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A B S T R A C T

Background: There has been little investigation into how the timing of meals and eating occasions associates with postmenopausal breast
cancer risk.
Objective: We examined the association between the frequency of consuming breakfast meals and after-dinner snacks with the risk for
postmenopausal breast cancer.
Methods: A prospective analysis of 74,825 postmenopausal women aged 49 to 81 y from the Women’s Health Initiative Observational Study
cohort. Breakfast and after-dinner snack intake were assessed at year 1 examination. Risk for invasive and in situ breast cancer diagnosed
before 28 February 2020 was modeled with multivariable Cox proportional hazards regression models according to breakfast and after-
dinner snack consumption frequencies. The models were adjusted for age, self-identified race/ethnicity, education, income, physical ac-
tivity, smoking, alcohol intake, diet quality score (Healthy Eating Index 2015), energy intake, diabetic status, hormone therapy, and BMI.
Results: During the follow-up period, 5313 participants were diagnosed with invasive breast cancer and 1197 participants with in situ
breast cancer. Compared with participants who did not eat breakfast, those with daily breakfast consumption was not associated with
invasive breast cancer (HR: 1.04; 95% CI: 0.9, 1.19) nor in situ (HR: 1.25; 95% CI: 0.91, 1.74) breast cancer. There were monotonic higher
point estimates of in situ breast cancer for each higher category of breakfast intake from 0 to 7 times per week (P-trend ¼ 0.04, Wald test).
Compared with consumption of daily after-dinner snacks, avoidance of after-dinner snacks was not associated with invasive breast cancer
(HR: 0.97; 95% CI: 0.87, 1.08) nor in situ (HR: 1.12; 95% CI: 0.89, 1.42) breast cancer.
Conclusions: There was no association between intake frequency of breakfast meals or after-dinner snack habits and with risk of breast
cancer in postmenopausal women.

Keywords: breakfast, after-dinner snack, meal timing, circadian rhythm, cancer, breast cancer
Introduction

There is evidence that disruptions to circadian rhythms in
humans are associated with the development of several cancer
types, including breast cancer [1]. Consumption of breakfast and
after-dinner snacks directly affects the length of the night fast,
altering the circadian rhythms [2]. A study has shown that
Abbreviations used: ER, estrogen receptor; HEI, Healthy Eating Index; PR, progest
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skipping breakfast affects circadian clocks independently from
the sleep–wake cycle [3]. On the molecular level, disruption of
melatonin and cortisol synthesis and associated signaling path-
ways affects normal breast epithelium and activates breast can-
cer cell growth [4,5]. In addition, breakfast consumption is
associated with a greater plasma melatonin concentration [6],
and late-night food consumption has been associated with
erone receptor; WHI OS, Women’s Health Initiative Observational Study.
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alteration of the synthesis of plasma cortisol [7,8]. Further bio-
logical rationale for the role of the timing of eating occasions in
cancer etiology is supported by a cross-sectional study that re-
ported a 3-h longer nighttime fasting duration is associated with
more favorable breast cancer risk profiles [9,10].

Thus, there is evidence that meal timing, mainly eating oc-
casions that bookend the daily meal pattern, may influence
cancer risks through hormones associated with circadian
rhythms [1,8]. However, there has been little investigation into
how meal patterns, particularly breakfast meals and after-dinner
snacks, relate to postmenopausal breast cancer risk. We analyzed
data from the Women’s Health Initiative (WHI) cohort to assess
how the timing of eating occasions is associated with breast
cancer risk. The objective of this study was to examine the
relationship between the frequency of breakfast meals and
after-dinner snack consumption and the risk of breast cancer
among postmenopausal women. We hypothesized that a higher
frequency of breakfast meals and a lower frequency of
after-dinner snack consumption was inversely associated with
breast cancer risk.
Methods

Women’s Health Initiative
The WHI is an ongoing multicenter clinical trial and

observational study (OS) designed to address major causes of
morbidity and mortality in US postmenopausal women. [11].
In brief, 161,808 women aged 50–79 were recruited between 1
September 1993 and 31 December 1998. Details of the scien-
tific rationale, eligibility requirements, and baseline charac-
teristics of the participants in the WHI have been published
FIGURE 1. Flowchart of eligibility from the Women’s Healt
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elsewhere [12,13]. The WHI OS included 93,676 women, of
whom >82,928 provided information on their breakfast and
evening snack habits (Figure 1). The following participants
were excluded from the analysis: 4765 women with a history
of breast cancer or prevalent breast cancer at year 1 exami-
nation and 693 women with a missing breast cancer history
where the exposures were assessed, so the focus is on incident
cases after year 1; 2645 women with implausible energy intake
(�5000 kcal/d and <600 kcal/d) were also excluded. Missing
data [education, n ¼ 1056; alcohol intake, n ¼ 807; income, n
¼ 3620; smoking, n ¼ 1352; BMI (kg/m2), n ¼ 1330; physical
activity, n ¼ 760] were imputed. Ten imputed data sets were
created through regression-based multiple imputations using
the Monte Carlo Markov chain method with missing at-random
assumptions (proc mi command in SAS). The following cova-
riates were used to impute incomplete variables: age,
self-identified race/ethnicity, education, income, physical ac-
tivity, overall diet quality and energy intake, smoking, alcohol
intake, diabetic status, BMI, and hormone therapy [14].

This yielded a sample of 74,825 women for further analysis.
The mean follow-up time was 14.67 y (95% CI: 14.62, 14.72 y).
Measurement of exposure and covariates
We analyzed the sample of participants who responded to the

following questions: “How many times per week do you usually
eat breakfast?” and “How many times per week do you usually
eat an after-dinner snack?” The following categorical response
options were offered to the participants: “never or less than
once,” “1–2 times,” “3–4 times,” “5–6 times,” and “7 or more
times.” In this analysis, wemeasured the exposure by the number
of breakfast meals and after-dinner snacks per week (on average)
h Initiative Observational Study (WHI OS) (1994–2020).
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divided into categories of 0, 1–2, 3–4, 5–6, and �7 times per
week.

By using the observational data, we were looking for associ-
ational relative risk, which is subject to structural bias. To
minimize the association due to the structural bias, we adjusted
for covariates that could serve as potential confounding factors
[15]. Covariates included age, self-identified race/ethnicity,
education, income, physical activity, overall diet quality and
energy intake, smoking, alcohol intake, diabetic status, BMI, and
hormone therapy were identified as common causes of the
exposure (meal frequency) and outcome (breast cancer) using
directed acyclic graphs and existing evidence of the underlying
confounding effect of the known covariates on the association
between exposure and outcome.

In the WHI, participants self-reported demographic charac-
teristics (age, sex, and race/ethnicity), individual socioeconomic
status (education level and annual income), lifestyle behaviors
(smoking status, physical activity, and alcohol intake), and
medical history (hormone use, diabetic status, and mammogram
screening) using self-administered standardized questionnaires
during the baseline clinical visit. Overall diet quality and energy
intake at the baseline were assessed using a FFQ developed and
validated by the Fred Hutchinson Cancer Research Center [16].
In WHI Measurement Precision Study, questionnaire items on
demographics and medical conditions were shown to be reliable
(weighted κ > 0.8) [12]. Height and weight were measured at
the clinic visits and used to calculate BMI as weight (kg)/height2

(m2). Self-reported physical activity was measured by a recrea-
tional physical activity score (metabolic equivalent tasks-hour
per week) based on a series of questions related to exercise in-
tensity levels, which has been shown to be reliable (range of
weightedκ: 0.67–0.71) and valid when compared with acceler-
ometer data (r ¼ 0.73) [12,17].

