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Abstract: This study aimed to evaluate the postprandial effects of high and low glycemic index
(GI) breakfasts on vascular function. It was a crossover trial that included 40 young healthy adults
(50% women), aged 20—40 years, who were recruited at primary care settings. They consumed
three experimental breakfasts in randomized order, each one separated by a 1-week washout period:
(1) control conditions (only water); (2) low GI (LGI) breakfast (29.4 Gl and 1489 K] energy); and (3) high
GI (HGI) breakfast (64.0 GI and 1318 KJ energy). Blood samples were collected at 60 and 120 min
after each breakfast to determine glucose and insulin levels. Vascular parameters were measured at
15 min intervals. Augmentation index (Alx) was studied as a primary outcome. Secondary outcomes
comprised glucose, insulin, heart rate (HR) and pulse pressures (PPs). We found a trend toward
increased Alx, HR and PPs for the HGI versus the LGI breakfast. A significant interaction between the
type of breakfast consumed and all measured parameters was identified (p < 0.05) except for central
PP. Stratifying data by sex, this interaction remained significant for AIx and augmentation pressure
only in males (p < 0.05). In conclusion, breakfast GI could affect postprandial vascular responses in
young healthy adults.

Keywords: breakfast; glycemic index; postprandial period; hemodynamics; vascular stiffness;
blood glucose
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1. Introduction

Measures of vascular function are well-established indicators of cardiovascular health [1]. Central
hemodynamics, central arterial stiffness, and indices of aortic wave reflection are more strongly related
with cardiovascular risk than peripheral pressures [2-5]. However, there is no consensus regarding
the nature of how acute changes in vascular parameters occur or how these changes associate with
cardiovascular events [6,7]. Even though the postprandial state has been proposed as a contributor
to the development of atherosclerosis [8], few studies have investigated the acute effects of food
intake on vascular responses. Taylor et al. concluded that a liquid mixed meal acutely reduces
peripheral and central pressures, aortic wave reflection, and arterial stiffness, all of which may be the
result of an increase in insulin and/or visceral vasodilation [9]. There is accumulating evidence that
postprandial hyperglycemia promotes endothelial dysfunction by inducing oxidative stress [10,11],
whereas results from most studies suggest beneficial effects of insulin in endothelial function [12,13].
In fact, hyperinsulinemia appears to reduce the deleterious actions of hyperglycemia on vascular
function [14]. Thus, interventions designed to reduce blood glucose such as those based on exercise
may impact endothelial function and could have long-term consequences in vascular health [15,16].

Glycemic index (GI), which measures the speed with which a carbohydrate (CHO) containing-food
is absorbed compared to a reference product (pure glucose) [17,18], is thought to be indicative of CHO
quality. High GI diets are associated with increased cardiovascular disease (CVD) risks [19], while low
GI diets could reduce CVD risks by decreasing postprandial glycemia with different favorable
metabolic effects, including changes in insulin sensitivity, circulating serum lipid concentrations,
and vascular function [20,21]. In a previous study, we observed an association between dietary GI
and arterial stiffness in a sample of 1553 subjects who did not have CVD. Even with adjustments for
multiple confounders, every increase of 5 GI units was significantly associated with a 0.11% increase
in augmentation index (Alx) (p < 0.01) [22]. Although the postprandial glycemic responses associated
with meals differing in CHO quantity and quality have been widely investigated [23-25], there are
only a few studies that have examined its relationship with vascular parameters [26-29]. A study
conducted in healthy elderly subjects reported no significant correlation between the glycemic effects
of three 50 g CHO drinks with different GI and postprandial variations in blood pressure (BP) [27].
In turn, Greenfield et al. demonstrated that postprandial glucose and insulin changes in response to a
meal’s CHO content resulted in varying Alx reductions in postmenopausal women [26].

It has been hypothesized that breakfast consumption and composition could affect cardiovascular
risk (CVR) profile [30,31]. A trial aimed at comparing the effects of a high GI with a low GI breakfast
replacement for three weeks in obese and overweight subjects reported decreased fasting glucose
values after the low GI breakfast study period and no differences in BP nor insulin concentration
between both interventions [32]. To date, little information is available regarding the acute effects
of breakfast on vascular responses. In a sample population of healthy adults, Ahuja et al. found a
significant reduction in peripheral pressures and central hemodynamics after breakfast consumption
versus fasting (all differences p < 0.01), which might be attributed to splanchnic vasodilation [33].
Similarly, a high fat breakfast decreased central and peripheral BP in young healthy adults [34].
Despite the fact that traditional breakfast patterns usually are rich in CHO foods, the effects of distinct
postprandial glycemic responses associated with breakfast GI on vascular parameters are not known.
Therefore, the present study aimed to evaluate postprandial effects of low and high GI breakfasts on
vascular function in a sample of young healthy Spanish adults.

2. Materials and Methods

2.1. Study Design and Population

A crossover clinical trial was conducted at The Alamedilla Primary Care Research Unit
belonging to the Spanish Network for Preventive Activities and Health Promotion (REDIAPP) and
the Biomedical Research Institute of Salamanca (IBSAL). The protocol for the Breakfast Glycemic



Nutrients 2017, 9, 712 3of 14

Index (BGI) study (NCT02616276) has recently been published [35]. For the sample population,
40 subjects aged 2040 years were selected through consecutive sampling at urban primary care
health centers in Salamanca, Spain between 2015 and 2016. The exclusion criteria for the study
included several factors: (1) history of cardiovascular events; (2) hypertension; (3) diabetes mellitus;
(4) dyslipidemia; (5) pharmacological treatment for any of these conditions; (6) neurological and/or
neuropsychological disorders; (7) consumption of toxic substances; (8) Celiac disease; (9) intolerance
to lactose; (10) low-calorie and/or low-sodium diets; (11) pregnancy; and (12) any other circumstance
that investigators think could interfere with the study procedures such as dietary conditions that
can promote variability in measures (e.g., consumption of anti-oxidant or omega 3/6 supplements).
The sample size was estimated accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided
test. Forty subjects were considered enough to recognize a difference of >5 units in Alx as statistically
significant, assuming a standard deviation of 10. A drop-out rate of 5% was anticipated. A flow
diagram of the study can be seen in Supplemental Figure S1.

2.2. Intervention

Participants completed three interventions (control conditions and high and low GI breakfasts) in
randomized order, each separated by a washout period of one week. Each visit lasted 2 h 40 min and
occurred between 8:15 a.m. and 10:55 a.m.

Nutritional Composition of Each Intervention Arm

Nutritional composition of each intervention arm is detailed in Table 1.

