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The effect of breakfast type and frequency of consumption on
glycemic response in overweight/obese late adolescent girls
AY Alwattar1, JP Thyfault1,2 and HJ Leidy1

BACKGROUND/OBJECTIVES: The primary aim was to examine the daily glycemic response to normal-protein (NP) vs higher-
protein (HP) breakfasts in overweight adolescents who habitually skip breakfast (H-BS). The secondary aim examined whether the
glycemic response to these meals differed in H-BS vs habitual breakfast consumers (H-BC).
SUBJECTS/METHODS: Thirty-five girls (age: 19 ± 1 year; body mass index: 28.4 ± 0.7 kg/m2) participated in the semi-randomized
crossover-design study. The participants were grouped according to habitual breakfast frequency. H-BS (n= 20) continued to skip
breakfast (BS) or consumed a NP (12 g protein) or HP (32 g protein) breakfast for 3 days, whereas the H-BC (n= 15) completed the
NP and HP breakfast conditions for 3 days. On day 4 of each pattern, an 8 h testing day was completed. The respective breakfast
and a standard lunch meal were provided, and plasma was collected to assess morning, afternoon, and total glucose and insulin
area under the curves (AUC).
RESULTS: In H-BS, the addition of a HP breakfast increased total glucose AUC vs BS (Po0.05), whereas NP breakfast increased total
insulin AUC vs BS (Po0.05). In H-BC, the HP breakfast reduced morning, afternoon and total glucose AUCs vs NP (all, Po0.05). No
differences in insulin were detected. When comparing the HP–NP differential glycemic responses between groups, H-BS
experienced greater afternoon and total glucose AUCs following HP vs NP breakfasts (both, Po0.05). No differences in insulin
responses were observed between groups.
CONCLUSIONS: Novel differences in the glucose response to HP vs NP breakfasts were observed and were influenced by the
frequency of habitual breakfast consumption in overweight adolescents.
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INTRODUCTION
Skipping breakfast has typically been associated with increased body
mass index, weight gain and obesity; however, recent evidence also
illustrates a strong association with poor glucose control and an
increased risk for developing type 2 diabetes (T2D).1–3 Several acute,
controlled feeding studies further support these associations.3,4

Specifically, according to Jovanovic et al.,3,4 the consumption of
breakfast led to a significantly lower post-lunch rise in plasma
glucose in healthy, normal weight and obese, diabetic individuals.3

Thus, these data suggest that the consumption of breakfast
improves the glycemic response at the next eating occasion.3,4

A key dietary factor to consider within the breakfast
meal includes the macronutrient composition of the meal.
Postprandial glucose concentrations are altered by both the
amount and type of carbohydrate (CHO) consumed within the
meal.5 Jenkins et al. reported improvements in afternoon CHO
metabolism following the consumption of low-glycemic index
breakfast meals containing either fiber or slowly absorbed
CHO.6,7 Blunted glucose and insulin responses were observed
following the consumption of low-glycemic index breakfast
meals compared with a high-glycemic index breakfast meals.6,7

Increased dietary protein has also been proposed to reduce
postprandial glucose concentrations, as protein consumption
is known to stimulate insulin secretion.8,9 However, the
data is inconclusive with some,10–16 but not all studies,17–22

reporting blunted postprandial glucose and insulin responses

following the consumption of higher-protein (HP) vs normal-
protein (NP) breakfast meals. These conflicting findings may be
due to several key dietary factors including, but not limited to
protein type (animal vs plant) or food form (beverages vs solids),
which varied within and across studies. Furthermore, the
majority of the studies did not screen and/or control for the
frequency of breakfast consumption; thus, it is possible that
habitual breakfast skippers (H-BS) may respond differently to a
breakfast meal than habitual breakfast consumers (H-BC). For
example, Farshchi et al. found that breakfast skippers were more
likely to have poor glycemic control compared with breakfast
consumers.23 Lastly, it is also important to note that none of
these studies assessed the effect of protein at breakfast on the
glucose and insulin responses at the subsequent lunch meal.
Thus, the primary aim of this study was to examine the effects

of consuming a NP vs HP breakfast meal on the daily glucose
and insulin responses in overweight/obese adolescents who
habitually skip breakfast (BS). In addition, we also sought to
examine whether the glycemic responses to these meals
differed in H-BS compared with H-BC.