The noted confounders were included in models in sets to
examine their statistical effect on the relative risk measure. The
following confounding covariates used in multivariable analyses
were measured at year 0, and we assumed that they represented
year 1 measures: age at enrollment (<50–59, 60–69, 70–79 y);
race (American Indian or Alaska Native, Asian or Pacific Islander,
Black or African American, Hispanic/Latino, Whites, and other)
and ethnicity (Hispanic/Latino); education (high school or less,
some college/technical training, college or some postcollege, and
master’s degree or higher); annual family income (<$10,000,
$10,000–$19,999, $20,000–$34,999, $35,000–$49,999,
$50,000–$74,999, $75,000–$99,999, $100,000–$149,999, and
�$150,000), measured BMI (<18.5, 18.5–24.9, 25.0–29.9,
30.0–34.9, 35.0–39.9, �40); self-reported physical activity
[measured as metabolic equivalent tasks per week (treated as a
continuous variable)]; alcohol intake (nondrinker, past drinker,
<1 drink/mo, 1 drink/mo to <1 drink/wk, 1 to <7 drinks/wk,
and �7 drinks/wk); smoking (never smoked, past smoker, and
current smoker); hormonal therapy (never used hormones, past
hormone user, and current hormone user); diabetes diagnosis ever
(yes/no); overall diet quality [Healthy Eating Index (HEI)-2015
(treated as a continuous variable)]; and total energy intake
(treated as a continuous variable).
Follow-up and ascertainment of cases
Annual self-administered questionnaires ascertained initial

cancer reports, and reported breast cancers were confirmed after
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a medical record review by trained physician adjudicators at the
clinical centers. Final adjudication and coding were performed at
the WHI Clinical Coordinating Center by an experienced Sur-
veillance, Epidemiology, and End Results (SEER) coder [18].
Primary site and histology were coded using the International
Classification of Diseases for Oncology, Second Edition
(ICD-O-2). The completion rate of annual questionnaires was
93%–96% through 2005—the end of the main study period. A
large sample size of the WHI OS cohort allowed for performing
stratified analyses by tumor stage (invasive and in situ breast
cancer) [19,20]. We also performed a stratified analysis by
hormone receptor status [estrogen receptor (ER)-positive,
ER-negative, progesterone receptor (PR)-positive, and
PR-negative). The tumor hormone receptor status was coded
using the National Cancer Institute’s SEER coding system [21].
Statistical analysis
All participants were followed up from year 1 questionnaire

until the date of breast cancer diagnosis (invasive or in situ,
whichever was diagnosed first), date of death, loss to follow-up,
or 28 February 2020, whichever occurred first. We described the
breakfast and after-dinner snack habits by estimating means and
standard deviations (SD) for continuous covariates and fre-
quencies and percentages for categorical covariates.

Cox proportional hazard models with time since year 1 ex-
amination as the underlying time metric were fitted to estimate
HR and 95% CI for the relationship between breakfast meal
frequency, after-dinner snack frequencies, and the risk of
developing breast cancer. Exposure variables were treated as
categorical, time-fixed covariates. Three models were fitted for
all outcomes with adjustments for several established risk factors
for breast cancer. In model 1, adjustment was made for age and
race/ethnicity. Model 2 was additionally adjusted for education,
income, physical activity, smoking, alcohol intake, diet quality
score (HEI-2015), and energy intake. Furthermore, model 3
accounted for diabetic status, BMI, and hormone therapy. All
covariates were measured at year 0 (except primary exposure
variables, measured at year 1) and treated as time-fixed cova-
riates. The proportionality assumption was checked by graphical
methods and was found not to have been violated. A Wald test of
heterogeneity across strata was used to test the overall effect of
primary exposure. The α level for the analyses was 0.05.

In addition, we stratified the models as follows: 1) by BMI
(using the median of 27.1 kg/m2 as a threshold,<27.1 compared
with �27.1); 2) by smoking status (ever smokers compared with
never smokers); 3) breakfast meal frequency by after-dinner
snack frequency (0–2 times/wk and 3–7 times/wk); and 4)
after-dinner snack frequency by breakfast meal frequency (0–2
times/wk and 3–7 times/wk).

We performed the following sensitivity analyses to inform the
interpretation of the results: 1) excluded all cases within the first
2 y to account for potential reverse causality and 2) incorporated
an inverse probability weight at year 1 to account for potential
selection bias into the analysis [16].

We also performed a post hoc analysis by estimating the as-
sociation of breakfast meal and after-dinner snack frequencies
with breast cancer recurrence in women with a history of breast
cancer at year 0 (but cancer-free at year 1). Moreover, we
compared the estimates after and before adjusting for total en-
ergy intake values. We also adjusted the analysis for the number



TABLE 1
Baseline characteristics1 of eligible participants in the WHI OS population (1994–2020) by after-dinner snacks frequency

Eat after-dinner snack, times/wk

Overall
(n ¼ 74,825)

<1
(n ¼ 17,242)

1-2
(n ¼ 20,326)

3-4
(n ¼ 17,903)

5-6
(n ¼ 10,492)

�7
(n ¼ 8862)

Age at screening, y
50–59 24,468 (32.7) 4931 (28.6) 6830 (33.6) 5998 (33.5) 3725 (35.5) 2986 (33.7)
60–69 33,222 (44.4) 7518 (43.6) 8943 (44) 8164 (45.6) 4658 (44.4) 3935 (44.4)
70–79 17,135 (22.9) 4793 (27.8) 4533 (22.3) 3760 (21) 2109 (20.1) 1950 (22)

Education
Did not go to school 75 (0.1) 17 (0.1) 20 (0.1) 18 (0.1) 0 (0) 0 (0)
Grade school (1–4
y)

150 (0.2) 52 (0.3) 20 (0.1) 18 (0.1) 10 (0.1) 18 (0.2)

Grade school (5–8
y)

524 (0.7) 224 (1.3) 142 (0.7) 90 (0.5) 42 (0.4) 53 (0.6)

Some high school
(9–11 y)

2020 (2.7) 483 (2.8) 528 (2.6) 465 (2.6) 273 (2.6) 284 (3.2)

High school
diploma or GED

11,822 (15.8) 2310 (13.4) 3151 (15.5) 3008 (16.8) 1752 (16.7) 1586 (17.9)

Vocational or
training school

6959 (9.3) 1552 (9) 1890 (9.3) 1737 (9.7) 955 (9.1) 851 (9.6)

Some college or
associate degree

20,203 (27) 4448 (25.8) 5569 (27.4) 5013 (28) 2759 (26.3) 2410 (27.2)

College graduate or
baccalaureate
degree

8979 (12) 2310 (13.4) 2480 (12.2) 1987 (11.1) 1259 (12) 931 (10.5)

Some postgraduate
or professional

9278 (12.4) 2362 (13.7) 2500 (12.3) 2148 (12) 1270 (12.1) 1028 (11.6)

