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Abstract

Objective: This study compared intermittent fasting and protein pacing (IF-P) versus

a heart-healthy caloric restriction (CR) diet, matched for energy intake and physical

activity energy expenditure, on body weight, total and visceral fat mass, and cardio-

metabolic health outcomes in adults with obesity.

Methods: IF-P (n = 21) and CR (n = 20) were assessed pre- (week 0), mid- (week 5),

and post- (week 9) intervention.

Results: Both groups reduced (p < 0.05) weight, total and visceral fat mass, blood

pressure and lipids, and desire to eat food and increased proportion of fat-free mass.

IF-P resulted in greater (p < 0.05) reductions in weight (�9% vs. �5%), total (�16%

vs. �9%) and visceral (�33% vs. �14%) fat mass, and desire to eat (�17% vs. 1%)

and increased fat-free mass percent (6% vs. 3%) compared with CR. These improve-

ments were despite similar weekly total energy intake (IF-P, 9470 � 550 vs. CR,

9095 � 608 kcal/wk; p = 0.90) and physical activity energy expenditure (IF-P,

300 � 150 vs. CR, 350 � 200 kcal/d; p = 0.79).

Conclusions: IF-P and CR optimize weight loss, body composition, cardiometabolic

health, and hunger management, with IF-P providing greater benefits.

INTRODUCTION

The primary defense against obesity continues to be modifiable lifestyle

factors such as diet [1]. Our laboratory has consistently demonstrated

that higher-quality, nutrient-dense meals, evenly spaced throughout

the day and providing 20 to 40 g of protein (termed “protein pacing”
[P]), combined with reduced highly processed foods, sugar, and fat as

well as higher fiber, yield significant body weight (BW), fat mass (FM),

and visceral fat (VF) loss while maintaining fat-free mass (FFM) and

enhancing cardiometabolic health [2]. Furthermore, combining P with

caloric restriction (CR) augments these favorable changes [3]. Another

targeted dietary option is intermittent fasting (IF), alone or in conjunc-

tion with CR. Several types of IF have varying degrees of efficacy con-

cerning weight loss (WL) and cardiometabolic health improvement,

including fasting for 1 (IF1) and 2 (IF2) d/wk [4–11]. Please note, we

have previously published a portion of this study comparing the acute

phase response (weeks 0-4) of IF1 versus IF2 of a subgroup (n = 20) of

the participants in this study [17]. This preliminary subgroup analysis

provided evidence-based efficacy of both IF protocols (1 and 2 days) to

serve as a comparison with daily CR.

IF is associated with improved body composition (reductions in

total and VF mass) that may result in enhanced “metabolic switching”
and cardiometabolic health outcomes. This switching is characterized

by increased fat oxidation, ketone body synthesis, insulin sensitivity,

and autophagy, as well as reduced inflammation, oxidative stress, and

enhanced lean body mass [5, 12]. Most IF regimens focus on the tim-

ing and quantity of calories consumed and de-emphasize the nutri-

tional quality (higher protein and fiber, reduced intake of sugar and
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highly processed foods) of the overall diet. This omission is relevant

considering the evidence supporting the efficacy of CR, which empha-

sizes diet quality, including P meals combined with IF to support WL

and cardiometabolic health, which may augment metabolic switching

[3, 13, 14].

Current United States dietary recommendations to improve

cardiometabolic health and weight management emphasize a CR

heart-healthy diet of increased intake of fruits, vegetables, whole

grains, and liquid plant oils and minimal intakes of processed foods,

added sugars, salt, and alcohol (65% carbohydrate intake, 20% fat, and

15% protein) [15, 16]. In comparison, the IF approach used in our lab-

oratory is a modified IF regimen, which allows consumption of 20% to

25% of energy needs on scheduled fasting days (1-2/wk), combined

with a P (IF-P) meal plan consisting of 35% to 45% carbohydrate, 20%

to 30% fat, and 30% to 35% protein for 5 or 6 days weekly [3]. In addi-

tion, to our knowledge, no research has directly compared the effects

of extended (≥36 hours) IF-P versus a heart-healthy CR meal pattern,

matched for total weekly energy intake (EI), meal frequency (4-5 meals/

d), and physical activity energy expenditure (PAEE) on cardiometabolic

health, BW and composition, hormones, and hunger responses, in

women and men with overweight and obesity.

Therefore, the purpose of this study was to compare the influ-

ence of IF (36-60 hours) and P (35%; IF-P) versus a heart-healthy daily

CR (protein, 15%) dietary regimen on total (lean mass and FM) and

regional (abdominal/visceral) body composition, cardiometabolic, hor-

monal, and hunger responses for 8 weeks in women and men with

overweight and obesity. We hypothesized that an IF-P regimen would

improve cardiometabolic health, body composition, and satiation com-

pared with a CR regimen.

