

(n=513), who typically exhibit higher CRP levels [16]. After further ex-

cluding participants with missing health, screening, or nutritional sur-

vey data (n=1,710), the final analysis included 4,000 participants. 

Background: Skipping breakfast is associated with an increased risk of chronic inflammatory diseases. This study aimed to exam-
ine the association between breakfast-eating habits and inflammation, using high-sensitivity C-reactive protein (hs-CRP) as a 
marker.
Methods: A total of 4,000 Korean adult males with no history of myocardial infarction, angina, stroke, diabetes, rheumatoid arthri-
tis, cancer, or current smoking were included. Data from the 2016–2018 Korea National Health and Nutrition Examination Survey 
were used for analysis. The frequency of breakfast consumption was assessed through a questionnaire item in the dietary survey 
section asking participants about their weekly breakfast consumption routines over the past year. Participants were categorized 
into two groups, namely “0–2 breakfasts per week” and “3–7 breakfasts per week”; hs-CRP concentrations were measured through 
blood tests.
Results: Comparing between the “infrequent breakfast consumption (0–2 breakfasts per week)” and “frequent breakfast con-
sumption (3–7 breakfasts per week)” groups, the mean hs-CRP was found to be significantly higher in the “infrequent breakfast 
consumption” group, even after adjusting for age, body mass index, physical activity, alcohol consumption, systolic blood pres-
sure, blood pressure medication, fasting blood glucose, and triglycerides (mean hs-CRP: frequent breakfast consumption, 
1.36±0.09 mg/L; infrequent breakfast consumption, 1.17±0.05 mg/L; P-value=0.036).
Conclusion: Less frequent breakfast consumption was associated with elevated hs-CRP levels. Further large-scale studies incor-
porating adjusted measures of daily eating patterns as well as food quality and quantity are required for a deeper understanding of 
the role of breakfast in the primary prevention of chronic inflammatory diseases.
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	 The present study was approved by the Institutional Review Board 

(IRB) of Pusan National University Yangsan Hospital (IRB no., 55-

2023-001). The requirement for informed consent from individual pa-

tients was omitted because of the retrospective design of this study. 

Study variables

Independent variable: frequency of breakfast consumption

The frequency of breakfast consumption was assessed using the ques-

tion, “How many times a week did you typically eat breakfast in the 

past year?” based on the dietary survey section of the Korea National 

Health and Nutrition Examination Survey. Participants who reported 

consuming breakfast “5–7 times a week” or “3–4 times a week” were 

classified as having “frequent breakfast consumption” while those who 

reported consuming breakfast “1–2 times a week” or “rarely (0 times a 

week)” were classified as having “infrequent breakfast consumption.”

Dependent variable: hs-CRP

In this study, hs-CRP levels were obtained from blood tests conducted 

as part of the Korea National Health and Nutrition Examination Sur-

vey. The cutoff point was set at 0.5 mg/L, corresponding to an ex-

tremely low hs-CRP level, as obtained from a previous study [17]. 

General characteristics

General characteristics of the study participants included age, body 

mass index (BMI), physical activity, alcohol consumption, systolic 

blood pressure, and hypertension treatment. BMI was calculated as 

weight (in kg) divided by the square of height (in m2). Physical activity 

status was categorized as “none” or “yes” based on the participants’ 

engagement in aerobic physical activity. Alcohol consumption status 

was categorized into “none” for “less than once a month” and “not at 

all in the past year,” and “yes” for “at least once a month,” based on the 

frequency of alcohol consumption over the past year. Blood pressure 

was measured as the final systolic blood pressure (2nd and 3rd mean), 

and hypertension treatment status was categorized as “none” or “yes.” 

Fasting blood glucose and triglyceride levels were measured using an 

automated analyzer after a minimum fasting period of 12 hours.

Statistical analysis 
The analyses were weighted to account for the demographic charac-

teristics of the participants of the Korea National Health and Nutrition 

Examination Survey. Comparisons of anthropometric measurements, 

social factors, and blood test results based on breakfast consumption 

frequency were performed using t-tests and chi-square tests. A gener-

alized linear model was analyzed while adjusting for confounding fac-

tors to assess the association between breakfast consumption fre-

quency and hs-CRP levels. Logistic regression analysis was conducted 

to examine the association between breakfast consumption frequency 

and hs-CRP ≥0.5 mg/L, with the infrequent breakfast consumption 

group used as the reference category. A significance level of P<0.05 

was adopted, and statistical analysis was performed using IBM SPSS 

ver. 27.0 (IBM Corp.). 

