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Abstract

Background: The ability to oxidize fat is associated with a lower risk of chronic metabolic disease. Preclinical data in

mice showed that a high-fat “breakfast” increased 24-h fat oxidation relative to a high-carbohydrate breakfast.

Objectives: The objectives of this study were to determine whether the timing of macronutrient intake in humans affects

daily fuel utilization and to examine associations between fuel utilization and metabolic indexes.

Methods: Participants were 29 healthy sedentary men and women (aged 55–75 y) with a body mass index (kg/m2)

between 25 and 35. Participants were randomly assigned to receive either a high-fat breakfast (FB; 35% carbohydrate,

20% protein, 45% fat; n= 13) or a high-carbohydrate breakfast (CB; 60% carbohydrate, 20% protein, 20% fat; n= 16) for

4 wk while consuming a “neutral” lunch and dinner. Twenty-four-hour and postprandial respiratory quotients (RQs) were

measured by whole-room indirect calorimetry. Insulin and glucose measures including insulin sensitivity were deter-

mined by an oral-glucose-tolerance test. Measures were taken at baseline and after the 4-wk intervention. Group-by-time

interactions were determined by 2-factor repeated-measures mixed-model ANOVA. Pearson’s correlation analyses were

used to determine associations of 24-h RQs with metabolic measures after the intervention.

Results: There was a significant group-by-time interaction for change in the 24-h RQ [FB (mean ± SD): 0.88 ± 0.02 to

0.86 ± 0.02; CB: 0.88 ± 0.02 for both; P < 0.05], breakfast RQ (FB: 0.88 ± 0.03 to 0.86 ± 0.03; CB: 0.89 ± 0.02 to 0.90

± 0.02; P < 0.01), and lunch RQ (FB: 0.089 ± 0.03 to 0.85 ± 0.03; CB: 0.89 ± 0.03 for both; P < 0.01). In the CB group

at follow-up, 24-h RQ was positively associated with fasting glucose (r = 0.66, P < 0.05), glucose area under the curve

(AUC) (r = 0.51, P < 0.05), and insulin AUC (r = 0.52, P < 0.05) and inversely associated with insulin sensitivity (r =
–0.51, P < 0.05).

Conclusions: The macronutrient composition of breakfast affects substrate utilization throughout the day in older adults.

The consumption of a high-fat, lower-carbohydrate breakfast may reduce the risk of metabolic disease. This trial was

registered at www.clinicaltrials.gov as NCT03164200. J Nutr 2018;148:220–226.
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Introduction

The ability to oxidize dietary fat as a fuel is critical for the main-
tenance of metabolic health and the prevention of chronic dis-
ease. Impairment of fat oxidation can lead to weight gain and
insulin resistance (1, 2), increasing the risk of chronic metabolic
disease. Given the prevalence of chronic diseases such as type
2 diabetes, cardiovascular disease, Alzheimer disease, and can-
cer among older adults (3, 4), strategies to maximize metabolic
health in this at-risk population are needed.

Dietary factors, both quantitative and qualitative, are likely
to contribute to the ability to maintain effective fat oxidation.
Although diet quantity has received much attention due to its
connection to obesity, additional dietary factors such as the
timing and macronutrient composition of food intake are gar-
nering more attention as important contributors to metabolic
health (5–8). The time when food, or specific food groups, are
consumed may have clinically relevant implications. In animal
models, the timing of intake of specific macronutrients is asso-
ciated with the daily pattern of fuel utilization (9). Mice fed a
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high-fat meal at the onset of the daily dark (active) phase for 12
wk showed greater 24-h fat oxidation and metabolic flexibility
than mice fed a high-carbohydrate “breakfast” meal. Further-
more, “fat-breakfast” mice exhibited significantly lower body
weights and body fat, greater glucose tolerance, lower insulin,
and lower TGs relative to “carbohydrate-breakfast” mice (9).

