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SUMMARY 

This study investigated the effects of time restricted feeding (TRF) on body weight, metabolic disease 

risk factors, and sleep in adults with obesity. The safety of TRF was also evaluated. TRF is a form of 

intermittent fasting that requires individuals to eat all their food within a certain window of time each 

day, and water fast for the remaining hours of the day. Obese subjects (n = 23) participated in an 8-h 

time restricted feeding intervention (ad libitum feeding between 10:00 to 18:00 h, water fasting 

between 18:00 to 10:00 h) for 12 weeks. Results from this study show that 12 weeks of 8-h TRF 

decreases body weight by ~3%. Subjects were adherent to the prescribed eating window on ~6 days 

per week, and this level of adherence remained constant throughout the 12-week trial. Our findings 

also indicate that reducing the daily eating window to 8-h/d decreases caloric intake by ~300 kcal/d, 

without intentional calorie counting. TRF produced significant reductions in systolic blood pressure, 

however, other metabolic disease risk parameters (plasma lipids and glucoregulatory factors) remained 

unchanged. TRF had no effect on sleep quality, timing, duration, or insomnia severity after 12 weeks. 

Our results also suggest that TRF is a safe diet therapy that does not negatively affect eating disorder 

symptoms, eating behaviors, or measures of overall health such as resting metabolic rate and complete 

blood count. These preliminary data offer promise for the use of TRF as a safe weight-loss technique in 

adults with obesity, but longer-term, larger-scale randomized controlled trials will be required before 

solid conclusions can be reached. 
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I. INTRODUCTION 

1. Background and Rationale: 

Obesity increases the risk of metabolic disease [1]. Excess fat is associated with dyslipidemia, 

hypertension, and insulin resistance [1]. As little as 5% weight loss has been shown to improve these 

metabolic parameters, thereby decreasing risk of disease [2]. Intermittent fasting is a novel diet for 

weight loss and the improvement of metabolic disease risk factors. Alternate day fasting (ADF) and the 

5:2 diet are the most studied forms of intermittent fasting. ADF consists of a “fast” day where a person 

consumes ~500 kcal (~25% of calorie needs), alternated with a “feed” day of ad libitum eating. In 

contrast, the 5:2 diet includes two fast days per week (~500 kcal) followed by 5 days of ad libitum 

eating. Recent human research has shown a weight loss of 3-13% after 4-24 weeks of ADF and the 5:2 

diet [3-13]. This weight loss has beneficial effects on blood pressure, triglycerides, LDL cholesterol, and 

insulin [3-13]. However, counting calories and fasting every other day may still inhibit adherence and 

decrease success with 5:2 and ADF [3].  

 

Time-restricted feeding (TRF) is the newest form of intermittent fasting, but little research has been 

done in this area. TRF requires individuals to eat all their food within a certain window of time each 

day, and water fast for the remaining hours of the day. The most common form of TRF is the 8-h eating 

window, also called “8-h TRF”.  During the 8-h eating window (e.g. 10:00 to 18:00 h), food intake is ad 

libitum and participants are not required to count calories. During the fasting window (e.g. 18:00 to 

10:00) subjects are only permitted water and calorie-free beverages.  
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It is speculated that TRF may naturally decrease caloric intake simply by watching a clock daily rather 

than counting calories or fasting every other day. Currently, nearly all TRF research has been 

conducted in rodent models during adolescence or after diet induced obesity (DIO). Mice fed an 

isocaloric diet during the 12-h dark phase (their normal circadian feast phase) weighed 19% less than 

those fed during the light phase. Those fed during the light phase also had increased body fat 

compared to their circadian timed counterparts, however this was not significant [14].  Chaix et al [15] 

examined different lengths of TRF in relation to high-fat, high-fructose and normal diets. Their group 

observed that 9-h, 12-h, and 15-h TRF seemed to limit DIO caused by a high-fat diet. TRF also appeared 

to be beneficial after DIO had already occurred [15]. TRF rodent models show that 9-h to 16-h of 

fasting, even under isocaloric conditions, resulted in decreased weight and body-fat mass in both high-

fat and low-fat diets [15-20]. 

 

Humans, like mice, have diurnal circadian clocks. Due to this similarity, it has been speculated that TRF 

may also positively effect body weight and body composition in humans. Only five human trials of TRF 

have been conducted to date [21-25]. Gill and Panda [21] examined the effects of 10-h TRF in healthy 

adults with overweight and resulted in a 4% weight loss that was sustained for one year. Findings from 

two other studies in young, lean, resistance-trained men revealed that 4-8-h TRF reduces caloric intake 

(without calorie counting) and significantly decreases fat mass while maintaining lean mass [22, 23]. 

Sutton et al [24] examined the effect of early time-restricted feeding (8:00-14:00) on metabolic disease 

risk factors independent of weight loss in 8 pre-diabetic men. This group observed improvements in 

blood pressure, mean insulin, insulin after a meal, and beta-cell responsiveness [24]. Arnason et al [25] 

also ran a pilot trial on the effect of TRF on metabolic disease risk factors in individuals with type-2 
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diabetes. They observed significant weight loss, decreased post-prandial glucose variability, improved 

glucose control, and more subjects achieved their fasting morning glucose goal after the intervention 

[25].  However, there have been no studies evaluating the effects of 8-h TRF on body weight and 

metabolic disease risk factors in subjects with obesity.  

 

Gill and Panda [21] recently examined real-time eating patterns in in 156 adults utilizing a smart-phone 

application. This group found that subjects had a mean eating duration of 14-h+ per day [21]. It is 

possible that decreasing this window may naturally restrict calories or may have the same metabolic 

health benefits as seen in rodent models [14, 15, 18]. Gill and Panda [21] also observed that calories 

ingested after 18:00 h exceeded calorie needs for weight maintenance. Furthermore, many 

commercially available weight loss books have touted the benefits of 8-h TRF however, no research has 

been done in humans at this eating/fasting interval. We chose to implement an 8-h TRF window due to 

this lack of evidence. We chose to place the 8-h TRF feeding window from 10:00 to 18:00 h in order to 

allow for a 3 meal/day eating pattern as well as to end eating at 18:00 h when calorie needs have 

been met.   

 

Due to the novelty of TRF, the safety of the diet has not yet been evaluated. Fasting interventions 

often raise concerns regarding gastrointestinal disturbances, problems with blood sugar regulation, or 

disturbances in resting metabolic rate. Intermittent fasting regimens had also been speculated to 

increase disordered eating behaviors and negatively impact body image perception, however this was 

not observed in a previous ADF study [26]. The occurrence of adverse events, changes in eating 
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disorder symptoms and alterations in body image perception has yet to be examined in any TRF 

study to date.  

 

Obesity is associated with poor sleep quality, shorter sleep duration, and increased risk of sleep apnea 

[27-29]. Weight loss as a result of dietary restriction may improve sleep quality and quantity. In a 10-h 

TRF intervention Gill and Panda [21] observed improved sleep via self-report in subjects. The effect of 

8-h TRF on sleep has yet to be examined.  

 

Therefore, the specific aims of the study are as follows:  

 

2. Specific Aims 

 

Specific Aim 1: To examine the effects of 8-h TRF on body weight and body composition in adults with 

obesity.  

Hypothesis 1: Body weight, fat mass, and visceral fat mass will decrease after 12 weeks of 8-h 

TRF in adults with obesity. Lean mass will remain unchanged. 

 

Specific Aim 2: To examine the effects of 8-h TRF on metabolic disease risk factors in adults with 

obesity.  

Hypothesis 2: Fasting insulin, glucose, insulin resistance (measured by HOMA-IR), HbA1c, 

triglycerides, and blood pressure will be reduced after 12 weeks of 8-h TRF in adults with 

obesity.  
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Specific Aim 3: To examine the effects of 8-h TRF on sleep quality and duration in adults with obesity. 

Hypothesis 3: Self-reported sleep quality and duration will increase after 12 weeks of 8-h TRF in 

adults with obesity.  

 

Specific Aim 4: To evaluate the safety of 8-h TRF in adults with obesity. 

Hypothesis 4: Eating disorder symptoms, body image perception, complete blood count, and 

frequency of adverse events will remain unchanged after 12 weeks of 8-h TRF in adults with 

obesity. 

 

3. Significance 

If the aims of this application are achieved, this study will:  

1. Improve clinical guidelines by showing that TRF is effective for reducing body weight and 

improving metabolic disease risk factors (plasma lipids, fasting glucose, insulin, and insulin 

resistance) in obese adults.  

2. Further the field’s understanding of fasting on sleep quantity and quality. 

3. Report the safety of TRF with regards to adverse events, eating disorder symptoms, and body 

image.  
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II. LITERATURE REVIEW 

1. Obesity and metabolic disease risk 

One-hundred sixty million Americans are either overweight or obese [30]. This puts the United States 

in the top 15 countries with the highest rates of obesity [30]. Obesity can lead to increased 

inflammatory cytokines resulting in a cascade of health effects including increased risk of insulin 

resistance, cardiovascular disease, and type 2 diabetes. Recent evidence shows that as little as 5% 

weight loss can decrease the risk of these obesity-related comorbidities [2].  

 

Calorie restriction (CR) is the most common treatment used to facilitate weight loss. However, 

adherence to CR declines after the first month of intervention and continues to decrease thereafter 

[3]. Intermittent fasting is an alternative to CR that utilizes extended times of fasting to decrease daily 

caloric intake. The most well-known forms of intermittent fasting are alternate day fasting (ADF), the 

5:2 diet, and the 6:1 diet. ADF consists of a “fast” day where a person consumes ~500 kcal (~25% of 

calorie needs), alternated with a “feed” day of ad libitum eating. In contrast, the 5:2 diet includes two 

fast days per week (~500 kcal) followed by 5 days of ad libitum eating, while the 6:1 diet includes only 

one fast day per week (~500 kcal), followed 6 days of ad libitum eating.  

 

Time restricted feeding (TRF) is the newest form of intermittent fasting. TRF requires individuals to eat 

all food within a certain window of time each day, and water fast for the remaining hours of the day. 

The most common form of TRF is the 8-h eating window, also called “8-h TRF”.  During the 8-h eating 

window (e.g. 10:00 to 18:00 h), food intake is ad libitum and participants are not required to count 
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calories. During the fasting window (e.g. 18:00 to 10:00 h) subjects are only permitted water and 

calorie-free beverages.  

 

This literature review summarizes the effects of these various IF approaches (ADF, 5:2, 6:1, and TRF) on 

body weight, body composition, metabolic disease risk factors, and sleep. The safety of these regimens 

will also be reviewed.  

 

2. Effect of intermittent fasting on body weight and body composition 

To date, 18 studies have examined the effect of the 6:1 diet, 5:2 diet, or ADF on body weight and body 

composition [3-13, 31-38].  Results of these studies are summarized in Table 1. Five studies have 

specifically examined the effect of TRF on body weight and body composition [21-25]. For the purpose 

of this review three studies examining the effect of meal frequency and one study examining the effect 

of five days of CR with 2 days of Ramadan-style fasting will be included in the TRF analysis as they 

might point to the effect of a shortened feeding window on body weight, body composition, and 

metabolic risk factors [39-42].  These TRF findings are displayed in Table 2. 

 

2.1 Intermittent fasting effect on body weight 

5:2 and 6:1 

In a study by Kessler et al [31], subjects were randomized to a 6:1 diet or a no-intervention control 

group. After 8 weeks of this diet, body weight remained unchanged. Zuo et al [32] also examined the 

short-term effects of the 6:1 diet on body weight. After 12 weeks of fasting 1 day per week combined 

with 6 days of CR, body weight was significantly reduced by 10% [32]. As for the 5:2 diet, Harvie et al 
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[4] and Sundfør et al [13] both observed significant weight loss (5-8%) on the 5:2 diet after 24 weeks. 

Carter et al [5, 6] also observed significant weight loss (6%) with the 5:2 diet, however, this group did 

ask participants to increase physical activity which may overstate these outcomes . 

 

ADF 

Three trials have looked at the effect of short-term (<8 weeks) ADF interventions on body weight [7, 

33, 34]. Results reveal that 2 weeks of ADF does not significantly decrease body weight [33, 34]. 

However, when the diet was followed for a slightly longer period of time (3 weeks), Heilbronn et al [7] 

demonstrated a significant 3% weight loss. Six moderate-term studies (8-12 weeks) have examined the 

effect of ADF on body weight [8-10, 12, 36, 37, 43]. All 8-week studies observed significant weight loss 

of 4-9% from baseline [8-10, 12, 36, 37, 43]. Three studies have evaluated the effect of long-term (>12 

weeks) ADF on body weight [3, 11, 38]. Varady et al [11], Coutinho et al [38], and Trepanowski et al [3] 

observed weight loss of 7-13% after 12- 24 weeks. Thus, ADF appears to be an effective weight loss 

intervention when applied for >3 weeks.  

 

TRF 

Four studies examined the effect of ≤4-h TRF on body weight [23, 25, 39, 40] (Table 2). Arnason et al 

[25] observed a significant weight loss of 1.5% after 2 weeks of 4-6-h TRF in subjects with diabetes. 

Stote et al [40] and Carlson et al [39] evaluated 1 meal/day with a 4-h feeding window versus 3 

meals/day in a randomized crossover trial. Calories were set for weight maintenance for both the 1 

meal and 3 meals per day groups. However, only subjects in the 1 meal/day group lost 2% body weight 

after 8 weeks [39, 40]. Tinsley et al [23] also examined 4-h TRF, however, TRF was only implemented 4 
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days/week and calories were set for weight maintenance. Tinsley et al [23] did not observe significant 

weight loss, yet it is important to note that subjects ate almost 670 kcals less on the days of the TRF 

intervention. This natural decrease in caloric intake is promising for TRF if subjects are left to eat ad-

libitum. Five studies also looked at effect of >4-h TRF on body weight [21, 22, 24, 41, 42]. Kahelova et al 

[41] examined a 10-h feeding window (2 meals/day) versus 6 meals per day. The 10-h TRF diet resulted 

in significant weight loss despite caloric intake prescribed at maintenance [41]. Conversely, Moro et al 

[22] and Sutton et al [24] demonstrated no change in body weight after 8-h TRF in lean resistance-

trained men or 6-h TRF in pre-diabetic men with overweight or obesity, respectively. In both trials, 

calories were set for weight maintenance [22, 24]. Gill and Panda [21] is the only group to examine ad-

libitum >6-h TRF. This group observed a 4% weight loss after instructing overweight subjects to eat in a 

10-12-h TRF window (eating window at baseline was >14-h/d) [21]. These preliminary data suggest that 

TRF diets produce mild weight loss (1-4%) over 2-16 weeks in normal weight and overweight adults. 

The effects of TRF on body weight in obese subjects remains unknown. 

 

2.2 Body composition 

2.2.1 Fat mass 

6:1, 5:2 and ADF 

Kessler et al [31], Carter et al [5, 6], and Harvie et al [4] observed significant decreases in fat mass after a 6:1 or 

5:2 intervention. As for ADF, interventions less than two weeks appear to have no effect on fat mass [33, 34]. 