Results

Participant characteristics related to frequency of breakfast 
consumption 

A total of 4,000 participants were included in the analysis and catego-

rized into two groups based on their breakfast consumption frequency 

(3 times a week). Most participants (82%) belonged to the frequent 

breakfast consumption group (3–7 breakfasts per week). The general 

characteristics of the infrequent breakfast consumption group (0–2 

breakfasts per week; n=719) and the frequent breakfast consumption 

group (3–7 breakfasts per week; n=3,281) are presented in Table 1.

	 When analyzed according to breakfast consumption frequency, sig-

nificant differences were observed in age, BMI, alcohol consumption, 

systolic blood pressure, history of hypertension treatment, and fasting 

blood glucose levels (P<0.05). Compared to the frequent breakfast 

Table 1. Common characteristics based on breakfast consumption frequency

Characteristic
Infrequent breakfast consumption 

(0–2 breakfasts/wk)
Frequent breakfast consumption 

(3–7 breakfasts/wk)
P-value

Age (y) 35.74±0.46 50.99±0.41 <0.001
Body mass index (kg/m2) 25.31±0.17 24.48±0.06 <0.001
Physical activity
   No 355 (46.8) 1,739 (46.9) 0.965
   Yes 364 (53.2) 1,542 (53.1)
Alcohol consumption
   No 93 (11.2) 747 (19.8) <0.001
   Yes 626 (88.8) 2,534 (80.2)
Systolic blood pressure (mm Hg) 118.59±0.52 120.94±0.32 <0.001
Hypertension treatment
   No 654 (92.7) 2,288 (76.4) <0.001
   Yes 65 (7.5) 993 (23.6)
Fasting blood glucose (mg/dL) 99.00±0.88 103.08±0.47 <0.001
Triglyceride (mg/dL) 154.04±4.47 145.18±2.63 0.076

Values are presented as mean±standard deviation or number (%).



Eun Ji Han, et al.  •  Breakfast frequency and inflammation in Korean men 

https://doi.org/10.4082/kjfm.23.0151

www.kjfm.or.kr    95

consumption group, the infrequent breakfast consumption group was 

younger (35.74±0.46 years versus 50.99±0.41 years), had a higher per-

centage of individuals consuming alcohol at least once a month (88.8% 

versus 80.2%), and had a higher BMI (25.31±0.17 kg/m2 versus 24.48± 

0.06 kg/m2). On the other hand, the infrequent breakfast consumption 

group had lower systolic blood pressure (118.59±0.52 mm Hg versus 

120.94±0.32 mm Hg) and fasting blood glucose levels (99.00±0.88 mg/dL 

versus 103.08±0.47 mg/dL), and a lower proportion of individuals tak-

ing medication for hypertension (7.3% versus 23.6%).

High-sensitivity C-reactive protein values based on 
frequency of breakfast consumption 

To examine whether there were significant differences in the body’s 

chronic inflammatory status based on the frequency of breakfast con-

sumption, a generalized linear analysis was employed to determine 

the mean hs-CRP values (Table 2). In model 1, adjusting for age, BMI, 

physical activity, and alcohol consumption, the mean hs-CRP value 

was 1.37±0.09 mg/L for the infrequent breakfast consumption group 

and 1.18±0.05 mg/L for the frequent breakfast consumption group (P-

value=0.032). In model 2, which further incorporated systolic blood 

pressure, blood pressure medication, fasting blood glucose, and tri-

glyceride levels into model 1, the mean hs-CRP value remained higher 

in the infrequent breakfast consumption group (1.36±0.09 mg/L) than 

in the frequent breakfast consumption group (1.17±0.05 mg/L, P-val-

ue=0.036).

Odds ratio for high high-sensitivity C-reactive protein by 
frequency of breakfast consumption 

Logistic regression analysis was conducted to examine the odds ratio 

(OR) of having hs-CRP >0.5 mg/L, based on breakfast consumption 

frequency. In model 1 analysis, adjusted for age, BMI, physical activity, 

and alcohol consumption, the OR of having hs-CRP >0.5 mg/L was 

significantly higher in the infrequent breakfast consumption group 

than in the frequent breakfast consumption group (OR, 1.34; 95% con-

fidence interval [CI], 1.09–1.66; P=0.007). This association remained 

consistent in model 2, which further adjusted for blood pressure, hy-

pertension treatment, fasting blood glucose, and triglycerides over 

model 1 (OR, 1.31; 95% CI, 1.06–1.62; P=0.013) (Table 3).