SUBJECTS AND METHODS
Experimental design
Thirty-five overweight and obese adolescent girls participated in the
following semi-randomized crossover-design breakfast study. The

1Department of Nutrition & Exercise Physiology, University of Missouri, Columbia, MO, USA and 2Department of Medicine, Division of Gastroenterology and Hepatology,
University of Missouri, Columbia, MO, USA. Correspondence: Dr HJ Leidy, Department of Nutrition & Exercise Physiology, University of Missouri, 307 Gwynn Hall, Columbia,
MO 65211, USA.
E-mail: leidyh@missouri.edu
Received 4 August 2014; revised 6 January 2015; accepted 8 January 2015; published online 25 February 2015

European Journal of Clinical Nutrition (2015) 69, 885–890
© 2015 Macmillan Publishers Limited All rights reserved 0954-3007/15

www.nature.com/ejcn

http://dx.doi.org/10.1038/ejcn.2015.12
mailto:leidyh@missouri.edu
http://www.nature.com/ejcn


participants were grouped according to habitual breakfast frequency. The
H-BS group randomly completed the following breakfast patterns at home
for 3 days: (1) BS; (2) consumption of NP breakfast meals; and (3)
consumption of HP breakfast meals. The H-BC group randomly completed
the following breakfast patterns at home for 3 days: (1) consumption of NP
breakfast meals and (2) consumption of HP breakfast meals. On the 4th
day of each pattern (for both groups), the participants came to the
University of Missouri in the morning to complete the respective 8-h
testing day. The participants began the testing day by completing their
respective breakfast pattern for a 4th morning. At 4-h post breakfast, a NP
lunch was provided. Blood samples were collected at specific times
throughout the 8-h testing day for assessment of plasma insulin and
glucose responses.

Study participants
Adolescent girls were recruited from the Columbia, MO, USA area through
advertisements, flyers and email list serves to participate in the study.
Eligibility was determined through the following inclusion criteria: (1) age
range of 13–20 years; (2) overweight to obese (body mass index:
25–34.9 kg/m2); (3) no metabolic or neurological diseases or other health
complications; (4) not been clinically diagnosed with an eating disorder;
(5) not currently or previously on a weight loss or other special diet in the past
6 months; (6) documented regular menstrual cycles between 21–36 days in
duration for the past 6 months. In addition, a dietary questionnaire was
completed to document weekly breakfast habits and/or specific foods
consumed. The H-BS group infrequently consumed breakfast (⩽ 2 break-
fast occasions/week), whereas the H-BC group frequently consumed a
CHO-rich (⩾ 80% of energy content as CHO as assessed using Nutritionist
Pro, Axxya Systems; Redmondrevise, WA, USA) breakfast (⩾5 eating
occasions/week). Thus, those that did not consume a CHO-rich breakfast
were excluded from participation. There was a 20% dropout rate from the
study because of time constraints and non-compliance to the breakfast
patterns.
Three hundred and fifty (350) teens were interested in participating in

the study. Twenty-five (25) H-BS and thirty-one (31) H-BC met the
screening criteria, were available for the 8-h testing days, and began the
study. Twenty (20) H-BS and fifteen (15) H-BC completed all study
procedures. Both groups included overweight, late adolescent girls that
showed normal fasting glucose and insulin concentrations (Table 1).
All participants and their parents (if participant was o18 years of age)

were informed of the study purpose, procedures and risks, and signed the
consent/assent forms. The study was approved by the MU Health Sciences
institutional review board. The participants received a stipend of $150/
testing day.