However, three weeks of ADF significantly decreased fat mass [7]. All ADF interventions lasting 8 weeks 

significantly decreased fat mass [2, 8-10, 36, 37, 44]. Similarly, three studies of long-term ADF (>12 weeks) also 

all resulted in significant fat mass loss [3, 11, 38].  
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Table 1: Effects of 6:1, 5: 2, and ADF on body weight and body composition

Reference Subjects Design  Intervention Length 

(weeks) 

Body 

weight 

Fat 

mass 

Fat-free 

mass 

Visceral 

fat mass 

6:1 diet 

Kessler et al [31] 36 non-randomized control 6: 1d fast vs control 8 wks Ø ↓ ↓ Ø 

Zuo et al [32] 40 overweight and obese single cohort 6CR: 1 fast 12 wks ↓10% - - - 

5:2 diet         

Carter et al [5] 63 T2DM randomized 5:2 vs CR 12 wks ↓6% ↓ ↓ - 

Sundfør et al [13] 112 obese  randomized 5:2 vs CR 24 wks ↓8% - - - 

Harvie et al [4] 107 women randomized 5:2 vs CR 24 wks ↓5% ↓ ↓ ↓ WC 

Carter et al[6] 137 T2DM randomized 5:2 vs CR 54 wks ↓7% ↓ ↓ ↓ 

ADF: Short term (<8 weeks) 

Soeters et al [33] 8  

lean white men 

randomized crossover ADF vs standard 

diet 

2 wks Ø Ø Ø - 

Halberg et al [34] 8 lean men single cohort ADF   2 wks Ø Ø Ø - 

Heilbronn et al [7] 16 lean men and women single cohort ADF men vs women 3 wks ↓3% ↓ ↓ - 

ADF: Moderate term (8-12 weeks) 

Klempel et al [9]  35 obese women randomized LF vs HF ADF 8 wks ↓5% ↓ Ø ↓ WC 

Varady et al [43] 16 obese single cohort ADF 8 wks ↓6% ↓ Ø - 

Catenacci et al [36] 26 obese randomized ADF vs CR 8 wks ↓9% ↓ ↓ ↓** 

Varady et al [10] 20 obese single cohort ADF 8 wks ↓6.5% ↓ Ø - 

Eshghinia et al [37] 15 women single cohort ADF 8 wks ↓7% ↓ - ↓ WC 

Hoddy et al [8, 45] 74 obese men and women randomized ADF dinner vs 

lunch, vs small 

meals 

8 wks ↓4% ↓ ↓ ↓ 

ADF: Long term (>12weeks) 

Varady et al [11] 32 normal weight and 

overweight 

randomized control trial ADF vs control 12 wks ↓7% ↓ Ø - 

Coutinho et al [38] 35 obese randomized control trial ADF vs CR vs control 12 wks ↓12.5% ↓ ↓ - 

Trepanowski et al [3] 100 obese randomized control trial ADF vs CR vs control 24 wks ↓7% ↓ Ø ↓ 

All changes reported are statistically significant within group (baseline to post-treatment).  ** significant time x group interaction.  
Ø no change   
WC - waist circumference 
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Table 2: Effect of TRF on body weight and body composition 

Reference Subjects Design  Intervention Length 

(weeks) 

Body 

weight  

Fat 

mass 

Fat-free 

mass 

Visceral 

fat mass 

TRF (<4h) 

Arnason et al [25] 10 T2DM observational 4-6 h TRF 2 wks ↓1.5% - - Ø WC 

Tinsley et al [23] 28 lean resistance 

trained men 

randomized 4d 4h TRF vs standard 

diet 

8 wks Ø Ø Ø - 

Stote et al [40] 21 normal weight randomized 

crossover 

1 meal (4h TRF) vs 3 

meals/ day 

8 wks ↓2% ↓ - - 

Carlson et al [39] 21 normal weight randomized 

crossover 

1 meal (4h TRF) vs 3 

meals/ day 

8 wks ↓2% ↓ - - 

TRF (>4 h) 

Teng et al [42] 56 men RCT 5CR: 2 (2-d Ramadan 

fasting, 5-d CR) 

12 wks ↓3% ↓ Ø - 

Kahleova et al [41] 54 T2DM randomized 

crossover 

2 meals (10h TRF) vs 6 

meals/ day 

12 wks ↓ - - ↓**WC 

Moro et al [22] 34 lean resistance 

trained men 

randomized 8h TRF vs standard diet 8 wks Ø ↓ Ø - 

Sutton et al [24] 8 pre-diabetic men randomized 

crossover 

6hr eTRF isocaloric and 

eucaloric 

5 wks, 7 wk 

washout 

Ø - - - 

Gill and Panda [21] 8 overweight observational 10-12 h TRF 16 wks ↓4% - - - 

All changes reported are statistically significant within group (baseline to post-treatment).  
** significant time x group interaction.  
Ø no change    
 WC: Waist circumference 
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TRF 

Although calories were set for weight maintenance, Stote et al [40] and Carlson et al [39] observed a 

significant decrease in body fat after 8 weeks of 4-h TRF (1 meal) versus 3 meals/day. Only two studies 

have examined the effect of >4-h TRF on fat mass [22, 42]. Teng et al [42] observed a significant 

decrease in fat mass after 5 days of CR combined with 2 days of Ramadan-style fasting for 12 weeks. 

Similarly, Moro et al [22] observed a significant decrease in body fat after 8 weeks of 8-h TRF.  

 

2.2.2 Fat-free mass 

5:2, 6:1 and ADF 

Four studies have examined the effect of 6:1 or 5:2 on fat-free mass; and all resulted in decreased fat-

free mass after 8-24 weeks [4-6, 31]. Three studies examined the effect of short-term ADF on fat-free 

mass [7, 33, 34]. No significant change was observed in fat-free mass after two 2-week ADF 

interventions [33, 34]. However, 3 weeks of ADF significantly decreased fat-free mass. As for the 

moderate-term ADF studies, Klempel et al [9] and Varady et al [10, 12] both observed no change in fat-

free mass [9, 10, 12]. However, Catenacci et al [36] and Hoddy et al [8] observed a significant decrease 

in fat-free mass after 8 weeks of ADF intervention [8, 36]. Three long-term ADF studies have measured 

fat-free mass [3, 11, 38]. Varady et al [10] and Trepanowski et al [3] observed no change in fat-free mass 

after 12 weeks and 24 weeks of ADF interventions respectively. However, Coutinho et al [38] did 

observe a significant decrease in fat-free mass after 12 weeks of ADF. In traditional CR interventions, fat-

free mass significantly decreases alongside changes in body fat. In summary, these studies suggest that 

fat-free mass generally decreases with 5:2, 6:1 and ADF.  
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TRF 

Tinsley et al [23], Moro et al [22], and Teng et al [42] are the only TRF studies to measure fat-free mass. 

All three studies found no change in fat-free mass, however, Teng et al [42] is the only trial that resulted 

in significant weight loss [22, 23, 42]. It is also important to note that Tinsley et al [23] and Moro et al 

[22] did include resistance training in their interventions which may have been a confounding variable in 

their findings. Thus, the effect of TRF on fat-free mass remains inconclusive. 

 

2.2.3 Visceral fat mass 

6:1, 5:2 and ADF 

Visceral fat mass is adipose tissue that lies under the peritoneum surrounding vital organs [1]. Elevations 

in visceral fat mass are highly corelated with an increase in insulin resistance leading to increased type 2 

diabetes risk [1]. Increased visceral fat mass is also associated with dyslipidemia, hypertension and 

stroke, increasing the risk of cardiovascular disease [1]. Reductions in visceral fat mass and central 

obesity can improve both metabolic disease and cardiovascular disease risk-factors [1].  

 

Nine studies have investigated the effect of 6:1, 5:2, and ADF on visceral-fat mass measured by dual x-

ray absorptiometry (DXA), magnetic resonance imaging (MRI), or waist circumference [3, 4, 6, 8, 9, 12, 

13, 31, 36, 37]. Kessler et al [31] did not observe significant change in visceral fat mass after 8 weeks of 

6:1.  Harvie et al [4] and Sundfør et al [13] both observed a significant decrease in waist circumference 

after 24 weeks of 5:2. Carter et al [5, 6] observed visceral fat mass significantly decrease after 24 weeks 

of the 5:2 diet. Four studies have examined the effect of moderate-term ADF on visceral fat mass or 

waist circumference [8, 9, 12, 36, 37]. Similar to 5:2, Klempel et al [9] and Eshghinia et al [37] both 

observed waist circumference decrease after 8 weeks of ADF. This remained significant regardless of if 

ADF consisted of a high-fat or low-fat diet [9].  Catenacci et al [36] did see significant decrease in trunk 
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fat after 8 weeks of ADF. When looking at fast day meal timing during ADF, Hoddy et al [8] observed a 

significant decrease overtime in waist circumference regardless if the fast day meal was consumed as a 

lunch, dinner or as small meals. Only one study has examined the long-term effects of ADF on visceral 

fat mass [3]. Trepanowski et al [3] observed visceral fat mass decrease significantly in the ADF group 

after 24 weeks. These data suggest that ADF may reduce visceral fat mass after 8 weeks of intervention. 

The effects of 6:1 or 5:2 on visceral fat mass are inconclusive and require additional research. 

 

TRF 

Two studies have measured waist circumference during TRF interventions [25, 41]. After 2 weeks of 4-6-

h TRF, Arnason et al [25] did not see a significant change in waist circumference. However, Kahleova et 

al [41] did see a significant decrease in waist circumference when eating 2 meals/d versus 6 meals/d. 

Due to the limited evidence to date, the effects of TRF on visceral fat mass remain unclear.  

 

3. Effect of intermittent fasting on metabolic disease risk factors 

Changes in metabolic disease risk factors (plasma lipids, blood pressure, and glucoregulatory factors) 

during 6:1, 5:2 and ADF are displayed in Table 3. The effects of TRF on these variables are reported in 

Table 4.   

 

3.1 LDL cholesterol  

6:1, 5:2, and ADF 

Low-density lipoproteins, or LDL cholesterol, are the main carriers of cholesterol in the circulation. 

Prolonged high LDL cholesterol levels increase lipid deposits in the arterial wall, hardening and 

narrowing the arteries. This hardening results in decreased blood flow leading to heart attacks, strokes, 
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and cardiovascular disease [1]. Research from both human and animal trials indicate that elevated low-

density lipoprotein (LDL) levels (≥160 mg/dL) are a major cause of coronary heart disease (CHD) [46].  

 

Four studies have examined the effect of 6:1 and 5:2 on LDL cholesterol [4, 6, 13, 32]. Zuo et al [32], 

Carter et al [6], and Harvie et al [4] observed significant reductions in LDL cholesterol (9-14%) after 5:2 

intervention with 7-10% weight loss [4, 6, 32]. Sundfør et al [13] did not observe a significant change in 

LDL cholesterol after 24 weeks of 5:2, despite 8% weight loss [13]. ADF interventions less than 4 weeks 

did not affect LDL cholesterol levels [7, 33, 34].  After 8 weeks of ADF, Klempel et al [9], Varady et al [10], 

and Catenacci et al [36] all demonstrated significant decreases in LDL cholesterol (18-31%) with 5-7% 

weight loss, even in the presence of a high fat diet [9]. Conversely, Eshghinia et al [37] and Hoddy et al 

[8] did not observe any significant change in LDL cholesterol. Two studies have examined the effect of 

long-term ADF on LDL cholesterol [3, 11]. Varady et al [11] did not observe LDL cholesterol decrease 

after 32 weeks in normal and overweight subjects nor did Trepanowski et al [3] after 24 weeks of ADF in 

subjects with obesity, despite 7% weight loss in both groups. Overall, 5:2 and ADF may reduce 

circulating LDL cholesterol levels by 9-31 % after 8 weeks of intervention and with a minimum weight 

loss of >5%. 

 

TRF 

Six studies have examined the effect of TRF on LDL cholesterol [22, 24, 39-42]. In two studies involving a 

≤4-h feeding window Stote et al [40] and Carlson et al [39] observed LDL cholesterol increase 20% after 

8 weeks (1 meal a day group) [39, 40]. Four studies have examined the effect of >4-h TRF on LDL 

cholesterol [22, 24, 41, 42]. No significant change was observed in Sutton et al [24], Kahleova et al [41], 

or Moro et al [22] however, all these studies prescribed calories for weight maintenance. Conversely, 
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after 12 weeks of TRF, Teng et al [42] observed a significant decrease (8%) in LDL cholesterol with 3% 

weight loss. The effects of TRF on LDL cholesterol remain unclear and require additional investigation. 

 

3.2 HDL cholesterol  

6:1, 5:2, and ADF 

Low HDL cholesterol is associated with increased cardiovascular disease risk, as it reflects a higher 

concentration of triglyceride rich lipoproteins [1]. HDL cholesterol mediates reverse cholesterol 

transport excreting the atherogenic plaque from the arteries improving endothelial function [47]. 

Increased HDL cholesterol may also increase glucose uptake into the skeletal muscle reducing blood 

glucose levels. It is currently thought that physical activity, not diet, might have the most positive impact 

on HDL cholesterol [48].  

 

Five studies have examined the effect of the 6:1 or 5:2 on HDL cholesterol [4, 6, 13, 31, 32]. Zuo et al 

[32] and Carter et al [6] both observed HDL cholesterol significantly decrease (3-11%) after 5:2, with 7-

10% weight loss. However, Kessler et al [31] and Harvie et al [4] observed no significant change in HDL 

cholesterol after 6:1 or 5:2 respectively.  Sundfør et al [13] demonstrated an increase in HDL cholesterol 

(4%) after 24 weeks of 5:2 with 8% weight loss. As for short-term ADF, Heilbronn et al [7] observed a 

significant increase in HDL cholesterol (data not given) after 3 weeks of ADF, yet this change was only 

present in women. Five studies have monitored HDL in relation to moderate-term ADF [8-10, 36, 37]. 

While four of these studies [8-10, 37] observed no significant change in HDL cholesterol, Catenacci et al 

[36] demonstrated a significant decrease in HDL cholesterol (11%) after 8 weeks of ADF with 9% weight 

loss. In a longer-term study, Varady et al [11] did not observe a change in HDL cholesterol after 12 weeks 

despite a 7% weight loss. However, Trepanowski et al [3] observed HDL cholesterol significantly increase 
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(11%)  after 24 weeks of ADF with 7% weight loss. Thus, 5:2 and ADF may lower HDL cholesterol levels in 

the short-term but raise HDL cholesterol levels after longer intervention periods (>24 weeks). 

 

TRF 

One study has examined ≤4-h TRF on HDL cholesterol [40]. In this study, Stote et al [40] observed a 

significant increase in HDL cholesterol (16 %) after 8 weeks of 4-h TRF (1 meal per day) versus 3 meals 

per day with 2% weight loss [40]. Four studies have examined the effect of >4-h TRF on HDL cholesterol 

[22, 24, 41, 42]. Sutton et al [24], Teng et al [42], and Kahelova et al [41] did not observe significant 

change in HDL cholesterol after TRF intervention. Moro et al [22] did, however, observe a significant 

increase in HDL cholesterol (7%) after 8 weeks of 8-h TRF in the absence of weight loss. Yet, Moro et al 

[22] examined TRF concurrently with resistance training which may have had an impact on this 

biomarker. Due to the paucity of data, the effect of TRF on HDL cholesterol levels is currently 

inconclusive. 

 

3.3 Triglycerides 

6:1, 5:2, ADF 

Triglycerides play a key role in energy storage and dietary fat transport. Elevated triglycerides are a risk 

factor associated with metabolic disease as well as heart disease. While triglycerides tend to be elevated 

in populations with obesity, they are often ameliorated with a 5% decrease in body weight [2, 49]. Of 

the five studies that examined the effect of the 6:1 or 5:2 diet on triglycerides, four [4, 6, 13, 31, 32] 

found a significant reduction in triglycerides of 12-37% after weight loss of 5-10%. Kessler at al [31] did 

not observe a significant change in triglycerides after the 6:1 diet, however, this group also did not 

observe significant weight loss. In the short-term ADF studies, only Heilbronn et al [7] observed a 

significant decrease in triglycerides (data not shown) with 3% weight loss (male subjects only). In the 
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moderate-term ADF studies, Klempel et al [9], Varady et al [10, 12], and Catenacci et al [36] all 

demonstrated significant decreases in triglycerides (7-30%) after 8 weeks of ADF intervention and 4-9% 

weight loss. Conversely, Eshghinia et al [37] and Hoddy et al [8] observed no change in triglycerides, 

despite 4-7% weight loss. After long-term ADF, Varady et al [11] observed a significant decrease in 

triglycerides (20%) after 12 weeks of ADF with 7% weight loss as did Trepanowski et al [3] after 24 weeks 

(data not given) with 7% weight loss. Overall, it would appear as though the 5:2 diet and ADF produce 

relatively consistent decreases in triglycerides levels (7-37%) with 5-10% weight loss.  

 

TRF 

Two studies measured triglycerides in ≤4-h TRF, and both found no significant change after the 

intervention [39, 40]. As for the >4-h TRF studies, Teng et al [42] and Moro et al [22] observed no 

significant change in triglycerides after 8-12 weeks of intervention [22, 42]. However, one trial looking at 

10-h TRF (2 meals/d) did see triglycerides decrease (data not given) significantly after 12 weeks [41]. 