METHODS

Participants

This study included 200 individuals from the Saratoga Springs, New

York, area who expressed interest. Potential participants responded to

flyers, local newspapers, or emails advertising the study. The number of

participants initially screened was 55, of which 41 were eligible for par-

ticipation. Participants were healthy nonsmoking men and women with

overweight and obesity. Their physicians performed a comprehensive

medical examination/history assessment to rule out any current cardio-

vascular or metabolic disease prior to enrollment. For at least 6 months

before the start of the study, all participants were either sedentary or

lightly active (<30 minutes, 2 d/wk of organized physical activity), with

overweight or obesity (body mass index [BMI] > 27.5 kg/m2; percent

body fat >30%), weight stable (� 2 kg), and middle-aged (30-65 years).

Every participant provided written informed consent in accordance

with the Skidmore College Human Subjects Institutional Review Board

before participation. The study was approved by the Human Subjects

Institutional Review Board of Skidmore College (IRB#: 1911-859). All

experimental procedures were performed in adherence with related

New York state regulations and the Federal Wide Assurance, consistent

with the National Commission for the Protection of Human Subjects of

Biomedical and Behavioral Research, and in agreement with the Hel-

sinki Declaration (revised in 1983). This trial was registered on March

6, 2020, at ClinicalTrials.gov as NCT04327141.

Experimental design

Participants were enrolled in two separate cohorts because

of COVID-19 restrictions regarding personnel laboratory access, such

that half enrolled in fall (September through November) 2020 and the

other half in spring (March through May) 2021. Participants were

Study Importance

What is already known?

• Obesity continues to burden society by adversely promot-

ing impaired cardiometabolic function and overall health.

• Modifiable lifestyle factors such as diet and nutrition

remain the preferred interventions.

• Previous research has demonstrated that nutrient-dense,

calorie-restricted, evenly spaced meals throughout the

day (�4 meals/d) providing 20 to 40 g of protein (protein

pacing) yield significant loss of weight, fat mass, and vis-

ceral fat while minimizing fat-free mass loss.

What does this study add?

• Daily caloric restriction (CR) and combined intermittent

fasting and protein pacing both significantly reduce body

weight, fat mass, visceral fat, and desire to eat and

increase percentage of fat-free mass.

• Intermittent fasting and protein pacing result in greater

reductions in all of these outcomes compared with CR

despite similar energy intakes and unchanged levels of

physical activity energy expenditure during an 8-week

weight loss period.

How might these results change the direction of

research or the focus of clinical practice?

• Previous findings show negligible benefit from intermit-

tent fasting compared with daily CR because they have

not emphasized intermittent fasting combined with pro-

tein intake and pacing nor matched groups for total

energy intake and expenditure.

• The current findings should emphasize the quality of

nutrient intake (reduced sugar and sodium and increased

protein and fiber) and quantity of food consumed to pro-

mote weight loss, body composition, and food-intake

behaviors.

140 INTERMITTENT FASTING AND PROTEIN PACING

http://clinicaltrials.gov


matched for BW, BMI, and body fat and randomly assigned in parallel

to one of two CR groups: 1) IF-P (n = 21); or 2) a heart-healthy daily

CR diet (n = 20) for 8 weeks. The IF-P was further subdivided into

two groups for the first 4 weeks only by randomly assigning partici-

pants to one of two groups: 1) IF 1 d/wk (36 hours total) and P regi-

men for the remaining 6 d/wk (IF1-P); or 2) IF for two consecutive

days (60 hours total) and P for the remaining 5 d/wk (IF2-P) for

4 weeks. Both groups consumed similar total weekly calories through-

out the 4 weeks. The comparison of the IF1-P versus IF2-P has been

previously published [17]. Beginning at week 5, all participants in IF-P

(IF1-P and IF2-P) followed identical eating patterns of IF 1 d/wk (36

hours) and P the remaining 6 d/wk. Figure 1 shows the Consolidated

Standards of Reporting Trials (CONSORT) study flow chart.

All laboratory testing procedures (see the Laboratory testing proce-

dures section) were performed at weeks 0 (baseline control [CON]), 5

(mid), and 9 (post) (Figure 2), with the exception of abdominal fat (AF),

VF, and subcutaneous AF mass measured using dual-energy x-ray

absorptiometry (DXA) at weeks 0 (CON) and 9 (post) only. In addition,

dietary intake and physical activity assessments were completed dur-

ing weeks 0, 4, and 8, as noted.

The WL intervention began with all participants following CR

meal plans, as detailed in the following sections. During the 1-week

baseline CON, participants maintained a stable BW by consuming a

similar caloric intake as their pre-enrollment caloric intake while main-

taining their sedentary lifestyle. Following CON baseline testing, par-

ticipants were provided with detailed instructions on their WL dietary

guidelines and scheduled weekly 1-hour meetings with a registered

dietitian.

