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Abstract 
 
Obesity is a global health concern since it can develop into a clustering of 
pro-atherosclerotic metabolic abnormalities, including elevated blood 
pressure, blood glucose, and triglycerides and lower levels of high-density 
lipoprotein (HDL) cholesterol. Considering the rising prevalence of obesity 
in developed as also in developing countries, remedial measures are 
necessary to deter the upsurge of diet-related diseases. Caloric 
restriction, low carbohydrate, and high protein diet plans are some 
popular dietary strategies for weight loss and improving metabolic health. 
Even so, these methods face the problems of weight regain in the long 
term. Instead of controlling the quantity and nutritional quality of diets, 
approaches like reducing the number of meals per day or increasing 
fasting hours between meals, have recently been investigated for their 
usefulness in decreasing insulin resistance along with weight loss. There 
are limited intervention trials reporting the impact of meal frequency 
(MF) and time-restricted feeding (TRF) on weight control and metabolic 
health markers. Therefore, in this review, we surveyed literature to assess 
the impact of meal frequency and time-restricted feeding for their 
effectiveness in achieving weight loss and insulin sensitivity. This review 
demonstrates the potential of meal frequency and extended fasting hours 
for achieving weight loss and sound metabolic health. Lower meal 
frequency of 2 to 3 meals per day with higher protein intakes is a 
sustainable lifestyle change that can achieve weight loss, reduced 
adiposity and insulin sensitivity. TRF, with a smaller fasting window (12-
14 hours), may be beneficial in achieving weight loss provided there is a 
compensatory adjustment in total caloric and carbohydrate intake. 
However, due to the lack of uniformity in study designs, sample sizes, 
duration, and outcome parameters, currently published data are  
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Introduction 
Worldwide prevalence of obesity has markedly increased in the past few decades1. Obesity leads 

to many metabolic abnormalities such as insulin resistance, hyperlipidemia, and high blood 

pressure. These, in turn, increase the risk of developing non-communicable diseases, i.e. type 2 

diabetes and cardiovascular disease2. Multiple factors such as sedentary lifestyle, 

overconsumption of food or hormonal imbalance may contribute to the rise in the percentage of 

obese and overweight individuals3. Amongst the conventional corrective measures for reducing 

adiposity, the most predominant are restricting dietary intakes of calories, fats, and sugars, 

increasing protein intake and physical activity. Several studies have reported that individuals 

consuming plant-based meals experience improved blood sugar control as well as reduced risk of 

cardiovascular disease compared to people consuming animal foods 2 to 3 times a day4.   People 

consuming plant-based diets have been found to have better insulin sensitivity, lower insulin 

concentrations and higher insulin-stimulated glucose uptake compared to their omnivorous 

counterparts5. It has also been observed that a high protein (31%), low-carbohydrate plant-based 

diet has lipid-lowering advantages over a high-carbohydrate, low-fat lacto-ovo-vegetarian weight-

loss diet (16% protein) in improving cardiovascular risk6. Regular consumption of pulses in an ad-

libitum diet is reported to be equally effective in reducing the risk of metabolic syndrome 

compared to energy restricted diets. Overweight or obese adults consuming five cups of 

pulses/week for 8 weeks without calorie restriction were equally benefitted with improved blood 

sugar control and reduced waist circumference as those without legume meals but calorie cutting. 

The legume group also gained additional benefits of increased HDL and insulin regulation7.  

Caloric restriction combined with exercise or otherwise, results in negative energy balance and 
thus, results in weight loss. Weight loss induced by negative energy balance is reported to be 
helpful in improving metabolic risk factors associated with obesity8; weight loss also helps in 
enhancing insulin sensitivity9. Weight loss, caloric restriction and increased physical activity are 
observed to be beneficial in improving insulin sensitivity10. However, in a long-term study on 
women with the intervention of caloric restriction and increased physical activity,  the weight loss 
at the end of 7.5 years was not significantly different between the ‘Eat less and move more’ group 
and the control group.  Further, the intervention group regained weight after one year of caloric 
restriction and increased exercise11,12. The reasons for the weight regain despite reducing calorie 
intake may be the adaptations to calorie restriction. Thus, the calorie intake deficit leads to less 
energy expenditure and the hormonal signals that stimulate hunger increase13. One of the 
fundamental hormones that regulates energy metabolism and promotes fat accumulation is 
insulin. High insulin levels cause insulin resistance and in turn, lead to weight gain.  

inadequate to recommend either of these strategies for overcoming the 
risk of metabolic syndrome.  
 
