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ORIGINAL RESEARCH

Association of Meal and Snack Patterns 
With Mortality of All- Cause, Cardiovascular 
Disease, and Cancer: The US National 
Health and Nutrition Examination Survey, 
2003 to 2014
Wei Wei, PhD*; Wenbo Jiang, PhD*; Jiaxin Huang, MD*; Jiaxu Xu, MD; Xuanyang Wang, MD; Xitao Jiang, PhD; 
Yu Wang, MD; Guili Li, MD; Changhao Sun, PhD; Ying Li, PhD; Tianshu Han , PhD

BACKGROUND: Although accumulating evidence has demonstrated that consumption time of energy and macronutrients plays 
an important role in maintaining health, the association between consumption time of different foods and cardiovascular dis-
ease, cancer, and all- cause mortalities is still largely unknown.

METHODS AND RESULTS: A noninstitutionalized household population of the US 21 503 participants from National Health and 
Nutrition Examination Survey was included. Meal patterns and snack patterns throughout a whole day were measured using 
24- hour dietary recall. Principal component analysis was performed to establish dietary patterns. Cox proportional hazards 
models were used to evaluate the association between dietary patterns across meals and cardiovascular disease (CVD), 
cancer, and all- cause mortalities. During the 149 875 person- years of follow- up, 2192 deaths including 676 deaths because 
of CVD and 476 because of cancer were documented. After adjusting for potential confounders, participants consuming 
fruit- lunch had lower mortality risks of all- cause (hazard ratio [HR], 0.82; 95% CI, 0.72– 0.92) and CVD (HR, 0.66; 95% CI, 
0.49– 0.87); whereas participants who consumed Western- lunch were more likely to die because of CVD (HR, 1.44; 95% CI, 
1.10– 1.89). Participants who consumed vegetable- dinner had lower mortality risks of all- cause, CVD, and cancer (HRall- cause, 
0.69; 95% CI, 0.60– 0.78; HRCVD, 0.77; 95% CI, 0.61– 0.95; HRcancer, 0.63; 95% CI, 0.48– 0.83). For the snack patterns, partici-
pants who consumed fruit- snack after breakfast had lower mortality risks of all- cause and cancer (HRall- cause, 0.78; 95% CI, 
0.66– 0.93; HRcancer, 0.55; 95% CI, 0.39– 0.78), and participants who consumed dairy- snack after dinner had lower risks of all- 
cause and CVD mortalities (HRall- cause, 0.82; 95% CI, 0.72– 0.94; HRCVD, 0.67; 95% CI, 0.52– 0.87). Participants who consumed 
a starchy- snack after main meals had greater mortality risks of all- cause (HRafter- breakfast, 1.50; 95% CI, 1.24– 1.82; HRafter- lunch, 
1.52; 95% CI, 1.27– 1.81; HRafter- dinner, 1.50; 95% CI, 1.25– 1.80) and CVD (HRafter- breakfast, 1.55; 95% CI, 1.08– 2.24; HRafter- lunch, 
1.44; 95% CI, 1.03– 2.02; HRafter- dinner, 1.57; 95% CI, 1.10– 2.23).

CONCLUSIONS: Fruit- snack after breakfast, fruit- lunch, vegetable- dinner, and dairy- snack after dinner was associated with 
lower mortality risks of CVD, cancer, and all- cause; whereas Western- lunch and starchy- snack after main meals had greater 
CVD and all- cause mortalities.

Key Words: consumption- time ■ dietary- patterns ■ mortality ■ NHANES

Correspondence to: Tianshu Han, PhD, and Ying Li, PhD, Department of Nutrition and Food Hygiene, 157 Baojian Rd, Harbin 150081, P. R. China. E- mail: 
snowcalendar@126.com; liying_helen@163.com

*W. Wei, W. Jiang, and J. Huang contributed equally.

Supplementary Material for this article is available at https://www.ahajo urnals.org/doi/suppl/ 10.1161/JAHA.120.020254

For Sources of Funding and Disclosures, see page 13.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non- commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

mailto:
https://orcid.org/0000-0001-9596-4619
mailto:
mailto:snowcalendar@126.com
mailto:liying_helen@163.com
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.020254
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e020254. DOI: 10.1161/JAHA.120.020254 2

Wei et al Intake Time of Dietary Pattern and Mortality

Chrono- nutrition, as an emerging field of nutritional 
research, aims to understand how meal times 
impact health.1– 4 The concept of chrono- nutrition 

emphasizes that, in addition to the quantity and quality 
of food, consumption time of diet is also critical for the 
well- being of an organism.4 Accumulating animal and 
human studies have shown that high energy intake at 
dinner is associated with dyslipidemia and hypergly-
cemia,5– 8 whereas high energy intake at breakfast or 
prolonged time- restricted energy intake throughout 
the night have beneficial effects on body weight, glu-
cose, lipid control, and long- term survival.8– 13 Although 
these studies suggest that intakes of energy and mac-
ronutrients at different time periods impact health dif-
ferently, it is still largely unknown whether and how 

the consumption time of different foods may impact 
health.

Furthermore, compared with examining a single 
food, an examination of dietary pattern parallel more 
closely resembles the real world, in which nutrients 
and foods are consumed in combination, and their 
joint effects may best be investigated by considering 
the entire eating pattern.14 Analyzing consumption 
time of dietary patterns across meals may there-
fore provide a comprehensive understanding of the 
health impact of chrono- nutrition. In this study, we 
hypothesized that a specific dietary pattern might 
differently affect health according to the time peri-
ods of consumption. In order to test this hypothesis, 
this study prospectively assessed the association 
of meal and snack patterns throughout a whole day 
with cardiovascular disease (CVD), cancer, and all- 
cause mortalities in the noninstitutionalized house-
hold population of the United States using data from 
the National Health and Nutrition Examination Survey 
(NHANES).

METHODS
AII data and materials have been made publicly avail-
able at the National Health and Nutrition Examination 
Survey, which can be accessed at https://wwwn.cdc.
gov/nchs/nhane s/Defau lt.aspx.

Reproducible Research Statement
Data in this study can be downloaded at https://www.
cdc.gov/nchs/nhane s/index.htm?CDC_AA_refVa 
l=https %3A%2F%2Fwww.cdc.gov%2Fnch s%2Fnha 
nes.htm.

Study Population
NHANES is a stratified, multistage study (from coun-
ties or small groups of contiguous counties to in-
dividuals within a household) using a nationally 
representative sample of the noninstitutionalized 
household population of the United States. The de-
tailed information of NHANES has been described 
elsewhere.15 Briefly, adults (age ≥30 years) who par-
ticipated in NHANES from 2003 to 2014 were se-
lected in this study. After exclusion of participants 
who were dead within the 2 years after the baseline 
survey, and who had missing information on any di-
etary intake and/or mortality, and total energy intake 
≥5000 or ≤500  kcal/d, 21  503 participants includ-
ing 10 542 men and 10 961 women were included in 
this study. The institutional review board approval of 
the National Center for Health Statistics and written 
informed consent for each participant were obtained 
before data collection.

CLINICAL PERSPECTIVE

What Is New?
• This study firstly investigated the association 

of meal and snack patterns across a day with 
cancer, cardiovascular disease, and all- cause 
mortality.

• Meal patterns of fruit- lunch and vegetable- 
dinner, and snack patterns of fruit after breakfast 
and dairy products after dinner were associated 
with decreased risks of cancer, cardiovascular 
disease, and all- cause mortality.

• Western lunch and starchy snack pattern after 
main meals were associated with elevated car-
diovascular disease and all- cause mortality 
risk.

What Are the Clinical Implications?
• The present study emphasized that the content, 

amount, and the time of food intake are equally 
critical for maintaining health.

• The right time of intake is essential for regulat-
ing the body’s metabolism and preventing the 
process of cancer and cardiovascular disease.

• Therefore, timing of meals needs to be taken 
into consideration for dietary recommendations 
to improve health.

Nonstandard Abbreviations and Acronyms

NHANES National Health and Nutrition 
Examination Survey

PCA principal component analysis
PLS- DA Partial Least Squares Discriminant 

Analysis
VIP variable importance for the projection

https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://www.cdc.gov/nchs/nhanes/index.htm?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fnchs%2Fnhanes.htm
https://www.cdc.gov/nchs/nhanes/index.htm?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fnchs%2Fnhanes.htm
https://www.cdc.gov/nchs/nhanes/index.htm?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fnchs%2Fnhanes.htm
https://www.cdc.gov/nchs/nhanes/index.htm?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fnchs%2Fnhanes.htm
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Dietary Assessment
Food intakes for 2 nonconsecutive days were col-
lected through 24- hour dietary recall interviews. 
The first 24- hour dietary recall was conducted in 
person and the second 24- hour dietary recall was 
conducted 3 to 10  days afterwards via telephone. 
Dietary energy intake was estimated using the 
United States Department of Agriculture’s Food and 
Nutrient Database for Dietary Studies. Dietary sup-
plement use was obtained from a dietary supplement 
questionnaire. Based on the MyPyramid Equivalents 
Database 2.0 for USDA Survey Foods, the dietary 
components of the NHANES were integrated into 26 
MyPyramid major food groups. Based on the twice 
24- hour dietary recall, the mean values for the intakes 
of the 26 major food groups were calculated. These 
major food groups were then split into breakfast, 
snack between breakfast and lunch, lunch, snack 
between lunch and dinner, dinner, and snack after 
dinner based on the consumption times.16

Main Exposure
The exposure variables of this study were dietary pat-
terns derived from food groups across meals. For the 
main meals, Western breakfast, starchy breakfast, and 
fruit breakfast were identified as main dietary patterns 
at breakfast; Western lunch, vegetable lunch, and fruit 
lunch were identified as main dietary patterns at lunch; 
Western dinner, vegetable dinner, and fruit dinner were 
identified as main dietary patterns at dinner. For the 
snacks, grain snack, starchy snack, fruit snack, and 
dairy snack were identified as main snack patterns 
after main meals.

Main Outcomes
The outcome variable was mortality status, which 
was determined by the National Death Index by 
December 31, 2015. The National Death Index is a 
highly reliable and widely used resource for death 
identification. The International Classification of 
Diseases, Tenth Revision (ICD- 10) was used to deter-
mine disease- specific death. Death because of CVD 
was defined as ICD- 10 codes I00– I09, I11, I13, I20– 
I51, or I60– I69. Death because of cancer was defined 
as ICD- 10 codes I19– I43. In total, 2192 deaths, in-
cluding 676 deaths because of CVD and 476 deaths 
because of cancer, were documented.

Covariates
Nondietary data included age (years), sex (men/
women), race/ethnicity (Mexican American/Other 
Hispanic/Non- Hispanic White/Non- Hispanic Black/
Other Race), education level (<9th grade, 9th– 11th 
grade, high school graduate, general equivalency 

diploma or equivalent, some college or Associate in 
Arts degree, or college graduate or above), annual 
household income (<$20  000, $20  000– $45  000, 
$45 000– $75 000, or >$100 000), body mass index 
(kg/m2), disease histories of hypertension, dyslipi-
demia, and diabetes mellitus (yes/no). Dietary meas-
urements included total energy (kcal/d), percentage 
of energy provided by snacks (%), the timing of en-
ergy restriction (hours), dietary information collected 
at working day (yes/no), total dietary fat (g/d), protein 
(g/d), carbohydrate (g/d), breakfast skipping (yes/
no), lunch skipping (yes/no), dietary supplement use 
(yes/no), and overall diet quality. Diet quality was 
calculated by the Alternative Healthy Eating Index.17 
The timing of energy restriction was calculated by 
24 hours minus length of the ingestion period.

Statistical Analysis
The analyses (except principal component analysis 
[PCA] and partial least squares discriminant analy-
sis [PLS- DA]) incorporated sample weights, stratifi-
cation, clustering, and domains to account for the 
complex survey design according to the NHANES 
analytic guidelines. Demographic characteristics, di-
etary nutrients intake, and anthropometric measure-
ments were presented as mean (SD) for continuous 
variables and number (percentage) for categorical 
variables. General linear models adjusting for age 
and χ2 tests were used to compare baseline charac-
teristics by mortality status, and they were also used 
to compare the differences for the food groups by 
dietary patterns. The PCA and Cox proportional haz-
ards model were performed in the R- project 4.0.2 
using "Ade4" package and "Survival" package, re-
spectively. The PLS- DA was performed in SIMCA- P 
13.0. The 2- sided P<0.05 was considered to be sta-
tistically significant.

Dietary Pattern Analysis
PCA, as a classical method of dietary pattern anal-
ysis, was performed to establish dietary patterns 
across meals, which has been described else-
where.14 Briefly, before the PCA analysis, the 26 
major food groups across meals were adjusted for 
age, sex, and energy intake using the residual ap-
proach, respectively. The components loadings were 
rotated with varimax rotation to maintain uncorrelated 
principal components and enhance interpretability. 
Scree plot with parallel analysis (eigenvalue >1) was 
used to screen the principal components, and the 
top 3 principal components (dietary patterns) with 
a relative high variance interpretation were selected 
(Figure  S1A through S1F). A principal component 
score of each dietary pattern was calculated based 
on weighted combination of observed variable (each 
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food group). In the regression analysis of each dietary 
pattern, the coefficient of observed variable refers to 
the contribution of individual major food group in the 
specific dietary pattern. Each participant in this study 
received PCA scores. The positive value of the prin-
cipal component score represents that participants 
in this dietary pattern are more likely to eat this food, 
and vice versa. For each dietary pattern by meals 
and snacks, the participants were categorized into 
quartiles based on the principal component scores 
of their diet. The participants in the highest quar-
tile were the most adherent to this dietary pattern, 
whereas the lowest quartile meant the participants 
were not in this dietary pattern.

The PLS- DA was performed to validate the main 
meal and snack patterns established in the PCA, and 
identify the important food groups in the main meal 
and snack patterns. The participants in the highest 
quartile of each dietary pattern were selected, and 
the meal and snack patterns were set as dependent 
variables. Permutation test was conducted to validate 
the accuracy of the PLS- DA model. Furthermore, the 
variable importance for the projection (VIP) was then 
calculated to assess the influence of food groups on 
the classification of each dietary pattern and explan-
atory power, which were selected with the VIP>1 and 
P<0.05.