Breakfast patterns
The participants completed each breakfast pattern for a total of 4
consecutive days/pattern (three acclimation days/pattern and one testing
day/pattern). For the BS pattern (for the H-BS only), the participants
continued to skip the morning meal. For the NP and HP patterns (for both
groups), the participants were provided with specific breakfast meals and
asked to consume these at home (before school) between 7–9:30 am for
3 days. Throughout this period, the participants were permitted to eat ad
libitum throughout the remainder of each day. On Day 4, they completed
the respective testing day. There was a 7-day washout period in between
each of the breakfast patterns in which all participants returned to their
previous habitual breakfast behavior.
The dietary characteristics of the breakfast and lunch meals are shown in

Table 2. The breakfast meals were 350 kcals, which was ~ 18% of the total
energy intake estimated from the energy expenditure equations specific
for adolescents.24 The macronutrient composition of the NP breakfast
contained 15% protein, 65% CHO and 20% fat, whereas the HP breakfast
contained 40% protein, 40% CHO and 20% fat. In addition to being
matched for fat content, the breakfast meals were similar in energy
density, dietary fiber and sugar content. The HP meals included granola
and fruit-topped yogurt and a breakfast burrito comprised of a whole-grain
wrap, eggs, beef, cheese and salsa. The NP meals included a combination
of whole-grain cereals with milk, granola and fruit-topped yogurt, and a
mini bagel with cinnamon butter.
The NP lunch meal, provided in each testing day (for both groups) was

500 kcal, which was ~ 25% of the total energy intake.24 The macronutrient
composition of the lunch meals contained 15% protein, 65% CHO and
20% fat.

Testing day procedures
The participants reported to the research facility between 6 and 9 am after
an overnight fast to complete the 8-h testing day. Each participant was
seated in a reclining chair and, for the next 30min, was acclimated to the
room and became familiarized with the testing day procedures. A catheter
was then inserted into the antecubital vein of the non-dominant arm and
kept patient by saline drip throughout the remainder of the testing day. At
time − 15min, a baseline (fasting) blood sample was drawn. At time 0min,
a meal including water was provided during the NP and HP days and only
water during the BS day (for the H-BS only). The participants consumed the
meal and/or water within 30min. Blood sampling was completed
throughout the next 8-h. At +240min (that is, 4-h post breakfast), the
NP lunch was provided. Throughout the testing day, the participants were
permitted to use the restroom but otherwise remained seated in the
reclining chair. While they were reclining, they were permitted to watch
videos on the study laptop, read or do homework.

Repeated blood sampling and hormonal analyses
Nineteen (19) blood samples (4 ml/sample; 76 ml/testing day) were
collected throughout each 8-h testing day. Specifically, blood was
collected at − 15, +0, +30, +45, +60, +90, +120, +150, +180, +210, +240,
+270, +285, +300, +330, +360, +390, +420, +450min, with meals
consumed at +0min (breakfast) and +240min (lunch). The samples were
collected in test tubes containing ethylenediaminetetraacetic acid. Within
10min of collection, the samples were centrifuged at − 4 °C for 10min. The
plasma was separated and stored in microcentrifuge tubes at − 80 °C for
future analysis. Plasma glucose was measured through an in-house glucose
oxidase assay (Thermo Fisher Scientific, Waltham, MA, USA). Plasma insulin
was measured using the Milliplex MAP magnetic bead-based multi-analyte
assay (Millipore Corporation; St Charles, MO, USA; HMHMAG-34K).

Table 1. Participant characteristics

Subject characteristics Breakfast
skippers (n=20)

Breakfast
consumers
(n=15)

Age (year) 19± 1 19± 1
Height (cm) 167± 1 167± 2
Weight (kg) 79.6± 2.1 78.8± 2.6
BMI (kg/m2) 28.6± 0.7 28.3± 0.7
Frequency of breakfast
consumption (no./week)

6± 1 1± 1

First eating or drinking occasion
of the day

12:30± 0:15 pm 8:15± 0:10 am

Fasting glucose (pmol/l) 4.74± 0.18 4.78± 0.11
Fasting insulin (pmol/l) 80± 40 99± 14

Abbreviation: BMI, body mass index.

