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Aim: It has been debated whether different diets are more or less
effective in long-term weight loss success and cardiovascular
disease prevention among men and women. To further explore
these questions, the present study evaluated the combined effects of
a high-protein, intermittent fasting, low-calorie diet plan compared
with a heart healthy diet plan during weight loss, and weight loss
maintenance on blood lipids and vascular compliance of obese
individuals.
Methods: The experiment involved 40 obese adults (men, n = 21;
women, n = 19) and was divided into two phases: (a) 12-week
high-protein, intermittent fasting, low-calorie weight loss diet
comparing men and women (Phase 1) and (b) a 1-year weight
maintenance phase comparing high-protein, intermittent fasting

with a heart healthy diet (Phase 2). Body weight, body mass index
(BMI), blood lipids, and arterial compliance outcomes were
assessed at weeks 1 (baseline control), 12 (weight loss), and 64 (12 +
52 week; weight loss maintenance).
Results: At the end of weight loss intervention, concomitant
reductions in body weight, BMI and blood lipids were observed, as
well as enhanced arterial compliance. No sex-specific differences in
responses were observed. During phase 2, the high-protein,
intermittent fasting group demonstrated a trend for less regain in
BMI, low-density lipoprotein (LDL), and aortic pulse wave velocity
than the heart healthy group.
Conclusion: Our results suggest that a high-protein, intermittent
fasting and low-calorie diet is associated with similar reductions in
BMI and blood lipids in obese men and women. This diet also
demonstrated an advantage in minimizing weight regain as well as
enhancing arterial compliance as compared to a heart healthy diet
after 1 year.

Introduction
In the United States, the prevalence of overweight and obesity is over 60%
in adults (Flegal et al., 2010), which subsequently contributes to metabolic
and cardiovascular diseases (CVD). Obesity is often understood to coexist
with numerous cardiovascular risk factors (Wilson et al., 2002), and is
associated with multiple inflammatory markers and cytokines that
potentially contribute to the adverse cardiovascular outcomes in individuals
with obesity (Van Gaal et al., 2006). Men suffer from a higher prevalence of

these disorders than women, indicating that sex-based differences may play
a role in cardiometabolic health (Lönnqvist et al., 1997; Blaak, 2001). Many
short-term weight loss (WL) interventions are effective at improving
cardiovascular/metabolic disease risk factors [e.g., body fat, total
cholesterol (TC), and triglycerides (TG; Kelishadi et al., 2008; Clifton et al.,
2009; Klempel et al., 2012; Mozaffarian et al., 2015; Pedersen et al., 2015)].
One popular form of WL diet is intermittent fasting (IF), which utilizes
repeated short-term fasts to reduce energy intake, promote WL, and
improve the lipid profile (Tinsley and La Bounty, 2015). IF has been shown
to be as effective as continuous energy restriction in terms of WL, reducing
TG, low-density lipoprotein (LDL) cholesterol, and blood pressure (BP;
Harvie et al., 2011; Varady, 2011). However, the impact of IF on vascular
compliance, an indicator of cardiovascular disease risk (Vlachopoulos et al.,
2010), has not been examined. There is also limited information concerning
whether men and women differ in their responses to short-term IF.
Additionally, IF diets have not been examined in combination with high
protein intake aimed at promoting cardiovascular health. Thus, the first
aim of this study is to examine if there are sex differences in terms of lipid
profile, and arterial compliance following a short-term high-protein,
intermittent fasting, low-calorie (HP-IF-LC) diet.
WL induced by nutritional interventions, such as a HP-IF and a traditional
heart healthy (HH) diet, has demonstrated beneficial effects on minimizing
cardiovascular risk factors (Arciero et al., 2006; Camhi et al., 2010; Song et
al., 2016). HH diets exert a protective effect on the heart, as evidenced by
reduced rates of myocardial infarction (Hansen-Krone et al., 2012). On the
other hand, HP diets contribute to WL and weight loss maintenance
(WL-M) by increasing the metabolic rate (Leidy et al., 2015). HP diets also

induce extra energy expenditure via protein and urea synthesis as well as
gluconeogenesis (Westerterp-Plantenga et al., 2009). Although multiple
studies have demonstrated the short-term benefits of HP and IF diets, there
is little research focusing on the combined or long-term effects of HP-IF
diet on blood lipids, arterial compliance and CVD risk reduction in adults
with obesity during and after a short-term WL intervention (Mattson and
Wan, 2005; Varady, 2011). Clinical trials have demonstrated the
independent effects of either HP, IF, or LC diets on improving
cardiovascular outcomes in individuals with obesity (Katare et al., 2009;
Harvie et al., 2011; Damsgaard et al., 2013; de Luis et al., 2016). However,
few studies emphasize the combined effects of each of these dietary
strategies on long-term WL-M and cardiovascular health. Higher protein
intake during IF with low energy intake may be beneficial for WL and
WL-M due to improved preservation of fat-free mass and resting metabolic
rate. Therefore, the second major aim of the current study was to compare
the effects of two different WL-M strategies (HP-IF vs. HH) on blood lipids,
and arterial compliance in adults with obesity following an initial
short-term HP-IF-LC WL diet.

Materials and Methods
Participants
Eligible volunteers were randomly recruited from the Saratoga Springs, NY
area. Participants were eligible for inclusion in the study if they were
healthy non-smokers, but were overweight or obese. A comprehensive
medical examination/history assessment was performed by their
physicians. Individuals were excluded from participation in the study if
they had any previous cardiovascular or metabolic disease, or were
receiving hormone therapy which could influence weight status, central

adiposity and CVD risk factors measured in this study. Additionally, only
individuals who were either sedentary or lightly active (<30 min, 2
days/week of organized physical activity), weight stable (± 2 kg during the
past 6 months), middle-aged, and non-alcoholic, based on self-report, were
eligible for inclusion in the study. Every participant provided written
informed consent in accordance with the Skidmore College Human
Subjects Review Board prior to participation, and the study was approved
by the Human Subjects Institutional Review Board of Skidmore College
(IRB #: 1307-347). All experimental procedures were performed in
adherence with New York State regulations and the Federal Wide
Assurance, which are consistent with the National Commission for the
Protection of Human Subjects of Biomedical and Behavioral Research, and
in agreement with the Helsinki Declaration (revised in 1983). This trial was
registered at clinicaltrials.gov as NCT02525419.

Experimental Design and Study Timeline
Forty subjects with obesity were enrolled as a single cohort in this 64-week
dietary regimen, splitting into two consecutive intervention phases: (a)
12-week WL (Phase 1) with HP-IF-LC diet (1-week baseline control,
10-week WL, 1-week post-testing) comparing men and women, and (b) a
1-year WL-M (Phase 2) comparing two diets (HP-IF vs. HH). All laboratory
testing procedures were completed following baseline control (week 0), WL
(week 12), and WL-M (week 64), as shown in Figure 1. During baseline
control, the height, and body weight were recorded for each participant. In
order to maintain stable weight, subjects were asked to maintain routine
eating patterns and record dietary food logs for 2 days during baseline
control period. In order to verify sedentary/low activity levels, all
participants wore an Actical accelerometer (Bio-Lynx Scientific Equipment

Inc., Montreal Quebec, Canada) around their waist for 2 days during weeks
0, 5, and 10. At weeks 0, 12, and 64, body weight was assessed between
6:00 and 9:00 a.m., after an overnight fast. Subjects then rested in a supine
position for 15-min in a quiet and dimly lit room before a fasted blood draw
was performed for assessment of blood lipids and measures of arterial
compliance were obtained (see Laboratory Testing Procedures).
Following control baseline testing, participants were provided with detailed
instructions on their WL dietary guidelines (see Dietary Intervention)
and scheduled their weekly meeting with a licensed registered dietitian. At
the beginning of WL-M (Phase 2), all subjects continued to meet with a
dietitian, but on a monthly basis.
FIGURE 1

Figure 1. Schematic illustrating the experiment timeline
comprised of a 12-week WL (phase 1), followed by a 52-week
WL-M (phase 2). HP-IF-LC, high-protein, intermittent fasting,
low-calorie; HH diet, heart healthy diet; WL, weight loss; WL-M, weight
loss maintenance.

