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Association of Skipping Breakfast With
Cardiovascular and All-Cause Mortality
Shuang Rong, MD, PHD,a,b Linda G. Snetselaar, PHD,b Guifeng Xu, MD,b Yangbo Sun, MD, PHD,b Buyun Liu, MD, PHD,b
Robert B. Wallace, MD,b Wei Bao, MD, PHDb,c,d

ABSTRACT
BACKGROUND Skipping breakfast is common among U.S. adults. Limited evidence suggests that skipping breakfast is
associated with atherosclerosis and cardiovascular disease.
OBJECTIVES The authors sought to examine the association of skipping breakfast with cardiovascular and all-cause mortality.
METHODS This is a prospective cohort study of a nationally representative sample of 6,550 adults 40 to 75 years of age
who participated in the National Health and Nutrition Examination Survey III 1988 to 1994. Frequency of breakfast
eating was reported during an in-house interview. Death and underlying causes of death were ascertained by linkage
to death records through December 31, 2011. The associations between breakfast consumption frequency and
cardiovascular and all-cause mortality were investigated by using weighted Cox proportional hazards regression models.
RESULTS Among the 6,550 participants (mean age 53.2 years; 48.0% male) in this study, 5.1% never consumed
breakfast, 10.9% rarely consumed breakfast, 25.0% consumed breakfast some days, and 59.0% consumed breakfast
every day. During 112,148 person-years of follow-up, 2,318 deaths occurred including 619 deaths from cardiovascular
disease. After adjustment for age, sex, race/ethnicity, socioeconomic status, dietary and lifestyle factors, body mass
index, and cardiovascular risk factors, participants who never consumed breakfast compared with those consuming
breakfast everyday had hazard ratios of 1.87 (95% conﬁdence interval: 1.14 to 3.04) for cardiovascular mortality
and 1.19 (95% conﬁdence interval: 0.99 to 1.42) for all-cause mortality.
CONCLUSIONS In a nationally representative cohort with 17 to 23 years of follow-up, skipping breakfast was
associated with a signiﬁcantly increased risk of mortality from cardiovascular disease. Our study supports the
beneﬁts of eating breakfast in promoting cardiovascular health. (J Am Coll Cardiol 2019;73:2025–32)
© 2019 by the American College of Cardiology Foundation.
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energy intake <500 kcal or >5,000 kcal, 6,550 sub-

hypertension (7,8), type 2 diabetes (9,10),

jects were included as the analytical sample.

BMI = body mass index
CDC = Centers for Disease
Control and Prevention

CI = conﬁdence interval

metabolic syndrome (11), coronary heart dis-

CVD = cardiovascular disease

ease (12), and cerebrovascular disease (13). It

HEI–2010 = Healthy Eating

is imperative to understand the long-term

Index–2010

health impact of skipping breakfast on cardio-

HR = hazard ratio

vascular mortality in the general population.

ICD = International Statistical

The aim of our study was to examine the

Classiﬁcation of Diseases

association of skipping breakfast with cardio-

NCHS = National Center for
Health Statistics

vascular and all-cause mortality in a nationally

NDI = National Death Index

representative cohort in the United States.

NHANES = National Health and
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tion Examination Survey (NHANES), conducted by
the National Center for Health Statistics (NCHS) at the
Centers for Disease Control and Prevention (CDC), is a
large-scale, multistage, ongoing, nationally representative health survey of the civilian noninstitutionalized population in the United States (14–16).
Each survey participant completed a household
interview followed by a physical examination in a
center.

NHANES

has

been

approved by the NCHS Ethics Review Board. Written
informed consent was obtained from all participants.
In this study, we used data from NHANES III
(1988 to 1994), because information on breakfast
eating was available during that period. NHANES III
was conducted in two 3-year phases (1988 to 1991
and 1991 to 1994). Of the 39,695 participants in the
NHANES III, 33,994 (86%) were interviewed in their
by

trained

Linked

Mortality

File

through

the National Death Index with a probabilistic matching algorithm to determine the mortality status (19).
National Death Index is an NCHS centralized database
of all deaths in the United States. Data about underlying cause of death were used for case deﬁnition
according to the 9th Revision International Statistical

10th Revision (ICD-10). In order to adjust for changes

STUDY POPULATION. The National Health and Nutri-

homes

Public-Use

December 31, 2011, which was linked by the NCHS to

the remainder for case deﬁnition according to the

METHODS

examination

III

Classiﬁcation of Diseases (ICD-9) through 1998, and

SEE PAGE 2033

mobile

OUTCOME ASCERTAINMENT. We used the NHANES

staff.