Keywords: meal frequency, time-restricted feeding, obesity, insulin 
resistance, weight loss, body fat, HbA1c, metabolic risk, fasting glucose, 
lipids 
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Insulin is a peptide hormone secreted by beta cells of islets of Langerhans, located in the pancreas. 
Circulating insulin concentrations increase with feeding14. The quantity of insulin secreted by beta 
cells depends on the prevailing circulating blood glucose concentrations, as well as the nature and 
quantity of food consumed. Dietary carbohydrates trigger an increase in blood glucose levels more 
than the other two macronutrients, proteins and fat. The rise in blood glucose stimulates insulin 
release. Insulin binds with its receptor to initiate translocation of glucose receptors (GLUT 4) on 
the cell surface. This allows entry of glucose inside the cells; glucose can then be used for energy 
production and/or storage15.  

Insulin has three major target tissues: skeletal muscles, adipocytes, and hepatocytes. Only these 
three tissues are capable of deposition and storage of glucose. In healthy individuals, blood insulin 
concentrations increase in response to food from 15 µU/ml to 40 µU/ml, which results in glucose 
uptake by target cells. As a result of the postprandial insulin surge, blood glucose concentrations 
return to within 90-120 mg/dl in around 2 hours16.There are two primary conditions that 
contribute to the development of insulin resistance: high insulin levels and constant stimulus. 
When the postprandial increase in circulating insulin is unable to bring the circulating glucose level 
in the optimum range, beta cells secrete additional insulin to reduce the high circulating blood 
glucose levels; this state indicates resistance to insulin. The compensatory hyperinsulinemia 
response prevents frank hyperglycemia but at the same time, increases an individual’s risk of 
developing some degree of glucose intolerance. Hyperinsulinemia also, may result in high 
circulating levels of triglycerides, a lower concentration of high-density lipoproteins (HDL-C) and 
also, essential hypertension. These conditions are collectively known as the metabolic syndrome17.  

A constant stimulus for insulin release is the frequent rise in blood glucose due to increased 
frequency of eating18. With three meals per day and no snacks in between, insulin will be released 
three times; after breakfast in the morning, after lunch at noon, and after dinner at night. This 
pattern ensures a balanced 10 hours of eating window with fourteen hours of fasting. This creates 
a balance between periods of high insulin (eating) and decreased insulin (fasting). Varying fasting 
and eating hours, also called time-restricted feeding (TRF), will affect insulin release. Insulin 
resistance, which is caused by persistently high insulin levels, can be avoided with this diet pattern. 
Eating two to three snacks in addition to three meals per day was considered as a strategy to keep 
blood glucose levels in a moderate range. This reduces the fasting hours, in turn, causing the 
recurrent release of insulin. This pattern of eating is likely to result in down-regulation of receptors 
and development of insulin resistance. This further emphasizes the possible role of meal frequency 
and timing in controlling insulin resistance and in turn, reducing obesity and the metabolic 
syndrome.  

Figure 1 illustrates a probable model for the development of insulin resistance and obesity and 
depicts how strategies such as caloric restriction, reduced meal frequency and time restricted 
feeding may be helpful against development of obesity and insulin resistance. 
  
Cross-sectional studies are inconsistent in reporting the beneficial effects of eating frequently per 
day in controlling obesity in adults19,20. Some prospective studies have shown that frequent 
snacking leads to weight gain21,22. Other studies have reported meal timing as an important factor 
in achieving and maintaining weight loss23. Other than weight control, the effect of meal frequency 
on metabolic markers of health, namely, glucose, insulin, and lipid concentrations has been 
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investigated in normal weight adults more than in overweight/obese individuals24,25. Many 
randomized controlled trials have examined the effects of two or three meals vs multiple meals 
per day in normal and diabetic individuals26,27. The objective of the present review was therefore, 
to evaluate the efficacy of varying patterns of meal frequency and time-restricted feeding in 
weight control and reducing metabolic risk, as also to provide insight about dietary advice for 
overweight and obese or diabetic individuals.  

