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Abstract

Intermittent fasting is a dietary pattern that encompasses the 5:2 diet, alternate day fasting (ADF), 

and time restricted eating (TRE). All three involve alternating periods of fasting and ad libitum 

eating. Like other dietary strategies, intermittent fasting typically induces loss of both fat mass 

and lean mass. Exercise may thus be a useful adjuvant to promote lean mass retention while 

adding cardiometabolic, cognitive, mental, and emotional health improvements. In this narrative 

review, we summarize current evidence regarding the combination of intermittent fasting and 

exercise and its impacts on body weight, body composition, cardiometabolic risk, and muscular 

and cardiorespiratory fitness. A PubMed search was conducted to identify all trials lasting >4 

weeks that combined 5:2, ADF, or TRE with any modality exercise and had body weight 

as an endpoint. A total of 23 trials (26 publications) were identified. Evidence suggests that 

combining intermittent fasting with exercise leads to decreased fat mass regardless of weight 

status. However, evidence is equivocal for the impact on other aspects of weight loss and body 

composition, fat free mass and cardiometabolic risk factors and may be dependent on weight 

status or exercise dosages (i.e., frequency, intensity, duration, and modality). Higher-powered 

trials are needed to determine the efficacy of combining exercise and intermittent fasting for 

benefits on bodyweight and cardiometabolic risk. Current evidence suggests that intermittent 

fasting does not impair adaptation to exercise training, and may improve explosive strength, 

endurance, and cardiopulmonary measures such as maximal oxygen consumption. Additionally, 

we discuss limitations in the current evidence base, and opportunities for continued investigation. 

Future trials in this area should consider interventions that have 1) increase sample size, 2) longer 

intervention duration, 3) broadened inclusion criteria, 4) objective measures of diet and exercise 

adherence, and 5) diversity of sample population.
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INTRODUCTION

Obesity and overweight continues to be a significant issue in the United States (U.S.) with 

30% of Americans having overweight, 40% having obesity, and almost 10% having severe 

obesity.1 While the use of anti-obesity drugs has increased, dietary behavioral interventions 

remain necessary for overall health, increased efficacy of pharmacological treatment, and 

weight loss maintenance. Intermittent fasting, a dietary behavioral intervention for weight 

management, has increased in popularity in the last two decades due to the ease of 

implementation and less stringent food restriction requirements than traditional caloric 

restriction (CR). Three main forms of intermittent fasting have emerged, namely, the 5:2 

diet, alternate day fasting (ADF), and time-restricted eating (TRE). Each form alternates 

“feast” periods (ad libitum intake) with “fast” periods (calorie abstention), yet in different 

ways. The 5:2 diet consists of 2 consecutive or non-consecutive “fast days” of 0–500kcal 

(or up to 25% of energy needs) each week with the remaining five days as “feast days”. 

Similarly, ADF consists of eating 0–500kcal (or up to 25% of energy needs) on the “fast 

day” but this is alternated every other day throughout the week with ad libitum eating on the 

“feast day”. TRE consists of ad libitum eating during a 6- to 10-hour daily window, while 

fasting the remaining 14–18 hours. Prior research suggests that the 5:2 diet and ADF may 

be as efficacious as traditional CR for weight loss,2,3 with 6–12 weeks of either approach 

resulting in weight loss of 3–8% and decreases in blood pressure, insulin resistance, and 

other cardiometabolic markers.4 Evidence is less conclusive for TRE, but 8–12 weeks 

appears to result in a calorie deficit of 20–40% and weight loss of 2–4% with uncertain 

effects on cardiometabolic outcomes.5

Recently, interest has grown in the combined effects of intermittent fasting and exercise. 

Exercise, planned physical activity, is a key determinant of energy balance and may 

therefore result in an augmented effect on body weight while also contributing to 

improvements in serum lipids, blood pressure, fasting glucose. The current Physical 

Activity Guidelines for Americans call for 150–300 minutes of moderate-intensity aerobic 

activity per week and two days of muscle strengthening activities weekly for disease 

prevention, health promotion, and weight loss. However, 55% of Americans don’t meet 

these recommendations,6,7 which compounds the cardiovascular and cardiometabolic impact 

of overweight and obesity. Furthermore, as exercise is a key regulator of lean mass, the 

addition of exercise to a dietary regimens such as intermittent fasting may help to mitigate 

lean mass loss typically experienced when undertaking energy restricted diets.8,9 This is 

critical to pursue because lean mass (especially skeletal muscle) plays a central role in 

regulating basal metabolism and peripheral glucose uptake.6,10,11 These benefits underscore 

the potential benefits of combining exercise with intermittent fasting, but to date there has 

been limited synthesis of evidence from studies examining the joint effects of intermittent 

fasting and exercise on weight loss and related health markers.
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The purpose of this narrative review is to summarize the current literature examining the 

effects of intermittent fasting (5:2, ADF, and TRE) combined with various modalities 

of exercise on body weight and body composition, cardiometabolic risk, glucoregulatory 

factors, and muscular and cardiorespiratory fitness.

METHODS

This is a narrative review and as such was not registered. A PubMed search was conducted 

using the following key words or MeSH terms: “humans”, “fasting”, “time restricted 

eating”, “alternate day fasting”, “alternate day modified fasting”, “intermittent fasting”, 

“fasting”, “intermittent energy restriction”, “exercise”, “exercise therapy”, “resistance 

training”, “resistance exercise”, “strength training”, “aerobic exercise”, “exercise”, “aerobic 

training”, “physical activity”, “endurance exercise”, “weightlifting”, “walking”. The 

inclusion criteria for research articles were as follows: (1) randomized controlled trials and 

nonrandomized trials; (2) adult male and female participants (>18 years); (3) endpoints that 

included changes in body weight; and (4) only studies that included intermittent fasting 

and exercise combined. The following exclusion criteria were applied: (1) cohort, cross 

sectional, and observational studies; (2) fasting performed as a religious practice (e.g., 

Ramadan or Seventh Day Adventist); and (3) trial durations <4 weeks.

RESULTS

It is important to consider the effects of intermittent fasting on body weight and composition 

since weight loss of ≥5% can reduce cardiometabolic risk in individuals with overweight 

and obesity.12 Even in individuals without overweight or obesity a caloric deficit combined 

with exercise can improve longevity, cognition, and physical functioning with age.13,14 

Accordingly, several trials have examined the effects of combining intermittent fasting 

and various forms of exercise on body weight and composition in individuals with and 

without obesity. Our search retrieved 7 trials (8 publications)15–22 on 5:2 combined with 

exercise, 3 trials (4 publications)23–26 on ADF combined with exercise, and 13 trials 

(14 publications) on TRE combined with exercise.27–39 Table 1 describes the trial design 

and intervention characteristics. Table 2 describes the findings on body weight, body 

composition cardiometabolic factors, and muscular and cardiorespiratory fitness. Table 3 

describes the heterogeneity between trial participants and adherence monitoring.