Cox Proportional Hazards Models
Cox proportional hazards models were developed 
to evaluate the association between dietary patterns 
across meals and CVD, cancer, and all- cause mor-
talities. Survival time was months between NHANES 
interview date and death or census date (December 
31, 2015). We also controlled for a series of potential 
confounders, which were age, sex, ethnicity, edu-
cation, income, smoking, drinking, exercise, body 
mass index, disease histories of hypertension, dys-
lipidemia, diabetes mellitus, cholesterol, as well as 
nutrient supplement use, total intake of daily energy, 
percentage of energy provided by snacks, fat, carbo-
hydrate, protein, breakfast skipping, lunch skipping, 
the timing of energy restriction, dietary informa-
tion collected at working day, and overall diet qual-
ity. Moreover, when we analyzed 1 dietary pattern 
in 1 meal, we also controlled other dietary patterns 
across meals to account for the whole- day dietary 
intake.

Sensitivity Analysis
Three sets of sensitivity analyses were performed in 
this study. In set 1, the participants who had follow-
 up time <3 years or died within 3  years of follow- up 
were excluded for evaluating whether the severe illness 
would influence these results. In set 2, we additionally 

adjusted for the behavior of diet control when estab-
lishing the meal and snack patterns in the PCA for 
evaluating whether the behavior of diet control would 
influence these meal and snack patterns, and further 
examined the association of the meal and snack pat-
terns with cancer, CVD, and all- cause mortalities. In 
set 3, we also examined whether the diet quality could 
interact with the main meal and snack patterns. To 
achieve this, the study population was stratified by the 
mean value of Alternative Healthy Eating Index, and the 
association of meal and snack patterns with mortality 
outcomes was examined in the context of low and high 
quality, respectively.

RESULTS
Baseline Characteristics
The demographic and nutritional characteristics 
in terms of survival status are presented in Table. 
Participants who died of CVD or cancer were more 
likely to be older, male, non- Hispanic White individu-
als, lower education level and family income, and had 
higher frequency of dietary supplements use, higher 
prevalence of hypertension, diabetes mellitus, dys-
lipidemia, and lower energy intake and diet quality 
(P<0.05).

Meal Patterns at Breakfast, Lunch, and 
Dinner
The variable plots for the PCAs in terms of meal pat-
terns are presented in Figure S2A through S2C. As 
indicated by the weights of the food groups in the 
main meal patterns, Western breakfast was charac-
terized as relative high coefficients of refined grain, 
legumes, added sugars, solid fats, and red meat; 
starchy breakfast was characterized as relative high 
coefficients of white potato and other starchy food; 
and fruit breakfast was characterized as relatively 
high coefficients of fruits and whole grain (Figure 1A). 
Consistent with the results of food groups weights, 
the participants in the Western breakfast consumed 
the most servings of refined grain (2.892±1.842, 
oz/d), cheese (0.105±0.298, cup/d), cured meat 
(1.184±1.885, oz/d), red meat (0.345±1.015, oz/d), 
poultry (0.255±0.864, oz/d), legumes (0.330±1.031, 
oz/d), added sugars (5.364±5.314, tsp/d), and solid 
fats (12.915±11.320, g/d). Meanwhile, the partici-
pants in the starchy breakfast consumed the most 
servings of white potato (0.143±0.304, cup/d), 
other starchy vegetable (0.172±0.435, cup/d), milk 
(0.417±0.571, cup/d) and eggs (0.594±0.805, oz/d), 
and the participants in the fruit breakfast consumed 
the most servings of fruits (citrus, melons, and ber-
ries: 0.241±0.459, cup/d; fruit excluding citrus, mel-
ons, and berries: 0.865±0.619, cup/d), whole grain 
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(0.571±0.771, oz/d), yogurt (0.031±0.134, cup/d), and 
nuts (0.112±0.454, oz/d) (all P<0.05) (Table S1).

At lunch (Figure 1B), Western lunch was character-
ized as relative high coefficients of refined grain, solid 
fats, cheese, added sugars, and cured meat; vegetable 
lunch was characterized as relative high coefficients of 
total vegetable, red and orange vegetable, tomato and 
dark vegetable; fruit lunch was characterized as rela-
tive high coefficients of fruits and yogurt. Similarly, the 
participants in the Western lunch consumed the most 
servings of refined grain (3.736±2.127, oz/d), cheese 
(0.425±0.632, cup/d), cured meat (3.057±2.958, oz/d), 
eggs (0.153±0.452, oz/d), legumes (0.551±1.484, oz/d), 
added sugars (5.743±6.328, tsp/d), and solid fats 
(17.003±14.640, g/d). The participants in the vegetable 
lunch consumed the most servings of total vegetables 
(1.333±0.760, cup/d), dark vegetables (0.150±0.338, 
cup/d), red and orange vegetables (0.447±0.448, 
cup/d), tomato (0.310±0.327, cup/d), other vegeta-
ble (0.590±0.545, cup/d), and other starchy vegeta-
ble (0.203±0.410, cup/d). The participants in the fruit 
lunch consumed the most servings of whole grain 
(0.214±0.496, oz/d), fruits (citrus, melons, and ber-
ries: 0.170±0.491, cup/d; fruit excluding citrus, melons, 

and berries: 0.551±0.567, cup/d), yogurt (0.026±0.121, 
cup/d), and nuts (0.171±0.732, oz/d) (all the P<0.05) 
(Table S2).

At dinner (Figure 1C), Western dinner was charac-
terized as relative high coefficients of refined grain, 
cheese, solid fats, added sugars, and eggs; vegetable 
dinner was characterized as relative high coefficients of 
total vegetable, red and orange vegetable, tomato, and 
dark vegetable; fruit dinner was characterized as rela-
tive high coefficients of fruits and yogurt. Similarly, the 
participants in the Western dinner consumed the most 
servings of refined grain (4.382±2.273, oz/d), cheese 
(0.618±0.734, cup/d), cured meat (3.256±2.844, oz/d), 
red meat (1.086±1.596, oz/d), eggs (0.134±0.307, 
oz/d), solid fats (23.196±16.238, g/d), and added sug-
ars (5.642±6.602, tsp/d). The participants in the veg-
etable dinner consumed the most servings of dark 
vegetable (0.163±0.343, cup/d), red and orange veg-
etable (0.592±0.472, cup/d), tomato (0.421±0.357, 
cup/d), other vegetable (0.722±0.703, cup/d), other 
starchy vegetable (0.309±0.527, cup/d), and legumes 
(0.458±1.186, oz/d). The participants in the fruit din-
ner consumed the most servings of fruits (citrus, mel-
ons, and berries: 0.184±0.448, cup/d; fruit excluding 

Table. Baseline Characteristics of Study Variables by Mortality Status

Variables
Death from CVD or Cancer 

(N=1111)
Other Participants 

(N=20 392) P Value Total Sample

Age, y 70.5 (12.2) 53.7 (14.8) <0.001 54.6 (15.2)

Men (%) 655 (59.0) 9887 (48.5) <0.001 10 542 (49.0)

Non- Hispanic White people (%) 655 (59.0) 9547 (46.8) <0.001 10 202 (47.4)

Current smoking (%) 233 (21.0) 4546 (22.3) 0.405 4779 (22.2)

Current drinking (%) 689 (62.0) 13 536 (66.4) 0.002 14 225 (66.2)

College graduate or above (%) 657 (59.1) 14 812 (72.6) <0.001 15 469 (71.9)

>$100 000 annual household 
income (%)

26 (2.3) 2272 (11.1) <0.001 2298 (10.7)

BMI, kg/m2 28.5 (6.0) 29.3 (6.7) <0.001 29.2 (6.6)

Regular exercise (%) 234 (21.1) 4379 (21.5) 0.522 4613 (21.5)

Dietary supplement use (%) 645 (58.1) 10 529 (51.7) <0.001 11 174 (52.0)

Hypertension (%) 794 (71.5) 9643 (47.3) <0.001 10 437 (48.5)

Diabetes mellitus (%) 348 (31.3) 3609 (17.7) <0.011 3957 (18.4)

Dyslipidemia (%) 501 (45.1) 7525 (36.9) <0.001 8026 (37.3)

Total energy intake, kcal/d 1753 (666) 2000 (769) <0.001 1987 (766)

Total fat intake, g/d 66.3 (31.4) 74.8 (36.1) <0.001 74.4 (35.9)

Total carbohydrate intake, g/d 214.1 (83.9) 245.1 (99.7) <0.001 243.5 (99.1)

Total protein intake, g/d 69.9 (29.4) 78.9 (33.1) <0.001 78.4 (33.0)

AHEI 48.7 (13.0) 52.4 (13.5) <0.001 52.2 (13.5)

Breakfast skipping (%) 130 (11.7) 2644 (13.0) 0.119 2774 (12.9)

All data analyses conducted in the present study were based on weighted estimates with sample weights provided by the National Health and Nutrition 
Examination Survey. Continuous variables are presented as mean and SD. Categorical variables are presented as numbers and percentage. Hypertension 
was defined by a self- reported diagnosis, the systolic blood pressure ≥90 mm Hg, or the diastolic blood pressure ≥140 mm Hg. Dyslipidemia was defined as 
serum triglyceride ≥2.26 mmol/L, or serum cholesterol ≥6.22 mmol/L, or low- density lipoprotein cholesterol ≥4.14 mmol/L. Diabetes mellitus was defined by 
a self- reported diagnosis, a hemoglobin A1c level ≥6.5%, or a fasting plasma glucose level ≥7.0 mmol/L. AHEI indicates Alternative Healthy Eating Index; BMI, 
body mass index; and CVD, cardiovascular disease.
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Figure 1. The coefficient of each food group in the meal patterns at breakfast (A), lunch (B), and dinner (C) in the 
total sample with adjustment for age, sex, and total daily energy intake (N=21 503).
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citrus, melons, and berries: 0.489±0.538, cup/d), milk 
(0.195±0.391, cup/d), yogurt (0.016±0.084, cup/d), and 
nuts (0.122±0.498, oz/d) (all the P<0.05) (Table S3).

Snack Patterns After Breakfast, Lunch, 
and Dinner
The variable plots for the PCAs in terms of snack pat-
terns are presented in Figure S2D and S2E. As indi-
cated by the weights of food groups after breakfast 
(Figure 2A), grain snack was characterized as relative 
high coefficients of refined grain, whole grain, added 
sugars, cheese, and eggs; starchy snack was charac-
terized as relative high coefficients of white potato and 
other starchy food; fruit snack was characterized as 
high intake of fruits. Also, the participants in the grain 
snack consumed the most servings of refined grain 
(0.667±1.141, oz/d), whole grain (0.110±0.371, oz/d), 
cheese (0.039±0.238, cup/d), eggs (0.034±0.200, 
oz/d), and added sugars (4.131±5.547, tsp/d), and the 
participants in the starchy snack consumed the most 
servings of white potato (0.025±0.144, cup/d) and 
other starchy foods (0.026±0.163, cup/d). Meanwhile, 
the participants in the fruit snack consumed the 
most servings of fruits (citrus, melons, and berries: 
0.084±0.277, cup/d; fruit excluding citrus, melons, and 
berries: 0.389±0.598, cup/d) (all the P<0.05) (Table S4).
In the snacks after lunch (Figure 2B), grain snack was 
characterized as relative high coefficients of refined 
grain, added sugars, eggs, and whole grain; starchy 
snack was characterized as relative high coefficients 
of white potato and other starchy food; dairy snack 
was characterized as relative high coefficients of total 
dairy products, milk, and cheese. Similarly, the par-
ticipants in the grain snack consumed the most serv-
ings of refined grain (1.269±1.345, oz/d), whole grain 
(0.186±0.495, oz/d), eggs (0.046±0.193, oz/d), and 
added sugars (5.918±6.621, tsp/d), and the partici-
pants in the starchy snack consumed the most serv-
ings of white potato (0.087±0.272, cup/d) and other 
starchy food (0.094±0.316, cup/d). Meanwhile, the 
participants in the dairy snack consumed the most 
servings of total dairy products (0.392±0.542, cup/d), 
milk (0.212±0.399, cup/d), and cheese (0.146±0.411) 
(all the P<0.05) (Table S5).

In the snacks after dinner (Figure 2C), starchy snack 
was characterized as relative high coefficients of white 
potato and other starchy products; grain snack was 
characterized as relative high coefficients of refined 
grain and whole grain; dairy snack was characterized 
as high intake of total dairy products, milk, and cheese. 
Similarly, the participants in the grain snack consumed 
the most servings of refined grain (1.241±1.424, oz/d) 
and added sugars (8.215±6.952, tsp/d), and the partic-
ipants in the starchy snack consumed the most serv-
ings of white potato (0.081±0.232, cup/d) and other 

starchy products (0.090±0.294, cup/d). Meanwhile, 
the participants in the dairy snack consumed the most 
servings of total dairy products (0.693±0.587, cup/d), 
cheese (0.130±0.365, cup/d), whole grain (0.135±0.412, 
oz/d), and milk (0.523±0.553, cup/d) (all the P<0.05) 
(Table S6).

Validation of Meal and Snack Patterns 
Using PLS- DA
The PLS- DA was performed to validate the meal and 
snack patterns established in the PCA. The scatter-
plots showed that main meal and each snack pat-
tern could be separated, which were further validated 
through permutation tests (Figure S3A through S3F). 
The VIP in dietary patterns of each time period are pre-
sented in Tables S7 and S8.

At breakfast, in the refined group, solid fats and add 
sugars were identified as the main food groups in the 
Western breakfast; white potato and other starchy food 
were identified as the main food groups in the starchy 
breakfast, and fruits were identified as the main food 
groups in the fruit breakfast (all the VIP >1 and P<0.05). 
At lunch, refined grain and solid fats were identified as 
the main food groups in the Western lunch; total veg-
etable, red and orange vegetable, tomato, and dark 
vegetable were identified as the main food groups in 
the vegetable lunch; fruits excluding citrus, melons, 
and berries was selected as the main food groups in 
the fruit lunch (all the VIP >1 and P<0.05). At dinner, 
refined grain, solid fats, and cheese were identified 
as the main food groups in the Western dinner; total 
vegetable, red and orange vegetable, and tomato were 
identified as the main food groups in the vegetable din-
ner; fruits excluding citrus, melons, and berries were 
identified as the main food group in the fruit dinner (all 
the VIP >1 and P<0.05).

For the snack patterns, the refined grain, added 
sugars, and whole grain were identified as the main 
food groups in the grain snack after breakfast; fruits 
were identified as the main food groups in the fruit 
snack after breakfast (all the VIP >1 and P<0.05). The 
refined grain and added sugars were identified as the 
main food groups in the grain snack after lunch; the 
total dairy products, milk, and cheese were identified 
as the main food groups in the dairy snack after lunch 
(all the VIP >1 and P<0.05). The refined grain was iden-
tified as the main food group in the grain snack after 
dinner; total dairy products and milk were was identi-
fied as the main food groups in the dairy snack after 
dinner (all the VIP >1 and P<0.05).

