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Background: We aimed to examine the associations between energy and
macronutrient intakes at breakfast and the incidence of cardiovascular events
among Chinese adults.

Methods: There were 12,937 participants from the China Health and Nutrition
Survey who met the study criteria and completed six rounds of questionnaires in
1997, 2000, 2004, 2006, 2009, and 2011. Combined weighing methods with 24-h
dietary recall were used to measure dietary intake throughout the day. Intakes of
macronutrients at breakfast were calculated using energy provided by nutrients as
a percentage of breakfast energy. We calculated hazard ratios using a multivariable
Cox frailty model with random intercepts to account for household clustering.

Results: During follow-up, we documented 453 (3.6 per 1,000 person-years) major
cardiovascularevents, 195 (1.5 per 1,000 person-years) myocardialinfarctions,and 293
(2.3 per 1,000 person-years) strokes. In Chinese adults, more breakfast carbohydrates
or less proteins intake was associated with the reduced risk of cardiovascular diseases.
Especially for women, higher intake of breakfast carbohydrates was associated with
a lower risk of major cardiovascular events (quintile 5 vs. quintile 1, HR 047 [95%Cl
0.30-0.741; p yena =0.0008) and stroke (quintile 5 vs. quintile 1, HR 0.48 [95%CI 0.26 -
0.88]; p vens =0.0006). Higher intake of breakfast proteins was associated with a higher
risk of major cardiovascular events (quintile 5 vs. quintile 1, HR 1.77 [95%Cl 1.12—
2.791; P wena =0.1162), myocardial infarction (quintile 5 vs. quintile 1, HR 2.49 [95%Cl
1.21-5.11]; p vena =0.2641). There was a significant association between breakfast
fat intake and cardiovascular diseases in the adult population, but less significant
correlation was found in Chinese men or women. Breakfast fat intake was positively
associated with the risk of major cardiovascular events (quintile 5 vs. quintile 1, HR
174 [95%Cl 1.27-2.36]; P 1ena=0.0070), myocardial infarction (quintile 5 vs. quintile
1, HR 2.03 [95%Cl 1.23-3.37]; p 4ens=0.0168), and stroke (quintile 5 vs. quintile 1, HR
1.64 [95%Cl 1.12-2.41]; p 1ens=0.0732). There was a significant reduction in major
cardiovascular events and stroke when breakfast energy intake was moderated, even
if the independence of skipping breakfast.

Conclusion: High carbohydrate intake and low protein and fat intake at breakfast
may contribute to cardiovascular health while maintaining a moderate energy intake.

carbohydrate, protein, fat, energy, breakfast, cardiovascular disease, CHNS
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1. Introduction

In 2018, cardiovascular disease (CVD) mortality in China
remained at the top of the disease spectrum (1), accounting for an
average of two out of every five deaths. Stroke, as one of the major
CVD, has become the leading cause of death among adults in China
(2). According to the “China Cardiovascular Health and Disease
Report 2020” (1), approximately 12 million people in China are
estimated to have strokes, and 11.39 million have coronary heart
disease such as myocardial infarction (MI). CVD has rapidly
transformed from a disease in developed countries to a global disease
with increasing prevalence and incidence in low-income countries.
The prevailing risk factors for cardiovascular disease, namely
hypertension, and diabetes mellitus, along with the unhealthy poor-
quality diet, would contribute to this complex transition (3).

The presence of poor eating habits or dietary factors has been
validated to be associated with a range of chronic diseases (4). As
advocated by “2021 Dietary Guidance to Improve Cardiovascular
Health,” a low-quality diet is strongly associated with cardiovascular
morbidity and mortality (5). Equally, meal timing as well as daily
nutrient intake regulates cardiovascular risk. There was evidence that
the timing of food consumption may alter the circadian rhythm of
metabolism, which in turn affects the biological clock (6, 7). According
to studies, late-lunch eating (8) and late-night eating (9, 10) were
related to a higher risk of cardiometabolic health. Similarly, breakfast
skipping or irregular breakfast eating habits were associated with a
greater risk of CVD (11-13), though a recent review on the association
of breakfast skipping with cardiovascular disease has drawn a
controversial conclusion (14). However, with the accelerated pace of
life and the deep-rooted concept of weight control and weight loss,
breakfast skipping, as a part of the strategies proposed for reducing
energy intake, is becoming more prevalent (15, 16). The “Survey
Report on the Status of Chinese Residents’ Breakfast Diet” issued by
the Chinese Nutrition Society has shown that more than 30% of
Chinese people cannot eat breakfast every day. Noticeably, it cannot
be assumed that people who eat breakfast are necessarily healthier.
The basic principle of a healthy breakfast is to try to ensure that the
variety of food is as diverse as possible and nutrient intake at breakfast
is reasonable.

Studies have investigated the beneficial effects of regular eating
breakfast on risk factors of cardiovascular disease (11, 17), but
subsequent results remain inconsistent, possibly because of different
breakfast compositions. A series of studies have supported that total
energy consumption at breakfast reduced weight gain and CVD risk
factors, such as elevated serum low-density lipoprotein cholesterol
(18, 19). An animal study also has made a similar conclusion that high
energy intake at breakfast has a favorable regulation of blood lipids
(20). There was evidence, both from a randomized controlled trial (21)
and a prospective observational study (22), showing that a reduction
in dietary saturated fatty acids (SFA) reduces the risk of CVD. While
few studies have been conducted that assess whether fat intake at
breakfast has any effect on CVD, researchers found a reduction in the

Abbreviations: CVD, cardiovascular disease; MI, myocardial infarction; SFA, saturated
fatty acid; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body
mass index; MET, metabolic equivalent of task; CHNS, China health and nutrition

survey; SD, stand deviations; Cl, confidence interval; HR, hazard ratios.
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risk of intracerebral hemorrhage associated with higher saturated or
monounsaturated fat consumption at breakfast in Japanese men (23).
Correspondingly, greater protein intake at breakfast could reduce
body weight (18, 24), and was inversely associated with systolic and
diastolic pressure and positively associated with high-density
lipoprotein cholesterol (25), which may have beneficial effects on
cardiovascular health. Protein intake from plant sources was
associated with a lower risk of cardiovascular disease mortality (26),
whereas protein intake from animal sources with a higher risk of
cardiovascular health (27). Given to different animal sources, many
studies have provided much evidence that red meats, such as poultry
and beef, were associated with a range of adverse cardiovascular health
(28-30). Furthermore, processed meat that contain high amounts of
sodium have been linked with a higher risk of CVD incidence (30).

In most nutritional guidelines, there is a lack of recommendations
regarding eating habits (timing, quantity, energy content, and
frequency) in adults (31, 32). During the past two decades, the overall
energy intake in Chinese adults has shown a decreasing trend, and the
dietary structure significantly changed (33). However, a longitudinal
study has not been conducted to date to examine the relationship
between macronutrient intake at breakfast and the risk of
cardiovascular disease. In this study, our primary aim was to assess the
association of energy and macronutrient (carbohydrate, protein, and
fat) intake at breakfast with cardiovascular disease events among
Chinses adults. The secondary aim was to investigate the effect of
energy and macronutrient intake at breakfast on cardiovascular
diseases in participants with the presence of hypertension.

2. Materials and methods
2.1. Study participants

In this study, data were derived from a stratified, multistage
prospective survey of the China Health and Nutrition Survey (CHNS),
a cohort study. More details of the sampling process and design used
in CHNS have previously been published elsewhere (34). The food
codes used before 1997 in CHNS did not match the published China
Food Composition tables (35), and the 2015 dietary survey data have
not yet been published. In brief, data on 22,418 participants were
collected in nine provinces from 1997, 2000, 2004, 2006, 2009, and
2011, including Liaoning, Heilongjiang, Jiangsu, Shandong, Henan,
Hubei, Hunan, Guangxi and Guizhou. The following participants were
excluded from the present analysis: 6528 participants participated in
only one wave; 2,381 individuals aged less than 18 years old at baseline;
238 individuals had a myocardial infarction, or stroke at baseline; 167
individuals had implausible energy intake (<500 or > 5,000 kcal per
day); 40 individuals had missing data on smoking, alcohol intake; 127
individuals had a pregnancy. A total of 12,937 individuals were
involved in this analysis (Figure 1).