 
Figure 1: Insulin Resistance and Obesity: 

High carbohydrate content of food and sedentary lifestyle cause rise in blood glucose levels, which 

along with increased frequency of eating result in hyperinsulinemia. Excessive insulin in circulation 

causes de-novo lipogenesis in the liver, because of which blood glucose levels rapidly fall and result 

in increased hunger. Increased hunger causes excessive eating leading to positive energy balance. 

The free fatty acids get deposited in liver and muscle cells.  Together, the positive energy balance 

and fatty acid deposition in muscle and liver cells lead to obesity which, in turn, leads to insulin 

resistance and hyperglycemia. Conventional weight loss strategies (mainly caloric restriction) 

cause weight and fat loss which reduces insulin resistance. Reduced meal frequency (RMF) and 

Time-restricted feeding (TRF) prohibit hyperinsulinemia and hence, may avoid the development 

of this vicious cycle. 
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Literature search methods  
Meal frequency and time restricted feeding as strategies for achieving metabolic health or 
controlling obesity include a variety of inter-related factors including diet composition, the timing 
of meals, food order of eating and so on. Relevant studies are also diverse in both outcome 
measures and study design. Therefore, a non-systematic review method was applied and a 
comprehensive literature search was carried out with electronic databases Google Scholar and 
PubMed central using various combinations of keywords: meal frequency, time restricted feeding, 
body fat, overweight, insulin resistance, hyperlipidemia and impaired glucose. Inclusion criteria 
were: i) studies published between 2005 till 2018, ii) randomized and nonrandomized control 
trials, iii) cohort and observational studies, iv) participants above 18 years of age, v) primary 
outcome measures as body weight, fat mass, relevant cardio-metabolic markers, glucose and 
insulin levels. Exclusion criteria were: studies reporting the effect of meal frequency on energy 
expenditure24, cross-sectional studies without any intervention20,28, children and adolescent 
populations, participants with cardiovascular disorders and type 2 diabetes mellitus. We identified 
90 studies through literature search as relevant to the objectives. Of these, we included 18 studies 
in our analysis as they were the best fit with the selection criteria. Details of 9 meal frequency 
studies and 9 TRF studies are given in Table 1 and Table 2 respectively. 

 
TABLE 1: Summary of Meal frequency studies 

Study Population Duration Study 
Design 

Eating 
pattern 
(MF*) 

Significant Findings 

Arciero et al, 
201329 

30 adults 
(45.9 ± 9.4 
yr), BMI: 

30.3 ± 5.9 
kg/m2 

4 weeks Parallel 3 meals vs 
6 

meals/day 

Change in body weight for 3 
m/d -4% vs -2.8% in 6 m/d; 
percent body fat -5.8% for 3 

m/d vs -7.5% for 6 m/d 
Plasma glucose and insulin 

showed no significant 
difference. 

Macronutrient composition 
(increased dietary protein), 

nutrient quality (low 
glycemic index and 

unprocessed 
carbohydrates), and 

frequency of eating (six 
times per day) is more 

important than total energy 
intake for overweight/obese 
men and women to reduce 

abdominal obesity and 
enhance postprandial 

thermogenesis. 
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Cameron, 
Marie-Jose, 
& Doucet, 

201026 

8 men & 8 
women 

(34.6 ± 9.5 
yr), BMI: 

37.1 ± 4.5 
kg/m2 

8 weeks RCT# 3 meals vs 
6 

meals/day 

Though not significant, 
3 m/d group showed more 
reduction in BMI (-5.4%), 

body fat (-8.1%) than 6 md/ 
group (-4% in BMI, -6.5% in 

body fat) 

Betts, et al., 
201430 

21 women 
and 12 men 
(21-60 yr), 
BMI: 22.4 ± 
2.2 kg/m2 

6 weeks RCT Daily 
breakfast 
(≥700 kcal 

before 
1100) vs 
extended 
fasting (0 
kcal until 

1200) 

 

Marginal decreases in BMI 
in both daily breakfast 

group  (-0.18%) vs extended 
fasting (no breakfast) group 

(– 0.6% reduction)   and -
1.2% reduction in body fat 

in breakfast group vs 0.39% 
in fasting group although 

not significant. 

Bachman, J. 
L., & Raynor, 
H. A. 201231 

51 men & 
women 

(51.0 ± 9.9 
yr), BMI: 

35.5 ± 4.8 
kg/m2 

6-
months 

RCT 3 meals vs 
6 

meals/day 

Both 3 MF and 6 MF groups 
showed a similar significant 
reduction in BMI and body 

fat after 6 months. 
 