Master’s degree 12,645 (16.9) 2879 (16.7) 3415 (16.8) 2954 (16.5) 1899 (18.1) 1462 (16.5)
Doctoral degree
(e.g., PhD, MD, JD)

2245 (3) 603 (3.5) 610 (3) 483 (2.7) 283 (2.7) 239 (2.7)

Race/ethnicity
Non-Hispanic/
Latino

2592 (3.5) 847 (5) 748 (3.7) 518 (2.9) 258 (2.5) 221 (2.5)

American Indian/
Alaska Native

202 (0.3) 59 (0.3) 57 (0.3) 45 (0.3) 19 (0.2) 22 (0.3)

Asian 2099 (2.8) 527 (3.1) 574 (2.8) 534 (3) 261 (2.5) 203 (2.3)
Native Hawaiian/
Other PI

52 (0.1) 15 (0.1) 19 (0.1) 12 (0.1) 3 (0) 3 (0)

Black 4465 (6) 978 (5.7) 1424 (7.1) 1122 (6.3) 561 (5.4) 380 (4.3)
White 65,581 (88.2) 15,000 (87.7) 17,563 (87) 15,648 (88) 9387 (89.9) 7983 (90.7)
>1 race 770 (1) 155 (0.9) 225 (1.1) 201 (1.1) 101 (1) 88 (1)
Unknown/not
reported

1165 (1.6) 378 (2.2) 331 (1.6) 224 (1.3) 105 (1) 127 (1.4)

Family income ($)
<10,000 2320 (3.1) 603 (3.5) 650 (3.2) 483 (2.7) 294 (2.8) 337 (3.8)
10,000–19,999 7483 (10) 1672 (9.7) 1911 (9.4) 1862 (10.4) 1018 (9.7) 1046 (11.8)
20,000–34,999 16,761 (22.4) 3397 (19.7) 4573 (22.5) 4189 (23.4) 2434 (23.2) 2127 (24)
35,000–49,999 15,115 (20.2) 3207 (18.6) 4147 (20.4) 3724 (20.8) 2182 (20.8) 1817 (20.5)
50,000–74,999 15,339 (20.5) 3414 (19.8) 4207 (20.7) 3652 (20.4) 2287 (21.8) 1755 (19.8)
75,000–99,999 7333 (9.8) 1845 (10.7) 2073 (10.2) 1665 (9.3) 1018 (9.7) 700 (7.9)
100,000–149,999 5387 (7.2) 1517 (8.8) 1463 (7.2) 1217 (6.8) 682 (6.5) 523 (5.9)
�150,000 3068 (4.1) 983 (5.7) 813 (4) 609 (3.4) 346 (3.3) 301 (3.4)
Do not know 2020 (2.7) 603 (3.5) 467 (2.3) 483 (2.7) 231 (2.2) 257 (2.9)

BMI (kg/m2)
Underweight
(<18.5)

898 (1.2) 276 (1.6) 203 (1) 179 (1) 94 (0.9) 133 (1.5)

Normal (18.5–24.9) 30,529 (40.8) 8224 (47.7) 8252 (40.6) 6732 (37.6) 3955 (37.7) 3359 (37.9)
Overweight
(25.0–29.9)

25,441 (34) 5517 (32) 7033 (34.6) 6320 (35.3) 3641 (34.7) 2951 (33.3)

Obesity I
(30.0–34.9)

11,373 (15.2) 2086 (12.1) 3130 (15.4) 2972 (16.6) 1752 (16.7) 1462 (16.5)

Obesity II
(35.0–39.9)

4115 (5.5) 707 (4.1) 1098 (5.4) 1074 (6) 671 (6.4) 576 (6.5)

Extreme obesity III
(�40)

2469 (3.3) 448 (2.6) 610 (3) 627 (3.5) 378 (3.6) 381 (4.3)

Diabetes ever 3666 (4.9) 621 (3.6) 894 (4.4) 913 (5.1) 567 (5.4) 691 (7.8)
HRT use ever

(continued on next page)
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TABLE 1 (continued )

Eat after-dinner snack, times/wk

Overall
(n ¼ 74,825)

<1
(n ¼ 17,242)

1-2
(n ¼ 20,326)

3-4
(n ¼ 17,903)

5-6
(n ¼ 10,492)

�7
(n ¼ 8862)

Never used
hormones

20,801 (27.8) 4879 (28.3) 5671 (27.9) 4923 (27.5) 2812 (26.8) 2543 (28.7)

Past hormone user 14,666 (19.6) 3345 (19.4) 3862 (19) 3616 (20.2) 2014 (19.2) 1826 (20.6)
Current hormone
user

39,358 (52.6) 9018 (52.3) 10,793 (53.1) 9363 (52.3) 5666 (54) 4493 (50.7)

Smoking status
Never smoked 37,712 (50.4) 8742 (50.7) 10,671 (52.5) 9166 (51.2) 5089 (48.5) 4059 (45.8)
Past smoker 32,549 (43.5) 7483 (43.4) 8415 (41.4) 7645 (42.7) 4805 (45.8) 4236 (47.8)
Current smoker 4490 (6) 1000 (5.8) 1240 (6.1) 1110 (6.2) 598 (5.7) 567 (6.4)

Alcohol intake
Nondrinker 7597 (10.2) 1816 (10.6) 2068 (10.2) 1814 (10.2) 1028 (9.9) 871 (9.9)
Past drinker 13,177 (17.7) 2,526 (14.8) 3395 (16.8) 3191 (17.9) 1924 (18.4) 2141 (24.3)
<1 drink/mo 8554 (11.5) 1425 (8.3) 2301 (11.4) 2208 (12.4) 1417 (13.6) 1203 (13.7)
<1 drink/wk 15,002 (20.2) 2793 (16.3) 4122 (20.4) 3901 (21.9) 2352 (22.5) 1834 (20.8)
1–7 drinks/wk 19,881 (26.8) 4716 (27.6) 5623 (27.9) 4811 (27.1) 2749 (26.3) 1982 (22.5)
>7 drinks/wk 9807 (13.2) 3746 (21.9) 2591 (12.8) 1790 (10.1) 932 (8.9) 748 (8.5)

How many mammograms in the last 5 y?
1 4389 (5.9) 1081 (6.3) 1154 (5.7) 1020 (5.7) 592 (5.7) 542 (6.2)
2 8370 (11.3) 1871 (10.9) 2425 (12) 1995 (11.2) 1132 (10.9) 947 (10.8)
3 10,061 (13.5) 2282 (13.3) 2843 (14.1) 2409 (13.5) 1369 (13.1) 1158 (13.2)
4 12,318 (16.6) 2633 (15.4) 3422 (17) 3095 (17.4) 1790 (17.2) 1378 (15.7)
�5 34,157 (46) 7941 (46.4) 9039 (44.8) 8095 (45.5) 4909 (47) 4173 (47.4)

Total dietary energy
intake (kcal/d)

1573 � 590.1 1486.1 � 556.8 1526.4 � 566.4 1587.9 � 586.4 1659.8 � 616.6 1713.3 � 638.4

Total HEI-2015 score 67.3 � 10.2 68.7 � 10 67.4 � 10.1 66.9 � 10.1 66.4 � 10.4 66.2 � 10.7
Total energy expend
from
recreational
physical activity
(MET-h/wk)