2.2. Dietary assessment
Dietary intake was evaluated at the household and individual level
using the household food stock method combined with three

consecutive 24-h recalls (36, 37), which means selected for 3
consecutive days from Monday to Sunday according to the
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FIGURE 1

Flow chart of sample selection.

randomization principle. Investigators were required to receive
standardized training on dietary survey techniques and proper food
estimation methods before conducting the household dietary survey.
The classification of food categories is based on the food codes
recorded in the CHNS database. The food codes in the CHNS database
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have used two different systems of food coding. In particular, food
codes from the Chinese Food Composition Table (1991) were used in
1997 and 2000 to calculate individual daily intake of select nutrients
for each food item. From 2004 to 2011, surveys were based on the
2002 edition of the Chinese Food Composition Table with a
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supplement of the 2004 edition. Noteworthy, different food sources
under the same category cannot be directly summed up. The
differences in energy and nutrients provided by different food sources
should be noted when estimating food consumption, to ensure the
accuracy of meal data. A double labeled water method has been
validated in this survey to determine total energy intake from
combined dietary intake (38). Calculation of the proportion of energy
derived from nutrients (carbohydrate, protein, and fat) at breakfast is
as follows: for carbohydrate, [carbohydrate intake (g/day)x4]/
breakfast energy intake (kcal/day)x100; for fat, [fat intake (g/
day) x 9]/breakfast energy intake (kcal/day) x 100; for protein, [protein
(g/day) x 4]/breakfast (kcal/day) x 100.
Additionally, a cumulative method on the averages of energy and

intake energy intake
macronutrients was applied to provide more weight to individuals’

baseline diet (39), and represented long-term habitual dietary intakes.

2.3. Health outcomes

Myocardial infarction and stroke onset were obtained by face-to-
face or telephone interview according to the study participant’s self-
report of previous diagnosis and treatment, and only if that diagnosis
had been made by a professional physician. When asked, “Has there
been a myocardial infarction diagnosed in the past year by a doctor?,”
a positive answer indicated a myocardial infarction; stroke was defined
as a positive answer to the question “Have you been diagnosed with a
stroke or transient ischemic attack by a doctor?” Major cardiovascular
events included myocardial infarction and stroke. The follow-up
period was calculated as the time from their initial year of survey
participation to either an expected outcome event or lost to follow-up
or the censoring date. As to avoid temporal bias, for example, if an
individual participated the first wave in 1997, for cardiovascular
outcomes during the 1997-2000 time period, the follow-up period
[2000-1997 year]/2. Here
we summarized the formula as the following:

The follow-up period = [(Y,,-Y,) + (Y,-Y,1)/2], n > 2.

The six rounds of survey were conducted in 1997, 2000, 2004,
2006, 2009 and 2011. In this formula, n indicates the number of times
participated in the survey, Y, indicates the survey year of n wave, Y, ,

was calculated as the following:

indicates the survey year of n-1 wave, Y, indicates the year of the first
participation in the survey.

2.4. Confounding variables

Sociodemographic characteristics including age (years), gender
(men/women), ethnicity (Han/ethnic minorities), living area (urban/
rural), education level (primary school or lower/Lower middle school/
Middle school or above), region (Northeast/East Coast/Central/West)
and annual household income (Yuan) were assessed in the
questionnaires. This study was conducted to determine the presence
of hypertension according to hypertension control guidelines (40).
Hypertension was determined when one of the following conditions
was met: (1) those who self-reported history of diagnosis/treatment
of hypertension; (2) those who had taken antihypertensive drugs; (3)
systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure
(DBP) > 90 mmHg at physical measurement. SBP/DBP were checked
by trained staff. Diabetes was determined when one of the following
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conditions was met: (1) those who self-reported having diabetes in the
questionnaire; (2) those who had a positive answer to the question “If
you had been diagnosed with diabetes, had you used any of the
following treatments (i.e., oral hypoglycemic drugs, or Chinese
medicine, or insulin injection)?” Body mass index (BMI) was
calculated by the formula “BMI=weight (kg)/height (m*)”” According
to the Chinese BMI reference standard, BMI < 18.5kg/m? is defined as
underweight, 18.5<BMI<24kg/m> as healthy  weight,
24 <BMI<28kg/m* as overweight, and BMI>28kg/m’ as obesity.
Physical activity level was assessed based on time spent per week in
different occupational, domestic, transportation and leisure activities
using a validated questionnaire that calculates the Metabolic
Equivalent of Task (MET) for each activity according to the Physical
Activity Compendium (41, 42). Smoking status was categorized as a
non-smoker, ex-smoker, and current smoker. Alcohol intake was
classified on the basis of frequency of alcohol consumption
(non-drinker, < 3 times per week and >3 times per week). Dietary
measurements included dietary fiber (g/day), grains (g/day),
vegetables (g/day), total energy intake (kcal/day), SFA (g/day);
breakfast skipping (yes/no).

2.5. Statistical analysis

Continuous variables are summarized as means and stand
deviations (SDs) and categorical variables as percentages.
We evaluated the proportional hazards assumption using the
Schoenfeld residual method combined with visual inspection of log—
log plots, which were consistent with proportional hazards. Hazard
ratios (HRs) of three cardiovascular outcomes (major cardiovascular
events, MI, and stroke) attributed to energy intake including
breakfast energy, the proportion of energy from macronutrients at
breakfast were calculated using a multivariable Cox frailty model
with random intercepts to account for household clustering. For the
overall analysis, participants were categorized into quintiles of energy
intake at breakfast and nutrient intake (carbohydrate, fat, and
protein) at breakfast based on the percentage of energy provided by
nutrients. The lowest quintile category was used as the reference
group. Minimally adjusted models were adjusted for age, sex, and
household clustering as a random effect. Maximally adjusted models
were further adjusted for an urban or rural location, education level,
income, physical activity, smoking status, alcohol intake, BMI,
history of hypertension, diabetes, total energy intake, saturated fatty
acid (SFA), grains, vegetables, and dietary fiber. In addition, we used
restricted cubic splines with four knots (at the 5th, 35th, 65th, and
95th) to investigate the shape of the association between breakfast
nutrient intakes and outcomes. We further built two sets of predicted
isocaloric models to estimate the effect of isocaloric replacement (as
5% of energy) of carbohydrates at breakfast with protein and fat
intake at breakfast when total energy intake at breakfast was constant
(43), simultaneously including energy intake at breakfast and
percentages of energy from carbohydrate and other specific
macronutrients at breakfast (continuous), as well as other potential
confounders. Interactions were explored between energy and
macronutrient intake at breakfast and the presence of hypertension.
We introduced a cross-product interaction term in the multivariable
model to assess the significance of the interaction and to examine
whether the effect of energy and macronutrient intake at breakfast
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on events differed in participants with or without hypertension. The
fully adjusted model was subjected to sensitivity analysis by the
addition of skipping breakfast. The significance threshold for all
comparisons was set at 5% for all p values. All statistical analyses were
performed with R software, version 4.1. Spline curves were generated
with the “rms” package.

3. Results

3.1. Participants’ characteristics at baseline
and health outcomes

Between 1997 and 2011, a total of 12,937 participants aged
18-93 years old (mean+ SD, 43.2 £ 14.9) at baseline were included and
analyzed in this study, of which 6,286 (48.6%) were males. The median
follow-up of 11years (IQR 7-14years), during which data regarding
major cardiovascular events were available for 453 (3.6 per 1,000
person-years) participants, all myocardial infarctions were available
for 195 (1.5 per 1,000 person-years) participants and new-onset
strokers were available for 293 (2.3 per 1,000 person-years)
participants.