Seventy-eight

percent

(30,818) of the selected persons were examined in the
mobile examination center, and an additional 493
persons were given a special, limited examination in
their homes. Detailed descriptions of NHANES III
procedures, interviewing, questionnaires and data
collection, quality control techniques, survey design,
nonresponse, and sample weighting have been
described extensively (17,18).

between the 2 coding systems, ﬁnal causes of deaths
occurring before 1999 were recorded into comparable
ICD-10–based underlying-cause-of-death groups (19).
The NCHS classiﬁed mortality from heart diseases,
including acute rheumatic fever and chronic rheumatic heart diseases (codes I00–I09), hypertensive
heart disease (codes I11), hypertensive heart and renal
disease (codes I13), ischemic heart diseases (codes
I20–I25) and other heart diseases (codes I26–I51), and
mortality from cerebrovascular disease (i.e., stroke)
(codes I60–I69) according to ICD-10 (20). We deﬁned
deaths from CVD as death from either heart disease or
cerebrovascular disease. Follow-up of participants
continued until death, with censoring at the time of
death for those who died of causes other than CVD, or
on December 31, 2011, for those who survived.
Follow-up time for each person was calculated as the
difference between the NHANES III examination date
and the last known date alive or censored from the
NHANES III mortality ﬁle.
EXPOSURE

MEASUREMENT. All participants were

asked “How often do you eat breakfast?” during the
household interview, and the possible answers
included “every day,” “some days,” “rarely,” “never,”
and “weekends only.” We merged the answer “weekends only” into the category “some days” for analysis.
Finally, the frequency of breakfast eating was classi-

We included participants 40 to 75 years of age who

ﬁed as “never,” “rarely,” “some days,” and “every day.”

were free of a history CVD or cancer disease at base-

COVARIATE ASSESSMENT. Information on age, sex,

line

information

race/ethnicity, family income, smoking status, alco-

including underlying cause of death. Considering in-

holic intake, and physical activity was collected using

dividuals at exceptionally high risk of death may

standardized questionnaires during interviews. Race/

and

had

mortality

follow-up

change their dietary intake, and therefore, their diet

ethnicity was classiﬁed as non-Hispanic white, non-

information may no longer represent their habitual

Hispanic black, Mexican American, or other. Marital

consumption, we excluded those who died within

status was categorized as married (married and living
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as married), widowed, divorced, and single (never

lipoprotein cholesterol level <40 mg/dl based on

married and separated). Family income-to-poverty

recommendations by the National Cholesterol Edu-

ratios were categorized as #1.30, 1.31 to 3.50, and

cation Program Adult Treatment Panel III (27).

>3.50. A higher income-to-poverty ratio represents a

STATISTICAL

higher family income status. Participants were categorized as nonsmoker, past smoker, and current
smokers based on their responses to questions about
smoking at least 100 cigarettes during their lifetime
and whether they were currently smoking. The
amount of alcohol consumed was determined based
on the responses to 2 survey queries that questioned
the number of days of drinking over the past
12 months and the number of drinks per day on a
given drinking day (21). Current alcohol intake was
categorized as none (0 g/day), moderate drinking (0.1
to 27.9 g/day for men and 0.1 to 13.9 g/day for
women), and heavy drinking ($28 g/day for men
and $14 g/d for women) (22). For physical activity,
the inactive group was deﬁned as those with no reported leisure time physical activity, the active group
was deﬁned as those who had recommended levels of
physical activity (23) (i.e., self-reported leisure time
moderate activity [metabolic equivalents ranging
from 3 to 6] of 5 or more times per week or leisure
time vigorous activity [metabolic equivalents >6] 3 or
more times per week), and the insufﬁciently active
group was deﬁned as those who were not inactive and
did not meet the criteria for recommended levels of
physical activity. Dietary information was collected
through 24-h dietary recall interviews. Total energy