1.  Control conditions:
This consisted of 350 mL of water served at room temperature.

2. High GI (HGI) breakfast:
This consisted of 350 mL of water served at room temperature, 200 mL of grape juice
(with 569 KJ /136 Kcal), 40 g of white bread (2 slices of 218 KJ /52 Kcal each) and 29 g of strawberry
jam (with 313 KJ /75 Kcal) with an overall GI of 64.0.

3.  Low GI (LGI) breakfast:
This consisted of 350 mL of water served at room temperature, a 150 g apple (with 339 KJ/81 Kcal),
125 g low-fat natural yogurt (with 234 KJ/56 Kcal), 3 shelled walnuts (with 163 KJ /39 Kcal per
unit), and 17.5 g of 72% dark chocolate (with 427 KJ /102 Kcal) with an overall GI of 29.4.

Table 1. Nutritional composition of each breakfast.

Type of GL Energy, Carbohydrates, Protein, Fat, ¢ (%) Saturated  Fiber, Soluble
Breakfast 7 Kcal/K] g (%) g (%) 8% Fat?, g g (%) Fiber?, g
Control
conditions ) ) ) ) ) ) )
High GI 64.0 315/1318  72.0 (91.4) 3.9 (5.0) 0.9 (2.6) 0.29 1.6 (1.0) 0.36
Low GI 294  356/1489  31.5(35.4) 9.7(10.9)  19.9 (50.3) 1.54 6.0 (3.4) 1.57

2 Saturated fat suppose 32% and 8% of fats consumed in high and low GI breakfasts, respectively; ® Soluble fiber
suppose 23% and 26% of fiber consumed in high and low GI breakfasts, respectively. GI: Glycemic index.

2.3. Study Protocol

Subjects were asked to fast for 12 h overnight prior to the study breakfast, to limit their physical
activity, alcohol consumption, and smoking during the previous 24-48 h, and to maintain stable dietary
habits between experimental trials.

On arrival at the research unit, they were weighed, and their height, waist, and hip circumferences
were measured. Participants remained in a sitting position throughout the visit. After 5 min of rest,
peripheral blood pressure was measured. Immediately after that, vascular parameters were obtained.
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Next, fasting blood samples were collected and vascular parameters were determined again. Subjects
were provided with randomly assigned breakfasts to be consumed within 10 min. A timer was started
at the beginning of the meal and additional measurements of vascular parameters were taken every
15 min. Furthermore, another two postprandial blood samples were taken at 60 and 120 min.

2.4. Outcomes

The primary outcome measure was change in AIx. Change in glucose, insulin, heart rate (HR)
and pulse pressures were considered as secondary outcomes.

2.5. Variables and Measurement Instruments

2.5.1. Vascular Function Evaluation Variables

The Mobil-O-Graph® monitor [36] was used to measure peripheral and central BPs, pulse
pressures (PPs), and central hemodynamics, including augmentation pressure (AP) and Alx
standardized to a HR of 75 bpm. The monitor was set to obtain continuous measurements at —10,
0, 15-120 min (at 15 min intervals) with the subject sitting and resting his arm on a rigid surface.
This device allows a noninvasive estimation of central BP (CBP) and Alx based on brachial pulse
waves recorded with a conventional oscillometric BP cuff by applying a transfer function method.
After determination of peripheral BP, the cuff instantly reinflates, and recordings for pulse waves are
carried out at the diastolic blood pressure level (5 mmHg) for approximately 10 s.

2.5.2. Laboratory Variables

At the time of study entry and prior to the first intervention visit, fasting plasma creatinine, serum
total cholesterol, HDL-cholesterol, LDL-cholesterol and triglycerides values were determined using
standardized enzymatic automated methods.

During each study visit, three cannulated blood samples were collected at 0, 60, and 120 min
in order to use these samples to measure serum glucose and insulin levels by ultraviolet-visible
spectrophotometry and chemiluminescence, respectively. Serum was isolated by centrifugation and
stored in a —20 °C freezer within 48-72 h until used for future analyses. Samples were treated and
centrifuged by a single researcher under standard conditions. All analyses were performed in a
laboratory complying with the external quality assurance programs of the Spanish Society of Clinical
Chemistry and Molecular Pathology.

2.5.3. Other Variables

Procedures for collecting sociodemographic and lifestyle-related data and obtaining anthropometric
and peripheral blood pressure measurements have been reported in a prior publication [35].

2.6. Ethics

The Clinical Research Ethics Committee of the Health Area of Salamanca approved the
study, and all participants gave written informed consent for the study according to the general
recommendations of the Declaration of Helsinki. The trial was registered in ClinicalTrials.gov with
identifier NCT02616276.

2.7. Statistics

Quantitative variables have been displayed as the mean =+ standard deviation and qualitative
variables have been expressed as frequencies and percentages. Student’s t-test for paired data
was applied to compare repeated measures, using Bonferroni correction for multiple comparisons.
Using analysis of variance (ANOVA) test, we compared the differences among the three types of
breakfast. The Bonferroni test was used for post hoc analysis. To adequately evaluate the effect of
the interventions, a repeated measures ANOVA has been performed using the general lineal model
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(GLM), stratifying by sex. The relationship of glycemia and insulinemia with vascular responses has
been tested by Pearson’s correlation, using changes (mean differences) in outcome measures between
baseline and 120 min after each breakfast. Alx incremental area under the curve (IAUC) was calculated
using the trapezoidal method subtracting baseline values extrapolated over 30 min (0-30 min early
phase and 60-120 min late phase) from the total Alx area. Analysis of variance (normally distributed
data) was used to compare iAUC between breakfasts. Wilcoxon signed rank tests (skewed data)
was used to compare results following the two phases of the postprandial period. The contrasting
hypothesis established an alpha risk of 0.05 as the limit of statistical significance. The data have been
analyzed using the IBM SPSS Statistics for Windows version 23.0 (IBM Corp, Armonk, NY, USA).

3. Results

The mean age of the participants was 28.1 years (50% women), of whom 3 (7.5%) were current
smokers. Regarding physical activity, they performed a mean of 1973 METs/min/week. For diet
quality index (DQI), the median score was 39.5 points. The BP was 106/66 mmHg and the HR was
70.2 bpm. All characteristics of the study subjects are presented in Table 2.

Table 2. Baseline characteristics of the study population.