Cox Proportional Hazards Models
The association of main meal patterns at breakfast, 
lunch, and dinner with all- cause, CVD, and cancer 
mortalities are presented in Figure  3. As indicated 
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Figure 2. The coefficient of each food group in the snack patterns after breakfast (A), lunch (B), and dinner (C) 
in the total sample with adjustment for age, sex, and total daily energy intake (N=21 503).
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Figure 3. Adjusted HRs for dietary patterns at breakfast, lunch, and dinner and cancer, CVD, and all- cause mortality.
Adjustments included age, sex, ethnicity, income, education, exercise, smoking, alcohol intake, BMI, diabetes mellitus, hypertension, 
dyslipidemia, nutrient supplement use, total intake of energy, percentage of energy provided by snacks, fat, protein, cholesterol, 
breakfast skipping, lunch skipping, hours of restricted eating, dietary information collected at working day or weekend, and AHEI. 
AHEI indicates Alternative Healthy Eating Index; BMI, body mass index; Case/N, number of case subjects/total; CVD, cardiovascular 
disease; HRs, hazard ratios; and Q, quartile.
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by hazard ratio (HR) and 95% CI, compared with 
the participants who were not in the meal patterns 
(Q1), participants who consumed the Western lunch 
(Q4) were more likely to die because of CVD (HR, 

1.44; 95% CI, 1.10– 1.89); whereas participants who 
consumed the fruit lunch pattern had lower mortal-
ity risks of all- cause (HR, 0.82; 95% CI, 0.72– 0.92) 
and CVD (HR, 0.66; 95% CI, 0.49– 0.87). At dinner, 

Figure 4. Adjusted HRs for snack patterns after breakfast, lunch, and dinner and cancer, CVD, and all- cause mortality.
Adjustments included age, sex, ethnicity, income, education, exercise, smoking, alcohol intake, BMI, diabetes mellitus, hypertension, 
dyslipidemia, nutrient supplement use, total intake of energy, percentage of energy provided by snacks, fat, protein, cholesterol, 
breakfast skipping, lunch skipping, hours of restricted eating, dietary information collected at working day or weekend, and AHEI. 
AHEI, Alternative Healthy Eating Index; BMI, body mass index; Case/N, number of case subjects/total; CVD, cardiovascular disease; 
HRs, hazard ratios; and Q, quartile.
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compared with the participants who were not in the 
dietary pattern (Q1), participants who consumed the 
vegetable dinner (Q4) had lower mortality risks of all- 
cause (HR, 0.69; 95% CI, 0.60– 0.78), CVD (HR, 0.77; 
95% CI, 0.61– 0.95), and cancer (HR, 0.63; 95% CI, 
0.48– 0.83).

The association of snack patterns after breakfast, 
lunch, and dinner with all- cause, CVD, and cancer 
mortality are presented in Figure  4. After breakfast, 
compared with the participants who were not in the 
snack patterns (Q1), participants who consumed the 
fruit snack pattern (Q4) had lower mortality risks of all- 
cause (HR, 0.78; 95% CI, 0.66– 0.93) and cancer (HR, 
0.55; 95% CI, 0.39– 0.78), and participants who con-
sumed the starchy snack pattern (Q4) were more likely 
to die from all- cause (HR, 1.50; 95% CI, 1.24– 1.82) and 
CVD (HR, 1.55; 95% CI, 1.08– 2.24). Similarly, partici-
pants who consumed the starchy snack pattern (Q4) 
after lunch were more likely to die from all- cause (HR, 
1.52; 95% CI, 1.27– 1.81) and CVD (HR, 1.44; 95% CI, 
1.03– 2.02). After dinner, participants who consumed 
the starchy snack pattern (Q4) were more likely to die 
from all- cause (HR, 1.50; 95% CI, 1.25– 1.80) and CVD 
(HR, 1.57; 95% CI, 1.10– 2.23), whereas participants 
who consumed the dairy snack pattern (Q4) had lower 
mortality risks of all- cause (HR, 0.82; 95% CI, 0.72– 
0.94), CVD (HR, 0.67; 95% CI, 0.52– 0.87), and cancer 
(HR, 0.74; 95% CI, 0.56– 0.98).

Sensitivity Analysis
After exclusion of the participants who had follow- up 
time of <3  years or died within 3  years of follow-
 up, the association of meal and snack patterns with 
mortality outcomes was decreased, but still signifi-
cant (Tables S9 and S10), indicating that the severe 
illness did not influence the above association. The 
second set of sensitivity analysis showed that after 
additional adjustment for the behavior of diet con-
trol, although the coefficients of each food group 
were varied, the representative food group (the 
highest coefficients) in each meal and snack pat-
tern did not changing significantly (Figures S4 and 
S5), indicating that these meal and snack patterns 
were relatively robust, and the association of meal 
and snack patterns with mortality outcomes was 
still significant (Tables S11 and S12). The third set of 
sensitivity analysis showed that the association be-
tween main meal patterns and mortality outcomes 
was more obvious in the participants with low diet 
quality than with high diet quality. In the context of 
low diet quality, starchy breakfast was associated 
with higher mortality risks of CVD and all- cause, and 
the Western lunch was associated with CVD mortal-
ity. Meanwhile, the vegetable dinner was associated 
lower mortality risks of cancer, CVD, and all- cause 

(Table S13). In contrast, fruit lunch was associated 
with lower risk of CVD mortality, and the vegetable 
dinner was associated with lower all- cause mortal-
ity (Table  S14); whereas no other significant asso-
ciation between main meal patterns and mortality 
outcomes was observed in the context of high diet 
quality (Table  S14). For the snack patterns, in the 
context of low diet quality, grain snack and fruit 
snack after breakfast were associated with lower 
cancer mortality, and dairy snack after dinner was 
associated with lower mortality risks of CVD and all- 
cause (Table S15). In the context of high diet qual-
ity, starchy snack after lunch was associated with 
higher mortality risks of CVD and all- cause, and 
dairy snack after lunch was associated with higher 
risk of CVD mortality; whereas dairy snack after din-
ner was associated with lower mortality risks of can-
cer, CVD, and all- cause (Table S16).

DISCUSSION
To the best of our knowledge, this was the first 
study to examine the association of meal and snack 
patterns across a day with cancer, CVD, and all- 
cause mortalities. For main meals, this study found 
that meal patterns of fruit lunch and vegetable din-
ner were associated with decreased mortality risks 
of cancer, CVD, and all- cause, whereas Western 
lunch was associated with elevated mortality risks 
of CVD and all- cause. For snack patterns, this study 
found that snack patterns of fruit after breakfast and 
dairy products after dinner were associated with 
decreased mortality risks of cancer, CVD, and all- 
cause; whereas the starchy snack pattern after main 
meals was associated with elevated mortality risks of 
CVD and all- cause.

Although many studies reported the association 
of increased vegetable intake or vegetable dietary 
pattern with decreased cancer, CVD, and all- cause 
mortality,18– 20 it is still largely unknown whether veg-
etable intake at various times would impact health. 
Therefore, the most important finding of this study 
was that higher intake of vegetables at dinner was 
significantly associated with lower risks of cancer, 
CVD, and all- cause mortalities, whereas vegetables 
consumed at lunch did not have these beneficial 
effects. Moreover, the association between a veg-
etable dinner pattern and mortality outcomes was 
independent of a series of traditional dietary risk fac-
tors, in particular, overall diet quality (including total 
vegetable consumption) and breakfast skipping. The 
circadian pattern of metabolism and gut microbiota 
are likely the possible mechanisms underpinning the 
results of this study. First, when the total daily en-
ergy intake was held constant, vegetable dinner is 
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frequently associated with lower energy intake in the 
evening. The recent randomized controlled trial and 
observational study have documented the beneficial 
effects of low energy intake at dinner on cardiomet-
abolic health and long- term survival.11,13 Animal stud-
ies also demonstrated that high energy consumption 
at dinner was tightly related to the disrupted clock 
gene and fat accumulation, and reduced energy in-
take at dinner could restore clock gene expression, 
leading to decreased glucose, blood lipid levels, and 
body weight.21,22 On the other hand, gut microbes 
and their metabolites also have circadian patterns.23 
The abundance of bacteria that use dietary fiber from 
vegetables to generate short- chain fatty acids is fre-
quently highest at night, and it gradually decreases 
in the daytime,24 suggesting that high intake of vege-
tables at dinner can produce more short- chain fatty 
acids, which is more compatible with the circadian 
pattern of these bacteria. Short- chain fatty acids, as 
important metabolites of gut microbes, in addition to 
their beneficial effects on cardiometabolic health and 
cancer, have been reported in previous studies.25,26

Another key finding of this study is that Western 
lunch, characterized as high intakes of refined grain, 
cheese, cured meat, and red meat at lunch, was asso-
ciated with elevated CVD and all- cause mortalities. The 
Western lunch typically contains high energy, total fat, 
and low- quality carbohydrate. A previous randomized 
controlled trial has reported that participants who con-
sumed a high fat or carbohydrate meal at lunch were 
drowsier and sleepy,27 which might increase duration 
of daytime napping through stimulating secretion of 
cholecystokinin and various gut peptides,28,29 and dis-
ruption of the circadian pattern of serotonin. The as-
sociation of lengthy napping in the afternoon with high 
CVD and all- cause mortality has been reported in pre-
vious studies, which may support the findings in this 
study.30 Further, Western dietary pattern is associated 
with chronic, low- grade inflammation.31 It has been 
reported that pro- inflammation cytokines in the blood 
also had an internal circadian pattern; they are usually 
highest at 4:00 am with a gradual decrease during the 
daytime, and lowest in the afternoon.32,33 A previous 
animal study has demonstrated that the later saturated 
fat was consumed, the more likely they disrupted the 
internal circadian pattern of pro- inflammation cyto-
kines, resulting in the chronic, low- grade inflammation 
status; whereas consumption of anti- inflammatory 
food at the same time could restore the circadian pat-
tern.34 Consistent with the evidence, this study demon-
strated that fruit lunch pattern and fruit snack pattern 
after breakfast were associated with low mortality risks 
of cancer, CVD, and all- cause.

Moreover, this study also found that higher intake 
of dairy products after dinner was associated with 
lower mortality risks of CVD and all- cause, whereas 

dairy products consumed after lunch was not. 
Currently, the association of dairy products con-
sumption with CVD and all- cause mortalities was 
inconsistent,35,36 and no study has examined the 
consumption time of dairy products. The beneficial 
effect of dairy products after dinner reported in this 
study could be explained by improved sleep quality. 
There is growing evidence that sleep quality is asso-
ciated with all- cause and CVD mortalities.37,38 Dairy 
products included high levels of tryptophan, which 
is the precursor of serotonin and melatonin.39 In the 
evening, the synthesis of serotonin and melatonin 
was activated,40 and higher dairy products after 
dinner might provide more tryptophan to synthesize 
serotonin and melatonin, which is more compatible 
with the circadian pattern of serotonin and melatonin 
for maintaining higher sleep quality. The observa-
tional studies and randomized controlled trial also 
found that dairy products consumption in the eve-
ning could improve sleep quality, especially for el-
derly people,41,42 partially supporting the findings in 
this study. Further, results of this study also showed 
that participants with starchy snack pattern after 
breakfast, lunch, and dinner were more likely to die 
from CVD and all- cause mortalities. It seemed that 
consumption time did not modify the health impact 
of starchy snacks. Starchy snacks after main meals 
was usually fried potato crisps with high energy den-
sity, which provide energy similar to a main meal. It 
has been reported that higher consumption of fried 
potato was associated with elevated mortality in the 
previous study,43 and the recent randomized con-
trolled trial also demonstrated that high frequency 
of meals across a day could disrupt the expression 
of circadian genes, resulting in hyperglycemia and 
insulin resistance, partially supporting the above 
results.44

In addition, this study also observed that the as-
sociation between main meal patterns and mortal-
ity outcomes was more obvious in the participants 
with low diet quality than high diet quality, suggest-
ing that the intake timing for the main meal patterns 
was more important for the participants in the low 
diet quality than in the high diet quality; also, partic-
ipants in the low diet quality might greatly decrease 
their mortality risks of cancer and CVD by chang-
ing their intake timing for the main meal patterns. 
Further, this study also observed that the positive 
association of starchy snack and dairy snack after 
lunch with mortalities of CVD and all- cause, and the 
negative association of dairy snack after dinner with 
mortalities of cancer, CVD, and all- cause, suggested 
that although participants had relatively high diet 
quality, they also should focus on their consumption 
time of snacks for decreasing the mortality risks of 
cancer and CVD.
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Strengths and Limitations
This study has several strengths. First, this was 
the first study to examine the association of meal 
and snack patterns across a day with cancer, CVD, 
and all- cause mortality using high- quality dietary 
data from a well- designed population- based study 
(NHANES), which strengthens the understanding of 
the impact of consumption time for different foods on 
health. Second, the association result in this study 
was relatively robust with adjustment for a variety of 
important dietary confounders. These findings also 
emphasize that not only nutritional values but also 
timing of meals need to be taken into consideration 
for dietary recommendations to improve health. We 
also recognize that this study has certain limitations. 
First, although the self- reported 24- hour dietary re-
call is the most valid and commonly used instrument 
to capture diet information in observational studies, 
it is subject to measurement error because of day- 
to- day variations in food intake. Second, we had the 
opportunity to control a series of potential confound-
ers, but this study still was observational in nature, 
and other unmeasured confounding factors cannot 
be ruled out. Third, we only used 2 dietary meas-
urements in 2  weeks to predict long- term survival 
status in the general population, who may change 
dietary habits over time. Fourth, we recognized that 
the complex study design is a limitation in PCA, and 
the meal and snack patterns established in our study 
probably could not generalized to the noninstitution-
alized household population of the United States. 
Therefore, future research is needed to evaluate the 
longitudinal effect of dietary patterns across meals 
on mortality outcomes. Fourth, this study only in-
cluded American participants, which is likely to limit 
the generalizability of our findings to other ethnic 
populations. Last, although the NHANES docu-
mented the mortality status determined by the ICD- 
10, it did not make public the details of the cause 
of death. Therefore, this study cannot examine the 
association of main meal and snack patterns with 
details of the cause of death. Future study including 
this information is warranted to provide more com-
prehensive evidence for the health impacts of the 
timing of dietary patterns.