Dietary interventions

IF-P diet

IF day meals

IF1-P consisted of �400 kcal/d, in which participants were pro-

vided a variety of supplements and snacks (online Supporting

Information Methods). IF2-P followed an identical meal pattern for

both IF days, except for consuming an additional 100 kcal from the

“options” list to achieve �500 kcal/d for each of the two consecu-

tive fasting days during weeks 1 through 4, in order to achieve a

similar weekly total EI as IF1-P. Beginning in week 5, IF2-P fol-

lowed the identical meal pattern as IF1-P, and the combined group

is referred to as IF-P for the week 8 (post) comparisons. Sample

menus and meal timing for IF1-P and IF2-P fasting days are shown

in Supporting Information Table S1.

Response to advertisement n = 200

Subjects screened n = 55

Eligible for participation n = 41

Randomly Assigned to IF-P Weight Loss 

(WL) Intervention (8-weeks) n=21

2 Dropped:
• 1 non-compliant (IF-P)
• 1 non-compliant (CR)

IF-P n=20

Men (n=6)

Women (n=14)

CR n=19

Men (n=7)

Women (n=12)

Pre/Mid/Post-testing (Weeks 0, 5, 9)

Randomly Assigned to CR Weight Loss 

(WL) Intervention (8-weeks) n=20

F I GU R E 1 CONSORT (Consolidated Standards of Reporting Trials) flow diagram for the study. CR, heart-healthy daily caloric restriction;
IF-P, intermittent fasting and protein pacing [Color figure can be viewed at wileyonlinelibrary.com]
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P day diet

P days for IF1-P consisted of four and five meals per day providing

1350 and 1700 kcal/d for women and men, respectively, and a macro-

nutrient distribution targeting 35% protein, 35% carbohydrate, and

30% fat. IF2-P followed a similar P meal protocol providing 1500 and

1850 kcal/d for women and men, respectively, and similar macronutri-

ent distribution and total weekly calorie intakes (�8500 kcal/wk) as

IF1-1 for weeks 1 through 4. Thereafter, IF1-P and IF2-P followed

identical meal plans.

CR diet

Participants assigned to the CR diet followed specific guidelines of

the National Cholesterol Education Program Therapeutic Lifestyle

Changes (TLC) diet of the American Heart Association. The specific

macronutrient distribution was <35% of kcalories as fat; 50% to

60% of kilocalories as carbohydrates; <200 mg/dL of dietary choles-

terol; 20 to 30 g/d of fiber; and low sugar intake (<50 g/d). The total

calorie intake was 1200 and 1500 kcal/d for women and men,

respectively, during the 8-week WL intervention. Sample menus

and meal timing for IF-P and CR days are shown in Supporting Infor-

mation Table S1.

Compliance

Noncompliance was defined as being absent from more than two con-

secutive dietitian meetings and under- or overconsuming the pre-

scribed EI amounts for ≥3 meal/supplement servings a week for ≥2

consecutive weeks.

Laboratory testing procedures

Body composition assessments

All participants were tested between 6:00 AM and 9:00 AM after an

overnight fast for body composition assessments (height, BW, and

total body composition) at weeks 0, 5, and 9. BW was obtained in

spandex shorts and sports bra (women) with shoes/socks removed,

using a calibrated standard digital scale (53080 model number

FS0900, Befour Inc.), and height was obtained without shoes/socks

using a stadiometer. Waist circumferences in centimeters were

obtained with a standard tape measure placed around the waist 2 cm

above the iliac crest by the same investigator (Karen M. Arciero) at

each time point. Body composition was assessed by BODPod

(Cosmed) at each testing period (weeks 0, 5, and 9) for the measure-

ment of total FM, percent body fat, FFM, and percent FFM (BW/

FFM) and by DXA (iDXA; Lunar iDXA, GE Healthcare) at weeks 0 and

9 only for the measurement of AF, VF, and subcutaneous AF mass to

limit exposure to radiation.