14.0 � 14.4 15.8 � 15.5 14 � 14.3 13.2 � 13.7 13.1 � 13.6 13.4 � 14.2

Eat breakfast (times/wk)
<1 4306 (5.4) 1828 (10.6) 915 (4.5) 609 (3.4) 315 (3) 354 (4)
1–2 5133 (6.6) 1259 (7.3) 1890 (9.3) 931 (5.2) 504 (4.8) 346 (3.9)
3–4 417 (5.5) 759 (4.4) 1179 (5.8) 1182 (6.6) 567 (5.4) 408 (4.6)
5–6 9834 (13.2) 1793 (10.4) 2805 (13.8) 2847 (15.9) 1742 (16.6) 665 (7.5)
�7 51,435 (69.3) 11,587 (67.2) 13,537 (66.6) 12,335 (68.9) 7355 (70.1) 7090 (80)

Gail 5-year risk score 1.8 � 1 1.9 � 1 1.8 � 1 1.8 � 1 1.8 � 1 1.8 � 1

Values are frequency (%) or mean � SD, if noted.
HEI, Healthy Eating Index; MET, metabolic equivalent of task; SD, standard deviation; WHI OS, Women’s Health Initiative Observational Study.
1 Baseline is year 1 of the WHI OS follow-up, and characteristics are age, race/ethnicity, education, income, diabetes status, hormone therapy,

BMI, physical activity, Gail 5-year risk score were measured at year 0.
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of mammograms (1, 2, 3, 4, 5, or more) in the last 5 y. All ana-
lyses were performed using SAS 9.4.

Results

The final sample for analyses included 74,825 women, with a
mean follow-up of 14.67 y (95% CI: 14.62, 14.72 y), during
which 6360 breast cancer cases were reported. Of all included
study participants, 23.0% (n ¼ 17,242) ate after dinner never or
less than once a week, and 11.8% (n ¼ 8862) consumed after-
dinner meal 7 or more times a week (Table 1). Only 5.8% (n ¼
4306) women never ate breakfast or ate it less than once a week,
and 68.7% (n ¼ 51,435) consumed breakfast 7 or more times a
week (Table 2). Among women who did not consume breakfast
regularly (never or less than once a week), 42.3% were aged
60–69 y, and 37.0% were within the normal BMI range
(18.5–24.9 kg/m2). More White than Black women skipped
breakfast (Table 2). More regular breakfast consumption was
associated with a higher overall diet quality. On the contrary,
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more regular after-dinner snack consumption was associated
with a lower overall diet quality (Table 1). Those who ate after
dinner daily had a slightly lower income, were mainly White
women, and had a slightly higher proportion of smokers
(Table 1). Overall, those who consumed after-dinner snacks 7 or
more times a week had, on average, a 200-kcal/d greater energy
consumption than those who avoided after-dinner snacks.
Moreover, those who avoided after-dinner snacks consumed
more alcohol and exercised more than those who ate after-dinner
snacks daily (Table 1).

The incidence rate of developing all breast cancers (total of
invasive and in situ) in the WHI OS was 5.3 cases per 1000
person-y among those who consumed breakfast every day and
5.5 cases per 1000 person-y among those who avoided eating
after-dinner snacks from 1997 to 28 February 2020 (Tables 3
and 4). The HR (95% CI) (model 3) for consuming breakfast
daily (7 times/wk) compared with avoiding breakfast (<1
time/wk) was 1.04 (95% CI: 0.9, 1.19) for invasive breast
cancer risk (Table 3). For in situ breast cancer risk, compared



TABLE 2
Baseline characteristics1 of eligible participants in the WHI OS population (1994–2020) by breakfast frequency

Eat breakfast (times/wk)

Overall
(n ¼ 74,828)

<1
(n ¼ 4306)

1–2
(n ¼ 5133)

3–4
(n ¼ 4118)

5–6
(n ¼ 9834)

�7
(n ¼ 51,435)

Age at screening
50–59 24,468 (32.7) 1520 (35.3) 2248 (43.8) 1836 (44.6) 4091 (41.6) 14,813 (28.8)
60–69 33,222 (44.4) 1821 (42.3) 1956 (38.1) 1754 (42.6) 4111 (41.8) 23,557 (45.8)
70–79 17,135 (22.9) 960 (22.3) 929 (18.1) 527 (12.8) 1632 (16.6) 13,064 (25.4)

Education
Did not go to school 75 (0.1) 4 (0.1) 0 (0) 8 (0.2) 0 (0) 0 (0)
Grade school (1–4
y)

150 (0.2) 17 (0.4) 26 (0.5) 8 (0.2) 10 (0.1) 51 (0.1)

Grade school (5–8
y)

524 (0.7) 90 (2.1) 82 (1.6) 33 (0.8) 59 (0.6) 257 (0.5)

Some high school
(9–11 y)

2020 (2.7) 258 (6) 293 (5.7) 152 (3.7) 295 (3) 1080 (2.1)

High school
diploma or GED

11,822 (15.8) 887 (20.6) 903 (17.6) 725 (17.6) 1514 (15.4) 7767 (15.1)

Vocational or
training school

6959 (9.3) 474 (11) 631 (12.3) 445 (10.8) 954 (9.7) 4526 (8.8)

Some college or
associate degree

20,203 (27) 1236 (28.7) 1509 (29.4) 1243 (30.2) 2852 (29) 13,373 (26)

College graduate or
baccalaureate
degree

8979 (12) 400 (9.3) 513 (10) 416 (10.1) 1092 (11.1) 6532 (12.7)

Some postgraduate
or professional

9278 (12.4) 357 (8.3) 477 (9.3) 445 (10.8) 1180 (12) 6789 (13.2)

Master’s degree 12,645 (16.9) 495 (11.5) 580 (11.3) 535 (13) 1583 (16.1) 9413 (18.3)
Doctoral degree
(e.g., PhD, MD, JD)

2245 (3) 82 (1.9) 113 (2.2) 107 (2.6) 295 (3) 1646 (3.2)

Race/ethnicity
Non-Hispanic/
Latino

2592 (3.5) 301 (7) 382 (7.5) 232 (5.7) 430 (4.4) 1247 (2.4)

American Indian/
Alaska Native

202 (0.3) 21 (0.5) 39 (0.8) 25 (0.6) 31 (0.3) 86 (0.2)

Asian 2099 (2.8) 98 (2.3) 185 (3.6) 109 (2.7) 315 (3.2) 1392 (2.7)
Native Hawaiian/
Other PI

52 (0.1) 4 (0.1) 7 (0.1) 5 (0.1) 9 (0.1) 27 (0.1)

Black 4465 (6) 573 (13.4) 677 (13.3) 617 (15.1) 921 (9.4) 1677 (3.3)
White 65,581 (88.2) 3403 (79.6) 3939 (77.3) 3179 (77.7) 8143 (83.4) 46,917 (91.8)
More than 1 race 770 (1) 38 (0.9) 67 (1.3) 54 (1.3) 140 (1.4) 471 (0.9)
Unknown/not
reported

1165 (1.6) 136 (3.2) 184 (3.6) 101 (2.5) 202 (2.1) 542 (1.1)