Rationale
A HH diet that meets the guidelines of the American Heart Association is
comprised of 50–60% of energy from carbohydrates and approximately
15% from protein, with the remaining 25–35% from healthy fats. This diet
is often recommended to improve cardiovascular health independent of WL
(Fagerberg et al., 1984; Trumbo et al., 2002; Lichtenstein et al., 2006).

Thus, it is of great interest to systematically compare the relative
effectiveness of this HH diet and other diets, such as a HP-IF diet, in
individuals with obesity during WL and long-term WL-M. In this context,
using a two-phase study design, our first objective was to determine
whether men and women with obesity demonstrate similar cardiovascular
health improvements following a 12-week HP-IF-LC diet. Thereafter, we
aimed to quantitatively compare the effectiveness of 52 weeks of a HP-IF
vs. HH diet on WL-M and maintenance of cardiovascular enhancements
produced by WL.

Dietary Intervention
WL (Phase 1, Weeks 1–12): HP-IF-LC Diet
Beginning at week 1, subjects consumed a HP-LC diet 6 days per week,
along with an IF diet on the remaining day of the week. This diet was
adhered to in conjunction with weekly counseling sessions with a registered
dietitian. The composition of the HP-LC diet and the timing of meals are
shown in Table 1. In order to induce an energy deficit without
compromising lean body mass, the daily macronutrient distribution (30%
protein, 45% carbohydrate, and 25% fat) has been used in this phase based
on our previous study (Arciero et al., 2014). Total energy intake during
HP-LC was 1200 and 1500 kcal per day for females and males, respectively.
The eating schedule was designed to produce a regular frequency of meals
and protein consumption during the WL and WL-M interventions. During
WL, each meal consisted of approximately 20–30 g servings of high-quality
protein in either whole food or supplement form. Subjects were told to eat
4–5 meals per day on HP-LC days, as depicted in Table 1. On the one IF day

per week, daily energy intake consisted of 330 and 430 kcal for women and
men, respectively. The composition of the diet for the IF day is depicted in
Table 2.
TABLE 1

Table 1. Composition of high-protein low-calorie diet.
TABLE 2

Table 2. Composition of intermittent fasting diet.

WL-M (Phase 2, Weeks 13–64): HP-IF and HH Diets
Starting at week 13, participants chose whether to enter the HP-IF or HH
diet group for Phase 2 of the study. Both groups (n = 10 for HP-IF; n = 14
for HH) received monthly dietary counseling from a registered dietitian,
and subjects in both groups reported continued desire to lose weight after
the initial 12 weeks. In order to resemble free-living conditions (i.e.,
conditions without excessive supervision), subjects were instructed to
follow the guidelines of their respective diets without restrictions on

physical activity or total food intake. However, they were encouraged to
stay at an intake level necessary for weight maintenance, based on their
calculated energy needs [measured resting metabolic rate (RMR) X Activity
Factor]. The HP-IF group were provided 2 meal replacements per day
(either two protein powder packets or one protein powder packet and one
meal replacement bar) while the remaining 2–3 meals were whole foods, as
guided by a dietitian. HP-IF subjects also performed IF 1 to 2 days per
month.
The HH group followed the dietary guidelines that are in compliance with
the National Cholesterol Education Program Therapeutic Lifestyle Changes
diet (i.e., < 35% of kcal as fat; 50–60% of kcal as carbohydrates; < 200
mg/dL of dietary cholesterol; and 20–30 g/day of fiber). Both groups (HH
and HP-IF) had monthly meetings with a registered dietitian to establish
healthy eating choices that were compliant with their meal plans.
Additional counseling with the registered dietitian was made available to
participants if necessary. During WL-M, the same timing of meals as during
WL was implemented (i.e., 4–5 meals per day evenly spaced throughout the
day). The only exception was during IF days for the HP-IF subjects.

Compliance
To encourage compliance, all subjects had weekly meetings with a
registered dietitian during WL and monthly meetings during WL-M to
incorporate healthy eating strategies while consuming their appropriate
diet. Additionally, all subjects were given detailed written and verbal
instructions for each diet plan (HP-IF-LC; HP-IF; HH). For example,
participants were informed that HP-IF was designed to maintain intake

close to the 1.8 g protein/kg body weight (BW), whereas the HH was
designed to deliver 1.0 g protein/kg BW. Furthermore, as stated above,
there were no differences between the subjects choosing HH or HP-IF diets
for the WL-M phase. Monitoring of the meal plans was performed through
daily subject-researcher interaction (e.g., telephone conversations, 2-day
food diary analysis, weekly dietary intake journals inspections, distribution
of weekly meal/supplement containers, return of empty packets and
containers, and monthly group meetings). The PI (PJA) and/or an
investigator held weekly meetings with all participants to verify compliance
with the dietary meal plans, clarify dietary guidelines, and answer
questions. Participants demonstrated a high compliance rate (>90%),
which was defined as consuming more than 85% of their respective
meals/supplemented feedings. Subjects were considered non-compliant if
they were absent from more than two consecutive dietitian meetings or
consumed ≥3 inappropriate meal/supplement servings a week for ≥2
consecutive weeks at a time.
A 2-day food record was utilized to verify compliance to each respective diet
(HP-IF-LC; HP-IF; HH). Based on our experience, a representative sample
of only 2 days was adequate to assess subjects' stable and consistent intake
during each stage. If necessary, subjects were instructed to record food
intake every day. Food records were filled out by the participants at weeks
0, 11, and 63. A registered dietitian and a research team member provided
instructions to the participants on making detailed records of portion sizes
and food items. The dietary information was subsequently recorded into
the food analysis program, The Food Processor SQL Edition (version 10.2.0
ESHA Research, Sale, OR, 2012). Single trained operators (E.W.)
performed the analysis in order to eliminate inter-investigator variation.

Each participant was also given a checklist in an effort to help adhere to the
IF day regimen.

Laboratory Testing Procedures
BW and Physical Activities Assessment
Body weight was measured using an electronic scale during each testing
visit without shoes and in minimal clothing. Standard BMI measurements
were obtained by dividing the participant's weight (kg) by the square of
their height (m2). Free-living, daily activity was monitored by an Actical
accelerometer secured on the waist to ensure consistent levels of activity
between the participants (Esliger et al., 2007; Hooker et al., 2011).

Blood Lipid Determination
A 12-h fasted venous blood sample (~20 ml) was obtained at baseline (week
0) and post-intervention (weeks 12 and 64). Blood was collected into
EDTA-coated vacutainer tubes and centrifuged (Hettich Rotina 46R5) for
15 min at 2500 rpm at 4°C. After separation, plasma was stored at −70°C in
small aliquots until analyzed. TC, high-density lipoprotein (HDL)
cholesterol, and TG were assessed using the Cholestech LDX blood analysis
system (Hayward, CA). Test-retest intraclass correlation (r) and coefficient
of variation (CV) with n = 15 is: r = 0.95, CV = 3.2%, and r = 0.97, CV =
5.3%, for TC and HDL cholesterol, respectively.