Energy balance assessment

Energy balance was calculated for each individual by closely monitor-

ing both PAEE (Actigraph LLC, Pensacola, Florida), as well as EI, using

the Food Processor SQL Edition (version 11.6.522; ESHA Research,

2022) for 2 days during CON (week 0), week 4, and week 8 (Support-

ing Information Methods), as previously described [17]. To verify sed-

entary/low activity levels, all participants wore an Actigraph Data

Week 0 1 2 3 4 5 6 7 8 9
gnitset-tsoPgnitset-diMgnitset-erP

Testing Time Points:
Weeks 0, 5, & 9: 

- Body Weight and Composition via 
BODPod

- Blood Draw for Hormones & Lipids
- Hunger Ratings

Weeks 0 & 9:
- Abdominal and Visceral Fat via iDXA

Weeks 0, 4, & 8:
- Food Diary and Physical Activity

Weekly Dietitian Meetings

F I GU R E 2 Study timeline for testing during IF-P vs. CR study. Pre-testing, week 0; mid-testing, week 5; post-testing, week 9. All participants
were tested between 6:00 AM and 9:00 AM after an overnight fast for body weight and composition assessments (body weight and total body
composition via BODPod), plasma biomarkers, and hunger ratings at weeks 0, 5, and 9. At weeks 0 and 9, participants were also assessed for
abdominal and visceral fat mass via iDXA and, at weeks 0, 4, and 8, for dietary intake (2-day food records) and physical activity (accelerometry via
ActiGraph). CR, heart-healthy daily caloric restriction; DXA, dual-energy x-ray absorptiometry; IF-P, intermittent fasting and protein pacing
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Analysis Software accelerometer (version 6.13.3; Actigraph) around

their waist for 2 days during weeks 0, 4, and 8.

Cardiovascular and plasma biomarkers

Blood pressure and heart rate were obtained with an automated

blood pressure monitor (Omron Healthcare Inc.) following >15

minutes of quiet sitting. Plasma hormone measurements (12-

hour fasted; �20 mL) were collected into EDTA-coated vacuum tubes

and centrifuged (Hettich Rotina 46R5) for 15 minutes at 2500 rpm at

�4 �C. After separation, plasma was collected in triplicate and stored

at �80 �C until analysis.

Feelings of hunger and satiety

Visual analog scales were administered at weeks 0, 5, and 9 to evalu-

ate the effects of the dietary protocols on hunger, satiation, the quan-

tity of food to eat, and desire to eat, as previously described [17]. All

visual analog scale scoring was measured by the same investigator

(Michelle Poe).

Statistical analysis

Statistical analysis was performed using SPSS Statistics software (ver-

sion 27; IBM Corp.). Sample size was determined through power anal-

ysis based on the primary outcome variables of BW and body

composition to achieve an effect size of F = 0.21 with 80% power at

α = 0.05 based on previous data [18]. This analysis determined that

n = 38 total sample size was required to detect a significant mean dif-

ference of 1.4-kg WL between the two diet intervention groups (IF-P

vs. CR) during WL. Two-way factorial mixed model ANOVA was con-

structed using diet and time to determine the main and interaction

effects. Post hoc comparisons (Bonferroni) were performed where

appropriate. Data analysis was not performed blinded, but each

intervention group was assigned a number code. A per-protocol

approach was used on data for all compliant study participants, and

this is presented in the Results section. Two-tailed tests were used

for this study, and the significance was set at p < 0.05. To adjust

for multiple hypothesis testing on the primary outcomes, a false

discovery rate correction was used with a significance level of

p.adj <0.05. Unless stated otherwise, all values are reported as

means � standard error (SE). Normality statistics were generated to

test normality assumptions, and log transformations were per-

formed as appropriate.

RESULTS

WL, weeks 0 through 9

The overall compliance rate in each group was high (>90%), defined

as consuming more than 90% of the respective meals/supplemented

feedings. One participant from each group (IF-P and CR) was non-

compliant with the dietary guidelines and was dropped from the

analysis. Therefore, descriptive baseline characteristics of the 39 par-

ticipants (26 women and 13 men) who completed WL are reported

in Table 1. Both groups were similar for all variables at baseline.

Dietary intake and physical activity during WL

The IF-P and CR WL diet interventions significantly changed both

groups’ dietary intake (Table 2).

Total EI was reduced by �40%, or 1000 kcal/d (p < 0.001), in

both groups over the 8-week intervention (pre vs. post), with no

differences between groups. This reduction was attributed to total

gram and percentage decreases in dietary fat and carbohydrate

intake, respectively (p < 0.001). In contrast, total protein grams and

percentage of protein intake increased to a significantly greater

magnitude in IF-P compared with CR (p < 0.001). Moreover, dietary

fiber (p < 0.005) increased and sugar (p < 0.035) decreased signifi-

cantly in IF-P compared with CR. Both groups maintained similar

amounts of PAEE (�350 kcal/d; p > 0.260) throughout the WL

period.

BW and composition during WL

BW and composition changes following IF-P and CR are shown in

Table 3.