Global (N = 40) Males (n = 20) Females (1 = 20)

Mean orn/SDor %  Mean orn/SDor % Mean or n/SD or %
Age (years) 28.1 (6.3) 28.7 (6.8) 27.4 (5.9)
Diet Quality Index, DQI (total score) 39.5 (2.8) 38.4 (2.6) 40.6 (2.5)
Physical Activity (METS/min/week) 1973.1 (1239.5) 2448.0 (1290.4) 1498.2 (1006.8)
Current smoker (1, %) 3(7.5) 2 (10.0) 1(5.0)
Alcohol consumption (g/week) 40.8 (48.1) 52.5 (55.9) 29.0 (36.5)
Systolic blood pressure (mmHg) 106.4 (9.8) 112.0 (7.5) 100.7 (8.5)
Diastolic blood pressure (mmHg) 66.2 (6.9) 67.1(6.9) 65.4 (6.9)
Heart rate (bpm) 70.2 (12.5) 65.7 (11.3) 74.8 (12.2)
Body mass index (kg/m?) 23.5(3.6) 24.5(3.1) 22.5(3.9)
Waist circumference (cm) 78.8 (10.1) 84.4 (8.5) 73.2 (8.4)
Hip circumference (cm) 102.2 (7.5) 103.9 (7.1) 100.4 (7.7)
Total cholesterol (mg/dL) 169.2 (29.4) 168.7 (30.4) 169.8 (29.0)
HDL-cholesterol (mg/dL) 61.9 (15.3) 54.5 (12.2) 69.3 (14.8)
LDL-cholesterol (mg/dL) 92.5 (27.5) 97.9 (28.6) 87.1 (25.9)
Triglycerides (mg/dL) 74.3 (31.2) 81.3 (33.6) 67.2 (27.6)
Creatinine (mg/dL) 0.76 (0.19) 0.88 (0.17) 0.64 (0.12)

Data for qualitative variables are expressed as n (%) and quantitative variables as mean =+ standard deviation.

3.1. Changes in Central Hemodynamics in Response to Each Type of Breakfast

Changes in central hemodynamics in response to each type of breakfast are shown in Figure 1.
Alx was lower from 15 min after the ingestion of water and showed more prominent effects at 30, 90,
and 105 min (all differences p < 0.05) (Figure 1a). Significant increments were detected in Alx (30 min)
and AP (15-30 min) following intake of the HGI breakfast (all differences p < 0.05) (Figure 1a,b).
No significant changes were observed in Alx or AP in response to the LGI breakfast (Figure 1a,b).

Alx responses were not significantly different between the early and late phase of the postprandial
period for either breakfast.

Changes in central hemodynamics in response to each type of breakfast by sex can be seen in
Supplemental Figure S2.
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Figure 1. Changes in augmentation index (a) and augmentation pressure (b) in response to each
type of breakfast (BF). All data were statistically analyzed with the Student’s t-test for paired data.
Significant differences between baseline and individual time points of the same intervention: (a) Control
conditions: 30 min (p < 0.05), 90 min (p = 0.01), 105 min (p = 0.016); High glycemic index (GI) BF: 30 min
(p < 0.05); (b) High GI BF: 15 min (p = 0.012), 30 min (p < 0.01). * denotes significant changes (p < 0.05)
in response to control conditions; and T denotes significant changes (p < 0.05) in response to high GI BE.

3.2. Changes in Heart Rate and Pulse Pressures in Response to Each Type of Breakfast

Changes in heart rate and pulse pressures in response to each type of breakfast are shown in
Figure 2. HR (Figure 2a) was significantly lower than baseline at all time points following water
ingestion (all differences p < 0.001). In contrast, HR showed significantly higher values between 60
and 75 min (70.30 £ 11.19 versus 70.90 £ 10.81) after the HGI breakfast in comparison with baseline
(68.40 £ 8.85; all measurements p < 0.05). Likewise, a similar tendency toward an increase in HR was
observed in response to the LGI breakfast.

On the other hand, water intake did not elicit a significant change in peripheral pulse pressure
(PPP) or central pulse pressure (CPP) (Figure 2b,c). Nonetheless, PPP was higher than at baseline
during the 120 min period after consumption of the HGI breakfast (all differences p < 0.05) (Figure 2b),
and CPP was also significantly greater from 15 to 60 min postprandially (all measurements p < 0.05)
(Figure 2c). Similarly, in response to the LGI breakfast, PPP was significantly higher than baseline
(29.35 + 5.87) at 45, 90, and 105 min (30.60 + 6.47 versus 30.20 4 7.00 versus 30.63 + 5.46; all differences
p < 0.05) (Figure 2b). Differences in CPP were similar (Figure 2c).

Changes in heart rate and pulse pressures in response to each type of breakfast by sex can be seen
in Supplemental Figure S3.
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Figure 2. Changes in heart rate (a), peripheral pulse pressure (PPP) (b) and central pulse pressure (CPP)

(c) in response to each type of breakfast (BF). All data were statistically analyzed with the Student’s

t-test for paired data. Significant differences between baseline and individual time points of the same

intervention: (a) Control conditions: 15-120 min (p < 0.001); High glycemic index (GI) BF: 15 min
(p <0.01), 60 min (p < 0.05), 75 min (p = 0.01); Low GI BF: 15 min (p = 0.013); (b) Control conditions:
75 min (p = 0.011); High GI BF: 15-60, 90, and 105 min (p < 0.01), 75 and 120 min (p < 0.05); Low GI
BF: 45, 90, and 105 min (p < 0.05). (c) High GI BF: 30 and 45 min (p < 0.01), 15 and 60 min (p < 0.05).
* denotes significant changes (p < 0.05) in response to control conditions; T denotes significant changes

(p < 0.05) in response to high GI BF; and (3 denotes significant changes (p < 0.05) in response to low GI BE
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3.3. Changes in Glucose and Insulin in Response to Each Type of Breakfast

Changes in glucose and insulin in response to each type of breakfast are shown in Figure 3.
After the ingestion of water, glucose was elevated at 60 and 120 min (82.43 + 5.99 versus 85.88 + 6.80)
in comparison with baseline (80.73 £ 6.54; all measurements p < 0.001) (Figure 3a), whereas insulin
levels were reduced, especially at 120 min (5.55 + 3.68 versus 4.54 + 3.31; p = 0.011) (Figure 3b).
In turn, glucose and insulin had both increased at 60 min following the HGI breakfast (Figure 3a,b),
although the changes observed in glucose were not significantly different from baseline (p = 0.169)
(Figure 3a). Insulin remained elevated 120 min after the HGI breakfast (5.96 &+ 4.54 versus 18.72 £ 12.76;
all differences p < 0.001) (Figure 3b). Finally, in response to the LGI breakfast, glucose had decreased at
60 min (76.93 £ 14.65) compared with baseline (82.05 & 7.36; p = 0.026) (Figure 3a). Insulin, however,
had increased 60 and 120 min after consumption of the LGI breakfast, with the maximum effect
occurring at 60 min (5.51 &£ 3.77 versus 16.60 &+ 12.58; all measurements p < 0.001) (Figure 3b).