Similarly, in humans, changes in the timing of food intake
affect metabolic health. Shift workers, who routinely consume
meals out of phase with the normal daily light-dark cycle, are at
increased risk of obesity, type 2 diabetes, and cardiovascular dis-
ease (10). Likewise, experimental data have shown that shifting
the time of meals leads to changes in resting energy expendi-
ture, fasting carbohydrate oxidation, glucose tolerance, cortisol
rhythms, thermic effect of food, and insulin sensitivity (11) and
affects success with weight loss (12). This circadian sensitivity to
food consumption also may apply to specific macronutrients. It
has been speculated that a breakfast high in carbohydrate and
protein prevents weight gain through effects on hunger, crav-
ings, and ghrelin (13). In addition, the consumption of higher-
fat foods such as eggs comparedwith higher-carbohydrate foods
such as bagels for breakfast was associated with greater weight
loss and tended to be associated with an improved lipid profile
(14), suggesting that the consumption of a breakfast relatively
enriched in dietary fat may be beneficial for metabolic health.

To our knowledge, no study to date has tested the hypothesis
that, in humans, the timing of ingestion of specific macronutri-
ents affects fuel utilization across the 24-h day. Thus, the ob-
jective of this study was to determine the effect of consumption
of either a high-fat breakfast or a high-carbohydrate breakfast
for 4 wk on the daily profile of fuel utilization as determined by
respiratory quotient (RQ) and to examine associations between
RQ and metabolic indexes. The study was conducted in adults
aged ≥55 y to address the need to identify means of optimizing
metabolic health in older adults.

Methods
Participants. This study included data from 29 sedentary or moder-
ately active (<2 h moderate intentional exercise/wk) men and women
between the ages of 55 and 75 y, with a BMI (kg/m2) between 25 and
35 who were recruited for the study between May 2012 and October
2013. Exclusion criteria included diabetes or other medical conditions
contraindicated for study inclusion, unwillingness or inability to follow
the study diet, tobacco use, excess alcohol intake (>400 g/d), signifi-
cant weight change (±5 kg) in the past 12 mo, or use of medications
known to affect metabolism or energy expenditure. Eight individuals
taking statins were allowed to participate in the study. All of the partic-
ipants signed an informed consent before any testing procedures were
performed, and the study was approved by the University of Alabama
at Birmingham’s Institutional Review Board.

Supported by the Nutrition Obesity Research Center (P30DK56336), the Dia-
betes Research Center (P60DK079626), the Center for Clinical and Translational
Science (UL1RR025777), and The Egg Nutrition Center/American Egg Board.
Author disclosures: NCB, HESR, LLG, JLL, MSB, TS, and BAG, no conflicts of
interest. The Egg Nutrition Center/American Egg board provided research sup-
port only and had no part in data collection, analysis, writing of the report or any
decisions regarding publication.
Supplemental Table 1 available from the “Supplementary data” link in the online
posting of the article and from the same link in the online table of contents at
https://academic.oup.com/jn/.
Address correspondence to NCB (e-mail: nikcha@uab.edu).
Abbreviations used: CB, carbohydrate-based breakfast; CRP, C-reactive protein;
FB, fat-based breakfast; RQ, respiratory quotient.

Assessed for eligibility 
n = 638

Consented and enrolled
n = 33

Completed baseline and 
follow-up testing

(n = 17)
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follow-up testing

(n = 13)

No withdrawals

Analyzed 
n = 17

Analyzed
n = 12

Withdrawals prior to follow-up  (n = 3)

Unable to comply with diet (n = 1)

Work commitments (n = 1)

Adverse response to OGTT  (n = 1)

Excluded due to inaccurate baseline REE (n = 1)

Randomly assigned to FB group (n = 16) Randomly assigned to CB group (n = 17)

FIGURE 1 Study flow diagram. CB, carbohydrate-based breakfast;
FB, fat-based breakfast; OGTT, oral-glucose-tolerance test; REE, rest-
ing energy expenditure.

