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Abstract
Objective: To assess the association between breakfast energy and total daily
energy intake among individuals with type 2 diabetes.
Design: Cross-sectional study. Daily energy intake was computed from a 24 h
dietary recall. Multiple regression models were used to estimate the association
between daily energy intake (dependent variable) and quartiles of energy intake
at breakfast (independent variable), expressed in either absolute or relative
(percentage of total daily energy intake) terms. Orthogonal polynomial contrasts
were used to test for linear and quadratic trends. Models were controlled for sex,
age, race/ethnicity, BMI, physical activity and smoking. In addition, we used
separate multiple regression models to test the effect of quartiles of absolute and
relative breakfast energy on energy intake at lunch, dinner and snacks.
Setting: The 1999–2004 National Health and Nutrition Examination Survey (NHANES).
Subjects: Participants aged ≥30 years with self-reported history of diabetes
(n 1146).
Results: Daily energy intake increased as absolute breakfast energy intake
increased (linear trend, P< 0·0001; quadratic trend, P= 0·02), but decreased as
relative breakfast energy intake increased (linear trend, P< 0·0001). In addition,
while higher quartiles of absolute breakfast intake had no associations with energy
intake at subsequent meals, higher quartiles of relative breakfast intake were
associated with lower energy intake during all subsequent meals and snacks
(P< 0·05).
Conclusions: Consuming a breakfast that provided less energy or comprised a
greater proportion of daily energy intake was associated with lower total daily
energy intake in adults with type 2 diabetes.
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Overconsumption of energy is a known risk factor for the
development and progression of type 2 diabetes(1).
However, dietary modification, including energy restric-
tion, is a challenging aspect of diabetes management(2).
Thus, understanding dietary habits that are associated with
reduced daily energy intake is important for optimizing
management of type 2 diabetes. Consuming a healthy
breakfast might be one such habit. The benefit of eating
breakfast has been studied primarily compared with not
consuming breakfast. Yet, it is unclear whether a higher-
energy breakfast is associated with lower total daily
energy intake.

Several studies have shown associations between
breakfast eating v. skipping and a decreased risk of type 2

diabetes(3), less weight gain(4) and better insulin sensitivity
and lipid profiles(5). A possible explanation is that break-
fast consumption may prevent subsequent overeating(6).
However, while some studies reported that people who
eat breakfast consume less energy(5), data from other
studies did not support this finding(7–9). This inconsistency
suggests that, beyond just eating breakfast, the energy
content of breakfast may influence daily energy intake(10).

Few studies have tested the association between
breakfast energy and daily energy intake in free-living
conditions, using absolute (amount of energy eaten at
breakfast) and relative (proportion of breakfast energy to
total daily energy) measures. Data from observational
studies showed that consuming a higher-energy breakfast
(absolute measure) was associated with a greater daily
energy intake(11). Similarly, in a trial with a crossover† Present affiliation: St. Louis University, St. Louis, MO, USA.
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design among ten healthy men, consuming a high-energy
v. a low-energy breakfast over a 2-week period was
associated with a greater daily energy intake(12). Accord-
ingly, it has been recommended to eat less or even no
breakfast as a strategy to decrease daily energy intake.
Conversely, some researchers have argued against using
the absolute measure, stating that breakfast is a compo-
nent of daily intake, and that there would be a false
association between breakfast energy and daily energy
intake(13). With using the relative measure of breakfast,
however, a breakfast that comprised a greater percentage
of daily energy intake was associated with a lower(13,14) or
a higher(15) daily energy intake. Thus, another recom-
mended strategy to decrease daily energy intake is to eat a
greater proportion of daily energy at breakfast. It appears
that the expression of breakfast energy in absolute v.
relative terms has generally yielded opposite results with
respect to daily energy intake. While the absolute measure
reflects only breakfast energy, the relative measure reflects
energy eaten at subsequent meals as well.