ANALYSIS. All

statistical

analyses

accounted for the complex, multistage, stratiﬁed, and
cluster-sampling design (including oversampling of
certain subpopulations) of NHANES by using sample
weights,

strata,

and

primary

sampling

units

embedded in the NHANES data. Means and proportions of baseline characteristics were compared by
using linear regression for continuous variables and
logistic regression for categorical variables. The associations between breakfast consumption frequency
and cardiovascular and all-cause mortality were
investigated by using Cox proportional hazards
regression models with the following covariates: age,
sex, and race/ethnicity (model 1); model 1 plus marital
status, family income level, smoking status, alcohol
intake, and physical activity (model 2); model 2 plus
total energy intake and overall diet quality indicated
by HEI–2010 (model 3). We further adjusted for BMI,
hypertension (yes/no), diabetes (yes/no), and dyslipidemia (yes/no) in a separate model (model 4). We
have checked model assumptions for all the analyses.
All statistical analyses were conducted using survey
modules of SAS software version 9.4 (SAS Institute,
Cary, North Carolina). Two-sided p values <0.05 was
considered statistically signiﬁcant.

RESULTS

intake was calculated using the U.S. Department of
Agriculture Automated Multiple-Pass Method. We

Among the 6,550 participants 40 to 75 years of age

used the Healthy Eating Index–2010 (HEI–2010) to

(mean age 53.2 years, SE ! 0.3; 48.0% male) in this

indicate the overall quality of diet (HEI–2010 score
from 0 to 100, with 100 being the best-quality diet)
(24).
Measurements of height, weight, and blood pressure were performed following a standardized pro-

study, 5.1% (n ¼ 336) never consumed breakfast,

10.9% (n ¼ 713) rarely consumed breakfast, 25.0%

(n ¼ 1,639) consumed breakfast some days, and 59.0%
(n ¼ 3,862) consumed breakfast every day. During

112,148 person-years of follow-up (median follow-up

tocol. Body mass index (BMI) was calculated as

18.8 years; maximum follow-up 23 years), 2,318

weight in kilograms divided by height in meters

deaths occurred including 619 deaths from CVD. As

squared (kg/m 2, <25, 25 to 29.9, $30) (18). Hyper-

shown in Table 1, participants who never consumed

tension was deﬁned as currently taking antihyper-

breakfast were more likely to be non-Hispanic black,

tensive medication, or if not, having systolic blood

former smokers, heavy drinkers, unmarried, physi-

pressure level $130 mm Hg and/or diastolic blood

cally inactive, and with less family income, lower

pressure level $80 mm Hg, according to the 2017

total energy intake, and poorer dietary quality, when

American College of Cardiology/American Heart As-

compared with those who regularly ate breakfast. As

sociation hypertension guidelines (25). Diabetes was

shown in Table 2, participants who never consumed

deﬁned as having been diagnosed with diabetes or

breakfast were more likely to have obesity, and

currently taking insulin or were taking diabetes pills,

higher total blood cholesterol level than those who

or having a hemoglobin A1c level $6.5% or a fasting

consumed breakfast regularly.

plasma glucose level $126 mg/dl (26). Dyslipidemia

Participants who never consumed breakfast were

was deﬁned as having a physician’s diagnosis or

at higher risk for death from CVD. After adjustment

currently taking cholesterol-lowering medications, or

for age, sex, and race/ethnicity, participants who

having a triglyceride level $150 mg/dl or high-density

never consumed breakfast had a 75% higher risk of

2027

2028

Rong et al.

