Eating patterns and type 2 diabetes risk in older women: breakfast
consumption and eating frequency1–3
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obesity and chronic diseases were small, and the results are
conflicting (5, 7). In a recent cross-sectional study among US
adults, consumption of ready-to-eat cereal breakfast was associated with a better cardiometabolic risk profile than was consumption of other types of breakfast (8), probably because of
more favorable diet quality among consumers of ready-to-eat
cereal breakfast (9).
Similarly, eating frequency or snacking may also influence
body weight and risk of metabolic diseases (5, 7); however,
studies on this topic have yielded inconsistent results. Studies in
mice (10, 11) showed an improvement in glucose tolerance and
glycemic response with reduced eating frequency, independent of
total calorie intake. However, some trials observed metabolic
advantages associated with increased eating frequency, while
keeping energy constant, among patients with T2D (5) and
among healthy populations (12). Earlier trials showed no effect
on glucose metabolism in a comparison of subjects with T2D on
low or high eating frequency regimes (13, 14).
Therefore, we prospectively examined in the Nurses’ Health
Study whether regular breakfast consumption and eating frequency were associated with T2D risk and whether these associations were mediated through BMI (in kg/m2). We also
examined potential modification of associations by BMI, healthy
eating index, dietary glycemic load, and cereal fiber.
SUBJECTS AND METHODS

Subjects
The Nurses’ Health Study, established in 1976, is a prospective cohort study of 121,700 registered female nurses (30–

INTRODUCTION

The prevalence of type 2 diabetes (T2D)4 has been escalating
worldwide. Among adults (20–79 y of age), an increase in
prevalence from 6.4% (285 million) in 2010 to 7.7% (439 million) in 2030 has been estimated (1).T2D has become a major
public health concern given the effect of diabetes on morbidity
and premature mortality (2). In parallel, the proportion of people
who report regularly consuming breakfast has been dropping
over past decades among children, adolescents (3), and adults
(4), perhaps due in part to the popular misconception that
skipping breakfast could help with weight control. Increasing
evidence indicates that skipping breakfast is directly associated
with weight gain and other adverse health outcomes (5), including insulin resistance and T2D (6). Furthermore, most previous studies of breakfast frequency and type in the etiology of
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ABSTRACT
Background: Little is known about the association between eating
patterns and type 2 diabetes (T2D) risk in women.
Objective: The objective was to examine prospectively associations
between regular breakfast consumption, eating frequency, and T2D
risk in women.
Design: Eating pattern was assessed in 2002 in a cohort of 46,289
US women in the Nurses’ Health Study who were free of T2D,
cardiovascular disease, or cancer and were followed for 6 y. We
used Cox proportional hazards analysis to evaluate associations with
incident T2D.
Results: We documented 1560 T2D cases during follow-up. After
adjustment for known risk factors for T2D—except for body mass
index (BMI), a potential mediator—women who consumed breakfast
irregularly (0–6 times/wk) were at higher risk of T2D than were
women who consumed breakfast daily (RR: 1.28; 95% CI: 1.14,
1.44). This association was moderately attenuated after adjustment
for BMI (RR: 1.20; 95% CI: 1.07, 1.35). In comparison with women
who ate 3 times/d, the RRs were 1.09 (0.84, 1.41) for women who ate
1–2 times/d, 1.13 (1.00, 1.27) for women who ate 4–5 times/d, and
0.99 (0.81, 1.21) for women who ate $6 times/d. Among irregular
breakfast consumers, women with a higher eating frequency ($4
times/d) had a significantly greater T2D risk (RR: 1.47; 95% CI:
1.23, 1.75) than did women who consumed breakfast daily and ate
1–3 times/d. Adjustment for BMI attenuated this association (RR:
1.24; 95% CI: 1.04, 1.48).
Conclusion: Irregular breakfast consumption was associated with a
higher T2D risk in women, which was partially but not entirely mediated by BMI.
Am J Clin Nutr 2013;98:436–43.
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55 y of age at baseline) residing in 11 states. Participants were
mailed questionnaires at baseline and every second year to repeatedly assess lifestyle practice and chronic disease occurrence. The Institutional Review Boards of the Brigham and
Women’s Hospital and the Harvard School of Public Health,
Boston, MA, approved the study protocol, and written consent
was obtained from all subjects.
Dietary assessment