Study design. The study used a 2-arm, parallel-group design with
participants randomly assigned to receive either a fat-based breakfast
(FB; n = 12) or a carbohydrate-based breakfast (CB; n = 17) for
4 wk (Figure 1). Randomization was performed by first stratify-
ing participants according to sex and then using a blocked ran-
domization strategy with block size varying randomly from 4 to
8 participants. A randomization schedule was created by using a
computerized random-number–generating algorithm. Randomization
was performed by a statistician and provided to the study coordina-
tor who enrolled and assigned participants to their respective groups.
Twenty-four-hour and postprandial RQ, insulin sensitivity, body com-
position, lipids, and markers of inflammation were measured at baseline
and after the 4-wk intervention in the core facilities of the University of
Alabama at Birmingham’s Center for Clinical and Translational Science,
Nutrition Obesity Research Center, and Diabetes Research Center. This
trial was registered at www.clinicaltrials.gov as NCT03164200.

Diets. The diets were designed to alter the macronutrient content of
the breakfast meal, with the FB group receiving ∼45% of energy from
fat, 20% from protein, and 35% from carbohydrate and the CB group
receiving ∼20% of energy from fat, 20% from protein, and ∼60% from
carbohydrate. The lunch and dinner meals for both groups were de-
signed to be metabolically “neutral,” with a macronutrient content of
50%, 20%, and 30% of energy from carbohydrate, protein, and fat,
respectively. On average, meals contained <10% saturated fat.

For individuals randomly assigned to receive the FB diet, ≥1 whole
egg was consumed 5 d/wk as part of the breakfast meal. Eggs were em-
phasized due to data showing that they are a preferred food of older
adults in Alabama (15), thus increasing the translational potential of
the study. Furthermore, eggs provided a useful means for increasing the
fat content of the breakfast while also offering an easily prepared and
consumed source of high-quality protein, which is beneficial for older
adults (16). All breakfast items were provided to participants in both
groups.

For lunch and dinner, participants in both groups were provided
with 7-d menu plans and received detailed, individualized instructions
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on the consumption of metabolically “neutral” meals. A 1-d menu ex-
ample including breakfast items for both groups is shown in Supplemen-
tal Table 1. The diet plans were based on participants’ energy require-
ments determined at baseline by indirect calorimetry, with an activity
factor calculated for each individual on the basis of his or her reported
habitual physical activity. The study dietitian met with participants on
an individual basis each week during the intervention period to record
their weight and to address any questions or concerns with regard to
dietary adherence.

Whole-room indirect calorimetry. Twenty-four-hour resting,
sleeping, and postprandial energy expenditure and substrate utilization
were assessed by using whole-room indirect calorimetry, as previously
described (17, 18). For calculating the response to a meal, the postpran-
dial period was taken as the 3-h block starting at the time of meal ini-
tiation. During the baseline 24-h calorimeter period (before the inter-
vention), all of the participants received meals provided at a macronu-
trient concentration of 50% of energy from carbohydrate, 20% from
protein, and 30% from fat across the day. To ensure energy balance be-
fore testing, participants were provided with instructions with regard
to pretest diet and asked to adhere to these instructions for 3 d. At the
4-wk test, the diet provided matched each participant’s randomization
assignment. For both tests, energy needs for each individual were cal-
culated from resting energy expenditure times an activity factor of 1.2.
Energy balance while in the respiratory chamber was calculated by sub-
tracting energy expenditure during the 24-h period from energy intake
of food consumed. Participants were required to eat all of the food pro-
vided. For both tests, participants were instructed to avoid strenuous
physical activity the day before testing, but otherwise to maintain their
usual activity level.

Body composition. Body composition was determined by DXA
(iDXA; GE Healthcare Lunar). Participants were scanned in light cloth-
ing while lying flat on their backs with arms at their sides. Total and
regional (trunk, leg) body composition (fat mass, bone mass, lean mass)
was determined.

Insulin sensitivity index. An index of insulin sensitivity was deter-
mined by using a formula based on glucose and insulin data obtained
during an oral-glucose-tolerance test (19). Participants were required to
fast for 12 h before the test. To perform the test, a flexible intravenous
catheter was placed in the antecubital space of one arm. At time “zero,”
participants consumed a standard 75-g dextrose solution. Blood sam-
ples were collected at baseline and at minutes 30, 60, 90, and 120. Sera
were stored at −85°C until analyzed for glucose and insulin.