IMPLICATION AND CONCLUSIONS
Nutritional recommendation is a critical element for 
maintaining public health. Nutritional guidelines and 
intervention strategies should integrate and empha-
size the importance of optimal consumption times for 
foods in a day. Based on the findings in this study, 
the optimal consumption time for fruit was likely in 
the daytime, and the optimal consumption time for 

vegetables was at dinner. The dairy products could 
be consumed as a snack after dinner. This informa-
tion is of importance in providing nutritional recom-
mendations for the public.

In conclusion, higher intake of fruit at lunch, and 
higher intake of vegetables and dairy products in the 
evening were associated with lower mortality risks of 
CVD, cancer, and all- cause; whereas higher intake of 
refined grain, cheese, added sugars, and cured meat 
at lunch, and higher intake of potato and starchy foods 
after main meals were associated with greater CVD 
and all- cause mortalities.
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SUPPPLEMENTAL MATERIAL 



Table S1. The differences for the food groups across meal patterns at breakfast. 

 

Food groups Western Breakfast Starchy Breakfast Fruit Breakfast P-values 

Refined grain (oz/d) 2.892±1.842 1.233±1.477 1.194±1.379 P＜0.001 

Whole grain (oz/d) 0.543±0.923 0.470±0.751 0.571±0.771 P＜0.001 

Total vegetable (cup/d) 0.200±0.411 0.315±0.593 0.120±0.335 P＜0.001 

Dark vegetable (cup /d) 0.006±0.043 0.005±0.044 0.008±0.077 P=0.006 

Red and orange vegetable 

(cup/d) 

0.060±0.171 0.058±0.183 0.138±0.160 P＜0.001 

Tomato (cup/d) 0.044±0.123 0.037±0.112 0.027±0.118 P＜0.001 

Other vegetable (cup/d) 0.084±0.217 0.092±0.350 0.038±0.149 P＜0.001 

White potato (cup/d) 0.043±0.153 0.143±0.304 0.032±0.147 P＜0.001 

Other starchy vegetable 

(cup/d) 

0.063±0.237 0.172±0.435 0.038±0.193 P＜0.001 

Fruit excluding citrus, 

melons and berries 

(cup/d) 

0.262±0.492 0.319±0.546 0.865±0.619 P＜0.001 

Citrus, melons and berries 

(cup/d) 

0.062±0.221 0.050±0.190 0.241±0.459 P＜0.001 

Total Dairy products 

(cup/d) 

0.457±0.579 0.485±0.595 0.472±0.530 P＜0.001 

Milk (cup/d) 0.342±0.495 0.417±0.571 0.371±0.477 P＜0.001 

Cheese (cup/d) 0.105±0.298 0.053±0.176 0.064±0.214 P＜0.001 

Yogurt (cup/d) 0.006±0.050 0.012±0.080 0.031±0.134 P＜0.001 

Cured meat (oz/d) 1.184±1.885 0.985±1.705 0.621±1.478 P＜0.001 

Seafood (oz/d) 0.034±0.283 0.044±0.369 0.042±0.387 P=0.080 



Red meat (oz/d) 0.345±1.015 0.263±0.918 0.088±0.487 P＜0.001 

Poultry (oz/d) 0.255±0.864 0.190±0.724 0.089±0.506 P＜0.001 

Organic meat (oz/d) 0.013±0.158 0.015±0.171 0.003±0.069 P＜0.001 

Eggs (oz/d) 0.363±0.629 0.594±0.805 0.354±0.633 P＜0.001 

Nuts (oz/d) 0.073±0.347 0.043±0.214 0.112±0.454 P＜0.001 

Legumes (oz/d) 0.330±1.031 0.165±0.731 0.080±0.526 P＜0.001 

Soys (oz/d) 0.010±0.106 0.006±0.068 0.017±0.126 P＜0.001 

Add sugars (tsp/d) 5.364±5.314 3.494±4.255 3.111±3.448 P＜0.001 

Solid fats (grams/d) 12.915±11.320 8.932±9.119 7.440±8.587 P＜0.001 

Adjustments included age, sex, and total intake of energy. Values are described as means±SD. 1 cup = 236.59 g; 1 oz = 28.35 g; 1 tablespoon =15 

mL. 

  



Table S2. The differences for the food groups across meal patterns at lunch. 

 

Food groups Western Lunch Vegetable Lunch Fruit Lunch P-values 

Refined grain (oz/d) 3.736±2.127 2.100±2.142 1.799±1.705 P＜0.001 

Whole grain (oz/d) 0.213±0.640 0.168±0.497 0.214±0.496 P＜0.001 

Total vegetable (cup/d) 0.603±0.616 1.333±0.760 0.615±0.685 P＜0.001 

Dark vegetable (cup /d) 0.021±0.093 0.150±0.338 0.067±0.221 P＜0.001 

Red and orange vegetable 

(cup/d) 

0.186±0.303 0.447±0.448 0.167±0.291 P＜0.001 

Tomato (cup/d) 0.170±0.258 0.310±0.327 0.117±0.204 P＜0.001 

Other vegetable (cup/d) 0.249±0.339 0.590±0.545 0.240±0.367 P＜0.001 

White potato (cup/d) 0.111±0.264 0.135±0.303 0.115±0.273 P＜0.001 

Other starchy vegetable 

(cup/d) 

0.130±0.314 0.203±0.410 0.153±0.360 P＜0.001 

Fruit excluding citrus, 

melons and berries 

(cup/d) 

0.149±0.383 0.148±0.355 0.551±0.567 P＜0.001 

Citrus, melons and berries 

(cup/d) 

0.034±0.168 0.050±0.341 0.170±0.491 P＜0.001 

Total Dairy products 

(cup/d) 

0.488±0.651 0.363±0.573 0.363±0.512 P＜0.001 

Milk (cup/d) 0.054±0.151 0.086±0.273 0.120±0.305 P＜0.001 

Cheese (cup/d) 0.425±0.632 0.263±0.492 0.214±0.397 P＜0.001 

Yogurt (cup/d) 0.007±0.072 0.012±0.086 0.026±0.121 P＜0.001 

Cured meat (oz/d) 3.057±2.958 2.721±2.554 2.276±2.360 P＜0.001 

Seafood (oz/d) 0.231±1.054 0.355±1.144 0.303±1.011 P＜0.001 



Red meat (oz/d) 0.867±1.695 0.885±1.623 0.514±1.196 P＜0.001 

Poultry (oz/d) 0.748±1.498 0.851±1.450 0.611±1.240 P＜0.001 

Organic meat (oz/d) 0.013±0.235 0.007±0.115 0.013±0.253 P=0.142 

Eggs (oz/d) 0.153±0.452 0.089±0.255 0.117±0.374 P＜0.001 

Nuts (oz/d) 0.078±0.545 0.085±0.547 0.171±0.732 P＜0.001 

Legumes (oz/d) 0.551±1.484 0.457±1.291 0.213±0.787 P＜0.001 

Soys (oz/d) 0.014±0.118 0.025±0.180 0.022±0.175 P＜0.001 

Add sugars (tsp/d) 5.743±6.328 3.385±4.655 3.790±4.774 P＜0.001 

Solid fats (grams/d) 17.003±14.640 10.289±11.444 9.694±11.066 P＜0.001 

Adjustments included age, sex, and total intake of energy. Values are described as means±SD. 1 cup = 236.59 g; 1 oz = 28.35 g; 1 tablespoon =15 

mL. 

  



Table S3. The differences for the food groups across meal patterns at dinner. 

 

Food groups Western Dinner Vegetable Dinner Fruit Dinner P-values 

Refined grain (oz/d) 4.382±2.273 2.474±2.246 2.156±4.898 P＜0.001 

Whole grain (oz/d) 0.168±0.58 0.132±0.444 0.187±0.526 P＜0.001 

Total vegetable (cup/d) 0.889±0.739 1.703±0.908 0.940±0.882 P＜0.001 

Dark vegetable (cup /d) 0.058±0.176 0.163±0.343 0.096±0.233 P＜0.001 

Red and orange vegetable 

(cup/d) 

0.254±0.330 0.592±0.472 0.238±0.360 P＜0.001 

Tomato (cup/d) 0.245±0.312 0.421±0.357 0.158±0.251 P＜0.001 

Other vegetable (cup/d) 0.338±0.412 0.722±0.703 0.365±0.579 P＜0.001 

White potato (cup/d) 0.160±0.332 0.189±0.368 0.184±0.350 P＜0.001 

Other starchy vegetable 

(cup/d) 

0.229±0.451 0.309±0.527 0.277±0.494 P＜0.001 

Fruit excluding citrus, 

melons and berries 

(cup/d) 

0.124±0.356 0.132±0.345 0.489±0.538 P＜0.001 

Citrus, melons and berries 

(cup/d) 

0.048±0.227 0.048±0.210 0.184±0.448 P＜0.001 

Total Dairy products 

(cup/d) 

0.773±0.826 0.488±0.679 0.446±0.602 P＜0.001 

Milk (cup/d) 0.148±0.338 0.172±0.416 0.195±0.391 P＜0.001 

Cheese (cup/d) 0.618±0.734 0.309±0.528 0.232±0.448 P＜0.001 

Yogurt (cup/d) 0.005±0.044 0.004±0.037 0.016±0.084 P＜0.001 

Cured meat (oz/d) 3.256±2.844 3.199±2.525 2.944±2.557 P＜0.001 

Seafood (oz/d) 0.383±1.323 0.463±1.395 0.481±1.359 P＜0.001 



Red meat (oz/d) 1.086±1.596 1.303±1.785 0.998±1.658 P＜0.001 

Poultry (oz/d) 0.876±1.610 0.932±1.496 0.875±1.403 P=0.034 

Organic meat (oz/d) 0.016±0.188 0.007±0.119 0.014±0.183 P=0.015 

Eggs (oz/d) 0.134±0.307 0.101±0.249 0.111±0.275 P＜0.001 

Nuts (oz/d) 0.048±0.288 0.070±0.364 0.122±0.498 P＜0.001 

Legumes (oz/d) 0.396±1.117 0.458±1.186 0.278±0.838 P＜0.001 

Soys (oz/d) 0.032±0.248 0.024±0.188 0.023±0.166 P=0.058 

Add sugars (tsp/d) 5.642±6.602 3.825±5.108 4.500±5.404 P＜0.001 

Solid fats (grams/d) 23.196±16.238 14.128±13.428 13.604±12.964 P＜0.001 

Adjustments included age, sex, and total intake of energy. Values are described as means±SD. 1 cup = 236.59 g; 1 oz = 28.35 g; 1 tablespoon =15 

mL. 



Table S4. The differences for the food groups across snack patterns after breakfast. 

 

Food groups Grain Snack Starchy Snack Fruit Snack P-values 

Refined grain (oz/d) 0.667±1.141 0.131±0.588 0.214±0.675 P＜0.001 

Whole grain (oz/d) 0.110±0.371 0.006±0.083 0.068±0.329 P＜0.001 

Total vegetable (cup/d) 0.031±0.155 0.050±0.227 0.023±0.157 P＜0.001 

Dark vegetable (cup /d) 0.001±0.025 0.001±0.016 0.001±0.028 P=0.903 

Red and orange vegetable (cup/d) 0.009±0.080 0.006±0.066 0.010±0.101 P=0.578 

Tomato (cup/d) 0.009±0.077 0.005±0.060 0.006±0.080 P=0.227 

Other vegetable (cup/d) 0.009±0.071 0.014±0.116 0.006±0.055 P＜0.001 

White potato (cup/d) 0.010±0.085 0.025±0.144 0.006±0.070 P＜0.001 

Other starchy vegetable (cup/d) 0.010±0.088 0.026±0.163 0.008±0.107 P＜0.001 

Fruit excluding citrus, melons and 

berries (cup/d) 

0.105±0.333 0.082±0.305 0.389±0.598 P＜0.001 

Citrus, melons and berries (cup/d) 0.038±0.196 0.023±0.147 0.084±0.277 P＜0.001 

Total Dairy products (cup/d) 0.124±0.366 0.059±0.253 0.067±0.267 P＜0.001 

Milk (cup/d) 0.077±0.252 0.047±0.217 0.044±0.211 P＜0.001 

Cheese (cup/d) 0.039±0.238 0.009±0.106 0.012±0.090 P＜0.001 

Yogurt (cup/d) 0.006±0.055 0.001±0.024 0.008±0.060 P＜0.001 

Cured meat (oz/d) 0.160±0.782 0.054±0.462 0.091±0.642 P＜0.001 

Seafood (oz/d) 0.005±0.087 0.007±0.179 0.001±0.036 P=0.002 

Red meat (oz/d) 0.026±0.251 0.021±0.268 0.018±0.258 P=0.016 

Poultry (oz/d) 0.021±0.251 0.004±0.068 0.027±0.311 P=0.002 

Organic meat (oz/d) 0.002±0.092 0.002±0.093 0.001±0.001 P=0.174 

Eggs (oz/d) 0.034±0.200 0.023±0.193 0.021±0.187 P=0.003 

Nuts (oz/d) 0.090±0.421 0.014±0.183 0.095±0.532 P＜0.001 



Legumes (oz/d) 0.014±0.218 0.003±0.067 0.015±0.226 P=0.313 

Soys (oz/d) 0.007±0.062 0.001±0.022 0.011±0.112 P＜0.001 

Add sugars (tsp/d) 4.131±5.547 2.343±5.108 1.218±3.057 P＜0.001 

Solid fats (grams/d) 4.727±7.752 1.499±4.912 1.493±4.333 P＜0.001 

Adjustments included age, sex, and total intake of energy. Values are described as means±SD. 1 cup = 236.59 g; 1 oz = 28.35 g; 1 tablespoon =15 

mL. 



Table S5. The differences for the food groups across snack patterns after lunch. 