5:2

Seven trials (8 publications) have examined the effect of the 5:2 diet combined with 

exercise.15–22 One was a randomized control trial,18 5 trials (6 publications) were 

randomized trials without a control,15–17,19,21,22 and 1 trial was not randomized.20 One trial 

included participants with normal weight, overweight, or obesity,15,22 five trials included 

participants with overweight or obesity,17–21 and one trial included participants with obesity 

only.16 Exercise interventions included aerobic activity, steps/day, resistance training, high 

intensity interval training or a combination of modalities.

Batitucci et al.16 conducted a parallel arm trial examining the 5:2 diet (600kcal fast days), 

high intensity interval training (HIIT) three days a week, or the 5:2 diet and HIIT combined. 
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Only the combination group decreased body weight significantly (−2%) after the 8-week 

intervention. Fat mass and waist circumference decreased, and fat free mass increased in 

both the combination and HIIT groups but remained unchanged in the 5:2 alone group. A 

group difference was reported between the two exercise groups compared to diet alone at 

week 8, however, no time by diet effect was reported. Kang et al.17 compared 5:2 (30% of 

maintenance calories on fast days), CR alone (30% calorie deficit) and CR plus protein meal 

replacement (30% calorie deficit) in a parallel arm randomized trial. All participants were 

instructed to increase their physical activity to 150–300 minutes weekly. The 5:2 diet and the 

meal replacement groups lost 9% of body weight after 12 weeks, which was significantly 

more weight loss over time compared to the CR group (−5%, time by diet interaction). 

Importantly, significantly more participants lost clinically significant (5% and 10%) body 

weight from baseline in the 5:2 and meal replacement groups than the CR group. Fat mass 

decreased and fat free mass increased in all three groups with no difference between groups. 

Hottenrott et al.18 compared the 5:2 diet to an unrestricted diet group combined with 30–60 

min of running and 20 min of resistance training 3–4 days a week throughout the 12-week 

intervention in healthy individuals with obesity. Additionally, both groups were divided and 

randomized to ingest an alkaline supplement or placebo. The 5:2 groups lost significantly 

more body weight and fat mass than the ad libitum groups with or without the alkaline 

supplement over time (time by diet interaction). Additionally, the 5:2 group combined with 

the alkaline supplement lost significantly more body weight, fat mass, and visceral fat mass 

than the 5:2 diet group alone. Keenan et al.15 compared 5:2 (30% of maintenance calories 

on fast days) or CR (20% calorie deficit) combined with 2 supervised resistance training 

sessions and 1 unsupervised aerobic or resistance training session in individuals with normal 

weight, overweight, or obesity. Body weight (5:2: −5% males, −3% females; CR −7% 

males, −3% females), and fat mass decreased significantly, and fat free mass significantly 

increased in both IF and CR groups after 12 weeks. No time by diet interaction was reported 

for body weight or composition; however, time by sex interactions were reported with males 

losing more weight than females and females gaining more lean mass than males. The 

increase in lean mass in the females may account for the difference in weight loss between 

the sexes. Additionally, the CR group increased muscle surface area significantly more than 

the 5:2 group over time (time by diet interaction). Cooke et al.21 examined 5:2, sprint 

interval training sessions 3 times a week, or a combination of 5:2 and sprint interval training 

for 16 weeks in individuals with overweight or obesity. Body weight and fat mass decreased 

significantly more over time in the 5:2 alone or combination group (data not provided) than 

sprint training alone (time by diet interaction). At 8 weeks both 5:2 groups lost lean body 

mass compared to the sprint group alone, however this was not significant at week 16. Waist 

circumference decreased in all three groups after 16 weeks. Headland et al.19 compared the 

5:2 diet (500kcal for females and 600kcal for males on fast days) to a week-on week-off diet 

(1000kcal/d for females and 1200kcal/d for males) or CR (30% calorie deficit) in individuals 

with overweight and obesity. Participants were advised to increase their steps to 10,000 per 

day. After 52 weeks, all groups decreased lean mass and fat mass from baseline, resulting 

in 6–7% mean body weight reduction in each group with no time by diet interaction. Jospe 

et al.20 compared the 5:2 diet, a Mediterranean diet (mostly plant based foods with mono 

and polyunsaturated fats), and paleolithic diet (restriction of grains, legumes, and dairy) in 

individuals with overweight or obesity in a non-randomized parallel-arm trial. Participants 
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were able to choose their diet arm and one of two exercise interventions, 1) 150–300 

minutes of aerobic activity plus two days of resistance training (58% of participants) or 2) at 

home-based HIIT program (42% of participants). All three diet groups reported significant 

weight loss after 24 weeks. However, only the 5:2 diet and Mediterranean diet groups 

significantly decreased body weight, fat mass, and visceral fat mass after 52 weeks of the 

intervention. Lean mass was not reported in this trial, but when considering changes in body 

fat percentage and mean changes in weight, it appears that both the Mediterranean diet and 

paleolithic diet retained or gained lean mass compared to a loss in lean mass in the 5:2 group 

(non-significant). However, these results may be skewed as the 5:2 diet group had more than 

double the participants of the Mediterranean diet and paleolithic diet groups.

Regarding cardiovascular disease risk, four trials have examined the effect of the 5:2 

diet with exercise on fasting lipids, glucose, insulin, and measures of insulin sensitivity 

or resistance. 15,19–21 Two of the trials also examined the effect on blood pressure.20,21 

Keenan et al.15 reported a significant decrease in LDL cholesterol and HDL cholesterol 

from baseline in both the 5:2 and CR groups when combined with resistance training. 

The 5:2 group decreased LDL cholesterol significantly more than the CR group over 

time (time by diet interaction). Additionally, females decreased HDL significantly more 

over time than males (time x sex interaction). No changes were reported for triglycerides, 

fasting glucose, fasting insulin or insulin resistance via homeostatic model assessment – 

insulin resistance (HOMA-IR=(fasting plasma insulin/fasting plasma glucose/22.5).40 Cooke 

et al.21 reported a significant decrease in LDL cholesterol over time when combining the 5:2 

diet with sprint interval training, whereas no changes were observed in the 5:2 diet alone and 

sprint interval training alone. HDL cholesterol, triglycerides, blood pressure, fasting insulin, 

fasting glucose, and HOMA-IR also remained unchanged in all three groups. Headland 

et al.19 reported a significant increase in HDL cholesterol and a significant decrease in 

triglycerides after 52 weeks of 5:2, week on week off, and CR combined with 10,000 

steps/day, with no between group differences reported. Fasting glucose remained unchanged. 

Jospe et al.20 reported a significant decrease in LDL cholesterol in the Mediterranean 

and paleolithic diets combined with exercise, and an increase in HDL cholesterol with 

5:2 combined with exercise. Triglycerides remained unchanged in all groups. Systolic and 

diastolic blood pressure decreased significantly in the Mediterranean and 5:2 diet, whereas 

only diastolic blood pressure decreased in the Paleolithic diet group after 52 weeks. The 

Mediterranean diet group significantly lowered their HbA1c over time and this changed 

resulted in a time by diet interaction.