Discussion

This study aimed to examine the association between breakfast con-

sumption frequency and hs-CRP levels in non-smoking adult men 

without a history of cancer, rheumatoid arthritis, CVD, or diabetes us-

ing data from the 2016, 2017, and 2018 Korea National Health and Nu-

trition Examination Surveys. This study demonstrated that infrequent 

breakfast consumption was significantly associated with higher hs-

CRP levels compared to frequent breakfast consumption (P<0.05) 

even after adjusting for age, BMI, physical activity, alcohol consump-

tion, systolic blood pressure, hypertension treatment, fasting blood 

glucose, and triglycerides.

	 Consistent with our results, previous studies exploring the associa-

tion between breakfast consumption frequency and inflammation re-

ported similar findings. A cross-sectional study involving 70,092 Chi-

nese adults investigated the association between breakfast consump-

tion and chronic inflammation using hs-CRP levels. The adjusted OR 

for the “no-breakfast” group, compared to the “breakfast everyday” 

group, was 1.86 (95% CI, 1.73–2.00) for hs-CRP ≥1.0 mg/L and 1.27 

(95% CI, 1.15–1.40) for hs-CRP ≥3.0 mg/L. The “no-breakfast” group 

exhibited increased odds ratio of having elevated CRP levels (P for 

trend <0.001 for both) [15]. Furthermore, a cross-sectional study con-

ducted as part of the Cancer Prevention Study-3 Diet Assessment Sub-

study involving 644 participants analyzed the association between 

breakfast consumption and inflammation using glycoprotein acetyl. 

The study found that the group consuming breakfast 5 days a week 

had higher glycoprotein acetyl values compared to the group consum-

ing breakfast 6 days a week (β, 0.21; 95% CI, 0.03–0.40) [8]. 

	 Frequently skipping breakfast is associated with an increased risk of 

being overweight and obese [18]. Consistent with these findings, we 

observed a higher BMI in the infrequent breakfast consumption 

group. Previous studies have consistently shown that skipping break-

Table 2. Adjusted means of high-sensitivity C-reactive protein concentrations based 
on breakfast consumption frequency

Infrequent breakfast 
consumption  

(0–2 breakfasts/wk)

Frequent breakfast 
consumption  

(3–7 breakfasts/wk)
P-value

Crude 1.27±0.08 1.17±0.04 0.229
Model 1 1.37±0.09 1.18±0.04 0.032
Model 2 1.36±0.09 1.17±0.04 0.036

Values are presented as mean±standard deviation. Model 1: adjusted for age, BMI, 
physical activity, and alcohol consumption. Model 2: adjusted for age, BMI, physical 
activity, and alcohol consumption, systolic blood pressure, hypertension treatment, 
fasting blood glucose, and triglyceride.
BMI, body mass index.

Table 3. OR and 95% CI for hs-CRP across all breakfast frequency groups

hs-CRP (ref: ≤0.5) Breakfast frequency (ref: frequent breakfast consumption) OR (95% CI) P-value

Crude >0.5 Infrequent breakfast consumption 1.15 (0.95–1.39) 0.142
Model 1 >0.5 Infrequent breakfast consumption 1.34 (1.09–1.66) 0.007
Model 2 >0.5 Infrequent breakfast consumption 1.31 (1.06–1.62) 0.013

Model 1: adjusted for age, BMI, physical activity, and alcohol consumption. Model 2: adjusted for age, BMI, physical activity, and alcohol consumption, systolic blood pressure, 
hypertension treatment, fasting blood glucose, and triglyceride.
OR, odds ratio; CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; Ref, reference; BMI, body mass index.
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fast is linked to adverse metabolic outcomes, including elevated total 

cholesterol, triglycerides, fasting blood glucose, and hypertension [19-

21], all of which are recognized as risk factors for CVD. Moreover, nu-

merous studies have demonstrated a strong association between skip-

ping breakfast and an increased risk of ASCVD, metabolic syndrome, 

CVD, total stroke, and cerebral hemorrhage [9]. 