Demographic characteristics of participants and data on dietary
intake at baseline according to quintiles of energy intake at breakfast
are presented in Table 1. Compared with those in quintiles 1-4,
participants in the fifth quintile who consumed more energy at
breakfast were more likely to be men, poorly educated, those with high
physical activity levels, and those who lived in rural areas and were
from regions of central China. Participants who were to be no smokers
or alcohol drinkers at baseline were more likely to appear in the fifth
quintile. Breakfast energy intake was associated with higher intakes of
total energy and carbohydrate and lower intakes of protein and fat
at baseline.

3.2. Association between health outcomes
and energy and macronutrients intake

The hazard ratios (HRs) and 95% confidence intervals (CIs) for
the association between breakfast energy and macronutrient intake
and health outcomes are shown in Table 2. Higher percentage energy
from carbohydrate intake at breakfast was associated with a lower risk
of major cardiovascular events (quintile 5 vs. quintile 1, HR 0.60
[95%CI 0.44-0.81]; Prena <0.0001), new-onset stroke (quintile 5 vs.
quintile 1, HR 0.58 [95%CI 0.40-0.86]; pirena =0.0121). In comparisons
between quintile 5 and quintile 1, percentage energy from protein
intake at breakfast was associated with a higher risk of major
cardiovascular events (quintile 5 vs. quintile 1, HR 1.72 [95%CI 1.25-
2.36]; Puena=0.0024), myocardial infarction (quintile 5 vs. quintile 1,
HR 1.81 [95%CI 1.09-3.01]; Pirena=0.0058), and new-onset stroke
(quintile 5 vs. quintile 1, HR 1.53 [95%CI 1.04-2.25]; pirena=0.1606),
after multivariable adjustment for covariates. Similarly, percentage
energy from the fat intake at breakfast was positively associated with
risks of major cardiovascular events (quintile 5 vs. quintile 1, HR 1.74
[95%CI 1.27-2.36]; Puena=0.0070), myocardial infarction (quintile 5
vs. quintile 1, HR 2.03 [95%CI 1.23-3.37]; Piena=0.0168), and
new-onset stroke (quintile 5 vs. quintile 1, HR 1.64 [95%CI 1.12—
2.41]; Prena=0.0732).
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For breakfast energy intake, we observed a possible non-linear
relationship between breakfast energy intake and cardiovascular
outcomes. In Figure 2, we used a restricted cubic spline to visualize
the relationship between the risk of CVD and energy intake at
breakfast on a continuous scale. Multivariable-adjusted restricted
cubic spline further showed a significant L-shaped association of
breakfast energy intake with stroke (Figure 2C). The L-shaped curve
indicated that energy intake at breakfast was inversely associated with
the risk of stroke at lower intake levels, but higher intakes increased
the risk when exceeding a certain threshold. That is to say, breakfast
energy intake that is too low or too high might increase the risk of
stroke. Correspondingly, the relationship between energy intake at
breakfast and major cardiovascular events was mainly U-shaped
(Figure 2A), given that the first half of the curve was relatively flat. The
U-shaped curve indicated that energy intake at breakfast that is too
low or too high might also increase the risk of major
cardiovascular events.

In the analysis for energy and major nutrients from breakfast,
we evaluated the associations of intakes of energy, carbohydrates,
protein, and fat at breakfast with risks of major cardiovascular events,
MI, and stroke by sex (Supplementary Table 1). For male participants,
adequate intake of energy at breakfast may reduce the risk of stroke
(quintile 5 vs. quintile 1, HR 0.56 [95%CI 0.36-0.88]; pirena =0.0419).
For female participants, higher percentage energy from carbohydrate
intake at breakfast was associated with lower risk of major
cardiovascular events (quintile 5 vs. quintile 1, HR 0.47 [95%CI 0.30-
0.74]; Prrena = 0.0008), stroke (quintile 5 vs. quintile 1, HR 0.48 [95%CI
0.26-0.88]; Purena =0.0006). Percentage energy from protein intake at
breakfast was associated with higher risk of myocardial infarction
(quintile 5 vs. quintile 1, HR 2.49 [95%CI 1.21-5.11]; Pirena = 0.2641).
In addition, breakfast proteins were divided into animal and plant
proteins and then compared separately by sex with regard to health
outcomes, but no association was found (Supplementary Table 2).

3.3. Substitution of carbohydrate intake
with protein and fat intake at breakfast and
cardiovascular risk

No significant associations with the risk of major cardiovascular
disease, MI, and stroke were found for the replacement of
carbohydrates at breakfast with protein or fat at breakfast (Figure 3).

3.4. Associations with energy and
macronutrient intake and health outcomes
according to the presence of hypertension

We further examined associations with energy and macronutrient
intake and health outcomes according to the presence of hypertension
at baseline. There were no significant interactions between breakfast
energy intake and cardiovascular events (Figure 4). However,
significant interactions were tested between macronutrient intake and
a history of hypertension. We conducted stratification analyses to
investigate the effect of percentage energy from carbohydrate, protein,
and fat intake at breakfast on health outcomes. The higher percentage
of energy from carbohydrate intake was associated with a lower risk
of major cardiovascular events and new-onset stroke in participants
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TABLE 1 Baseline characteristics according to quintiles of energy intake at breakfast: CHNS, 1997-2011.

Quintile 2 Quintile 3 Quintile 4

Characteristics it (n=2,587) (n=2,587) (n=2,587) Quintile 5 p

(n=2,588)<268.2kcal/d 268.2— 359.0- 443.3— (n=2,588)>562.6kcal/d value
359.0kcal/d = 443.3kcal/d 562.6kcal/d

Age, years 43.16+15.10 42.96+14.64 43.75+14.90 43.09+14.83 43.29+15.01 0.373

Male, % 1,090 (42.1) 1,022 (39.5) 1,179 (45.6) 1,400 (54.1) 1,595 (61.6) <0.001

Han, % 2,208 (85.3) 2,323 (89.8) 2,327 (89.9) 2,279 (88.1) 2,226 (86.0) <0.001

Urban residence, % 875 (33.8) 869 (33.6) 960 (37.1) 927 (35.8) 881 (34.0) 0.03

Education

Primary school or lower 1,168 (45.1) 1,194 (46.2) 1,152 (44.5) 1,182 (45.7) 1,209 (46.7) <0.001

Lower middle school 724 (28.0) 747 (28.9) 813 (31.4) 834 (32.2) 892 (34.5)

Middle school or above 696 (26.9) 646 (25.0) 622 (24.0) 571 (22.1) 487 (18.8)

Region

Northeast 435 (16.8) 473 (18.3) 621 (24.0) 644 (24.9) 497 (19.2) <0.001

East coast 452 (17.5) 575 (22.2) 595 (23.0) 636 (24.6) 643 (24.8)

Central 602 (23.3) 997 (38.5) 910 (35.2) 868 (33.6) 896 (34.6)

West 1,099 (42.5) 542 (21.0) 461 (17.8) 439 (17.0) 552 (21.3)

Family household income?, yuan 5777.20+6973.13 6060.39+8012.01 6502.67 +7622.00 6278.35+7192.21 6048.89 +7136.41 0.007

Physical activity, MET-h/w 161.61+78.51 165.15+92.30 179.85+97.44 188.26 +100.74 199.15+102.48 <0.001

BMI, kg/m?