Changes in glucose and insulin in response to each type of breakfast by sex can be seen in
Supplemental Figure S4.

a)
95 - : —=—  Control
: --@- High Gl
90+ : ~o- LowGl
:T l
Ke)
k)
£ 85
[0}
[72]
Q
S
o 80 -
75+
70 T T T
0 60 120
Time (min)
50 - '
40 - | l
S 30 : N
2 204 ; b
10- A T
: P B
0 T T T
0 60 120
Time (min)

Figure 3. Changes in serum glucose (a) and insulin (b) in response to each type of breakfast (BF).
All data were statistically analyzed with the Student’s t-test for paired data. Significant differences
between baseline and individual time points of the same intervention: (a) Control conditions: 60 and
120 min (p < 0.01); Low GI BF: 60 min (p = 0.026); (b) Control conditions: 120 min (p = 0.011); High GI
BF: 60 and 120 min (p < 0.001); Low GI BF: 60 and 120 min (p < 0.001). * denotes significant changes
(p < 0.05) in response to control conditions; T denotes significant changes (p < 0.05) in response to high
GI BF; and (3 denotes significant changes (p < 0.05) in response to low GI BE.
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Table 3. Comparisons between postprandial responses to each type of breakfast.

9of 14

0 min-Alx 30 min-Alx 60 min-Alx 120 min-AlIx
Augmentation index (AIx), %
Mean SD P Mean SD 4 Mean SD 4 Mean SD 4
Control conditions 13.10 10.67 8.60 10.87 8.88 10.60 10.18 12.75
HGI breakfast 11.75 9.96 0864 1683% 1220 0.008 12.50 11.60  0.139 10.08 11.07  0.599
LGI breakfast 12.55 12.81 11.15 12.42 13.33 9.38 12.28 8.65
0 min-AP 30 min-AP 60 min-AP 120 min-AP
Augmentation pressure (AP), mmHg
Mean SD P Mean SD 4 Mean SD 4 Mean SD 4
Control conditions 5.63 4.49 5.13 4.10 4.53 2.81 5.58 4.22
HGI breakfast 4.48 311 0417 7.25 532 0.069 5.20 392 0.355 4.45 258 0.265
LGI breakfast 5.28 418 5.33 3.90 5.60 3.26 5.40 2.87
0 min-HR 30 min-HR 60 min-HR 120 min-HR
Heart rate (HR), bpm
Mean SD p Mean SD 4 Mean SD 4 Mean SD P
Control conditions 67.45 9.28 63.58 8.94 63.13 9.50 61.85 9.50
HGI breakfast 68.40 8.85  0.696 66.98 936 0249 7030% 11.19 0.007 6830%¥ 1086 0.013
LGI breakfast 66.65 9.43 65.03 9.01 67.15 9.04 66.45 9.16
0 min-PPP 30 min-PPP 60 min-PPP 120 min-PPP
Peripheral pulse pressure (PPP), mmHg
Mean SD p Mean SD 4 Mean SD 4 Mean SD 4
Control conditions 40.20 8.57 40.75 9.26 39.45 8.50 40.85 8.50
HGI breakfast 38.80 701 0678 44.45* 8.17  0.040 43.60 8.19  0.094 42.15 8.60 0.721
LGI breakfast 39.73 5.76 39.73 8.43 41.78 8.68 42.25 8.78
0 min-CPP 30 min-CPP 60 min-CPP 120 min-CPP
Central pulse pressure (CPP), mmHg
Mean SD p Mean SD 4 Mean SD 4 Mean SD P
Control conditions 31.03 10.05 31.30 6.91 28.75 6.13 30.00 6.53
HGI breakfast 28.13 6.03 0.232 31.53 6.70  0.558 31.05 6.60  0.252 29.48 535 0912
LGI breakfast 29.35 5.87 29.95 7.49 30.45 6.41 29.55 5.84
0 min-Glucose 60 min-Glucose 120 min-Glucose
Glucose, mg/dL
Mean SD P Mean SD 4 Mean SD 4
Control conditions 80.73 6.54 82.43 5.99 85.88 6.80
HGI breakfast 80.93 8.70  0.702 86.35%  24.43 0.045 82.28 19.46 0462
LGI breakfast 82.05 7.36 76.93 14.65 83.90 8.76
0 min-Insulin 60 min-Insulin 120 min-Insulin
Insulin, mg/dL

Mean SD P

Mean SD 4

Mean SD 4

Control conditions
HGI breakfast
LGI breakfast

5.55 3.68
5.96 454  0.858
5.51 3.77

5.00 3.44 454 3.31
3598 ¥* 2671 <0001 18.72%¥* 1276 <0.001
1660%¥ 1258 9.80 ¥ 6.31

ANOVA test has been used. Post-hoc contrasts were performed by Bonferroni test. ¥ Significantly different (p < 0.05) from control conditions. # Significant difference (p < 0.05) between
HGI and LGI breakfasts. HGI: High glycemic index; LGI: Low glycemic index.
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3.4. Comparisons between Postprandial Responses to Each Type of Breakfast

Table 3 shows the comparisons between postprandial responses induced by each experimental
breakfast. There were no significant differences in any of the baseline parameters. Alx, AP, HR and
CPP showed no differences between either breakfasts (HGI versus LGI breakfast). PPP at 30 min was
lower for the LGI breakfast than the HGI breakfast (mean difference: —4.73 mmHg; p = 0.047). Glucose
values at 60 min after consumption of the HGI breakfast were significantly higher than those after
the LGI breakfast (mean difference: +9.43 mg/dL; p = 0.041). Postprandial insulin concentrations
over 120 min were greater when subjects consumed the HGI breakfast compared to the LGI breakfast
(mean difference: +19.38 mg/dL and +8.92 mg/dL at 60 and 120 min, respectively; all differences
p <0.001).

There were no significant differences between breakfasts in the Alx increase early phase 1AUC,
p = 0.502) nor late phase (iIAUC, p = 0.254).

Comparisons between postprandial responses to each type of breakfast by sex can be seen in
Supplemental Tables S1 and S2.

3.5. Effects of Type of Breakfast on Postprandial Responses

Repeated measures ANOVA showed a significant interaction between the type of breakfast and
all measured parameters (all differences p < 0.05), with the exception of CPP (p = 0.079). When data
were stratified by sex, this interaction remained significant for Alx (p < 0.01) and AP (p < 0.05) only
in males, glucose (p < 0.05) only in females, and insulin (p < 0.001) and HR (p < 0.05) in both sexes.
In contrast, significance was lost for PPP in both sexes. More details about the analysis performed can
be seen in Supplemental Table S3.

Correlations run between changes from baseline to 120 min in glucose, insulin and vascular
parameters revealed that change in insulin was inversely associated with change in HR (r = —0.344,
p < 0.05) during control conditions test. We also found negative associations between change in insulin
and changes in PPP (r = —0.362, p < 0.05) and CPP (r = —0.364, p < 0.05) during LGI breakfast test.
Changes in glucose and insulin did not correlate with changes in vascular parameters during HGI
breakfast test.