In regards to muscular strength or cardiorespiratory performance, four studies have 

examined the effects of 5:2 combined with exercise.16,18,21,22 Batitucci et al.16 reported 

that HIIT alone and 5:2 combined with HIIT improved shuttle walking test, strength 

(abdominal test, push up test, squat test, 1 repetition maximum leg 45° test, 1 repetition 

maximum bench press test, dorsal dynamometer, handgrip), observed maximal heart rate, 

and VO2max after 8 weeks. Keenan et al.22 reported increased upper and lower body strength 

(3-repetition maximum and volume test of bench press and leg press) from baseline when 

combining resistance training with 5:2 or CR. The CR group increased muscle surface area 

significantly more than the 5:2 group over time (time by diet interaction). Hottenrott et al.18 

reported an increase in maximum running velocity from baseline in the 5:2 group combined 
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with exercise and an alkaline supplement compared to 5:2 combined with exercise and a 

placebo. No changes were reported in 5:2 alone or the ad libitum groups independent of 

the alkaline supplement. Lastly, Cooke et al.21 reported a significant increase in VO2peak 

with sprint interval training alone and in the combination group compared with 5:2 alone. 

The combination group increased VO2peak significantly more over time than sprint interval 

training alone (time by diet interaction).

Summary of findings: Altogether, the results of the above studies suggest that the 5:2 diet 

combined with exercise appears to produce weight loss of 2–9% and significant decreases in 

fat mass after 8–52 weeks of the diet these reductions. Additionally, 5:2 appears to produce 

similar weight and fat mass loss to traditional CR or the Mediterranean diet. It is unclear 

if the 5:2 diet ameliorates lean mass loss, which may be dependent on the magnitude of 

caloric deficit and or modality of exercise. However, it does appear that 5:2 combined with 

exercise improves lipid profile, blood pressure, and insulin sensitivity, although the data are 

not entirely conclusive. According to the data presented here, diets that affect diet quality, 

such as the Mediterranean diet, may be more beneficial for glucose regulation and insulin 

sensitivity. These data suggest that training adaptations are not impaired by the caloric 

restriction of 5:2 and may improve both strength, running velocity and V02peak.

ADF

Three trials (4 publications) have examined the effect of ADF combined with exercise on 

body weight and body composition.23–25 All three trials utilized a randomized controlled 

factorial design.23–25 One trial included participants with overweight and obesity,25,26 

whereas the others included only participants with obesity.23,24 One trial examined 

resistance and aerobic training25,26 and the other two examined aerobic activity only.23,24 

Cho et al.25,26 compared ADF, exercise (resistance and aerobic exercise 3 times a week), 

and ADF combined with exercise to a control group. However, this search revealed two 

manuscripts for NCT03652532, with varying results.25,26 The manuscript from Cho et al25, 

analyzed 31 completers. The ADF, exercise, and combination groups all reduced body 

weight, body fat percentage, and fat mass significantly after 8 weeks of the intervention. 

A significant time by diet interaction was reported for both ADF and combination groups 

compared to controls for body weight change and fat mass loss. Skeletal muscle decreased 

in the combination group from baseline. Under the same clinicaltrials.gov registration, Oh et 

al.26 analyzed 35 completers. Body weight decreased in the ADF and combination groups. 

Fat mass and fat free mass decreased in the combination group only. Waist circumference 

decreased significantly from baseline in ADF, combination, and exercise groups. Body fat 

percentage decreased over time in the ADF group and combination group, with a significant 

time by diet interaction between the combination and control groups. Bhutani et al.23 

compared ADF, aerobic exercise 3 days a week, and ADF and exercise combined compared 

to a no intervention control group in individuals with obesity. All three intervention groups 

lost a significant amount of body weight from baseline (ADF + exercise: −7%, ADF: 

−3%, Exercise: −1%) and decreased waist circumference after 12 weeks. Participants in the 

combination group lost significantly more body weight and decreased waist circumference 

significantly more than the other groups over time (time by diet interaction). Fat mass 

decreased in the ADF and combination group whereas fat-free mass decreased in the ADF 
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group only. Ezpeleta et al.24 performed a similar factorial trial to Bhutani et al.,23 however 

the exercise dose was higher (aerobic exercise 5 days/week). Participants had obesity and 

non-alcoholic fatty liver disease. After 12 weeks, body weight decreased significantly by 

−5% in both the ADF and combination groups, and −2% for exercise alone. Body weight, fat 

mass, fat free mass, and visceral fat decreased significantly more in the combination group 

over time (time by diet interaction) compared to exercise alone and the controls. However, 

no differences were reported between ADF alone or ADF combined with exercise for body 

weight, fat mass, lean mass, or visceral fat mass.

Regarding cardiometabolic risk, three trials have examined the effect of ADF combined 

with exercise on fasting lipids and glucoregulatory factors,23–25 two of which also examined 

effects on blood pressure.23,24 Cho et al.25 reported no changes in LDL cholesterol or 

HDL cholesterol after 8 weeks of ADF or exercise alone or combined. However, the 

combination group significantly decreased triglycerides from baseline whereas the control 

group increased triglycerides significantly more over time when compared with the ADF 

and combination groups (time by diet interaction). No changes were reported in fasting 

glucose, fasting insulin, or insulin resistance. Bhutani et al.23 reported a significant decrease 

in LDL cholesterol and an increase in HDL cholesterol (time by diet interaction compared 

to controls) in the ADF combined with exercise groups; ADF and exercise alone remained 

unchanged. Triglycerides remained unchanged in all groups. Only the ADF group reported a 

significant decrease in both systolic and diastolic blood pressure from baseline however, the 

ADF group had significantly higher blood pressure at baseline. Fasting glucose decreased 

significantly from baseline in all treatment groups and remained unchanged in the control 

group. Fasting insulin decreased from baseline in the ADF group only, while insulin 

resistance remained unchanged in all groups. Lastly, Ezpeleta et al.24 reported no changes in 

LDL and HDL cholesterol in ADF, exercise alone, or the combination groups. ADF alone 

reduced triglycerides significantly from baseline. Diastolic blood pressure decreased from 

baseline in the combination group only. Fasting insulin significantly decreased and insulin 

sensitivity via the quantitative insulin sensitivity check index (QUICKI= 1 / [log [insulin 

(mlU/ml)] + log [glucose (mg/dl)])41 statistically increased in the ADF, aerobic exercise, 

and combination groups, but not the control group. The combination group also decreased 

fasting insulin and increased insulin sensitivity significantly more over time compared to the 

exercise and control groups (time by diet interaction). No difference was reported between 

the ADF and combination groups, and HbA1c remained unchanged in all groups.

Regarding muscular strength or cardiorespiratory performance only one study has examined 

the effect of ADF with exercise on muscular strength or cardiorespiratory performance. Cho 

et al.25 reported a significant increase VO2max from baseline in the ADF combined with 

exercise group. Muscle strength (chest press and pulldown) was significantly increased in 

the exercise and combination group from baseline. Chest press significantly decreased in the 

ADF alone group while no changes were reported in the controls.