The objectives of the present study were to evaluate
the effects of absolute and relative breakfast energy on
(i) daily energy intake and (ii) subsequent meals (lunch,
dinner and snacks) among people with type 2 diabetes.

Methods

Study population
We used data from the 1999–2004 National Health and
Nutrition Examination Survey (NHANES). NHANES is a
continuous cross-sectional survey of a nationally repre-
sentative sample of the non-institutionalized civilian US
population(16). The data were collected through household
interviews and physical examinations in mobile examina-
tion centres. As part of the medical history, participants were
asked about their history of diabetes: ‘Other than during
pregnancy, have you ever been told by a doctor or health
professional that you have diabetes or sugar diabetes?’ For
the current analysis we included participants with a positive
history of diabetes. Previous studies have shown the
specificity of self-reported diabetes to be 97%(17). Since the
questionnaire did not distinguish between type 1 and type 2
diabetes, respondents were excluded if they were aged less
than 30 years or had onset of diabetes or insulin treatment
before age 30 years, so that our sample primarily includes
individuals with type 2 diabetes. In addition, we excluded
individuals with values for energy intake outside the
range of 2092–14 644 kJ (500–3500 kcal) for women and
3347–16736 kJ (800–4000 kcal) for men(18).

Dietary information
Participants completed a 24 h dietary recall using a
computer-assisted dietary interview in NHANES 1999–
2001 and a fully computerized recall method in NHANES

2002–2004. In addition to recalling everything consumed
during the prior 24 h, participants were asked to name
each eating occasion. Dietary information, including
energy and nutrient contents of each food item, was
estimated by NHANES using US Department of Agriculture
food composition data(19). We computed daily energy
intake, overall and by meal (breakfast, lunch, dinner) and
snack, based on what participants named each eating
occasion.

Breakfast energy intake was expressed in absolute
(kilojoules) and relative (percentage of daily energy
intake) terms. We chose to compare these two different
approaches due to conflicting dietary recommendations.
The absolute measure allows for a more meaningful and
sensible recommendation than the relative measure. The
relative measure, on the other hand, might be more useful
when comparing individuals with different daily intake, in
whom using the absolute measure may produce false
results. For example, a 1674 kJ (400 kcal) breakfast
comprises only 13 % of daily intake in a person consuming
12 552 kJ (3000 kcal), but 22 % in a person consuming
7531 kJ (1800 kcal) daily. We categorized each measure in
quartiles in order to test for non-linear associations and
trends. For the absolute measure, breakfast energy was
categorized using sex-specific quartiles (Q) to account for
the difference in energy intake between men and women,
with Q1 indicating lowest and Q4 indicating highest
energy intake. For the relative measure, percentage of
daily energy intake at breakfast was calculated and cate-
gorized as quartiles. We treated the absolute and relative
measures equally, using separate statistical regression
models, as described below. Descriptive statistics were
presented for the quartiles of the relative measure.

Covariates
Covariates were factors previously found to be associated
with breakfast consumption or daily energy intake,
including age, sex, race/ethnicity, physical activity, BMI
and smoking(8,20). Age and BMI were continuous vari-
ables. Physical activity was estimated by questions about
leisure-time activity. For moderate and vigorous activities,
NHANES assigned metabolic equivalent of task (MET)
scores(16). Using the MET-h/week values, levels of physi-
cal activity were defined as inactive (0), slightly active (>0
and <9) and active (≥9), based on the recommendation
for moderate physical activity of 150 min/week(21),
which is about 9 MET-h/week. BMI was calculated from
measured weight and height. Self-reported smoking status
was either ‘current smoker’ or ‘non-smoker/ex-smoker’.
Clinical information, including diabetes duration and oral
diabetes medications, were used for descriptive statistics.