<185 171 (6.6) 189 (7.3) 151 (5.8) 115 (4.4) 111 (4.3) <0.001

18.5 t0 23.9 1,621 (62.6) 1715 (66.3) 1,699 (65.7) 1726 (66.7) 1732 (66.9)

>24 796 (30.8) 683 (26.4) 737 (28.5) 746 (28.8) 745 (28.8)

SBP, mmHg 119.84+16.15 120.28+17.04 120.98+16.38 120.98+16.23 119.96 +16.41 0.023

DBP, mmHg 77.82+10.04 77.78+10.28 78.71+10.13 78.52+10.51 78.09+9.96 0.002

History of hypertension, % 347 (13.4) 126 (4.9) 123 (4.8) 104 (4.0) 128 (4.9) <0.001

History of diabetes, % 95(3.7) 24(0.9) 21(0.8) 12 (0.5) 18 (0.7) <0.001

Smoking status

Never 1941 (75.0) 1962 (75.8) 1868 (72.2) 1723 (66.6) 1,610 (62.2) <0.001
Former 49 (1.9) 40 (1.5) 31(1.2) 35(1.4) 48(1.9)
Current 598 (23.1) 585 (22.6) 688 (26.6) 829 (32.0) 930 (35.9)

Alcohol intake

Never 1880 (72.6) 1858 (71.8) 1739 (67.2) 1,670 (64.6) 1,672 (64.6) <0.001
< 3 times per week 390 (15.1) 415 (16.0) 466 (18.0) 499 (19.3) 499 (19.3)
> 3 times per week 318 (12.3) 314 (12.1) 382 (14.8) 418 (16.2) 417 (16.1)

Dietary intake

Total energy, kcal/d 2032.66+631.08 2111.11+567.66 2217.68+563.96 2373.77+610.89 2608.64 +668.76 <0.001
Carbohydrate, % energy/d 57.47+13.69 58.54+12.12 60.31+11.81 61.33+11.85 64.07+11.38 <0.001
Protein, % energy/d 12.60+£2.96 12.47+2.71 12.18£2.64 12.11+2.60 11.87+2.38 <0.001
Fat, % energy/d 29.25+12.81 28.33+11.70 26.76+11.13 25.81+11.14 23.56+11.07 <0.001
Protein at breakfast, % breakfast energy” 13.11£9.67 12.04+3.66 11.97+3.22 11.57+3.36 10.61+3.97 <0.001
Fat at breakfast, % breakfast energy 12.60+15.45 10.44+8.76 11.21+8.56 10.88+8.70 10.93+8.97 <0.001
Carbohydrates at breakfast, % breakfast 59.31+31.86 77.57 +11.08 76.91+10.23 77.70+11.15 78.59+11.04 <0.001
energy

SFA, g/d 22.99+15.05 23.78+17.36 23.92+18.46 25.01+20.37 26.83+23.12 <0.001
Grains, g/d 379.48+172.11 406.49 +140.37 451.11+151.34 493.58 +£164.65 585.32+211.61 <0.001
Vegetables, g/d 279.40+152.26 300.70 +£158.67 306.42+160.03 319.22+166.90 331.13+169.36 <0.001
Dietary fiber, g/d 9.12+5.89 9.06+3.94 9.98+4.31 10.70+4.79 11.81+6.81 <0.001

An ANOVA was used to test the differences in continuous variables across quintiles of energy intake at breakfast, and data were depicted by means +SDs; a chi-square test was used for
categorical variables, and data were depicted by frequencies (%). * Family household income was inflated to 2015. ° refers to the percentage of breakfast energy intake from macronutrients at
breakfast.
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TABLE 2 Association between energy and percentage energy from macronutrients at breakfast and health outcomes.

Incidence (per 1,000 person-years; 95% Cl)

Hazard ratio (95% ClI)

Quintile = Quintile Quintile Quintile = Quintile e RS (e RIEe A el O Ptrena
1 2 3 4 5 - o o o
Quintilel Quintilel Quintilel Quintilel
The energy at breakfast (kcal/d)
The range of value <268.2 268.2-359.0 359.0-443.3 443.3-562.6 >562.6
Major cardiovascular 5.6 3.7 3.3 2.6 3.1 0.95 0.91 0.71 0.86 0.1364
events (4.6-6.6) (3.0-4.4) (2.6-4.0) (2.0-3.2) (2.4-3.8) (0.72-1.26) (0.68-1.22) (0.52-0.98) (0.62-1.20)
Myocardial 1.8 1.9 1.7 1.2 1.1 1.51 1.44 1.03 0.95 0.506
infarction (1.2-2.3) (1.4-2.5) (1.2-2.2) (0.8-1.6) (0.7-1.5) (0.98-2.33) (0.92-2.25) (0.63-1.67) (0.55-1.63)
Stroke 4.1 2 1.9 1.6 22 0.73 0.73 0.61 0.81 0.16
(3.2-4.9) (1.5-2.6) (1.4-2.5) (1.1-2.1) (1.6-2.8) (0.51-1.04) (0.51-1.06) (0.41-0.91) (0.55-1.21)
Energy from carbohydrates (% breakfast energy)
The range of value <66.6 66.6-75.5 75.5-81.3 81.3-86.3 >86.3
Major cardiovascular 6.7 32 2.9 2.8 3.1 0.7 0.73 0.61 0.6 <0.0001
events (5.5-7.8) (2.5-3.9) (2.3-3.6) (2.2-3.4) (2.5-3.8) (0.52-0.94) (0.54-0.99) (0.45-0.83) (0.44-0.81)
Myocardial 2.6 1.6 14 1.1 12 0.92 0.87 0.65 0.69 0.0529
infarction (1.9-3.3) (1.1-2.1) (0.9-1.8) (0.7-1.5) (0.8-1.6) (0.60-1.40) (0.56-135) (0.40-1.04) (0.43-1.11)
Stroke 4.5 1.8 1.7 1.9 22 0.59 0.66 0.62 0.58 0.0121
(3.6-5.4) (1.2-23) (1.2-2.2) (1.4-2.5) (1.6-2.7) (0.40-0.87) (0.45-0.97) (0.43-0.89) (0.40-0.86)
Energy from protein (% breakfast energy)
The range of value <89 8.9-11.3 11.3-12.6 12.6-14.3 >14.3
Major cardiovascular 3 3.5 3.1 3.1 5.6 1.26 118 123 172 0.0024
events (23-37) (2.7-4.2) (2.5-3.8) (24-3.7) (4.6-6.6) (0.91-1.75) (0.85-1.64) (0.88-1.73) (1.25-2.36)
Myocardial 1.1 1.2 1.3 1.8 2.4 1.21 1.29 1.81 1.81 0.0058
infarction (0.7-1.5) (0.8-1.7) 0.9-1.7) (1.3-2.3) (1.7-3.0) (0.71-2.06) (0.76-2.18) (1.09-3.00) (1.09-3.01)
Stroke 25 25 21 1.5 3.6 1.24 1.07 0.88 1.53 0.1606
(1.9-3.1) (1.9-3.1) (1.5-2.6) (1.1-2.0) (2.8-4.3) (0.84-1.82) (0.72-1.59) (0.57-1.35) (1.04-2.25)
Energy from fat (% breakfast energy)
The range of value <32 3.2-6.3 6.3-10.7 10.7-17.8 >17.8
Major cardiovascular 3.6 35 2.5 29 59 1.41 1.02 1.14 1.74 0.007
events (2.8-4.3) (2.8-4.3) (1.9-3.1) (2.3-3.6) (4.9-6.9) (1.03-1.92) (0.72-1.44) (0.81-1.61) (1.27-2.36)
Myocardial 1.1 1.5 1.1 1.5 2.6 1.74 1.32 1.67 2.03 0.0168
infarction (0.6-1.5) (1.0-2.0) (0.7-1.5) (1.1-2.0) (1.9-3.3) (1.02-2.97) (0.75-2.30) (0.99-2.83) (1.23-3.37)
Stroke 2.7 2.3 15 1.7 38 1.28 0.9 0.94 1.64 0.0732
(2.0-3.3) (1.7-2.8) (1.0-1.9) (1.2-2.2) (3.0-4.6) (0.88-1.87) (0.58-1.39) (0.61-1.46) (1.12-2.41)

Hazard ratios and 95% Cls have been adjusted for age, gender, urban or rural location, education level, income, physical activity, smoking status, alcohol intake, BMI, history of hypertension,
diabetes, total intake of energy, SFA, grains, vegetables, and dietary fiber. The Cox frailty model was used with household identification as random intercepts. Major cardiovascular events

include myocardial infarction and stroke.

the
(Supplementary Figure 1). On the contrary, a percentage of energy

without presence  of hypertension at  baseline
from protein or fat intake was positively associated with risks of major
cardiovascular events and new-onset stroke in participants without

hypertension (Supplementary Figures 2, 3).