Vascular Compliance Measurement
Vascular compliance can be measured non-invasively and gives information
regarding cardiovascular disease risk, even in healthy individuals (Ring et

al., 2014). Resting heart rate (HR) and systolic and diastolic BP (SBP; DBP)
were obtained in the supine position as previously described (4, 6, 7). HR
and BP were obtained by the same investigator (E.W.) following a
minimum of 10 min of quiet resting.
The Arteriograph (version 1.10.0.1, TensioMed Kft., Budapest, Hungary)
device uses an upper arm cuff inflated to >35 mmHg above the subjects'
actual systolic pressure. This causes a small diaphragm in the brachial
artery to develop along the upper border of the over-pressurized cuff. A
pulse wave is created as the central pressure changes, forming an early
(direct) systolic wave (P1), late (reflected) systolic wave (P2), and diastolic
wave(s) (P3). The device is able to record each of these suprasystolic
pressure changes.
Initially, the Arteriograph measures the systolic and diastolic BP
oscillometrically, and then decompresses the cuff. Within a few seconds,
the device re-inflates the cuff, first to the actual measured diastolic BP
followed by the suprasystolic pressure, which is 35 mmHg over the actual
systolic BP. The device records the signals from both pressure levels for 8 s.
A computer receives all of the signals sent wirelessly by the device. Using
the software, the augmentation index is determined by the following
formula:
Aix(%)=(P2−P1)/PP×100Aix(%)=(P2−P1)/PP×100

where P1 reflects the early direct wave's amplitude; P2 refers to the late
reflected systolic wave's amplitude; and PP equals the pulse pressure.
Augmentation index was calculated for the brachial artery (brachial
augmentation index; BAIX) and for the aorta (central augmentation index;
CAIX). CAIX values are produced by the Arteriograph based on the

correlation between previous simultaneously measured brachial and aortic
augmentation indices. The aortic pulse wave velocity (PWVao) is
determined by the wave reflection generated from the early direct pulse
wave as it is reflected back primarily from the aortic bifurcation. Return
time (RT) is determined by measuring the time interval between peaks
from the early direct (P1) and reflected late (P2) systolic waves. The PWVao
calculations were measured using the distance from the upper edge of the
pubic bone to the sternal notch (Jugulum-Symphisis¼), as this provides
the closest approximation of the true aortic length (Sugawara et al., 2008;
Horváth et al., 2010). The parallel straight-line distance between these
anatomical points was measured to allow for the calculation of the PWVao
with the following formula:
PWVao(m/s) = [Jug – Sy(m)]/[(RT/2(s)]PWVao(m/s) = [Jug – Sy(m)]/[(RT/2(s)]

Finally, calculation of the blood pressure using the Arteriograph was based
on algorithms that have been previously validated (Németh et al., 2002;
Horváth et al., 2010).

Statistical Analysis
Statistical analysis was performed using SPSS software (Ver. 21;
IBM-SPSS). All values are reported as means ± SE. Before the start of the
study, sample size was determined through power analysis based on the
major outcome variables (blood lipids and arterial compliance) to achieve
an effect size of 0.25 with 80% power at alpha 0.05 based on the
preliminary data. This analysis determined that n = 12 were required to
detect significant differences between groups. A 2 × 2 factor repeated
measures ANOVA (RMANOVA) was performed for the WL (HP-IF-LC,
weeks 0–12) phase (sex; M/F and time; control baseline vs. 12 Weeks) and
the WL-M (weeks 13–64) phase (group; HP-IF/HH and time; 13 weeks vs.

64 weeks) to determine main effects as shown in the results. Bonferroni's
method was performed if there was an interaction between variables. A
multivariate ANOVA was also performed as an additional analysis.
Pearson's correlation coefficients were used to assess the relationships
between body fat, blood lipids, cardiovascular function, and arterial
compliance during WL and WL-M phases. The significance was set at p <
0.05, and trends were noted for 0.05 < p < 0.1. Percent change for
dependent variables was calculated as (measurement 2) − (measurement
1)measurement 1*100(measurement

2) - (measurement 1)measurement 1*100.

Results
WL (Phase 1, HP-IF-LC Diet)
Forty participants completed Phase 1 of this study. Descriptive baseline
characteristics of the participants are shown in Table 3. Results of the
repeated-measures ANOVAs for our dependent variables are displayed in
Table 4. No gender-by-time interactions were found for any variables after
Phase 1. The average loss of BW reached 10% of original BW following the
12-week WL (10.4 ± 0.6%, p < 0.001). BMI was also significantly decreased
post Phase 1 compared to baseline (BMI: 37.5 ± 0.9 vs. 33.7 ± 0.8 kg/m2, p
< 0.001; Figures 2A, 4A). However, there was no difference observed in
BMI at week 12 between those who chose to enter either the HH or HP-IF
groups.
TABLE 3

Table 3. Baseline (week 0) characteristics of participants for WL
(Phase 1).
TABLE 4

Table 4. Results of weight loss phase (Phase 1).
FIGURE 2

Figure 2. Dietary effects on BMI during phase 1 (A) and phase 2
(B) collapsed across genders. (A) Effect of 12 week HP-IF-LC
intervention (Phase 1) on BMI (n = 40). (B) Percent change in BMI
between HP-IF and HH groups during Phase 2 (n = 24). ***Significant
difference compared to baseline (p < 0.001). *Trend for significant
difference compared to HH group (p = 0.069). BMI, body mass index;
HP-IF, high-protein, intermittent fasting; HH, heart healthy.
Significant decreases were also found in the levels of plasma TG, LDL, and
TC following the WL (Figures 3A–D). As expected, HR and BP were also
significantly decreased following the 12 weeks WL (Figures 4B–D);
however, HR only decreased in male subjects.
FIGURE 3

Figure 3. Effect of 12 week HP-IF-LC intervention (Phase 1) on
(A) triglycerides, (B) LDL, (C) total cholesterol, (D) total
cholesterol/HDL ratio of males and females. Significant difference
compared to baseline of the same gender indicated by: *p < 0.05; **p <
0.01; ***p < 0.001. LDL, low-density-lipoprotein; HDL,
high-density-lipoprotein.
FIGURE 4

Figure 4. Effect of 12 week HP-IF-LC intervention (Phase 1) on
(A) BMI, (B) heart rate, (C) systolic blood pressure, (D) diastolic
blood pressure, (E) PWVao, (F) return time (the time intervals
between peaks from the early direct and reflected late systolic
waves), (G) BAIX, and (H) CAIX of males and females. Significant
difference compared to baseline of the same gender indicated by: *p < 0.05;
**p < 0.01; ***p < 0.001. BMI, body mass index; PWVao, aortic pulse wave
velocity; BAIX, brachial augmentation index; CAIX, central augmentation
index.

Moreover, our results revealed that PWVao, an important measurement of
arterial stiffness, was significantly decreased whereas the return time (RT)
was increased following Phase 1 (Figures 4E,F). There were not significant
changes in BAIX or CAIX (Figures 4G,H).
Percent changes in anthropometrics (BW and BMI) were significantly
positively correlated with the corresponding changes in plasma TG (r =
0.30, 0.30, p < 0.05, respectively) and TC (r = 0.45, 0.48, p < 0.01,
respectively), but not with the ratio of TC/HDL (Table 5). Interestingly, the
percent change in CAIX was significantly correlated with HR, systolic BP,
and diastolic BP (r = −0.29, r = −0.31, r = 0.29, p < 0.05, respectively).
TABLE 5

Table 5. Pearson correlation coefficients for the percent change
in body weight/BMI and blood lipid profiles following the phase
1 study.