Measurement of nondietary factors
Family history of T2D was assessed in 1982 and 1988. Lifestyle factors such as physical activity, BMI, and cigarette smoking
were assessed biannually. Physical activity was expressed as hours
per week and converted to metabolic equivalent hours per week
by using a validated questionnaire (22). BMI was calculated as
weight (kg) divided the square of height (m). Self-reported
weights correlated highly with measured weights (r = 0.96) (23).
Menopausal status and hormone use were assessed in 1976 and

every 2 y thereafter. Women were classified as postmenopausal
at the first report of natural menopause or surgery with bilateral
oophorectomy.
Exclusion of participants at baseline
Because the question on eating frequency and breakfast consumption was first asked in 2002, we used 2002 as the baseline for
the current analysis. Participants who did not complete the
original 1980 FFQ, had implausible energy intakes (,500 or
.3500 kcal/d), or did not answer the eating frequency or
breakfast consumption questions in 2002 were excluded from
the study. We also excluded participants with a diagnosis of
diabetes, cardiovascular disease, or cancer (except for nonmelanoma skin cancer) by 2002. Thus, 46,289 women remained
for follow-up from 2002 to 2008.
Ascertainment of T2D cases
The outcome was T2D incidence. Women reporting a diagnosis of T2D in the biennial follow-up questionnaire were sent
a supplementary questionnaire to confirm the diagnosis. The
American Diabetes Association criteria were used to confirm
self-reported diagnosis of T2D (24). Cases of type 1 diabetes
were excluded. In a validation study of the supplementary
questionnaire for diabetes diagnosis, medical record review
confirmed 98% (61 of 62) of self-reported T2D cases (25).
Statistical analysis
Participants contributed follow-up time from the date they
returned their baseline questionnaire to the date of diagnosis of
T2D, death, loss to follow-up, or end of the study period (30 June
2008), whichever came first. To examine associations between
eating frequency or breakfast-consumption pattern and T2D risk,
we estimated RRs and 95% CIs by using the Cox proportional
hazards regression model with age (in mo) as the time scale, with
calendar year as a stratification variable, and with time-varying
covariates. We analyzed breakfast consumption as a categorical
variable (7 times/wk; 0–6 times/wk) alone and in conjunction
with the number of eating occasions (1–3 times/d; 4–9 times/d)
in relation to T2D risk.
In the basic multivariate model 1, in addition to stratifying by
age and time period, we adjusted for known and suspected risk
factors of T2D, including family history of T2D in 1982 and
1988, alcohol intake, physical activity, menopausal status and
hormone use, and smoking status. In multivariate model 2, we
further adjusted for the dietary variables, including energy intake,
cereal fiber intake (26), and AHEI-2010 (18), because these
variables could mediate the breakfast-T2D association. In multivariate model 3, we further adjusted for BMI, which was
updated every 2 y to assess whether the association between
breakfast consumption and T2D risk is mediated via BMI. In
additional multivariate models, we further adjusted for other
potential confounders, such as coffee consumption (27) and
glycemic load (28). In models in which breakfast consumption
was the main exposure, we also adjusted for the number of eating
occasions (1–2, 3, 4–5, or $6–9 times). Cumulative averages of
dietary covariates were calculated at each time point, starting in
1984, to better represent long-term diet and to minimize withinperson variation (16). Because our baseline was 2002, we used
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In 1984, dietary information was collected by using a 116-item
food-frequency questionnaire (FFQ). During 1986 through 2006,
participants were asked to update their diet information every 4 y
by using a similar but expanded 131-item semiquantitative FFQ
that was previously validated (15, 16). Participants were asked to
select their usual intake of a standard portion of each food item.
Nine responses were possible, ranging from “never or less than
once/month” to “$6 times/d.” Daily nutrient and energy intakes
were calculated by multiplying the frequency of intake of each
food by the nutrient and energy content estimated by using
food-composition tables from the Harvard University foodcomposition database, which was derived from US Department
of Agriculture sources (17), and summing across all items.
In 2002, the questionnaire included a question about eating
frequency “How many times per day do you eat? Include meals
and snacks. (For snacks, count juice and non-diet soda, but
exclude coffee and diet soda): 1 or 2 times/day, 3/day, 4/day,
5/day, 6/day, 7/day. 8/day, 9+/day” and a question about breakfast consumption “How many days per week do you have
breakfast (more than coffee or tea)? Never, 1/week, 2/week,
3/week, 4/week, 5/week, 6/week, 7/week.”
The Alternate Healthy Eating Index 2010 (AHEI-2010) (18),
a score created based on foods and nutrients predictive of chronic
disease risk (19), was used to reflect the overall diet quality of the
participants. Cereal fiber intake and alcohol consumption were
defined and calculated as described previously (20, 21). In
summary, whole grain intake from breakfast cereal was derived
from .250 brand-name cereals by using information provided
by product labels and breakfast cereal manufacturers. Total alcohol intake was the sum of the values for beer, wine, and
spirits. The glycemic index is a measure of the postprandial
blood glucose response per gram of carbohydrate of a food as
compared with a reference food such as white bread or glucose.
The dietary glycemic load was calculated by multiplying the
carbohydrate content of each food by its glycemic index and
then multiplying this value by the frequency of consumption and
summing these values for all foods. Hence, glycemic load represents both the quality and the quantity of the carbohydrate
consumed.
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compare the model including the cross-product terms [eg,
breakfast consumption (binary) 3 median of deciles of BMI
(continuous)] with a model including only main effects. A joint
analysis was conducted for breakfast consumption and AHEI.
SAS version 9.1 (SAS Institute) was used for all analyses, and a
2-sided P value ,0.05 was considered statistically significant.
RESULTS