3.5. Sensitivity analysis

After additional adjustment for skipped breakfast, sensitivity
analyses showed that the relationship among major cardiovascular
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events, myocardial infarction, new-onset stroke, and macronutrient
intake remained consistent with the previous results, with a more
significant pye,q (Supplementary Table 3).

4. Discussion

Our study demonstrated that, based on this nationally
representative sample of Chinese adults, adequate energy intake at
breakfast might be associated with major cardiovascular events and
stroke. Second, we also found that a relatively higher intake of
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FIGURE 2

Multivariable-adjusted hazard ratios of association between breakfast energy intake and cardiovascular events [(A) major cardiovascular events;

(B) myocardial infarction; (C) new-onset stroke]. A knot is located at the 5th, 35th, 65th, and 95" percentiles for energy intake at breakfast. The model
was fully adjusted for age, gender, urban or rural location, education level, income, physical activity, smoking status, alcohol intake, BMI, history of
hypertension, diabetes, total intake of energy, SFA, grains, vegetables, and dietary fiber, with household identification as random intercepts.

Breakfast carbohydrate replaced by HR (95% CI)

Major cardiovascular disease

Protein at breakfast —_— 1.01(0.99-1.03)
Fat at breakfast _— 0.99 (0.97-1.02)
Myocardial infarction

Protein at breakfast —_——— 1.00 (0.97-1.03)
Fat at breakfast _— 1.00 (0.97-1.03)
Stroke

Protein at breakfast _— 1.01(0.99-1.04)
Fat at breakfast _ . 1.00 (0.97-1.02)

e e
0975 1 1.025 1.05

Hazrd Ratio(HR)

FIGURE 3

Cardiovascular risk associated with isocaloric (5% of energy)
replacement of carbohydrates with other specific macronutrients.
Adjustments included age, gender, urban or rural location, education
level, income, physical activity, smoking status, alcohol intake, BMI,
history of hypertension, diabetes, energy intake at breakfast, SFA,
grains, vegetables, and dietary fiber.

carbohydrates at breakfast was associated with a lower risk of
cardiovascular disease. By contrast, a higher intake of protein and fat
at breakfast was positively associated with the risk of cardiovascular
disease. The link between the proportion of breakfast carbohydrates,
protein, and fat intake and reduced cardiovascular events was stronger
in participants without hypertension.

Previous studies have focused on the relationship between
breakfast consumption and cardiovascular and metabolic disorders.
The higher the breakfast energy intake, the lower the risk of CVD, as
demonstrated in Western countries (10, 17). We also found that more
energy intakes at breakfast may reduce the risk of stroke in men,
which was consistent with the CIRCS study in the Japanese population
(23). An animal experiment showed that high energy intake at
breakfast reversed the expression of disrupted clock genes and had
beneficial effects on lipid control (44). This conclusion is largely based
on selective subgroup comparisons between skipping/irregular
breakfast and regular breakfast eating, despite a recent finding that the
benefits of breakfast intake may be related to meal quality rather than
skipping/eating breakfast, due to unknown confounding factors (14).
In the current study, an important finding was that appropriate intake
of energy at breakfast was positively associated with the risk of major
CVD and stroke, and the associations were independent of skipping
breakfast. But there was no significant relationship of breakfast energy
intake with ML In conducting independent analyses of breakfast
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energy intake and MI, the effect of stroke as a factor may have been
overlooked as to a few samples that experienced a stroke before
MI. This may be due to changes in lifestyle and eating habits following
a stroke, which in turn affects the relationship between breakfast
energy intake and MI.

As a source of carbohydrates in the body, carbohydrates are one
of the essential energy-yielding nutrients for the human body to
sustain life activities. The “Dietary Guidelines for Chinese Residents
(2022)” recommends that the energy provided by carbohydrates in the
daily diet account for 50 to 60% of the total energy, but does not
mention the proportion of energy intake at breakfast. In this study,
we concluded that energy from carbohydrates at breakfast accounted
for 76.4% of breakfast energy intake, which was similar to what was
found in a previous study (45). The “carbohydrate-insulin model” has
been proposed, arguing that a high intake of carbohydrates leads to
endocrine dysregulation marked by hyperinsulinemia, driving energy
allocation and increased energy storage in adipose tissue (46, 47).
Although high intake of carbohydrates was linked to cardiovascular
risk factors, it was unknown whether carbohydrate intake at breakfast
affects the body. Our research revealed a very interesting conclusion
that a higher intake of breakfast carbohydrates was associated with a
reduced risk of CVD, especially in female population, which was
contrary to other studies (48-50). One reason is possibly that the
energy provided by breakfast carbohydrate intake is derived from the
calculation of breakfast energy intake in our study rather than total
daily energy intake in other studies. This suggests that a higher intake
of carbohydrates, compared to protein and fat at breakfast, was
beneficial for preventing cardiovascular events. Interestingly, a
systematic review has indicated that carbohydrate quality may
be more important than quantity when assessing the relationship
between carbohydrate intake and cardiometabolic outcomes (51).
Therefore, future studies should further evaluate the association
between food sources of breakfast carbohydrates and CVD.

In the current study, there were no associations between source-
specific protein intake (e.g., animal versus plant sources) and a range
of CVD risk. Breakfast protein intake was positively associated with
CVD incidence, which was inconsistent with many previous studies
(52, 53). By the comparison of two systematic reviews (26, 54),
we found differences in the associations between the exposure
variables of meat as a food group and protein as a nutrient and
CVD. In addition, to the best of our knowledge, dietary patterns
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infarction; * refers to new-onset stroke.
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Stratified analyses by the history of hypertension at baseline of the association between breakfast energy intake and health outcomes. Adjustments
included age, gender, urban or rural location, education level, income, physical activity, smoking status, alcohol intake, BMI, history of diabetes,
total intake of energy, SFA, grains, vegetables, and dietary fiber, if not stratified. * refers to major cardiovascular events; ? refers to myocardial
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have been undergoing rapid transitions in China over the past two
decades. The amount of consuming meat continued to increase
dramatically, with livestock and poultry intake far above the
recommendations (55). Moreover, adults eating away-from-home
meals are more likely to consume processed meat, which may
contribute to the burden of CVD. Considering this may be the
reason for the inconsistent results of our study and other studies
based on the non-Chinese population.

For breakfast fat intake, we found a positive correlation
between energy intake from fat and the risk of major
cardiovascular events, myocardial infarction, and stroke. Previous
studies have demonstrated the effect of breakfast fat intake on
cardiovascular health. Granulocyte colony-stimulating factor
(G-CSF) and granulocyte-monocyte colony-stimulating factor
(GM-CSF) were elevated after a high-fat breakfast, which has
implications for adipose tissue inflammation and the risk of
developing atherosclerosis (56). Additionally, a crossover clinical
trial has suggested that dietary intake of unsaturated fatty acids
at breakfast may induce an anti-inflammatory response, in turn
affecting cardiometabolic risk (57). Inconsistent with our
findings, the replacement of saturated fatty acids with unsaturated
fatty acids may reduce cardiovascular risk (21, 22). However, a
recent systematic review showed a lack of rigorous evidence for
limiting the consumption of saturated fatty acids or replacing
saturated fatty acids with polyunsaturated fatty acids (58). There
is much evidence that eating a high-fat breakfast has adverse
effects on cardiovascular health, but further well-conducted
cohort studies are needed to identify the relationship between
types of fatty acids and cardiovascular health.

To our knowledge, this is the first longitudinal study to use a
health and nutrition survey database in a large sample population
from nine provinces in China. It is noteworthy that our study yielded
somewhat different results from previous studies by a risk assessment
of the association between breakfast energy and macronutrient intake
and cardiovascular disease. However, our study had some limitations.
First, self-reported disease diagnosis was subjective and potentially
associated with recall bias. Second, although the adjustment for
socioeconomic and lifestyle factors and intakes of main food groups,
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unknown confounding factors that we did not account for are
possible. Third, the 24-h meal recall method generally cannot
accurately assess daily dietary intake.