 

Munsters, M. 
J., & Saris, W. 

H. 201232 

12 men (18-
31 yr). BMI: 
21.6 ± 0.6 

kg/m2 

Two 36 
hours’ 

periods. 
One 

week 
apart 

Rando
mized 
2-way 
cross 
over 
study 

3 meals vs 
14  

meals/day 

Glucose and insulin profiles 
showed greater 

fluctuations, but a lower 
AUC of glucose in the 3MF 

diet compared with the 
14MF diet. 

 
 

Heden et al, 
201333 

8 obese 
women (39 
± 3 yr), BMI  
34.5 ± 1.3 

kg/m2 

Two 12 
hr 

periods, 
one 

month 
apart 

Rando
mized 
cross-
over 
study 

 

3 meals vs 
6 

meals/day 

3 meals /d results in higher 
postprandial insulin 

concentrations than a 6 
meals/d 

The iAUC! for insulin was 
significantly higher in 3 

meals/d pattern indicating 
higher postprandial insulin 
concentration with lower 

meal frequency. 

Kanaley, 
Heden, Liu, & 

Fairchild, 
201434 

3 men and 
11 women 

(29-50 
years), BMI 

3 12-hr 
study 

periods, 
one 

Rando
mized 
cross 
over 
study 

3 meals vs 
6 

meals/day 

Postprandial insulin 
response was significantly 

higher in 3 meals/d. 
Insulin total AUC and peak 

insulin concentrations were 
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of 35·5± 3.7 
kg/m2 

month 
apart 

significantly higher in lower 
meal frequency (3 m/d) 

compared to higher meal 
frequency (6 m/d) indicating 

increased postprandial 
insulin response with a 

reduction in meal 
frequency. Meal frequency 

didn’t significantly alter 
insulin secretion and 
glucose: insulin ratio 

Dixit & 
Indurkar, 

201718 

33 
prediabetic 
men and 15 
prediabetic 

women 

3 
months 

Self-
controll

ed 
interve
ntion 
trial 

2 
meals/day 

Significant reduction in 
HbA1c and fasting insulin 

levels as compared to 
baseline 

In prediabetic participants 
lower meal frequency (2 

meals/d) resulted in 
significant reduction (-

13.4%) in HbA1c and fasting 
insulin levels in a duration of 

3 months compared to 
baseline 

State, et al., 
200725 

15 men and 
women, 

(45.0 ± 0.7 
yr), 

BMI: 23.4 ± 
0.5 kg/m2 

two 8-
wk 

treatme
nt 

periods 

Rando
mized 
Cross 
Over 
Study 

3 meals vs 
1 meal/day 

Significant reduction in body 
weight and body fat mass in 

1 meal/day vs 3 meals/d. 
Compared to HF (3 m/d) LF 

(1 m/d) resulted in loss body 
weight by -2.1% and body 

fat by -13%. 
 

*MF: meal frequency,!RCT: Randomised Controlled Trial, !iAUC: incremental area under the 
curve, NS: Not Significant. 
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Table 2: Summary of Time-restricted feeding studies 

Study Population Duration Study 
Design 

Eating 
pattern 
(TRF*) 

Significant Findings 

Norouzy, et 
al., 201335 

158 men 
and 82 
women 

(40.1± 0.7), 
BMI: (M) 
26.4± 0.5  

and (F) 
27.7 ± 0.8  

kg/m2 

1 month Prospecti
ve 

observati
onal 

study 

No 
Restrictio

n 

Ramadan fasting resulted in 
reduced body weight (-2.2% 

in males and – 1.3%); fat 
mass (-4.3% in males and -
2.0% in females)) in ≤ 35 

years group and ((-1.6% in 
males and -1.0% in females), 
(-2.4% in males and + 0.8% 
in females) in 36-70 years 

group respectively. 

Al-Hourani & 
Atoum, 
200736 

57 women 
(21.6 ±4.1 
yr), BMI: 

22.2 ± 3.2 
kg/m2 

1 month Prospecti
ve 

Observati
onal 

Study 

No 
Restrictio

n 

Ramadan fasting resulted in 
significant reduction in body 

weight (-1.0%). 