Summary of findings: These data suggest that ADF combined with aerobic training may 

improve body weight by 4–7% in 8–12 weeks as well as significant decreases in fat mass, 

and waist circumference. When considering lean mass, the results are incongruent. Cho et 

al.25,26 and Ezpeleta et al.24 did not report lean mass change with the addition of exercise, 
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however, Bhutani et al.23 only reported lean mass loss in the diet alone group indicating that 

exercise mitigated this loss. Due to the paucity of data and inconsistency of results, the effect 

of ADF combined with exercise is unclear for triglycerides and blood pressure. Regarding 

glucose regulation, data from Ezpeleta et al.24 appears promising, yet it is also uncertain if 

combining ADF and exercise results in favorable impact on glucoregulatory factors. Lastly, 

only one trial examined muscular strength or cardiorespiratory in ADF combined with 

exercise. More studies will need to examine if these data can be replicated.

TRE

Thirteen studies (14 publications) have examined the effect of TRE combined with different 

modalities of exercise on body weight and body composition.27–39 Nine27,29,31,33–37,42 

were randomized control trials wherein controls were prescribed a 12-h eating window or 

instructed to maintain current eating patterns, one38 was a randomized trial with no controls, 

two were randomized crossover design28,39 and one (two publications) was a single arm 

design.30,43 Three trials included participants with overweight or obesity33,37,38 with the 

remaining ten trials including participants with normal weight only.27–32,34–36,39 Exercise 

interventions included aerobic and endurance activity, resistance training, high intensity 

interval training or a combination of modalities. Haganes et al.33 examined TRE, HIIT (3 

days per week), or TRE combined with HIIT compared to controls in individuals with 

overweight or obesity. Compared to the control group, the TRE, HIIT, and combination 

groups significantly reduced their body weight (TRE: −2%, HIIT: −2%, combination −4%), 

fat mass, and visceral fat mass from baseline (time by diet interaction). Fat free mass 

decreased significantly in the TRE group over time compared to the control group (time 

by diet interaction). Isenmann et al.38 examined 8-h ad libitum TRE with macronutrient 

recommendations (45–65% carbohydrate, 20–35% fat, 20–35% protein) compared to a 

Macronutrient based diet which consisted of 80% unprocessed foods, in participants with 

overweight or obesity for 14 weeks (8 week intervention period and 6 week independent 

period). A 500kcal deficit was included during the independent period of the macronutrient 

diet. Both groups were asked to follow their diet and attend two training sessions a week. 

After 14 weeks, both groups significantly decreased body weight (−5%), fat mass, and waist 

circumference from baseline with no differences between groups. No changes were reported 

in fat free mass. Kotarsky et al.37 examined 8-h TRE or a “normal” eating window combined 

with 300 minutes of moderate or 150 minutes of vigorous aerobic activity and resistance 

training on three non-consecutive days per week in individuals with overweight or obesity. 

After 8 weeks, the TRE group lost significantly more body weight (−4%) and fat mass 

over time compared to the normal eating group (time by diet interaction). Both the TRE 

and normal eating group increased fat free mass and decreased waist circumference from 

baseline with no differences between groups. Morro et al.27 compared 8-h TRE compared 

to a control (12-h) diet in young healthy male elite cyclists for four weeks. Both groups 

combined their dietary intervention with cycling (500km/week in six training sessions/week) 

and were given a weight maintenance calorie goal to control for energy intake. The TRE 

group significantly reduced body weight (−2%). Fat mass was significantly lower in the 

TRE group than the controls at week 4 (group difference), however this change was not 

significant over time or time by diet. No changes were reported in fat free mass. Richardson 

et al.28 also compared isocaloric 8-h TRE to a 12-hour control diet group in healthy male 
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endurance trained runners. Participants were asked to maintain their current training regimen 

for both arms of the study. No changes were reported in body weight or fat free mass 

after 4 weeks, but fat mass decreased significantly during the TRE intervention over time. 

Correia et al.29 randomized healthy trained young males to TRE or normal diet (12-h), both 

of which were combined with 3 resistance training sessions per week. After 4 weeks, no 

changes in body weight, fat free mass, or skeletal muscle were reported in either group. 

Fat mass decreased in both groups from baseline, with no differences between groups. 

Waldman et al.30,43 examined 8-h TRE in middle-aged competitive male cyclists for 8 

weeks. Participants self-selected their eating window to fit their family’s eating schedule. 

All cyclists reported exercise over 150 min/week and were asked to continue their current 

habitual exercise during the dietary intervention. Participants significantly reduced body 

weight (−3%) and fat mass after 8 weeks. Fat free mass and abdominal skin fold remained 

unchanged. Morro et al.31 compared a modified form of TRE (4-h window on 4 days 

per week) against a normal diet (12-h) control in lean healthy young males. Participants 

were instructed to eat calories for weight maintenance and perform resistance training on 

3 non-consecutive days/week. No changes were reported in body weight or fat free mass 

after 8 weeks, but fat mass decreased significantly more over time in the TRE compared 

to the normal diet group (time by diet interaction). Moro et al. then performed a follow-up 

at one year from baseline (10 months after the completion of the previous trial). The TRE 

group significantly decreased their body weight (−3%) and fat mass, while the normal 

diet group significantly increased their body weight and fat mass. These changes were 

significant over time and reporting a significant time by diet interaction. No changes were 

reported in visceral fat mass at follow-up.42 However, at 12 months, TRE observed a 

significant decrease in arm and thigh circumference (cross-sectional area) from baseline 

compared to the normal diet group (time by diet interaction). Tinsley et al.34 recruited 

healthy trained males and compared an isocaloric 7-h TRE diet to a normal diet (12-h) 

control for 8 weeks. Both groups performed resistance training on three non-consecutive 

days each week throughout the trial. Body weight, fat mass, fat free mass, and visceral 

fat mass remained unchanged in both groups. Brady et al.36 examined 8-h TRE versus a 

control group in 17 male middle- and long-distance runners who were asked to maintain 

their habitual exercise. The TRE group lost significantly more body weight (−3%) than the 

control at 8 weeks (time by diet interaction). No changes were reported in fat mass or fat 

free mass. Tinsley et al.35 also examined 8-h TRE or normal (12-h) control diet combined 

with resistance training (three non-consecutive days per week) in 40 resistance trained 

females for 8 weeks. Both diet groups were tested with and without Hydroxymethylbuterate 

(HMB) supplementation, which may promote muscle growth. All groups increased body 

weight (1–2%) and fat free mass significantly. Fat mass was reduced in the TRE groups 

independent of HMB supplementation. No differences in body weight, fat mass or fat free 

mass were reported between groups in the intention to treat analysis. However, the per 

protocol analysis (n=24) reported a significant time by diet interaction with larger reductions 

in fat mass and body fat percentage in the TRE plus HMB group and significant increases in 

fat free mass in all groups. Martinez-Rodriguez et al.39 examined HIIT (3 times per week) 

alone compared to HIIT combined with every other day TRE (<14-h eating window with 

first meal close to waking) using a randomized crossover design in 14 active, normal weight 

females. HIIT alone had no effect on body weight and body fat, but HIIT combined with 
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TRE produced a significant reduction (time by diet interaction) in fat mass. Fat free mass 

remained unchanged.