 

Food groups Grain Snack Starchy Snack Dairy Snack P-values 

Refined grain (oz/d) 1.269±1.345 0.297±0.796 0.496±1.015 P＜0.001 

Whole grain (oz/d) 0.186±0.495 0.049±0.271 0.094±0.362 P＜0.001 

Total vegetable (cup/d) 0.087±0.242 0.164±0.403 0.070±0.247 P＜0.001 

Dark vegetable (cup /d) 0.003±0.043 0.001±0.020 0.003±0.049 P=0.082 

Red and orange vegetable (cup/d) 0.025±0.118 0.026±0.160 0.019±0.103 P＜0.001 

Tomato (cup/d) 0.018±0.083 0.015±0.095 0.015±0.078 P=0.045 

Other vegetable (cup/d) 0.026±0.112 0.042±0.218 0.020±0.137 P＜0.001 

White potato (cup/d) 0.030±0.143 0.087±0.272 0.025±0.142 P＜0.001 

Other starchy vegetable (cup/d) 0.030±0.147 0.094±0.316 0.028±0.160 P＜0.001 

Fruit excluding citrus, melons and 

berries (cup/d) 

0.183±0.434 0.180±0.458 0.177±0.419 P=0.152 

Citrus, melons and berries (cup/d) 0.042±0.213 0.055±0.346 0.044±0.206 P=0.001 

Total Dairy products (cup/d) 0.186±0.389 0.105±0.326 0.392±0.542 P＜0.001 

Milk (cup/d) 0.100±0.256 0.075±0.273 0.212±0.399 P＜0.001 

Cheese (cup/d) 0.079±0.292 0.027±0.172 0.146±0.411 P＜0.001 

Yogurt (cup/d) 0.003±0.036 0.002±0.026 0.027±0.117 P＜0.001 

Cured meat (oz/d) 0.363±1.346 0.169±0.815 0.270±1.060 P=0.001 

Seafood (oz/d) 0.026±0.292 0.012±0.195 0.031±0.420 P=0.110 

Red meat (oz/d) 0.080±0.496 0.023±0.215 0.060±0.420 P＜0.001 

Poultry (oz/d) 0.050±0.373 0.072±0.523 0.020±0.200 P＜0.001 

Organic meat (oz/d) 0.001±0.030 0.001±0.030 0.001±0.054 P=0.584 

Eggs (oz/d) 0.046±0.193 0.018±0.143 0.014±0.080 P＜0.001 

Nuts (oz/d) 0.194±0.676 0.056±0.359 0.225±0.801 P＜0.001 



Legumes (oz/d) 0.044±0.387 0.009±0.152 0.018±0.228 P＜0.001 

Soys (oz/d) 0.004±0.042 0.005±0.068 0.008±0.090 P=0.006 

Add sugars (tsp/d) 5.918±6.621 2.897±5.513 3.280±4.620 P＜0.001 

Solid fats (grams/d) 8.441±10.092 2.994±6.518 7.217±9.947 P＜0.001 

Adjustments included age, sex, and total intake of energy. Values are described as means±SD. 1 cup = 236.59 g; 1 oz = 28.35 g; 1 tablespoon =15 

mL. 



Table S6. The differences for the food groups across snack patterns after dinner. 

 

Food groups Grain Snack Starchy Snack Dairy Snack P-values 

Refined grain (oz/d) 1.241±1.424 0.308±0.831 0.646±1.020 P＜0.001 

Whole grain (oz/d) 0.077±0.266 0.090±0.357 0.135±0.412 P＜0.001 

Total vegetable (cup/d) 0.077±0.233 0.139±0.363 0.062±0.246 P＜0.001 

Dark vegetable (cup /d) 0.003±0.050 0.002±0.041 0.005±0.066 P=0.257 

Red and orange vegetable (cup/d) 0.023±0.111 0.015±0.091 0.017±0.107 P=0.004 

Tomato (cup/d) 0.015±0.075 0.011±0.068 0.013±0.078 P=0.003 

Other vegetable (cup/d) 0.021±0.100 0.030±0.182 0.015±0.100 P＜0.001 

White potato (cup/d) 0.030±0.139 0.081±0.232 0.023±0.123 P＜0.001 

Other starchy vegetable (cup/d) 0.029±0.142 0.090±0.294 0.025±0.165 P＜0.001 

Fruit excluding citrus, melons and 

berries (cup/d) 

0.138±0.363 0.131±0.351 0.154±0.380 P=0.062 

Citrus, melons and berries (cup/d) 0.052±0.330 0.054±0.306 0.045±0.234 P=0.264 

Total Dairy products (cup/d) 0.307±0.450 0.161±0.363 0.693±0.587 P＜0.001 

Milk (cup/d) 0.245±0.408 0.112±0.283 0.523±0.553 P＜0.001 

Cheese (cup/d) 0.044±0.179 0.027±0.196 0.130±0.365 P＜0.001 

Yogurt (cup/d) 0.012±0.083 0.019±0.106 0.032±0.129 P＜0.001 

Cured meat (oz/d) 0.321±1.183 0.195±0.887 0.231±1.059 P＜0.001 

Seafood (oz/d) 0.056±0.510 0.013±0.204 0.008±0.166 P＜0.001 

Red meat (oz/d) 0.071±0.432 0.041±0.321 0.044±0.348 P＜0.001 

Poultry (oz/d) 0.033±0.270 0.077±0.511 0.033±0.324 P＜0.001 

Organic meat (oz/d) 0.001±0.020 0.006±0.252 0.007±0.258 P=0.015 

Eggs (oz/d) 0.063±0.194 0.013±0.070 0.021±0.079 P＜0.001 



Nuts (oz/d) 0.200±0.803 0.060±0.429 0.227±0.977 P＜0.001 

Legumes (oz/d) 0.016±0.217 0.004±0.078 0.010±0.156 P=0.027 

Soys (oz/d) 0.002±0.021 0.004±0.052 0.005±0.055 P=0.004 

Add sugars (tsp/d) 8.215±6.952 2.891±4.957 5.317±5.909 P＜0.001 

Solid fats (grams/d) 11.912±11.045 4.418±7.989 11.175±10.707 P＜0.001 

Adjustments included age, sex, and total intake of energy. Values are described as means±SD. 1 cup = 236.59 g; 1 oz = 28.35 g; 1 tablespoon =15 

mL. 

 

  



Table S7. VIP values of the food groups across meals patterns. 

 

Meal patterns Food group VIP P-value Dietary Pattern 

 

 

Breakfast 

Refined grain 

(oz/d) 

2.42 P<0.001 western 

breakfast 

Fruit excluding 

citrus, melons 

and berries 

(cup/d) 

2.20 P<0.001 fruit breakfast 

White potato 

(cup/d) 

1.52 P<0.001 starchy 

breakfast 

Citrus, melons 

and berries 

(cup/d) 

1.32 P<0.001 fruit breakfast 

Other starchy 

vegetable 

(cup/d) 

1.28 P<0.001 starchy 

breakfast 

Add sugars 

(tsp/d) 

1.16 P<0.001 western 

breakfast 

Solid fats 

(grams/d) 

1.16 P<0.001 western 

breakfast 

 
Total vegetable 

(cup/d) 

2.08 P<0.001 vegetable lunch 

Refined grain 

(oz/d) 

1.94 P<0.001 western lunch 



 

Lunch 

Fruit excluding 

citrus, melons 

and berries 

(cup/d) 

1.87 P<0.001 fruit lunch 

Red and orange 

vegetable 

(cup/d) 

1.59 P<0.001 vegetable lunch 

Tomato (cup/d) 1.37 P<0.001 vegetable lunch 

Solid fats 

(grams/d) 

1.26 P<0.001 western lunch 

Dark vegetable 

(cup/d) 

1.03 P<0.001 vegetable lunch 

 

 

Dinner 

Refined grain 

(oz/d) 

1.96 P<0.001 western dinner 

Total vegetable 

(cup/d) 

1.93 P<0.001 vegetable dinner 

Red and orange 

vegetable 

(cup/d) 

1.84 P<0.001 vegetable dinner 

Fruit excluding 

citrus, melons 

and berries 

(cup/d) 

1.76 P<0.001 Fruit dinner 

Tomato (cup/d) 1.60 P<0.001 vegetable dinner 

Solid fats 

(grams/d) 

1.40 P<0.001 western dinner 



Cheese (cup/d) 1.31 P<0.001 western dinner 

VIP values were measured based on the PLS-DA models. P-values were adjusted by age, sex, and total intake of energy. 1 cup = 236.59 g; 1 oz 

= 28.35 g; 1 tablespoon =15 mL. 

 

  



Table S8. VIP values of the food groups across snacks patterns. 

 

Snacks patterns Food group VIP P-value Dietary Pattern 

 

 

Snack patterns 

after breakfast 

Fruit excluding 

citrus, melons 

and berries 

(cup/d) 

2.77 P<0.001 fruit snack 

Refined grain 

(oz/d) 

2.02 P<0.001 grain snack 

Add sugars 

(tsp/d) 

1.85 P<0.001 grain snack 

Whole grain 

(oz/d) 

1.11 P<0.001 grain snack 

Citrus, melons 

and berries 

(cup/d) 

1.08 P<0.001 fruit snack 

 

 

Snack patterns 

after lunch 

Refined grain 

(oz/d) 

2.48 P<0.001 grain snack 

Total Dairy 

products (cup/d) 

2.15 P<0.001 dairy snack 

Add sugars 

(tsp/d) 

1.57 P<0.001 grain snack 

Milk (cup/d) 1.51 P<0.001 dairy snack 

Cheese (cup/d) 1.23 P<0.001 dairy snack 

 Total Dairy 2.40 P<0.001 dairy snack 



Snack patterns 

after dinner 

products (cup/d) 

Milk (cup/d) 2.05 P<0.001 dairy snack 

Refined grain 

(oz/d) 

2.02 P<0.001 grain snack 

VIP values were measured based on the PLS-DA models. P-values were adjusted by age, sex, and total intake of energy. 1 cup = 236.59 g; 1 oz = 

28.35 g; 1 tablespoon =15 mL. 

  



Table S9. Adjusted HRs for meal patterns at breakfast, lunch and dinner and cancer, CVD and all-cause mortality after excluding the 

participants who had follow-up time of less than three years or died within three years of follow-up. 

 

 Cancer mortality CVD mortality All-cause mortality 

 Case/N HR (95%CI) Case/N HR (95%CI) Case/N HR (95%CI) 

Western breakfast      

Q1 71/4665 1 88/4665 1 290/4665 1 

Q2 101/4768 0.97(0.70-1.34) 155/4768 1.22(0.92-1.62) 505/4768 1.14(0.98-1.33) 

Q3 125/4842 1.26(0.93-1.71) 174/4842 1.21(0.91-1.60) 584/4842 1.22(1.05-1.42) 

Q4 95/4928 1.01(0.72-1.41) 151/4928 1.23(0.92-1.65) 438/4928 1.07(0.91-1.26) 

P for trend  0.196  0.495  0.042 

Starchy breakfast      

Q1 93/4826 1 96/4826 1 325/4826 1 

Q2 89/4862 0.85(0.62-1.15) 132/4862 1.07(0.81-1.41) 443/4862 1.01(0.87-1.17) 

Q3 122/4737 1.05(0.75-1.45) 186/4737 1.18(0.88-1.58) 563/4737 1.13(0.96-1.32) 

Q4 88/4778 0.83(0.59-1.16) 154/4778 1.20(0.90-1.60) 486/4778 1.10(0.93-1.29) 

P for trend  0.264  0.586  0.314 

Fruit breakfast      

Q1 135/4715 1 175/4715 1 582/4715 1 

Q2 82/4792 0.94(0.70-1.26) 112/4792 0.93(0.72-1.21) 338/4792 0.89(0.77-1.04) 

Q3 76/4809 0.81(0.60-1.10) 117/4809 0.95(0.74-1.22) 361/4809 0.88(0.76-1.01) 

Q4 99/4887 0.89(0.68-1.18) 164/4887 1.11(0.89-1.40) 536/4887 1.08(0.95-1.23) 

P for trend  0.264  0.496  0.010 



Western lunch      

Q1 100/4795 1 99/4795 1 367/4795 1 

Q2 98/4765 0.94(0.69-1.27) 158/4765 1.11(0.85-1.47) 493/4765 1.02(0.88-1.18) 

Q3 100/4797 0.99(0.71-1.38) 165/4797 1.17(0.87-1.59) 490/4797 1.07(0.91-1.26) 

Q4 94/4846 0.91(0.65-1.27) 146/4846 1.39(1.04-1.87) 467/4846 1.02(0.87-1.20) 

P for trend  0.911  0.115  0.825 

Vegetable lunch      

Q1 91/4854 1 119/4854 1 400/4854 1 

Q2 119/4750 0.87(0.64-1.18) 193/4750 1.04(0.80-1.34) 597/4750 1.03(0.89-1.19) 

Q3 81/4784 0.76(0.55-1.04) 130/4794 0.89(0.69-1.15) 416/4784 0.88(0.76-1.02) 

Q4 101/4815 1.09(0.80-1.47) 126/4815 0.92(0.70-1.21) 404/4815 0.97(0.83-1.12) 

P for trend  0.105  0.621  0.143 

Fruit lunch      

Q1 116/4695 1 185/4695 1 606/4695 1 

Q2 114/4791 1.17(0.88-1.56) 150/4791 0.92(0.73-1.17) 474/4791 0.90(0.82-1.10) 

Q3 69/4880 1.13(0.79-1.60) 83/4880 0.83(0.65-1.05) 275/4880 0.84(0.73-0.96) 

Q4 93/4837 1.10(0.83-1.48) 150/4837 0.68(0.50-0.92) 462/4837 0.77(0.65-0.91) 

P for trend  0.741  0.083  0.011 

Western Dinner      

Q1 85/4835 1 114/4835 1 373/4835 1 

Q2 95/4825 0.96(0.71-1.31) 145/4825 0.78(0.60-1.01) 476/4825 0.88(0.77-1.02) 

Q3 104/4779 1.02(0.75-1.38) 166/4779 0.99(0.77-1.27) 518/4779 0.96(0.83-1.10) 

Q4 108/4764 1.06(0.79-1.43) 143/4764 0.91(0.70-1.17) 450/4764 0.95(0.82-1.10) 

P for trend  0.925  0.152  0.374 

Vegetable dinner      

Q1 122/4763 1 167/4763 1 530/4763 1 



Q2 93/4800 0.71(0.54-0.94) 147/4800 0.85(0.67-1.07) 485/4800 0.89(0.78-1.01) 

Q3 99/4801 0.71(0.54-0.94) 139/4801 0.82(0.65-1.04) 443/4801 0.80(0.70-0.92) 

Q4 78/4839 0.59(0.44-0.79) 115/4839 0.73(0.56-0.94) 359/4839 0.67(0.59-0.78) 

P for trend  0.003  0.016  <0.001 

Fruit dinner      

Q1 144/4607 1 212/4607 1 685/4607 1 

Q2 101/4815 0.92(0.70-1.22) 115.4815 0.78(0.61-1.00) 365/4815 0.72(0.63-0.83) 

Q3 51/4903 0.88(0.61-1.25) 78/4903 1.04(0.77-1.41) 253/4903 0.93(0.79-1.10) 

Q4 96/4878 0.77(0.59-1.01) 163/4878 0.99(0.80-1.23) 514/4878 0.90(0.80-1.02) 

P for trend  0.318  0.143  0.279 

Adjustments included age, sex, ethnicity, income, education, exercise, smoking, alcohol intake, BMI, diabetes, hypertension, dyslipidemia, nutrient 

supplement use, total intake of energy, percentage of energy provided by snacks, fat, protein, cholesterol, breakfast skipping, lunch skipping, hours 

of restricted eating, dietary information collected at working day or week-end and AHEI. 