Lamri-
Senhadji, 
Kebir, & J 
Belleville, 

200937 

22 men 
and 24 
women 

(24±3 yr), 
BMI: 22 – 

25 
kg/m2 

1 month Prospecti
ve 

Observati
onal 

Study 

2 meals 
during 

Ramadan 
compare

d to 5 
meals in 

usual 
months 

Ramadan fasting resulted in 
a decrease in body weight (-

1.9% in women and 0% in 
men) the change was NS for 

both groups. 

Ajabnoor, et 
al., 201438 

18 males 
and 5 

females 
(23.16±1.2 

yr) 

1 month Prospecti
ve 

Observati
onal 

Study 

No 
restrictio

n 

No significant change in 
body weight, BMI and % 
body fat during the study 

period.  A significant 
increase in HOMA IR; during 
Ramadan fasting, the HOMA 
IR value changed from 1.98 
± 0.24 to 4.51± 1.04 in the 
morning and 4.94 ± 0.8 to 

12.01 ± 1.53 in the evening. 

Harder-
Lauridsen N. 

M., et al., 
201739 

10 healthy 
lean men 
aged 18 – 
35 years 

BMI: 22.5 
kg/m2 

8 weeks Non-
randomiz
ed cross 

over 
interventi
on study 

4 weeks 
control 
period 

followed 
by 4 

weeks of 
14 hr/d 
fasting 

TRF showed significant 
reduction in BMI as 

compared to control period 
(-0.3 kg/m2 vs + 0.2 kg/m2), 

total fat mass (-0.1 vs 
+0.1%) and HbA1c (-0.8 vs -

1.1). 
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Sutton, et al., 
201840 

8 pre-
diabetic 

men (56 ± 
7 yr), 

BMI: 32.2 ± 
4.4 kg/m2 

5 weeks Randomiz
ed Cross 

Over 
Study 

6 hours 
(TRF) vs 
12 hrs 

(control) 
Time-

Restricted 
Feeding 

TRF regime showed a 
significant decrease in 

fasting insulin by 3.4 ± 1.6 
mU/L, mean and peak 
insulin values by 26 ± 9 
mU/L and 35 ± 13 mU/L 
respectively; leading to a 

reduction in insulin 
resistance (3 hr increment 

ratio) by 36 ± 10 U/mg. 

Tinsley, et al., 
201641 

28 healthy, 
recreationa

lly active 
men 

(22.5±4.1 
yr), 

overweight 
and obese 

8 weeks RCT 4 hr 
eating 

window 
after 4 

pm. 

TRF group showed -1.14% 
change in body weight, -

0.33% change in lean tissue 
and -3.37% change in fat 

mass, although not 
statistically significant from 

the control group. 

Gabel, et al., 
201842 

23 
participant
s (50±2 yr); 
BMI: 35 ± 1 
kg/m2, with 

historic 
controls 

(48± 2 yr) 
and BMI 

34± 1kg/m2 
 

12 
weeks 

Pilot 
Study 

8 hr 
eating 

window 
between 
10.00 to 
18.00 hr 

TRF group showed a 
significant decrease (-3.1%) 
in body weight, -4.8% in fat 

mass as compared to 0% 
change in the control group. 

Antoni, 
Robertson, 

Robertson, & 
Johnston, 

201843 

16 healthy 
men and 

women (47 
± 3 years 

and BMI 29 
± 1.7 

kg/m2) 

12 
weeks 

Pilot 
Study 

Feeding 
window 
reduced 
by 3 hr 

TRF group showed a 
reduction (-0.8%) in body 
weight although NS from 
the control group (-0.6%). 

TRF group showed 
significant (-1.9 ± 0.3 %) 

reduction in body fat 
compared to control group 

(0%). 

TRF: extended Time-restricted feeding 

Results and Discussion: 

Meal frequency 
Daily energy intake depends on the total intake of food per day, the energy density of food 

consumed and feeding frequency44. Several cross-sectional studies have reported an inverse 

relationship between eating frequency and body weight45,46,28. It has been postulated that 
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increased meal frequency causes a reduction in hunger and cravings, increase in metabolism, 

improvement in glycaemic control and reduction in body weight and % body fat47. Moreover, it 

has been reported that people who maintain their weight in a healthy range (BMI 19 -24.9 Kg/M2) 

with/without weight loss, tend to eat more frequently (3 meals + 2 snacks) compared to people 

who are unable to maintain their weight48. 