	 In the current study, the frequent breakfast consumption group ex-

hibited higher systolic blood pressure, prevalence of hypertension, 

and fasting blood glucose levels. These findings may be attributed to 

the higher average age of the frequent breakfast consumption group 

than that of the infrequent breakfast consumption group, since age is a 

well-known risk factor for chronic and metabolic diseases, such as hy-

pertension and diabetes. In line with our results, a study conducted by 

the International Breakfast Research Initiative reported a U-shaped re-

lationship between age and breakfast consumption frequency, with 

higher breakfast consumption observed in children and elderly indi-

viduals. These findings are consistent with the results of our study [22]. 

	 In this study, we hypothesized that several mechanisms underlie 

the association between skipping breakfast and chronic inflammation. 

First, skipping breakfast may contribute to an increase in postprandial 

glucose levels after lunch and dinner, potentially leading to overeating 

and higher peak glucose levels, resulting in glucose variability [20]. Hy-

perglycemia and glucose variability are speculated to induce oxidative 

stress, which subsequently triggers inflammation [23]. Second, meal 

timing and frequency affect circadian rhythms, which are also known 

to be associated with inflammatory pathways and can contribute to 

the development of inflammation [24,25]. Third, skipping breakfast 

can disrupt the hepatic circadian clock, leading to fluctuations in lipid 

metabolism, such as elevated triglyceride and reduced HDL-choles-

terol levels [26]. Triglycerides, cholesterol, and glucose are all involved 

in the metabolic pathway of nuclear factor (NF)-κB, a transcription 

factor implicated in inflammation [27]. Hence, skipping breakfast 

could possibly promote inflammation through the activation of NF-

κB. Finally, breakfast consumption has been shown to contribute sig-

nificantly to the intake of thiamine, riboflavin, and folate [15]. Deficien-

cies of these essential nutrients are associated with inflammation 

[28,29]. 

	 A limitation of this study is that it was conducted only in Korea and 

did not include multiple ethnicities. Future studies should investigate 

the relationship between breakfast consumption and hs-CRP levels 

across different ethnicities. Second, the frequency of breakfast con-

sumption was divided into two groups with a cut-off of 3 times a week 

and not broken down further. Third, it did not consider work patterns, 

such as shift work, which can affect breakfast behavior. Fourth, it did 

not identify the presence or absence of lunch and dinner; as a result, 

eating patterns, such as how many meals they have per day, could not 

be analyzed further. Fifth, the diet quality, such as the type of food con-

sumed during breakfast, was not assessed. Sixth, we did not identify or 

adjust for sleep parameters, such as snoring, sleep duration, and in-

somnia, which are known to influence breakfast behavior and are as-

sociated with CVD risk [30]. Seventh, because the information was 

captured by self-report questionnaires, we were not able to accurately 

identify and exclude the participants’ acute infection status, which 

may have affected their hs-CRP levels at the time. Nevertheless, this 

study has the strength of being the first large-scale study to examine 

the relationship between breakfast consumption and inflammation in 

the Korean population. In addition, the study was conducted in 

healthy adult men who were non-smokers and did not have a history 

of diseases that could cause elevated CRP levels (cancer, rheumatoid 

arthritis, CVD, and diabetes), suggesting that breakfast habits can af-

fect inflammation even in healthy individuals. Finally, previous studies 

had used hs-CRP cut-offs of 1 mg/L and 3 mg/L to identify the associa-

tions [15], whereas the current study used 0.5 mg/L to identify associa-

tions based on very low risk of CVD [17]. Therefore, this study con-

firmed that even if the cutoff hs-CRP level is set at 0.5 mg/L, the trend 

is consistent with previous findings [15] and can be used as an indica-

tor for active educational materials for the primary prevention of CVD 

in people who tend to progressively show an increase in hs-CRP val-

ues, even at very low levels.

	 This study provides evidence of an association between breakfast 

consumption and chronic inflammation in healthy Korean adult men. 

However, further large-scale studies conducted in Korea that consider 

adjusted measures of daily eating patterns, as well as the quality and 

quantity of food, are warranted to enhance our understanding of this 

area.

Article Information

Conflict of interest
No potential conflict of interest relevant to this article was reported. 

Funding 
This study was supported by a 2023 research grant from Pusan Nation-

al University Yangsan Hospital.