Compared with baseline, both IF-P and CR participants improved

all body composition measures (p.adj <0.05), with IF-P producing sig-

nificantly greater improvements in all outcomes on an absolute and

relative basis (Figure 3A-F). Specifically, IF-P lost significantly more

total BW (�8.2 kg vs. �5.0 kg; p = 0.009, or � 9% vs. �5% of initial

BW; p = 0.003), total body fat (�8.5% vs. �4.3%; p = 0.019), AF

(�23% vs. �12.5%; p = 0.018), and VF (�33% vs. �15.8%; p = 0.030)

T AB L E 1 Baseline (week 0) characteristics of participants for WL

IF-P (n = 20) CR (n = 19)

Age (y) 49.7 � 2.1 50.7 � 2.4

Height (cm) 169.6 � 2.6 166.8 � 1.7

Weight (kg) 93.1 � 5.1 92.6 � 5.5

Body fat (%) 43.4 � 1.5 44.1 � 1.6

BMI (kg/m2) 32.4 � 1.7 33.0 � 1.6

Waist circumference (cm) 103.4 � 3.4 105.4 � 3.7

Systolic blood pressure (mm Hg) 123 � 4 128 � 3

Diastolic blood pressure (mm Hg) 85 � 2 85 � 2

Resting heart rate (beats/min) 72 � 2 67 � 1

Note: Values are means � SE.

Abbreviations: CR, heart-healthy daily caloric restriction; IF-P, intermittent

fasting and protein pacing; WL, weight loss.
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mass. Most interestingly, whereas absolute FFM decreased in both

groups (�1.5 kg), the proportion of FFM to total BW increased signifi-

cantly following IF-P compared with CR (5.7% vs. 3%, respectively;

p = 0.030).

Cardiometabolic and hormonal responses during WL

Both nutritional interventions resulted in significant (p < 0.05)

improvements in cardiovascular outcomes (Table 4). For example,

blood pressure (p = 0.001), total cholesterol (p = 0.001), low-density

lipoprotein cholesterol (p = 0.001), and triglycerides (p = 0.002)

were reduced significantly in both IF-P and CR groups at each time

during the intervention, with no differences between groups.

High-density lipoprotein cholesterol (HDL-C) decreased signifi-

cantly in IF-P compared with CR (p = 0.008); however, the Total

Cholesterol:HDL-C ratio was consistent throughout the interven-

tion for both groups.

T AB L E 3 Changes in BW and composition during WL

Variable IF-P (n = 20) CR (n = 19)

BW (kg)a,b Pre 93.1 � 5.1 92.6 � 5.5

Mid 87.3 � 4.5 89.3 � 5.3

Post 84.9 � 4.2 87.6 � 5.3

WC (cm)a,b Pre 103.4 � 3.4 105.4 � 3.7

Mid 97.0 � 3.5 102.5 � 3.6

Post 93.6 � 3.3 98.9 � 3.6

BMI (kg/m2)a,b Pre 32.4 � 1.7 33.0 � 1.6

Mid 30.4 � 1.5 31.9 � 1.5

Post 29.6 � 1.5 31.2 � 1.6

%BF (%)a,b Pre 40.1 � 1.8 41.5 � 1.9

Mid 38.1 � 1.8 40.7 � 1.9

Post 36.7 � 1.9 39.7 � 1.9

FM (kg)a,b Pre 37.3 � 3.1 38.7 � 3.3

Mid 33.3 � 2.7 36.7 � 3.2

Post 31.3 � 2.6 35.2 � 3.3

AF mass (kg)a,b Pre 3.9 � 0.4 4.0 � 0.4

Post 3.0 � 0.3 3.5 � 0.4

VF mass (kg)a,b Pre 1.8 � 0.3 1.9 � 0.3

Post 1.2 � 0.2 1.6 � 0.3

Subcutaneous AF (kg)a,b Pre 2.6 � 0.3 2.8 � 0.3

Post 2.0 � 0.2 2.5 � 0.2

FFM (kg)a Pre 54.8 � 2.9 53.0 � 2.9

Mid 53.2 � 2.8 52.0 � 2.8

Post 53.0 � 2.7 51.7 � 2.7

FFM/BW (%)a,b Pre 59.9 � 1.8 58.5 � 1.9

Mid 61.9 � 1.8 59.3 � 1.9

Post 63.3 � 1.9 60.3 � 2.0

Note: Values are means � SE; AF, VF, and subcutaneous AF mass were

measured using DXA at pre and post only.

Abbreviations: AF, abdominal fat; BF, body fat; BW, body weight; CR,

heart-healthy daily caloric restriction; FM, fat mass; FFM, fat-free mass;

IF-P, intermittent fasting and protein pacing; VF, visceral fat; WC, waist

circumference; WL, weight loss.
aSignificant time effect (pre vs. mid vs. post), p.adj <0.05.
bSignificant time � group effect (pre vs. mid vs. post; IF-P vs. CR),

p.adj <0.05.