Case/N, number of case subjects/total; Q, quartile; 

  



Table S10. Adjusted HRs for snack patterns after breakfast, lunch and dinner and cancer, CVD and all-cause mortality after excluding 

the participants who had follow-up time of less than three years or died within three years of follow-up. 

 

 Cancer mortality CVD mortality All-cause mortality 

 Case/N HR (95%CI) Case/N HR (95%CI) Case/N HR (95%CI) 

Grain snack after 

breakfast 

     

Q1 72/4873 1 74/4873 1 263/4873 1 

Q2 102/4831 0.91(0.62-1.34) 144/4831 1.12(0.79-1.61) 445/4831 1.10(0.91-1.33) 

Q3 100/4778 0.73(0.48-1.11) 210/4778 1.09(0.75-1.59) 634/4778 1.11(0.90-1.36) 

Q4 118/4721 1.09(0.76-1.56) 140/4721 0.97(0.68-1.38) 475/4721 1.05(0.87-1.26) 

P for trend  0.085  0.745  0.706 

Starchy snack after 

breakfast 

     

Q1 70/4892 1 62/4892 1 225/4892 1 

Q2 73/4845 1.04(0.71-1.51) 87/4845 0.94(0.65-1.36) 311/4845 1.11(0.91-1.35) 

Q3 129/4811 1.36(0.90-2.04) 161/4811 0.98(0.66-1.46) 509/4811 1.15(0.93-1.43) 

Q4 120/4655 0.87(0.57-1.32) 258/4655 1.46(0.99-2.17) 772/4655 1.50(1.21-1.86) 

P for trend  0.576  0.007  <0.001 

Fruit snack after  

breakfast 

     

Q1 85/4807 1 68/4807 1 281/4807 1 

Q2 100/4840 0.79(0.57-1.11) 152/4840 1.36(0.98-1.87) 475/4840 1.12(0.95-1.34) 



Q3 114/4793 0.74(0.51-1.07) 198/4793 1.14(0.80-1.61) 578/4793 1.05(0.87-1.26) 

Q4 93/4763 0.58(0.39-0.85) 150/4763 0.81(0.56-1.16) 483/4763 0.82(0.68-0.99) 

P for trend  0.003  0.035  0.003 

Grain snack after 

lunch 

     

Q1 65/4838 1 67/4838 1 267/4838 1 

Q2 109/4813 1.16(0.80-1.69) 184/4813 1.39(0.99-1.94) 496/4813 1.08(0.90-1.29) 

Q3 110/4776 1.02(0.70-1.49) 185/4776 1.06(0.75-1.49) 595/4776 1.00(0.83-1.19) 

Q4 108/4776 1.23(0.88-1.73) 132/4776 1.18(0.85-1.65) 459/4776 1.08(0.91-1.28) 

P for trend  0.469  0.100  0.530 

Starchy snack after 

Lunch 

     

Q1 55/4909 1 50/4909 1 198/4909 1 

Q2 66/4831 1.26(0.86-1.84) 65/4831 1.04(0.71-1.52) 250/4831 1.13(0.93-1.38) 

Q3 118/4811 1.25(0.85-1.86) 171/4811 1.18(0.81-1.71) 533/4811 1.26(1.04-1.54) 

Q4 153/4652 1.43(0.96-2.11) 282/4652 1.57(1.08-2.27) 836/4652 1.55(1.28-1.89) 

P for trend  0.116  0.001  <0.001 

Dairy snack after 

lunch 

     

Q1 88/4828 1 79/4828 1 345/4828 1 

Q2 112/4801 0.91(0.65-1.26) 180/4801 1.35(0.99-1.84) 523/4801 0.99(0.84-1.16) 

Q3 97/4752 0.85(0.59-1.22) 176/4752 1.22(0.88-1.71) 502/4752 0.88(0.73-1.04) 

Q4 95/4822 0.86(0.63-1.19) 133/4822 1.18(0.87-1.61) 447/4822 0.95(0.81-1.11) 

P for trend  0.802  0.299  0.348 

Starchy snack after 

dinner 

     



Q1 69/4897 1 52/4897 1 212/4897 1 

Q2 61/4852 0.79(0.55-1.15) 77/4852 1.19(0.82-1.74) 251/4852 1.13(0.93-1.38) 

Q3 106/4809 0.88(0.60-1.29) 160/4809 1.41(0.97-2.05) 509/4809 1.26(1.04-1.53) 

Q4 156/4645 1.14(0.78-1.67) 279/4645 1.74(1.19-2.56) 845/4645 1.55(1.28-1.89) 

P for trend  0.142  <0.001  <0.001 

Grain snack after 

dinner 

     

Q1 73/4838 1 104/4838 1 357/4838 1 

Q2 102/4765 1.20(0.86-1.68) 162/4765 1.03(0.78-1.36) 486/4765 1.02(0.87-1.18) 

Q3 103/4804 1.18(0.83-1.67) 181/4804 1.10(0.83-1.47) 513/4804 0.94(0.80-1.10) 

Q4 114/4796 1.31(0.96-1.78) 121.4796 0.87(0.66-1.15) 461/4796 1.02(0.88-1.18) 

P for trend  0.409  0.342  0.592 

Dairy snack after 

dinner 

     

Q1 98/4839 1 118/4839 1 373/4839 1 

Q2 104/4789 0.84(0.61-1.16) 173/4789 0.88(0.67-1.16) 503/4789 0.89(0.76-1.04) 

Q3 98/4736 0.77(0.55-1.09) 152/4736 0.69(0.51-0.94) 478/4736 0.78(0.65-0.92) 

Q4 92/4839 0.73(0.54-0.99) 125/4839 0.69(0.52-0.92) 463/4839 0.80(0.73-0.98) 

P for trend  0.050  0.001  0.010 

Adjustments included age, sex, ethnicity, income, education, exercise, smoking, alcohol intake, BMI, diabetes, hypertension, dyslipidemia, nutrient 

supplement use, total intake of energy, percentage of energy provided by snacks, fat, protein, cholesterol, breakfast skipping, lunch skipping, hours 

of restricted eating, dietary information collected at working day or week-end and AHEI. 

Case/N, number of case subjects/total; Q, quartile  



Table S11. Adjusted HRs for meal patterns of diet control adjustment and cancer, CVD and all-cause mortality. 

 

 Cancer mortality CVD mortality All-cause mortality 

 Case/N HR (95%CI) Case/N HR (95%CI) Case/N HR (95%CI) 

Western breakfast      

Q1 102/5376 1 103/5376 1 383/5376 1 

Q2 116/5375 1.03(0.76-1.37) 200/5375 1.18(0.92-1.53) 625/5375 1.15(0.99-1.32) 

Q3 149/5376 1.20(0.90-1.59) 199/5376 1.17(0.91-1.52) 677/5376 1.20(1.04-1.38) 

Q4 109/5376 1.05(0.78-1.42) 174/5376 1.24(0.95-1.62) 507/5376 1.08(0.93-1.25) 

P for trend  0.490  0.448  0.053 

Starchy breakfast      

Q1 107/5375 1 109/5375 1 388/5375 1 

Q2 121/5376 0.84(0.63-1.12) 172/5376 1.04(0.81-1.35) 553/5376 1.02(0.89-1.18) 

Q3 143/5376 1.13(0.84-1.52) 213/5376 1.27(0.97-1.66) 679/5376 1.14(0.98-1.32) 

Q4 105/5376 0.86(0.63-1.16) 182/5376 1.20(0.92-1.56) 572/5376 1.11(0.96-1.29) 

P for trend  0.069  0.199  0.196 

Fruit breakfast      

Q1 161/5375 1 231/5375 1 729/5375 1 

Q2 99/5376 0.91(0.70-1.19) 119/5376 0.96(0.76-1.22) 398/5376 0.91(0.79-1.03) 

Q3 99/5377 0.88(0.67-1.15) 136/5377 0.91(0.72-1.15) 440/5377 0.89(0.78-1.01) 

Q4 117/5375 0.84(0.65-1.09) 190/5375 1.08(0.87-1.33) 625/5375 1.06(0.94-1.19) 

P for trend  0.591  0.555  0.150 

Western lunch      

Q1 117/5376 1 116/5376 1 435/5376 1 



Q2 125/5376 0.90(0.68-1.18) 185/5376 1.22(0.94-1.57) 626/5376 1.09(0.95-1.25) 

Q3 126/5375 0.97(0.72-1.31) 206/5375 1.31(0.99-1.74) 591/5375 1.12(0.96-1.29) 

Q4 108/5376 0.89(0.65-1.20) 169/5376 1.45(1.10-1.91) 540/5376 1.11(0.95-1.28) 

P for trend  0.799  0.073  0.495 

Vegetable lunch      

Q1 116/5375 1 144/5375 1 493/5375 1 

Q2 139/5377 0.79(0.59-1.05) 222/5377 1.03(0.80-1.31) 707/5377 0.95(0.84-1.09) 

Q3 100/5376 0.76(0.58-1.01) 170/5376 0.93(0.73-1.18) 522/5376 0.86(0.76-1.00) 

Q4 121/5375 0.97(0.74-1.27) 140/5375 0.90(0.70-1.16) 470/5375 0.88(0.77-1.01) 

P for trend  0.127  0.714  0.089 

Fruit lunch      

Q1 139/5376 1 210/5376 1 691/5376 1 

Q2 133/5375 1.02(0.79-1.32) 189/5375 0.86(0.70-1.07) 576/5375 0.86(0.76-0.96) 

Q3 91/5377 0.96(0.70-1.33) 98/5377 0.77(0.62-0.97) 361/5377 0.79(0.70-0.89) 

Q4 113/5375 0.95(0.73-1.24) 179/5375 0.69(0.52-0.92) 564/5375 0.74(0.63-0.87) 

P for trend  0.957  0.049  <0.001 

Western Dinner      

Q1 105/5375 1 139/5375 1 449/5375 1 

Q2 118/5376 0.84(0.64-1.11) 179/5376 0.85(0.67-1.08) 579/5376 0.90(0.79-1.02) 

Q3 127/5377 0.95(0.72-1.24) 195/5377 0.89(0.70-1.13) 620/5377 0.96(0.84-1.09) 

Q4 126/5375 1.03(0.79-1.35) 163/5375 0.94(0.74-1.19) 544/5375 0.98(0.86-1.12) 

P for trend  0.464  0.571  0.356 

Vegetable dinner      

Q1 149/5376 1 199/5376 1 644/5376 1 

Q2 116/5375 0.90(0.70-1.16) 183/5375 0.97(0.78-1.20) 594/5375 0.98(0.87-1.10) 

Q3 114/5377 0.80(0.62-1.04) 156/5377 0.82(0.65-1.02) 525/5377 0.80(0.71-0.91) 



Q4 97/5375 0.65(0.50-0.86) 138/5375 0.76(0.60-0.97) 429/5375 0.70(0.61-0.80) 

P for trend  0.001  0.015  <0.001 

Fruit dinner      

Q1 181/5375 1 262/5375 1 856/5375 1 

Q2 118/5376 0.94(0.73-1.21) 134/5376 0.81(0.65-1.00) 431/5376 0.72(0.64-0.82) 

Q3 61/5376 0.80(0.57-1.12) 81/5376 1.02(0.78-1.34) 288/5376 0.92(0.79-1.07) 

Q4 116/5376 0.86(0.67-1.09) 199/5376 1.01(0.83-1.23) 617/5376 0.93(0.83-1.04) 

P for trend  0.474  0.526  0.658 

Adjustments included age, sex, ethnicity, income, education, exercise, smoking, alcohol intake, BMI, diabetes, hypertension, dyslipidemia, nutrient 

supplement use, total intake of energy, percentage of energy provided by snacks, fat, protein, cholesterol, breakfast skipping, lunch skipping, hours 

of restricted eating, dietary information collected at working day or week-end and AHEI. 

Case/N, number of case subjects/total; Q, quartile 

 



Table S12. Adjusted HRs for snack patterns of diet control adjustment and cancer, CVD and all-cause mortality. 