In this cohort of 46,289 women, we documented 1560 incident
T2D cases during 6 y of follow-up (260,188 person-years). Most
of the women (76%) consumed breakfast daily. Daily breakfast
consumers were older, had a slightly lower BMI, smoked less,
were more physically active, consumed more calories, consumed
less alcohol, consumed more cereal fiber, drank less coffee, and
had a healthier overall diet compared with women who consumed
breakfast irregularly (0–6 times/wk) (all P , 0.01) (Table 1).
Among the irregular breakfast consumers (n = 11,229), 4158
women (37%) consumed breakfast 0–2 times/wk, and 7071
women (63%) consumed breakfast 3–6 times/wk. Interestingly,
women who consumed breakfast 0–2 times/wk smoked more,
exercised less, drank more alcohol, consumed less cereal fiber,
and had a poorer overall diet quality but had a slightly lower
mean BMI (26.6) as compared with women who consumed
breakfast 3–6 times/wk (mean BMI: 27.1) (data not shown).
After adjustment for age, there was a 39% higher risk of T2D
among women who consumed breakfast irregularly (#6 times/wk)
as compared with those who consumed breakfast 7 times/wk
(Table 2). This direct association remained statistically significant
after adjustment for standard and dietary risk factors for T2D
(28% higher risk) and even after further adjustment for BMI (20%

TABLE 1
Age-standardized characteristics of participants at baseline, by breakfast consumption among 46,289 US women from the
Nurses’ Health Study1

Age (y)
BMI (kg/m2)
Family history of diabetes, 1988 [n (%)]
Current postmenopausal hormone users [n (%)]
Current smoking [n (%)]
Physical activity (MET-h3/wk)
Alcohol intake (g/d)
Energy intake (kcal/d)
Cereal fiber intake (g/d)4
Coffee intake (servings/d)5
Dietary glycemic load
Dietary glycemic index
Alternative Healthy Eating Index 20106
Eating times (times/d)

Irregular breakfast consumers
(0–6 times/wk) (n = 11,229)

Regular breakfast consumers
(7 times/wk) (n = 35,060)

64.7 6 6.52
26.8 6 5.3
2583 (23)
4155 (37)
1797 (16)
15.9 6 21.0
6.8 6 9.6
1649 6 428
4.2 6 1.6
2.3 6 1.5
104 6 33
52.3 6 2.9
50.7 6 8.8
3.7 6 1.3

67.8 6 7.0
26.2 6 4.9
8064 (23)
15,076 (43)
1753 (5)
19.0 6 22.6
5.7 6 8.1
1736 6 404
5.2 6 1.8
2.1 6 1.4
115 6 31
52.6 6 2.5
52.7 6 9.2
4.2 6 1.0