T AB L E 2 Changes in dietary intake and physical activity
during WL

Variable IF-P (n = 20) CR (n = 19)

Energy intake (kcal/d)a Pre 2468 � 109 2408 � 146

Mid 1458 � 69 1429 � 42

Post 1516 � 84 1362 � 68

Energy intake (kcal/wk)a Pre 17,275 � 763 16,855 � 1023

Mid 8723 � 406 9896 � 335

Post 9470 � 550 9095 � 608

Protein (%)a,b Pre 16 � 1 15 � 1

Mid 35 � 2 21 � 1

Post 35 � 2 21 � 1

Protein (g)b Pre 99 � 7 94 � 9

Mid 123 � 8 74 � 3

Post 127 � 7 70 � 5

Fat (%)a Pre 39 � 2 40 � 2

Mid 31 � 1 37 � 2

Post 31 � 2 38 � 3

Fat (g)a Pre 107 � 6 107 � 8

Mid 51 � 4 60 � 4

Post 52 � 5 57 � 5

Carbohydrate (%)a Pre 42 � 2 42 � 2

Mid 35 � 3 41 � 2

Post 33 � 1 41 � 2

Carbohydrates (g)a Pre 263 � 17 258 � 20

Mid 117 � 10 148 � 9

Post 123 � 11 137 � 12

Sodium (mg)a Pre 3327 � 274 4223 � 646

Mid 1529 � 147 1708 � 117

Post 1574 � 156 1834 � 198

Fiber (g)a,b Pre 20 � 2 24 � 3

Mid 29 � 2 23 � 2

Post 26 � 2 24 � 2

Sugar (g)a,b Pre 103 � 11 81 � 9

Mid 36 � 5 47 � 6

Post 37 � 4 45 � 6

Physical activity (kcal/d) Pre 287 � 41 376 � 50

Mid 253 � 29 347 � 45

Post 346 � 45 350 � 53

Note: Values are means � SE.

Abbreviations: CR, heart-healthy daily caloric restriction; IF-P, intermittent

fasting and protein pacing.
aSignificant time effect (pre vs. mid vs. post), p < 0.05.
bSignificant time � group effect (pre vs. mid vs. post; IF-P vs.

CR), p < 0.05.
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Plasma hormones are also shown in Table 4 and indicate no dif-

ferences within and between groups.

Hunger ratings during WL

Self-reported feelings of hunger, desire to eat, the quantity of food to

eat, and fullness are shown in Table 5. The desire (p = 0.046) and

quantity of food to eat (p = 0.015) decreased significantly (p < 0.05)

in both IF-P and CR. However, the absolute change in desire to eat

decreased significantly in IF-P compared with CR (�40% vs. 2.4%;

p = 0.046).

DISCUSSION

This study shows that 8 weeks of IF-P significantly enhances body

composition and food-intake behaviors more than a CR regimen in

middle-aged women and men with overweight and obesity. These

favorable effects appear independent of alterations in circulating hor-

mones and differences in energy balance. Furthermore, the current

findings’ public health impact and messaging support an emphasis on

the quality of nutrient-density intake, including reduced sugar and

increased protein and fiber intake, instead of the total quantity of

food consumption to augment WL [19], body composition, and food-

intake behaviors for adults with overweight. These findings
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corroborate previous data from our laboratory supporting enhanced

body composition and food intake behaviors in women and men with

obesity following IF-P versus heart-healthy daily CR during a 1-year

WL maintenance period [3, 13].

BW and body composition

To our knowledge, the current findings are the first to compare an

IF-P regimen directly versus a CR diet, both of which were low-sugar,

high nutrient-density, and isocaloric, on WL and body composition.

Most notable, the IF-P group lost >3 kg of total BW and twice as

much FM and VF while increasing the proportion of FFM (FFM/total

body mass) by 100% compared with the CR group. The per-week WL

in IF-P agree with governing bodies’ “healthy weight loss” classifica-

tion. In the current study, both groups had similar energy intakes

(�1400 kcal/d) and PAEE (�350 kcal/d) over the entire 8-week

intervention; however, IF-P lost >3 kg BW compared with CR.

Recent work has challenged this [20], and previous work from our

laboratory has refuted its viability by showing a metabolic advantage

to CR with increased dietary protein and meal frequency compared

with isocaloric, lower-moderate protein intake and three meals per

day [2].

Our finding of increased WL/fat loss with IF agrees with recent

investigations and meta-analyses [10] and contrasts with others [21].

We extend these previous studies by comparing IF-P with a widely

researched and implemented diet often recommended to support

healthy weight management and enhance cardiometabolic health [15].