Laboratory analyses. Serum analytes including glucose, high-
sensitivity C-reactive protein (CRP), total cholesterol, HDL cholesterol,
and TGs were measured by using a SIRRUS analyzer (Stanbio Laborato-
ries); serum LDL cholesterol was determined by the Friedewald method
(20). Serum insulin was measured by using a TOSOH immunoassay an-
alyzer (TOSOH AIA-600 II analyzer; TOSOH Bioscience).

Statistical analysis. Outcomes of interest are presented as means ±
SDs. A 2-factor repeated-measures mixed-model ANOVA was used to
determine main effects of group, time, and the group × time interaction.
Tukey’s honestly significant difference post hoc analysis for multiple
comparisons was performed on variables with a significant group-by-
time interaction. Pearson’s correlation analyses were used to examine
the associations of 24-h RQ with metabolic measures at baseline and
after the 4-wk intervention, and to determine associations for changes
in RQ with changes in metabolic measures over the 4-wk intervention.
Partial correlation analyses were used to adjust for the possible influence
of energy balance on associations of 24-h RQ with metabolic variables
at baseline and after the 4-wk intervention. Preliminary analyses with
the use of 2-group t tests were performed to assess differences in sex
and race on 24-h RQ and other main outcomes of interest. Because no
significant differences were observed, sex and race were not included
as covariates in subsequent analyses. Fasting glucose, fasting insulin,

glucose and insulin AUC, TGs, and CRP were logarithmically trans-
formed to approximate a normal distribution.

On the basis of previously published data, we estimated that a total
sample size of 26 (13 subjects/group) would be needed to detect a 0.035-
unit difference in RQ between groups at 80% power (21). Estimating
an attrition rate of ∼10%, we initially enrolled 33 participants. Three
participants in the FB group withdrew before the 4-wk follow-up visit
(Figure 1). In addition, 1 participant in the FB group was excluded from
analyses due to issues with the baseline indirect calorimetry measure,
which resulted in an inaccurate resting energy expenditure (800-kcal
deficit) and underfeeding during baseline testing. This resulted in a final
sample size of n = 12 for the FB group. A total of n = 17 participants
were included in the CB group. All of the statistical tests were 2-tailed
and were performed with the use of a 5% significance level. All of the
statistical analyses were performed by using JMP (version 10; SAS In-
stitute, Inc.), except for partial correlations, which were performed by
using the SAS software package (version 9.4; SAS Institute, Inc.).

Results

Individuals participating in the study were ∼64 ± 6 y of age,
30% of whom were men and 20% of whom were African
American. Descriptive characteristics of the participants and
outcomes of interest at baseline and after the 4-wk dietary in-
tervention are presented in Table 1 by diet group. On average,
participants were considered overweight on the basis of BMI
(28.4 ± 2.7) at baseline. Most participants lost weight after
the 4-wk intervention, with mean weight losses of 0.50 ± 0.8
kg in the FB group and 1.10 ± 1.1 kg in the CB group. There
was no significant group-by-time interaction effect for weight
loss.

As shown in Table 1, there was a significant group-by-
time interaction for 24-h RQ, breakfast RQ, and lunch RQ,
but not dinner RQ. A significant group-by-time interaction
was also observed for 24-h nonprotein respiratory quotient
(Table 1). There was a tendency for the CB group to have
a lower energy expenditure over time compared with the FB
group; however, this did not reach significance (P = 0.08).
Although the majority of the lipids, metabolic variables, and
inflammatory markers did not change significantly after the di-
etary intervention, there were significant group-by-time interac-
tions for total cholesterol and LDL cholesterol, such that the CB
group had significantly lower total cholesterol and LDL choles-
terol over time compared with the FB group. Although there
was a significant group-by-time interaction for the glucose AUC
due to a slight increase in the FB group and a slight decrease in
the CB group, multiple-comparison analysis did not indicate a
significant difference in group means over time (Table 1).