In regards to cardiovascular risk, eight studies have examined the effect of TRE combined 

with exercise on fasting lipids,28,30,31,33,35,37,42 four on blood pressure,28,33,35,37 and ten 

on glucoregulatory factors.27,28,30,31,33–37,42 Richardson et al.28 reported no changes in 

LDL cholesterol, HDL cholesterol, triglycerides or blood pressure after 4 weeks of TRE 

or a normal diet in male elite endurance runners. Fasting glucose, fasting insulin, insulin 

resistance (HOMA-IR), and insulin sensitivity (QUICKI) also remained unchanged. Tinsley 

et al.35 reported no changes in LDL cholesterol, HDL cholesterol, triglycerides, fasting 

insulin, or fasting glucose after 8 weeks of TRE or a control diet combined with resistance 

independent of HMB supplementation in trained lean females. Diastolic blood pressure 

significantly decreased in both the TRE and normal diet groups independent of HMB 

supplementation. Haganes et al.33 reported no changes in LDL cholesterol, triglycerides, 

blood pressure, fasting glucose, fasting insulin, and insulin resistance (HOMA-IR) after 

7 weeks of TRE or HIIT alone or combined in individuals with overweight or obesity. 

The combination group reported a greater reduction in HDL cholesterol over time than 

the other groups (time by diet interaction). Nocturnal glucose decreased significantly in 

the TRE and combination groups and HbA1c decreased significantly in the combination 

group compared to controls (time by diet interaction). Waldman et al.30 reported no changes 

in LDL cholesterol or triglycerides, however HDL cholesterol increased after 4 weeks of 

8-h TRE in male cyclists. Fasting glucose significantly decreased while fasting insulin and 

insulin resistance (HOMA-IR) remained unchanged. Kotarsky et al.37 reported no changes 

in HDL, blood pressure, fasting insulin or HbA1c after TRE combined with 150–300 

minutes of exercise for 8 weeks. Brady et al.36 also reported no change in triglycerides, 

fasting glucose, fasting insulin or insulin resistance (HOMA-IR). Moro et al.42 reported 

a significant increase in HDL cholesterol and a significant reduction in triglycerides, 

glucose, insulin, and insulin resistance (HOMA-IR) after 8 weeks of 4h TRE four days 

per week combined with resistance training in lean trained males. At a year follow-up of the 

same participants significantly decreased LDL cholesterol and increased HDL. Compared 

to the controls over time, triglycerides decreased significantly (time by diet interaction). 

Additionally, fasting glucose, fasting insulin, and insulin resistance decreased significantly 

more over time compared to the normal diet controls (time by diet interaction). In a different 

trial, Morro et al.27 reported no differences in triglycerides, fasting glucose or fasting 

insulin, insulin resistance (HOMA-IR) or insulin sensitivity (QUICKI) after 4 weeks of 

isocaloric TRE or normal diet in elite cyclists.

In regards to muscular strength and cardio respiratory fitness, seven studies have examined 

the effect of time restricted eating combined with exercise.29,31,34–36 Correia et al.29 

reported an increase in explosive upper body strength from baseline in TRE and normal 

diet groups. A significant time by diet interaction for peak force and peak dynamic bench 

press throw favoring the TRE group. The normal diet group also increased their explosive 

upper body strength over time, produced greater improvements over time compared to TRE 

(time by diet interaction) for squat jump peak force, countermovement jump peak force, 

countermovement jump height and isometric bench press. Moro et al.31 reported significant 

increases in leg press and hip sled in both the TRE combined with resistance training 

Gabel et al. Page 10

J Acad Nutr Diet. Author manuscript; available in PMC 2025 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and the normal diet combined with resistance training groups. Bench press and leg press 

increased over time in both the TRE and normal diet groups with no difference between 

groups.42 Tinsley et al.34 also reported an increase in hip sled, hip sled endurance and 

bench press when combining resistance training with both TRE and normal diet after 8 

weeks in trained healthy males. Brady et al.36 reported no significant changes in fixed 

blood lactate concentration, heart rate at fixed blood lactate concentration, and %HR max 

or VO2max in either group after 8 weeks. Tinsley et al.35 reported an increase in maximum 

strength and muscular performance (countermovement vertical jump, mechanized squat, and 

1 repetition max and repetitions to failure of bench press and hip sled) when combining 

resistance training with TRE or normal 12-h diet, independent of HMB supplementation in 

resistance trained females. Martinez-Rodriguez et al.39 reported an increase from baseline 

countermovement vertical jump height in the TRE combined with HIIT group. Additionally, 

there was a group interaction at week 16 between the combination group and HIIT alone 

group.

Summary of findings: In individuals with overweight or obesity TRE combined with 

exercise produced significant decreases in body weight of 2–4% after 7–16 weeks. Body 

fat mass and waist circumference also seem to decrease significantly. Changes in fat free 

mass changes were inconsistent and may depend on intensity or volume of aerobic or 

resistance training. In normal weight, trained individuals body weight appears unchanged 

in trials prescribed a calorie goal for weight maintenance and decreases in trials with an 

ad libitum eating window. However, fat mass does appear to decrease significantly when 

combining TRE and exercise in lean individuals. LDL cholesterol and blood pressure 

remained largely unchanged, however TRE combined with exercise may increase HDL 

cholesterol and decrease triglycerides in normal weight individuals. Glucoregulatory factors 

also appear to be unaffected by TRE and exercise independent of BMI category. However, 

one long term follow-up did report significantly improved glucose, insulin, and insulin 

resistance in lean trained males,42 indicating these changes may improve over longer time 

periods. It appears that if caloric intake is adequate, improvements in explosive strength, 

muscular endurance, V02peak can still be achieved with TRE. It is unclear how TRE may 

influence adaptations to aerobic or strength training in untrained individuals or those with 

overweight or obesity.

DISCUSSION

Over 75% of Americans have either overweight or obesity.1 This is startling as obesity is 

associated co-morbidities such as heart disease, cancer, stroke, and diabetes.1 One in five 

adults in the United States is inactive, which paired with rates of obesity, greatly increase 

risk of lower quality of life, mental health issues, comorbidities and mortality.6 While 

combining different forms of intermittent fasting with exercise has shown favorable effects 

on body weight and body fat, improvements in cardiovascular and metabolic risk were not 

consistent. The results are limited by 1) sample size, 2) intervention length, 3) inclusion 

criteria, 4) objective measures of diet and exercise adherence, and 5) diversity of sample 

population.
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First, small sample size is a considerable limitation of many of the studies that were 

reviewed here. Sixteen of the 23 trials reviewed were pilot studies with less than 50 

participants, which were then randomized into 2–4 groups. This indicates that most of 

the trials presented here may be underpowered to report primary and secondary outcomes. 