Statistical analysis
Statistical analyses were performed using the SAS statistical
software package version 9·2. For all analyses we used
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‘proc survey’ procedures, which included sampling weight
to account for the complex sampling design in NHANES.
Basic characteristics were compared between quartiles of
relative breakfast energy using χ2 analysis for frequencies
and ANOVA for means. We constructed age-adjusted
linear regression models to estimate the regression coeffi-
cients (β) and corresponding 95% confidence intervals for
the independent variable of quartiles of either absolute or
relative breakfast energy, with daily energy intake as out-
come. Models were controlled for the covariates sex, race/
ethnicity, physical activity, BMI and smoking, as described
above. Orthogonal polynomial contrasts were used to test
daily energy intake across quartiles of either absolute or
relative breakfast energy for linear and quadratic trends. In
addition, we used separate multiple regression models for
dependent variables (energy intake for lunch, dinner,
snacks), besides the main outcome of interest (total daily
energy intake), to test the effect of quartiles of absolute and

relative breakfast energy on intake at each eating occasion,
using the same covariates (age, sex, race/ethnicity, physical
activity, BMI and smoking).

Results

Of 1576 individuals with self-reported history of diabetes,
1146 persons were eligible for the current analysis. Of the
final study sample, 584 (51 %) were women. On average,
the mean energy consumed at breakfast and the mean
total daily energy intake were 1561 (SD 1134) kJ and 7142
(SD 2782) kJ, respectively. The mean relative contribution
of breakfast to total daily energy intake was 23 (SD 15) %.
Individuals in the highest quartile of relative breakfast
energy were, on average, older than those in the lowest
quartile (P< 0·0001; Table 1). Also, there was a significant
relationship between quartiles of absolute and relative

Table 1 Baseline characteristics of participants according to relative energy intake at breakfast (percentage of total daily energy intake)†;
adults aged ≥ 30 years with self-reported history of type 2 diabetes (n 1146), the 1999–2004 National Health and Nutrition Examination
Survey (NHANES)

Relative breakfast energy‡, quartile

All
participants

Q1
(<13%)

Q2 (13% to
<22%)

Q3 (22% to
<31%)

Q4
(≥31%)

Mean SE Mean SE Mean SE Mean SE Mean SE P value§

Age (years) 61·0 0·6 57·0 0·9 62·1 0·9 62·1 1·1 63·0 0·9 <0·0001
BMI (kg/m2) 32·0 0·3 33·0 0·6 32·0 0·5 31·0 0·5 32·0 0·7 0·15

n % n % n % n % n %

Sex, female 584 51 147 51 142 51 153 50 142 52 0·98
Race/ethnicity 0·006
Non-Hispanic White 449 66 109 65 147 74 107 64 86 55
Non-Hispanic Black 282 16 73 16 69 14 76 18 64 17
Mexican American 327 7 76 6 54 4 85 8 112 11
Other 87 12 28 13 17 8 19 11 23 17

Diabetes duration (years) 0·55
<5 years 264 39 69 39 78 45 63 35 54 36
5–10 years 218 30 59 31 59 30 54 30 46 28
>10 years 258 31 66 29 53 26 67 34 72 35

Diabetes medications 0·95
None 173 18 50 18 38 18 44 16 41 18
Oral agents 706 59 176 61 180 60 164 57 186 58
Insulin 151 14 32 10 42 13 44 17 33 15
Oral agents & insulin 111 9 28 10 27 9 33 10 23 8

Current smoking 0·25
No 961 82 224 77 244 85 252 83 241 81
Yes 184 18 62 23 43 15 35 17 44 19

Leisure-time physical activity (MET-h/week) 0·12
Inactive (0) 670 52 166 50 163 55 164 47 177 57
Slightly active (> 0 to <9) 343 31 81 30 90 31 85 31 87 34
Active (≥9) 132 16 39 19 34 14 38 22 21 9

Quartiles of absolute breakfast intake (kJ; females, males) <0·0001||
Q1 (0–745, 0–987) 286 26 231 79 48 13 6 2 1 1
Q2 (766–1259, 1008–1653) 287 27 47 19 142 48 75 29 23 6
Q3 (1264–1766, 1657–2335) 287 25 8 2 81 33 118 40 80 29
Q4 (1770–6079, 2339–7293) 286 21 0 – 16 6 88 29 181 65