4. Discussion

Breakfast GI influenced the evolution of most of the observed postprandial responses. Although
we found no significant differences in vascular parameters when changes in each one of them after
consumption of the HGI and LGI breakfasts were compared, it appears that the HGI breakfast led
to a more intense response on Alx, HR, PPs, and blood glucose and insulin concentrations. It could
be inferred from these data that sympathetic nervous system activity was potentially greater and,
in turn, related to elevated arterial stiffness. These results suggest that the LGI breakfast could provide
more favorable acute vascular responses than the HGI breakfast in young healthy adults. Inverse
correlations found between changes in insulin and pulse pressures during LGI breakfast test could
indicate a contribution of insulinemia in the differing vascular responses elicited by each breakfast.
In this sense, Greenfield et al. [26] demonstrated that the magnitude of the insulin response induced
by the carbohydrate content of a meal was an important determinant of postprandial arterial stiffness.

In conjunction with the current study, some authors have demonstrated increased arterial stiffness
or impaired endothelial function under postprandial conditions in overweight or obese adults and
those with metabolic syndrome and/or type 2 diabetes [28,37,38]. Given that humans spend most
of the day in the postprandial state, which has been identified as proatherogenic [8], our findings
might have clinical relevance in relation to cardiovascular risks because they could provide necessary
information for novel dietary approaches in order to help reduce postprandial arterial stiffness and
endothelial dysfunction.
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There are just a few studies investigating the effects on vascular function of breakfasts differing
in nutrient composition. A trial by Ahuja et al. reported a significantly lower brachial and central
BP, CPP, AP, and Alx and a higher HR after a light breakfast (1301 KJ energy) than after the ingestion
of water alone (all differences p < 0.01) [33]. Likewise, reductions in central systolic, diastolic and
peripheral diastolic BP were observed after the consumption of a breakfast high in saturated fats
(450 Kcal energy) (all measurements p < 0.05), while PPP, CPP, HR, and pulse wave velocity (PWV) did
not differ significantly [34]. A possible explanation for the discrepancy in our results may be related to
the variety of methods used to assess vascular parameters and differences in macronutrient content of
experimental meals.

To our knowledge, this study shows for the first time that breakfasts varying in GI can affect
vascular parameters differently. The mechanisms by which postprandial vascular responses occur
are unclear. Although hyperglycemia is considered detrimental in many cases, in our study people
were fairly normoglycemic, even with the HGI breakfast. Thus, acute changes in vascular parameters
described could be mediated by factors other than glycemic responses such as increased sympathetic
nerve activity and peripheral resistance that occur postprandially [39].

In our study, there are several experimental considerations that should be highlighted. Firstly,
the inability to detect significant differences in postprandial vascular responses could be due to the
participants being young healthy adults, so there may be no improvement to observe since they are
healthy. Secondly, our results show that Alx and AP responses are affected by the type of breakfast
only in males. This could be related to physiologic differences such as greater capillary density as well
as oxidative metabolism for women compared with men in this age group. Previous studies have
already reported gender differences in postprandial vascular responses [40,41]. However, in the present
study, sex specific effects might potentially be masked by the variability that could have introduced in
outcome measures the lack of control for menstrual cycle in female subjects [42]. Thirdly, we cannot
exclude the possible contribution of other nutritional components on the acute effects of breakfasts,
because they differ in volume, energy and macronutrient distribution. In this regard, conditions
associated with a slowing gastric emptying such as volume, protein, fiber or fat are known to attenuate
the magnitude of postprandial vascular responses [27]. Besides GI, different quantities of CHO served
in breakfasts may have influenced vascular responsiveness. Fourthly, we did not standardize food
intake prior to experimental trials, so an impact of variations in hormone and metabolic responses that
occur with a second meal [43] cannot be excluded. Finally, the experimental breakfasts could induce
vascular changes later than 120 min.

5. Conclusions

Breakfast GI could affect vascular parameters in young healthy adults. Postprandial vascular
responses following the HGI and LGI breakfasts were similar, although the HGI breakfast appears to
have more intense effects on Alx, HR and PPs. This suggests that the modifications in breakfast Gl may
be a potentially useful dietary alternative that could benefit vascular function in the postprandial state.
Nevertheless, our findings are delimited to breakfast meals, so further research is required to clarify
whether the influence of breakfast GI on vascular parameters would hold over the day or chronically
over weeks.

Supplementary Materials: The following are available online at www.mdpi.com/2072-6643/9/7/712/s1,
Figure S1: Flow-chart of the Breakfast Glycemic Index (BGI) study, Figure S2: Changes in central hemodynamics in
response to each type of breakfast by sex, Figure 53: Changes in heart rate and pulse pressures in response to each
type of breakfast by sex, Figure S4: Changes in glucose and insulin in response to each type of breakfast by sex,
Table S1: Comparisons between postprandial responses to each type of breakfast in males, Table S2: Comparisons
between postprandial responses to each type of breakfast in females, Table S3: Effects of type of breakfast on
postprandial responses.

Acknowledgments: This study was supported by grants funded by the Spanish Ministry of Science and
Innovation (MICINN) and Carlos III Health Institute/European Regional Development Fund (ERDF) (MICINN,
ISCIII/FEDER) (Network RedIAPP RD16/0007) as well as the Regional Health Management of Castilla and


www.mdpi.com/2072-6643/9/7/712/s1

Nutrients 2017, 9, 712 12 of 14

Leon through the 2015 Announcement of Grants for the Performance of Research Projects in Biomedicine,
Health Management, and Social and Health Care (GRS 1192/B/15), 2015 Program for Intensification of
Nursing Research Activity (BOCYL-D-03032015-11) and 2015 Incentive Program of Professional Nurses
Completing their Residency (ORDER SAN/360/2015). We are grateful to all professionals participating in BGI
Group: N. Sanchez-Aguadero, ].I. Recio-Rodriguez, M.C. Patino-Alonso, S. Mora-Simén, M.A. Gémez-Marcos,
R. Alonso-Dominguez, B. Sinchez-Salgado, L. Garcia-Ortiz, A. de Cabo-Laso, C. Rodriguez-Martin, C. Agudo-Conde,
J.A. Maderuelo-Fernandez and E. Rodriguez-Sanchez.

Author Contributions: N.S., J.R. and L.G. conceived and designed the research. N.S., J.R., B.S. and R.A. performed
the research. L.G. and M.P. analyzed the data. M.A. and S.M. contributed materials/analysis tools. N.S., L.G.,
M.P. and ]J.R. wrote the paper. Authorship must be limited to those who have contributed substantially to the
work reported.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.