Family income ($)
<10,000 2320 (3.1) 301 (7) 313 (6.1) 181 (4.4) 364 (3.7) 1234 (2.4)
10,000–19,999 7483 (10) 637 (14.8) 652 (12.7) 478 (11.6) 964 (9.8) 4783 (9.3)
20,000–34,999 16,761 (22.4) 1059 (24.6) 1211 (23.6) 893 (21.7) 2095 (21.3) 11,470 (22.3)
35,000–49,999 15115 (20.2) 814 (18.9) 965 (18.8) 852 (20.7) 1967 (20) 10,493 (20.4)
50,000–74,999 15,339 (20.5) 710 (16.5) 924 (18) 795 (19.3) 2016 (20.5) 10,853 (21.1)
75,000–99,999 7333 (9.8) 289 (6.7) 416 (8.1) 375 (9.1) 1013 (10.3) 5195 (10.1)
100,000–149,999 5387 (7.2) 211 (4.9) 334 (6.5) 272 (6.6) 747 (7.6) 3858 (7.5)
�150,000 3068 (4.1) 133 (3.1) 159 (3.1) 169 (4.1) 413 (4.2) 2160 (4.2)
Do not know 2020 (2.7) 151 (3.5) 164 (3.2) 103 (2.5) 256 (2.6) 1389 (2.7)

BMI (kg/m2)
Underweight
(<18.5)

898 (1.2) 65 (1.5) 56 (1.1) 37 (0.9) 59 (0.6) 669 (1.3)

Normal (18.5–24.9) 30,529 (40.8) 1593 (37) 1781 (34.7) 1330 (32.3) 3452 (35.1) 22,323 (43.4)
Overweight
(25.0–29.9)

25,441 (34) 1399 (32.5) 1730 (33.7) 1400 (34) 3521 (35.8) 17,385 (33.8)

Obesity I
(30.0–34.9)

11,373 (15.2) 745 (17.3) 888 (17.3) 758 (18.4) 1711 (17.4) 7304 (14.2)

Obesity II
(35.0–39.9)

4115 (5.5) 289 (6.7) 400 (7.8) 362 (8.8) 679 (6.9) 2417 (4.7)

Extreme obesity III
(�40)

2469 (3.3) 211 (4.9) 272 (5.3) 231 (5.6) 413 (4.2) 1337 (2.6)

Diabetes ever 3666 (4.9) 233 (5.4) 272 (5.3) 165 (4) 413 (4.2) 2623 (5.1)
HRT use ever

(continued on next page)
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TABLE 2 (continued )

Eat breakfast (times/wk)

Overall
(n ¼ 74,828)

<1
(n ¼ 4306)

1–2
(n ¼ 5133)

3–4
(n ¼ 4118)

5–6
(n ¼ 9834)

�7
(n ¼ 51,435)

Never used
hormones

20,801 (27.8) 1451 (33.7) 1617 (31.5) 1223 (29.7) 2734 (27.8) 13,836 (26.9)

Past hormone user 14,666 (19.6) 960 (22.3) 1068 (20.8) 828 (20.1) 1986 (20.2) 9824 (19.1)
Current hormone
user

39,358 (52.6) 1895 (44) 2448 (47.7) 2067 (50.2) 5114 (52) 27,775 (54)

Smoking status
Never smoked 37,712 (50.4) 1886 (43.8) 2341 (45.6) 1766 (42.9) 4691 (47.7) 27,003 (52.5)
Past smoker 32,549 (43.5) 1813 (42.1) 2130 (41.5) 1828 (44.4) 4455 (45.3) 22,323 (43.4)
Current smoker 4490 (6) 607 (14.1) 667 (13) 523 (12.7) 688 (7) 2057 (4)

Alcohol intake
Nondrinker 7597 (10.2) 524 (12.3) 592 (11.6) 381 (9.3) 1002 (10.3) 5098 (10)
Past drinker 13,177 (17.7) 945 (22.1) 1088 (21.3) 828 (20.2) 1689 (17.3) 8627 (16.9)
<1 drink/mo 8554 (11.5) 508 (11.9) 638 (12.5) 543 (13.3) 1182 (12.1) 5683 (11.1)
<1 drink/wk 15,002 (20.2) 783 (18.3) 969 (19) 758 (18.5) 1997 (20.5) 10,495 (20.5)
1–7 drinks/wk 19,881 (26.8) 914 (21.4) 1169 (22.9) 1053 (25.8) 2656 (27.2) 14,089 (27.6)
>7 drinks/wk 9807 (13.2) 563 (13.2) 617 (12.1) 507 (12.4) 1183 (12.1) 6937 (13.6)

How many mammograms in the last 5 y?
1 4389 (5.9) 386 (9) 439 (8.6) 369 (9) 673 (6.9) 2522 (4.9)
2 8370 (11.3) 610 (14.3) 684 (13.4) 530 (13) 1177 (12.1) 5369 (10.5)
3 10,061 (13.5) 575 (13.5) 707 (13.9) 596 (14.6) 1386 (14.2) 6797 (13.3)
4 12,318 (16.6) 631 (14.8) 781 (15.3) 645 (15.8) 1740 (17.8) 8521 (16.7)
�5 34,157 (46) 1615 (37.8) 1961 (38.5) 1616 (39.5) 4065 (41.7) 24,900 (48.7)

Total dietary energy
intake (kcal/d)

1573 � 590.1 1489.8 � 649.7 1533.2 � 665.2 1569.9 � 662 1551 � 618.5 1588 � 563.8

Total HEI-2015 score 67.3 � 10.2 63.5 � 11.1 63.1 � 10.7 63.2 � 10.3 66 � 10.1 68.6 � 9.8
Total energy expend
from recreational
physical activity
(MET-h/wk)

14.0 � 14.4 12.6 � 15.05 11.8 � 14.3 12 � 14.6 13.2 � 14.2 14.7 � 14.3

Eat after-dinner (times/wk)
<1 17,825 (22.9) 1951 (45.3) 1304 (25.4) 762 (18.5) 1780 (18.1) 11,419 (22.2)
1–2 20,326 (27.2) 986 (22.9) 1976 (38.5) 1186 (28.8) 2803 (28.5) 13,425 (26.1)
3–4 17,603 (24.1) 650 (15.1) 975 (19) 1198 (29.1) 2862 (29.1) 12,293 (23.9)
5–6 10,492 (14.1) 344 (8) 529 (10.3) 572 (13.9) 1741 (17.7) 7304 (14.2)
�7 8862 (11.7) 375 (8.7) 354 (6.9) 403 (9.8) 659 (6.7) 6944 (13.5)

Gail 5-year risk score 1.8 � 1 1.7 � 1 1.6 � 1 1.6 � 0.9 1.7 � 1 1.9 � 1

Values are frequency (%) or mean � SD, if noted.
HEI, Healthy Eating Index; MET, metabolic equivalent of task; SD, standard deviation; WHI OS, Women’s Health Initiative Observational Study.
1 Baseline is year 1 of the WHI OS follow-up, and characteristics are age, race/ethnicity, education, income, diabetes status, hormone therapy,

BMI, physical activity, Gail 5-year risk score were measured at year 0.
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with women who avoided breakfast meals (<1 time/wk), there
was a stepwise higher HR for women with a higher breakfast
frequency, with a statistical trend in a linear test but wide CIs
(Table 3).