WL-M (Phase 2, HP-IF, and HH Diets)
Male and female participants were pooled for Phase 2. Twenty-four
participants successfully completed Phase 2, while 16 were excluded due to
drop-out and non-compliance. Descriptive characteristics of the
participants are shown in Table 6, and the results of the repeated measures
ANOVAs for our dependent variables are displayed in Table 7. TC, LDL,
HDL, TG, HR, SBP, DBP, and return time increased over time in both
groups. However, there were trends (0.05 < p < 0.1) for less regain in BMI
(p = 0.069; Figure 2B) and LDL (p = 0.068) in the HP-IF group. There was

also a reduced PWVao in the HP-IF group (p = 0.045) and increased CAIX
over time in both groups (p = 0.084).
TABLE 6

Table 6. Baseline (week 12) characteristics of participants for
WL-M (Phase 2).
TABLE 7

Table 7. Results of weight loss maintenance phase (Phase 2).
No significant difference was observed at the beginning of Phase 2 between
the HP-IF and HH groups for any blood lipid components. Although there
were no statistically significant differences in respect to the changes in
blood lipid profiles between the HP-IF and HH groups following Phase 2,
the HP-IF group demonstrated a tendency toward lower percentage
increases compared to HH group in all lipid profiles except HDL (Figures
5A–F).
FIGURE 5

Figure 5. Percent changes in (A) triglycerides, (B) LDL, (C) HDL,
(D) non HDL lipids, (E) total cholesterol, and (F) total
cholesterol/HDL ratio between the HP-IF and HH groups
following Phase 2 (52 weeks). HP-IF, high-protein, intermittent
fasting; HH, heart healthy; LDL, low-density lipoprotein; HDL,
high-density-lipoprotein.
Our results did not show a meaningful difference between the HP-IF and
HH groups in terms of systolic BP, diastolic BP, or HR following phase 2. It
is worth noting that the percent change in PWVao was much less in the
HP-IF group than in the HH group following Phase 2 (−2.5 ± 4.1% vs. 11.2
± 4.6%; Figure 6A). The difference in return time following the WL-M
phase was also noticeable (HP-IF: −4.6 ± 3.8% vs. HH: −11.8 ± 3.0%, p =
0.220), although it was not statistically significant (Figure 6B). BAIX and
CAIX percent changes are depicted in Figures 6C,D.
FIGURE 6

Figure 6. Percent changes in (A) PWVao, (B) return time (the
time intervals between peaks from the early direct and reflected
late systolic waves), (C) BAIX, and (D) CAIX between the HP-IF
and HH groups following Phase 2 (52 weeks). *Significant difference
from the HH group (p = 0.045), as assessed by repeated-measures ANOVA.
PWVao, aortic pulse wave velocity; HP-IF, high-protein, intermittent

fasting; HH, heart healthy; BAIX, brachial augmentation index; CAIX,
central augmentation index.
The percent change in systolic and diastolic BP was positively correlated
with changes in BAIX (r = 0.52, p < 0.05; r = 0.63, p < 0.01, respectively).
We also found that changes in TRG were positively correlated with changes
in LDL, BAIX, and CAIX (r = 0.42, r = 0.49, r = 0.50, p < 0.05,
respectively; Table 8).
TABLE 8

Table 8. Pearson correlation coefficients for the percent change
in variables following the phase 2 study.

Discussion
Previous studies have supported the independent effects of HP, HH, LC, or
IF diets on WL success and cardiometabolic improvement (Arciero et al.,
2006; Kelishadi et al., 2008; Clifton et al., 2009; Camhi et al., 2010;
Klempel et al., 2012; Song et al., 2016). The current study provides
convincing evidence that the combined HP-IF-LC diet successfully induces
marked body WL, and is likely associated with reduced blood lipid levels
and enhanced arterial compliance among men and women with obesity.
During WL (Phase 1), the percent change in BW and BMI was significantly
correlated with the changes in certain blood lipid variables such as TRG
and TC. Subsequently in WL-M (Phase 2), subjects who adhered to the
HP-IF diet experienced reduced weight regain and demonstrated better
arterial compliance than those consuming the HH diet. Collectively, these

data suggest that the HP-IF diet may be a new type of healthy diet which
could be advantageous in maintaining the long-term health benefits from
initial WL in overweight and obese individuals. Although significant WL
occurred in both men and women, we found no sex effect in the parameters
of our study.
The alarming rate of obesity in the United States is often attributed to the
consumption of low-quality, high caloric diets (Bruemmer, 2012). Obesity
was established as an independent risk contributor for CVD in the 26
plus-year follow-up from the original Framingham cohort study (Hubert et
al., 1983). Numerous studies have investigated WL and the corresponding
alterations in cardiovascular health and disease risk (Kelishadi et al., 2008;
Clifton et al., 2009; Klempel et al., 2012; Mozaffarian et al., 2015; Pedersen
et al., 2015). However, a major challenge we currently face is effectively
maintaining successful WL and the accompanying health benefits.
Therefore, it is paramount that researchers and clinicians develop WL
strategies that are also safe and effective for aiding in long-term heart
health (Bruemmer, 2012). While recidivism often appears to be
unavoidable in long-term WL studies, maintaining even modest WL can be
clinically significant (Stevens et al., 2001; Harsha and Bray, 2008).
Research has reported that short-term interventions similar to our
HP-IF-LC diet effectively promote WL (Clifton et al., 2009; Klempel et al.,
2012). One novel aspect of our study was comparing a traditional HH diet
with a HP-IF diet using a 1-year follow-up to the initial 12-week WL period.
We tracked changes in BMI, blood lipids, as well as cardiovascular and
arterial compliance measures during both WL and WL-M phases. This
could be attributed to the relatively higher protein content in the HP-IF

diet, but the 1 to 2 days per month of IF likely exerted beneficial effects by
counteracting normal weight gain. The individual and combined effects of
HP and IF warrant further investigation.
The combined diet plan (HP-IF-LC) utilized in this study is not overly
complex, and the modified IF that was included during the WL-M phase
was only employed on 1 to 2 days per month. The HP-IF diet provided
sufficient energy intake and was not intended for continued weight loss
during the WL-M phase. Rather, it was included simply to more closely
mimic the diet during the WL phase without the intended WL. Moreover,
both HP and IF have been reported to induce significant health benefits,
thus this was a logical dietary intervention to compare to the HH diet.
Previous research has shown that elevated resting HR can predict
cardiovascular mortality in men and women (Fox et al., 2007; Cooney et al.,
2010). Hypertension, which is associated with obesity, is also known to
predispose individuals to CVD (Aucott et al., 2005). These serve as
additional support for the necessity of long-term WL interventions which
can sustain improvements in these significant cardiovascular variables. In
addition, it is well-known that WL in hypertensive individuals is associated
with a decrease in BP in short-term interventions either by caloric
restriction, exercise, or both (Neter et al., 2003; Elmer et al., 2006; Harsha
and Bray, 2008). Nevertheless, long-term studies on the effects of WL
induced by different diets on BP are still lacking. As such, we measured
systolic and diastolic BP, as well as resting heart rate, at weeks 0, 12, and
64. We observed a decline in systolic BP and diastolic BP following the
12-week WL Phase. However, the participants in the present study were, on
average, categorized as having normal BP at study commencement, so the