ORCID
Eun Ji Han: https://orcid.org/0009-0001-1661-2779

Eun Ju Park: https://orcid.org/0000-0003-2415-8243

Sae Rom Lee: https://orcid.org/0000-0003-3736-3393

Sang Yeoup Lee: https://orcid.org/0000-0002-3585-9910

Young Hye Cho: https://orcid.org/0000-0003-2176-6227

Young In Lee: https://orcid.org/0000-0003-0141-7484

Jung In Choi: https://orcid.org/0000-0003-3832-3393

Ryuk Jun Kwon: https://orcid.org/0000-0001-7757-7412

Soo Min Son: https://orcid.org/0000-0002-0165-7480

Yun Jin Kim: https://orcid.org/0000-0002-0204-3253

Jeong Gyu Lee: https://orcid.org/0000-0001-7160-0714

Yu Hyeon Yi: https://orcid.org/0000-0002-1786-2737

Young Jin Tak: https://orcid.org/0000-0002-4645-5866

Seung Hun Lee: https://orcid.org/0000-0002-0976-8708

Gyu Lee Kim: https://orcid.org/0000-0003-2825-0629

Young Jin Ra: https://orcid.org/0000-0001-9663-4806



Eun Ji Han, et al.  •  Breakfast frequency and inflammation in Korean men 

https://doi.org/10.4082/kjfm.23.0151

www.kjfm.or.kr    97

Author contribution
Conceptualization: EJP, SRL, SYL, YHC, YIL, JIC, RJK, SMS. Data cura-

tion: EJH. Formal analysis: EJH, EJP, SRL, SYL, YHC, YIL, JIC, RJK, 

SMS. Investigation: EJH, EJP, SRL, JIC, RJK, SMS. Methodology: YJK, 

JGL, YHY, YJT, SHL, GLK, YJR. Software: EJH. Validation: YJK, JGL, 

YHY, YJT, SHL, GLK, YJR. Visualization: EJH. Project administration: 

all authors. Writing–original draft: EJH. Writing–review & editing: EJP. 

Final approval of the manuscript: all authors.

References

1.	Pepys MB, Hirschfield GM. C-reactive protein: a critical update. J Clin 

Invest 2003;111:1805-12.

2.	Ridker PM. High-sensitivity C-reactive protein: potential adjunct for 

global risk assessment in the primary prevention of cardiovascular 

disease. Circulation 2001;103:1813-8.

3.	Elias-Smale SE, Kardys I, Oudkerk M, Hofman A, Witteman JC. C-re-

active protein is related to extent and progression of coronary and ex-

tra-coronary atherosclerosis; results from the Rotterdam study. Ath-

erosclerosis 2007;195:e195-202.

4.	Ridker PM. A test in context: high-sensitivity C-reactive protein. J Am 

Coll Cardiol 2016;67:712-23.

5.	Koenig W, Khuseyinova N, Baumert J, Meisinger C. Prospective study 

of high-sensitivity C-reactive protein as a determinant of mortality: re-

sults from the MONICA/KORA Augsburg Cohort Study, 1984-1998. 

Clin Chem 2008;54:335-42.

6.	Kardys I, Knetsch AM, Bleumink GS, Deckers JW, Hofman A, Stricker 

BH, et al. C-reactive protein and risk of heart failure: the Rotterdam 

Study. Am Heart J 2006;152:514-20.

7.	Han TS, Sattar N, Williams K, Gonzalez-Villalpando C, Lean ME, Haff-

ner SM. Prospective study of C-reactive protein in relation to the de-

velopment of diabetes and metabolic syndrome in the Mexico City Di-

abetes Study. Diabetes Care 2002;25:2016-21.

8.	Astbury NM, Taylor MA, Macdonald IA. Breakfast consumption af-

fects appetite, energy intake, and the metabolic and endocrine re-

sponses to foods consumed later in the day in male habitual breakfast 

eaters. J Nutr 2011;141:1381-9.

9.	Odegaard AO, Jacobs DR Jr, Steffen LM, Van Horn L, Ludwig DS, 

Pereira MA. Breakfast frequency and development of metabolic risk. 

Diabetes Care 2013;36:3100-6.

10.	Reutrakul S, Hood MM, Crowley SJ, Morgan MK, Teodori M, Knutson 

KL. The relationship between breakfast skipping, chronotype, and gly-

cemic control in type 2 diabetes. Chronobiol Int 2014;31:64-71.

11.	Bautista LE, Lopez-Jaramillo P, Vera LM, Casas JP, Otero AP, Guaracao 

AI. Is C-reactive protein an independent risk factor for essential hyper-

tension? J Hypertens 2001;19:857-61.