References

1. Laurent, S.; Cockcroft, J.; Van Bortel, L.; Boutouyrie, P; Giannattasio, C.; Hayoz, D.; Pannier, B,;
Vlachopoulos, C.; Wilkinson, I.; Struijker-Boudier, H. Expert consensus document on arterial stiffness:
Methodological issues and clinical applications. Eur. Heart J. 2006, 27, 2588-2605. [CrossRef] [PubMed]

2. Vlachopoulos, C.; Aznaouridis, K.; O'Rourke, M.E; Safar, M.E.; Baou, K.; Stefanadis, C. Prediction of
cardiovascular events and all-cause mortality with central haemodynamics: A systematic review and
meta-analysis. Eur. Heart ]. 2010, 31, 1865-1871. [CrossRef] [PubMed]

3.  Mattace-Raso, F.U.; van der Cammen, T.J.; Hofman, A.; van Popele, N.M.; Bos, M.L.; Schalekamp, M.A ;
Asmar, R.; Reneman, R.S.; Hoeks, A.P,; Breteler, M.M.; et al. Arterial stiffness and risk of coronary heart
disease and stroke: The rotterdam study. Circulation 2006, 113, 657-663. [CrossRef] [PubMed]

4. Williams, B.; Lacy, P.S.; Thom, S.M.; Cruickshank, K.; Stanton, A.; Collier, D.; Hughes, A.D.; Thurston, H.;
O’Rourke, M. Differential impact of blood pressure-lowering drugs on central aortic pressure and clinical
outcomes: Principal results of the conduit artery function evaluation (cafe) study. Circulation 2006, 113,
1213-1225. [CrossRef] [PubMed]

5. Agabiti-Rosei, E.; Mancia, G.; O'Rourke, M.F; Roman, M.].; Safar, M.E.; Smulyan, H.; Wang, J.G;
Wilkinson, I.B.; Williams, B.; Vlachopoulos, C. Central blood pressure measurements and antihypertensive
therapy: A consensus document. Hypertension 2007, 50, 154-160. [CrossRef] [PubMed]

6. Bodlaj, G.; Berg, J.; Biesenbach, G. Diurnal variation of arterial stiffness and subendocardial perfusion
noninvasively assessed using applanation tonometry in healthy young men. Wiener Klin. Wochenschr. 2005,
117, 348-352. [CrossRef]

7. Kollias, G.E.; Stamatelopoulos, K.S.; Papaioannou, T.G.; Zakopoulos, N.A.; Alevizaki, M.; Alexopoulos, G.P;
Kontoyannis, D.A.; Karga, H.; Koroboki, E.; Lekakis, ].P; et al. Diurnal variation of endothelial function and
arterial stiffness in hypertension. J. Hum. Hypertens. 2009, 23, 597-604. [CrossRef] [PubMed]

8.  Zilversmit, D.B. Atherogenesis: A postprandial phenomenon. Circulation 1979, 60, 473-485. [CrossRef]
[PubMed]

9.  Taylor, J.L.; Curry, T.B.; Matzek, L.].; Joyner, M.].; Casey, D.P. Acute effects of a mixed meal on arterial stiffness
and central hemodynamics in healthy adults. Am. J. Hypertens. 2014, 27, 331-337. [CrossRef] [PubMed]

10. Akbari, C.M.; Saouaf, R.; Barnhill, D.F.; Newman, P.A.; LoGerfo, EW.; Veves, A. Endothelium-dependent
vasodilatation is impaired in both microcirculation and macrocirculation during acute hyperglycemia.
J. Vasc. Surg. 1998, 28, 687-694. [CrossRef]

11. Kawano, H.; Motoyama, T.; Hirashima, O.; Hirai, N.; Miyao, Y.; Sakamoto, T.; Kugiyama, K.; Ogawa, H.;
Yasue, H. Hyperglycemia rapidly suppresses flow-mediated endothelium-dependent vasodilation of brachial
artery. J. Am. Coll. Cardiol. 1999, 34, 146-154. [CrossRef]

12.  Baron, A.D.; Brechtel, G. Insulin differentially regulates systemic and skeletal muscle vascular resistance.
Am. J. Physiol. 1993, 265, E61-E67. [PubMed]

13. Dandona, P; Chaudhuri, A.; Ghanim, H.; Mohanty, P. Insulin as an anti-inflammatory and antiatherogenic
modulator. J. Am. Coll. Cardiol. 2009, 53, S14-S20. [CrossRef] [PubMed]


http://dx.doi.org/10.1093/eurheartj/ehl254
http://www.ncbi.nlm.nih.gov/pubmed/17000623
http://dx.doi.org/10.1093/eurheartj/ehq024
http://www.ncbi.nlm.nih.gov/pubmed/20197424
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.555235
http://www.ncbi.nlm.nih.gov/pubmed/16461838
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.640870
http://www.ncbi.nlm.nih.gov/pubmed/16476843
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.090068
http://www.ncbi.nlm.nih.gov/pubmed/17562972
http://dx.doi.org/10.1007/s00508-005-0357-4
http://dx.doi.org/10.1038/jhh.2009.2
http://www.ncbi.nlm.nih.gov/pubmed/19242493
http://dx.doi.org/10.1161/01.CIR.60.3.473
http://www.ncbi.nlm.nih.gov/pubmed/222498
http://dx.doi.org/10.1093/ajh/hpt211
http://www.ncbi.nlm.nih.gov/pubmed/24242825
http://dx.doi.org/10.1016/S0741-5214(98)70095-3
http://dx.doi.org/10.1016/S0735-1097(99)00168-0
http://www.ncbi.nlm.nih.gov/pubmed/8338155
http://dx.doi.org/10.1016/j.jacc.2008.10.038
http://www.ncbi.nlm.nih.gov/pubmed/19179212

Nutrients 2017, 9, 712 13 of 14

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Perkins, J.M.; Joy, N.G.; Tate, D.B.; Davis, S.N. Acute effects of hyperinsulinemia and hyperglycemia on
vascular inflammatory biomarkers and endothelial function in overweight and obese humans. Am. J. Physiol.
Endocrinol. Metab. 2015, 309, E168-E176. [CrossRef] [PubMed]

Weiss, E.P.; Arif, H.; Villareal, D.T.; Marzetti, E.; Holloszy, ].O. Endothelial function after high-sugar-food
ingestion improves with endurance exercise performed on the previous day. Am. J. Clin. Nutr. 2008, 88,
51-57. [PubMed]

Malin, S.K.; Rynders, C.A.; Weltman, ]J.Y.; Jackson Roberts, L., 2nd; Barrett, E.J.; Weltman, A. Endothelial
function following glucose ingestion in adults with prediabetes: Role of exercise intensity. Obesity 2016, 24,
1515-1521. [CrossRef] [PubMed]