1
Variables were assessed at baseline, 2002 (simple update or cumulative average for dietary variables) unless otherwise indicated. Compared with regular breakfast consumers, women who skipped breakfast $1 time/wk had a slightly
higher BMI, smoked more, exercised less, consumed more alcohol and less cereal fiber, and drank more coffee. They tended
to have poorer diet quality as reflected by a lower Alternative Healthy Eating Index (P , 0.05 for all).
2
Mean 6 SD (all such values).
3
MET-h, metabolic equivalent hours.
4
Energy-adjusted.
5
Includes decaffeinated coffee
6
This index is a new measure of diet quality that incorporates current scientific evidence on diet and health. In this
analysis, higher indexes indicate better diet quality.
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the cumulatively averaged dietary variables starting in 2002.
The residual method was used to adjust AHEI-2010, intakes of
cereal fiber, and glycemic load for total energy intake (29).We
stopped updating diet when the participants first reported
a chronic disease diagnosis (eg, cancer, cardiovascular disease,
high blood pressure, and hypercholesterolemia), because these
are risk factors for T2D and those with any of these conditions
may change their diet. All other covariates were updated for
each 2-y follow-up period. Values for smoking, physical activity,
and dietary variables were carried forward from previous years
if missing and were coded as “missing” if absent at baseline.
BMI was used in categories, and the missing value (n = 1) was
assigned to the median category. Tests for trend were calculated
by including the median category of eating frequency as an
ordinal variable.
To examine whether the association between eating occasions
and the risk of T2D is mediated by the consumption of juice and
soft drinks, we conducted a sensitivity analysis in which we
further adjusted for total sweetened beverages.
To assess whether the relation between breakfast consumption
and T2D changed across the different strata of the main T2D
risk factors, we conducted interaction tests between breakfastconsumption pattern (7 times/wk or 0–6 times/wk) and known
risk factors for T2D such as BMI (deciles), cereal fiber intake,
glycemic load, AHEI-2010 (all quintiles), physical activity
(,median or $median value), age group (,65 or $65 y), and
working status (full-time: yes or no). Because it is difficult to
define which meal constitutes breakfast among shift workers,
and because the metabolic consequences could be different from
those of nonshift workers, we stratified by working rotating
shifts in the past (yes or no). A likelihood ratio test was used to
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TABLE 2
RRs of type 2 diabetes for 2 categories of breakfast consumption1
Regular breakfast consumers:
7 times/wk (n = 1074)
Person-years
Age RR (95% CI)
Multivariate RR (95% CI)2
Multivariate RR (95% CI)3
Multivariate RR (95% CI) + BMI4

1.00
1.00
1.00
1.00

Irregular breakfast consumers:
0–6 times/wk (n = 486)

197,294
(Reference)
(Reference)
(Reference)
(Reference)

1.39
1.34
1.28
1.20

62,894
(1.25, 1.55)
(1.20, 1.50)
(1.14, 1.44)
(1.07, 1.35)

P value
,0.001
,0.001
,0.001
,0.01

1

RRs (95% CIs) were derived from Cox proportional hazards models.
Adjusted for age (in mo), family history of type 2 diabetes (yes or no), alcohol intake (0 to ,5, 5 to ,15, or $15
g/d), physical activity (1 to ,3, 3 to ,9, 9 to ,18, 18 to ,27, or $27 metabolic equivalent h/wk or missing category),
menopausal status and hormone use (premenopausal, postmenopausal and never used hormones, postmenopausal and
current hormone users, or postmenopausal and past hormone users), and smoking status (never, past, current 1–14 cigarettes/d, current 15–24 cigarettes/d, current $25 cigarettes/d, or missing category).
3
Adjusted as for the previous multivariate model plus energy intake (kcal/d, continuous), cereal fiber intake (quintiles,
g/d), and the Alternative Healthy Eating Index 2010 (quintiles or missing category).
4
Adjusted as for the previous multivariate model plus BMI (in kg/m2; ,21, 21–22.9, 23–24.9, 25–26.9, 27–29.9, 30–
32.9, 33–34.9, 35–39.9, or $40); the percentages of observations assigned to missing categories were as follows (baseline/
follow-up): 0.25%/0.35% for smoking, 6.4%/7.6% for physical activity, and 0.37%/0.35% for the Alternative Healthy
Eating Index 2010.
2