Table 2. Dietary characteristics of the breakfast and lunch meals

Breakfast
skipping
treatment

Normal-protein
breakfast
treatment

Higher-protein
breakfast
treatment

Breakfast
Energy (kcal) 0 350 350
Protein (g) 0 12± 2 32± 2
CHO (g) 0 59± 2 38± 2
Fat (g) 0 8± 0 8± 0

Lunch
Energy (kcal) 500 500 500
Protein (g) 17± 2 17± 2 17± 2
CHO (g) 83± 2 83± 2 83± 2
Fat (g) 11± 0 11± 0 11± 0

Abbreviation: CHO, carbohydrate.
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Data and statistical analyses
The following outcomes were determined for the plasma glucose and
insulin responses following each condition and within each group: 4 h
morning (0–4 h), 4 h afternoon (4–8 h) and total 8-h (0–8 h) net incremental
Area Under the Curve (AUC) were calculated from the fasting (baseline)
time point and the remaining points for each outcome. To compare the
between-group glycemic responses following the HP and NP meals, the HP
—NP difference scores were calculated for the morning, afternoon and
total glucose and insulin AUCs.
To address the primary aim, repeated measures analysis of variances

were performed to compare the main effects of breakfast condition
(BS, NP, HP) in the morning, afternoon, and total glucose and insulin
responses in the H-BS. When main effects were detected, pairwise
comparisons, using Fisher’s least significant difference, were applied.
To address the secondary aim, mixed factor analysis of variances were

performed to compare the main effects of breakfast condition (NP, HP),
group (H-BS, H-BC), and condition×group interactions for the glucose and
insulin AUC responses. When an interaction was detected, an independent
t-test was performed on the HP—NP difference scores for the glucose and
insulin responses between the habitual breakfast skippers vs breakfast
consumers.
Analyses were conducted using the Statistical Package for the Social

Sciences (SPSS; version 21.0; Chicago, IL, USA). Po0.05 was considered
statistically significant. All data are reported at mean± s.e.m.

RESULTS
The glucose and insulin responses throughout each of the
breakfast patterns for the H-BS and the H-BC are shown in
Figure 1. Figure 2 illustrates the HP—NP difference scores between

the H-BS vs H-BC. The line graphs illustrate the time course of
change, whereas Table 3 includes the morning, afternoon, and
total AUC measures.

Within-group comparisons
In the H-BS, a main effect of breakfast was detected for morning
and total glucose AUC (Po0.05). Post hoc pairwise comparisons
revealed that although both breakfasts led to a twofold increase in
morning glucose AUC vs BS (both, Po0.05), only the HP breakfast
increased total glucose AUC vs BS (Po0.05). No other differences
were detected. A main effect of breakfast was also detected for
morning and total insulin AUC (Po0.05). Post hoc pairwise
comparisons revealed that although both breakfasts led to a 12-
fold increase in morning insulin AUC vs BS (both, Po0.05), the HP
breakfast led to lower morning insulin AUC vs NP (Po0.05). In
addition, the NP breakfast led to a twofold increase in total insulin
AUC vs BS (Po0.05), whereas the HP breakfast did not.
In the H-BC, the HP breakfast meal led to a twofold reduction in

morning, afternoon and total glucose AUCs vs NP (all, Po0.05).
However, no differences in morning, afternoon or total insulin
AUCs were detected between breakfast meals.

Between-group HP—NP differences
Although no main effects of condition or group were detected,
condition × group interactions were detected for afternoon and
total glucose AUCs (both, Po0.05). As shown in Table 3, when
compared with the breakfast consumers, the breakfast skippers

Figure 1. Plasma glucose and insulin responses throughout the 8 h testing day following the various breakfast conditions in habitual breakfast
skippers and habitual breakfast consumers. (’) breakfast skipping (BS), (♦) normal-protein breakfast (NP), (J) high protein breakfast (HP).
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experienced greater afternoon and total glucose AUC following
the HP breakfast vs the NP breakfast (both, Po0.05). This is
illustrated by the greater afternoon and total glucose HP—NP
differences (Table 3 and Figure 2). No main effects of condition,
group or interactions were detected for any of the insulin
outcomes.