 

 Cancer mortality CVD mortality All-cause mortality 

 Case/N HR (95%CI) Case/N HR (95%CI) Case/N HR (95%CI) 

Grain snack after 

breakfast 

     

Q1 86/5376 1 79/5376 1 1 1 

Q2 120/5375 1.04(0.73-1.47) 154/5375 0.98(0.70-1.37) 297/5376 1.12(0.94-1.33) 

Q3 130/5377 0.82(0.56-1.21) 269/5377 1.22(0.85-1.75) 524/5375 1.12(0.92-1.36) 

Q4 140/5375 1.06(0.76-1.49) 174/5375 1.14(0.81-1.60) 779/5377 1.09(0.91-1.29) 

P for trend  0.255  0.409 592/5375 0.642 

Starchy snack after  

breakfast 

     

Q1 88/5376 1 73/5376 1 286/5376 1 

Q2 94/5375 0.92(0.66-1.28) 105/5375 1.22(0.89-1.68) 379/5375 1.03(0.87-1.23) 

Q3 130/5376 0.82(0.57-1.19) 202/5376 1.59(1.17-2.17) 634/5376 1.03(0.86-1.25) 

Q4 164/5376 0.82(0.56-1.19) 296/5376 1.63(1.22-2.19) 893/5376 1.18(0.97-1.43) 

P for trend  0.719  0.001  0.183 

Fruit snack after 

breakfast 

     

Q1 106/5375 1 79/5375 1 380/5375 1 

Q2 127/5377 1.00(0.74-1.33) 185/5377 1.05(0.75-1.47) 556/5377 1.06(0.92-1.23) 

Q3 129/5376 0.85(0.61-1.17) 237/5376 1.04(0.73-1.48) 701/5376 1.12(0.96-1.31) 

Q4 114/5375 0.73(0.53-1.01) 175/5375 1.22(0.85-1.76) 555/5375 0.90(0.77-1.06) 



P for trend  0.153  0.513  0.053 

Grain snack after 

lunch 

     

Q1 79/5375 1 81/5375 1 325/5375 1 

Q2 126/5376 1.19(0.85-1.68) 196/5376 1.14(0.83-1.56) 570/5376 1.00(0.85-1.19) 

Q3 144/5377 1.09(0.77-1.53) 238/5377 0.97(0.71-1.33) 749/5377 0.98(0.83-1.15) 

Q4 127/5375 1.22(0.89-1.66) 161/5375 1.04(0.77-1.40) 548/5375 1.01(0.87-1.18) 

P for trend  0.545  0.601  0.969 

Starchy snack after 

lunch 

     

Q1 73/5376 1 68/5376 1 251/5376 1 

Q2 77/5376 1.01(0.71-1.42) 71/5376 0.79(0.55-1.12) 295/5376 1.02(0.85-1.22) 

Q3 134/5376 1.09(0.77-1.56) 196/5376 1.02(0.73-1.42) 628/5376 1.19(0.99-1.43) 

Q4 192/5375 1.15(0.80-1.64) 341/5376 1.25(0.90-1.74) 1018/5375 1.39(1.16-1.65) 

P for trend  0.842  0.028  <0.001 

Dairy snack after 

lunch 

     

Q1 102/5375 1 108/5375 1 429/5375 1 

Q2 136/5376 1.02(0.76-1.38) 205/5376 1.15(0.88-1.52) 625/5376 0.98(0.85-1.14) 

Q3 120/5376 0.92(0.66-1.28) 211/5376 1.02(0.76-1.37) 603/5376 0.85(0.73-1.00) 

Q4 118/5376 0.96(0.72-1.28) 152/5376 0.94(0.72-1.24) 535/5376 0.92(0.80-1.06) 

P for trend  0.889  0.386  0.103 

Starchy snack after 

dinner 

     

Q1 79/5376 1 62/5376 1 254/5376 1 

Q2 70/5376 0.83(0.59-1.18) 69/5376 0.88(0.62-1.27) 268/5376 0.89(0.75-1.07) 



Q3 123/5375 1.00(0.71-1.40) 195/5375 1.41(1.01-1.96) 597/5375 1.22(1.03-1.46) 

Q4 204/5376 1.27(0.90-1.81) 350/5376 1.69(1.20-2.39) 1073/5376 1.54(1.29-1.85) 

P for trend    <0.001  <0.001 

Grain snack after 

dinner 

     

Q1 96/5376 1 122/5376 1 413/5376 1 

Q2 114/5375 1.05(0.77-1.43) 212/5375 1.00(0.76-1.32) 595/5375 0.99(0.86-1.16) 

Q3 135/5377 1.10(0.81-1.49) 183/5377 0.98(0.72-1.32) 629/5377 0.95(0.82-1.10) 

Q4 131/5375 1.13(0.85-1.51) 146/5375 0.79(0.60-1.04) 555/5375 0.98(0.85-1.13) 

P for trend  0.842  0.169  0.736 

Dairy snack after 

dinner 

     

Q1 117/5376 1 122/5376 1 452/5376 1 

Q2 118/5375 0.77(0.57-1.05) 204/5375 0.86(0.67-1.12) 579/5375 0.81(0.70-0.94) 

Q3 121/5376 0.71(0.54-0.94) 208/5376 0.75(0.58-0.97) 611/5376 0.73(0.62-0.86) 

Q4 120/5376 0.66(0.48-0.92) 142/5376 0.70(0.54-0.92) 550/5376 0.79(0.69-0.91) 

P for trend  0.022  0.039  0.001 

Adjustments included age, sex, ethnicity, income, education, exercise, smoking, alcohol intake, BMI, diabetes, hypertension, dyslipidemia, nutrient 

supplement use, total intake of energy, percentage of energy provided by snacks, fat, protein, cholesterol, breakfast skipping, lunch skipping, hours 

of restricted eating, dietary information collected at working day or week-end and AHEI. 

Case/N, number of case subjects/total; Q, quartile 

  



Table S13. Adjusted HRs for dietary patterns at breakfast, lunch and dinner and cancer, CVD and all-cause mortality in the context of 

low-dietary quality. 

 

 Cancer mortality CVD mortality All-cause mortality 

 Case/N HR (95%CI) Case/N HR (95%CI) Case/N HR (95%CI) 

Western breakfast      

Q1 49/2216 1 60/2216 1 206/2216 1 

Q2 74/2912 0.92(0.63-1.36) 136/2912 1.17(0.85-1.61) 407/2912 1.09(0.91-1.30) 

Q3 88/3017 1.04(0.72-1.51) 135/3017 1.05(0.76-1.45) 455/3017 1.09(0.91-1.30) 

Q4 52/2760 0.73(0.48-1.11) 115/2760 1.16(0.83-1.62) 308/2760 0.91(0.75-1.10) 

P for trend  0.253  0.681  0.857 

Starchy breakfast      

Q1 27/1356 1 36/1356 1 120/1356 1 

Q2 58/2452 0.93(0.58-1.50) 89/2452 1.16(0.77-1.73) 303/2452 1.15(0.92-1.44) 

Q3 111/3777 1.18(0.74-1.89) 181/3777 1.57(1.06-2.33) 532/3777 1.26(1.01-1.57) 

Q4 67/3320 0.87(0.53-1.42) 140/3320 1.54(1.03-2.29) 421/3320 1.26(1.01-1.58) 

P for trend    0.020  0.032 

Fruit breakfast      

Q1 77/2010 1 142/2010 1 427/2010 1 

Q2 68/3206 0.90(0.63-1.29) 100/3206 0.91(0.68-1.20) 303/3206 0.88(0.75-1.03) 

Q3 64/3250 0.93(0.64-1.33) 85/3250 0.80(0.60-1.08) 277/3250 0.82(0.70-0.97) 

Q4 54/2439 0.77(0.53-1.12) 119/2439 1.05(0.81-1.36) 369/2439 1.03(0.88-1.20) 

P for trend  0.581  0.308  0.412 

Western lunch      

Q1 53/2335 1 56/2335 1 215/2335 1 

Q2 79/3070 0.83(0.57-1.21) 135/3070 1.27(0.90-1.79) 423/3070 1.05(0.88-1.26) 



Q3 70/2947 0.80(0.52-1.22) 134/2947 1.61(1.11-2.35) 373/2947 1.10(0.90-1.35) 

Q4 61/2553 0.77(0.50-1.20) 121/2553 1.60(1.09-2.34) 365/2553 1.19(0.97-1.46) 

P for trend  0.687  0.011  0.330 

Vegetable lunch      

Q1 56/2278 1 86/2278 1 274/2278 1 

Q2 91/3629 0.72(0.49-1.07) 161/3629 0.89(0.65-1.21) 518/3629 0.93(0.78-1.10) 

Q3 61/2714 0.71(0.49-1.05) 122/2714 0.99(0.74-1.32) 345/2714 0.89(0.75-1.06) 

Q4 55/2284 0.84(0.56-1.20) 77/2284 0.85(0.61-1.18) 239/2284 0.83(0.69-1.01) 

P for trend  0.687  0.661  0.280 

Fruit lunch      

Q1 53/1631 1 112/1631 1 357/1631 1 

Q2 89/2937 1.08(0.75-1.56) 129/2937 0.75(0.57-1.00) 417/2937 0.85(0.72-0.99) 

Q3 64/3831 0.93(0.59-1.45) 82/3831 0.77(0.54-1.08) 261/3831 0.69(0.57-0.84) 

Q4 57/2506 0.92(0.62-1.38) 123/2506 1.00(0.76-1.32) 341/2506 0.74(0.63-0.87) 

P for trend  0.786  0.105  <0.001 

Western Dinner      

Q1 46/2011 1 70/2011 1 205/2011 1 

Q2 71/3103 0.75(0.51-1.10) 130/3103 0.81(0.59-1.10) 388/3103 0.87(0.73-1.04) 

Q3 79/3172 0.79(0.54-1.16) 138/3172 0.90(0.67-1.23) 437/3172 0.97(0.81-1.16) 

Q4 67/2619 0.82(0.55-1.22) 108/2619 0.91(0.66-1.26) 346/2619 0.99(0.82-1.19) 

P for trend  0.516  0.565  0.264 

Vegetable dinner      

Q1 76/2560 1 129/2560 1 397/2560 1 

Q2 84/3323 0.75(0.51-1.10) 138/3323 0.96(0.74-1.23) 429/3323 0.95(0.82-1.10) 

Q3 68/2805 0.79(0.54-1.16) 107/2805 0.83(0.64-1.09) 327/2805 0.79(0.67-0.92) 

Q4 35/2217 0.55(0.36-0.83) 72/2217 0.74(0.55-0.99) 223/2217 0.70(0.58-0.83) 



P for trend  <0.001  0.038  <0.001 

Fruit dinner      

Q1 78/1852 1 142/1852 1 446/1852 1 

Q2 77/2837 0.82(0.58-1.15) 104/2837 0.78(0.59-1.02) 312/2837 0.69(0.59-0.81) 

Q3 42/3638 0.69(0.45-1.08) 66/3638 1.07(0.76-1.49) 226/3638 0.92(0.77-1.11) 

Q4 66/2578 0.84(0.59-1.20) 134/2578 1.08(0.84-1.39) 392/2578 0.95(0.82-1.10) 

P for trend  0.430  0.270  0.250 

Adjustments included age, sex, ethnicity, income, education, exercise, smoking, alcohol intake, BMI, diabetes, hypertension, dyslipidemia, nutrient 

supplement use, total intake of energy, percentage of energy provided by snacks, fat, protein, cholesterol, breakfast skipping, lunch skipping, hours 

of restricted eating, dietary information collected at working day or week-end and AHEI. 

Case/N, number of case subjects/total; Q, quartile 



Table S14. Adjusted HRs for dietary patterns at breakfast, lunch and dinner and cancer, CVD and all-cause mortality in the context of 

high-dietary quality. 

 

 Cancer mortality CVD mortality All-cause mortality 

 Case/N HR (95%CI) Case/N HR (95%CI) Case/N HR (95%CI) 

Western breakfast      

Q1 45/3074 1 45/3074 1 165/3074 1 

Q2 47/2409 1.04(0.68-1.60) 54/2409 0.92(0.61-1.39) 203/2409 1.04(0.84-1.30) 

Q3 58/2352 1.26(0.84-1.89) 65/2352 1.13(0.76-1.67) 227/2352 1.16(0.94-1.44) 

Q4 63/2763 1.42(0.95-2.13) 66/2763 1.21(0.81-1.81) 221/2763 1.23(0.99-1.52) 

P for trend  0.285  0.519  0.193 

Starchy breakfast      

Q1 82/4041 1 75/4041 1 271/4041 1 

Q2 54/2965 0.77(0.53-1.12) 73/2965 1.03(0.73-1.47) 239/2965 0.93(0.77-1.12) 

Q3 38/1533 1.03(0.67-1.59) 40/1533 1.04(0.67-1.61) 148/1533 1.03(0.82-1.29) 

Q4 39/2059 0.83(0.56-1.25) 42/2059 0.83(0.55-1.24) 158/2059 0.95(0.77-1.17) 

P for trend  0.411  0.710  0.750 

Fruit breakfast      

Q1 84/3300 1 78/3300 1 286/3300 1 

Q2 30/2173 0.95(0.61-1.47) 29/2173 1.05(0.68-1.64) 103/2173 0.97(0.77-1.23) 

Q3 36/2135 0.79(0.52-1.18) 51/2135 1.11(0.76-1.61) 163/2135 0.99(0.80-1.21) 

Q4 63/2990 0.92(0.64-1.31) 72/2990 1.09(0.77-1.54) 264/2990 1.08(0.90-1.29) 

P for trend  0.720  0.951  0.770 

Western lunch      

Q1 65/3026 1 56/3026 1 208/3026 1 

Q2 42/2285 1.09(0.68-1.72) 53/2285 1.34(0.85-2.12) 190/2285 1.24(0.98-1.57) 



Q3 54/2399 1.23(0.79-1.93) 66/2399 1.37(0.88-2.15) 217/2399 1.20(0.95-1.51) 

Q4 52/2888 1.02(0.65-1.60) 55/2888 1.00(0.63-1.58) 201/2888 1.00(0.79-1.27) 

P for trend  0.750  0.226  0.092 

Vegetable lunch      

Q1 60/3072 1 53/3072 1 217/3072 1 

Q2 45/1683 0.88(0.57-1.35) 63/1683 1.36(0.91-2.04) 181/1683 1.02(0.82-1.27) 

Q3 42/2662 0.83(0.55-1.26) 45/2662 0.79(0.52-1.20) 177/2662 0.82(0.66-1.01) 

Q4 66/3181 1.13(0.77-1.65) 69/3181 1.02(0.69-1.50) 241/3181 0.94(0.78-1.15) 

P for trend  0.750  0.089  0.191 

Fruit lunch      

Q1 95/3698 1 110/3698 1 374/3698 1 

Q2 45/2425 1.05(0.71-1.56) 50/2425 0.91(0.63-1.32) 150/2425 0.87(0.71-1.07) 

Q3 18/1606 1.02(0.59-1.76) 17/1606 0.66(0.38-1.17) 75/1606 0.94(0.72-1.24) 

Q4 55/2869 1.00(0.70-1.42) 53/2869 0.70(0.49-0.98) 217/2869 0.86(0.72-1.03) 

P for trend  0.994  0.155  0.350 

Western Dinner      

Q1 61/3423 1 70/3423 1 247/3423 1 

Q2 43/2268 0.86(0.57-1.29) 51/2268 0.83(0.57-1.21) 191/2268 0.92(0.75-1.12) 

Q3 47/2159 0.99(0.67-1.46) 48/2159 0.70(0.48-1.04) 176/2159 0.84(0.69-1.03) 

Q4 62/2748 1.18(0.82-1.70) 61/2748 0.92(0.64-1.31) 202/2748 0.95(0.78-1.15) 

P for trend  0.493  0.336  0.401 

Vegetable dinner      

Q1 65/2777 1 65/2777 1 233/2777 1 

Q2 38/2026 0.88(0.58-1.33) 48/2026 1.03(0.70-1.52) 175/2026 1.07(0.88-1.31) 

Q3 49/2573 0.74(0.50-1.09) 51/2573 0.71(0.48-1.04) 197/2573 0.79(0.65-0.96) 

Q4 61/3222 0.72(0.50-1.04) 66/3222 0.73(0.50-1.04) 211/3222 0.68(0.56-0.83) 



P for trend  0.278  0.107  <0.001 

Fruit dinner      

Q1 96/3399 1 113/3399 1 380/3399 1 

Q2 45/2531 1.22(0.83-1.78) 28/2531 0.67(0.43-1.04) 126/2531 0.87(0.70-1.09) 

Q3 16/1793 0.80(0.46-1.39) 22/1793 1.08(0.66-1.75) 71/1793 0.93(0.71-1.21) 

Q4 56/2875 0.82(0.58-1.16) 67/2875 0.85(0.61-1.17) 239/2875 0.89(0.75-1.06) 

P for trend  0.238  0.245  0.484 

Adjustments included age, sex, ethnicity, income, education, exercise, smoking, alcohol intake, BMI, diabetes, hypertension, dyslipidemia, nutrient 

supplement use, total intake of energy, percentage of energy provided by snacks, fat, protein, cholesterol, breakfast skipping, lunch skipping, hours 

of restricted eating, dietary information collected at working day or week-end and AHEI. 