Conversely, Sutton et al observed a significant increase in triglycerides (17%) after 5 weeks of 6-h TRF 

independent of weight loss. However, this change maybe due to increased lipolysis in response to the 

increased fasting time prior to measurement.  Thus, it remains unclear if TRF has any beneficial impact 

on triglyceride levels.  
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Table 3: Effect of 6:1, 5:2, and ADF on metabolic disease risk factors 

Reference Subjects Design Intervention Length 

(weeks) 

TC LDL HDL TG BP Glucoregulatory 

6:1 diet 

Kessler et al [31] 36 non-randomized 

control 

6: 1d fast vs control 8 wks - - Ø - ↓ Ø 

Zuo et al [32] 40 overweight 

and obese 

single cohort 6CR: 1 fast 12 wks ↓ ↓ ↓ ↓ ↓ - 

5:2 diet 

Carter et al [5] 63 T2DM randomized 5:2 vs CR 12 wks - - - - - ↓HbA1c and medication effect score 

Carter et al [6] 137 T2DM randomized 5:2 vs CR 52 wks ↓ ↓ ↓ ↓ - ↓HbA1c, fasting glucose, medication 

effect score 

Sundfor et al [13] 112 obese  randomized 5:2 vs CR 24 wks Ø Ø ↑ ↓ ↓  ↓HbA1c, no change in glucose 

Harvie et al [4] 107 women randomized 5:2 vs CR 24 wks ↓ ↓ Ø ↓ ↓ ↓ Insulin and HOMA-IR 

ADF: Short term (<8 weeks) 

Soeters et al [33] 8 lean white men randomized 

crossover 

ADF vs SD 2 wks Ø Ø - Ø - Ø 

Halberg et al [34] 8 lean men single cohort ADF  2 wks Ø Ø - Ø - ↑ Insulin mediated glucose uptake 

Heilbronn et al [7] 16 lean men and 

women 

single cohort ADF men vs women 3 wks Ø Ø ↑ ↓ 

Men 

Ø ↓Insulin 

Post-prandial response 

M: Ø glucose, ↓Insulin 

W: ↓ glucose 

Ø Insulin 

ADF: Moderate term (8-12 weeks) 

Klempel et al [9] 35 obese women randomized LF vs HF ADF 8 wks ↓ ↓ Ø ↓ Ø - 

Varady et al [43] 16 obese subjects single cohort ADF 8 wks ↓ ↓ Ø ↓ - - 

Catenacci et al [36] 26 obese subjects randomized ADF vs CR 8 wks ↓ ↓ ↓ ↓ - ↓ Glucose 

Varady et al [10] 20 obese subjects single cohort ADF 8 wks ↓ ↓ Ø ↓ ↓ - 

Eshghinia et al [37] 15 women single cohort ADF 8 wks Ø Ø Ø Ø Ø Ø 

Hoddy et al [8, 45] 74 obese men 

and women 

 

 

 

randomized ADF dinner vs Lunch, 

vs small meals 

8 wks Ø Ø Ø Ø ↓ 

SM 

only 

↓ Insulin in the most insulin 

resistant only 
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ADF: Long term (>12 weeks) 

Varady et al [11] 32 normal weight 

and obese  

RCT ADF vs control 12 wks ↓ ↓ Ø ↓ - - 

Coutinho et al [38] 35 obese RCT ADF vs CR vs control 12 wks - - - - - ↓Insulin 

Trepanowski et al [3] 100 obese RCT ADF vs CR vs control 24 wks Ø Ø ↑ ↓ Ø ↓Insulin and HOMA-IR 

All changes reported are statistically significant within group (baseline to post-treatment).  
** significant time x group interaction.  
Ø no change.  
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Table 4: Effect of TRF on metabolic disease risk factors 

Reference Subjects Design Intervention Length 

(weeks) 

TC LDL HDL TG BP Glucoregulatory 

TRF (<4h) 

Arnason et al [25] 10 T2DM observational 4-6 h TRF 2 wks - - - - Ø ↓ post-prandial variability,  

↑ glucose control, 

↑subjects at AM glucose goal 

Tinsley et al [23] 28 lean resistance 

trained men 

randomized 4d 4-h TRF vs SD 8 wks - - - - - - 

Stote et al [40] 21 normal weight randomized 

crossover 

1 meal (4h TRF) vs 

3meals/ day 

8 wks ↑ ↑ ↑ Ø - ↓glucose control 

Carlson et al [39] 21 normal weight randomized 

crossover 

1 meal (4h TRF) vs 

3meals/ day 

8 wks ↑ ↑ - Ø - ↑ AM fasting plasma glucose 

TRF (>4 h) 

Teng et al [42] 56 men RCT 5CR: 2 Ramadan 

Fasting 

12 wks ↓ ↓ Ø Ø ↓ Ø 

Kahleova et al [41] 54 T2DM randomized 

crossover 

2 meals (10h TRF) vs 

6 meals/ day 

12 wks Ø Ø Ø ↓ - ↓Glucose, Insulin and HbA1c 

Moro et al [22] 34 lean resistance 

trained men 

randomized 8h TRF vs SD 8 wks Ø Ø ↑ Ø - ↓ Glucose, Insulin and HOMA-IR 

Sutton et al [24] 8 pre-diabetic 

men 

randomized 

crossover 

6hr eTRF isocaloric 

and eucaloric 

5 wks, 7 

wk 

washout 

↓ Ø Ø ↑ ↓ ↓ fasting insulin 

↓insulin levels at 

t = 60 min and 90 min post-load 

Improved B-cell function 

Gill and Panda [21] 8 overweight observational 10-12 h TRF 16 wks - - - - - - 

All changes reported are statistically significant within group (baseline to post-treatment).  
** significant time x group interaction.  
Ø no change
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3.4 Blood pressure  

6:1, 5:2, ADF  

Blood pressure is another common factor and diagnostic tool of both metabolic disease and heart 

disease risk. Blood pressure consists of the contraction phase (systolic blood pressure) and the 

relaxation phase (diastolic blood pressure) of the heart. When blood pressure is consistently high this 

increases the force, weakening arterial walls. This damage can lead to heart failure, renal disease, and 

peripheral vascular disease [1]. As with blood lipids, a weight loss of 5% can often normalize these 

measures [2].  

 

All 6:1 and 5:2 studies examining the effect of these diets on blood pressure found significant 

decreases of 4-10mm Hg systolic and 4-8mm Hg diastolic with 5-10% weight loss [4, 13, 31, 32]. Only 

one study examined the effect of short-term ADF on blood pressure, however, no change was seen 

with 3% weight loss [7]. As for moderate-term ADF, Klempel et al [9] and Eshghinia et al [37] did not 

observe any improvement in blood pressure with 5-7% weight loss after 8 weeks of intervention. In 

contrast, Varady et al [10] did observe a significant improvement of 4.4 mm Hg systolic after 8 weeks 

of ADF and 6% weight loss . Hoddy et al [8] reported a significant decrease in blood pressure (6 mm Hg, 

systolic) after 8 weeks of ADF and 4% weight loss. However, this improvement was only seen in the 

meal timing group which had the highest blood pressure at baseline [8]. In one long-term study of ADF, 

Trepanowski et al [3] reported no change in blood pressure in normotensive obese adults, despite 7% 

weight loss. At present, it is unclear if 6:1, 5:2, or ADF affect blood pressure as all previous trials have 

implemented healthy normo-tensive subjects. The effects of these diets on individuals with elevated 

blood pressure at baseline is of great interest.  
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 TRF 

Only three studies have examined the effect of TRF on blood pressure [24, 25, 42]. Arnason et al did 

not observe any change in blood pressure after two weeks of 4-6-h TRF [25]. However, after 12 weeks 

of a TRF diet, Teng et al did observe significant blood pressure reductions of 7 mm Hg systolic and 2 

mm Hg diastolic.  Sutton et al [24] also observed a significant decrease in blood pressure (11mm Hg 

systolic and 10 mm HG diastolic) after 5 weeks of 6-h TRF independent of weight loss. There is not 

enough data currently to determine the effect of TRF on blood pressure, however, it may be possible 

that TRF longer than two weeks may improve blood pressure, even in normotensive individuals. 

 

3.5 Glucose 

6:1, 5:2, and ADF 

Elevated blood glucose is one of the main factors utilized in the diagnosis of metabolic disease. 

Consistently high blood glucose can lead to damage of blood vessels resulting in increased heart 

disease risk as well as insulin resistance [1, 50]. Diet, exercise, and weight loss have been shown to 

positively impact glucose regulation [50]. Three studies have examined the effect of 6:1 or 5:2 on blood 

glucose [4, 6, 13]. Carter et al [6] is the only group to observe a decrease in fasting glucose (12%) after 

52 weeks of 5:2 with 7% weight loss [4, 6, 13]. It is also important to note Carter et al [5, 6] did 

encourage an increase in steps/day with the 5:2 intervention which could improve glucose uptake by 

skeletal muscle [51]. Eight studies have examined the effect of ADF on blood-glucose levels [3, 7, 8, 33-

38, 45]. Three studies measured glucose after short-term ADF [7, 33-35]. While Soeters et al [33] did 

not demonstrate a significant change in glucose after 2 weeks of ADF, Halberg et al [34] observed a 

significant increase in insulin mediated glucose uptake. Heilbronn et al [7] also observed post-prandial 
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glucose decrease (data not shown) in women after only 3 weeks of ADF [7]. Three moderate-term 

studies examined the effect of 8 weeks of ADF on glucose [36, 37, 45], however Catenacci et al [36] is 

the only group to demonstrate significant increase in glucose (7%) with 9% weight loss. Two long-term 

studies have measured glucose; neither observed a significant change after intervention [3, 38]. Thus, 

it does not appear that 5:2 or ADF have a significant effect on fasting glucose levels. 

 

TRF 

Seven studies have examined the effect of TRF on glucose [22, 24, 25, 39-42]. In subjects with Type 2 

diabetes post-prandial variability decreased, glucose control increased, and the number of subjects at 

their morning glucose goal increased after 2 weeks of 4-h TRF [25]. Conversely, after 8 weeks of 1 

meal/day (4-h feeding window) Stote et al [40] and Carlson et al [39] observed normal weight subjects 

decrease their glucose control and increase their morning fasting plasma glucose (7%) [39, 40]. Four 

studies have examined the effect of >4-h TRF on glucose [22, 24, 41, 42]. Sutton et al [24] and Teng et 

al [42] did not observe significant change post intervention. However, Kahleova et al [41] and Moro et 

al [22] did demonstrate a significant decrease in glucose (data not shown for Kahelova et al, 11% in 

Moro et al) after 10-h and 8-h TRF respectively in the absence of weight loss. While these preliminary 

data are promising, it is currently unclear if TRF has any impact on glucose levels. 

 

3.6 Insulin 

6:1, 5:2, and ADF 

As plasma glucose levels rise, beta-cells in the pancreas increase their insulin output to dispose of the 

increased glucose load. But, consistently high insulin levels can progress to insulin resistance and 
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decreased functioning of beta-cells leading to metabolic disease and increased risk of heart disease [1]. 

Nine studies have examined the effect of 6:1, 5:2, or ADF on fasting insulin [3, 4, 7, 31, 33-38, 45]. 

Kessler et al [31] did not observe any change in fasting insulin after 8 weeks of 6:1. However, Harvie et 

al [4] did demonstrate a significant decrease in insulin (29%) after 24 weeks of the 5:2 diet [4]. Three 

trials have examined short-term ADF and its effect on fasting insulin [7, 33-35]. While Soeters et al [33] 

did not demonstrate a significant change in insulin after 2 weeks of ADF, Halberg et al [34] observed an 

increase in insulin-mediated glucose uptake. Heilbronn et al [7] also observed a significant decrease in 

fasting insulin (data not shown) in both men and women and a decrease in post-prandial insulin in men 

[35]. Three studies measured fasting insulin after moderate-term ADF [36, 37, 45]. Catenacci et al [36] 

and Eshghinia et al [37] both observed no change in insulin post intervention. However, after Hoddy et 

al [45] stratified subjects by baseline insulin resistance (utilizing hemostatic model assessment of 

insulin resistance), this group found that those that were the most insulin resistant at baseline had the 

largest decrease in insulin post ADF intervention [8, 45]. This improvement in insulin resistant subjects 

was maintained regardless of when they ate their fasting meal [8, 45]. Two studies have measured the 

impact of long-term ADF on fasting insulin levels [3, 38]. Both Coutinho et al [38] and Trepanowski et al 

[3] observed a significant decrease in insulin after 12 weeks (data not shown for Coutinho et al) and 24 

weeks of ADF (47%) respectively. It appears that 6:1, 5:2, and ADF may be effective diet therapies to 

lower fasting insulin levels, especially in those that are insulin resistant at baseline.  

 

TRF 

Only four studies have examined the effect of TRF on insulin (Table 4) [22, 24, 41, 42]. Sutton et al [24] 

demonstrated a significant decrease in fasting insulin (14%) as well as a significant decrease in insulin 
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at 60 and 90 min post caloric load independent of weight loss. Despite eating calories for weight 

maintenance, Kahelova et al [41] and Moro et al [22] both observed a significant decrease in insulin 

after 10-h and 8-h TRF respectively. Teng et al [42] did not observe a change in insulin after 12 weeks 

of 5:2 CR:TRF. While the research remains inconclusive regarding the effect of TRF on insulin, current 

data are promising. 

 

3.7 Insulin resistance and HbA1c 

Insulin resistance is a main contributing factor to increasing risk of both metabolic disease and 

cardiovascular disease. Insulin resistance occurs after long periods of high blood glucose. Insulin 

release is increased by the beta-cells of the pancreas in order to dispose of excess glucose. Over time 

this influx of insulin will cause skeletal and peripheral muscle cells to be unable to utilize insulin 

correctly, leading to type 2 diabetes. Changes in diet, exercise, and weight loss have all been found to 

improve insulin resistance [50]. The homeostasis model assessment of insulin resistance (HOMA-IR) 

has been shown to be a reliable index to predict insulin resistance [52, 53]. The HOMA-IR equation 

predicts insulin response by utilizing a ratio of fasting insulin to fasting glucose [HOMA-IR = Fasting 

insulin (µlU/ml) × Fasting glucose (mg/dL) / 405]. In contrast, hemoglobin A1C (HbA1c) is the measure 

of average daily blood glucose over the past 2-3 months by measuring glycosylated hemoglobin (i.e. 

glucose attached to red blood cells). HbA1c can point to effectiveness of insulin over the last 3 months 

as this is the lifespan of a red blood cell. Each 1% change in HbA1c correlates with a 35 mg/dL change 

in average daily blood glucose [1].  
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6:1, 5:2, and ADF 

Three studies have examined the effect of 6:1, 5:2, or ADF on insulin resistance and HbA1c  [3, 5, 6]. 

Two studies from the Carter et al [5, 6] group examined insulin resistance after 12 weeks and 52 weeks 

of 5:2 versus CR in subjects with type two diabetes mellitus (T2DM). Both studies observed a significant 

decrease in HbA1c (-0.3%) after the intervention with 6-7% weight loss, suggesting improved glycemic 

control [5, 6]. Trepanowski et al [3] is the only ADF study to examine the effect of the diet on insulin 

resistance. This study reported a significant decrease in HOMA-IR (-2.5) after 24 weeks of ADF with 7% 

weight loss. These preliminary data offer promise for the use of fasting interventions in decreasing 

HbA1c levels. 

 

TRF 

Three studies have examined the effect of TRF on insulin resistance and HbA1c [22, 25, 41]. Arnason et 

al [25] found no significant change in HOMA-IR after 2 weeks of 4-h TRF [25]. Two studies examined 

the effect of >4-h TRF on insulin resistance [22, 41]. Kahleova et al [41] observed HbA1c significantly 

decrease (-1.8) after 2 meals/day in subjects with T2DM. Moro et al [22] observed HOMA-IR decrease 

(-43%) with 8-h TRF after 8 weeks. It is possible that insulin resistance may be improved after TRF 

lasting longer than 2 weeks. However, more studies are needed to confirm these findings.  

 

4. Safety 

Although intermittent fasting appears to have beneficial effects on body weight and some metabolic 

disease risk factors, the safety of these diets has been questioned. The effects of caloric restriction and 
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intermittent fasting on key safety indicators (complete blood count, adverse events, eating disorder 

symptoms, body image perception, and eating behaviors) are reviewed below. 

 

4.1 Resting metabolic rate (RMR) 

6:1, 5:2, ADF 

Dieting and weight loss are often associated with a decline in resting metabolic rate. This decrease in 

resting metabolic rate with weight loss may make maintenance more difficult as subjects need to 

continually eat less in order to maintain caloric restriction. A decrease in resting metabolic rate also 

generally indicates loss of lean mass [54]. One study has evaluated the effect of 5:2 on resting 

metabolic rate [13]. In this study [13], resting metabolic rate was reduced by 100 kcal/day, in response 

to 8% weight loss. Three studies have evaluated the effect of ADF on resting metabolic rate [7, 36, 38]. 

Heilbronn et al [7] did not observe significant change in resting metabolic rate after 3 weeks of short-

term ADF in normal-weight subjects [7]. Catenacci et al [36] observed a significant decrease in resting 

metabolic rate (-101 Kcal/d) after 8 weeks of moderate-term ADF and 9% weight loss. This study [36] 

also examined a daily CR group. When resting metabolic rate was adjusted for fat mass and fat-free 

mass, only the CR group had a significant decrease in resting metabolic rate (-111 Kcal/d), no between 

group differences were reported [36]. Coutinho et al [38] resulted in a significant decrease in resting 

metabolic rate in the ADF (-120 Kcal/d) group after long-term intervention, however no difference 

between the ADF and CR group was observed. It appears that the 5:2 diet and ADF result in mild 

reductions in resting metabolic rate with weight loss (-100-200 kcal/d), but these reductions are similar 

to what is seen with daily calorie restriction regimens. 
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TRF 

Two studies have examined the effect of TRF on resting metabolic rate [22, 41]. Moro et al [22] did not 

observe a significant change in resting metabolic rate after 8 weeks of 8-h TRF, however, subjects were 

eating for weight maintenance and physically active during the intervention which may ameliorate this 

effect. Kahelova et al [41] determined resting energy expenditure through indirect calorimetry and 

reported a significant decrease in both the 2 meal/day (-91 Kcal/d) and 6 meal/day (-108 Kcal/d) 

groups after the 12-week intervention, however there were no between group differences. The effect 

of TRF on resting metabolic rate remains unclear as data are limited. 

 

4.2 Complete blood count 

A complete blood count (CBC) is a widely used blood test to evaluate overall health. One study has 

examined the effect of a caloric resctrition on CBC [55]. In this study, Basciani et al [55] did not see any 

significant change in CBC after 30 days of a very-low-calorie diet (VLCD) (700kcal/d) or after 30 days of 

a low-calorie diet (LCD) (1100kcal/d). One study has evaluated the effect of TRF on CBC [40]. In this 

study, reducing meal frequency to one 4-h window daily, Stote et al demonstrated that complete blood 

count did not change in normal-weight adult subjects. These preliminary findings suggest that these 

regimens may be well tolerated by normal weight and adults with obesity, however more data are 

evidently needed.  

 

4.3 Adverse events 

Adverse events are generally monitored during clinical trials in order to evaluate the safety of the 

dietary intervention for the general population. Furthermore, adverse events can decrease both 
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adherence and efficacy of a diet. Increased frequency of constipation, irritability and fatigue are 

common safety concerns with all forms intermittent fasting [26]. One study has examined adverse 

events during a 5:2 intervention [13]. In a study by Sundfor et al [13], no serious adverse events were 

reported during a 24-week intervention, and most minor adverse events in both the CR and 5:2 diet 

groups were reported in the first 4 weeks of trial. One study has examined adverse events in ADF [26]. 