5. Conclusion

Breakfast is part of the daily diet, and eating breakfast every day
is also a healthy lifestyle advocated by the World Health Organization.
Chinese dietary nutritional guidelines also point out that a reasonable
diet, part of which is eating breakfast regularly, can reduce the risk of
cardiovascular disease. As the first meal of the day, breakfast is very
important for dietary nutrition intake. In conclusion, a higher intake
of carbohydrates, and a relatively lower intake of protein and fat at
breakfast may contribute to cardiovascular health on the basis of
maintaining a moderate energy intake. This information is of
importance in providing nutritional reccommendations, especially a
reasonable combination of breakfast nutrition for the public.
Therefore, in the perspective of the future, we need to further explore
the impact of macronutrient quality on cardiovascular disease in
addition to macronutrient quantity.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number (s) can be found in the article/Supplementary material.

Ethics statement

The studies involving human participants were reviewed and
approved by the Institutional Review Committees of the University of
North Carolina at Chapel Hill and the National Institute of Nutrition
and Food Safety, Chinese Center for Disease Control and Prevention.
The patients/participants provided their written informed consent to
participate in this study.

frontiersin.org


https://doi.org/10.3389/fnut.2023.1093561
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Duetal.

Author contributions

XD and RY made substantial contributions to the conception and
design of the study. XD was a major contributor in writing the first
draft of the manuscript. Data collection and statistical analysis were
performed by MM and SK with assistance from XD. RY, JZ, and XT
reviewed and commented on the first draft. All authors contributed to
the article and approved the submitted version.

Acknowledgments

This research uses data from China Health and Nutrition Survey
(CHNS). We are grateful to thank the National Institute for Nutrition
and Health, the China Center for Disease Control and Prevention, the
Carolina Population Center (P2C HD050924 and T32 HD007168), the
University of North Carolina at Chapel Hill, the National Institute for
Health (NIH; R01-HD30880, DK056350, R24 HD050924, and
RO1-HD38700), and the NIH Fogarty International Center (D43
TW009077 and D43 TW007709) for financial support for the collection
and analysis of the CHNS data from 1989 to 2011 and the future surveys.

References

1. China Cardiovascular Health and Disease Report Writing Group. Report on
cardiovascular health and diseases burden in China: an updated summary of 2020.
Chinese Circulation J. (2021) 36:521-45. doi: 10.3969/j.issn.1000-3614.2021.06.001

2. Zhou, M, Wang, H, Zeng, X, Yin, P, Zhu, ], Chen, W, et al. Mortality, morbidity, and
risk factors in China and its provinces, 1990-2017: a systematic analysis for the global
burden of disease study 2017. Lancet (London, England). (2019) 394:1145-58. doi:
10.1016/S0140-6736(19)30427-1

3. Bays, HE, Taub, PR, Epstein, E, Michos, ED, Ferraro, RA, Bailey, AL, et al. Ten
things to know about ten cardiovascular disease risk factors. American ] Prevent Cardiol.
(2021) 5:100149. doi: 10.1016/j.ajpc.2021.100149

4. Micha, R, Penalvo, JL, Cudhea, F, Imamura, F, Rehm, CD, and Mozaffarian, D.
Association between dietary factors and mortality from heart disease, stroke, and
type 2 diabetes in the United States. JAMA. (2017) 317:912-24. doi: 10.1001/
jama.2017.0947

5. Lichtenstein, AH, Appel, LJ, Vadiveloo, M, Hu, FB, Kris-Etherton, PM,
Rebholz, CM, et al. 2021 dietary guidance to improve cardiovascular health: a scientific
statement from the American Heart Association. Circulation. (2021) 144:e472-87. doi:
10.1161/CIR.0000000000001031

6. Poggiogalle, E, Jamshed, H, and Peterson, CM. Circadian regulation of glucose,
lipid, and energy metabolism in humans. Metabolism. (2018) 84:11-27. doi: 10.1016/j.
metabol.2017.11.017

7. Albrecht, U. Timing to perfection: the biology of central and peripheral circadian
clocks. Neuron. (2012) 74:246-60. doi: 10.1016/j.neuron.2012.04.006

8. Garaulet, M, Vera, B, Bonnet-Rubio, G, Gémez-Abellan, P, Lee, YC, and
Ordovas, JM. Lunch eating predicts weight-loss effectiveness in carriers of the common
allele at PERILIPIN1: the ONTIME (obesity, Nutrigenetics, timing, Mediterranean)
study. Am J Clin Nutr. (2016) 104:1160-6. doi: 10.3945/ajcn.116.134528

9. Bo, S, Musso, G, Beccuti, G, Fadda, M, Fedele, D, Gambino, R, et al. Consuming
more of daily caloric intake at dinner predisposes to obesity. A 6-year population-based
prospective cohort study. PLoS One. (2014) 9:e108467. doi: 10.1371/journal.pone.
0108467

10. Cahill, LE, Chiuve, SE, Mekary, RA, Jensen, MK, Flint, AJ, Hu, FB, et al. Prospective
study of breakfast eating and incident coronary heart disease in a cohort of male US
health professionals. Circulation. (2013) 128:337-43. doi: 10.1161/CIRCULATIONAHA.
113.001474

11. Chen, H, Zhang, B, Ge, Y, Shi, H, Song, S, Xue, W, et al. Association between

skipping breakfast and risk of cardiovascular disease and all cause mortality: a meta-
analysis. Clin Nutr. (2020) 39:2982-8. doi: 10.1016/j.cInu.2020.02.004

12. St-Onge, MP, Ard, J, Baskin, ML, Chiuve, SE, Johnson, HM, Kris-Etherton, P, et al.
Meal timing and frequency: implications for cardiovascular disease prevention: a
scientific statement from the American Heart Association. Circulation. (2017) 135:e96—
el21. doi: 10.1161/CIR.0000000000000476

Frontiers in Nutrition

10.3389/fnut.2023.1093561

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1093561/

full#supplementary-material

13. Kubota, Y, Iso, H, Sawada, N, and Tsugane, S. Association of Breakfast Intake with
Incident Stroke and Coronary Heart Disease: the Japan public health center-based study.
Stroke. (2016) 47:477-81. doi: 10.1161/STROKEAHA.115.011350

14. Santos, HO, Genario, R, Macedo, RCO, Pareek, M, and Tinsley, GM. Association
of breakfast skipping with cardiovascular outcomes and cardiometabolic risk factors: an
updated review of clinical evidence. Crit Rev Food Sci Nutr. (2022) 62:466-74. doi:
10.1080/10408398.2020.1819768

15. Kulovitz, MG, Kravitz, LR, Mermier, C, Gibson, AL, Conn, CA, Kolkmeyer, D,
et al. Potential role of meal frequency as a strategy for weight loss and health in
overweight or obese adults. Nutrition. (2014) 30:386-92. doi: 10.1016/j.
nut.2013.08.009

16. Garaulet, M, and Gomez-Abellan, P. Timing of food intake and obesity: a novel
association. Physiol Behav. (2014) 134:44-50. doi: 10.1016/j.physbeh.2014.01.001

17. Uzhova, 1, Fuster, V, Fernandez-Ortiz, A, Ordovas, M, Sanz, ], Fernandez-Friera, L,
et al. The importance of breakfast in atherosclerosis disease: insights from the PESA
study. J Am Coll Cardiol. (2017) 70:1833-42. doi: 10.1016/j.jacc.2017.08.027

18. Deshmukh-Taskar, P, Nicklas, TA, Radcliffe, JD, O'Neil, CE, and Liu, Y. The
relationship of breakfast skipping and type of breakfast consumed with overweight/
obesity, abdominal obesity, other cardiometabolic risk factors and the metabolic
syndrome in young adults. The National Health and nutrition examination survey
(NHANES): 1999-2006. Public Health Nutr. (2013) 16:2073-82. doi: 10.1017/
$1368980012004296

19. Purslow, LR, Sandhu, MS, Forouhi, N, Young, EH, Luben, RN, Welch, AA, et al.
Energy intake at breakfast and weight change: prospective study of 6, 764 middle-aged
men and women. Am ] Epidemiol. (2008) 167:188-92. doi: 10.1093/aje/kwm309