However, an opposite trend was reported by randomized controlled trials. A reduction in body 

weight was observed to be more (-4%) in 3 MF than 6 MF (-2.8%), but the percent body fat was 

reduced more in 6 MF in a study by Arceiro et al, 2013 (Table 1)29. Cameron et al, 2010 on the 

other hand, found a higher reduction in BMI as also body fat in adult men and women consuming 

3 MF than those consuming 6 MF26. In a 6 months’ intervention of 3 MF vs 6 MF, both the groups 

showed a significant reduction in energy intake, BMI and percent body fat (p<0.01). However, 

percent reduction in BMI (16.5% vs 13.7%) or body fat (21.8% vs 17.6%) were slightly more in 3 

MF than 6 MF though not statistically significant31. Further, the belief that breakfast is an 

important meal of the day was tested in an RCT where one group was given breakfast and the 

other had no breakfast with remaining meals being the same. Results indicated no significant 

difference between the two groups with respect to BMI and body fat. Fasting plasma glucose and 

serum insulin concentrations were unaffected by 6 wk of either daily breakfast or extended 

morning fasting30. Nonetheless, regular daily breakfast maintained more stable glucose responses 

during the afternoon and evening. With no breakfast, in a self-controlled intervention trial for 3 

months, 2 meals/day with 45 min walking/day resulted in a significant reduction in body weight, 

HbA1c and waist circumference18. In a randomized crossover design with two 8-wk treatment 

periods of 3 vs 1 meal/day, normal weight adults on 1 meal/day showed weight loss and a decrease 

in fat mass25. In most of these studies, duration was 4 weeks to 6 months.  

Some studies have reported the effect of ingestion of a varying number of meals in two periods of 

12 hrs or 36 hrs. Short term study (36 hr) of the response of glucose and insulin to low meal 

frequency (3MF) was found to be lower though not stable as compared to 14 MF in normal healthy 

men32. Other short term studies (12 hr) in obese women and men demonstrated higher insulin 

response with 3 MF than 6 MF33, 34.  

Thus, these studies indicate no significant difference in weight loss as a result of low (3 or fewer 

meals/day) or high (6 or more meals/day) meal frequency 30, 31,49. Nevertheless, compared to low 

meal frequency, high meal frequency does offer a significant reduction in hunger31 along with 

reduced protein oxidation, stable blood glucose and insulin (lower peaks, higher troughs, and 

values during the course of the day), which indicates improvement in glycaemic control32. The 

lower protein oxidation in high meal frequency can be a useful dietary strategy when increased 

daily protein uptake is a treatment goal. The benefits of increased meal frequency in reducing 

metabolic fluctuations are translated better in overweight and obese populations compared to 

normal weight and/or normoglycemic population50. Consuming increased protein ( by 35%) more 

frequently (6 meals/d) decreased total and abdominal body fat, increased lean mass over three 

meals/day in overweight individuals during both energy balance and negative energy balance 

states29. These observations suggest that increasing meal frequency is helpful in preventing 

metabolic fluctuations and preserving lean tissue.  
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 On the other hand, improved glycaemic control as a result of increasing meal frequency may not 

result in weight loss for several reasons.  Firstly, the stable and high circulating insulin in the high-

frequency diet is not sufficient to inhibit oxidation of dietary fatty acids. Secondly, low-frequency 

diet can improve the feeling of satiety by inhibition of ghrelin to a greater degree compared to 

high-frequency diet and thus, provide improved appetite control. Lastly, since snacks are typically 

high carbohydrate and high-fat calorie dense foods, they increase the total daily caloric intake32. 

 Low meal frequency offers improvement in metabolic profile by reducing the circulating 

concentrations of triacylglycerol (TAG). It has been proposed that the lower TAG concentrations 

in three meals/day dietary pattern are because of higher postprandial insulin concentration 

compared to six meals/day dietary pattern. In obese women, higher postprandial insulin 

concentration (significantly high insulin iAUC) and lower postprandial TAG concentration (15% vs 

22% above the baseline) in lower meal frequency was observed as compared to higher meal 

frequency. The higher insulin concentration causes uptake of free fatty acids into adipocytes by 

the action of insulin-sensitive lipoprotein lipase33. This gives rise to a question; ‘Will reducing meal 

frequency even further, help with weight loss and improvement in metabolic profile?’ Few studies 

have reported the effects of meal frequency of fewer than 3 meals per day. In a randomized cross-

over study with normal weight women, it was observed that reducing meal frequency from three 

to two meals per day had no significant effect on 24-hr energy expenditure, diet-induced 

thermogenesis (DIT), activity-induced energy expenditure and sleeping metabolic rate (SMR)24. 