8-weeks ADF did not increase the frequency of gastrointestinal events (constipation, diarrhea, water 

retention or bad breath) in adults with obesity [26]. Rates of dizziness, general weakness, or sleep 

disturbances also did not increase with moderate-term ADF [26]. Hoddy et al [26] demonstrated that 

the rate of adverse events reported with ADF appears to be like that of daily CR. Sutton et al [24] is the 

only study to report adverse events possibly related to 6-h TRF including vomiting, frequent urination, 

drowsiness, headaches, increased thirst and diarrhea. No serious adverse events were reported 

throughout the intervention [24]. These results suggest that ADF and TRF are generally well tolerated 

with no serious adverse events, however more data are needed to assert this claim.  

 

4.4 Eating disorder symptoms 

It has been speculated that fasting or dietary restriction may increase eating disorder symptoms  [56-

58]. Eating disorder symptoms are often assessed using the multi-dimensional assessment of eating 

disorder symptoms (MEADS)[59]. The MEADS self-report breaks down eating disorder symptoms into 

six domains: binge eating, restrictive eating, purgative behavior, fear of fatness, avoidance of forbidden 

foods and depression. Recent data suggest however, that fasting and consistent dietary restriction may 

not effect eating disorder symptoms as speculated. For instance, in a recent study by Williamson et al 

[60], it was demonstrated that 25% daily restriction did not increase eating disorder symptoms and had 
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no other harmful psychological effects. Likewise, 8 weeks of ADF has been shown to have no negative 

impact on eating disorder symptoms in adults with obesity, specifically no change was seen in 

purgative behavior, fear of fatness and avoidance of forbidden foods [26]. Indeed, ADF may have 

beneficial effects by increasing dietary restraint [26, 61]. Hoddy et al [26] observed restrictive eating 

increase, suggesting that the ADF intervention may have helped control unrestrained eating behaviors. 

This group also observed decreased depression scores decrease after 8 weeks of ADF [26]. CR and ADF 

do not appear to increase eating disorder symptoms, however, more research should be done in order 

to confirm this finding. 

 

Most eating disorders in subjects with overweight and obesity involve binge eating [62]. Binge eating 

disorder (BED) is categorized by eating large amounts of food with a feeling of loss of control. Diagnosis 

is usually dependent on binge eating episodes that occur at least once a week for 3 months [63, 64]. It 

has been speculated that intermittent fasting or CR may increase incidence of binge eating episodes in 

this population [62]. Wadden et al [65] examined the effect of CR or CR in combination with meal 

replacements, versus a control group on binge eating disorders. After the first 9 weeks, which was the 

most restrictive phase, no binge eating episodes were reported in any group. At week 20, two binge 

eating episodes were reported in the CR group and none in the CR with meal replacement. At week 28 

there was a significant difference between groups in which 4 participants in the CR with meal 

replacement group were judged to have had one objective binge episode and a fifth woman had 2 

episodes. No episodes were observed in the two other groups at 28 weeks. There was no differences 

between groups in subjective binge eating episodes [65]. In a review on the effect of CR on binge 

eating, no consistent association was seen between caloric restriction and the occurrence of binge 
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eating episodes in those previously undiagnosed with binge eating disorder. This review speculated 

that severe energy restriction may have beneficial effects with subclinical binge eating [63]. The 

national task force on the prevention and treatment of obesity also did a review of the effect of CR on 

binge eating and found that weight loss interventions do not seem to cause clinically significant binge 

eating in those without pre-existing episodes and may ameliorate binge eating prior to receiving 

treatment for the disorder. Weight loss interventions may improve psychological status however, this 

may return to baseline with weight regain [62]. Only one study has examined binge eating disorder 

symptoms and ADF [26]. Hoddy et al [26] observed binge eating symptoms decrease after 8 weeks of 

ADF. CR and ADF do not seem to increase episodes of binge eating, however more data are needed to 

make this conclusion. 

 

4.5 Body image perception 

The body shape questionnaire (BSQ) is a validated questionnaire that measures excessive concern 

about one’s body size and shape [66]. Negative perception and attitudes about the body’s appearance 

have been considered to be a main qualifier of anorexia nervosa and bulimia [66]. Higher scores on the 

BSQ indicate greater concerns with body size and shape [66]. After CR and CR in combination with 

meal replacement, Wadden et al [65] observed large reductions in negative body image. Similarly, 

Hoddy et al [26] observed a significant decrease in concern about body size and shape after 8 weeks of 

ADF. More data are needed but, weight loss interventions may improve body-image perception.  
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4.6 Eating behaviors 

The three-factor eating questionnaire (TFEQ) assesses eating behavior in three domains utilizing a self-

report questionnaire. These three domains are cognitive restraint, emotional eating, and uncontrolled 

eating [67]. In the TFEQ, cognitive restraint considers the subject’s ability of both cognitive and 

behavioral strategies to reduce intake. Emotional eating and uncontrolled eating measure compulsive 

food intake when a subject may feel out of control. Higher scores of emotional eating and uncontrolled 

eating often point to overeating and binge eating [68]. An increase in cognitive restraint and a 

decrease in emotional and uncontrolled eating can have a positive effect on subjects after caloric 

restriction or fasting. Chaput et al [69] observed a significant increase in dietary restraint and decrease 

in disinhibition and susceptibility to hunger after both 5kg and 10kg of body-weight loss.  Keranen et al 

[70] found that both the standard diet-education group and an intensive diet-education intervention 

group increased dietary restraint significantly after 72 weeks. Those who increased their cognitive 

restraint were more successful in maintaining their weight loss and the more cognitive restraint 

increased, the more the energy intake decreased. However, changes in uncontrolled and emotional 

eating did not correlate with a change in dietary intake [70]. More data are needed evaluate the effect 

of CR and intermittent fasting on eating behaviors, however it is possible that changes in these eating 

behaviors may help with weight maintenance rather than increase eating disorder symptoms.  

 

5. Sleep and caloric restriction  

5.1 Weight loss and sleep 

Only 35% of adults meet the recommended 7-9-h of sleep each night [71]. Obesity is associated with 

poor sleep quality and shorter sleep duration [27-29]. A recent review observed a consistent 
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association between short sleep and higher total energy and fat intake, as well as lower fruit intake 

and lower overall quality of diet [72]. Conversely, weight loss by means of dietary restriction may help 

improve sleep quality and quantity [73, 74]. The Pittsburgh Sleep Quality Index (PSQI) is often used to 

measure sleep quality, timing, and duration. This 19-item self-report survey measures total sleep 

quality in the past month, yielding a total score of 0-21. A PSQI total score >5 indicates poor sleep 

quality. The questionnaire also asks for usual bedtime, usual wake time, and hours of actual obtained 

sleep [75]. Chauput et al [69] evaluated weight loss in 11 men with obesity, they reported significantly 

improved sleep quality after 5 kg of weight loss. The CALERIE study [74] also reported a significant 

improvement in subjective sleep quality, sleep duration, overall PSQI scores at week 52 after 12% 

weight loss, no between group differences were found. These changes did not remain significant at 

follow-up at 104 weeks [74]. The POWER-UP study [73] also evaluated the effect of weight loss on 

sleep quality and duration. This group evaluated the effect of usual care, brief lifestyle counseling, or 

enhanced lifestyle counseling with a healthy diet and physical activity prescription. At 24 weeks the 

mean minutes of sleep increased significantly in the group who lost ≥5% body weight. At 104 weeks 

sleep duration was significantly different between the usual care participants and the enhanced 

counseling participants, as usual care decreased sleep minutes and enhanced care increased sleep 

minutes. PSQI scores improved in all 3 groups over time at 104 weeks; no between group differences 

were seen. PSQI scores also improved significantly in those that lost ≥5% at 24 weeks however, at 104 

weeks this was no longer significant [73]. Verhoef et al [76] reported significant improvements in 

daytime sleepiness and time to fall asleep during the 8-week VLCD weight-loss intervention. Short and 

average sleepers (≤9hrs) reported increased sleep duration whereas long sleepers (≥ 9hrs) reported no 
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change in sleep duration [76]. It appears that weight loss of at least 5% may improve sleep quality and 

duration in those with short to moderate sleep duration at baseline.  

 

5.2 Fasting and sleep 

Evidence from animal studies suggests that TRF lowers body weight in a way that may improve 

circadian rhythmicity and sleep [77]. However, data on the effect of fasting on sleep quality and 

duration are limited. Currently, only two studies have evaluated the effect of fasting on sleep or 

circadian patterns [21, 78].   10-h TRF resulted in 4% weight loss and improved self-reported sleep in 

participants with overweight over 16 weeks [21]. Almeneessier et al [78] did observe a change in the 

circadian pattern of melatonin during Ramadan fasting while controlling for caloric intake, energy 

expenditure, light exposure and sleep schedule. More data are needed to determine the effect of 

fasting on sleep quality, quantity, and circadian patterns. 

 

5.3 Meal timing and sleep 

Data regarding the effect of meal timing on sleep are limited. However, it has been speculated that 

sleep duration may influence timing of food intake or vice versa [79]. After evaluating NHANES data 

from 2005-2010, Kant and Grabard [79] revealed an association between short-duration sleepers 

reporting the earliest onset of eating and latest conclusion of eating. Also, these short sleepers 

reported eating a higher calorie intake during snacking than at main meals [79]. Garaulet et al [80] 

reported that earlier meal timing may increase effectiveness of a Mediterranean diet weight-loss 

intervention, however, no effect was seen on sleep duration between early and late eaters. The effect 

of meal timing on sleep quality and duration is unclear; more data are needed to determine this effect. 
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6. Impact of energy free beverage intake while fasting on appetite control  

Fasting regimens (6:1, 5:2, ADF, and TRF) all include water fasting as a component of the intervention. 

Often calorie free drinks such as diet soda, black tea, and black coffee are allowed during the water 

fasting window to help blunt hunger. However, it is speculated that sugar-free sweeteners and caffeine 

may affect appetite regulation [81-93].  

 

6.1 Effect of sugar-free beverages on appetite control 

Non-calorie sweeteners have been utilized as a tool for weight management by adding sweetness to 

products without adding to the caloric density. While some have found this substitution may facilitate 

weight loss, most of these data are epidemiological rather than prospective [90, 91]. Other studies 

have suggested that those with overweight and obesity might be more likely to use these products and 

that long-term use of low-calorie sweeteners may lead to weight gain [90, 91]. The mechanism 

speculated to increase weight via non-calorie sweeteners is thought to be linked between psycho-

physiological pathways [91]. It is thought that the de-coupling of the body’s response to sweet taste 

and the lack of caloric load of the non-calorie sweetened food may disturb the body’s natural food-

regulation system and increase appetite [90]. A study from Holt et al [93] examined the relationship 

between sugar-free versus sugar-rich beverages on feelings of fullness and subsequent food intake. 

Sugar-free soft drinks had significantly lower ratings for hunger after 50 minutes than mineral water 

and significantly lower ratings for fullness at 40 minutes. No significant difference in caloric intake after 

beverage consumption were seen except for the 35-50-minute time period, when significantly fewer 

chips were consumed by the mineral water drink than the sugar-free drink [93]. Steinert et al [92] 

examined the effect of sugars and artificial sweeteners on appetite and secretion of satiety peptides 
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utilizing a nasogastric feeding tube bypassing the taste receptors on the tongue. This group observed 

that gut hormone secretion of GLP-1, PYY and ghrelin was only affected by glucose, and to a small 

extent fructose. Sugar substitutes did not have a significant effect on gut hormone secretion. Hunger 

and fullness were not significantly different from water in any treatment group [92]. A study from Hill 

et al [90] examined the role of non-caloric sweeteners on cognition, food choice, and post-

consumption satisfaction. They reported a significant increase in recognition of high-fat foods in the 

non-calorie sweetened beverage group versus the sugar-sweetened beverage or mineral water group. 

The non-calorie sweetener group was almost 3 times more likely to consume candy than the sugar-

sweetened or mineral water groups. The non-calorie sweetened group was also less satisfied after 

cookie consumption than the sugar-sweetened or mineral water groups [90]. Effect of non-calorie 

sweetened beverages on weight and appetite continues to be divided. However, the de-coupling of 

sweet taste and caloric intake may increase desire to eat higher calorie-dense foods and decrease 

satisfaction with these higher calorie foods after consumption. Over the long term this may increase 

calorie intake and cause subjects who drink non-calorie sweetened beverages to make poorer choices 

during the intermittent fasting feeding window, however studies should be done to directly examine 

this effect. 

 

6.2 Effect of caffeine on appetite control 

According to epidemiological evidence there is a negative association between coffee/caffeine 

consumption and bodyweight gain long-term [82, 87]. However, current studies are still examining if 

this correlation is due to increased energy expenditure, decreased intake, or decreased appetite [81-

89, 94]. Hursel et al [85] examined the relationship of catechin-rich teas (green tea and oolong tea) and 
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caffeine on energy expenditure and fat oxidation. This meta-analysis observed a dose-dependent 

significant increase in energy expenditure in the catechin-rich tea and caffeine groups. However, fat 

oxidation only increased in the catechin-rich tea group and not the caffeine group when compared to 

the placebo [85]. A double-blind randomized control trial recently examined the effect of caffeine on 

energy expenditure [86]. Júdice et al [86] observed no changes in totally energy expenditure or 

physical activity, however caffeine had significantly less total sleep time than the placebo group. 

Gaverieli et al [83] examined the effect of coffee and decaffeinated coffee on energy intake, appetite 

and inflammation in healthy men. This group did not observe an effect of caffeine on hunger, satiety, 

or desire to eat, energy intake or hunger hormones. However, at 180 min after ingestion, the caffeine 

group reported a significantly lower desire to eat than the decaf group. Serum cortisol levels remained 

higher in the caffeine group than both the decaf and control group except at 90 minutes. At this time-

point all three groups were significantly different from each other with cortisol being the highest in the 

caffeine group and lowest in the control group. Glucose concentrations were also higher at 60 minutes 

in the caffeine group than the control group [83]. This same group [82] then examined the effect of 

different amounts of coffee on dietary intake and appetite in normal-weight versus participants with 

overweight and obesity. They observed that increased coffee intake in the group with overweight and 

obesity reduced energy intake during the ad libitum meal following beverage consumption compared 

to the moderate-coffee group. Total daily calorie intake was significantly less in the high coffee group 

than the moderate coffee group or the water group. Appetite feelings did not differ in any group [82]. 

This suggests that higher coffee intake may lead to decreased energy intake. However, in a double-

blind randomized control trial, Schubert et al [89] did not find any difference between water, 

decaffeinated coffee, caffeine, and caffeine with decaffeinated coffee in energy intake, gastric 
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emptying, appetite sensations or plasma glucose. Data are split on whether caffeine may increase 

energy expenditure or reduce energy intake; further studies should be done to determine this effect.  

 

It is important to note that multiple studies have investigated the effect of caffeine intake on glucose, 

insulin, and insulin resistance [84, 88, 89, 94]. MacKenzie et al [88] observed a significant improvement 

in HOMA-IR yet no significant difference in insulin or glucose. However, Graham et al [84] and 

Robinson et al [94] found that caffeine intake increased and prolonged plasma insulin and glucose in 

the meal following caffeine ingestion. These data suggest that caffeine could lead to increased insulin 

resistance, and could have a negative effect on weight gain or metabolic disease risk longer-term. It is 

unclear the true effect of caffeine intake on appetite or energy intake and expenditure. Whether or not 

fasting regimens should allow caffeine intake during the fasting window is still unclear.  
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1. Abstract 

Background: Time restricted feeding decreases energy intake without calorie counting and may be a 

viable option for weight loss. However, the effect of this diet on body weight in obese subjects has 

never been examined. Objective: This study investigated the effects of 8-h time restricted feeding on 

body weight and metabolic disease risk factors in obese adults. Design: Obese subjects (n = 23) 

participated in an 8-h time restricted feeding intervention (ad libitum feeding between 10:00 to 18:00 

h, water fasting between 18:00 to 10:00 h) for 12 weeks. Weight loss and other outcomes were 

compared to a matched historical control group (n = 23). Results: Body weight and energy intake 

decreased in the time restricted group (-2.6% ± 0.5; -341 ± 53 kcal/d) relative to controls over 12 weeks 

(P < 0.05). Systolic blood pressure decreased in the time restricted feeding group (-7 ± 2 mm Hg) versus 

controls (P < 0.05). Fat mass, lean mass, visceral fat mass, diastolic blood pressure, LDL cholesterol, 

HDL cholesterol, triglycerides, fasting glucose, fasting insulin, HOMA-IR, and homocysteine were not 

significantly different form the control group after 12 weeks (no group  time interaction). 

Conclusions: These findings suggest that 8-h time restricted feeding produces mild caloric restriction 

and weight loss, without calorie counting. It may also offer clinical benefits by reducing blood pressure.  