Associations of 24-h RQ with metabolic variables within
each breakfast group after the 4-wk dietary intervention are
presented in Figure 2. At baseline, 24-h RQ was significantly
and positively associated with fasting glucose in the FB group
(r = 0.60, P = 0.02; data not shown). However, the significance
was attenuated after adjusting for energy balance (r = 0.47,
P = 0.15). Similar results were observed for the FB group after
the dietary intervention, with a significant association observed
for 24-h RQ with fasting glucose (r = 0.66, P = 0.02), which
was attenuated after adjustment for energy balance (r = 0.36,
P = 0.31). No other significant associations were observed for
24-h RQ with metabolic variables among the FB group at either
baseline or follow-up.

Among the CB group, 24-h RQ was not significantly associ-
ated with anymetabolic variables at baseline.However, after the
4-wk intervention, 24-h RQ was significantly associated with
fasting glucose (r = 0.56, P = 0.02; Figure 2A), glucose AUC
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TABLE 1 Body composition, RQ, and metabolic outcomes at baseline and after a 4-wk dietary
intervention among older adults who consumed a high-fat or high-carbohydrate breakfast1

P

Variable and breakfast group Baseline 4-wk Follow-up Group Time Group by time

Weight, kg 0.167 <0.001 0.126
FB 82.3 ± 12.8 81.8 ± 12.7
CB 76.3 ± 11.1 75.2 ± 10.8

BMI, kg/m2 0.101 <0.001 0.098
FB 29.3 ± 2.7 29.1 ± 2.7
CB 27.7 ± 2.6 27.3 ± 2.5

Waist circumference, cm 0.263 0.202 0.093
FB 96.2 ± 12.5 96.4 ± 11.8
CB 92.9 ± 8.7 91.1 ± 7.9

Total fat, % 0.784 <0.001 0.920
FB 41.1 ± 8.0 40.5 ± 8.1
CB 40.4 ± 6.6 39.7 ± 6.8

Total fat, kg 0.283 <0.001 0.353
FB 33.5 ± 7.5 32.8 ± 7.6
CB 30.6 ± 7.2 29.6 ± 7.1

Total lean, kg 0.359 0.452 0.190
FB 45.6 ± 9.9 46.0 ± 10.0
CB 42.7 ± 8.1 42.6 ± 8.3

24-h RQ 0.091 0.010 0.036
FB 0.88 ± 0.02a 0.86 ± 0.02b

CB 0.88 ± 0.02a 0.88 ± 0.02a

24-h NPRQ 0.078 0.006 0.037
FB 0.90 ± 0.03a 0.87 ± 0.03b

CB 0.90 ± 0.03a 0.90 ± 0.03a

Resting RQ 0.587 0.821 0.537
FB 0.89 ± 0.07 0.88 ± 0.04
CB 0.87 ± 0.05 0.88 ± 0.05

Breakfast RQ 0.008 0.412 0.008
FB 0.88 ± 0.03a,b 0.86 ± 0.03b

CB 0.89 ± 0.02a 0.90 ± 0.02a

Lunch RQ 0.061 0.001 0.001
FB 0.89 ± 0.03a 0.85 ± 0.03b

CB 0.89 ± 0.03a 0.89 ± 0.03a

Dinner RQ 0.249 <0.001 0.345
FB 0.91 ± 0.03 0.87 ± 0.03
CB 0.91 ± 0.03 0.89 ± 0.02

Sleep RQ 0.838 0.596 0.964
FB 0.87 ± 0.02 0.87 ± 0.03
CB 0.87 ± 0.03 0.87 ± 0.03

24-h Energy expenditure, kcal/d 0.500 0.013 0.077
FB 1991 ± 346 1975 ± 355
CB 1952 ± 240 1865 ± 253

24-h Energy balance, kcal/d 0.429 0.020 0.054
FB −216 ± 193 −207 ± 173
CB −198 ± 131 −116 ± 139