JACC VOL. 73, NO. 16, 2019

Skipping Breakfast and Mortality

APRIL 30, 2019:2025–32

T A B L E 1 Baseline Demographic and Lifestyle Characteristics of the Study Population, According to the Frequency of

Breakfast Consumption
Frequency of Breakfast Consumption

Mean age, yrs
Sex, %
Male
Female
Race/ethnicity, %
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Marital status, %
Married
Widowed
Divorced
Single
Ratio of family income to poverty, %
#1.30
1.31–3.50
>3.50
Missing
Smoking status, %
Nonsmoker
Current smoking
Former smokers
Alcohol drinking status, %*
Nondrinker
Moderate drinking
Heavy drinking
Missing
Physical activity, %
Inactive
Insufﬁcient
Recommended level
Mean total energy intake, kcal/day
Mean HEI–2010

Every Day
(n ¼ 3,862)

Some Days
(n ¼ 1,639)

Rarely
(n ¼ 713)

Never
(n ¼ 336)

p Value

55.62 ! 0.31

49.47 ! 0.40

49.54 ! 0.40

52.82 ! 0.85

0.005

45.81 ! 1.05

52.59 ! 1.53

49.49 ! 3.06

46.40 ! 4.22

0.030

75.69 ! 1.75

79.18 ! 1.82

68.62 ! 4.14

<0.001

4.34 ! 0.35

3.57 ! 0.36

54.19 ! 1.05
79.77 ! 1.43

47.41 ! 1.53

7.98 ! 0.52

14.73 ! 1.09

8.09 ! 1.24

5.24 ! 1.12

4.16 ! 0.39

73.92 ! 1.01
7.80 ! 0.57

10.30 ! 0.90
7.89 ! 0.64
7.71 ! 0.73

34.59 ! 1.40

50.51 ! 3.06

11.56 ! 1.14

4.13 ! 0.75

14.05 ! 4.11

73.93 ! 1.58

73.24 ! 2.46

68.60 ! 4.08

11.43 ! 1.15

13.43 ! 1.88

12.43 ! 2.24

6.42 ! 0.81

6.94 ! 1.19

8.06 ! 0.91

6.31 ! 1.35

8.80 ! 1.32

9.26 ! 1.62

35.22 ! 1.90

12.30 ! 2.92

6.32 ! 1.56

7.23 ! 2.25

47.63 ! 1.40

36.00 ! 1.36

29.75 ! 2.95

17.56 ! 1.01

24.84 ! 3.32

33.73 ! 1.57

36.55 ! 3.59

26.86 ! 4.03

76.42 ! 1.24

72.11 ! 2.29

66.24 ! 3.41

70.12 ! 3.61

11.17 ! 1.01

15.92 ! 1.68

21.44 ! 2.52

17.22 ! 2.53

4.44 ! 0.64
13.84 ! 0.96

8.03 ! 1.09

7.98 ! 1.93

3.95 ! 0.84

4.34 ! 1.19

14.76 ! 1.30

15.56 ! 1.58

7.59 ! 2.69

28.34 ! 2.55

50.00 ! 2.49

34.93 ! 2.94

2,010.85 ! 24.99

2,097.99 ! 32.81

2,022.21 ! 43.43

1,733.58 ! 54.70

68.08 ! 0.40

61.30 ! 0.58

34.44 ! 2.57

60.40 ! 0.67

<0.001

5.07 ! 1.27

50.95 ! 1.66
34.29 ! 1.63

<0.001

48.30 ! 4.32

41.39 ! 1.59
44.77 ! 1.77

0.193

38.71 ! 3.56

33.70 ! 3.21

7.96 ! 0.78

30.27 ! 1.52

8.65 ! 3.49

41.76 ! 3.96

50.56 ! 3.43

5.59 ! 0.84

0.593

9.99 ! 2.10

33.87 ! 2.54

50.39 ! 2.36

34.82 ! 1.09

13.20 ! 1.67

5.69 ! 1.32

50.45 ! 1.88
7.25 ! 0.55

53.60 ! 4.22

36.74 ! 4.19
57.53 ! 1.17

<0.001

<0.001
<0.001

Values are weighted mean ! SE for continuous variables or weighted % ! SE for categorical variables. *Nondrinker: 0 g/day; moderate drinking: 0.1 to 27.9 g/day for men and
0.1 to 13.9 g/day for women; heavy drinking: $28 g/day for men and $14 g/day for women.
HEI–2010 ¼ Healthy Eating Index–2010.