 

Key words: Time restricted feeding, intermittent fasting, body weight, metabolic disease risk factors, 

obese adults  
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2. Introduction 

Intermittent fasting has gained considerable popularity over the past decade. There are two major 

subcategories of intermittent fasting: 1) fasting 1-4 d per week, i.e. alternate day fasting or the 5:2 diet 

[95]; or 2) fasting every day for a 14 to 20 h period, i.e. time restricted feeding [15, 96]. Alternate day 

fasting and 5:2 are the most widely studied forms of intermittent fasting [4, 7-9, 36, 97, 98]. Human 

trials of alternate day fasting and 5:2 generally demonstrate reductions in body weight of 3 to 8% after 

8 to 52 weeks of treatment, accompanied by decreases in blood pressure, LDL cholesterol, 

triglycerides, and insulin resistance [4, 7-9, 36, 97, 98]. The effects of time restricted feeding on the 

other hand, have only been tested in three human trials to date [21, 22, 99]. Gill and Panda [21] 

examined the effects of 10-h time restricted feeding in overweight healthy adults and showed a 4% 

weight loss that was sustained for one year. Findings from the other two studies [22, 99] reveal that 4-

8 h time restricted feeding reduces caloric intake (without calorie counting) and significantly decreases 

fat mass without changing lean mass in young resistance trained men. While these preliminary studies 

offer promise for the use of time restricted feeding in reducing energy intake and fat mass, additional 

trials are necessary confirm these findings. 

 

Obesity greatly increases the risk of metabolic diseases, such a coronary heart disease and type 2 

diabetes [100]. Accumulating evidence suggests that even small amounts of weight loss can lead to 

improvements in metabolic health [101]. Although alternate day fasting and 5:2 have been shown to 

be effective for weight loss [4, 7-9, 36, 97], recent research suggests that obese individuals may have 

difficulties sticking to these diets long-term [98]. Time restricted feeding is an attractive alternative to 

alternate day fasting and 5:2, as this diet allows for ad libitum feeding within a large window of time 
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each day, and does not require any calorie counting [15, 96]. However, no trial to date has examined 

whether time restricted feeding is indeed an effective diet therapy for weight loss in obese subjects. 

 

Accordingly, this study compared the effects of an 8-h time restricted feeding regimen versus a no-

intervention historical control group on body weight and metabolic disease risk factors in obese adults. 

We hypothesized that the time restricted feeding group would lose weight and improve blood 

pressure, plasma lipids, and glucoregulatory factors versus control subjects after 12 weeks of 

treatment. 

 

3. Methods 

Time restricted feeding subject selection 

A 12-week trial was implemented to test the effects of time restricted feeding versus matched 

historical controls on body weight and metabolic disease risk factors. The experimental protocol was 

approved by the University of Illinois Chicago Office for the Protection of Research Subjects, and all 

research participants gave their written informed consent to participate in the trial. Time restricted 

feeding subjects were recruited from September 2016 to January 2017 from the Chicago area via 

advertisements placed around the University of Illinois Chicago campus. A total of 40 subjects were 

consented and assessed for eligibility to participate in the time restricted feeding intervention (Figure 

1). Of these 40 subjects, 11 subjects were excluded because they did not meet one or more inclusion 

criteria, and 6 subjects declined to participate after qualifying. Inclusion criteria was as follows: BMI 

between 30 and 45 kg/m2; age between 25 and 65 years; pre-menopausal or post-menopausal 
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(absence of menses for more than 2 years); sedentary to lightly active (<7500 steps/d); weight stable 

for 3 months prior to the beginning of the study (< 4 kg weight loss or weight gain); non-diabetic; no 

history of cardiovascular disease (myocardial infarction or stroke); non-smoker; not a shift worker; and 

not taking weight loss, lipid- or glucose-lowering medications.  

 

Historical control subject selection 

Outcome measures were compared to a matched historical control group from a previous weight loss 

trial performed by our group from October 2011 to January 2015 [98] (Figure 1). This previous trial 

implemented similar inclusion and exclusion criteria as the present trial, and all control subjects were 

recruited from the Chicago area via advertisements placed around the University of Illinois Chicago 

campus. There were 31 control subjects in the pervious trial [98]. A stratified random sampling 

protocol based on age, BMI, and sex was used to match the historical control group (n = 23) to that of 

the time restricted feeding group (n = 23). Subjects were randomly selected from each consecutive 

strata, one-by one, until the sample size of 23 was reached. 
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Figure 1 - Study Flow Chart 

 

Time restricted feeding group protocol 

Time restricted feeding subjects were instructed to eat ad libitum from 10:00 to 18:00 h daily, and fast 

from 18:00 to 10:00 h daily. During the 8-h feeding window, there were no restrictions on types or 

quantities of foods consumed. Moreover, subjects were not required to monitor caloric intake during 

ad libitum feeding period. During the fasting period, subjects were encouraged to drink plenty of water 

and were permitted to consume energy-free beverages, such black tea, coffee, and diet sodas. 

Adherence to the 8-h time restricted feeding window was measured using a daily adherence log, which 

recorded the times each subject started and stopped eating each day. If the log indicated that the 

subject ate within the 8-h window (10:00 to 18:00 h), that day was labeled “adherent”. If the log 

indicated that the subject consumed food outside of the 8-h feeding window, that day was labeled as 
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“non-adherent”. Adherence to the time restricted feeding diet was assessed as the number of 

adherent days per week.  

 

Historical control group protocol 

Historical controls were instructed to maintain their weight throughout the trial, and not to change 

their eating or physical activity habits. During a previous weight loss trail performed by our group from 

2011-2015 (10) control subjects visited the research center on a weekly basis for weigh-ins. Body 

composition and metabolic disease risk variables were assessed in control subjects every 12 weeks. 

 

Dietary intake and physical activity 

Time restricted feeding and control subjects completed a 7-d food record at baseline (prior to 

commencing the study) and week 12. At baseline, a dietitian provided 15 min of instruction to each 

participant on how to complete the food records. These instructions included information and 

reference guides on how to estimate portion sizes and record food items in sufficient detail to obtain 

accurate estimates of dietary intake. The timing of food intake was also recorded. Subjects were not 

required to weigh foods but were asked to measure the volume of foods consumed with household 

measures (i.e. measuring cups and measuring spoons). Food records were collected at the weigh-in at 

baseline and week 12, and were reviewed by the dietitian for accuracy and completeness. The food 

analysis program, Nutritionist Pro (Axxya Systems, Stafford, TX) was used to calculate the total daily 

intake of energy, fat, protein, carbohydrate, cholesterol, and fiber. All subjects were asked to maintain 



 

48 
 

their level of physical activity throughout the entire trial. We assessed activity level by steps/d. Step 

counts were measured over 7-d at baseline (prior to commencing the study) and week 12 by a 

pedometer (Yamax Digi-walker SW-200, Yamax Inc., San Antonio, TX).  

 

Outcome measures 

 

Body weight and body composition 

The primary outcome measure was body weight. Body weight was assessed to the nearest 0.25 kg at 

the beginning of every week without shoes and in light clothing using a balance beam scale 

(HealthOMeter, Boca Raton, FL). Height was assessed at time recruitment and at baseline week 1 using 

a wall-mounted stadiometer to the nearest 0.1 cm. BMI was assessed as kg/m2. Body composition (fat 

mass, lean mass, visceral fat mass) was measured using dual x-ray absorptiometry (DXA; iDXA, General 

Electric Inc).  

  

Metabolic disease risk factors 

Blood pressure and heart rate were measured at baseline and week 12 in triplicate using a digital 

automatic blood pressure/heart rate monitor (Omron HEM 705 LP, Kyoto, Japan) with the subject in a 

seated position after a 10-min rest. Twelve-h fasting blood samples were collected between 5:00 and 

9:00 h at baseline and week 12. The subjects were instructed to avoid exercise, alcohol, and coffee for 

24 h before each visit. Blood was centrifuged for 10 min at 520  g at 4°C to separate plasma from red 

blood cells and was stored at -80°C until analyzed. Fasting plasma total cholesterol, direct LDL 
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cholesterol, HDL-cholesterol, triglycerides concentrations were measured by a commercial lab (Alverno 

Laboratories, Hammond, IN). Fasting glucose concentrations were measured with a hexokinase reagent 

kit (Abbott, South Pasadena, CA). Fasting insulin was assessed as total immunoreactive insulin (Coat-A-

Count Insulin, Los Angeles, CA). Insulin resistance (IR) was calculated using the HOMA (Homeostasis 

Model Assessment) method, by applying the following formula: [HOMA-IR = Fasting insulin 

(µlU/ml) × Fasting glucose (mg/dL) / 405]. Plasma homocysteine was quantified using HPLC with 

fluorometric detection.  

 

Statistical analyses 

All data are presented as mean  standard error of the mean (SEM).  Statistical analyses were 

performed using SPSS 24.0 for Windows (SPSS Inc.). A two-tailed P value of less than 0.05 was 

considered statistically significant. Tests for normality were included in the model, and all data were 

found to be normally distributed. For the sample size calculation, we estimated that the time restricted 

feeding group would reduce body weight by 3% by week 12. We calculated that n = 18 participants per 

group would provide 80% power to detect a significant difference of 3% in body weight in the time 

restricted feeding group by week 12, using a two-tailed independent-samples t-test with  = 0.05. We 

anticipated a dropout rate of 20%. Thus, we aimed to recruit n = 23 subjects in the time restricted 

feeding group, assuming that n = 18 would complete the trial. 

Differences between the time restricted feeding and control groups at baseline were analyzed by an 

independent samples t-test (continues variables) or the McNemar test (categorical variables). Data 

were included for 46 participants, and means were estimated using an intention-to-treat analysis using 
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last observation carried forward. Repeated measures two-factor ANOVA with groups (time restricted 

feeding and control) as the between-subject factor and time (week 1 and 12) as the within-subject 

factor was used to compare changes in dependent variables between the groups over time. When 

there was a significant main effect but no interaction, post hoc comparisons were performed using 

Bonferroni’s correction to determine differences between group means.  

 

4. Results 

Baseline characteristics and dropouts 

As portrayed in Figure 1, n = 23 subjects began the time restricted feeding intervention and 6 dropped 

out. No subjects reported dropping out of the time restricted feeding group due to issues with the diet. 

At baseline, there were no statistically significant differences between the time restricted feeding 

group and the historical control group for age, sex, ethnicity, weight, height or BMI (Table 1). 

Table 1 Baseline characteristics1 

 Time restricted feeding 
 

Control 
 

P value 2 

n 23 23  

Age (y) 50  2 48  2 0.43 

Sex (F/M) 20/3 21/2 0.82 

Ethnicity   0.69 

     African American 17 17  

     Caucasian 3 5  

     Hispanic 3 1  

Weight (kg) 95  3 92  3 0.34 

Height (m) 1.66  0.02 1.63  0.01 0.29 

BMI (kg/m2) 35  1 34  1 0.61 
1 All values reported as mean  SEM.  

2 P values for comparison of baseline variables between groups using independent samples t-test (continuous 

variables) and the McNemar test (categorical variables). 
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Adherence to the time restricted feeding window 

Subjects in the time restricted feeding group were compliant with the prescribed eating window (10:00 

to 18:00 h) on 5.6  0.3 d/week (Figure 2), and this level of adherence did not change over the course 

of the trial (P = 0.86). At baseline, the time restricted feeding and control groups reported a similar 

mean daily eating duration of 11  1 h (Table 2). By week 12, mean daily eating duration in the time 

restricted feeding group was significantly shorter (8  1 h) than that of the control group (11  1 h) 

(group  time interaction, P = 0.01). The start of the eating duration in the time restricted feeding 

group was later than that of the control group during the study (group  time interaction, P = 0.01), 

and the end of the eating duration was similar between the groups during the study (no group  time 

interaction, P = 0.32). 

 

Figure 2 - Weekly adherence to the 8-hour feeding window by the time restricted feeding group1 

1 All values reported as mean  SEM. Each bar indicates the mean number of days per week that the time restricted 

feeding subjects were compliant with the 8-hour feeding window. On average, the time restricted feeding group was 

compliant with the prescribed eating window (10:00 to 18:00 h) on 5.6  0.3 d/week, and this level of adherence did 

not change over the course of the trial (P = 0.86, repeated measures ANOVA). 
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Dietary intake and physical activity 

At baseline, energy intake was similar in the time restricted feeding and control groups (Table 2). 

During the trial, energy intake decreased in the time restricted feeding group by 341 ± 53 kcal/d 

relative to controls (group  time interaction, P = 0.04). Self-reported intake of macronutrients, dietary 

cholesterol and fiber did not differ between groups at baseline or post-treatment. Activity level, 

measured as steps/d, was similar at baseline in the time restricted feeding and control groups, and did 

not change over the course of the trial in either group. 

Body weight and body composition 

Body weight decreased in the time restricted group (-2.6% ± 0.5) relative to controls during the 12-

week study (group  time interaction, P < 0.001) (Figure 3). BMI decreased in the time restricted 

feeding group relative to the control group during the trial (group  time interaction, P < 0.001). There 

were no statistically significant differences (i.e. no group  time interaction) between groups for fat 

mass, lean mass or visceral fat mass. 

 

Figure 3 - Weight loss during the 12-week trial1 

1 All values reported as mean  SEM. Data were included for 46 participants; means were estimated 

using an intention-to-treat analysis using last observation carried forward. Body weight decreased in 

the time restricted feeding group relative to controls over 12 weeks (P < 0.001 for time  group 

interaction). 
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Table 2 - Self-reported dietary intake, eating duration, and physical activity at baseline and week 121 

 Time restricted feeding 
(n = 23) 

 

Control 
(n = 23) 

P-value  

Time  
group 3 

 Baseline 2 Week 12 Baseline 2 Week 12  

Energy (kcal) 1676  114 1335  162 1645  113 1654  191 0.04 

Protein (%) 16  1 17  1 17  1 17  1 0.40 

Carbohydrates (%) 47  2 46  2 46  2 45  2 0.61 

Fat (%) 37  1 37  2 37  1 38  2 0.74 

Cholesterol (mg) 279  24 214  27 275  27 265  37 0.32 

Fiber (g) 16  2 13  1 14  1 15  2 0.17 

      

Daily eating duration (h)  11  1 8  1 11  1 11  1 0.01 

Start of eating duration  
(local time, h)  

8:30  0:30 10:00  0:30 9:30  0:30 8:30  0:30 0.01 

End of eating duration  
(local time, h)  

19:30  0:30 18:00  0:30 20:30  0:30 19:30  0:30 0.32 

      

Steps/day 6896  723 7443  880 6148  775 6967  584 0.84 
 

1 All values reported as mean  SEM. Data for all variables were collected over a 7-d period at baseline 

(prior to the commencement of the study) and week 12 in the TRF and control groups. Data were included 

for 46 participants; means were estimated using an intention-to-treat analysis using last observation 

carried forward.  2 Baseline variables: No difference between groups for any parameter (Independent 

samples t-test). 3 P values reported for the time restricted feeding group relative to the control group 

(group  time interaction) using repeated-measures 2-factor ANOVA. 

 

Metabolic disease risk factors 

There were no differences between groups for any metabolic disease risk factor (Table 3). Systolic 

blood pressure significantly decreased in the time restricted feeding group (-7 ± 2 mm Hg) relative to 

controls during the study (group  time interaction, P = 0.02). There were no statistically significant 

differences (i.e. no group  time interaction) between groups for diastolic blood pressure, heart rate, 
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total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, glucose, insulin, HOMA-IR, or 

homocysteine.   

Table 3 - Body composition and metabolic disease risk factors after 12 weeks1 

 Time restricted feeding 
(n = 23) 

 

Control 
(n = 23) 

P-value  

Time  group 3 

 Baseline 2 Week 12 Baseline 2 Week 12  

Body weight (kg) 95  3 92  3  92  3 92  3 <0.001 

Fat mass (kg) 4 42  2 40  2 37  2 37  2 0.23 

Lean mass (kg) 50  2 50  2 53  2 53  2 0.12 

Visceral fat mass (kg) 1.2  0.1 1.1  0.1 1.2  0.2 1.2  0.2 0.19 

BMI (kg/m2) 35  1 34  1 34  1 34  1 <0.001 

      

Systolic blood pressure 
(mm Hg) 

128  4 121  3 123  4 124  3 0.02 

Diastolic blood pressure 
(mm Hg) 

83  2 82  2 81  2 82  2 0.41 

Heart rate (bpm) 69  2 71  2 73  2 73  3 0.33 

      

Total cholesterol (mg/dl) 177  7 178  9 192  7 185  7 0.15 

LDL cholesterol (mg/dl) 108  5 110  7 114  7 112  6 0.54 

HDL cholesterol (mg/dl) 48  2 49  2 61  3 55  2 0.11 

Triglycerides (mg/dl) 4 105  11 93  9 89  7 89  11 0.43 

      

Fasting glucose (mg/dl) 79  4 82  2 87  2 87  2 0.77 

Fasting insulin (uIU/ml) 4 8.3  1.0 5.7  0.7 9.2  1.4 10.3  1.9 0.16 

HOMA-IR 4 1.6  0.2 1.0  0.2 2.0  0.3 2.2  0.4 0.21 

      

Homocysteine (mol/l) 4 9.9  0.6 9.0  0.5 10.1  0.5 9.4  0.5 0.83 
   

1 All values reported as mean  SEM. Data were included for 46 participants; means were estimated using an 

intention-to-treat analysis using last observation carried forward. HOMA-IR: Homeostatic model assessment 

Insulin resistance; RMR: Resting metabolic rate. 2 Baseline variables: No difference between groups for any 

parameter (Independent samples t-test). 3 P values reported for the time restricted feeding group relative to the 

control group (group  time interaction) using repeated-measures 2-factor ANOVA. 4 Significant main effect of 

time, P < 0.05. 