complete impact of these BP reductions is not entirely clear, although they
could potentially aid in preventing a rise in BP over time. Some degree of
weight relapse occurred during the WL-M phase, although body weight and
BMI still remained below baseline levels. During the weight relapse,
simultaneous increases in HR and BP were seen, but neither diet (HP-IF or
HH) was shown to be more advantageous in lessening the recidivism in
either BP or HR during the WL-M phase. In the future, extensive studies
requiring a larger sample and longer-term interventions, possibly
combined with exercise regimens, are needed to evaluate the advantages of
the health-promoting effects of HP-IF on BP and HR changes.
The degree of WL has previously been linked to the reduction of CVD risk
factors (Van Gaal et al., 2005). Consistent with previous studies (Melanson
et al., 2003; Harder et al., 2004), we found that a 12-week WL program
markedly reduced triglyceride levels and moderately lowered LDL (−25 and
−11% in the present study), without improvements in HDL. In the future,
moderate exercise combined with the HP-IF dietary intervention might be a
promising approach to increase HDL levels while still reducing triglycerides
and LDL. Following the 1 year WL-M phase, the improved lipid risk factors
rebounded slightly, which was associated with recidivism of the weight
gain. Although the weight relapse seems to be common for long-term WL
studies, Wing et al. concluded that large or modest WL at 1 year is still
clinically beneficial for diabetic patients with obesity (Wing et al., 2011),
and it has been reported that acute weight loss affects long-term
cardiovascular function (Corbi et al., 2002). Further studies should address
the additional factors associated with CVD risk, such as the presence of

diabetes and race difference, as well as the use of Framingham risk score to
understand the beneficial effects of HP-IF diet.
An augmentation index is used as a measure of arterial stiffness, which has
been demonstrated to adversely affect cardiovascular health (Nürnberger et
al., 2002). For example, type 1 and type 2 diabetes are both characterized
by increased arterial stiffness (Wilkinson et al., 2000). Our data revealed
non-significant reductions in BAIX and CAIX after Phase 1, as well as a
reduction in PWVao in the HP-IF group compared to the HH group in
Phase 2. This finding suggests that the participants in the HP-IF group may
have benefits from reduced arterial stiffness as a result of continuing the
HP-IF diet for 1 year. Our data also suggest a positive relationship between
the changes of BAIX, CAIX, and the change in TRG during phase 2. The
beneficial outcome of the HP-IF diet may have clinical significance as
studies have shown arterial stiffness to have a strong predictive value for
cardiovascular events and all-cause mortality (Vlachopoulos et al., 2010).
In accordance with our results, a study which examined patients with
atherosclerotic disease found that the augmentation index was significantly
correlated with both systolic BP and diastolic BP (Nürnberger et al., 2002).
PWVao, another index of arterial stiffness, increases as a result of
hypertension, atherosclerosis, or aging (Willum-Hansen et al., 2006).
Research has shown that PWVao is a useful biomarker that can be
successfully used to predict future cardiovascular risk in patients
(Ben-Shlomo et al., 2014). Our findings are consistent with other studies
showing that WL is associated with improved PWVao (Wildman et al.,
2005; Barinas-Mitchell et al., 2006; Rider et al., 2010). Moreover, after the

1-year follow up, there is a lower PWVao over time in the HP-IF group as
compared to the HH group, which relapsed to higher PWVao values.
Several significant strengths characterize the present study. First, there
were two separate phases, WL and WL-M, with two different baselines
which allowed for comparison between and within both interventions.
Second, we diligently monitored the physical activity level and diet of all
participants through both Phase 1 and Phase 2. On the other hand, the
study also had some limitations. The age range of the cohort crosses over
several reproductive stages of women (i.e., premenopausal,
perimenopausal, and postmenopausal), which could affect the results. As is
often the case in long-term human studies, the total number of our
participants in phase 2 was less than that of phase 1 due to factors such as
scheduling conflicts and non-compliance of subjects. Presumably,
participants who finished the second phase were more motivated and
committed to the study than those who dropped out. Therefore, we were
unable to collect some follow-up data from drop outs, potentially increasing
the possibility of false positive results. However, significant differences in
baseline measurements did not exist between groups, meaning that the
dropout and non-compliance did not produce systematic differences in the
individuals in each group. The intensity of our dietary intervention may
have been more stringent compared to other standard dietary
interventions. As a result, future studies may need to be directed to a more
practical protocol modified from current plans.

Perspective and Significance
In summary, a 12-week HP-IF-LC diet effectively improved BMI, lowered
cholesterol, favorably altered cardiovascular variables, and reduced resting

HR and BP. A novel finding is that a 1-year HP-IF intervention minimizes
weight regain and improves BMI, leading to enhanced cardiovascular
parameters. A comparison between this diet and other WL and WL-M trials
should be performed in future studies, especially given that the HP-IF diet
appears to be “advantageous” in maintaining the long-term health benefits
from initial WL. A comparison WL group would be valuable in informing us
whether the HP-IF-LC diet results in better metabolic and vascular
outcomes than other traditional WL diets. Researchers should investigate
the fasting glucose and HbA1C levels of the subjects, as diabetic and
pre-diabetic subjects are prone to cardiovascular disease. In future studies,
we will determine the exact effect of feedings during HP-IF-LC on
gastrointestinal tract function, postprandial thermogenesis, RMR, nitrogen
balance and glycosuria as compared to other diets. Furthermore, as
previous studies have confirmed the involvement of reactive oxygen species
in multiple CVD (Zuo et al., 2011; Zhu and Zuo, 2013), assessing the
potential effects of different diets on the redox balance in the body may be
an area of interest for future dietary studies at the molecular level. Further
identification of an optimal role of cardiac preconditioning regimens and
resistance training may be necessary as these methods may likely modulate
lean body mass and muscle strength during WL (Zuo et al., 2013; Ataee et
al., 2014).

Author Contributions
PA conception and design of research; PA performed experiments; LZ, GT,
BP, EW, and PA analyzed data; LZ, FH, and PA interpreted results of
experiments; LZ and BP prepared figures; LZ, FH, BP, and PA drafted

manuscript; LZ, FH, BP, GT, and PA edited and revised manuscript; LZ,
FH, GT, BP, EW, and PA approved final version of manuscript.

Funding
This study was primarily supported (90%) by Isagenix International Grant
#13-086 and (http://www.isagenix.com/?sc_lang=en-US) to PA.
Additional support (10%) was provided by OSU-HRS Fund 013000.

Conflict of Interest Statement
Isagenix International, a multilevel marketing company, funded this study
to PA. However, the company did not have access to the data throughout
the study, and no patents, products in development or marketed product is
to declare. This does not alter our adherence to all the Frontiers in
Physiology policies on sharing data and materials.
All the other authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Acknowledgments
We appreciate the time and effort given by all of our volunteers. We
respectfully acknowledge the assistance of Tingyang Zhou, Chia-Chen
Chuang, Michael Chien, Alex Ziegler, Joshua Stringer, and Nicole
Otenbaker during the manuscript preparation. We are grateful for the
assistance of Olivia Minicucci, Bradley Schuler, Allison Keller, Karen
Arciero DPT, Caitlin Sheridan, Rebecca Mahoney RD, and Elisa Kline RD
throughout the entire intervention.