T AB L E 4 Changes in cardiometabolic and hormonal variables
during WL

Variable IF-P (n = 20) CR (n = 19)

SBP (mm Hg)a Pre 123 � 3.5 128 � 3.3

Mid 117 � 3.4 123 � 3.1

Post 119 � 3.2 121 � 3.1

DBP (mm Hg)a Pre 85 � 1.7 85 � 1.9

Mid 81 � 2.1 80 � 2.4

Post 78 � 1.8 80 � 2.3

Total cholesterol (mg/dl)a Pre 182.9 � 7.5 184.0 � 6.0

Mid 153.7 � 8.2 166.3 � 7.6

Post 160.0 � 7.2 170.0 � 7.3

LDL-C (mg/dL)a Pre 108.1 � 7.1 102.2 � 5.8

Mid 95.7 � 7.6 91.2 � 6.2

Post 97.6 � 7.6 93.5 � 6.0

HDL-C (mg/dL)a,b Pre 52.9 � 3.4 55.1 � 4.2

Mid 42.3 � 2.6 53.8 � 4.4

Post 46.5 � 3.3 53.3 � 4.6

Triglycerides (mg/dL)a Pre 109.6 � 17.5 133.9 � 14.5

Mid 79.0 � 7.1 106.4 � 14.2

Post 75.3 � 7.8 114.0 � 17.0

TC:HDL (mg/dL) Pre 3.9 � 0.3 3.7 � 0.3

Mid 3.9 � 0.3 3.4 � 0.3

Post 3.8 � 0.3 3.6 � 0.3

Glucose (mg/dL) Pre 93.6 � 3.7 95.4 � 4.0

Mid 91.1 � 2.2 96.0 � 2.2

Post 93.5 � 2.8 94.8 � 3.3

Insulin (μU/mL) Pre 10.4 � 0.6 9.4 � 0.9

Mid 9.9 � 0.5 8.9 � 0.9

Post 10.5 � 0.6 9.1 � 0.9

Ghrelin (pg/mL) Pre 423.8 � 43.1 405.1 � 48.0

Mid 421.5 � 25.1 423.7 � 40.9

Post 438.5 � 37.0 433.4 � 34.9

Glucagon (pg/mL) Pre 41.6 � 4.5 53.9 � 8.4

Mid 45.0 � 3.4 54.6 � 7.6

Post 49.5 � 9.2 49.3 � 8.6

IGF-1 (ng/mL) Pre 47.2 � 3.7 37.2 � 2.3

Mid 50.1 � 3.8 38.5 � 3.2

Post 53.4 � 4.2 37.7 � 2.6

Note: Values are means � SE.

Abbreviations: CR, heart-healthy daily caloric restriction;

DBP, diastolic blood pressure; HDL-C, high-density lipoprotein

cholesterol; IF-P, intermittent fasting and protein pacing; IGF-1, insulinlike

growth factor; LDL-C, low-density lipoprotein cholesterol; SBP, systolic

blood pressure; TC, total cholesterol; WL, weight loss.
aSignificant time effect (pre vs. mid vs. post), p < 0.05.
bSignificant time � group effect (IF-P vs. CR; pre vs.

mid vs. post), p < 0.05.

T AB L E 5 Changes in hunger ratings during WL

Variable IF-P (n = 20) CR (n = 19)

Hunger (mm) Pre 36.3 � 4.7 32.4 � 5.2

Mid 26.9 � 3.9 31.8 � 5.8

Post 27.5 � 3.8 28.4 � 4.8

Desire to eat (mm)a,b Pre 42.9 � 5.0 37.2 � 5.4

Mid 24.7 � 3.7 33.6 � 6.8

Post 25.6 � 3.4 38.1 � 5.4

Quantity to eat (mm)a Pre 46.8 � 4.6 44.4 � 4.9

Mid 33.3 � 3.8 40.0 � 5.6

Post 33.6 � 3.8 35.2 � 4.5

Fullness (mm) Pre 50.6 � 4.7 44.1 � 4.8

Mid 48.8 � 4.2 52.4 � 5.0

Post 46.3 � 4.3 46.1 � 3.1

Note: Values are means � SE.
aSignificant time effect (pre vs. mid vs. post), p < 0.05.
bSignificant time � group effect (IF-P vs. CR; pre vs. mid vs.

post), p < 0.05.

Abbreviations: CR, heart-healthy daily caloric restriction; IF-P, intermittent

fasting and protein pacing; WL, weight loss.
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The P component of IF-P played an instrumental role in the favorable

body composition outcomes, particularly attenuation of loss of FFM

[22]. Interestingly, the increased proportion of FFM in IF-P compared

with CR was associated with significantly lower sugar and increased

fiber intakes in IF-P, despite comparable weekly nutrition counseling

by the registered dietitian. Whether the increased sugar and lower

fiber intake induced an insulin-mediated fat deposition or blunting of

fat oxidation via the carbohydrate-insulin model remains to be deter-

mined [20].