MET, metabolic equivalent of task.
†Means and percentages were estimated by using sampling weight. Numbers for some variables do not add up to the total because of missing data.
‡Relative breakfast energy reflects breakfast energy as a percentage of total daily energy intake.
§P value for the difference between the means of Q1 and Q4 groups, or the distribution among the four quartiles.
||Because of the cells with frequency <5, cells were combined as Q1+Q2 and Q3+Q4 for both rows and columns, making a 2 ×2 table.
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breakfast energy (P< 0·0001). The distribution of clinical
and lifestyle factors did not differ between quartiles of
relative breakfast energy.

As absolute breakfast energy increased, daily energy
intake increased (Table 2). In multivariable analysis, daily
energy showed significant linear (P< 0·0001) and quadratic
(P=0·02) trends with breakfast energy. Compared with the
first quartile (Q1), Q3 and Q4 of breakfast energy were
associated with higher daily energy intake, with a sharp
increase beginning at Q3.

As relative breakfast energy increased, daily energy intake
decreased linearly, both in age-adjusted (P for trend=
0·0002) and multivariable (P for trend <0·0001) analyses
(Table 2). The inverse association between breakfast energy
and daily energy intake was observed when breakfast
comprised 22% or more of total daily energy intake (i.e. Q3
and Q4 of relative breakfast energy compared with Q1).
Among the covariates included in the model, greater relative
breakfast consumption was associated with male sex
(P<0·0001) and older age (P<0·0001).

We also assessed the influence of absolute and relative
breakfast energy on lunch, dinner and snack energy using
multivariate regression models (Fig. 1). Higher quartiles of
absolute breakfast energy had no observed associations
with lunch or dinner energy; whereas snack energy was
slightly lower (Fig. 1(a)). In contrast, higher quartiles of
relative breakfast energy were associated with lower total
daily energy intake, as well as lower energy intake at each
subsequent meal and snacks (Fig. 1(b)). Interestingly, mean
energy intakes at breakfast for the quartiles of relative
breakfast energy were similar to those of the absolute
measure. For example, mean energy consumed at breakfast
was 1715 kJ for Q3 of absolute intake and 1782 kJ for Q3
of relative intake; corresponding values for Q4 absolute
and Q4 relative were 3025 kJ and 2741 kJ, respectively.

Despite these similarities in breakfast energy intake, the
associations of breakfast quartiles with total daily energy
intake were opposite for the absolute and relative measures,
i.e. a positive association between quartiles of absolute
breakfast energy and total daily energy intake, but an
inverse association between quartiles of relative breakfast
energy and total daily energy intake.

Discussion

We assessed the association between breakfast energy
and daily energy intake among individuals with self-
reported diabetes from the NHANES 1999–2004 popula-
tion. The key findings were that, depending on whether
breakfast energy was expressed as an absolute or a rela-
tive quantity, breakfast energy had a positive or inverse
association, respectively, with daily energy intake. In
addition, consuming more absolute energy at breakfast
was not predictive of energy intake during subsequent
meals and snacks, which suggests that individuals may not
compensate for a high-energy breakfast by eating less
throughout the rest of the day. However, consuming a
relatively large breakfast, expressed as a proportion of
daily energy intake, appeared to be associated with lower
energy intake at each subsequent eating occasion
throughout the rest of the day.