References

Arciero, P. J., Baur, D., Connelly, S., and Ormsbee, M. J. (2014).
Timed-daily ingestion of whey protein and exercise training reduces
visceral adipose tissue mass and improves insulin resistance: the PRISE
study. J. Appl. Physiol. 117, 1–10. doi: 10.1152/japplphysiol.00152.2014
PubMed Abstract | CrossRef Full Text | Google Scholar
Arciero, P. J., Gentile, C. L., Martin-Pressman, R., Ormsbee, M. J., Everett,
M., Zwicky, L., et al. (2006). Increased dietary protein and combined high
intensity aerobic and resistance exercise improves body fat distribution and
cardiovascular risk factors. Int. J. Sport Nutr. Exerc. Metab. 16, 373–392.
doi: 10.1123/ijsnem.16.4.373
PubMed Abstract | CrossRef Full Text | Google Scholar
Ataee, J., Koozehchian, M. S., Kreider, R. B., and Zuo, L. (2014).
Effectiveness of accommodation and constant resistance training on
maximal strength and power in trained athletes. PeerJ 2:e441. doi:
10.7717/peerj.441
PubMed Abstract | CrossRef Full Text | Google Scholar
Aucott, L., Poobalan, A., Smith, W. C., Avenell, A., Jung, R., and Broom, J.
(2005). Effects of weight loss in overweight/obese individuals and
long-term hypertension outcomes: a systematic review. Hypertension 45,
1035–1041. doi: 10.1161/01.HYP.0000165680.59733.d4
PubMed Abstract | CrossRef Full Text | Google Scholar
Barinas-Mitchell, E., Kuller, L. H., Sutton-Tyrrell, K., Hegazi, R., Harper,
P., Mancino, J., et al. (2006). Effect of weight loss and nutritional

intervention on arterial stiffness in type 2 diabetes. Diabetes Care 29,
2218–2222. doi: 10.2337/dc06-0665
PubMed Abstract | CrossRef Full Text | Google Scholar
Ben-Shlomo, Y., Spears, M., Boustred, C., May, M., Anderson, S. G.,
Benjamin, E. J., et al. (2014). Aortic pulse wave velocity improves
cardiovascular event prediction: an individual participant meta-analysis of
prospective observational data from 17,635 subjects. J. Am. Coll. Cardiol.
63, 636–646. doi: 10.1016/j.jacc.2013.09.063
PubMed Abstract | CrossRef Full Text | Google Scholar
Blaak, E. (2001). Gender differences in fat metabolism. Curr. Opin. Clin.
Nutr. Metab. Care 4, 499–502. doi: 10.1097/00075197-200111000-00006
PubMed Abstract | CrossRef Full Text | Google Scholar
Bruemmer, D. (2012). Targeting angiogenesis as treatment for obesity.
Arterioscler. Thromb. Vasc. Biol. 32, 161–162. doi:
10.1161/ATVBAHA.111.241992
PubMed Abstract | CrossRef Full Text | Google Scholar
Camhi, S. M., Stefanick, M. L., Ridker, P. M., and Young, D. R. (2010).
Changes in C-reactive protein from low-fat diet and/or physical activity in
men and women with and without metabolic syndrome. Metab. Clin. Exp.
59, 54–61. doi: 10.1016/j.metabol.2009.07.008
PubMed Abstract | CrossRef Full Text | Google Scholar
Clifton, P. M., Bastiaans, K., and Keogh, J. B. (2009). High protein diets
decrease total and abdominal fat and improve CVD risk profile in

overweight and obese men and women with elevated triacylglycerol. Nutr.
Metab. Cardiovasc. Dis. 19, 548–554. doi: 10.1016/j.numecd.2008.10.006
PubMed Abstract | CrossRef Full Text | Google Scholar
Cooney, M. T., Vartiainen, E., Laatikainen, T., Juolevi, A., Dudina, A., and
Graham, I. M. (2010). Elevated resting heart rate is an independent risk
factor for cardiovascular disease in healthy men and women. Am. Heart J.
159, 612–619.e3. doi: 10.1016/j.ahj.2009.12.029
PubMed Abstract | CrossRef Full Text | Google Scholar
Corbi, G. M., Carbone, S., Ziccardi, P., Giugliano, G., Marfella, R., Nappo,
F., et al. (2002). FFAs and QT intervals in obese women with visceral
adiposity: effects of sustained weight loss over 1 year. J. Clin. Endocrinol.
Metab. 87, 2080–2083. doi: 10.1210/jcem.87.5.8516
PubMed Abstract | CrossRef Full Text | Google Scholar
Damsgaard, C. T., Papadaki, A., Jensen, S. M., Ritz, C., Dalskov, S. M.,
Hlavaty, P., et al. (2013). Higher protein diets consumed ad libitum
improve cardiovascular risk markers in children of overweight parents from
eight European Countries. J. Nutr. 143, 810–817. doi:
10.3945/jn.112.173427
PubMed Abstract | CrossRef Full Text
de Luis, D. A., Aller, R., Izaola, O., and Romero, E. (2016). Effect of -55CT
Polymorphism of UCP3 on insulin resistance and cardiovascular risk
factors after a high protein/low carbohydrate versus a standard hypocaloric
diet. Ann. Nutr. Metab. 68, 157–163. doi: 10.1159/000444150
PubMed Abstract | CrossRef Full Text | Google Scholar

Elmer, P. J., Obarzanek, E., Vollmer, W. M., Simons-Morton, D., Stevens,
V. J., Young, D. R., et al. (2006). Effects of comprehensive lifestyle
modification on diet, weight, physical fitness, and blood pressure control:
18-month results of a randomized trial. Ann. Intern. Med. 144, 485–495.
doi: 10.7326/0003-4819-144-7-200604040-00007
PubMed Abstract | CrossRef Full Text | Google Scholar
Esliger, D. W., Probert, A., Connor Gorber, S., Bryan, S., Laviolette, M., and
Tremblay, M. S. (2007). Validity of the Actical accelerometer step-count
function. Med. Sci. Sports Exerc. 39, 1200–1204. doi:
10.1249/mss.0b013e3804ec4e9
PubMed Abstract | CrossRef Full Text | Google Scholar
Fagerberg, B., Andersson, O. K., Isaksson, B., and Bjorntorp, P. (1984).
Blood pressure control during weight reduction in obese hypertensive men:
separate effects of sodium and energy restriction. Br. Med. J. (Clin. Res.
Ed). 288, 11–14. doi: 10.1136/bmj.288.6410.11
PubMed Abstract | CrossRef Full Text | Google Scholar
Flegal, K. M., Carroll, M. D., Ogden, C. L., and Curtin, L. R. (2010).
Prevalence and trends in obesity among US adults, 1999-2008. JAMA 303,
235–241. doi: 10.1001/jama.2009.2014
PubMed Abstract | CrossRef Full Text | Google Scholar
Fox, K., Borer, J. S., Camm, A. J., Danchin, N., Ferrari, R., Lopez Sendon, J.
L., et al. (2007). Resting heart rate in cardiovascular disease. J. Am. Coll.
Cardiol. 50, 823–830. doi: 10.1016/j.jacc.2007.04.079
PubMed Abstract | CrossRef Full Text | Google Scholar