TABLE 3
RRs of type 2 diabetes for eating frequency (meals + snacks)1
Eating frequency
1–2 times/d
(n = 71)
Person-years
Age RR (95% CI)
Multivariate RR (95% CI)2
Multivariate RR (95% CI)3
Multivariate RR (95% CI) + BMI4
1

1.21
1.12
1.09
1.13

11,058
(0.94, 1.56)
(0.87, 1.45)
(0.84, 1.41)
(0.87, 1.46)

3 times/d
(n = 366)
1.00
1.00
1.00
1.00

69,373
(Reference)
(Reference)
(Reference)
(Reference)

4–5 times/d
(n = 984)
1.18
1.12
1.13
1.04

155,693
(1.04, 1.33)
(0.99, 1.27)
(1.00, 1.27)
(0.92, 1.17)

$6 times/d
(n = 139)
1.07
0.99
0.99
0.89

24,064
(0.88, 1.30)
(0.81, 1.21)
(0.81, 1.21)
(0.73, 1.08)

P-trend
0.76
0.83
0.89
0.15

RRs (95% CIs) were derived from Cox proportional hazards models.
Adjusted for age (in mo), family history of type 2 diabetes (yes or no), alcohol intake (0 to ,5, 5 to ,15, or $15
g/d), physical activity (1 to ,3, 3 to ,9, 9 to ,18, 18 to ,27, or $27 metabolic equivalent h/wk or missing category),
menopausal status and hormone use (premenopausal, postmenopausal and never used hormones, postmenopausal and
current hormone users, or postmenopausal and past hormone users), and smoking status (never, past, current 1–14
cigarettes/d, current 15–24 cigarettes/d, current $25 cigarettes/d, or missing category).
3
Adjusted as for the previous multivariate model plus energy intake (kcal/d, continuous), cereal fiber intake (quintiles,
g/d), and the Alternative Healthy Eating Index 2010 (quintiles or missing category).
4
Adjusted as for the previous multivariate model plus BMI (in kg/m2; ,21, 21–22.9, 23–24.9, 25–26.9, 27–29.9,
30–32.9, 33–34.9, 35–39.9, or $40).
2
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times/d or $6 times/d had RRs of 1.13 (1.00, 1.27) and 0.99
(0.81, 1.21), respectively—all nonsignificant associations even
before adjustment for BMI. The results did not materially
change when we further adjusted for BMI or breakfast consumption or when we stratified by breakfast consumption. The
mean BMI for women who ate 1–2 times/d (mean BMI: 25.7)
and for women who ate 3 times/d (25.6) was lower than the BMI
for women who ate 4–5 times/d (26.4) or who ate $6 times/d
(26.6) (P , 0.05). Most of the women who ate $3 times/d
consumed breakfast regularly (3 times/d: 72%; 4–5 times/d:
80.2%; $6 times/d: 82%) as compared with women who ate 1–2
times/d, as only 28% consumed breakfast regularly. When we
classified participants according to their breakfast consumption
combined with their eating frequency, the ideal eating pattern
appeared to be daily breakfast consumption plus 1–3 eating
occasions (Table 4). Women in this category had the lowest

higher risk)—a potential mediator. On stratification by BMI (,25
or $25), the results were similar between overweight/obese
women (multivariate RR: 1.24; 1.09, 1.40; BMI $25) and lean
women (multivariate RR: 1.25; 95% CI: 0.91, 1.70; BMI ,25).
Even after further adjustment for BMI (as a continuous variable)
to take care for any residual confounding, the results did not
materially change. When we further categorized women who
consumed breakfast #6 times/wk into 2 groups (0–2 times/wk or
3–6 times/wk), the direct association with T2D risk remained as
high for the 2 groups, even after adjustment for BMI (multivariate
RR: 1.20; 95% CI: 1.05, 1.37; multivariate RR: 1.21; 95% CI:
1.02, 1.44, respectively)—a potential mediator.
No association was observed between eating frequency and
risk of T2D (Table 3). For instance, compared with women who
ate 3 times/d, women who ate 1–2 times/d had a multivariate RR
(95% CI) of 1.09 (0.84, 1.41), whereas women who ate 4–5
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TABLE 4
RRs of type 2 diabetes for combinations of breakfast and eating frequency1
Regular breakfast consumers: 7 times/wk
Eating frequency:
1–3 times/d (n = 248)
Person-years
Age RR (95% CI)
Multivariate RR (95% CI)2
Multivariate RR (95% CI)3
Multivariate RR (95% CI) + BMI4