12.	Haffner SM. The metabolic syndrome: inflammation, diabetes melli-

tus, and cardiovascular disease. Am J Cardiol 2006;97(2A):3A-11A.

13.	The 2012–2021 trends in skipping breakfast among Korean people. 

Public Health Wkly Rep 2023;16:51-2.

14.	Guinter MA, Campbell PT, Patel AV, McCullough ML. Irregularity in 

breakfast consumption and daily meal timing patterns in association 

with body weight status and inflammation. Br J Nutr 2019;122:1192-200.

15.	Zhu S, Cui L, Zhang X, Shu R, VanEvery H, Tucker KL, et al. Habitually 

skipping breakfast is associated with chronic inflammation: a cross-

sectional study. Public Health Nutr 2021;24:2936-43.

16.	Ohsawa M, Okayama A, Nakamura M, Onoda T, Kato K, Itai K, et al. 

CRP levels are elevated in smokers but unrelated to the number of cig-

arettes and are decreased by long-term smoking cessation in male 

smokers. Prev Med 2005;41:651-6.

17.	Ridker PM, Cook N. Clinical usefulness of very high and very low lev-

els of C-reactive protein across the full range of Framingham Risk 

Scores. Circulation 2004;109:1955-9.

18.	Ma X, Chen Q, Pu Y, Guo M, Jiang Z, Huang W, et al. Skipping break-

fast is associated with overweight and obesity: a systematic review and 

meta-analysis. Obes Res Clin Pract 2020;14:1-8.

19.	Farshchi HR, Taylor MA, Macdonald IA. Deleterious effects of omit-

ting breakfast on insulin sensitivity and fasting lipid profiles in healthy 

lean women. Am J Clin Nutr 2005;81:388-96.

20.	Kobayashi F, Ogata H, Omi N, Nagasaka S, Yamaguchi S, Hibi M, et al. 

Effect of breakfast skipping on diurnal variation of energy metabolism 

and blood glucose. Obes Res Clin Pract 2014;8:e201-98.

21.	Lee TS, Kim JS, Hwang YJ, Park YC. Habit of eating breakfast is associ-

ated with a lower risk of hypertension. J Lifestyle Med 2016;6:64-7.

22.	Gibney MJ, Barr SI, Bellisle F, Drewnowski A, Fagt S, Hopkins S, et al. 

Towards an evidence-based recommendation for a balanced break-

fast: a proposal from the International Breakfast Research Initiative. 

Nutrients 2018;10:1540.

23.	Mittal M, Siddiqui MR, Tran K, Reddy SP, Malik AB. Reactive oxygen 

species in inflammation and tissue injury. Antioxid Redox Signal 2014; 

20:1126-67.

24.	Kizaki T, Sato S, Shirato K, Sakurai T, Ogasawara J, Izawa T, et al. Effect 

of circadian rhythm on clinical and pathophysiological conditions and 

inflammation. Crit Rev Immunol 2015;35:261-75.

25.	Pickel L, Sung HK. Feeding rhythms and the circadian regulation of 

metabolism. Front Nutr 2020;7:39.

26.	Shimizu H, Hanzawa F, Kim D, Sun S, Laurent T, Umeki M, et al. De-

layed first active-phase meal, a breakfast-skipping model, led to in-

creased body weight and shifted the circadian oscillation of the hepat-

ic clock and lipid metabolism-related genes in rats fed a high-fat diet. 

PLoS One 2018;13:e0206669.

27.	Welty FK. How do elevated triglycerides and low HDL-cholesterol af-

fect inflammation and atherothrombosis? Curr Cardiol Rep 2013;15: 

400.

28.	de Andrade JA, Gayer CR, Nogueira NP, Paes MC, Bastos VL, Neto JD, 

et al. The effect of thiamine deficiency on inflammation, oxidative 

stress and cellular migration in an experimental model of sepsis. J In-

flamm (Lond) 2014;11:11.

29.	Mazur-Bialy AI, Pochec E. Riboflavin reduces pro-inflammatory acti-

vation of adipocyte-macrophage co-culture: potential application of 

vitamin B2 enrichment for attenuation of insulin resistance and meta-

bolic syndrome development. Molecules 2016;21:1724.

30.	Hoevenaar-Blom MP, Spijkerman AM, Kromhout D, van den Berg JF, 

Verschuren WM. Sleep duration and sleep quality in relation to 12-

year cardiovascular disease incidence: the MORGEN study. Sleep 

2011;34:1487-92.