Jenkins, D.J.; Wolever, T.M.; Taylor, R.H.; Barker, H.; Fielden, H.; Baldwin, ] M.; Bowling, A.C.; Newman, H.C,;
Jenkins, A.L.; Goff, D.V. Glycemic index of foods: A physiological basis for carbohydrate exchange. Am. J.
Clin. Nutr. 1981, 34, 362-366. [PubMed]

Foster-Powell, K.; Holt, S.H.; Brand-Miller, ]J.C. International table of glycemic index and glycemic load
values: 2002. Am. J. Clin. Nutr. 2002, 76, 5-56. [PubMed]

Ma, X.Y,; Liu, J.P; Song, Z.Y. Glycemic load, glycemic index and risk of cardiovascular diseases:
Meta-analyses of prospective studies. Atherosclerosis 2012, 223, 491-496. [CrossRef] [PubMed]

Radulian, G.; Rusu, E.; Dragomir, A.; Posea, M. Metabolic effects of low glycaemic index diets. Nutr. . 2009,
8, 5. [CrossRef] [PubMed]

Barclay, A.W.; Petocz, P.; McMillan-Price, J.; Flood, V.M.; Prvan, T.; Mitchell, P.; Brand-Miller, ].C. Glycemic
index, glycemic load, and chronic disease risk—A meta-analysis of observational studies. Am. J. Clin. Nutr.
2008, 87, 627-637. [PubMed]

Recio-Rodriguez, ].I.; Gomez-Marcos, M.A.; Patino-Alonso, M.C.; Rodrigo-De Pablo, E.; Cabrejas-Sanchez, A.;
Arietaleanizbeaskoa, M.S.; Repiso-Gento, I.; Gonzalez-Viejo, N.; Maderuelo-Fernandez, ].A.; Agudo-Conde, C.; et al.
Glycemic index, glycemic load, and pulse wave reflection in adults. Nutr. Metab. Cardiovasc. Dis. 2014, 25,
68-74. [CrossRef] [PubMed]

Gibbs, M.; Harrington, D.; Starkey, S.; Williams, P.; Hampton, S. Diurnal postprandial responses to low and
high glycaemic index mixed meals. Clin. Nutr. 2014, 33, 889-894. [CrossRef] [PubMed]

Ibero-Baraibar, I.; Cuervo, M.; Navas-Carretero, S.; Abete, I.; Zulet, M.A.; Martinez, J.A. Different
postprandial acute response in healthy subjects to three strawberry jams varying in carbohydrate and
antioxidant content: A randomized, crossover trial. Eur. . Nutr. 2014, 53, 201-210. [CrossRef] [PubMed]
Augustin, L.S.; Chiavaroli, L.; Campbell, J.; Ezatagha, A.; Jenkins, A.L.; Esfahani, A.; Kendall, CW.
Post-prandial glucose and insulin responses of hummus alone or combined with a carbohydrate food:
A dose-response study. Nutr. J. 2016, 15, 13. [CrossRef] [PubMed]

Greenfield, J.R.; Samaras, K.; Chisholm, D.J.; Campbell, L.V. Effect of postprandial insulinemia and insulin
resistance on measurement of arterial stiffness (augmentation index). Int. ]. Cardiol. 2007, 114, 50-56.
[CrossRef] [PubMed]

Visvanathan, R.; Chen, R.; Horowitz, M.; Chapman, I. Blood pressure responses in healthy older people to
50 g carbohydrate drinks with differing glycaemic effects. Br. J. Nutr. 2004, 92, 335-340. [CrossRef] [PubMed]
Lavi, T.; Karasik, A.; Koren-Morag, N.; Kanety, H.; Feinberg, M.S.; Shechter, M. The acute effect of various
glycemic index dietary carbohydrates on endothelial function in nondiabetic overweight and obese subjects.
J. Am. Coll. Cardiol. 2009, 53, 2283-2287. [CrossRef] [PubMed]

Keller, J.; Kahlhofer, J.; Peter, A.; Bosy-Westphal, A. Effects of low versus high glycemic index
sugar-sweetened beverages on postprandial vasodilatation and inactivity-induced impairment of glucose
metabolism in healthy men. Nutrients 2016, 8, 802. [CrossRef] [PubMed]

Di Giuseppe, R.; Di Castelnuovo, A.; Melegari, C.; De Lucia, F; Santimone, I.; Sciarretta, A.; Barisciano, P.;
Persichillo, M.; De Curtis, A.; Zito, F; et al. Typical breakfast food consumption and risk factors for
cardiovascular disease in a large sample of italian adults. Nutr. Metab. Cardiovasc. Dis. 2012, 22, 347-354.
[CrossRef] [PubMed]

Li, D.; Zhang, P; Guo, H.; Ling, W. Taking a low glycemic index multi-nutrient supplement as breakfast
improves glycemic control in patients with type 2 diabetes mellitus: A randomized controlled trial. Nutrients
2014, 6, 5740-5755. [CrossRef] [PubMed]


http://dx.doi.org/10.1152/ajpendo.00064.2015
http://www.ncbi.nlm.nih.gov/pubmed/26015434
http://www.ncbi.nlm.nih.gov/pubmed/18614723
http://dx.doi.org/10.1002/oby.21522
http://www.ncbi.nlm.nih.gov/pubmed/27221649
http://www.ncbi.nlm.nih.gov/pubmed/6259925
http://www.ncbi.nlm.nih.gov/pubmed/12081815
http://dx.doi.org/10.1016/j.atherosclerosis.2012.05.028
http://www.ncbi.nlm.nih.gov/pubmed/22727193
http://dx.doi.org/10.1186/1475-2891-8-5
http://www.ncbi.nlm.nih.gov/pubmed/19178721
http://www.ncbi.nlm.nih.gov/pubmed/18326601
http://dx.doi.org/10.1016/j.numecd.2014.08.007
http://www.ncbi.nlm.nih.gov/pubmed/25315672
http://dx.doi.org/10.1016/j.clnu.2013.09.018
http://www.ncbi.nlm.nih.gov/pubmed/24135087
http://dx.doi.org/10.1007/s00394-013-0517-7
http://www.ncbi.nlm.nih.gov/pubmed/23553051
http://dx.doi.org/10.1186/s12937-016-0129-1
http://www.ncbi.nlm.nih.gov/pubmed/26818604
http://dx.doi.org/10.1016/j.ijcard.2005.12.007
http://www.ncbi.nlm.nih.gov/pubmed/16675046
http://dx.doi.org/10.1079/BJN20041193
http://www.ncbi.nlm.nih.gov/pubmed/15333165
http://dx.doi.org/10.1016/j.jacc.2009.03.025
http://www.ncbi.nlm.nih.gov/pubmed/19520253
http://dx.doi.org/10.3390/nu8120802
http://www.ncbi.nlm.nih.gov/pubmed/27973411
http://dx.doi.org/10.1016/j.numecd.2010.07.006
http://www.ncbi.nlm.nih.gov/pubmed/21093229
http://dx.doi.org/10.3390/nu6125740
http://www.ncbi.nlm.nih.gov/pubmed/25514391