Serum cholesterol, mg/dL 0.772 0.010 0.015
FB 188 ± 29a,b 187 ± 22a,b

CB 194 ± 36a 174 ± 36b

Serum TGs, mg/dL 0.934 0.349 0.279
FB 108 ± 38 106 ± 34
CB 116 ± 64 109 ± 61

Serum HDL cholesterol, mg/dL 0.842 0.038 0.909
FB 60 ± 18 57 ± 14
CB 59 ± 18 56 ± 16

Serum LDL cholesterol, mg/dL 0.762 0.062 0.014
FB 106 ± 31a,b 109 ± 24a,b

CB 112 ± 32a 96 ± 28b

(Continued)
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TABLE 1 Continued

P

Variable and breakfast group Baseline 4-wk Follow-up Group Time Group by time

Serum fasting glucose, mg/dL 0.730 0.287 0.852
FB 100 ± 16 102 ± 15
CB 98 ± 10 100 ± 12

Serum fasting insulin, μIU/mL 0.485 0.059 0.585
FB 13.3 ± 16.6 15.9 ± 15.1
CB 10.1 ± 8.0 10.9 ± 7.0

Insulin sensitivity index 0.598 0.147 0.247
FB 5.43 ± 4.40 4.41 ± 3.67
CB 4.89 ± 2.94 4.78 ± 2.82

Serum glucose AUC, g/L × 120 min 0.726 0.647 0.018
FB 169 ± 51a 180 ± 49a

CB 172 ± 45a 161 ± 49a

Serum insulin AUC, IU/L × 120 min 0.569 0.598 0.189
FB 10.7 ± 9.8 12.9 ± 14.3
CB 7.9 ± 3.7 7.5 ± 3.5

Serum C-reactive protein, mg/L 0.888 0.136 0.950
FB 3.41 ± 3.22 2.81 ± 2.62
CB 2.60 ± 1.16 2.76 ± 2.38

1Values are means ± SDs; n = 12 for the FB group and n = 17 for the CB group. Tukey’s honestly significant difference post
hoc analysis was performed for variables with a significant group-by-time interaction. Statistical analysis for serum TGs, insulin
sensitivity index, and serum insulin AUCs were performed by using logarithmically transformed data. Means in a row without
a common superscript letter differ, P < 0.05. CB, carbohydrate-based breakfast; FB, fat-based breakfast; NPRQ, nonprotein
respiratory quotient; RQ, respiratory quotient.

(r = 0.51, P = 0.04; Figure 2B), insulin AUC (r = 0.52, P =
0.03; Figure 2C), and insulin sensitivity (r = −0.51, P = 0.04;
Figure 2D). The association with fasting glucose remained sig-
nificant after adjusting for energy balance (r = 0.60, P = 0.01),
but the associations with glucose AUC, insulin AUC, and insulin
sensitivity were slightly attenuated (r= 0.49,P= 0.06; r= 0.43,
P = 0.09; and r = −0.45, P = 0.08, respectively).

Discussion

The major findings of the study support the hypothesis that
breakfast composition affects 24-h substrate oxidation. Partic-
ipants who consumed the high-fat breakfast for 4 wk showed
significantly lower RQ (greater fat oxidation) throughout the
24-h day, as well as after the lunch and dinner meals, than did
participants who consumed a carbohydrate-based breakfast.On
the basis of previous studies in both humans and animal mod-
els, these changes in substrate utilization may confer benefit for
metabolic health.

The timing of consumption of specific macronutrients has
gained recent attention as a possible mediator of metabolic
health. Animal studies suggest that a high-fat meal consumed at
the beginning of the active cycle increases fat oxidation (9).With
regard to macronutrient content of a breakfast meal in humans,
previous studies have shown that a high-protein breakfast com-
pared with a high-carbohydrate breakfast appears to increase
fat oxidation in bothwomen and children (22, 23). Less research
has focused on the effects of a high-fat breakfast compared with
a high-carbohydrate breakfast under weight-maintenance con-
ditions. The present study shows that a high-fat breakfast con-
sumed over 4 wk increases 24-h fat oxidation. Under acute set-
tings (1-d fat challenge), increased fat intake at a breakfast meal
was not shown to significantly increase fat oxidation (24, 25).
However, a high-fat diet maintained for ≥3 d was shown to