The satiety was reported to be higher in 3 meals/day compared to 2 meals/day whereas, the fat 

oxidation was reported to be higher with increased inter-meal intervals. The observation that two 

meals per day result in higher dietary fat oxidation suggests that meal frequency plays a role in 

differential utilization of substrate.  

In the self-controlled trial with prediabetic men and women, two meals/day dietary pattern 

brought significant reduction in HbA1c and fasting insulin levels compared to baseline within three 

months18. In a randomized cross-over study of eight-week duration in normal-weight men and 

women, compared to three meals, one meal per day dietary pattern resulted in an increase in 

total, LDL and HDL cholesterol and a decrease in triacylglycerol and cortisol concentrations with 

no significant difference in circulating glucose concentration25. These studies indicate a promising 

trend of reduction in meal frequency (less than 3 meals/d) for weight loss and improved glycaemic 

control. However, more studies with varied study populations and longer study duration are 

required to advocate lower (< 3 meals/day) meal frequency for better metabolic health.  

To summarise, high meal frequency (6 or more meals/day) imparts improvement in glycaemic 

control and macronutrient partition. However, improved glycaemic control with higher meal 

frequency doesn’t ensure weight loss. In contrast, low meal frequency (3 meals/day) is a promising 

strategy for weight loss and loss of body fat with modest or even absence of caloric restriction. 

Reducing the meal frequency even further may be beneficial in potentiating the weight and fat 

loss benefits. 
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Time-restricted feeding  
Both feeding/fasting methods impact circadian rhythm, our body’s internal clock. The circadian 

rhythm is mainly controlled by light and dark stimuli in an area of the brain’s hypothalamus called 

the SCN, suprachiasmatic nucleus.  In agreement with the body clock, the concept of time 

restricted feeding encourages eating only within a defined time interval, usually an 8-hour window 

each day, and can be thought of as extending the normal overnight fast that occurs naturally with 

sleep. Time-restricted feeding refers to restricting the timing of food intake to certain hours per 

day without an overt attempt to reduce caloric intake51. The feeding window may be anywhere 

between 3 to 12 hours per day followed by a fast of 21 to 12 hours respectively52.  

Commonly reported evidence of time restricted feeding is from Ramadan studies. Ramadan 

fasting takes place during daylight hours from sunrise to sunset. There is seasonal variation 

between the duration of fast with longest fast being ~ 14 hours39. Studies have reported mixed 

effects of Ramadan fasting in terms of weight loss and/or other study parameters (Table 2). This 

may be due to the variation in dietary intake as a result of cultural influences. With similar dietary 

intake before and during observing Ramadan, the effect of TRF on weight and fat loss is reported 

to vary among age groups. A significant reduction was reported in weight loss, waist and hip 

circumference, %body fat in young men below 35 years of age, while no reduction in waist, hip 

and fat mass in 36-70 yr old women35. Another study in young women (18-29 years) with similar 

caloric and macronutrient content of diet pre and during Ramadan showed a significant decrease 

in body weight and %body fat36. The study based on Ramadan model of fasting (14 hr fasting/day) 

in ten lean, healthy men reported a significant reduction in BMI as a result of fasting for four 

weeks39. With significant alteration in caloric and macronutrient intake during Ramadan fasting in 

healthy, young Algerian adults (21-27 years), no significant change in body weight and 

improvement in cardiovascular risk parameters (reduction in LDL concentration and increase in 

LDL concentration) has also been documented41. Lastly, a study conducted in young (22-24 years) 

healthy Saudi Arabians, reported that fasting resulted in an alteration in adipokine pattern 

indicating a state of insulin resistance and hence, increased cardio-metabolic disease risk. Authors 

proposed disruption in circadian rhythm as the probable cause of exacerbation of metabolic risk 

parameters42. One of the reasons for diverse results in these studies is an alteration in lifestyles 

including changes in regular meal pattern with increased total energy and carbohydrate intake, 

different sleep cycle, etc. Ramadan studies indicate that in order to be beneficial TRF need to be 

designed with controlled caloric and micronutrient intake appropriate for individual’s health 

maintenance. Despite this, the effects of TRF on body weight and % body fat are influenced by an 

individual’s age and gender. These results are important as guidelines for designing a format of 