all-cause mortality (hazard ratio [HR]: 1.75; 95% conﬁdence interval [CI]: 1.46 to 2.10) and 2.58-fold higher

We

further

examined

the

associations

of

breakfast eating with heart disease–speciﬁc and

risk of cardiovascular mortality (HR: 2.58; 95% CI:

stroke-speciﬁc

1.64 to 4.06) compared with those who consumed

Compared with those who consumed breakfast

breakfast every day. In the fully adjusted model, the

every

multivariable-adjusted HRs for all-cause mortality

breakfast had a higher risk of heart disease–speciﬁc

and cardiovascular mortality for participants who

mortality (HR: 2.34; 95% CI: 1.44 to 3.80) and

never consumed breakfast were 1.19 (95% CI: 0.99 to

stroke-speciﬁc mortality (HR: 3.53; 95% CI: 1.40 to

1.42) and 1.87 (95% CI: 1.14 to 3.04), respectively

8.95) in models adjusted for age, sex, race/ethnicity

(Table 3, Central Illustration). Sensitivity analysis

(Table 4). In the fully-adjusted model, the associa-

excluding participants with diabetes yielded similar

tion between skipping breakfast and heart disease-

results for both all-cause mortality and CVD mortality

speciﬁc mortality was moderately attenuated and

(data not shown).

became non-signiﬁcant (HR: 1.59; 95% CI: 0.90 to

day,

mortality

participants

separately
who

never

(Table

4).

consumed
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T A B L E 2 Distribution of CVD Risk Factors of the Study Population, According to the Frequency of Breakfast Consumption

Frequency of Breakfast Consumption
CVD Risk Factors

Every Day
(n ¼ 3,862)

Some Days
(n ¼ 1,639)

37.45 ! 1.44

33.88 ! 1.70

25.23 ! 1.16

28.65 ! 1.74

76.46 ! 0.23

77.45 ! 0.41

Rarely
(n ¼ 713)

Never
(n ¼ 336)

38.34 ! 3.13

35.09 ! 3.75

27.65 ! 2.50

34.21 ! 4.16

p Value

BMI categories, %
<25.0
25.0–29.9
$30.0
Hypertension, %
DBP, mm Hg
SBP, mm Hg
Diabetes, %
Fasting glucose, mg/dl
Dyslipidemia, %
TC, mg/dl
LDL-c, mg/dl
HDL-c, mg/dl
TG, mg/dl

37.21 ! 1.23

54.97 ! 1.16

37.43 ! 2.07

33.98 ! 2.50

51.48 ! 1.76

53.21 ! 3.13

0.001

29.53 ! 3.41

53.15 ! 4.04

77.78 ! 0.50

0.050

77.14 ! 0.68

0.269

127.79 ! 0.48

125.10 ! 0.74

125.49 ! 0.86

127.50 ! 1.43

104.24 ! 0.90

100.84 ! 1.20

100.55 ! 2.02

107.56 ! 3.31

216.09 ! 1.41

214.05 ! 1.53

220.59 ! 2.02

225.72 ! 3.51

0.005

52.35 ! 0.98

50.98 ! 1.50

0.478

15.14 ! 0.99

46.70 ! 1.85

135.39 ! 1.61

50.81 ! 0.51

161.54 ! 4.77

10.75 ! 1.12

8.91 ! 1.58

46.90 ! 1.85

41.39 ! 2.60

135.72 ! 1.86

140.54 ! 2.58

49.74 ! 0.63

153.61 ! 3.59

0.919

17.13 ! 3.00

<0.001

47.75 ! 4.02

0.199

0.338

141.19 ! 6.55

148.03 ! 6.87

0.304

167.40 ! 7.41

0.690

Values are weighted % ! SE for categorical variables or weighted mean ! SE for continuous variables.