DISCUSSION
We sought to examine the effects of increased dietary protein at
breakfast on the glucose and insulin responses throughout the
day in overweight/obese adolescent girls who habitually skip
breakfast as well as those who habitually eat breakfast. We
demonstrated that the addition of breakfast, regardless of
macronutrient content, had no effect on the post-lunch glucose
and insulin responses in habitual breakfast skippers. However,
habitual breakfast frequency (whether the participants frequently
consumed or skipped) significantly modulated the post-lunch and
total glucose responses to the normal-protein vs higher-protein
breakfast meals. Specifically, compared with the habitual breakfast
consumers, the habitual breakfast skippers experienced greater
afternoon and daily glucose responses following the higher-protein
breakfast vs the normal-protein breakfast. Collectively, these data
illustrate novel differences in the glucose response to increased
dietary protein at breakfast, which were influenced by the frequency
of habitual breakfast consumption in overweight adolescents.
Acute, postprandial hyperglycemia, or glycemic excursions,

elicit detrimental effects on key indices of cardiovascular
function25,26 and is associated with an increased risk for the
development of T2D27 and cardiovascular complications.28–31

Thus, strategies to reduce postprandial hyperglycemia might be

beneficial in preventing the manifestation of T2D and cardiovas-
cular disease. One such strategy includes the addition of breakfast,
particularly one rich in protein. Breakfast skipping has been
negatively associated with poor glucose control and an increased
risk of developing T2D and cardiovascular disease.2,3 Thus, the
daily consumption of breakfast has been postulated to beneficially
modulate blood glucose control throughout the day.32

Jovanovic et al.3,4 conducted two randomized crossover-design
studies in normal-weight, healthy adults and in obese individuals
with T2D to examine the effects of skipping breakfast on markers
of glucose control and T2D risk factors. In the first study,3 post-
lunch metabolic responses were compared following the con-
sumption of a ~ 650 kcal breakfast containing 15 g protein, 106 g
CHOs and 18 g fat vs no breakfast in obese adults with T2D. In the
second study,4 post-lunch metabolic responses were compared
following the consumption of a larger meal (that is, 850 kcal)
containing 44 g protein, 103 g CHOs and 29 g fat vs no breakfast in
healthy, normal-weight adults. Compared with skipping breakfast,
the consumption of breakfast lowered the post-lunch rise in
plasma glucose by 73% in healthy, normal-weight subjects and
95% in those with T2D.3,4 The reduced glycemic control during a
subsequent meal when the prior meal is skipped has been termed
‘the second meal phenomenon’3,4 and has been postulated to
occur as a result of an increased glucose conversion into muscle
glycogen after lunch.4 Specifically, Jovanovic et al.4 reported a
50% increase in postprandial plasma glucose conversion to
muscle glycogen after lunch following breakfast compared with
when breakfast was skipped.
Unlike Jovanovic et al.,3,4 the current study did not detect