 

 



 

55 
 

5. Discussion 

This study is the first trial to examine the impact of time restricted feeding on body weight and 

metabolic disease risk factors in an obese population. We show here that 12 weeks of 8-h time 

restricted feeding (i.e. limiting food intake to 10:00 to 18:00 h daily) decreases body weight by ~3% 

relative to a no-intervention historical control group. We also demonstrate that this fasting regimen 

produces significant reductions in systolic blood pressure relative to controls. 

 

Adherence to the time restricted feeding window was assessed daily via self-report. Our findings show 

that subjects were adherent to the prescribed eating window on ~6 days per week, and that this level 

of adherence remained constant throughout the 12-week trial. On average, the time restricted feeding 

subjects reduced their daily eating duration by 3 h/d, i.e. from 11 h/d to 8 h/d. The dropout rate in the 

time restricted feeding group (26%) was quite high for a short-term trial. However, no one in the time 

restricted feeding group reported dropping out due to issues with the diet. These preliminary findings 

suggest that time restricted feeding may be somewhat well tolerated over short periods in obese 

subjects.  

 

 Our findings also indicate that reducing the daily eating window to 8-h/d decreases caloric intake by 

~300 kcal/d, without intentional calorie counting. As a result of this daily energy deficit, subjects in the 

time restricted feeding group lost ~3% of body weight over 12 weeks, versus controls. Our body 

composition data suggest that the majority of this weight was lost at fat mass, with a possible 

retention in lean mass. The degree of weight loss demonstrated here is less than what was achieved in 
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the 10-h time restricted feeding study (4%) [21]. However, in the 10-h TRF adherence was measured 

via a real-time phone application. This may have established better adherence, further calorie 

restriction, and in turn greater weight loss. Our results, however, are similar to the 4-8-h time 

restricted feeding trials (1-3%) [22, 99]. In comparison to other forms of intermittent fasting [4, 7-9, 36, 

97, 98], time restricted feeding appears to produce less weight loss. For instance, after 12 weeks of 

alternate day fasting or 5:2, body weight typically decreases by 4-6% from baseline [4, 7-9, 36, 97, 98].  

We speculate that this difference in weight loss is due to a greater overall caloric restriction in ADF 

than that of TRF. TRF is strictly a time restriction and does not include calorie counting or diet 

modification. TRF produced a 20% daily calorie deficit, however this may even be an overestimate due 

to the under reporting on food records. Our group recently demonstrated via doubly labeled water 

that ADF and traditional caloric restriction had a greater than 35% daily energy restriction at month 

(10).  One potential confound in the current study is the lack of an objective measure to assess eating 

duration. As time restricted feeding is a recent concept, methods to objectively record eating time are 

yet to be optimized. Self-reporting of eating duration, as used in the current study, may not be optimal. 

An app-based recording of all eating events among 156 healthy adults found a self-reporting error of 

10% [21]. Objective methods of recording eating events also show a mean eating duration that is 

different from what is widely believed [21]. A study assessing eating pattern among non-shift worker 

adults found the median daily eating duration can be 15-h or longer, and less than 15% of adults eat 

for less than a 12-h duration [21]. In comparison, in the present study, the self-reported baseline eating 

duration was 11 h, which is likely inaccurate. Our study also permitted the consumption of low energy 

drinks including coffee, tea, and diet soda. These drinks contain caffeine, which is known to perturb 

circadian rhythm [102]. Since time restricted feeding is based on the principle of circadian rhythm 
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regulation of metabolism, low-energy caffeinated drinks may not count significantly towards energy 

consumption, but can have significant impact on circadian regulation.  

 

Future trials in this area can be improved by using objective measures to better assess daily eating 

durations. It will also be of interest to investigate whether shorter eating windows (4-6 h) produce a 

degree of weight loss that is comparable to that of alternate day fasting and 5:2. Moreover, how the 

placement of the feeding window influences weight loss and adherence will also be important to 

examine. We chose to prescribe a feeding window of 10:00 to 18:00 h, so that the intervention would 

be standardized across all subjects. We assumed that this window would produce maximal adherence, 

as it would cause minimal disruption to the typical eating schedule (i.e. subjects could still have their 

breakfast in the morning, lunch in the early afternoon, and dinner in the early evening). However, 

recent trials [80, 103] have found that consuming larger meals earlier in the day produce better weight 

loss than similar sized meals consumed later in the evening. Whether weight loss and adherence can 

be improved by shifting the eating window earlier in the day warrants investigation. 

 

Metabolic disease risk indicators remained relatively unaffected by the time restricted feeding 

regimen. Systolic blood pressure was the only parameter that improved over the course of the study, 

relative to controls. Reductions in insulin, insulin resistance, triglycerides, and homocysteine were also 

observed over time, but these effects were not statistically different from the control group. In the 

study by Moro et al [22], plasma lipids and inflammatory factors also remained unchanged with 8-h 

time restricted feeding. It is likely that the degree of weight loss produced by 8-h time restricted 
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feeding was not large enough to improve these outcome measures. Accumulating evidence suggests 

that >5% weight loss is required to improve plasma lipid concentrations and glucoregulatory factors 

[104]. It should also be noted that the obese subjects in the present study were metabolically healthy 

at baseline, i.e. their blood pressure, plasma lipid, glucose, and insulin levels were all within the normal 

range. Previous work indicates that intermittent fasting regimens [8, 97, 98] and other lifestyle 

regimens [105, 106] have little effect on cardiometabolic disease risk factors in healthy obese subjects. 

It will be of interest to examine whether time restricted feeding can improve these risk factors in other 

groups of obese patients, such as those with compromised insulin sensitivity or dyslipidemia [8, 107].  

 

This study has several limitations. First, the study was not a randomized controlled trial. We compared 

the effects of time restricted feeding to a matched historical control group from a previous weight loss 

trial conducted by our group. The trial (REF) from which the controls were selected was conducted 

between 2011-2015. As such, the lapse of up to five years between trials could have influenced what 

the control subjects knew about weight control, and what foods were available in the marketplace due 

to seasonality. These issues should be considered when interpreting the present findings. In order to 

truly determine the effect of time restricted feeding on body weight and other metabolic disease 

variables, future trials should implement a randomized design where controls are enrolled 

concurrently. Second, the study was quite short (12 weeks). Longer-term trials will be needed to 

determine the degree of weight loss that can be achieved with time restricted feeding. Third, 

adherence and dietary intake were assessed by self-report, thus our estimates of eating duration and 

caloric deficit may be inaccurate [108, 109]. Implementing mobile apps to assess adherence in real-

time [21] will help determine how well subjects can adhere to the prescribed eating window. Fourth, 
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our study involved only metabolically healthy obese subjects, so our findings cannot be generalized to 

other population groups.  

 

 In summary, these findings suggest that 8-h time restricted feeding produces mild caloric restriction 

and weight loss in obese adults, without intentional calorie counting. This diet may also offer some 

clinical benefit by reducing systolic blood pressure. These preliminary data offer promise for the use of 

time restricted feeding as a weight loss technique in obese adults, but longer-term, larger-scale 

randomized controlled trials will be required before solid conclusions can be reached. 
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1. Abstract 

This study examined the safety of time restricted feeding (TRF; 8-h feeding window/16-h fasting 

window daily) in obese adults. Twenty-three subjects participated in an 8-h TRF intervention for 12 

weeks. Self-reported adverse events, body image perception, complete blood count and disordered 

eating patterns did not change from baseline to week 12. These findings suggest that consuming food 

within an 8-h window can safely facilitate weight loss in subjects with obesity. 

 

Key Words: Intermittent fasting, time restricted feeding, weight-loss, safety, adverse events, obese 

adults  
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2. Introduction  

Intermittent fasting regimens involve periods fasting followed by periods of eating freely. The most 

common forms of intermittent fasting are alternate day fasting (500 calorie fast days alternated with 

ad libitum feast days) and the 5:2 diet (two 500 calorie fast days and 5 ad libitum feast days per week). 

Time restricted feeding (TRF) is a newer form of intermittent fasting. TRF involves shortening the 

eating window to 4-10 hours each day. The most common form of TRF is 16:8 during which subjects 

consume all food within 8 hours and water fast during the remaining 16 hours. Accumulating evidence 

suggests that TRF is an effective means of decreasing body weight while maintaining lean mass in 

normal weight and overweight subjects [21, 22, 99]. More recently, it’s been shown that TRF may also 

be effective for weight loss in adults with obesity [110]. Although TRF appears to have beneficial 

effects on body weight, the safety of this diet has been questioned. For instance, increased frequency 

of constipation, irritability and fatigue are common safety concerns with all forms intermittent fasting 

([26]. Additionally, consistent dietary restriction has been postulated to increase disordered eating 

behaviors [56-58]. Accordingly, this study was undertaken to determine the effects of TRF on certain 

safety parameters, including: eating disorder symptoms, body image perception, complete blood 

count, and frequency of adverse events, in adults with obesity. We hypothesized that TRF would not 

negatively impact any of these parameters during the 12-week trial.   
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3. Methods 

Subject selection 

This 12-week study is a secondary analysis of a larger study [110]. The University of Illinois Chicago 

Office for the Protection of Research Subjects approved the experimental protocol, and all research 

participants gave their written informed (IRB approval #2016-0119). Subjects were recruited from 

September 2016 to January 2017 from the Chicago area via advertisements placed around the 

University of Illinois Chicago campus. A total of 40 subjects were consented and assessed for eligibility. 

Of these 40 subjects, 11 subjects were excluded because they did not meet one or more inclusion 

criteria, and 6 subjects declined to participate after qualifying. Twenty-three subjects began the study. 

Inclusion criteria were as follows: BMI between 30 and 45 kg/m2; age between 25 and 65 years; pre-

menopausal or post-menopausal (absence of menses for more than 2 years); sedentary to moderately 

active (<7500 steps/d); weight stable for 3 months prior to the beginning of the study (< 4 kg weight 

loss or weight gain); non-diabetic; no history of cardiovascular disease (myocardial infarction or 

stroke); non-smoker; not a shift worker; and not taking weight loss, lipid- or glucose-lowering 

medications.  

 

Study design and time restricted feeding protocol 

To test the study objectives, a single-arm trial consisting of a 2-week baseline period followed by a 12-

week TRF intervention period was implemented. During the baseline period, subjects were asked to 

continue with their usual diets and keep their weight stable. During the 12-week intervention period, 

subjects were instructed to eat ad libitum within an 8-h window (10:00 to 18:00 h daily), and fast from 
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18:00 to 10:00 h daily. During the 8-h feeding window, there were no restrictions on the type or 

quantity of foods consumed. Subjects were not required to monitor caloric intake during the ad libitum 

feeding period. During the fasting period, subjects were encouraged to drink plenty of water and were 

permitted to consume calorie-free beverages, such black tea, coffee, and diet sodas.  

 

Body weight, resting metabolic rate, activity and food intake 

 

Body weight was assessed at the beginning of every week to the nearest 0.25 kg using a balance beam 

scale (HealthOMeter, Boca Raton, FL) at the research center. Resting metabolic rate (RMR) was 

measured by a handheld open circuit indirect calorimeter in between the 6:00 and 9:00 h (MedGem 

Indirect Calorimeter, Microlife, USA) at the research center. Subjects were instructed to abstain from 

food, drink, and exercise for 12 h prior to the visit. Timing since the last meal (12 h) was standardized 

for each subject prior to the RMR measurement. Subjects first rested in a dark room in the supine 

position for 15 min, then a mouthpiece and nose clip were placed on the subject, and oxygen 

consumption was measured until it reached a stable flow (approx. 10 min). Subjects were instructed to 

maintain their activity level throughout the trial. Step counts were measured over 7-d during the 

baseline period and at week 12 by a pedometer (Yamax Digi-walker SW-200, Yamax Inc., San Antonio, 

TX). Intake of energy, macronutrients and timing of food consumption was assessed by a 7-d food 

record at baseline and week 12 and analyzed by Nutritionist Pro software (Axxya, Stafford, TX). 
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Adverse event, eating disorder, body image, and eating behavior questionnaires  

All questionnaires were administered at baseline (2 weeks prior to the TRF intervention), week 1 (first 

day of TRF intervention), and after 12 weeks of the TRF. Gastrointestinal and neurological issues were 

assessed by an adverse events questionnaire. Eating disorder symptoms were measured using the 

Multidimensional Assessment of Eating-Disorder Symptoms (MEADS) [59]. This validated self-report 

inventory measures six symptom domains related to eating disorders, including: binge eating, 

restrictive eating, purgative behaviour, fear of fatness, avoidance of forbidden foods, and depression. 

Body image was assessed by the Body Shape Questionnaire (BSQ) [66]. The BSQ is a validated 

questionnaire that measures excessive concern about one’s body size and shape [66]. Higher scores on 

the BSQ indicate greater concerns with body size and shape. Dietary restraint, uncontrolled eating, and 

emotional eating were assessed by the validated three-factor eating questionnaire (TFEQ) [67]. 

 

Complete blood count and ketones 

Twelve-h fasting blood samples were collected between 5:00 and 9:00 h at baseline, week 1, and week 

12. The subjects were instructed to avoid exercise, alcohol, and coffee for 24 h before each visit. Blood 

was centrifuged for 10 min at 520  g at 4°C to separate plasma from red blood cells and was stored at 

-80°C until analyzed. Complete blood counts were performed using a BC-5500 automatic blood cell 

analyzer, and the ketone, β-hydroxybuterate, was measured by the biosensor method (Medisense 

Precision Xtra, Abbott, Bedford, MA). 
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Statistical analyses 

All data are presented as mean  standard error of the mean (SEM).  Statistical analyses were 

performed using SPSS 24.0 for Windows (SPSS Inc., Chicago, IL). Tests for normality were included in 

the model, and all data were found to be normally distributed. ANOVA was used to assess changes in 

continuous variables over time. McNemar’s test was used to assess changes in categorical variables 

over time. Data were included for the 23 participants who began the study, and means were estimated 

using an intention-to-treat analysis using last observation carried forward. A two-tailed P value of less 

than 0.05 was considered statistically significant.  

 

4. Results 

Body weight, resting metabolic rate, activity, and food intake 

Body weight significantly (P < 0.001) decreased by 2.6 ± 0.5% after 12 weeks of TRF. Resting metabolic 

rate did not change over time (baseline: 1431 ± 62 kcal/d; week 1: 1393 ± 82 kcal/d; week 12: 1318 ± 

61 kcal/d). Activity level did not change from baseline (6896  723 steps/d) to week 12 (7443  880 

steps/d). Before starting the TRF intervention, subjects typically started eating at 8:30  0:30 h:min and 

finished eating by 19:30  0:30 h:min. Energy intake decreased (P < 0.05) from baseline (1676  114 

kcal/d) to week 12 (1335  162 kcal/d). There were no changes over the course of the trial in percent 

energy intake from protein (baseline: 16  1%; week 12: 17  1%), carbohydrates (baseline: 47  2%; 

week 12: 46  2%) or fat (baseline: 37  1%; week 12: 37  2%).  
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Table 4 - Self-reported adverse events after 12 weeks of time restricted feeding - 

Adverse events Baseline Week 1 Week 12 P-Value 

Gastrointestinal     

Nausea 0% 0% 6% 1.00 

Vomiting 0% 0% 0% 1.00 

Diarrhea 0% 0% 12% 1.00 

Constipation 17% 29% 24% 1.00 

Bad Breath 18% 14% 12% 0.50 

Dry Mouth 32% 14% 12% 0.13 

     

Neurological     

Dizziness 9% 0% 18% 1.00 

Weakness 14% 0% 6% 0.50 

Headache 32% 24% 24% 0.50 

Fatigue 14% 10% 12% 1.00 

Irritability 23% 19% 6% 0.25 

Unhappiness 14% 14% 0% 1.00 

Values reported as mean % occurrences at each time point (baseline n = 23; week 1 n = 23; week 12 n = 17).  

Baseline values were measured 2 weeks before the start of the intervention (week 1).  P-value: McNemar’s test. 

 

Adverse events, eating disorder symptoms, body image, and eating behaviors 

Self-reported adverse events (gastrointestinal or neurological) did not change over time (Table 1). 

Eating disorder symptoms including depression, binge eating, purgative behavior, fear of fatness, 

restrictive eating, and avoidance of forbidden foods, did not change from baseline to week 12 (Table 

2). Concerns about body size and shape remained unchanged (Table 2). Food intake behavior such as 

cognitive restraint, uncontrolled eating and emotional eating did not change over time (Table 2). 

Complete blood count and ketones 

There were no significant changes in any of the complete blood count parameters over time (Table 3). 

Beta-hydroxybuterate also remained unchanged over the course of the study (baseline: 1.0 ± 1.1 

mmol/L; week 1: 0.9 ± 0.4 mmol/L; week 12: 1.2 ± 1.2 mmol/L). 
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Table 5 - Eating disorder symptoms, body shape perception, and eating behaviors after 12 weeks of 

time restricted feeding 

 Baseline Week 1 Week 12 P-Value 

Eating disorder symptoms     

Depression 32 ± 1 32 ± 1 32 ± 1 0.90 

Binge Eating 28 ± 2 27 ± 1 27 ± 1 0.79 

Purgative behavior 13 ± 1 11 ± 1 12 ± 1 0.23 

Fear of fatness 41 ± 2 39 ± 2 41 ± 2 0.89 

Restrictive eating 28 ± 2 27 ± 2 29 ± 2 0.68 

Avoidance of forbidden foods 37 ± 2 38 ± 2 38 ± 2 0.93 

     

Body image perception     

Concerns about body size/ shape 47 ± 3 46 ± 3 47 ± 3 0.96 

     

Eating behaviors     

Dietary restraint 17 ± 1 16 ± 1 17 ± 1 0.51 

Uncontrolled eating 18 ± 1 18 ± 1 18 ± 1 0.89 

Emotional eating 7 ± 1 7 ± 1 6 ± 1 0.96 

Values reported as mean ± SEM (baseline n = 23; week 1 n = 23; week 12 n = 17).  Baseline values were measured 

2 weeks before the start of the intervention (week 1). P-value: ANOVA. 