The HR for avoiding after-dinner snacks (<1 time/wk)
compared with consuming after-dinner snacks daily (7 times/
wk) was 0.97 (95% CI: 0.87, 1.08) for invasive breast cancer and
1.12 (95% CI: 0.89, 1.42) for in situ breast cancer risk (Table 4).

For in situ breast cancer risk, women with BMI �27.11 kg/
m2, compared with women who avoided breakfast meals (<1
time/wk), those who consumed breakfast 1–2 times/wk
recorded an HR of 1.81 (95% CI: 0.87, 3.79), those who
consumed breakfast 3–4 times/wk recorded an HR of 2.11
(95% CI: 1.01, 4.39), those who consumed breakfast 5–6
times/wk recorded an HR of 2.13 (95% CI: 1.09, 4.17),
and those who consumed breakfast 7 times/wk recorded an
HR of 2.38 (95% CI: 1.26, 4.48) (P ¼ .006, Wald test)
(Table 5).

Overall, there was no effect modification by smoking; how-
ever, never smokers who consumed more regular (5–6 times/
1095
wk) and habitual breakfast (7 or more times/wk) exhibited a
higher risk of in situ breast cancer diagnosis than those never
smokers who avoided breakfast (HR: 1.83; 95% CI: 1.01, 3.48;
and HR: 2.00; 95% CI: 1.09, 3.65, respectively) (Table 6). When
women who consumed after-dinner snacks 0–2 times/wk
consumed breakfast 0–2 times/wk, they recorded an HR of 0.78
(95% CI: 0.58, 0.98) for in situ breast cancer diagnosis compared
with women who consumed breakfast 3–7 times/wk (Supple-
mental Table 1).

The stratified analysis by tumor receptor status showed that
compared with consuming after-dinner snacks �7 times/wk,
consuming after-dinner snacks <1 time/wk had no differential
effect on tumor receptor status, resulting in an HR of 1.04
(95% CI: 1.01, 1.07) for PR-positive, PR-negative, ER-positive,
and ER-negative cases (Supplemental Table 2). Similarly,
compared with consuming breakfast <1 time/wk, consuming
breakfast �7 times/wk had no differential effect on tumor
receptor status, resulting in an HR of 1.02 (95% CI: 0.98, 1.05)
for PR-positive, PR-negative, ER-positive, and ER-negative
cases.



TABLE 3
Relative risk1 of breast cancers (all, invasive, and in situ) by breakfast frequency, Women’s Health Initiative Observational Study, 1994–2020

ModeH2 Breakfast
frequency
(times/wk)

Person-y All breast Invasive In situ

Cases
(n)

HR
(95% CI)

P-trend3 Cases
(n)

HR (95% CI) P-trend3 Cases
(n)

HR (95% CI) P-trend3

1 <1 68,763.1 310 Reference 0.006 263 Reference 0.06 47 Reference 0.007
1–2 82,737.6 370 1.01

(0.86, 1.19)
313 1 (0.83, 1.19) 62 1.16 (0.77, 1.74)

3–4 67,063.3 321 1.05
(0.89, 1.24)

276 1.03 (0.86, 1.24) 58 1.27 (0.84, 1.92)

5–6 159,315.5 846 1.12
(0.98, 1.29)

718 1.11 (0.95, 1.29) 138 1.28 (0.9, 1.82)

�7 847,738.2 44744 1.13
(1, 1.28)

3703 1.09 (0.96, 1.25) 874 1.43 (1.04, 1.97)

2 <1 Reference 0.07 Reference 0.25 Reference 0.04
1–2 0.99

(0.84, 1.17)
0.98 (0.82, 1.18) 1.12 (0.74, 1.69)

3–4 1.02
(0.86, 1.2)

1 (0.83, 1.21) 1.24 (0.82, 1.88)

5–6 1.09
(0.95, 1.25)

1.07 (0.92, 1.25) 1.23 (0.86, 1.77)

�7 1.08
(0.95, 1.23)

1.05 (0.92, 1.21) 1.34 (0.97, 1.85)

3 <1 Reference 0.05 Reference 0.16 Reference 0.04
1–2 0.98

(0.83, 1.16)
0.98 (0.82, 1.17) 1.09 (0.72, 1.64)

3–4 0.99
(0.84, 1.18)

0.98 (0.82, 1.19) 1.19 (0.78, 1.8)

5–6 1.06
(0.92, 1.23)

1.06 (0.9, 1.24) 1.20 (0.8, 1.65)

�7 1.06
(0.93, 1.2)

1.04 (0.9, 1.19) 1.25 (0.91, 1.74)

HEI, Healthy Eating Index; WHI OS, Women’s Health Initiative Observational Study.
2Model 1 was adjusted for age and race/ethnicity; model 2 for model 1 variables þ education, income, physical activity, smoking, alcohol intake,
diet quality score (HEI-2015), and energy intake; and model 3 for model 2 þ diabetes status, BMI, and hormone therapy.
1 Calculated using Cox proportional hazards models and presented as HRs and 95% confidence intervals.
3 P values for Wald test of general heterogeneity, with df ¼ number of categories � 1. The α level for the analyses was 0.05.
4 Incidence rate of developing breast cancer (all) in the WHI OS was 5.3 cases per 1000 person-y among those who consumed breakfast every day

from 1997 to 28 February 2020.
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Excluding breast cancer diagnosis during the first 2 y of the
follow-up did not result in any noticeable change in the estimates
(Supplemental Table 3). Using inverse probability weights
adjusted for age, self-identified race/ethnicity, education, in-
come, physical activity, smoking, alcohol intake, diet quality
score (HEI-2015) [22], energy intake, diabetic status, and BMI
resulted in a greater magnitude of association between breakfast
consumption and in situ breast cancer risk and a stronger sta-
tistical signal; however, the direction of the association remained
the same as in the conventional analysis (Supplemental Table 4).

The post hoc analysis that evaluated the association be-
tween after-dinner snacks, breakfast, and breast cancer recur-
rence risk among women with a history of breast cancer
suggested no association between those meals and disease
recurrence risk (Supplemental Table 5). We also assessed
whether adjusting for the number of mammograms in the past
5 y affected the association between meal frequencies and
breast cancer risk (Supplemental Table 6). This adjustment did
not change the magnitude or direction of the association es-
timates, and there was no association of breakfast frequency
with in situ breast cancer incidence, and the statistical test for
trend (P ¼ 0.06, Wald test) suggested no more residual influ-
ence of breakfast consumption on risk of in situ breast cancer.
1096
In addition, after comparing the estimates before and after
adjustment for total energy intake, we found no material dif-
ference between them.

Discussion

To our knowledge, this study is one of the first to assess the
association of breakfast meals and after-dinner snacks with the
risk of breast cancer in a large cohort of postmenopausal women.
Overall, we observed no association between a higher breakfast
intake frequency and risk for invasive or in situ breast cancer and
no/infrequent breakfast intake. However, for each higher cate-
gory of breakfast intake, there were higher point estimates for
risk of in situ breast cancer. Finally, there was no association
between the frequency of after-dinner snacks/eating occasions
and the risk for breast cancer.