Case/N, number of case subjects/total; Q, quartile 



Table S15. Adjusted HRs for snack patterns after breakfast, lunch and dinner and cancer, CVD and all-cause mortality in the context of 

low dietary quality. 

 

 Cancer mortality CVD mortality All-cause mortality 

 Case/N HR (95%CI) Case/N HR (95%CI) Case/N HR (95%CI) 

Grain snack after 

breakfast 

     

Q1 21/751 1 18/751 1 64/751 1 

Q2 47/2610 0.47(0.26-0.87) 66/2610 1.01(0.56-1.84) 228/2610 0.96(0.70-1.31) 

Q3 102/4606 0.33(0.19-0.59) 231/4606 1.04(0.59-1.82) 674/4606 0.88(0.65-1.19) 

Q4 93/2938 0.55(0.32-0.94) 131/2938 0.99(0.57-1.71) 410/2938 0.86(0.64-1.15) 

P for trend  <0.001  0.986  0.635 

Starchy snack after  

breakfast 

     

Q1 15/937 1 22/937 1 74/937 1 

Q2 22/1814 1.45(0.71-2.92) 26/1814 0.82(0.44-1.50) 105/1814 0.96(0.69-1.33) 

Q3 82/3780 1.63(0.90-2.97) 101/3780 0.75(0.44-1.29) 339/3780 0.87(0.65-1.17) 

Q4 144/4374 1.90(0.99-3.55) 297/4374 1.47(0.88-2.43) 858/4374 1.40(1.06-1.86) 

P for trend  0.231  0.001  <0.001 

Fruit snack after 

breakfast 

     

Q1 32/1190 1 28/1190 1 108/1190 1 

Q2 56/2739 0.67(0.41-1.11) 109/2739 1.36(0.86-2.16) 331/2739 1.10(0.86-1.41) 

Q3 87/3558 0.69(0.42-1.12) 151/3558 1.06(0.67-1.69) 469/3558 0.99(0.77-1.26) 

Q4 88/3418 0.52(0.31-0.86) 158/3418 0.81(0.50-1.32) 468/3418 0.75(0.58-0.98) 

P for trend  <0.001  0.030  0.001 



Grain snack after 

lunch 

     

Q1 13/1201 1 22/1201 1 86/1201 1 

Q2 76/3496 1.46(0.75-2.85) 128/3496 1.16(0.69-1.93) 369/3496 0.98(0.75-1.28) 

Q3 103/3704 1.28(0.66-2.49) 200/3704 0.98(0.59-1.63) 593/3704 0.92(0.71-1.20) 

Q4 71/2504 1.63(0.85-3.14) 96/2504 0.92(0.55-1.52) 328/2504 0.92(0.71-1.20) 

P for trend  0.334  0.525  0.837 

Starchy snack after 

lunch 

     

Q1 19/1190 1 27/1190 1 85/1190 1 

Q2 22/2321 0.89(0.47-1.69) 25/2321 0.65(0.36-1.16) 109/2321 0.95(0.70-1.28) 

Q3 79/3627 1.07(0.61-1.87) 104/3627 0.80(0.50-1.28) 353/3627 1.01(0.78-1.31) 

Q4 143/3767 1.16(0.66-2.03) 290/3767 1.14(0.72-1.80) 829/3767 1.30(1.00-1.68) 

P for trend  0.797  0.031  0.004 

Dairy snack after 

lunch 

     

Q1 26/1238 1 46/1238 1 146/1238 1 

Q2 67/2494 1.11(0.67-1.84) 124/2494 0.95(0.64-1.41) 358/2494 0.94(0.75-1.17) 

Q3 95/4163 0.96(0.57-1.61) 181/4163 0.82(0.55-1.23) 518/4163 0.84(0.67-1.05) 

Q4 75/3010 0.97(0.59-1.60) 95/3010 0.65(0.43-1.01) 354/3010 0.83(0.66-1.03) 

P for trend  0.869  0.053  0.233 

Starchy snack after 

dinner 

     

Q1 19/964 1 19/964 1 62/964 1 

Q2 25/2229 0.67(0.36-1.25) 30/2229 0.98(0.53-1.80) 106/2229 1.00(0.72-1.39) 

Q3 73/3731 0.74(0.42-1.30) 112/3731 1.23(0.72-2.11) 362/3731 1.31(0.98-1.77) 



Q4 146/3981 0.91(0.51-1.63) 285/3981 1.48(0.85-2.58) 846/3981 1.63(1.20-2.02) 

P for trend  0.390  0.225  <0.001 

Grain snack after 

dinner 

     

Q1 28/1466 1 41/1466 1 149/1466 1 

Q2 77/2931 1.33(0.84-2.12) 126/2931 1.20(0.82-1.75) 384/2931 1.14(0.93-1.40) 

Q3 95/4067 1.03(0.64-1.68) 187/4067 1.27(0.86-1.87) 516/4067 0.98(0.80-1.22) 

Q4 63/2441 1.19(0.73-1.94) 92/2441 1.06(0.70-1.58) 327/2441 1.13(0.92-1.40) 

P for trend    0.487  0.134 

Dairy snack after 

dinner 

     

Q1 22/1062 1 45/1062 1 130/1062 1 

Q2 81/3157 1.03(0.62-1.72) 158/3157 0.92(0.63-1.35) 425/3157 0.87(0.70-1.08) 

Q3 97/4145 0.90(0.53-1.55) 154/4145 0.68(0.45-1.03) 491/4145 0.84(0.67-1.06) 

Q4 63/2541 0.95(0.56-1.61) 89/2541 0.64(0.43-0.98) 330/2541 0.77(0.61-0.98) 

P for trend  0.889  0.019  0.158 

Adjustments included age, sex, ethnicity, income, education, exercise, smoking, alcohol intake, BMI, diabetes, hypertension, dyslipidemia, nutrient 

supplement use, total intake of energy, percentage of energy provided by snacks, fat, protein, cholesterol, breakfast skipping, lunch skipping, hours 

of restricted eating, dietary information collected at working day or week-end and AHEI. 

Case/N, number of case subjects/total; Q, quartile 

  



Table S16. Adjusted HRs for snack patterns after breakfast, lunch and dinner and cancer, CVD and all-cause mortality in the context of 

high dietary quality. 

 

 Cancer mortality CVD mortality All-cause mortality 

 Case/N HR (95%CI) Case/N HR (95%CI) Case/N HR (95%CI) 

Grain snack after 

breakfast 

     

Q1 67/4666 1 62/4666 1 243/4666 1 

Q2 75/2704 1.22(0.77-1.94) 97/2704 1.22(0.78-1.91) 307/2704 1.01(0.80-1.28) 

Q3 22/714 1.50(0.82-2.73) 27/714 1.20(0.66-2.20) 89/714 1.06(0.78-1.45) 

Q4 49/2514 1.33(0.88-2.01) 44/2514 1.19(0.77-1.83) 177/2514 1.13(0.91-1.40) 

P for trend  0.453  0.808  0.723 

Starchy snack after  

breakfast 

     

Q1 75/4447 1 50/4447 1 212/4447 1 

Q2 64/3515 0.87(0.57-1.33) 74/3515 1.21(0.77-1.89) 260/3515 1.20(0.96-1.50) 

Q3 52/1657 1.05(0.62-1.78) 79/1657 1.66(0.98-2.81) 238/1657 1.35(1.01-1.80) 

Q4 22/979 0.58(0.34-1.05) 27/979 1.17(0.64-2.15) 106/979 1.53(1.17-2.01) 

P for trend  0.105  0.238  0.017 

Fruit snack after 

breakfast 

     

Q1 72/4057 1 50/4057 1 253/4057 1 

Q2 73/2783 1.14(0.76-1.69) 80/2783 1.28(0.83-1.97) 250/2783 1.07(0.86-1.32) 

Q3 42/1755 0.70(0.39-1.26) 65/1755 1.26(0.72-2.23) 191/1755 0.98(0.74-1.31) 

Q4 26/2003 0.59(0.36-0.96) 35/2003 1.10(0.69-1.76) 122/2003 0.84(0.66-1.06) 

P for trend  0.024  0.708  0.231 



Grain snack after 

lunch 

     

Q1 62/4151 1 55/4151 1 232/4151 1 

Q2 58/1975 1.31(0.85-2.04) 75/1975 1.21(0.79-1.84) 224/1975 1.10(0.87-1.38) 

Q3 35/1610 1.14(0.73-1.79) 37/1610 0.88(0.55-1.41) 141/1610 0.98(0.78-1.24) 

Q4 58/2862 1.17(0.79-1.72) 63/2862 1.25(0.84-1.87) 219/2862 1.07(0.87-1.31) 

P for trend  0.668  0.330  0.736 

Starchy snack after 

lunch 

     

Q1 54/4182 1 41/4182 1 165/4182 1 

Q2 50/3074 1.13(0.74-1.73) 43/3074 1.27(0.80-2.01) 175/3074 1.18(0.93-1.48) 

Q3 61/1821 1.14(0.70-1.84) 88/1821 1.64(1.01-2.64) 282/1821 1.46(1.14-1.87) 

Q4 48/1521 1.44(0.91-2.30) 58/1521 1.73(1.06-2.81) 194/1521 1.64(1.28-2.09) 

P for trend  0.442  <0.001  0.001 

Dairy snack after 

lunch 

     

Q1 74/4034 1 53/4034 1 267/4034 1 

Q2 70/2938 0.95(0.64-1.41) 82/2938 1.49(0.98-2.25) 267/2938 0.94(0.76-1.15) 

Q3 24/1205 0.80(0.46-1.37) 32/1205 1.30(0.77-2.20) 91/1205 0.80(0.60-1.05) 

Q4 45/2421 0.94(0.64-1.37) 63/2421 1.84(1.25-2.72) 191/2421 1.10(0.91-1.34) 

P for trend  0.871  0.018  0.149 

Starchy snack after 

dinner 

     

Q1 61/4402 1 43/4402 1 192/4402 1 

Q2 48/3150 0.84(0.56-1.26) 40/3150 1.13(0.74-1.75) 172/3150 0.92(0.74-1.14) 

Q3 54/1734 0.80(0.50-1.28) 95/1734 1.55(0.97-2.47) 262/1734 1.12(0.88-1.42) 



Q4 50/1312 1.23(0.79-1.91) 52/1312 1.77(1.11-2.82) 190/1312 1.44(1.14-1.83) 

P for trend  0.199  0.182  0.001 

Grain snack after 

dinner 

     

Q1 76/4178 1 99/4178 1 304/4178 1 

Q2 30/1723 1.09(0.71-1.68) 49/1723 0.75(0.51-1.11) 149/1723 0.85(0.68-1.05) 

Q3 38/1845 1.24(0.77-1.97) 34/1845 0.91(0.59-1.42) 146/1845 1.00(0.79-1.26) 

Q4 69/2852 1.31(0.92-1.87) 48/2852 0.69(0.48-1.01) 217/2852 0.91(0.76-1.09) 

P for trend  0.472  0.182  0.377 

Dairy snack after 

dinner 

     

Q1 95/4276 1 80/4276 1 315/4276 1 

Q2 41/2349 0.73(0.48-1.12) 69/2349 0.80(0.54-1.19) 194/2349 0.90(0.73-1.11) 

Q3 19/1111 0.80(0.50-1.28) 25/1111 0.93(0.60-1.45) 82/1111 0.79(0.61-1.01) 

Q4 58/2862 0.68(0.48-0.96) 56/2862 0.63(0.44-0.91) 225.2862 0.79(0.66-0.94) 

P for trend  0.148  0.035  0.046 

Adjustments included age, sex, ethnicity, income, education, exercise, smoking, alcohol intake, BMI, diabetes, hypertension, dyslipidemia, nutrient 

supplement use, total intake of energy, percentage of energy provided by snacks, fat, protein, cholesterol, breakfast skipping, lunch skipping, hours 

of restricted eating, dietary information collected at working day or week-end and AHEI. 

Case/N, number of case subjects/total; Q, quartile 

 



Figure S1. The Scree plot with parallel analysis of meal patterns and snacks patterns. 

(A) Meal patterns at breakfast. (B) Meal patterns at lunch. (C) Meal patterns at dinner. (D) Snacks patterns after breakfast. (E) Snacks patterns

after lunch. (F) Snacks patterns after dinner. 



Figure S2. The PCA models of meal patterns and snacks patterns.  

  

(A) Meal patterns at breakfast. (B) Meal patterns at lunch. (C) Meal patterns at dinner. (D) Snacks patterns after breakfast. (E) Snacks patterns 

after lunch. (F) Snacks patterns after dinner. 



Figure S3. The PLS-DA models of meal patterns and snacks patterns with permutation tests.  

  

(A) Meal patterns at breakfast. (B)  Meal patterns at lunch. (C) Meal patterns at dinner. (D) Snacks patterns after breakfast.  (E) Snacks 

patterns after lunch. (F) Snacks patterns after dinner. 



Figure S4. The coefficient of each food group in the meal patterns at breakfast (A), lunch (B) and dinner (C) after additionally adjustment 

for the behavior of diet control (N=21503). 

 



Figure S5. The coefficient of each food group in the snack patterns after breakfast (A), lunch (B) and dinner (C) with additionally adjustment for the behavior of diet control (N=21503). 

 

 