 

5. Discussion 

This study is the first to show that TRF is a safe diet therapy for weight loss as it does not negatively 

impact eating disorder symptoms, eating behaviors, or measures of overall health, such as complete 

blood count. Moreover, no gastrointestinal or neurological adverse events were reported with 12 

weeks of TRF. 

It has been speculated that fasting or calorie restriction may increase eating disorder symptoms. 

However, recent findings suggest that this is not the case. For instance, in a previous trial [111], daily 

calorie restriction did not increase eating disorder symptoms and had no harmful psychological effects. 

Likewise, alternate day fasting has been shown to have no negative impact on eating disorder 

symptoms in adults with obesity [26]. Indeed, alternate day fasting may have beneficial effects by 

increasing dietary restraint and improving body image perception [26, 61]. 
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Table 6 - Complete blood count after 12 weeks of time restricted feeding 

  Normal 
range 

Baseline Week 1 Week 12 P-value 

White cell count (K/UL) 5-10 5.7 ± 0.7 5.1 ± 0.5 5.1 ± 0.4 0.70 

Red cell count (M/UL) 4.2-6.1 4.3 ± 0.2 4.4 ± 0.1 4.4 ± 0.1 0.91 

Hemoglobin (g/dL) 12-18 12.5 ± 0.2 12.6 ± 0.2 12.6 ± 0.3 0.95 

Hematocrit (%) 37-52 38.1 ± 1.3 38.0 ± 0.7 38.5 ± 0.9 0.99 

Mean corpuscular volume (FL) 80-100 89.3 ± 5.1 88.0 ± 2.4 87.8 ± 1.9 0.87 

Mean corpuscular hemoglobin (pg) 27-32 29.4 ± 1.6 29.2 ± 0.9 29.1 ± 0.7 0.93 

Mean corpuscular hemoglobin 
concentration (%) 

32-36 32.9 ± 0.6 33.1 ± 0.3 33.1 ± 0.2 0.95 

Red blood cell distribution (%) 11-15 14.4 ± 0.5 13.8 ± 0.3 13.9 ± 0.3 0.69 

Platelet count (K/UL) 150-450 202.7 ± 
12.8 

218.8 ± 8.8 212.1 ± 9.9 0.61 

Neutrophil (%) 35-80 56.3 ± 5.6 49.8 ± 3.0 51.9 ± 4.9 0.45 

Lymphocyte (%) 18-44 32.3 ± 4.7 38.5 ± 4.2 35.8 ± 3.1 0.47 

Monocyte (%) 4.7-12.5 7.2 ± 1.5 7.5 ± 0.6 7.5 ± 0.7 0.96 

Eosinophil (%) 0-4 3.7 ± 1.2 3.6 ± 0.6 3.5 ± 0.6 0.99 

Basophil (%) 0-1.2 0.8 ± 0.2 0.7 ± 0.2 1.1 ± 0.2 0.27 

Neutrophil count (K/UL) 1.8-7.7 3.3 ± 0.6 2.7 ± 0.4 2.8 ± 0.3 0.59 

Lymphocyte count (K/UL) 0.8-4.8 1.7 ± 0.3 1.9 ± 0.2 1.8 ± 0.2 0.67 

Monocyte count (K/UL) 0.2-0.9 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.0 0.94 

Eosinophil count (K/UL) 0.0-0.8 0.2 ± 0.1 0.2 ± 0.0 0.2 ± 0.0 0.68 

Basophil count (K/UL) 0-0.1 0.1 ± 0.0 0.0 ± 0.0 0.1 ± 0.0 0.39 

Values reported as mean ± SEM (baseline n = 23; week 1 n = 23; week 12 n = 17).  Baseline values were 

measured 2 weeks before the start of the intervention (week 1). P-value: ANOVA. 

 

In the present trial, no significant increase in adverse events was reported with 12 weeks of TRF. These 

results are in line with what has been shown with alternate day fasting. For instance, 8-weeks alternate 

day fasting did not increase the frequency of gastrointestinal events (constipation, diarrhea, water 

retention or bad breath) in adults with obesity [26]. Rates of dizziness, general weakness, or sleep 

disturbances also did not increase with alternate day fasting [26]. The present trial also demonstrates 

no change in complete blood count with TRF. Similarly, in a previous trial [40], complete blood count 

did not change when normal weight adult subjects were required to consume all of their food within a 
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4-h period each day. Taken together, these findings suggest that TRF regimens are well tolerated by 

normal weight and obese adults.  

 

There are several limitations to our study. First, we had a small sample size (n = 23) which limits our 

ability to detect a significant difference from pre- to post-treatment for many variables, most notably 

RMR (effect size = 0.25).  Second, we did not utilize a control group. Third, our adverse events 

questionnaire is not very comprehensive. A more elaborate list of adverse events should be developed 

to more accurately examine the safety TRF. Fourth, using the MedGem to assess RMR is a limitation as 

this tool has been shown to overestimate RMR when compared to a traditional indirect calorimeter 

[112]. The MedGem is also limited in that it does not provide measures of respiratory ratio. Fifth, our 

study was short (12 weeks). Longer-term studies will be needed to examine how these measures of 

safety change over time.  

 

In summary, these pilot findings suggest that TRF is a safe diet therapy for weight loss. TRF did not 

have any negative impact on eating disorder symptoms, body image perception, or eating behaviors. 

No adverse events were reported during the study, and blood chemistry remained unaffected. These 

findings offer promise for the use of TRF as a safe lifestyle intervention for weight loss in adults with 

obesity. However, longer-term trials that implement larger cohorts are required to confirm these 

preliminary results. 
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1. Abstract 

This study examined the effects of time restricted feeding (TRF; 8-h feeding window/16-h fasting 

window daily) on sleep. Obese adults (n = 23) followed 8-h TRF for 12 weeks. Pittsburgh Sleep Quality 

Index (PSQI) total score was below 5 at week 1 (4.7  0.5) and week 12 (4.8  0.7) indicating good sleep 

quality throughout the trial. Subjective measures of wake time, bedtime, and sleep duration remained 

unchanged. Findings from this secondary analysis indicate that TRF does not alter sleep quality or 

duration in subjects with obesity.  

 

2. Introduction 

Only 35% of adults meet the recommended 7-9 h of sleep each night [71]. Obesity is associated with 

poor sleep quality and shorter sleep duration [27-29]. Weight loss by means of dietary restriction may 

help improve sleep quality and quantity [73, 74]. Time-restricted feeding (TRF) is an intermittent 

fasting weight-loss strategy, which involves an ad libitum feeding window of 4-10 h and a fasting 

window 14-20 h per day [113]. Evidence from animal studies suggests that TRF lowers body weight in a 

way that may improve circadian rhythmicity and sleep [77]. In humans, it’s been shown that 10-h TRF 

resulted in 4% weight loss and improved sleep in overweight participants over 16 weeks [21]. Whether 

the same beneficial effects on body weight and sleep would occur in individuals with obesity, remains 

unknown. Accordingly, this study examined the effects of 8-h TRF on body weight, sleep quality and 

duration in adults with obesity. We hypothesized that 12 weeks of TRF would increase sleep quality 

and duration, and that these improvements would be more pronounced in subjects who were poor 

sleepers at baseline.  
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3. Methods 

Subject selection 

This is a secondary analysis of a 12-week study examining the effects of TRF on body weight and 

metabolic disease risk [114]. Subjects were recruited from the Chicago area by flyers placed around the 

University of Illinois Chicago campus. Inclusion criteria were as follows: BMI 30-45 kg/m2; age 25-65 y; 

sedentary to moderately active (<7500 steps/d); weight stable for 3 months prior to the beginning of 

the study (< 4 kg weight loss or weight gain); non-diabetic; no history of cardiovascular disease 

(myocardial infarction or stroke); non-smoker; not a shift worker; and not taking weight loss, lipid- or 

glucose-lowering medications. A total of 40 subjects were assessed for eligibility, 11 subjects were 

excluded because they did not meet one or more inclusion criteria, and 6 subjects declined to 

participate after qualifying. At total of 23 subjects began the trial and 6 dropped out by week 12. The 

University of Illinois Chicago Office for the Protection of Research Subjects approved the experimental 

protocol, and all research participants gave their written informed consent to participate in the trial. 

 

Time restricted feeding protocol 

The trial consisted of a 2-week baseline period followed by a 12-week TRF intervention period. During 

the baseline period, subjects were asked to remain weight stable by continuing their regular diet and 

exercise routines. During the 12-week TRF intervention, subjects were instructed to eat ad libitum from 

10:00 to 18:00 h daily, and fast from 18:00 to 10:00 h daily. During the 8-h feeding window, there were 

no restrictions on types or quantities of foods consumed and subjects were not required to monitor 

calorie intake. During the 16-h fasting period, only water and calorie-free beverages, such black tea, 
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coffee, and diet sodas, were permitted.   

 

Body weight, physical activity, and diet compliance 

Body weight was assessed using a balance beam scale (HealthOMeter, Boca Raton, FL) at the beginning 

of each week at the research center. Body composition (fat mass, lean mass, visceral fat mass) was 

measured using dual x-ray absorptiometry (DXA; iDXA, General Electric Inc). Compliance to the 8-h TRF 

window was measured using a daily adherence log, which recorded the time that the subjects started 

and stopped eating each day. The day was coded as “adherent” if the subject consumed food only 

within the 8-h window (10:00 to 18:00 h), and “not adherent” if the subject consumed food outside of 

this window. Total percent compliance was calculated as: number of days adherent / total number of 

days in the trial x 100. Subjects were asked to maintain their current level of physical activity 

throughout the trial. Changes in physical activity were assessed by a pedometer (Yamax Digi-walker 

SW-200, Yamax Inc., San Antonio, TX) over a 7-d period at the beginning and end of the study. 

 

Sleep measures 

All questionnaires were administered at the beginning of the baseline period, on the first day of the 

intervention (week 1) before the diet commenced, and at week 12. The severity of insomnia in the past 

week was measured by the Insomnia severity index (ISI), which is a 7-item questionnaire [115]. Each 

item is rated by a 5-point Likert scale (where 0 indicates no problem, and 4 indicates a very severe 

problem) yielding a total score of 0-28. The total score for the ISI is interpreted as follows: no clinically 

significant insomnia (0-7), sub-threshold insomnia (8-14), moderate severity insomnia (15-21), and 
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severe insomnia (22-28). Sleep quality, timing and duration was measured by the Pittsburgh Sleep 

Quality Index (PSQI) [116]. This 19-item self-report questionnaire measures total sleep quality in the 

past month, yielding a total score of 0-21. A PSQI total score greater than 5 indicates poor sleep 

quality. The questionnaire also asks for usual bedtime, usual wake time, and hours of actual obtained 

sleep, which were also analyzed in the study. Risk of obstructive sleep apnea was estimated using the 

Berlin Questionnaire at baseline [117]. 

 

Statistical analyses 

All data are presented as mean  standard error of the mean (SEM). Statistical analyses were 

performed using SPSS 25.0 for Mac (SPSS Inc.). P < 0.05 was considered statistically significant. Data 

were included for the 23 participants who began the study, and means were estimated using an 

intention-to-treat analysis using last observation carried forward. One-way ANOVA with Tukey’s post-

hoc test was used to assess changes in continuous variables between baseline, week 1 and week 12. 

Paired t-test was used to assess changes between week 1 and 12. We also performed a sub-analysis to 

examine the effects of the TRF intervention in “good sleepers” and “poor sleepers”. Good sleepers 

were subjects with PSQI total score equal to or below 5 at baseline (n = 13) and poor sleepers were 

subjects with a PSQI total score greater than 5 at baseline (n = 10). 
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4. Results 

Body weight, physical activity, and diet compliance 

In “all subjects” (n = 23), body weight and fat mass were reduced (P < 0.01) after 12 weeks of TRF 

(Table 1). Reductions (P < 0.05) in body weight and fat mass were also observed in “good sleepers” (n = 

13) and “poor sleepers” (n = 10) by the end of the study. Lean mass and visceral fat mass did not 

change over the course of the trial in any group. “All subjects” complied with the 8-h TRF window on 

80% of days during the 12-week study (Table 1). “Good sleepers” were adherent with 8-h feeding 

window on 83% of days, and poor sleepers were adherent 76% of days. Physical activity, measured as 

steps/d, did not change over the course of the trial in any group (Table 1). 

Table 7 - Body weight, body composition, and sleep variables after 12 weeks of time restricted 
feeding 

  
All Subjects 

(n = 23) 

 
Good sleepers 

(n = 13) 
 

 
Poor sleepers 

(n = 10) 

 Baseline Week 1 Week 
12 

Baseline Week 1 Week 
12 

Baseline Week 1 Week 
12 

Demographics          

    Age 50  2 -- -- 49  2 --  51  3 --  

    Sex 
(Female/Male) 

20 / 3 -- -- 12 / 1 --  8 / 2 --  

Anthropometrics          

    Body weight 
(kg) 

95  3 a 95  3 a 92  3 b 93  4 a 93  4 a 90  4 b 101  5 a 101  5 
a 

99  5 b 

    Fat mass (kg) -- 42  2 40  2* -- 40  3 38  3* -- 44  3 42  3* 

    Lean mass (kg) -- 50  2 50  2 -- 49  2 48  2 -- 52  3 52  3 

    Visceral fat 
mass (kg) 

-- 1.2  
0.1 

1.1  
0.1 

-- 1.0  
0.1 

1.0  
0.1 

-- 1.5  
0.1 

1.3  
0.2 

Compliance with 
diet (%) 

-- -- 80  4 -- -- 83  4 -- -- 76  8 
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Steps/d -- 6896  
723 

7443  
880 

-- 6324  
998 

7212  
1483 

-- 7533  
1069 

7700  
957 

Insomnia severity 
index (ISI)  

         

     Total score 6.2  1.0 5.2  
0.9 

5.3  
0.9 

3.9  1.1 2.5  
0.5 

2.5  
0.6 

9.1  1.1 8.6  
1.2 

9.0  
1.3 

Pittsburgh Sleep 
Quality Index 
(PSQI) 

         

     Total score 4.9  0.5 4.7  
0.5 

4.8  
0.7 

3.5  0.4 3.5  
0.4 

2.9  
0.4 

7.6  0.7 6.3  
0.8 

7.2  
1.0 

     Wake time 
(h:min) 

6:05  
0:15 

5:50  
0:20 

6:05  
0:15 

6:30  
0:25 

5:40  
0:25 

6:30  
0:20 

6:00  
0:25 

6:00  
0:20 

6:00  
0:25 

     Bedtime 
(h:min) 

22:35  
0:20 

22:30  
0:20 

22:35  
0:20 

22:30  
0:25 

22:30  
0:20 

22:30  
0:20 

22:55  
0:40 

22:35  
0:30 

22:55  
0:40 

     Sleep duration 
(h) 

7.5  0.2 7.7  
0.2 

7.9  
0.2 

8.0  0.3 7.2  
0.2 

8.0  
0.1 

6.9  0.3 7.3  
0.4 

6.9  
0.3 

Berlin 
questionnaire 

         

     High risk of 
obstructive 
sleep apnea (%) 

32% -- -- 23% --  44% --  

          
 

Values reported as mean  SEM. 1 Paired t-test comparing baseline to week 12 values for “All subjects”. 2 Repeated measures 

ANOVA (group  time interaction) comparing subjects who achieved “>3% weight Loss” versus subjects who achieved “<3% 

weight Loss”. 

 

Sleep 

Results from the ISI survey indicate an absence of clinically significant insomnia (ISI score 0-7) in “all 

subjects” and “good sleepers” at baseline, week 1 and 12 (Table 1). “Poor sleepers”, in contrast, 

displayed sub-threshold insomnia (ISI score 8-14) at baseline, with no significant difference by week 1 

or 12. Sleep quality was measured by the PSQI questionnaire (Figure 1). At baseline, PSQI total score 

was below 5 in “all subjects” and “good sleepers” indicating no sleep disturbance issues. PSQI score did 

not change significantly after 12 weeks of TRF in “all subjects” and “good sleepers”. PSQI total score 
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was greater than 5 in “poor sleepers” at baseline, indicating sleep disturbance issues at the beginning 

of the trial. PSQI score did not change significantly after 12 weeks of TRF in “poor sleepers”. Wake 

time, bedtime, and sleep duration did not change over the course of the study in any group (Table 1).  

Risk for obstructive sleep apnea was present in 32% of “all subjects”, 23% of “good sleepers” and 44% 

of “poor sleepers” at baseline (Table 1).   

Figure 4 - Sleep quality after 12 weeks of time restricted feeding 

 

Values reported as mean  SEM. Pittsburgh Sleep Quality Index (PSQI) questionnaire.  