The suggestive association of increased risk of in situ breast
cancer linked with regular breakfast consumption could reflect
confounding by systematic surveillance behavior of women.
Indeed, this study has shown that women who consumed
breakfast regularly were also more likely to get a mammogram
and a physical breast examination (Table 1). Furthermore, we
saw that those who regularly consumed breakfast had a healthier



TABLE 4
Relative risk1 of breast cancer (all, invasive, and in situ) by after-dinner snacks frequency, Women’s Health Initiative Observational Study,
1994–2020

ModeH2 After-dinner
snacks
frequency
(times/wk)

Person-y All breast Invasive In situ

Cases
(n)

HR
(95% CI)

P-trend3 Cases
(n)

HR (95% CI) P-trend3 Cases
(n)

HR (95% CI) P-trend3

1 <1 275,214.0 15004 1.02
(0.93, 1.12)

0.35 1241 0.99
(0.9, 1.1)

0.44 276 1.17 (0.94, 1.46) 0.55

1-2 329,880.3 1768 1.01
(0.93, 1.11)

1484 1
(0.91, 1.11)

305 1.03 (0.83, 1.29)

3-4 287,947.0 1468 0.97
(0.88, 1.07)

1217 0.95
(0.86, 1.05)

269 1.03 (0.82, 1.29)

5-6 169,770.0 881 0.98
(0.89, 1.09)

713 0.94
(0.84, 1.05)

189 1.2 (0.95, 1.53)

�7 138,659.8 744 Reference 629 Reference 124 Reference
2 <1 0.98

(0.89, 1.08)
0.87 0.96

(0.87, 1.07)
0.87 1.1 (0.87, 1.38) 0.95

1-2 1 (0.91, 1.1) 0.99
(0.9, 1.1)

1 (0.8, 1.25)

3-4 0.96
(0.88, 1.06)

0.94
(0.85, 1.05)

1.02 (0.81, 1.27)

5-6 0.97
(0.88, 1.08)

0.93
(0.83, 1.04)

1.18 (0.93, 1.5)

�7 Reference Reference Reference
3 <1 0.99

(0.9, 1.1)
0.85 0.97

(0.87, 1.08)
0.84 1.12 (0.89, 1.42) 0.99

1-2 1 (0.91, 1.1) 0.98
(0.89, 1.09)

1.02 (0.81, 1.28)

3-4 0.96
(0.87, 1.06)

0.94
(0.84, 1.04)

1.02 (0.81, 1.29)

5-6 0.97
(0.88, 1.08)

0.93
(0.83, 1.04)

1.19 (0.93, 1.53)

�7 Reference Reference Reference

2Model 1 was adjusted for age and race/ethnicity; model 2 for model 1 variables þ education, income, physical activity, smoking, alcohol intake,
diet quality score (HEI-2015), and energy intake; and model 3 for model 2 þ diabetes status, BMI, and hormone therapy.
1 Calculated using Cox proportional hazards models and presented as HRs and 95% confidence intervals.
3 P values for Wald test of general heterogeneity, with df ¼ number of categories � 1. The α level for the analyses was 0.05.
4 Incidence rate of developing breast cancer (all) in the WHI OS was 5.3 cases per 1000 person-y among those who avoided eating after dinner

every day from 1997 to 28 February 2020.
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diet, exercised more, and were less likely to smoke. These factors
serve as a proxy for the health consciousness of women more
likely to take advantage of breast cancer screening [23,24].
Having undergone a mammogram examination is one of the
strongest and most prevalent risk factors associated with diag-
nosing in situ breast cancers [25]. Regular cancer screening al-
lows diagnosis of an earlier stage of tumor progression (in situ),
which increases the chances of preventing invasive breast cancer
[26]. Thus, some of the tumors identified at an earlier stage
would not progress to an invasive stage in such a scenario,
creating an artifactual “harm” of regular breakfast consumption.

A post hoc adjustment for the number of mammograms in the
last 5 y attenuated the statistical trend in the association between
breakfast frequency and in situ breast cancer. Speculatively, this
supports the plausible explanation that the positive trend be-
tween breakfast frequency and in situ breast cancer diagnosis is
an artifact of health-conscientious behavior.

Higher BMI is reported to be associated with increased
mammographic sensitivity, potentially leading to the over-
estimated relationship between BMI and the risk of developing in
situ breast cancer [27,28]. This might explain a higher magni-
tude of association estimates between breakfast consumption
and in situ breast cancer risk observed among participants with a
BMI of >27 kg/m2.
1097
Similar to our findings, a large prospective cohort study in
2018 concluded no association between cancer risk and the
number of eating episodes, nighttime fasting duration, and
time of first eating episode [29]. In a cross-sectional study,
Marinac et al. [9] suggested that a longer nighttime duration
was significantly associated with improved glycemic regula-
tion, particularly noting that each 3-h increase in nighttime
fasting duration was associated with approximately a 20%
reduced odds of elevated HbA1c levels. Although there is
contradicting evidence on the association between HbA1c and
risk of breast cancer, we addressed the potential association
between prolonged night fast and risk of breast cancer in this
study [30,31]. Night fasting time can be prolonged by avoiding
after-dinner snacks, breakfast, or both. Supporting the findings
of the abovementioned study, we observed that participants
who avoided breakfast and did not eat after-dinner snacks
regularly had a lower in situ breast cancer risk. However, there
was no association between skipping after-dinner snacks and
invasive breast cancer risk in those participants who did not
eat breakfast regularly.

Another study concluded that fasting less than 13 h per night
was associated with an increased risk of breast cancer recurrence
compared with fasting �13h/night [10]. In our post hoc anal-
ysis, we assessed the risk of breast cancer recurrence among



TABLE 5
Stratified analysis of the association between meal frequencies and risk of breast cancer by BMI, Women’s Health Initiative Observational Study,
1994–2020.

BMI1 Meal Frequency
(times/wk)

All breast Invasive In situ

Cases
(n)

HR
(95% CI)2

P-trend3 Cases
(n)

HR
(95% CI)2

P-trend3 Cases
(n)

HR (95%CI)2 P-trend3

Below
median

After-dinner
snack

<1 1003 1.02
(0.9, 1.16)

0.21 829 1
(0.87, 1.15)

0.26 196 1.17 (0.87, 1.57) 0.30

1–2 1023 1.01
(0.89, 1.14)

855 1
(0.87, 1.14)

182 1.03 (0.77, 1.38)

3–4 808 0.95
(0.83, 1.08)

657 0.92
(0.8, 1.06)

158 1.04 (0.77, 1.4)

5–6 475 0.93
(0.81, 1.08)

382 0.9
(0.77, 1.06)

100 1.05 (0.76, 1.46)

�7 394 Reference 330 Reference 70 Reference
Breakfast <1 179 Reference 0.72 149 Reference 0.78 31 Reference 0.76

1–2 185 0.94
(0.75, 1.17)

154 0.97
(0.76, 1.24)

35 0.86 (0.51, 1.43)

3–4 151 0.93
(0.73, 1.18)

126 0.95
(0.73, 1.24)

30 0.94 (0.56, 1.59)

5–6 435 1.04
(0.86, 1.26)

363 1.09
(0.88, 1.34)

76 0.89 (0.58, 1.38)

�7 2753 0.99
(0.84, 1.17)

2261 1.01
(0.84, 1.22)

534 0.96 (0.66, 1.41)

Above
median

After-dinner
snack

<1 471 0.91
(0.79, 1.04)