improvements in post-lunch glucose or insulin concentrations
following the addition of the normal-protein (high CHO) breakfast
in individuals who habitually skip breakfast. This discrepancy may
be due to several factors including age, habitual breakfast habits
and the varied breakfast characteristics. For example, the average
ages of the participants in the Jovanovic et al.3,4 studies were
56± 3 and 47± 4 years, whereas the current study was 19 ± 1 years
of age. This large difference in age could result in different
physiological responses in glycemic response.33,34 In addition, it is
unknown whether the participants in the Jovanovic et al. studies
were habitual breakfast skippers or habitual breakfast consumers.
In the current study, we observed that habitual breakfast skippers
experience lower circulating afternoon and daily glucose con-
centrations after the consumption of a normal-protein (high CHO)
breakfast compared with the breakfast consumers. Thus, fre-
quency of breakfast consumption appears to be an important
factor in glycemic responses to CHO-rich breakfast meals. More
studies are required to identify the mechanism-of-action by which
habitual breakfast patterns influence the physiological responses
to CHO-rich meals. Lastly, the Jovanovic et al. studies contained
large breakfasts (650–850 kcals) with ~ 100 g of CHOs. The current
study included only 350 kcal and 38–59 g CHOs. The effect of
energy and CHO content on these outcomes is supported by the
continued elevation in glucose (at 2 h post breakfast) in the
Jovanovic et al. studies, whereas the glucose responses in the
current study returned to baseline levels within 2 h. Collectively,
these data suggest that age, habitual breakfast habits and the size
and quality of the breakfast meal have a significant impact on the
second meal phenomenon.
The replacement of CHO with protein has been shown to

decrease the postprandial glucose and/or insulin responses (of
that meal) in some,10–16 but not all studies.17–22 However, glucose
and insulin responses were not assessed at the subsequent meal
in any of these studies. Thus, the current study was the first to
examine whether this response would extend into and contribute
to the ‘second meal phenomenon’. No differences in subsequent
meal glucose and insulin responses were observed with the
higher-protein breakfast in habitual breakfast skippers. However,
those that habitually consumed a CHO-rich breakfast exhibited

Figure 2. Plasma glucose and insulin differences throughout the 8 h
testing day following the high-protein breakfasts—normal-protein
breakfasts in habitual breakfast skippers vs breakfast consumers.
(♦) Breakfast skippers (BS), (J) breakfast consumers (BC).
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greater reductions in post-lunch glucose following the higher-
protein breakfast compared with the normal-protein breakfast.
Although speculative, these data would suggest an increased
inability to optimally metabolize and/or utilize a large quantity of
protein, at breakfast, in those who do not typically eat the
morning meal. Alternatively, it is possible that the metabolic
differences observed when eating a higher-protein vs normal-
protein breakfast meal might drive the breakfast-skipping
behavior. Further research is needed to test these concepts and
explore potential mechanisms-of-action.

Limitations
Several study limitations have been identified. One limitation
involves the investigation of only two selected factors, plasma
glucose and insulin. Other various modulators such as circulating
free fatty acids, ketones and/or hepatic glucose production may
also be involved in the altered glycemic response to higher-
protein breakfast meals.
Another study limitation included the varying sources of protein

and CHOs within the breakfast meals. Previous studies in a meta-
analysis have reported that insulin concentrations are blunted after
a meal containing slow-digesting protein, like casein, compared
with fast-digesting whey protein.13,35 Although the higher-protein
meals contained similar quantities of beef and egg protein between
the breakfast groups in the current study, the normal-protein
breakfast meals were void of egg and beef and primarily contained
dairy and wheat protein. Thus, the absence of significant insulin
increases with the higher-protein breakfast meals might have been
due to the varied protein qualities within and between the
breakfast meals. With respect to the CHO sources, a combination of
whole grains and enriched flour were included in both the normal-
protein and higher-protein breakfasts. However, we do not have
the specific nutrient breakdown of these sources. Thus, due to the
varied glycemic responses following different types of CHOs,36 it is
possible that the glycemic response to these meals may have been
influenced by the CHO source.
At last, although both groups were acclimated to the breakfast

meals prior to the testing day, it is unclear as to whether the
consumption of these meals over the long-term (weeks–months)
would improve the glycemic response to the high-protein meals,
particularly in those who habitually skip breakfast.

CONCLUSIONS
In summary, these data suggest that the addition of breakfast,
regardless of macronutrient content, has minimal effects on the

daily glycemic responses in individuals who habitually skip the
morning meal. However, novel differences in the glycemic
response to higher vs normal-protein breakfast meals were
detected and appear to be influenced by habitual breakfast
consumption in overweight/obese adolescent girls.
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