BMI ¼ body mass index; CVD ¼ cardiovascular disease; DBP ¼ diastolic blood pressure; HDL-c ¼ high-density lipoprotein cholesterol; LDL-c ¼ low-density lipoprotein
cholesterol; SBP ¼ systolic blood pressure; TC ¼ total cholesterol; TG ¼ triglycerides.

2.80). However, the association between skipping

breakfast skippers were found at increased risk for

breakfast and stroke-speciﬁc mortality remained

development of coronary artery disease and hyper-

signiﬁcant (HR: 3.39; 95% CI: 1.40 to 8.24).

tension in Western India (29). In addition, longitudi-

DISCUSSION
In this large prospective study of a nationally representative cohort with 17 to 23 years of follow-up,
we found that skipping breakfast was signiﬁcantly
associated with an increased risk of cardiovascular
mortality, especially stroke-speciﬁc mortality. The
association was independent of demographic, socioeconomic, dietary, and lifestyle factors; BMI; and

nal studies also showed that skipping breakfast
may have detrimental effects on cardiometabolic risk
factors, including general obesity, abdominal obesity,
metabolic syndrome, hypertension, and higher fasting insulin, total cholesterol, and low-density lipoprotein

cholesterol

concentrations

All-Cause Mortality in U.S. Adults 40 to 75 Years of Age
Frequency of Breakfast Consumption

To the best of our knowledge, this is the ﬁrst procardiovascular mortality. Our ﬁndings are generally
in line with previous studies on the relationship

Taken

T A B L E 3 Associations of Breakfast Consumption Frequency With Cardiovascular and

cardiovascular risk factors.
spective analysis of skipping breakfast and risk of

(6,11).

together, these studies as well as our ﬁndings

Every Day

Some Days

Rarely

Never

CVD mortality
Deaths/person-yrs
Unadjusted

415/64,594

114/29,290

49/12,655

41/5,609

1 (ref)

0.55 (0.39–0.77)

0.63 (0.39–1.01)

1.79 (1.02–3.15)
2.58 (1.64–4.06)

between breakfast eating and CVD incidence. A

Model 1

1 (ref)

1.09 (0.80–1.49)

1.29 (0.80–2.08)

cohort of male U.S. health professionals showed that

Model 2

1 (ref)

0.96 (0.70–1.32)

1.10 (0.67–1.81)

1.93 (1.16–3.19)

men who skipped breakfast had a 27% higher risk of

Model 3

1 (ref)

0.94 (0.67–1.31)

1.10 (0.67–1.80)

1.84 (1.12–3.03)

Model 4

1 (ref)

0.95 (0.67–1.33)

1.13 (0.68–1.86)

1.87 (1.14–3.04)

coronary heart disease compared with men who ate
breakfast (12). Another prospective cohort study of a
Japanese general population indicated 14%, 18%,
and 36% greater risks for incident total CVD, total
stroke, and hemorrhage stroke, respectively, among
those skipping breakfast (13). A cross-sectional analysis performed within the Progression of Early Sub-

All-cause mortality
Deaths/person-yrs
Unadjusted

1,533/64,594

462/29,290

198/12,655

125/5,609

1 (ref)

0.67 (0.56–0.80)

0.67 (0.53–0.84)

1.27 (0.99–1.64)

Model 1

1 (ref)

1.18 (1.01–1.38)

1.22 (0.95–1.55)

1.75 (1.46–2.10)

Model 2

1 (ref)

1.01 (0.86–1.19)

1.01 (0.77–1.30)

1.23 (1.02–1.49)

Model 3

1 (ref)

1.00 (0.84–1.18)

0.98 (0.75–1.27)

1.17 (0.96–1.42)

Model 4

1 (ref)

1.00 (0.85–1.18)

0.99 (0.76–1.28)

1.19 (0.99–1.42)

clinical Atherosclerosis study indicated that skipping
breakfast was associated with increased odds for
prevalent noncoronary and generalized atherosclerosis independently of the presence of conventional
cardiovascular risk factors (28). Recently, habitual