“All subjects” represents the group of subjects as a whole (n = 23). Subjects were then divided into 

groups based on baseline sleep quality: “Good sleepers” (n = 13) are subjects with a PSQI total score 

equal to or below 5 at baseline and “Poor sleepers” are subjects with a PSQI total score greater than 

5 at baseline (n = 10). There were no statistically significant changes between baseline, week 1, and 

12 in any group 
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5. Discussion 

This study is the first to assess the effects of 8-h TRF on sleep in adults with obesity. Our findings 

suggest that TRF has no effect on sleep quality, timing, duration, or insomnia severity after 12 weeks of 

intervention. We also performed a sub-analysis to examine if poor sleepers would see greater 

improvements in sleep. Results reveal no improvements in sleep quality, timing or duration in poor 

sleepers by TRF. 

 

Accumulating evidence suggests that nighttime eating is associated with reduced sleep duration and 

poor sleep quality [118, 119]. Thus, we hypothesized that an 8-h TRF intervention, that requires 

subjects to stop eating by 18:00 h every day, would result in improved sleep in subjects with obesity. 

Contrary to our hypothesis, we did not observe any improvements in sleep after 12 weeks of TRF. It is 

possible, however, that no benefits were seen as our cohort had good sleep quality at baseline (i.e. 

PSQI score less than 5) [116]. Additionally, our participants had a mean sleep duration of 7.5 h at 

baseline, which is in line with the recommended 7 h minimum stipulated by the National Sleep 

Foundation [120].  Bearing this in mind, we performed a sub-analysis to examine if TRF would improve 

sleep in subjects with poor sleep habits at baseline. Interestingly, no improvements in sleep quality, 

timing or duration were noted in this subgroup of poor sleepers. It should be noted that the group of 

poor sleepers only had mild disturbances in sleep based on PSQI and ISI scores [116] ([115]. It will be of 

interest for future studies in this field to examine whether TRF can improve sleep in individuals with 

severe insomnia and persistent sleep disturbances. 

 



 

81 
 

Our study has several limitations. First, we had a small sample size (n = 23). Since our power calculation 

was based solely on body weight, it is likely that this study was not powered adequately to identify 

significant changes in sleep quality, timing or duration. However, our findings can serve as pilot data to 

inform future studies that examine the impact of TRF on sleep. Second, this intervention was not a 

randomized control trial. Future studies should implement a control group to determine if TRF 

improves sleep to a greater extent than subjects receiving no intervention. Third, we did not 

implement the morningness-eveningness questionnaire (MEQ) [121] to assess the choronobiology of 

our subjects at baseline. Last, all measures of sleep were given by self-report. This study would have 

benefitted from using wrist actigraphy to provide more objective assessments of rest-activity patterns.  

 

In summary, these preliminary findings suggest that TRF does not impact sleep quality, timing and 

duration in obese subjects with healthy habits at baseline. TRF also displayed no benefits in the 

subgroup of individuals with poor sleep habits at baseline. Although our study showed no positive 

effects, it’s important to note that TRF did not have any negative effects on sleep in this population 

group (i.e. sleep quality did not get worse, and sleep duration was not shortened). Thus, TRF can be 

viewed as an effective weight loss strategy that has no negative impact on sleep habits in subjects with 

obesity. 
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VI. DISCUSSION 

1. Aim 1: The effect of 8-h TRF on body weight and body composition in adults with obesity 

This is the first trial to examine the effect of 8-h TRF in subjects with obesity. We show that 12 weeks 

of 8-h TRF significantly decreases body weight by ~3% relative to a historical control group. Our 

findings also indicate that 8-h TRF elicits a natural caloric restriction of about ~350kcal/day. No changes 

were seen in fat mass loss, fat-free mass loss or visceral fat mass relative to the historical controls over 

12 weeks. Adherence to the 8-h TRF intervention was assessed via self-report. Our findings show that 

subjects were adherent to the diet ~6 days per week and this remained consistent throughout the 12-

week trial. It appears that adherence to 8-h TRF may be higher than in other forms of intermittent 

fasting, however these diets would need to be directly compared to make that assertion. On average 

subjects reduced their eating window by 3 h/d (i.e. from 11 h/d at baseline to 8 h/d during the TRF 

intervention). While our dropout rate was high (26%), no subjects dropped out due to issues with the 

diet, which bodes well for the use of TRF longer-term.  

 

2. Aim 2: The effect of 8-h TRF on metabolic disease risk factors 

Systolic blood pressure was reduced by 7 mm Hg (-5%) after 12 weeks of 8-h TRF. However, no other 

changes in metabolic disease risk factors were observed. It is possible that this group of subjects did 

not achieve enough weight loss to see improvements in other metabolic risk factors. Reductions in 

plasma lipids and glucoregulatory factors are generally only observed with >5% weight loss. 

Furthermore, subjects were metabolically healthy at baseline. Accumulating evidence suggests that 

intermittent fasting and other lifestyle regimens may have little effect on metabolic disease risk factors 

in healthy adults with obesity [3, 8, 97].   A longer-term TRF intervention should be completed in order 
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to assess if this diet could produce clinically significant weight loss in order to improve these metabolic 

disease risk factors.  

 

3. Aim 3: The effect of 8-h TRF on sleep quality and duration 

Our study was the first to examine the effect of 8-h TRF on sleep quality and duration.  Our findings 

suggest that 8-h TRF has no effect on sleep quality, timing, duration, or insomnia severity after 12 

weeks of intervention in subjects with obesity.  However, on average, our subjects were “good” 

sleepers at baseline (PSQI score above 5), which may have dampened the effect of the diet on sleep 

improvement. Therefore, we did a sub-analysis of “good” sleepers versus “poor” sleepers to see if 

these groups would react differently to TRF. No differences between groups were observed in sleep 

quality, timing, duration, or insomnia severity.  However, our study was powered for body-weight 

change and may not have been powered to determine change in sleep parameters. It is also important 

to note that no negative effects on sleep quality or duration was seen after intervention. Thus, TRF can 

be viewed as an effective weight loss strategy that has no negative effect on sleep quality or duration 

in subjects with obesity. 

 

4. Aim 4: The safety of 8-h TRF in adults with obesity  

This is the first study to examine the safety of 8-h TRF.  Our findings suggest that TRF is a safe diet 

therapy that does not negatively affect eating disorder symptoms, eating behaviors, or measures of 

overall health such as resting metabolic rate and complete blood count. Furthermore, no 

gastrointestinal or neurological adverse events were reported after 12 weeks of intervention. These 
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finding suggest that TRF is a safe diet therapy for weight loss in subjects with obesity. However, longer-

term trials with larger cohorts will be needed to confirm these findings.  
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VII. Future Directions 

 

Future studies in this area should examine the effectiveness of long-term 8-h TRF compared to other 

forms of intermittent fasting. Results from the present study indicate that TRF results in only mild 

weight loss (3%) after 12 weeks. Other forms of intermittent fasting, such as ADF, produce greater 

weight loss (4-7%) in the same time frame. It will be of interest to perform a head-to-head comparison 

of TRF versus ADF on body weight and other metabolic disease risk factors in adults with obesity. 

Comparing the tolerability and degree of dietary adherence that is achieved with TRF versus ADF in a 

longer-term (24-52 weeks) randomized controlled trial, is of great interest. 

 

A 6-h feeding window is another popular form of TRF, though very few studies exist to date [24, 25]. A 

trial comparing the effectiveness of 8-h vs 6-h TRF on body weight and metabolic disease risk markers 

should be performed. It will be interesting to see if compliance with the 6-h eating window is similar to 

that of the 8-h eating window. The degree of calorie restriction and weight loss that is produced by 6-h 

TRF versus 8-h TRF is also of interest. It is speculated that the shorter eating window will produce even 

greater calorie restriction, more pronounced weight loss, and potentially, improvements in various 

metabolic disease risk factors (blood pressure, triglycerides, and insulin resistance).  

 

The ideal placement of the 8-h TRF window is another question that should be examined. Insulin 

sensitivity is highest in the morning [122]. As such, placing the TRF window earlier in the day may have 

a greater impact on glucoregulatory factors. A future study that directly compares an early 8-h TRF 
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regimen (e.g. 8:00 am to 16:00 h) to a late 8-h TRF regimen (e.g. 12:00 pm to 20:00 h) on body weight, 

fasting insulin, fasting glucose and insulin sensitivity would be highly valuable to the field.  
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VIII. Conclusion 

 

In summary, these findings suggest that 8-h TRF produces mild caloric restriction and weight loss in 

adults with obesity, without intentional calorie counting. Adherence remained high throughout the 

study, and very few adverse events were reported. Moreover, TRF does not appear to have any 

negative effects on eating disorder symptoms, body image perception, or sleep quality and duration. 

As for metabolic disease risk, only blood pressure was improved. However, since the subjects in this 

trial were all metabolically healthy at baseline, this may have limited our ability to observe any changes 

in these risk factors. These preliminary data offer promise for the use of time-restricted feeding as a 

weight-loss technique in adults with obesity, but longer-term, larger-scale randomized controlled trials 

will be required before solid conclusions can be reached. 
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APPENDIX A - CONSENT FORM 
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APPENDIX A - CONSENT FORM - (continued) 
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APPENDIX A - CONSENT FORM - (continued) 
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APPENDIX A - CONSENT FORM - (continued) 
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APPENDIX A - CONSENT FORM - (continued) 
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APPENDIX A - CONSENT FORM - (continued) 
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APPENDIX A - CONSENT FORM - (continued) 
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APPENDIX A - CONSENT FORM - (continued) 
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APPENDIX A - CONSENT FORM - (continued) 
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APPENDIX A - CONSENT FORM - (continued) 
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APPENDIX B - RECRUITMENT POSTER 
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APPENDIX C – SCREENING QUESTIONNAIRE 
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APPENDIX D - TIME - RESTRCTED FEEDING INSTRUCTIONS 
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APPENDIX E - FOOD RECORD 
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APPENDIX F - BODY SHAPE QUESTIONAIRE 
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APPENDIX F - BODY SHAPE QUESTIONAIRE (continued) 
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APPENDIX G- MULTIDIMINSIONAL ASSESSMENT OF EATING DISORDER SYMPTOMS (MEADS) 

 

 

 

MAEDS 

 

Name:  _________________________________ Date:  ____________ 

 

Instructions:  Using the scale below, please rate the following items on a scale from 1 to 7.  

Please answer as truthfully as possible. 

 

1 = Never 

2 = Very Rarely 

3 = Rarely 

4 = Sometimes 

5 = Often 

6 = Very Often 

7 = Always 
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APPENDIX G – MULTIDIMINSIONAL ASSESSMENT OF EATING DISORDER SYMPTOMS (MAEDS) (continued) 

 

 

 

1--------------2---------------3-----------------4----------------------5-------------6---------------7 

NEVER    VERY        RARELY   SOMETIMES     OFTEN        VERY        ALWAYS 

             RARELY                  OFTEN 

 

1. Fasting is a good way to lose weight. 

    1  2   3  4     5  6     7 

 

2. My  sleep isn't as good as it used to be. 

    1  2     3  4     5  6     7 

 

3. I avoid eating for as long as I can. 

    1  2     3  4     5  6     7 

 

4. Certain foods are "forbidden" for me to eat. 

  1  2     3  4     5  6  7 

 

5. I can't keep certain foods in my house because I will binge on them. 

  1     2  3     4  5     6  7 

 

6. I can easily make myself vomit. 

  1     2  3     4  5     6  7 

 

7. I feel that being fat is terrible. 

  1     2  3     4  5     6  7 

 

8.  I avoid greasy foods. 

  1     2  3     4  5     6  7 

 

9. It's okay to binge and purge once in a while. 

  1     2  3     4  5     6  7 

 

10. I don't eat certain foods. 

  1     2  3     4  5     6  7 

 

11. I think I am a good person. 

  1     2  3     4  5     6  7 

 

12. My eating is normal. 

  1     2  3     4  5     6  7 

 

13. I can't seen to concentrate lately. 

 1     2  3     4  5     6  7 

 

14. I try to diet by fasting. 

  1     2  3     4  5     6  7 
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APPENDIX G – MULTIDIMINSIONAL ASSESSMENT OF EATING DISORDER SYMPTOMS (MAEDS) (continued) 

 

 

 

1--------------2---------------3-----------------4----------------------5-------------6---------------7 

NEVER    VERY        RARELY   SOMETIMES     OFTEN        VERY        ALWAYS 

             RARELY                  OFTEN 

 

15. I vomit to control my weight. 

  1     2  3     4  5     6  7 

 

16. Lately nothing seems enjoyable anymore. 

  1     2  3     4  5     6  7 

 

17. Laxatives help keep you slim. 

  1     2  3     4  5     6  7 

 

18. I don't eat red meat. 

  1     2  3     4  5     6  7 

 

19. I eat so rapidly I can't even taste my food. 

  1     2  3     4  5     6  7 

 

20. I do everything I can to avoid being overweight. 

  1     2  3     4  5     6  7 

 

21. When I feel bloated, I must do something to rid 

  myself of that feeling. 

  1     2  3     4  5     6  7 

 

22. I overeat too frequently. 

  1     2  3     4  5     6  7 

 

23. It's okay to be overweight. 

  1     2  3     4  5     6  7 

 

24. Recently I have felt that I am a worthless person. 

  1     2  3     4  5     6  7 

 

25. I would be very upset if I gained 2 pounds. 

  1     2  3     4  5     6  7 

 

26. I crave sweets and carbohydrates. 

  1     2  3     4  5     6  7 

 

27. I lose control when I eat. 

  1     2  3     4  5     6  7 

 

28. Being fat would be terrible 

  1     2  3     4  5     6  7 
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APPENDIX G - MULTIDIMINSIONAL ASSESSMENT OF EATING DISORDER SYMPTOMS (MAEDS) (continued) 

 

 

 

1--------------2---------------3-----------------4----------------------5-------------6---------------7 

NEVER    VERY        RARELY   SOMETIMES     OFTEN        VERY        ALWAYS 

             RARELY                  OFTEN 

 

29. I have thought seriously about suicide lately. 

  1     2  3     4  5     6  7 

 

30. I don't have any energy anymore. 

  1     2  3     4  5     6  7 

 

31. I eat small portions to control my weight. 

  1     2  3     4  5     6  7 

 

32. I eat 3 meals a day. 

  1     2  3     4  5     6  7 

 

33. Lately I have been easily irritated. 

  1     2  3     4  5     6  7 

 

34. Some foods should be totally avoided. 

  1     2  3     4  5     6  7 

 

35. I use laxatives to control my weight. 

  1     2  3     4  5     6  7 

 

36. I am terrified by the thought of being 

  overweight. 

  1     2  3     4  5     6  7 

 

37. Purging is a good way to lose weight. 

  1     2  3     4  5     6  7 

 

38. I avoid fatty foods. 

  1     2  3     4  5     6  7 

 

39. Recently I have felt pretty blue. 

  1     2  3     4  5     6  7 

 

40. I am obsessed with becoming overweight. 

  1     2  3     4  5     6  7 

 

41. I don't eat fried foods. 

  1     2  3     4  5     6  7 

 

42. I skip meals. 

  1     2  3     4  5     6  7 
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APPENDIX G – MULTIDIMINSIONAL ASSESSMENT OF EATING DISORDER SYMPTOMS (MAEDS) (continued) 

 

 

 

1--------------2---------------3-----------------4----------------------5-------------6---------------7 

NEVER    VERY        RARELY   SOMETIMES     OFTEN        VERY        ALWAYS 

             RARELY                  OFTEN 

 

43. Fat people are unhappy. 

  1     2  3     4  5     6  7 

 

44. People are too concerned with the way I eat. 

  1     2  3     4  5     6  7 

 

45. I feel good when I skip meals. 

  1     2  3     4  5     6  7 

 

46. I avoid foods with sugar. 

  1     2  3     4  5     6  7 

 

47. I hate it when I feel fat. 

  1     2  3     4  5     6  7 

 

48. I am too fat. 

  1     2  3     4  5     6  7 

 

49. I eat until I am completely stuffed. 

  1     2  3     4  5     6  7 

 

50. I hate to eat. 

  1     2  3     4  5     6  7 

 

51. I feel guilty about a lot of things these days. 

  1     2  3     4  5     6  7 

 

52. I'm very careful of what I eat. 

  1     2  3     4  5     6  7 

 

53. I can "hold off" and not eat even if I am hungry. 

  1     2  3     4  5     6  7 

 

54. I eat even when I am not hungry. 

  1     2  3     4  5     6  7 

 

55. Fat people are disgusting. 

  1     2  3     4  5     6  7 

 

56.  I wouldn't mind gaining a few pounds. 

  1     2  3     4  5     6  7 
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APPENDIX H - INSOMNIA SEVERITY INDEX (ISI) 
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APPENDIX I - BERLIN QUESTIONAIRE 
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APPENDIX J - PITTSBOURGH SLEEP QUALITY INDEX (PSQI) 
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APPENDIX J - PITTSBOURGH SLEEP QUALITY INDEX (PSQI) (continued) 
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APPENDIX K - PEDOMETER LOG 
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APPENDIX L - COPYRIGHT AGREEMENT FOR MANUSCRIPT 1 
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APPENDIX M - COPYRIGHT AGREEMENT FOR MANUSCRIPT 2 

 

 



 

116 
 

APPENDIX N - COPYRIGHT AGREEMENT FOR MANUSCRIPT 3 
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