TRF giving due consideration to confounding factors such as age, gender, circadian rhythm, and 

individual meal composition,  

In other studies on TRF, feeding time varied from 4 hr to 8 hr. The main focus in TRF is on restricting 

the time and not the caloric intake53. Without limiting the consumption of any food, the time 

restriction alone is expected to show a significant reduction in caloric intake and ultimately weight 

loss. It has been reported that a feeding window restricted to 4 hours/day resulted in a caloric 

deficit of 650 kcal41 and feeding window restricted to 8 hours per day resulted in a caloric deficit 
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of 341 ± 53 kcal/day42. The most notable aspect is that, in both cases, in spite of caloric deficit 

there was no significant reduction in lean tissue. The deficit of 650 kcal didn’t result in significant 

weight and/or fat loss in young, healthy and recreationally active men. This suggests that there 

may be a compensatory reduction in energy expenditure as a result of TRF. However, the small 

size of the intervention group (10 participants), self-reported dietary intake of the participants and 

relatively limited duration (8 weeks) of study may have masked the effects of TRF on weight loss41. 

Recently, Gabel et al, 2018 found that a caloric deficit of ~ 350 kcal/day resulted in significant 

weight loss (-2.6%) in 23 obese participants in a duration of 12 weeks42. However, the weight loss 

was not accompanied by a subsequent change in fat mass, visceral fat mass, lean tissue mass, 

circulating triglycerides, fasting glucose and insulin concentration, indicating lack of improvement 

in cardio-metabolic disease risk. 

Sutton et al, 2018 conducted the first supervised controlled feeding trial to test whether early 

time-restricted feeding (eTRF) has benefits independent of weight loss by feeding participants 

enough food to maintain their weight40. eTRF implies time-restricted feeding in alignment with 

circadian rhythms with early dinner in the mid-afternoon and 6 hr daily eating period. The 5 weeks 

of eTRF improved insulin levels, insulin sensitivity, β cell responsiveness, blood pressure and 

oxidative stress levels in men with prediabetes-even though food intake was matched with the 

control group and no weight loss occurred.  

Although TRF was or wasn’t able to achieve weight loss, the studies have reported a reduction in 

adiposity43 and improvement in insulin sensitivity40 with the increased fasting window (16-18 

hours of fasting). In a pilot study by Antoni et al, 2018, 16 hours fasting for the duration of 10 

weeks, was able to produce a significant reduction in % body fat with no change in body weight in 

13 overweight participants. This suggests a compensatory increase in lean tissue mass during the 

intervention43.   

Together the data from TRF studies indicate that fasting duration (~ 16 hours or more) is critical in 

achieving weight loss and improvement in cardio-metabolic risk markers. The fasting window of 

16 hours or more results in the caloric deficit that translates into weight loss. In TRF, the caloric 

deficit does not seem to have a negative effect on lean tissue mass. It is important to take into 

consideration the limitation of most of the TRF studies that they are pilot studies with limited 

duration and small sample sizes. Moreover, adopting TRF as a change in lifestyle may be a difficult 

challenge. Long-term studies with larger sample sizes and fasting duration in line with circadian 

rhythm need to be conducted to elucidate the appropriateness of TRF as a dietary strategy for 

achieving metabolic health. 

 
Conclusions 
The present review highlights the fact that frequency and timing of meals and time restricted 
feeding have potential as strategies for achieving health benefits. Lower meal frequency of 2 to 3 
meals per day is a sustainable lifestyle change that can achieve weight loss, reduce adiposity and 
insulin sensitivity without restricting daily caloric intake. However, considering the possible 
increased protein oxidation, meals need to be designed with compensatory protein intakes. 
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TRF, with a smaller fasting window (12-14 hours) may be beneficial in achieving weight loss 
provided there is a compensatory adjustment in total caloric and carbohydrate intake. The longer 
fasting window (>16 hr) can improve metabolic health and achieve weight loss with an ad-libitum 
diet without any apparent restriction in terms of daily caloric or carbohydrate intake. However, 
TRF has not yet been reported as a feasible long term solution. 

Current literature on MF and TRF lacks uniformity in study designs, effective sample sizes, duration 
of intervention and participant characteristics. Further research on optimal meal frequency, timing 
and fasting hours are necessary to develop strategies for a healthy lifestyle for populations and for 
offering therapeutic dietary advice. 
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