Second, current trials lack long-term testing and follow-up. Of the 23 trials reported in 

this review, 18 were short term (4–12 weeks), 2 were mid-term (16 weeks), and 3 were 

long term (52 weeks). Two long-term (52 week) studies combining 5:2 with exercise did 

report significant improvements in blood pressure, HDL cholesterol, and triglycerides. At a 

follow-up at one year after an 8-week study of TRE combined with resistance training, Moro 

et al.42 reported significant improvements in cardiometabolic markers including a significant 

time by diet interaction in insulin resistance. This may suggest that prior interventions 

were not long enough to achieve optimal effects. Third, participants included in the current 

breadth of work, even those with obesity, were metabolically healthy at baseline (being 

excluded if they had hypertension, dyslipidemia or pre-diabetes). Thus, while participants 

may have benefited from decreases in body weight and body fat mass, the potential impact 

on cardiometabolic risk may have been masked by a floor effect related to the inclusion 

criteria. Specifically, of the 13 trials combining TRE with exercise, only three33,37,38 

examined individuals with overweight or obesity and two33,37 included people who were 

not already physically active. Trained individuals are more likely to be euglycemic to 

begin with, given the direct influence of exercise on glucoregulation.44–46 Thus, future 

studies should focus on recruitment of higher risk groups, such as those with prediabetes 

and untrained individuals. Fourth, objective data on adherence and compliance to both 

intermittent fasting and exercise interventions are lacking. Currently, food diaries and other 

self-report techniques are utilized to monitor adherence and compliance to different forms 

of intermittent fasting. It is well established that individuals under-report energy intake 

and selectively report foods that are considered to be “healthy” or socially acceptable.47 

It will be important for future studies to explore more objective measures of adherence to 

these fasting diets such as continuous glucose monitors. As for the exercise interventions, 

only eleven16,20,21,23,24,31,33–35,37,39 of the reviewed trials either supervised all exercise or 

utilized wearables (Actigraph, Pensacola FL or Garmin, Olathe KS) to monitor adherence 

and compliance. To determine efficacy of these behavioral interventions, high-quality 

adherence and compliance data are essential. Lastly, racial, ethnic, sex, and age diversity 

should be considered in future work to increase the external validity of the outcomes. 

Current data in 5:2 or ADF combined with exercise do include both males and females as 

well as those aged 18–65 years or older, however, this is a stark contrast when examining 

the current data in TRE combined with exercise. Of the 13 trials presented combining TRE 

with exercise, only five33,35,37–39,48 included women and two30,37 included those aged 45 

years or older. The remaining trials are focused in lean, young, male athletes which is 

not representative of the U.S. population. While the trials described here span the globe 

including the US, Brazil, Australia, New Zealand, China, Korea, Germany, Italy, Portugal, 

Norway, Ireland and Spain, most of these trials have been in European predominantly 

White countries. Of the seven23,24,28,30,34,35,37 trials in the US only two23,24 reported on 

race and ethnicity. Due to the impact of social determinants of health, including race and 

ethnicity, on obesity and cardiometabolic risk it is imperative that research includes those 

from underrepresented backgrounds.
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Due to the above limitations, future randomized controlled trials should deliver longer 

interventions (≥24 weeks) with larger, diverse sample sizes to assess efficacy of intermittent 

fasting combined with exercise. Individuals who are young, healthy, active, and lean do not 

have the same heightened risk and are thus unlikely to improve cardiometabolic health based 

on floor effects. The benefits of intermittent fasting may be greatest for those with obesity, 

overweight, and/or cardiometabolic risk, and thus more research is needed in these groups. 

Future studies should utilize tools to measure adherence and compliance to both the diet 

and exercise programs and explore ways to obtain objective data. Lastly, it is imperative 

that researchers include both males and females and persons of diverse racial and ethnic 

backgrounds and across the lifespan in interventions combining diet and exercise, consistent 

with recent policy advancements and position statements from the U.S. National Institutes of 

Health and related organizations.

CONCLUSION

The 5:2 diet, ADF, and TRE offer accessible and sustainable alternatives to traditional CR. 

When combined with different modalities of exercise, these diets can reduce body weight 

and fat mass. Although there is uncertain impact on chronic disease risk, there is some 

evidence to suggest that benefits may emerge in higher-powered and longer interventions. 

Training adaptations are still possible when combining any form of intermittent fasting 

with exercise. Ongoing research is needed to test the benefits of combined interventions in 

diverse populations.

Funding:

National Institutes of Health, K12HD101373 BIRCWH (KG), Roybal 5P30AG022849 (KG). No other disclosures 
of conflict of interest exist.

REFERENCES

1. Prevention CfDCa. Adult Obesity Facts. US Department of Health and Human Services. Accessed 
03/05/2018, 2018. https://www.cdc.gov/obesity/data/adult.html

2. Trepanowski JF, Kroeger CM, Barnosky A, et al. Effects of alternate-day fasting or daily calorie 
restriction on body composition, fat distribution, and circulating adipokines: Secondary analysis of a 
randomized controlled trial. Clin Nutr. Dec 2017;doi:10.1016/j.clnu.2017.11.018

3. Harvie MN, Pegington M, Mattson MP, et al. 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). May 2011;35(5):714–27. doi:10.1038/ijo.2010.171 
[PubMed: 20921964] 

4. Varady KA, Cienfuegos S, Ezpeleta M, Gabel K. Cardiometabolic Benefits of Intermittent Fasting. 
Annu Rev Nutr. Oct 11 2021;41:333–361. doi:10.1146/annurev-nutr-052020-041327 [PubMed: 
34633860] 

5. Ezpeleta M, Cienfuegos S, Lin S, et al. Time-restricted eating: Watching the clock to treat obesity. 
Cell Metabolism. 2024/01/03/ 2024;doi:10.1016/j.cmet.2023.12.004

6. Powell KE, King AC, Buchner DM, et al. The Scientific Foundation for the Physical Activity 
Guidelines for Americans, 2nd Edition. J Phys Act Health. Dec 17 2018:1–11. doi:10.1123/
jpah.2018-0618

7. Oh H, Saquib N, Ochs-Balcom HM, et al. Recreational Physical Activity, Sitting, and Androgen 
Metabolism among Postmenopausal Women in the Women’s Health Initiative Observational Study. 