20. Ruddick-Collins, LC, Johnston, JD, Morgan, PJ, and Johnstone, AM. The big
breakfast study: Chrono-nutrition influence on energy expenditure and bodyweight.
Nutr Bull. (2018) 43:174-83. doi: 10.1111/nbu.12323

21. Hooper, L, Martin, N, Abdelhamid, A, and Davey, SG. Reduction in saturated fat
intake for cardiovascular disease. Cochrane Database Syst Rev. (2015) 6:Cd011737. doi:
10.1002/14651858.CD011737

22. Guasch-Ferré, M, Babio, N, Martinez-Gonzéilez, MA, Corella, D, Ros, E,
Martin-Peldez, S, et al. Dietary fat intake and risk of cardiovascular disease and all-cause
mortality in a population at high risk of cardiovascular disease. Am J Clin Nutr. (2015)
102:1563-73. doi: 10.3945/ajcn.115.116046

23. Okada, C, Imano, H, Yamagishi, K, Cui, R, Umesawa, M, Maruyama, K, et al.
Dietary intake of energy and nutrients from breakfast and risk of stroke in the Japanese
population: the circulatory risk in communities study (CIRCS). ] Atheroscler Thromb.
(2019) 26:145-53. doi: 10.5551/jat.44438

24. Leidy, HJ, Hoertel, HA, Douglas, SM, Higgins, KA, and Shafer, RS. A high-protein
breakfast prevents body fat gain, through reductions in daily intake and hunger, in "breakfast
skipping" adolescents. Obesity (Silver Spring). (2015) 23:1761-4. doi: 10.1002/0by.21185

frontiersin.org


https://doi.org/10.3389/fnut.2023.1093561
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1093561/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1093561/full#supplementary-material
https://doi.org/10.3969/j.issn.1000-3614.2021.06.001
https://doi.org/10.1016/S0140-6736(19)30427-1
https://doi.org/10.1016/j.ajpc.2021.100149
https://doi.org/10.1001/jama.2017.0947
https://doi.org/10.1001/jama.2017.0947
https://doi.org/10.1161/CIR.0000000000001031
https://doi.org/10.1016/j.metabol.2017.11.017
https://doi.org/10.1016/j.metabol.2017.11.017
https://doi.org/10.1016/j.neuron.2012.04.006
https://doi.org/10.3945/ajcn.116.134528
https://doi.org/10.1371/journal.pone.0108467
https://doi.org/10.1371/journal.pone.0108467
https://doi.org/10.1161/CIRCULATIONAHA.113.001474
https://doi.org/10.1161/CIRCULATIONAHA.113.001474
https://doi.org/10.1016/j.clnu.2020.02.004
https://doi.org/10.1161/CIR.0000000000000476
https://doi.org/10.1161/STROKEAHA.115.011350
https://doi.org/10.1080/10408398.2020.1819768
https://doi.org/10.1016/j.nut.2013.08.009
https://doi.org/10.1016/j.nut.2013.08.009
https://doi.org/10.1016/j.physbeh.2014.01.001
https://doi.org/10.1016/j.jacc.2017.08.027
https://doi.org/10.1017/S1368980012004296
https://doi.org/10.1017/S1368980012004296
https://doi.org/10.1093/aje/kwm309
https://doi.org/10.1111/nbu.12323
https://doi.org/10.1002/14651858.CD011737
https://doi.org/10.3945/ajcn.115.116046
https://doi.org/10.5551/jat.44438
https://doi.org/10.1002/oby.21185

Duetal.

25. Berryman, CE, Lieberman, HR, Fulgoni, VL 3rd, and Pasiakos, SM. Greater protein
intake at breakfast or as snacks and less at dinner is associated with cardiometabolic health
in adults. Clin Nutr. (2021) 40:4301-8. doi: 10.1016/j.cInu.2021.01.018

26. Naghshi, S, Sadeghi, O, Willett, WC, and Esmaillzadeh, A. Dietary intake of total,
animal, and plant proteins and risk of all cause, cardiovascular, and cancer mortality:
systematic review and dose-response meta-analysis of prospective cohort studies. BMJ.
(2020) 370:m 2412. doi: 10.1136/bmj.m2412

27. Tharrey, M, Mariotti, F, Mashchak, A, Barbillon, P, Delattre, M, and Fraser, GE.
Patterns of plant and animal protein intake are strongly associated with cardiovascular
mortality: the Adventist health Study-2 cohort. Int J Epidemiol. (2018) 47:1603-12. doi:
10.1093/ije/dyy030

28. Petermann-Rocha, E Parra-Soto, S, Gray, S, Anderson, ], Welsh, P, Gill, J, et al.
Vegetarians, fish, poultry, and meat-eaters: who has higher risk of cardiovascular disease
incidence and mortality? A prospective study from UK biobank. Eur Heart J. (2021)
42:1136-43. doi: 10.1093/eurheartj/ehaa939

29. Praagman, J, Vissers, LET, Mulligan, AA, Laursen, ASD, Beulens, JWJ, van der
Schouw, YT, et al. Consumption of individual saturated fatty acids and the risk of
myocardial infarction in a UK and a Danish cohort. Int ] Cardiol. (2019) 279:18-26. doi:
10.1016/j.ijcard.2018.10.064

30. Mozaffarian, D. Dietary and policy priorities for cardiovascular disease, diabetes,
and obesity: a comprehensive review. Circulation. (2016) 133:187-225. doi: 10.1161/
CIRCULATIONAHA.115.018585

31. Morelli, C, Cimaglia, P, Marvelli, C, and Guardigli, G. Fuster-bewat score and
cardiovascular risk: analysis of behavioral and psychosocial risk factors in a population
of blood donors. Eur Heart ] Suppl. (2019) 21:E106-E.

32. U.S. Department of Agriculture, U.S. Department of Health and Human Services.
Dietary Guidelines for Americans, vol. 2010. 7th ed. Washington, DC, USA: U.S.
government (2010).

33.Du, S, Lu, B, Zhai, E, and Popkin, BM. A new stage of the nutrition transition in
China. Public Health Nutr. (2002) 5:169-74. doi: 10.1079/PHN2001290

34. Ren, X, Gao, ], Han, T, and Sun, C. Association between risk of type 2 diabetes and
changes in energy intake at breakfast and dinner over 14 years: a latent class trajectory
analysis from the China health and nutrition survey, 1997-2011. BMJ Open. (2021)
11:e046183. doi: 10.1136/bmjopen-2020-046183

35. Wang, G, Shen, Z, Fan, W, Zhao, X, and Zhou, X. Food composition table (national
representative values). Beijing, China: People's Medical Publishing House (1991).

36.Li, YP, He, YN, Zhai, FY, Yang, XG, Hu, XQ, Zhao, WH, et al. Comparison of
assessment of food intakes by using 3 dietary survey methods. Zhonghua yu fang yi xue
za zhi [Chinese ] Preven Med]. (2006) 40:273-80.