0.18 395 0.9
(0.76, 1.06)

0.28 79 0.92 (0.63, 1.34) 0.15

1–2 717 1
(0.88, 1.14)

614 0.98
(0.84, 1.14)

112 0.96 (0.68, 1.36)

3–4 661 0.97
(0.85, 1.1)

561 0.96
(0.82, 1.12)

107 0.96 (0.68, 1.36)

5–6 406 1
(0.87, 1.15)

329 0.97
(0.82, 1.15)

86 1.34 (0.93, 1.91)

�7 336 Reference 290 Reference 53 Reference
Breakfast <1 130 Reference 0.008 117 Reference 0.07 13 Reference 0.006

1–2 172 1.08
(0.84, 1.38)

144 1.02
(0.78, 1.32)

30 1.81 (0.87, 3.79)

3–4 162 1.11
(0.87, 1.43)

139 1.04
(0.8, 1.36)

26 2.11 (1.01, 4.39)

5–6 393 1.15
(0.93, 1.43)

332 1.07
(0.85, 1.35)

65 2.13 (1.09, 4.17)

�7 1743 1.26
(1.05, 1.5)

1457 1.14
(0.93, 1.4)

303 2.38 (1.26, 4.48)

HEI, Healthy Eating Index.
1 Median BMI is 27.11 kg/m2.
2 Calculated using Cox proportional hazards models and presented as HRs and 95% CIs. The models were adjusted for age, race/ethnicity, ed-

ucation, income, physical activity, smoking, alcohol intake, diet quality score (HEI-2015), energy intake, and diabetic status.
3 P value for Wald test of general heterogeneity with df ¼ number of categories �1. The α level for the analyses was 0.05.
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women with a history of breast cancer at year 1. We found that
regularly consuming after-dinner snacks and breakfast was not
associated with an increased risk of breast cancer recurrence
compared with avoiding those meals. A small number of women
with a history of breast cancer were included in the analysis,
which could result in type II error.

One of the primary strengths of this study was the large
sample of postmenopausal women in the WHI OS cohort,
which made it feasible to examine incremental differences in
breakfast and after-dinner snacks as risk factors for breast
cancer as allowed for performing stratified analyses by tumor
stages. In addition, a breast cancer diagnosis was confirmed by
a medical record review, and all cases were adjudicated.
Careful adjustment for confounders, including validated dietary
data, was also advantageous for this analysis. A prospective
design of this study, excluding all prevalent breast cancer cases
at the baseline, allowed producing the estimates for breast
cancer-free subjects. The mean 14.7-year follow-up period
1098
provided a considerable latency period for potential disease
occurrence.

Owing to the study’s observational nature, the results
should only be generalized to the healthy, postmenopausal
women population. Another limitation of this study is the
participants’ self-reported meal frequency and other con-
founding variables, which might be subject to measurement
error. Single breakfast and after-dinner snack exposure mea-
sures may not fully reflect long-term associations with breast
cancer risks. Furthermore, it is essential to note that breakfast
and after-dinner snack frequency could serve as a proxy for
circadian rhythms, which are the actual correlates of cancer
development and that these also depend on many other life-
style and environmental factors. In addition, although this
analysis adjusts for the overall diet quality, the quality of the
individual meals was not assessed and could not be controlled
for. Although we attempted to control confounding, residual
confounding cannot be ruled out.



TABLE 6
Stratified analysis of the association between meal frequencies and risk of breast cancer by smoking status, Women’s Health Initiative Observational
Study, 1994–2020.

Smoking
ever

Meal Frequency
(times/
wk)

All breast Invasive In situ

Cases
(n)

HR
(95% CI)1

P-
trend2

Cases
(n)

HR
(95% CI)1

P-
trend2

Cases
(n)

HR (95% CI)1 P-
trend2

No After-
dinner
snack

<1 700 1.02
(0.89,
1.18)

0.87 575 0.99
(0.85, 1.16)

0.97 138 1.22 (0.87,
1.71)

0.52

1–2 838 1
(0.87,
1.15)

704 0.98 (0.85,
1.14)

147 1.08 (0.77, 1.5)

3–4 730 1.01
(0.88,
1.16)

602 0.99 (0.85,
1.15)

137 1.11 (0.79,
1.56)

5–6 416 1.02
(0.87,
1.19)

335 0.97 (0.82,
1.15)

86 1.21 (0.84,
1.74)

�7 323 Reference 273 Reference 55 Reference
Breakfast <1 124 Reference 0.06 110 Reference 0.3347 14 Reference 0.002

1–2 157 0.97
(0.75,
1.26)

133 0.96 (0.74,
1.26)

24 1.19 (0.56,
2.52)

3–4 127 1.02
(0.78,
1.33)

106 1 (0.76, 1.33) 22 1.69 (0.81,
3.54)

5–6 352 1.04
(0.84, 1.3)

292 1 (0.79, 1.26) 65 1.83 (1.01,
3.48)

�7 2247 1.11
(0.91,
1.35)

1848 1.06 (0.86, 1.3) 438 2 (1.09, 3.65)

Yes After-
dinner
snack

<1 768 0.97
(0.85,
1.11)

0.80 644 0.96 (0.83, 1.1) 0.7015 136 1 (0.73, 1.36) 0.57

1–2 891 1.02
(0.9, 1.15)

756 1.01 (0.88,
1.16)

145 0.95 (0.7, 1.29)

3–4 725 0.92
(0.81,
1.05)

607 0.9 (0.78, 1.04) 123 0.93 (0.68,
1.27)

5–6 460 0.95
(0.83, 1.1)

373 0.91 (0.78,
1.07)

98 1.15 (0.84, 1.6)

�7 404 Reference 345 Reference 67 Reference
Breakfast <1 183 Reference 0.22 155 Reference 0.21 29 Reference 0.99

1–2 198 1.03
(0.83,
1.28)

163 1.04 (0.82,
1.32)

41 1.11 (0.68,
1.82)

3–4 184 1
(0.8, 1.25)

158 1.04 (0.81,
1.32)

33 1.06 (0.64,
1.76)

5–6 468 1.14
(0.94,
1.37)

398 1.18 (0.96,
1.45)

73 0.95 (0.61,
1.49)

�7 2215 1.09
(0.92,
1.29)

1851 1.11 (0.92,
1.33)

393 1.04 (0.7, 1.54)

HEI, Healthy Eating Index.
1 Calculated using Cox proportional hazards models and presented as HRs and 95% CIs. The models were adjusted for age, race/ethnicity, ed-

ucation, income, physical activity, alcohol intake, diet quality score (HEI-2015), energy intake, diabetic status, BMI, and hormone therapy.
2 P value for Wald test of general heterogeneity with df ¼ number of categories � 1. The α level for the analyses was 0.05.

V. Elahy et al. The Journal of Nutrition 153 (2023) 1089–1100
In summary, there was no association between the frequency
of breakfast meals or after-dinner snacks and the risk of breast
cancer in postmenopausal women. There was a suggestive as-
sociation of an increased risk of in situ breast cancer with a
higher frequency of breakfast consumption, which likely reflects
residual confounding owing to health conscientiousness and
regular breast cancer screening among those who consume
breakfast regularly. Nevertheless, the nature of our analysis
1099
precludes stronger conclusions or making clinical
recommendations.
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