1.00
1.00
1.00
1.00

Eating frequency:
4–9 times/d (n = 826)

52,727
(Reference)
(Reference)
(Reference)
(Reference)

1.19
1.13
1.11
1.03

144,567
(1.03, 1.37)
(0.98, 1.30)
(0.96, 1.29)
(0.89, 1.19)

Irregular breakfast consumers: 0-6 times/wk
Eating frequency:
1–3 times/d (n = 189)
1.41
1.33
1.26
1.21

27,705
(1.16, 1.71)
(1.10, 1.62)
(1.04, 1.54)
(0.99, 1.47)

Eating frequency:
4–9 times/d (n = 297)
1.74
1.56
1.47
1.24

35,189
(1.46, 2.06)
(1.31, 1.86)
(1.23, 1.75)
(1.04, 1.48)

1

RRs (95% CIs) were derived from Cox proportional hazards models. P-interaction between breakfast consumption and eating frequency was not
significant (P = 0.97).
2
Adjusted for age (in mo), family history of type 2 diabetes (yes or no), alcohol intake (0 to ,5, 5 to ,15, or $15 g/d), physical activity (1 to ,3, 3 to
,9, 9 to ,18, 18 to ,27, or $27 metabolic equivalent h/wk or missing category), menopausal status and hormone use (premenopausal, postmenopausal and
never used hormones, postmenopausal and current hormone users, or postmenopausal and past hormone users), and smoking status (never, past, current 1–14
cigarettes/d, current 15–24 cigarettes/d, current $25 cigarettes/d, or missing category).
3
Adjusted as for the previous multivariate model plus energy intake (kcal/d, continuous), cereal fiber intake (quintiles, g/d), and the Alternative Healthy
Eating Index 2010 (quintiles or missing category).
4
Adjusted as for the previous multivariate model plus BMI (in kg/m2; ,21, 21–22.9, 23–24.9, 25–26.9, 27–29.9, 30–32.9, 33–34.9, 35–39.9, or $40).

and having a lower-quality diet was associated with a T2D risk
similar to that of skipping breakfast and having a good-quality
diet. In all of the analyses mentioned, further adjustment for
intakes of coffee, eating times, glycemic load, and total sweetened beverages did not appreciably alter the RRs.
DISCUSSION