Gabel et al. Page 13

J Acad Nutr Diet. Author manuscript; available in PMC 2025 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/obesity/data/adult.html


Cancer Epidemiol Biomarkers Prev. Jan 2022;31(1):97–107. doi:10.1158/1055-9965.Epi-21-0809 
[PubMed: 34663616] 

8. Willoughby D, Hewlings S, Kalman D. Body Composition Changes in Weight Loss: Strategies 
and Supplementation for Maintaining Lean Body Mass, a Brief Review. Nutrients. Dec 3 
2018;10(12)doi:10.3390/nu10121876

9. Hansen D, Dendale P, Berger J, van Loon LJ, Meeusen R. The effects of exercise training on 
fat-mass loss in obese patients during energy intake restriction. Sports Med. 2007;37(1):31–46. 
doi:10.2165/00007256-200737010-00003 [PubMed: 17190534] 

10. Chow ZS, Moreland AT, Macpherson H, Teo WP. The Central Mechanisms of Resistance Training 
and Its Effects on Cognitive Function. Sports Med. Dec 2021;51(12):2483–2506. doi:10.1007/
s40279-021-01535-5 [PubMed: 34417978] 

11. Bellicha A, van Baak MA, Battista F, et al. Effect of exercise training on weight loss, body 
composition changes, and weight maintenance in adults with overweight or obesity: An overview 
of 12 systematic reviews and 149 studies. Obes Rev. Jul 2021;22 Suppl 4(Suppl 4):e13256. 
doi:10.1111/obr.13256 [PubMed: 33955140] 

12. Ryan DH, Yockey SR. Weight Loss and Improvement in Comorbidity: Differences at 5%, 
10%, 15%, and Over. Curr Obes Rep. Jun 2017;6(2):187–194. doi:10.1007/s13679-017-0262-y 
[PubMed: 28455679] 

13. Das JK, Banskota N, Candia J, et al. Calorie restriction modulates the transcription of genes 
related to stress response and longevity in human muscle: The CALERIE study. Aging cell. Oct 12 
2023:e13963. doi:10.1111/acel.13963 [PubMed: 37823711] 

14. Das SK, Gilhooly CH, Golden JK, et al. Long-term effects of 2 energy-restricted diets differing 
in glycemic load on dietary adherence, body composition, and metabolism in CALERIE: a 1-y 
randomized controlled trial. Am J Clin Nutr. Apr 2007;85(4):1023–30. doi:10.1093/ajcn/85.4.1023 
[PubMed: 17413101] 

15. Keenan S, Cooke MB, Chen WS, Wu S, Belski R. The Effects of Intermittent Fasting 
and Continuous Energy Restriction with Exercise on Cardiometabolic Biomarkers, Dietary 
Compliance, and Perceived Hunger and Mood: Secondary Outcomes of a Randomised, Controlled 
Trial. Nutrients. 2022;14(15)doi:10.3390/nu14153071

16. Batitucci G, Faria Junior EV, Nogueira JE, et al. Impact of Intermittent Fasting Combined With 
High-Intensity Interval Training on Body Composition, Metabolic Biomarkers, and Physical 
Fitness in Women With Obesity. Front Nutr. 2022;9:884305. doi:10.3389/fnut.2022.884305 
[PubMed: 35694163] 

17. Kang J, Shi X, Fu J, Li H, Ma E, Chen W. Effects of an Intermittent Fasting 5:2 Plus Program 
on Body Weight in Chinese Adults with Overweight or Obesity: A Pilot Study. Nutrients. 
2022;14(22)doi:10.3390/nu14224734

18. Hottenrott K, Werner T, Hottenrott L, Meyer TP, Vormann J. Exercise Training, Intermittent 
Fasting and Alkaline Supplementation as an Effective Strategy for Body Weight Loss: A 12-
Week Placebo-Controlled Double-Blind Intervention with Overweight Subjects. Life (Basel). 
2020;10(5)doi:10.3390/life10050074

19. Headland ML, Clifton PM, Keogh JB. Effect of intermittent compared to continuous energy 
restriction on weight loss and weight maintenance after 12 months in healthy overweight or obese 
adults. Int J Obes (Lond). Oct 2019;43(10):2028–2036. doi:10.1038/s41366-018-0247-2 [PubMed: 
30470804] 

20. Jospe MR, Roy M, Brown RC, et al. Intermittent fasting, Paleolithic, or Mediterranean diets in 
the real world: exploratory secondary analyses of a weight-loss trial that included choice of diet 
and exercise. Am J Clin Nutr. Mar 1 2020;111(3):503–514. doi:10.1093/ajcn/nqz330 [PubMed: 
31879752] 

21. Cooke MB, Deasy W, Ritenis EJ, Wilson RA, Stathis CG. Effects of Intermittent Energy 
Restriction Alone and in Combination with Sprint Interval Training on Body Composition and 
Cardiometabolic Biomarkers in Individuals with Overweight and Obesity. International journal of 
environmental research and public health. Jun 29 2022;19(13)doi:10.3390/ijerph19137969

22. Keenan SJ, Cooke MB, Hassan EB, et al. Intermittent fasting and continuous energy restriction 
result in similar changes in body composition and muscle strength when combined with a 12 week 

Gabel et al. Page 14

J Acad Nutr Diet. Author manuscript; available in PMC 2025 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



resistance training program. Eur J Nutr. 2022;61(4):2183–2199. doi:10.1007/s00394-022-02804-3 
[PubMed: 35084574] 

23. Bhutani S, Klempel MC, Kroeger CM, Trepanowski JF, Varady KA. Alternate day fasting 
and endurance exercise combine to reduce body weight and favorably alter plasma lipids in 
obese humans. Obesity (Silver Spring). Jul 2013;21(7):1370–9. doi:10.1002/oby.20353 [PubMed: 
23408502] 

24. Ezpeleta M, Gabel K, Cienfuegos S, et al. Effect of alternate day fasting combined with aerobic 
exercise on non-alcoholic fatty liver disease: A randomized controlled trial. Cell Metab. Jan 3 
2023;35(1):56–70 e3. doi:10.1016/j.cmet.2022.12.001 [PubMed: 36549296] 

25. Cho AR, Moon JY, Kim S, et al. Effects of alternate day fasting and exercise on cholesterol 
metabolism in overweight or obese adults: A pilot randomized controlled trial. Metabolism. Apr 
2019;93:52–60. doi:10.1016/j.metabol.2019.01.002 [PubMed: 30615947] 

26. Oh M, Kim S, An KY, et al. Effects of alternate day calorie restriction and exercise on cardio-
metabolic risk factors in overweight and obese adults: an exploratory randomized controlled 
study. BMC public health. Sep 15 2018;18(1):1124. doi:10.1186/s12889-018-6009-1 [PubMed: 
30219052] 

27. Moro T, Tinsley G, Longo G, et al. Time-restricted eating effects on performance, immune 
function, and body composition in elite cyclists: a randomized controlled trial. J Int Soc Sports 
Nutr. Dec 11 2020;17(1):65. doi:10.1186/s12970-020-00396-z [PubMed: 33308259] 

28. Richardson CE, Tovar AP, Davis BA, Van Loan MD, Keim NL, Casazza GA. An Intervention of 
Four Weeks of Time-Restricted Eating (16/8) in Male Long-Distance Runners Does Not Affect 
Cardiometabolic Risk Factors. Nutrients. Feb 16 2023;15(4)doi:10.3390/nu15040985

29. Correia JM, Santos PDG, Pezarat-Correia P, Minderico CS, Infante J, Mendonca GV. Effect of 
Time-Restricted Eating and Resistance Training on High-Speed Strength and Body Composition. 
Nutrients. Jan 6 2023;15(2)doi:10.3390/nu15020285 [PubMed: 38201845] 

30. Waldman HS, Witt CR, Grozier CD, McAllister MJ. A self-selected 16:8 time-restricted eating 
quasi-experimental intervention improves various markers of cardiovascular health in middle-age 
male cyclists. Nutrition. May 23 2023;113:112086. doi:10.1016/j.nut.2023.112086 [PubMed: 
37331215] 