We observed a quadratic association between breakfast
energy and total daily energy intake. Although we did not
include breakfast skipping as a separate group, our data
provide some information to explain the previous conflict-
ing results that eating v. skipping breakfast was associated
with similar(22,23), higher(8,24) or lower(5) daily energy intake.
We found that energy consumed at breakfast is positively
associated with daily energy intake at the higher quartiles

Table 2 Estimated linear regression coefficients (β) and 95% confidence intervals for absolute breakfast energy (kJ) and relative breakfast
energy (percentage of total daily energy intake), with total daily energy intake as the outcome; adults aged ≥30 years with self-reported
history of type 2 diabetes (n 1146), the 1999–2004 National Health and Nutrition Examination Survey (NHANES)

Age-adjusted Multivariable†

n β 95% CI β 95% CI

Absolute breakfast energy (kJ; females, males), quartiles
Q1 (0–745, 0–987) 286 Ref. – Ref. –

Q2 (766–1259, 1008–1653) 287 590 −155, 1335 427 −310, 1167
Q3 (1264–1766, 1657–2335) 287 920 289, 1556 879 285, 1481
Q4 (1770–6079, 2339–7293) 286 2364 1686, 3042 2301 1682, 2916

P for linear trend <0·0001 <0·0001
P for quadratic trend 0·07 0·02
Relative breakfast energy (% of total daily energy intake), quartiles
Q1 (<13%) 286 Ref. – Ref. –

Q2 (13% to <22%) 287 −230 −975, 510 −234 −904, 439
Q3 (22% to <31%) 287 −870 −1569, −167 −920 −1602, −234
Q4 (≥31%) 286 −1213 −1916, −510 −1159 −1728, −586

P for linear trend 0·0002 <0·0001
P for quadratic trend 0·80 0·99

Ref., referent category.
†Covariates: BMI, race/ethnicity, physical activity, smoking, age and sex.
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(Q3, Q4), but not the lower quartiles (Q1, Q2) of breakfast
energy. In other words, our results of a quadratic trend with
a near J-shaped association between energy eaten at
breakfast and daily energy intake suggest that the direction
of the association between breakfast and daily energy intake
depends on the number of kilojoules eaten at breakfast. This
indicates a threshold breakfast energy level, for example in
our sample 1715 kJ (Q3 mean), beyond which consuming
more energy is associated with higher daily energy intake.
Thus, contrary to a high-energy breakfast, a low- to
medium-energy breakfast may not contribute to higher daily
energy intake.

Two clinical trials have evaluated the influence of
breakfast energy on daily energy intake. In one study,
compared with skipping breakfast, consuming breakfast
ad libitum with an average of 2929 kJ (700 kcal) resulted
in greater daily energy intake(25). Similarly, in a crossover
trial, participants had significantly higher daily energy
intake when they consumed a high-energy breakfast
(2920 kJ) compared with either a low-energy (418 kJ) or an
ad libitum (mean 1923 kJ) breakfast(12). Consistent with
these findings, previous research also has shown that
eating more energy due to larger portion sizes at a meal/
snack is not completely compensated for during
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Fig. 1 Least square means from multivariable regression models for total daily energy intake and energy intakes at breakfast, lunch,
dinner and snacks, based on quartiles of (a) absolute breakfast energy (kJ; females, males: , Q1, 0–745, 0–987; , Q2, 766–
1259, 1008–1653; , Q3, 1264–1766, 1657–2335; , Q4, 1770–6079, 2339–7293) or (b) relative breakfast energy (percentage of
total daily energy intake: , Q1, <13%; , Q2, 13% to <22%; , Q3, 22% to < 31%; , Q4, ≥31%); adults aged ≥30 years with
self-reported history of type 2 diabetes (n 1146), the 1999–2004 National Health and Nutrition Examination Survey (NHANES).
*P< 0·05 in comparison to mean intake for the same meal occasion in the first quartile (Q1) of breakfast energy
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subsequent meals throughout the day, and thus can con-
tribute to an overall higher energy intake(26), especially in
overweight persons(27).

When breakfast energy was expressed as a percentage
of daily energy intake, our results were consistent with
some(13,14), but not all studies(15) showing that consuming
a higher proportion of daily energy at breakfast was
associated with lower daily energy intake. When inter-
preting relative intake, an important and practical question
is whether a higher relative breakfast intake corresponds
to a higher absolute energy intake at breakfast. One study
addressed this question by using both absolute and
relative measures of breakfast in an intra-individual
analysis(11). The authors reported that higher relative
breakfast energy was attributable primarily to lower
energy intake during other meals rather than to more
energy at breakfast. Therefore, our finding of an inverse
association between quartiles of relative breakfast energy
and total daily energy intake may not be merely because
of a higher absolute energy intake at breakfast.