In this large prospective cohort study, regular breakfast consumption was associated with a lower T2D risk in women. An
increased eating frequency (.3 times/d) did not appear to attenuate the higher T2D risk associated with irregular breakfast
consumption. Contrarily, for irregular breakfast consumption
pattern, increased eating frequency was associated with a higher
T2D risk; these associations were partially mediated by BMI.
Studies of breakfast consumption and chronic disease risk have
yielded inconsistent results (5).Whereas several observational
studies have shown an inverse association between breakfast
consumption and BMI (30, 31), the limited evidence from randomized controlled trials does not support an effect of breakfast
consumption on weight loss (32, 33). In one trial in 52 moderately
obese women (32), no difference in weight loss was found between the groups with and without breakfast. In another randomized trial in 10 healthy lean women (33), no difference in
body weight was found between the 2 groups (eating compared
with skipping breakfast) during 14 d. In a randomized crossover
trial, men who regularly consumed breakfast had better metabolic
and endocrine responses in response to foods consumed later
during the day than did those who skipped breakfast (34). Our
findings on breakfast consumption and T2D risk in women are
consistent with what was found in a cohort of US men (6).
In a pilot study conducted in healthy overweight adults (20–
40 y of age) and in children (9–13 y of age), both breakfast
frequency (daily consumption compared with plain water) and
quality (breakfast meals with a low glycemic index) were independently associated with appetite control and glycemic
control (35). Other cohort studies found that consumption of
whole-grain, but not refined-grain, cereal is associated with
a lower BMI and insulin concentrations (36, 37). In our previous
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BMI (mean BMI: 25.3), whereas women who ate 4–9 times/d
and consumed breakfast 0–6 times/wk (mean BMI: 27.4) had the
highest BMI. Additional eating occasions did not seem to
compensate for skipping breakfast. In fact, eating 4–9 times/d
was associated with an increased T2D risk for those who consumed breakfast 0–6 times/wk (multivariate RR: 1.47; 95% CI:
1.23, 1.75). These associations were attenuated but remained
significant after adjustment for BMI (multivariate RR: 1.24;
95% CI: 1.04, 1.48).
We also examined interactions with potential effect modifiers.
No significant interaction was found between breakfast consumption and BMI (P-interaction = 0.83), working rotating shift
(P-interaction = 0.42), cereal fiber intake (P-interaction = 0.74),
glycemic load (P-interaction = 0.47), or AHEI-2010 (Pinteraction = 0.51). The only significant interactions were between breakfast consumption and each of age (,65 or $65 y;
P-interaction , 0.01) and working status (part-time or full-time;
P-interaction = 0.02); both remained significant even after BMI
was added to the model (data not shown). In our sample, 69% of
women were $65 y of age, of whom 5% worked full time, and
31% were ,65 y of age, of whom 38% worked full time.
Among women ,65 y of age, those who did not consume
breakfast daily had a 50% higher risk of T2D than did women
who did (multivariate RR: 1.50; 95% CI: 1.24, 1.81); however,
this association was not significant among older women (multivariate RR: 1.14; 95% CI: 0.98, 1.33). The addition of BMI to
the model did not alter the significance and strength of these
associations (data not shown). Moreover, among women who
worked full time, those who did not consume breakfast regularly
had a 54% higher risk of T2D (multivariate RR: 1.54; 95% CI:
1.19, 1.99) compared with women who ate breakfast daily. This
association was weaker among women who did not work full
time (multivariate RR for the same comparison: 1.20; 95% CI:
1.05, 1.37) and lost significance when we added BMI to the
model (multivariate RR: 1.12; 95% CI: 0.98, 1.28). Although the
interaction between breakfast consumption and AHEI-2010 was
not significant, the highest risk of T2D was seen for the combination of not eating breakfast regularly and having the lowest
AHEI (Figure 1). This value also reflects that eating breakfast
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analysis in men (6), diet quality as reflected by prudent dietary
patterns, glycemic load, or cereal fiber intake did not modify the
inverse association between breakfast consumption and T2D. In
the current study, AHEI-2010, glycemic load, and cereal fiber
intake did not modify that association either. These results
suggest that breakfast consumption itself confers independent
metabolic effects above and beyond the role of dietary quality,
particularly because women who consumed breakfast regularly
and had the worst AHEI-2010 score did not have a significantly
higher risk of T2D. Nonetheless, our results suggest that the
combination of poor diet quality (lowest quintile of AHEI-2010
score) with a poor meal pattern (irregular breakfast consumption) is particularly detrimental.
We did not observe an association between eating frequency
and T2D risk. Furthermore, when we combined breakfast consumption and eating frequency into one variable, increasing
eating occasions did not counteract the higher T2D risk emanating from irregular breakfast consumption, nor did it add any
further benefit when accompanied with regular breakfast consumption. In fact, there was an even higher T2D risk associated
with higher eating frequency and irregular breakfast consumption, which suggested that eating earlier in the day than later
could be beneficial for T2D risk. In contrast, increased meal
frequency was previously shown to be associated with a reduction
in serum lipid and insulin concentrations in healthy subjects (12)
and in subjects with T2D (38); however, such metabolic advantages occur only when total energy intake is held constant—a
phenomenon highly unlikely to occur in free-living individuals.
Even though we adjusted for total calorie intake in our analyses,
this is still a crude adjustment different from that of a controlled
feeding study in which total calorie intake could be predetermined. Moreover, none of the abovementioned studies (12,
38) examined the effect of omitting breakfast per se when
comparing the high and the low meal frequency patterns. Hence,