37. Zhai, FY, Du, SE, Wang, ZH, Zhang, JG, Du, WW, and Popkin, BM. Dynamics of
the Chinese diet and the role of urbanicity, 1991-2011. Obes Rev. (2014) 15:16-26. doi:
10.1111/0br.12124

38. Yao, M, Lichtenstein, AH, Roberts, SB, Ma, G, Gao, S, Tucker, KL, et al. Relative
influence of diet and physical activity on cardiovascular risk factors in urban Chinese
adults. Int ] Obesity Related Metabolic Disor: ] Int Assoc Study of Obesity. (2003)
27:920-32. doi: 10.1038/s].ij0.0802308

39. Hu, FB, Stampfer, MJ, Rimm, E, Ascherio, A, Rosner, BA, Spiegelman, D, et al.
Dietary fat and coronary heart disease: a comparison of approaches for adjusting for
total energy intake and modeling repeated dietary measurements. Am ] Epidemiol.
(1999) 149:531-40. doi: 10.1093/oxfordjournals.aje.a009849

40. Roger, VL, Go, AS, Lloyd-Jones, DM, Adams, R], Berry, JD, Brown, TM, et al.
Heart disease and stroke statistics--2011 update: a report from the American Heart
Association. Circulation. (2011) 123:e18-€209. doi: 10.1161/CIR.0b013e3182009701

41. Ainsworth, BE, Haskell, WL, Whitt, MC, Irwin, ML, Swartz, AM, Strath, SJ,
et al. Compendium of physical activities: an update of activity codes and MET
intensities. Med Sci Sports Exerc. (2000) 32:5498-516. doi: 10.1097/00005768-
200009001-00009

Frontiers in Nutrition

11

10.3389/fnut.2023.1093561

42. Ainsworth, BE, Haskell, WL, Herrmann, SD, Meckes, N, Bassett, DR Jr,
Tudor-Locke, C, et al. 2011 compendium of physical activities: a second update of codes
and MET values. Med Sci Sports Exerc. (2011) 43:1575-81. doi: 10.1249/MSS.0b013e
31821ecel2

43. Kulldorff, M, Sinha, R, Chow, WH, and Rothman, N. Comparing odds ratios for
nested subsets of dietary components. Int ] Epidemiol. (2000) 29:1060-4. doi: 10.1093/
ije/29.6.1060

44.Fuse, Y, Hirao, A, Kuroda, H, Otsuka, M, Tahara, Y, and Shibata, S. Differential
roles of breakfast only (one meal per day) and a bigger breakfast with a small
dinner (two meals per day) in mice fed a high-fat diet with regard to induced
obesity and lipid metabolism. ] Circadian Rhythms. (2012) 10:4. doi:
10.1186/1740-3391-10-4

45. Shang, X, Hill, E, Li, Y, and He, M. Energy and macronutrient intakes at breakfast
and cognitive declines in community-dwelling older adults: a 9-year follow-up cohort
study. Am J Clin Nutr. (2021) 113:1093-103. doi: 10.1093/ajcn/nqaa403

46. Hall, KD, Guyenet, SJ, and Leibel, RL. The carbohydrate-insulin model of obesity
is difficult to reconcile with current evidence. JAMA Intern Med. (2018) 178:1103-5. doi:
10.1001/jamainternmed.2018.2920

47. Hall, KD. A review of the carbohydrate-insulin model of obesity. Eur J Clin Nutr.
(2017) 71:323-6. doi: 10.1038/ejcn.2016.260

48. Jenkins, DJA, Dehghan, M, Mente, A, Bangdiwala, SI, Rangarajan, S, Srichaikul, K,
et al. Glycemic index, glycemic load, and cardiovascular disease and mortality. N Engl J
Med. (2021) 384:1312-22. doi: 10.1056/NEJMo0a2007123

49. Arnett, DK, Blumenthal, RS, Albert, MA, Buroker, AB, Goldberger, ZD, Hahn, EJ,
et al. 2019 ACC/AHA guideline on the primary prevention of cardiovascular disease:
executive summary: a report of the American College of Cardiology/American Heart
Association task force on clinical practice guidelines. Circulation. (2019) 140:e563-95.
doi: 10.1161/CIR.0000000000000677

50. Dehghan, M, Mente, A, Zhang, X, Swaminathan, S, Li, W, and Mohan, V.
Associations of fats and carbohydrate intake with cardiovascular disease and mortality
in 18 countries from five continents (PURE): a prospective cohort study. Lancet (London,
England). (2017) 390:2050-62. doi: 10.1016/S0140-6736(17)32252-3

51. Sievenpiper, JL. Low-carbohydrate diets and cardiometabolic health: the
importance of carbohydrate quality over quantity. Nutr Rev. (2020) 78:69-77. doi:
10.1093/nutrit/nuz082

52. Campbell, WW. Animal-based and plant-based protein-rich foods and
cardiovascular health: a complex conundrum. Am J Clin Nutr. (2019) 110:8-9. doi:
10.1093/ajcn/nqz074

53. Richter, CK, Skulas-Ray, AC, Champagne, CM, and Kris-Etherton, PM. Plant
protein and animal proteins: do they differentially affect cardiovascular disease risk? Adv
Nutr. (2015) 6:712-28. doi: 10.3945/an.115.009654

54. Han, MA, Zeraatkar, D, Guyatt, GH, Vernooij, RWM, El Dib, R, Zhang, Y, et al.
Reduction of red and processed meat intake and cancer mortality and incidence: a
systematic review and meta-analysis of cohort studies. Ann Intern Med. (2019)
171:711-20. doi: 10.7326/M19-0699

55. Huang, L, Wang, Z, Wang, H, Zhao, L, Jiang, H, Zhang, B, et al. Nutrition transition
and related health challenges over decades in China. Eur J Clin Nutr. (2021) 75:247-52.
doi: 10.1038/s41430-020-0674-8

56. McFarlin, BK, Carpenter, KC, Henning, AL, and Venable, AS. Consumption of a
high-fat breakfast on consecutive days alters preclinical biomarkers for atherosclerosis.
Eur ] Clin Nutr. (2017) 71:239-44. doi: 10.1038/ejcn.2016.242

57. Monfort-Pires, M, and Ferreira, SRG. Modification in a single meal is sufficient to
provoke benefits in inflammatory responses of individuals at low-to-moderate
cardiometabolic risk. Clin Nutr. (2016) 35:1242-50. doi: 10.1016/j.cInu.2016.02.015

58. Astrup, A, Teicholz, N, Magkos, F, Bier, DM, Brenna, JT, King, JC, et al. Dietary
saturated fats and health: are the U.S. guidelines evidence-based? Nutrients. (2021)
13:3305. doi: 10.3390/nu13103305

frontiersin.org


https://doi.org/10.3389/fnut.2023.1093561
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.clnu.2021.01.018
https://doi.org/10.1136/bmj.m2412
https://doi.org/10.1093/ije/dyy030
https://doi.org/10.1093/eurheartj/ehaa939
https://doi.org/10.1016/j.ijcard.2018.10.064
https://doi.org/10.1161/CIRCULATIONAHA.115.018585
https://doi.org/10.1161/CIRCULATIONAHA.115.018585
https://doi.org/10.1079/PHN2001290
https://doi.org/10.1136/bmjopen-2020-046183
https://doi.org/10.1111/obr.12124
https://doi.org/10.1038/sj.ijo.0802308
https://doi.org/10.1093/oxfordjournals.aje.a009849
https://doi.org/10.1161/CIR.0b013e3182009701
https://doi.org/10.1097/00005768-200009001-00009
https://doi.org/10.1097/00005768-200009001-00009
https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.1093/ije/29.6.1060
https://doi.org/10.1093/ije/29.6.1060
https://doi.org/10.1186/1740-3391-10-4
https://doi.org/10.1093/ajcn/nqaa403
https://doi.org/10.1001/jamainternmed.2018.2920
https://doi.org/10.1038/ejcn.2016.260
https://doi.org/10.1056/NEJMoa2007123
https://doi.org/10.1161/CIR.0000000000000677
https://doi.org/10.1016/S0140-6736(17)32252-3
https://doi.org/10.1093/nutrit/nuz082
https://doi.org/10.1093/ajcn/nqz074
https://doi.org/10.3945/an.115.009654
https://doi.org/10.7326/M19-0699
https://doi.org/10.1038/s41430-020-0674-8
https://doi.org/10.1038/ejcn.2016.242
https://doi.org/10.1016/j.clnu.2016.02.015
https://doi.org/10.3390/nu13103305

	The association of energy and macronutrient intake at breakfast and cardiovascular disease in Chinese adults: From a 14-year follow-up cohort study
	1. Introduction
	2. Materials and methods
	2.1. Study participants
	2.2. Dietary assessment
	2.3. Health outcomes
	2.4. Confounding variables
	2.5. Statistical analysis

	3. Results
	3.1. Participants’ characteristics at baseline and health outcomes
	3.2. Association between health outcomes and energy and macronutrients intake
	3.3. Substitution of carbohydrate intake with protein and fat intake at breakfast and cardiovascular risk
	3.4. Associations with energy and macronutrient intake and health outcomes according to the presence of hypertension
	3.5. Sensitivity analysis

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	References