reduce RQ (26). Because the lunch and dinner meals were
matched for macronutrient intake, and were the same for both
groups, participants in the FB group had slightly higher daily
fat intake than did those in the CB group. For this reason, we
cannot definitively say that the increase in 24-h fat oxidation
was the sole result of a high-fat breakfast as opposed to mildly
increased fat intake throughout the day.However, the difference
in daily fat intake was only ∼10%, with the majority consumed
during the breakfast meal.

Examination of the metabolic outcomes did not show a dif-
ference between groups for TGs, HDL cholesterol, fasting glu-
cose, fasting insulin, insulin AUC, or insulin sensitivity. Among
the CB group, there were reductions in total cholesterol and
LDL cholesterol, which could have been due to slightly lower
fat intake as per the study design. Despite the increase in fat
intake among the FB group, total cholesterol and LDL choles-
terol remained virtually unchanged, suggesting that a breakfast
higher in fat, which included ≥1 egg for 5 d/wk, does not ad-
versely affect lipid concentrations and, as shown by other inves-
tigators, may even improve risk factors for metabolic syndrome
(27, 28). In the FB group, the slight increase in glucose AUC
coupled with the slight decrease in 24-h RQ may suggest a diet-
induced shift from glucose oxidation to fat oxidation compared
with the CB group, which showed slightly reduced glucose AUC
and no change in 24-h RQ. The 18% decrease in serum CRP
concentration in the FB group and the 6% increase in the CB
group could have been a result of changes in intakes of sugar
and processed carbohydrates, which are known to be associ-
ated with inflammation (29). Perhaps with a greater number of
study participants, the group-by-time difference in CRP would
have been significant.

Because substrate utilization is associated with lipids, insulin,
and glucose in animal models (9), we also examined whether,
in this study, RQ measures were associated with metabolic out-
comes.Within the CB group, at 4 wk,measures of 24-h RQwere
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FIGURE 2 Associations of 24-h RQ with serum fasting glucose (A),
serum glucose AUC (B), serum insulin AUC (C), and insulin sensitivity
index (D) at follow-up among older adults who consumed a high-fat
or high-carbohydrate breakfast for 4 wk. FB group: n = 12; CB group:
n= 17. CB, carbohydrate-based breakfast; FB, fat-based breakfast; RQ,
respiratory quotient.

associated with fasting glucose, glucose AUC, insulin AUC, and
insulin sensitivity. In all cases, a higher RQ was associated with
higher fasting glucose and fasting insulin and lower insulin sen-
sitivity. Although cause and effect cannot be determined from
these observations, it is possible that a high-carbohydrate break-
fast impaired metabolic flexibility, as suggested by studies in
mice (9),which, in turn, led to disruptions in glucosemetabolism
and insulin sensitivity. The absence of similar associations in the
FB group suggests that the high-carbohydrate breakfast exerts a
relatively more profound perturbation to metabolism than does
the high-fat breakfast.

This study shows that in humans, as in animal models,
chronic consumption of a high-fat breakfast can affect 24-h sub-
strate utilization. Given the favorable association between fat
oxidation and metabolic health, it is possible that the routine
consumption of a high-fat, low-carbohydrate breakfast could
be beneficial for reducing the risk of chronic disease. This could
be particularly important in older adults who, as a group, are
at elevated risk of type 2 diabetes, cardiovascular disease, and
other chronic diseases. However, this study is limited by the rel-
atively small sample size and the negative energy balance shown
in both groups. Negative energy balance has a profound effect
on metabolic health and may have made it difficult to detect
independent effects of diet composition on outcomes such as
lipid profile, insulin sensitivity, and inflammation. Longer-term
studies are needed to determine if the routine consumption of a
high-fat, lower-carbohydrate breakfast has beneficial effects on
metabolic health in humans of all ages.
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