Values are n or weighted hazard ratio (95% conﬁdence interval). Model 1: adjusted for age, sex, and race/
ethnicity. Model 2: model 1 þ marital status, family income level, smoking status, alcohol intake, physical activity.
Model 3: model 2 þ total energy intake and overall diet quality indicated by Healthy Eating Index-2010. Model 4:
model 3 þ body mass index, hypertension, diabetes mellitus, and dyslipidemia.
CVD ¼ cardiovascular disease.
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C E NTR AL IL L USTR AT IO N Hazard Ratios for Mortality From All Causes, Cardiovascular Disease, Heart Disease,
and Stroke Based on Frequency of Breakfast Consumption

Hazard Ratios (95% CI)

Cause of Death
Cardiovascular disease
Every day

1 (ref)

Some days

0.95 (0.67 to 1.33)

Rarely

1.13 (0.68 to 1.86)

Never

1.87 (1.14 to 3.04)

All-cause
Every day

1 (ref)

Some days

1.00 (0.85 to 1.18)

Rarely

0.99 (0.76 to 1.28)

Never

1.19 (0.99 to 1.42)

Heart disease
Every day

1 (ref)

Some days

0.90 (0.61 to 1.34)

Rarely

1.22 (0.72 to 2.08)

Never

1.59 (0.90 to 2.80)

Stroke
Every day

1 (ref)

Some days

1.11 (0.53 to 2.32)

Rarely

0.66 (0.26 to 1.66)

Never

3.39 (1.40 to 8.24)
–1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Hazard Ratios and 95% Confidence Interval

Rong, S. et al. J Am Coll Cardiol. 2019;73(16):2025–32.

Hazard ratios were adjusted for age, sex, race/ethnicity, marital status, family income level, smoking status, alcohol intake, physical activity, total energy intake, overall
diet quality indicated by Healthy Eating Index–2010, body mass index, hypertension, diabetes mellitus, and dyslipidemia. Horizontal lines represent 95% conﬁdence
intervals. CI ¼ conﬁdence interval.

underscore the importance of eating breakfast as a

effects of caloric restriction on reducing the risk of

simple way to promote cardiovascular health and

chronic

prevent cardiovascular morbidity and mortality.

mechanisms may explain how skipping breakfast may

diseases

and

mortality

(30,31).

Several

Skipping breakfast is related to less daily total en-

induce cardiometabolic abnormalities and ultimately

ergy intake. In this study, participants who never

lead to cardiovascular mortality. First, skipping

consumed breakfast had 14% less daily total energy

breakfast, which is related to changes in appetite and

intake, compared with those who consumed breakfast

decreased satiety, might lead to overeating later and

every day. However, the reduced calorie intake may

impairment in insulin sensitivity (32–34). By contrast,

not explain the observed association between skip-

eating breakfast has a beneﬁcial effect on appetite

ping breakfast and higher risk of cardiovascular

regulation and also improves the glycemic response

mortality, because animal studies and some previous

at the next eating occasion with increased sensitivity

epidemiological studies have reported protective

to insulin (35,36). Second, skipping breakfast was

Rong et al.

JACC VOL. 73, NO. 16, 2019

associated with stress-independent overactivity in
the hypothalamic-pituitary-adrenal axis because of a
longer period of fasting, leading to elevated blood

T A B L E 4 Associations of Breakfast Consumption Frequency With Heart Disease and

Stroke Mortality in U.S. Adults 40 to 75 Years of Age
Frequency of Breakfast Consumption

pressure in the morning (7). Eating breakfast has also
been shown to help lower blood pressure (37,38),
which in turn may prevent blood vessel clogging,
hemorrhage, and cardiovascular events. Third, skipping breakfast might also induce deleterious changes
in lipid levels, such as higher total cholesterol and
atherogenic low-density lipoprotein cholesterol concentrations, which are independent risk factors of
atherosclerosis (6,28). Fourth, skipping breakfast may
be a behavioral marker for unhealthy dietary and
lifestyle habits (39). However, in this study, we have
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Every Day

Some Days

Rarely

Never

Heart disease mortality
Deaths/person-yrs

312/64,594

88/29,290

39/12,655

33/5,609

Unadjusted

1 (ref)