despite the observed metabolic advantages associated with
higher eating frequency (12, 38), additional advice should be
made on consuming breakfast regularly without increasing daily
calorie intakes beyond those needed.
Interestingly, the direct association between irregular breakfast
consumption and T2D risk was observed only among younger
women (,65 y of age). A potential interpretation is that other
age-related diseases could overshadow the potentially higher
T2D risk associated with eating habits. Furthermore, women
who worked full time and did not consume breakfast regularly
were at higher risk of T2D than were women who worked part
time and did not consume breakfast regularly. This finding could
have been a result of the work-related stress and its association
with elevated concentrations of glycated hemoglobin (39) and
the metabolic syndrome (40) among persons without diabetes.
We found no significant interaction between breakfast consumption and shift work, but our study may have been underpowered to examine this interaction. However, there is strong
evidence of a direct association between night shift work and
T2D (41), partially explained by a higher BMI and disturbed
circadian rhythms (42). Our findings suggest that night shift
work and skipping breakfast independently affect risk of T2D.
Breakfast is the first meal in the morning that breaks the fast.
Prolonged periods of fasting such as omitting breakfast, even at
a single occasion, can increase postprandial insulin resistance and
hyperinsulinemia in response to foods consumed at the next meal
(33, 34). In addition, skipping breakfast has been associated with
an increased risk of obesity (43). Nevertheless, the positive association between skipping breakfast and T2D observed in our
cohort remained elevated, although attenuated, after adjustment
for BMI, which suggests that the association is not completely
mediated via weight control.
The current study had several limitations. First, nondifferential
measurement error in our assessment of breakfast consumption
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FIGURE 1. Breakfast consumption and Alternative Healthy Eating Index 2010 in relation to risk of type 2 diabetes in the B and No B groups. Values are
RRs derived from Cox proportional hazards models (P-interaction = 0.51). All multivariate models were adjusted for age (in mo), family history of type 2
diabetes (yes or no), alcohol intake (0 to ,5, 5 to ,15, or $15 g/d), physical activity (1 to ,3, 3 to ,9, 9 to ,18, 18 to ,27, or $27 metabolic equivalent
h/wk or missing category), menopausal status and hormone use (premenopausal, postmenopausal and never used hormones, postmenopausal and current
hormone users, or postmenopausal and past hormone users), smoking status (never, past, current 1–14 cigarettes/d, current 15–24 cigarettes/d, current $25
cigarettes/d, or missing category), energy intake (kcal/d, continuous), cereal fiber intake (quintiles, g/d), and Alternative Healthy Eating Index 2010 (quintiles
or missing category). B, regular breakfast consumers (7 times/wk); No B, irregular breakfast consumers (0–6 times/wk).
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and eating frequency may have biased our results toward the null
(44). Breakfast consumption was self-reported and subject to a
subjective interpretation of what constitutes a breakfast; however,
our question specified that drinking coffee or tea alone was not
considered to be breakfast. Also, repeated assessment of the meal
frequency over a 6-y period would have reduced random withinperson error (16). Second, there was no information of the nutrient composition of the breakfast consumed. However, the
AHEI-2010 was used to reflect overall dietary quality. Third, the
question on eating frequency has not been validated and did not
differentiate meals from snacks; however, our question clarified
that beverages consumed without food such as juice and nondiet
soda, but not coffee and diet soda, should be included in the
eating frequency assessment. Fourth, it is well known that total
energy intake is substantially underreported by FFQs; thus, our
adjustment for energy intake is likely to be incomplete. Finally,
residual confounding is a concern in observational studies because breakfast eaters tend to have a healthy lifestyle and diet,
although we controlled for known and suspected risk factors
of T2D.
Despite these limitations, our study had several strengths. To
our knowledge, this was the first large prospective study to assess
the relation between breakfast consumption and T2D risk among
women. In addition, we examined combinations of eating patterns (eg, regular breakfast consumption and eating occasions) in
relation to T2D risk. Finally, we controlled for a wide variety of
potential confounders in our models. In conclusion, our findings
suggest that regular breakfast consumption may decrease T2D
risk in women. Further studies are needed to assess specific
breakfast foods and the change in breakfast consumption patterns
in relation to T2D risk.
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