31. Moro T, Tinsley G, Bianco A, et al. Effects of eight weeks of time-restricted feeding (16/8) 
on basal metabolism, maximal strength, body composition, inflammation, and cardiovascular 
risk factors in resistance-trained males. J Transl Med. Oct 2016;14(1):290. doi:10.1186/
s12967-016-1044-0 [PubMed: 27737674] 

32. McAllister MJ, Pigg BL, Renteria LI, Waldman HS. Time-restricted feeding improves markers of 
cardiometabolic health in physically active college-age men: a 4-week randomized pre-post pilot 
study. Nutr Res. Mar 2020;75:32–43. doi:10.1016/j.nutres.2019.12.001 [PubMed: 31955013] 

33. Haganes KL, Silva CP, Eyjólfsdóttir SK, et al. Time-restricted eating and exercise training improve 
HbA1c and body composition in women with overweight/obesity: A randomized controlled 
trial. Cell Metab. Oct 4 2022;34(10):1457–1471.e4. doi:10.1016/j.cmet.2022.09.003 [PubMed: 
36198292] 

34. Tinsley GM, Forsse JS, Butler NK, et al. Time-restricted feeding in young men performing 
resistance training: A randomized controlled trial. Eur J Sport Sci. Mar 2017;17(2):200–207. 
doi:10.1080/17461391.2016.1223173 [PubMed: 27550719] 

35. Tinsley GM, Moore ML, Graybeal AJ, et al. Time-restricted feeding plus resistance training in 
active females: a randomized trial. Am J Clin Nutr. Sep 1 2019;110(3):628–640. doi:10.1093/ajcn/
nqz126 [PubMed: 31268131] 

36. Brady AJ, Langton HM, Mulligan M, Egan B. Effects of 8 wk of 16:8 Time-restricted Eating in 
Male Middle- and Long-Distance Runners. Med Sci Sports Exerc. Mar 1 2021;53(3):633–642. 
doi:10.1249/MSS.0000000000002488 [PubMed: 32796255] 

37. Kotarsky CJ, Johnson NR, Mahoney SJ, et al. Time-restricted eating and concurrent exercise 
training reduces fat mass and increases lean mass in overweight and obese adults. Physiological 
reports. May 2021;9(10):e14868. doi:10.14814/phy2.14868 [PubMed: 34042299] 

Gabel et al. Page 15

J Acad Nutr Diet. Author manuscript; available in PMC 2025 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



38. Isenmann E, Dissemond J, Geisler S. The Effects of a Macronutrient-Based Diet and Time-
Restricted Feeding (16:8) on Body Composition in Physically Active Individuals-A 14-Week 
Randomised Controlled Trial. Nutrients. Sep 6 2021;13(9)doi:10.3390/nu13093122

39. Martínez-Rodríguez A, Rubio-Arias JA, García-De Frutos JM, Vicente-Martínez M, Gunnarsson 
TP. Effect of High-Intensity Interval Training and Intermittent Fasting on Body Composition 
and Physical Performance in Active Women. International journal of environmental research and 
public health. Jun 14 2021;18(12)doi:10.3390/ijerph18126431

40. Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. Diabetes Care. Jun 
2004;27(6):1487–95. [PubMed: 15161807] 

41. Chen H, Sullivan G, Quon MJ. Assessing the Predictive Accuracy of QUICKI as a Surrogate Index 
for Insulin Sensitivity Using a Calibration Model. Diabetes. 2005;54(7):1914–1925. doi:10.2337/
diabetes.54.7.1914 [PubMed: 15983190] 

42. Moro T, Tinsley G, Pacelli FQ, Marcolin G, Bianco A, Paoli A. Twelve Months 
of Time-restricted Eating and Resistance Training Improves Inflammatory Markers and 
Cardiometabolic Risk Factors. Med Sci Sports Exerc. Dec 1 2021;53(12):2577–2585. doi:10.1249/
mss.0000000000002738 [PubMed: 34649266] 

43. Witt CR, Grozier CD, Killen LG, Renfroe LG, O’Neal EK, Waldman HS. A Self-Selected 
16:8 Time-Restricted Eating Protocol Improves Fat Oxidation Rates, Markers of Cardiometabolic 
Health, and 10-km Cycling Performance in Middle-Age Male Cyclists. J Strength Cond Res. May 
1 2023;37(5):1117–1123. doi:10.1519/jsc.0000000000004353 [PubMed: 36730045] 

44. Ploug T, van Deurs B, Ai H, Cushman SW, Ralston E. Analysis of GLUT4 distribution in whole 
skeletal muscle fibers: identification of distinct storage compartments that are recruited by insulin 
and muscle contractions. J Cell Biol. Sep 21 1998;142(6):1429–46. doi:10.1083/jcb.142.6.1429 
[PubMed: 9744875] 

45. Kraniou GN, Cameron-Smith D, Hargreaves M. Acute exercise and GLUT4 expression in human 
skeletal muscle: influence of exercise intensity. J Appl Physiol (1985). Sep 2006;101(3):934–7. 
doi:10.1152/japplphysiol.01489.2005 [PubMed: 16763099] 

46. Mikines KJ, Sonne B, Farrell PA, Tronier B, Galbo H. Effect of physical exercise on sensitivity and 
responsiveness to insulin in humans. Am J Physiol. Mar 1988;254(3 Pt 1):E248–59. doi:10.1152/
ajpendo.1988.254.3.E248 [PubMed: 3126668] 

47. Ortega RM, Perez-Rodrigo C, Lopez-Sobaler AM. Dietary assessment methods: dietary 
records. Nutr Hosp. Feb 26 2015;31 Suppl 3:38–45. doi:10.3305/nh.2015.31.sup3.8749 [PubMed: 
25719769] 

48. Martinez-Gonzalez MA, Fernandez-Jarne E, Serrano-Martinez M, Wright M, Gomez-Gracia E. 
Development of a short dietary intake questionnaire for the quantitative estimation of adherence 
to a cardioprotective Mediterranean diet. Eur J Clin Nutr. Nov 2004;58(11):1550–2. doi:10.1038/
sj.ejcn.1602004 [PubMed: 15162136] 

Gabel et al. Page 16

J Acad Nutr Diet. Author manuscript; available in PMC 2025 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



RESEARCH SNAPSHOT

Research question:

How does the combination of exercise and intermittent fasting affect body weight, body 

composition, cardiometabolic risk factors, and physical fitness?

Key Findings:

When combined with different modalities of exercise, intermittent fasting can reduce 

body weight and fat mass while eliciting training adaptations. Evidence is equivocal 

regarding the impact on lean mass and cardiometabolic markers, and there is a 

need for longer and better-powered interventions in this area. Combining intermittent 

fasting with exercise may provide an accessible, low burden alternative to traditional 

caloric restriction. Future trials should prioritize recruitment of well-powered samples 

comprising both males and females, a broad range of ages, and those at risk for 

cardiometabolic disease.
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