0.55 (0.37–0.81)

0.71 (0.42–1.21)

1.61 (0.90–2.87)

Model 1

1 (ref)

1.09 (0.76–1.56)

1.45 (0.86–2.45)

2.34 (1.44–3.80)

Model 2

1 (ref)

0.94 (0.65–1.36)

1.22 (0.71–2.09)

1.71 (0.99–2.98)

Model 3

1 (ref)

0.90 (0.62–1.33)

1.19 (0.69–2.03)

1.58 (0.90–2.78)

Model 4

1 (ref)

0.90 (0.61–1.34)

1.22 (0.72–2.08)

1.59 (0.90–2.80)

Stroke mortality
Deaths/person-yrs
Unadjusted

103/64,594

26/29,290

10/12,655

8/5,609

1 (ref)

0.55 (0.29–1.05)

0.32 (0.14–0.73)

2.57 (0.90–7.35)
3.53 (1.40–8.95)

Model 1

1 (ref)

1.09 (0.55–2.12)

0.66 (0.28–1.55)

including smoking, alcohol drinking, physical activ-

Model 2

1 (ref)

1.01 (0.51–2.00)

0.59 (0.24–1.46)

2.99 (1.21–7.40)

Model 3

1 (ref)

1.07 (0.53–2.15)

0.64 (0.26–1.59)

3.25 (1.34–7.90)

ity, total energy intake, and overall diet quality, and

Model 4

1 (ref)

1.11 (0.53–2.32)

0.66 (0.26–1.66)

3.39 (1.40–8.24)

adjusted for a variety of dietary and lifestyle factors

the association between skipping breakfast and cardiovascular mortality remained signiﬁcant.
STUDY STRENGTHS. The major strengths of this

population-based study are the use of a nationally
representative sample, which facilitates generalization of the ﬁndings to the general population in the
United States, the long-term follow-up period of up to
23 years, and the low rates of unmatched records in
the NHANES III Linked Mortality File. In addition,
with the comprehensive data collected in NHANES III,
we were able to control potential confounding effects
from a variety of demographic, socioeconomic, lifestyle, and dietary factors.
STUDY LIMITATIONS. First, we did not have infor-

mation about what foods and beverages NHANES III
participants consumed for breakfast. Beyond the
health beneﬁts of eating breakfast compared with
skipping breakfast, it is interesting to understand
how different choices of foods and beverages for
breakfast will affect mortality risk. Second, we were
not able to assess the effects of changes in breakfast
eating habits during the follow-up on cardiovascular
and all-cause mortality, because information on
breakfast eating in NHANES III was collected only at
baseline. Third, the NHANES III Linked Mortality File
identiﬁed causes of death through linkage to the
National Death Index, which is based on death certiﬁcates. Although this approach has been previously
validated by the CDC and used in many CDC reports
or relevant published reports, we could not rule out
the possibility of errors in classiﬁcation of the cause
of death. Finally, although we have adjusted for many
potential confounders, we could not completely rule
out the possibility of residual confounding by unmeasured factors.

Values are n or weighted hazard ratio (95% conﬁdence interval). Model 1: adjusted for age, sex, and race/
ethnicity. Model 2: model 1 þ marital status, family income level, smoking status, alcohol intake, and physical
activity. Model 3: model 2 þ total energy intake and overall diet quality indicated by Healthy Eating Index-2010.
Model 4: model 3 þ body mass index, hypertension, diabetes mellitus, and dyslipidemia.

CONCLUSIONS
In this large prospective study of U.S. adults 40 to 75
years of age, we found that skipping breakfast was
signiﬁcantly associated with an increased risk of
death from CVD. Our study supports the beneﬁts of
eating breakfast in promoting cardiovascular health.
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PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE: Regularly skipping breakfast in a middle-aged and older population without
known CVD is associated with an increased risk of death from
CVD.
TRANSLATIONAL OUTLOOK: Further studies are needed to
elucidate the biological mechanisms underlying this association
to optimize the impact of a targeted intervention that might
improve cardiovascular health.
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