Hansen-Krone, I. J., Enga, K. F., Njolstad, I., Hansen, J. B., and Braekkan,
S. K. (2012). Heart healthy diet and risk of myocardial infarction and
venous thromboembolism The Tromso Study. Thromb Haemostasis 108,
554–560. doi: 10.1160/TH11-11-0818
PubMed Abstract | CrossRef Full Text | Google Scholar
Harder, H., Dinesen, B., and Astrup, A. (2004). The effect of a rapid weight
loss on lipid profile and glycemic control in obese type 2 diabetic patients.
Int. J. Obes. Relat. Metab. Disord. 28, 180–182. doi:
10.1038/sj.ijo.0802529
PubMed Abstract | CrossRef Full Text | Google Scholar
Harsha, D. W., and Bray, G. A. (2008). Weight loss and blood pressure
control (Pro). Hypertension 51, 1420–1425; discussion 1425. doi:
10.1161/hypertensionaha.107.094011
PubMed Abstract | CrossRef Full Text | Google Scholar
Harvie, M. N., Pegington, M., Mattson, M. P., Frystyk, J., Dillon, B., Evans,
G., et al. (2011). The effects of intermittent or continuous energy restriction
on weight loss and metabolic disease risk markers: a randomized trial in
young overweight women. Int. J. Obes. (Lond). 35, 714–727. doi:
10.1038/ijo.2010.171
PubMed Abstract | CrossRef Full Text | Google Scholar
Hooker, S. P., Feeney, A., Hutto, B., Pfeiffer, K. A., Mciver, K., Heil, D. P., et
al. (2011). Validation of the actical activity monitor in middle-aged and
older adults. J. Phys. Act. Health 8, 372–381. doi: 10.1123/jpah.8.3.372
PubMed Abstract | CrossRef Full Text | Google Scholar

Horváth, I. G., Nemeth, A., Lenkey, Z., Alessandri, N., Tufano, F., Kis, P., et
al. (2010). Invasive validation of a new oscillometric device (Arteriograph)
for measuring augmentation index, central blood pressure and aortic pulse
wave velocity. J. Hypertens. 28, 2068–2075. doi:
10.1097/HJH.0b013e32833c8a1a
PubMed Abstract | CrossRef Full Text | Google Scholar
Hubert, H. B., Feinleib, M., Mcnamara, P. M., and Castelli, W. P. (1983).
Obesity as an independent risk factor for cardiovascular disease: a 26-year
follow-up of participants in the Framingham Heart Study. Circulation 67,
968–977. doi: 10.1161/01.CIR.67.5.968
PubMed Abstract | CrossRef Full Text | Google Scholar
Katare, R. G., Kakinuma, Y., Arikawa, M., Yamasaki, F., and Sato, T.
(2009). Chronic intermittent fasting improves the survival following large
myocardial ischemia by activation of BDNF/VEGF/PI3K signaling
pathway. J. Mol. Cell. Cardiol. 46, 405–412. doi:
10.1016/j.yjmcc.2008.10.027
PubMed Abstract | CrossRef Full Text | Google Scholar
Kelishadi, R., Hashemi, M., Mohammadifard, N., Asgary, S., and
Khavarian, N. (2008). Association of changes in oxidative and
proinflammatory states with changes in vascular function after a lifestyle
modification trial among obese children. Clin. Chem. 54, 147–153. doi:
10.1373/clinchem.2007.089953
PubMed Abstract | CrossRef Full Text | Google Scholar
Klempel, M. C., Kroeger, C. M., Bhutani, S., Trepanowski, J. F., and Varady,
K. A. (2012). Intermittent fasting combined with calorie restriction is

effective for weight loss and cardio-protection in obese women. Nutr. J.
11:98. doi: 10.1186/1475-2891-11-98
PubMed Abstract | CrossRef Full Text | Google Scholar
Leidy, H. J., Clifton, P. M., Astrup, A., Wycherley, T. P.,
Westerterp-Plantenga, M. S., Luscombe-Marsh, N. D., et al. (2015). The
role of protein in weight loss and maintenance. Am. J. Clin. Nutr. 101,
1320s–1329s. doi: 10.3945/ajcn.114.084038
CrossRef Full Text | Google Scholar
Lichtenstein, A. H., Appel, L. J., Brands, M., Carnethon, M., Daniels, S.,
Franch, H. A., et al. (2006). Diet and lifestyle recommendations revision
2006: a scientific statement from the American Heart Association Nutrition
Committee. Circulation 114, 82–96. doi:
10.1161/CIRCULATIONAHA.106.176158
PubMed Abstract | CrossRef Full Text | Google Scholar
Lönnqvist, F., Thörne, A., Large, V., and Arner, P. (1997). Sex differences in
visceral fat lipolysis and metabolic complications of obesity. Arterioscler.
Thromb. Vasc. Biol. 17, 1472–1480. doi: 10.1161/01.ATV.17.7.1472
PubMed Abstract | CrossRef Full Text | Google Scholar
Mattson, M. P., and Wan, R. Q. (2005). Beneficial effects of intermittent
fasting and caloric restriction on the cardiovascular and cerebrovascular
systems. J. Nutr. Biochem. 16, 129–137. doi: 10.1016/j.jnutbio.2004.12.007
PubMed Abstract | CrossRef Full Text | Google Scholar
Melanson, K., Gootman, J., Myrdal, A., Kline, G., and Rippe, J. M. (2003).
Weight loss and total lipid profile changes in overweight women consuming

beef or chicken as the primary protein source. Nutrition 19, 409–414. doi:
10.1016/S0899-9007(02)01080-8
PubMed Abstract | CrossRef Full Text | Google Scholar
Mozaffarian, D., Benjamin, E. J., Go, A. S., Arnett, D. K., Blaha, M. J.,
Cushman, M., et al. (2015). Executive summary: heart disease and stroke
statistics-2015 update a report from the American Heart Association.
Circulation 131, 434–441. doi: 10.1161/CIR.0000000000000157
CrossRef Full Text | Google Scholar
Németh, Z., Moczar, K., and Deak, G. (2002). Evaluation of the Tensioday
ambulatory blood pressure monitor according to the protocols of the British
Hypertension Society and the Association for the Advancement of Medical
Instrumentation. Blood Press. Monit. 7, 191–197. doi:
10.1097/00126097-200206000-00008
PubMed Abstract | CrossRef Full Text | Google Scholar
Neter, J. E., Stam, B. E., Kok, F. J., Grobbee, D. E., and Geleijnse, J. M.
(2003). Influence of weight reduction on blood pressure: a meta-analysis of
randomized controlled trials. Hypertension 42, 878–884. doi:
10.1161/01.HYP.0000094221.86888.AE
PubMed Abstract | CrossRef Full Text | Google Scholar
Nürnberger, J., Keflioglu-Scheiber, A., Opazo Saez, A. M., Wenzel, R. R.,
Philipp, T., and Schafers, R. F. (2002). Augmentation index is associated
with cardiovascular risk. J. Hypertens. 20, 2407–2414. doi:
10.1097/00004872-200212000-00020
PubMed Abstract | CrossRef Full Text | Google Scholar

Pedersen, L. R., Olsen, R. H., Jurs, A., Astrup, A., Chabanova, E., Simonsen,
L., et al. (2015). A randomised trial comparing weight loss with aerobic
exercise in overweight individuals with coronary artery disease: the CUT-IT
trial. Eur. J. Prev. Cardiol. 22, 1009–1017. doi:
10.1177/2047487314545280
PubMed Abstract | CrossRef Full Text | Google Scholar
Rider, O. J., Tayal, U., Francis, J. M., Ali, M. K., Robinson, M. R., Byrne, J.
P., et al. (2010). The effect of obesity and weight loss on aortic pulse wave
velocity as assessed by magnetic resonance imaging. Obesity (Silver.
Spring). 18, 2311–2316. doi: 10.1038/oby.2010.64
PubMed Abstract | CrossRef Full Text | Google Scholar
Ring, M., Eriksson, M. J., Zierath, J. R., and Caidahl, K. (2014). Arterial
stiffness estimation in healthy subjects: a validation of oscillometric
(Arteriograph) and tonometric (SphygmoCor) techniques. Hypertens. Res.
37, 999–1007. doi: 10.1038/hr.2014.115
PubMed Abstract | CrossRef Full Text | Google Scholar
Song, X., Kestin, M., Schwarz, Y., Yang, P., Hu, X., Lampe, J. W., et al.
(2016). A low-fat high-carbohydrate diet reduces plasma total adiponectin
concentrations compared to a moderate-fat diet with no impact on
biomarkers of systemic inflammation in a randomized controlled feeding
study. Eur. J. Nutr. 55, 237–246. doi: 10.1007/s00394-015-0841-1
PubMed Abstract | CrossRef Full Text | Google Scholar
Stevens, V. J., Obarzanek, E., Cook, N. R., Lee, I. M., Appel, L. J., Smith
West, D., et al. (2001). Long-term weight loss and changes in blood