An improved body composition status with calorie-restricted IF

protocols compared with daily CR is less common [21, 23]. Previous

research, including from our laboratory [3, 17, 22], shows that

increased dietary protein consumption during calorie-restricted IF

protocols substantially enhances FFM preservation, suggesting

enhanced protein synthesis [24, 25]. Given the well-established

greater amount of leucine present in animal protein sources, including

whey protein, IF-P improved FFM retention compared with CR [26].

In some cases, IF protocols induce losses of FFM up to 60% of the

total weight lost [23]. However, the current study minimized losses of

absolute FFM to 20% and increased relative amounts by more than

double in IF-P compared with CR (6% vs. 3%). Therefore, P should be

considered in IF protocols to facilitate healthy WL among the adult

population.

Plasma biomarkers

We observed little impact of IF-P and CR interventions on plasma

hormones throughout the intervention, suggesting other factors,

including blood biomarkers not measured in the current study, may

be responsible. This finding is in opposition to previous findings

from our laboratory [3] and others [8]. The primary reason for this

discrepancy is the previous study participants were more at risk of

cardiometabolic disease, whereas the current participants were

relatively healthy adults with overweight and obesity. Another

plausible explanation for the lack of notable change in hormonal

and metabolic biomarkers in the current study is that a longer

nutritional intervention period may be necessary to influence

these outcomes in a physiological meaningful way. However,

others have noted significant changes may occur in 5 weeks or less

[5, 27, 28].

Cardiovascular responses

IF-P and CR interventions significantly improved cardiometabolic

health, including reductions in blood pressure, total and low-

density lipoprotein cholesterol, and triglycerides, all of which sup-

port previous findings [9, 10, 13, 29]. HDL-C also decreased in

both groups and to a greater extent in IF-P; however, this did not

affect the cardiovascular disease risk profile (TC:HDL-C). The

overall reduction in cardiometabolic risk factors in the current

study is particularly noteworthy, as the majority of participants

were within normal healthy ranges for all variables (healthy adults

with overweight and obesity) but experienced significant improve-

ment during the 8-week intervention. The beneficial effect of

both nutrition interventions may be explained by reduced vascu-

lar oxidative stress and inflammation [30], as well as enhanced

parasympathetic tone associated with neurotrophic factors and

insulin sensitivity [31].

Hunger ratings

It is well known that both short- and long-term calorie restriction

increases appetite-related changes [32, 33]. Moreover, previous

research has shown decreased satiation (increased hunger) ratings in

IF compared with CR [34], no difference [35], or an increase in satia-

tion, similar to the current study [36]. These disparate findings suggest

reduced feelings of hunger and/or increased satiation may be sustain-

able mechanisms for successful WL during IF or daily CR [37] and sup-

port cognitive control of eating restraint as an adaptive approach

needed for optimal weight management [38]. IF-P resulted in a 42%

reduction in desire to eat compared with CR. It has been speculated

that increased body fat lost during CR creates less satiation, leading to

increased subsequent food intake, which may minimize additional

reductions in FM and may even replace energy stores that have been

depleted [21].

Strengths and limitations

Several strengths of the current study include the following: 1) direct

comparison within and between IF-P and daily CR interventions; 2)

monitoring and counseling of the nutrition regimens with a registered

dietitian weekly; 3) measuring PAEE with accelerometry; 4) standardi-

zation of all measurements and laboratory procedures; 5) excellent

compliance (>97%); and 6) balancing the complexities of conducting

the study during the COVID-19 pandemic starting in fall of 2020

through the spring of 2021.

There are several limitations associated with the current study: 1)

inclusion of more participants and extending the length of the inter-

vention are necessary in future investigations; 2) resting energy

expenditure was not assessed in the current study and may have con-

tributed to the enhanced body composition (WL and fat loss,

increased proportion of lean body mass) and satiation in IF-P,

although previous investigations have not supported this mechanism;

3) circulating ketone concentrations were not measured and are sur-

rogate markers for fat oxidation but were not feasible in the current

study due to scheduling conflicts and stringent COVID-19 laboratory

access restrictions; and 4) participants had weekly interaction with

research team members, including a registered dietitian, that,

although fostered compliance, may have increased the risk of inves-

tigator bias. The current findings should be extended to longer IF

and daily CR interventions beyond a year in adults with overweight

and obesity.
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CONCLUSION

Our results provide compelling support for both IF-P and heart-

healthy daily CR nutritional regimens to enhance all aspects of

body composition (BW, waist circumference, total FM, percent

FFM), cardiovascular (systolic and diastolic blood pressure, blood

lipids), and satiety responses. IF-P proved superior on BW, FM, and

VF loss and increased proportion of FFM and satiety compared

with heart-healthy CR regimens in women and men with over-

weight and obesity.O
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