Nutrients 2017, 9, 712 14 of 14

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Pal, S;; Lim, S.; Egger, G. The effect of a low glycaemic index breakfast on blood glucose, insulin, lipid
profiles, blood pressure, body weight, body composition and satiety in obese and overweight individuals:
A pilot study. J. Am. Coll. Nutr. 2008, 27, 387-393. [CrossRef] [PubMed]

Ahuja, K.D.; Robertson, I.K.; Ball, M.J. Acute effects of food on postprandial blood pressure and measures of
arterial stiffness in healthy humans. Am. . Clin. Nutr. 2009, 90, 298-303. [CrossRef] [PubMed]

Murray, T.; Yang, E.Y,; Brunner, G.; Kumar, A.; Lakkis, N.; Misra, A.; Virani, 5.S.; Hartley, C.J.; Morrisett, ].D.;
Ballantyne, C.M.; et al. Postprandial effects on arterial stiffness parameters in healthy young adults. Vasc. Med.
2015, 20, 501-508. [CrossRef] [PubMed]

Sanchez-Aguadero, N.; Garcia-Ortiz, L.; Patino-Alonso, M.C.; Mora-Simon, S.; Gomez-Marcos, M.A.;
Alonso-Dominguez, R.; Sanchez-Salgado, B.; Recio-Rodriguez, ].I. Postprandial effect of breakfast glycaemic
index on vascular function, glycaemic control and cognitive performance (bgi study): Study protocol for
a randomised crossover trial. Trials 2016, 17, 516. [CrossRef] [PubMed]

Weiss, W.; Gohlisch, C.; Harsch-Gladisch, C.; Tolle, M.; Zidek, W.; van der Giet, M. Oscillometric estimation
of central blood pressure: Validation of the mobil-o-graph in comparison with the sphygmocor device.
Blood Press Monit. 2012, 17, 128-131. [CrossRef] [PubMed]

Kendall, C.W.; West, S.G.; Augustin, L.S.; Esfahani, A.; Vidgen, E.; Bashyam, B.; Sauder, K.A.; Campbell, J.;
Chiavaroli, L.; Jenkins, A.L.; et al. Acute effects of pistachio consumption on glucose and insulin, satiety
hormones and endothelial function in the metabolic syndrome. Eur. . Clin. Nutr. 2014, 68, 370-375.
[CrossRef] [PubMed]

Gordin, D.; Saraheimo, M.; Tuomikangas, J.; Soro-Paavonen, A.; Forsblom, C.; Paavonen, K,
Steckel-Hamann, B.; Vandenhende, F.; Nicolaou, L.; Pavo, L; et al. Influence of postprandial hyperglycemic
conditions on arterial stiffness in patients with type 2 diabetes. J. Clin. Endocrinol. Metab. 2016, 101, 1134-1143.
[CrossRef] [PubMed]

Matheson, PJ.; Wilson, M.A.; Garrison, R.N. Regulation of intestinal blood flow. ]. Surg. Res. 2000, 93,
182-196. [CrossRef] [PubMed]

Szinnai, C.; Mottet, C.; Gutzwiller, J.P; Drewe, J.; Beglinger, C.; Sieber, C.C. Role of gender upon basal and
postprandial systemic and splanchnic haemodynamics in humans. Scand. J. Gastroenterol. 2001, 36, 540-544.
[CrossRef] [PubMed]

Schillaci, G.; Marchesi, S.; Siepi, D.; Lupattelli, G.; Vaudo, G.; Pasqualini, L.; Mannarino, E. Gender differences
in postprandial endothelial function. Am. J. Cardiol. 2001, 87, 1323-1325. [CrossRef]

Adkisson, E.J.; Casey, D.P; Beck, D.T.; Gurovich, A.N.; Martin, J.S.; Braith, R.W. Central, peripheral and
resistance arterial reactivity: Fluctuates during the phases of the menstrual cycle. Exp. Biol. Med. 2010, 235,
111-118. [CrossRef] [PubMed]

Wolever, T.M,; Jenkins, D.J.; Ocana, A.M.; Rao, V.A_; Collier, G.R. Second-meal effect: Low-glycemic-index
foods eaten at dinner improve subsequent breakfast glycemic response. Am. J. Clin. Nutr. 1988, 48, 1041-1047.
[PubMed]

® © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1080/07315724.2008.10719715
http://www.ncbi.nlm.nih.gov/pubmed/18838526
http://dx.doi.org/10.3945/ajcn.2009.27771
http://www.ncbi.nlm.nih.gov/pubmed/19535430
http://dx.doi.org/10.1177/1358863X15587044
http://www.ncbi.nlm.nih.gov/pubmed/26060082
http://dx.doi.org/10.1186/s13063-016-1649-x
http://www.ncbi.nlm.nih.gov/pubmed/27776536
http://dx.doi.org/10.1097/MBP.0b013e328353ff63
http://www.ncbi.nlm.nih.gov/pubmed/22561735
http://dx.doi.org/10.1038/ejcn.2013.275
http://www.ncbi.nlm.nih.gov/pubmed/24424074
http://dx.doi.org/10.1210/jc.2015-3635
http://www.ncbi.nlm.nih.gov/pubmed/26731258
http://dx.doi.org/10.1006/jsre.2000.5862
http://www.ncbi.nlm.nih.gov/pubmed/10945962
http://dx.doi.org/10.1080/003655201750153458
http://www.ncbi.nlm.nih.gov/pubmed/11346210
http://dx.doi.org/10.1016/S0002-9149(01)01535-1
http://dx.doi.org/10.1258/ebm.2009.009186
http://www.ncbi.nlm.nih.gov/pubmed/20404025
http://www.ncbi.nlm.nih.gov/pubmed/2844076
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Intervention 
	Study Protocol 
	Outcomes 
	Variables and Measurement Instruments 
	Vascular Function Evaluation Variables 
	Laboratory Variables 
	Other Variables 

	Ethics 
	Statistics 

	Results 
	Changes in Central Hemodynamics in Response to Each Type of Breakfast 
	Changes in Heart Rate and Pulse Pressures in Response to Each Type of Breakfast 
	Changes in Glucose and Insulin in Response to Each Type of Breakfast 
	Comparisons between Postprandial Responses to Each Type of Breakfast 
	Effects of Type of Breakfast on Postprandial Responses 

	Discussion 
	Conclusions 