pressure: results of the Trials of Hypertension Prevention, phase II. Ann.
Intern. Med. 134, 1–11. doi: 10.7326/0003-4819-134-1-200101020-00007
PubMed Abstract | CrossRef Full Text | Google Scholar
Sugawara, J., Hayashi, K., Yokoi, T., and Tanaka, H. (2008). Age-associated
elongation of the ascending aorta in adults. JACC Cardiovasc. Imaging 1,
739–748. doi: 10.1016/j.jcmg.2008.06.010
PubMed Abstract | CrossRef Full Text | Google Scholar
Tinsley, G. M., and La Bounty, P. M. (2015). Effects of intermittent fasting
on body composition and clinical health markers in humans. Nutr. Rev. 73,
661–674. doi: 10.1093/nutrit/nuv041
PubMed Abstract | CrossRef Full Text | Google Scholar
Trumbo, P., Schlicker, S., Yates, A. A., and Poos, M. (2002). Dietary
reference intakes for energy, carbohydrate, fiber, fat, fatty acids,
cholesterol, protein and amino acids. J. Am. Diet. Assoc. 102, 1621–1630.
doi: 10.1016/S0002-8223(02)90346-9
PubMed Abstract | CrossRef Full Text | Google Scholar
Van Gaal, L. F., Mertens, I. L., and Ballaux, D. (2005). What is the
relationship between risk factor reduction and degree of weight loss? Eur.
Heart J. Suppl. 7, L21–L26. doi: 10.1093/eurheartj/sui082
CrossRef Full Text | Google Scholar
Van Gaal, L. F., Mertens, I. L., and De Block, C. E. (2006). Mechanisms
linking obesity with cardiovascular disease. Nature 444, 875–880. doi:
10.1038/nature05487

PubMed Abstract | CrossRef Full Text | Google Scholar
Varady, K. A. (2011). Intermittent versus daily calorie restriction: which
diet regimen is more effective for weight loss? Obes. Rev. 12, E593–E601.
doi: 10.1111/j.1467-789X.2011.00873.x
PubMed Abstract | CrossRef Full Text | Google Scholar
Vlachopoulos, C., Aznaouridis, K., and Stefanadis, C. (2010). Prediction of
cardiovascular events and all-cause mortality with arterial stiffness: a
systematic review and meta-analysis. J. Am. Coll. Cardiol. 55, 1318–1327.
doi: 10.1016/j.jacc.2009.10.061
PubMed Abstract | CrossRef Full Text | Google Scholar
Westerterp-Plantenga, M. S., Nieuwenhuizen, A., Tome, D., Soenen, S., and
Westerterp, K. R. (2009). Dietary protein, weight loss, and weight
maintenance. Annu. Rev. Nutr. 29, 21–41. doi:
10.1146/annurev-nutr-080508-141056
PubMed Abstract | CrossRef Full Text | Google Scholar
Wildman, R. P., Farhat, G. N., Patel, A. S., Mackey, R. H., Brockwell, S.,
Thompson, T., et al. (2005). Weight change is associated with change in
arterial stiffness among healthy young adults. Hypertension 45, 187–192.
doi: 10.1161/01.HYP.0000152200.10578.5d
PubMed Abstract | CrossRef Full Text | Google Scholar
Wilkinson, I. B., Maccallum, H., Rooijmans, D. F., Murray, G. D., Cockcroft,
J. R., Mcknight, J. A., et al. (2000). Increased augmentation index and
systolic stress in type 1 diabetes mellitus. QJM 93, 441–448. doi:
10.1093/qjmed/93.7.441

PubMed Abstract | CrossRef Full Text | Google Scholar
Willum-Hansen, T., Staessen, J. A., Torp-Pedersen, C., Rasmussen, S.,
Thijs, L., Ibsen, H., et al. (2006). Prognostic value of aortic pulse wave
velocity as index of arterial stiffness in the general population. Circulation
113, 664–670. doi: 10.1161/CIRCULATIONAHA.105.579342
PubMed Abstract | CrossRef Full Text | Google Scholar
Wilson, P. W., D'agostino, R. B., Sullivan, L., Parise, H., and Kannel, W. B.
(2002). Overweight and obesity as determinants of cardiovascular risk: the
Framingham experience. Arch. Intern. Med. 162, 1867–1872. doi:
10.1001/archinte.162.16.1867
PubMed Abstract | CrossRef Full Text | Google Scholar
Wing, R. R., Lang, W., Wadden, T. A., Safford, M., Knowler, W. C., Bertoni,
A. G., et al. (2011). Benefits of modest weight loss in improving
cardiovascular risk factors in overweight and obese individuals with type 2
diabetes. Diabetes Care 34, 1481–1486. doi: 10.2337/dc10-2415
PubMed Abstract | CrossRef Full Text | Google Scholar
Zhu, X., and Zuo, L. (2013). Characterization of oxygen radical formation
mechanism at early cardiac ischemia. Cell Death Dis. 4:e787. doi:
10.1038/cddis.2013.313
PubMed Abstract | CrossRef Full Text | Google Scholar
Zuo, L., Roberts, W. J., Tolomello, R. C., and Goins, A. T. (2013). Ischemic
and hypoxic preconditioning protect cardiac muscles via intracellular ROS
signaling. Front. Biol. 8, 305–311. doi: 10.1007/s11515-012-1225-z
CrossRef Full Text | Google Scholar

Zuo, L., Youtz, D. J., and Wold, L. E. (2011). Particulate matter exposure
exacerbates high glucose-induced cardiomyocyte dysfunction through ROS
generation. PLoS ONE 6:e23116. doi: 10.1371/journal.pone.0023116
PubMed Abstract | CrossRef Full Text | Google Scholar
Keywords: arterial compliance, cholesterol, lipids, weight loss, weight relapse
Citation: Zuo L, He F, Tinsley GM, Pannell BK, Ward E and Arciero PJ (2016)
Comparison of High-Protein, Intermittent Fasting Low-Calorie Diet and Heart Healthy
Diet for Vascular Health of the Obese. Front. Physiol. 7:350. doi:
10.3389/fphys.2016.00350
Received: 09 May 2016; Accepted: 02 August 2016;
Published: 29 August 2016.
Edited by:

Yih-Kuen Jan, University of Illinois at Urbana–Champaign, USA
Reviewed by:

Heikki Kainulainen, University of Jyväskylä, Finland
Andreas Bergdahl, Concordia University, Canada
Graziamaria Corbi, University of Molise, Italy
Chien-Liang Chen, I-Shou University, Taiwan

Copyright © 2016 Zuo, He, Tinsley, Pannell, Ward and Arciero. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
*Correspondence: Paul J. Arciero, parciero@skidmore.edu
†These

authors have contributed equally to this work.

Souce: http://journal.frontiersin.org/article/10.3389/fphys.2016.00350/full