It should be noted that with a fixed daily energy intake,
consuming a high-energy breakfast and a low-energy
dinner may be beneficial for managing body weight and
improving insulin resistance(28). However, to our knowl-
edge, there is no evidence in free-living persons indicating
that eating more energy at breakfast will result in a
spontaneous decrease in subsequent food intake to an
extent at least equal to the breakfast energy. Thus,
recommendations about breakfast consumption in adults
with type 2 diabetes should include consideration of
energy content. In addition, consuming a high-energy
breakfast may need to be combined with an intentional
restriction of other meals throughout the day.

Our findings suggest that the reason for the opposite
associations between the absolute and relative measures
of breakfast energy and total daily energy intake is due to
the difference between the two measures. In our study,
although quartiles of absolute and relative measures of
breakfast energy were related, breakfast energy in 310
participants (18 %) was in lower quartiles (Q1, Q2) with
one measure but in higher quartiles (Q3, Q4) with the
other measure, as shown in Table 1. This indicates that
consuming a large proportion of daily intake at breakfast
does not necessarily reflect consuming more energy at
breakfast and vice versa. What distinguishes the relative
measure from the absolute measure is that the relative
measure provides a measure of not only energy content of
breakfast, but also intake during subsequent meals.
Moreover, the association between breakfast energy and
total daily intake may depend more on the intake during
the subsequent meals, than on the absolute breakfast
energy per se.

One possible factor in suppression of subsequent intake,
and so increasing the relative contribution of breakfast, is
the protein content. Protein is the most satiating macro-
nutrient(29). Recent studies have shown that a high-protein

breakfast has additional benefits over a regular breakfast on
appetite control and energy intake among overweight
adolescents(23,30). To our knowledge, no trial tested the
effect of breakfast protein content in people with type 2
diabetes. However, studies have shown that a high-protein
diet resulted in better metabolic control among people with
type 2 diabetes(31). Another possible factor in suppression of
subsequent intake is the glycaemic index. Consuming a low-
glycaemic-index breakfast induced satiety, compared with a
high-glycaemic-index breakfast, among overweight and
obese individuals(32). Thus, consuming a low-energy, low-
glycaemic-index breakfast containing relatively higher pro-
tein may be a useful strategy to decrease daily energy intake
and to improve metabolic control in individuals with
diabetes.

The present study has limitations, including the cross-
sectional design and reliance on self-reported dietary
intake based on a single 24 h recall. It is possible that
actual intakes were underestimated, especially because
obese individuals, who compromised about half of our
sample, tend to under-report their energy intake(33).
However, it is unlikely that under-reporting affected our
conclusions because breakfast intake was likely under-
reported to a similar extent as other eating occasions
throughout the day. Despite these limitations, the major
strengths of the study include a large sample from a
nationally representative data set, evaluation of both
absolute and relative measures of breakfast intake and
statistical models that explored both linear and quadratic
trends.

Conclusion

In conclusion, the present study indicates that higher rela-
tive breakfast energy intake was associated with lower total
daily energy intake in a national sample of individuals with
type 2 diabetes. Breakfast characteristics that were asso-
ciated with lower total daily energy intake were either a
rather low-energy breakfast or a breakfast of any energy
level that comprised a greater proportion of daily energy
intake. Thus, recommendations regarding breakfast intake
need to be more specific, particularly in individuals with
type 2 diabetes. Recommendations should consider break-
fast intake in relation to the other meals of the day (e.g.
increasing the contribution of breakfast to total daily energy
intake). Intervention studies are needed to evaluate the
observed associations. In addition, future studies in indivi-
duals with type 2 diabetes should examine other dietary
factors that influence energy intake and metabolic control,
such as breakfast macronutrient content and energy density.
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