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INTRODUCTION
In this minireview, we aim to shed light on the im-
portance of IF for overall well-being and physical 
health. Additionally, we investigate whether the 
order of macronutrient consumption can influence 
the trajectory of the blood glucose curve in isoca-
loric meals.
Since ancient times, people have practiced fast-
ing for various reasons, such as religious, spiritu-
al, self-discipline, and others (Grajower & Horne, 
2019). However, with the advent of the industrial 
revolution and the year-round availability of food, 
modern society has significantly increased the 
frequency of eating and snacking. The number of 
daily meals has shifted drastically from the widely 
accepted 2–3 meals per day in the 1970s to more 

than 10 eating occasions per day today (Gill & 
Panda, 2015).	
Modern society has tended to reduce the complex 
issue of fat accumulation to a simple equation: cal-
ories in versus calories out. This view is rooted in 
the first law of thermodynamics, which states that 
energy within a system is conserved, meaning the 
energy input must equal the energy output plus 
any change in internal energy (“C.” 2015). This 
belief has become widely adopted and forms the 
basis of one of the most commonly recommend-
ed weight-loss strategies: to lose weight, one must 
simply consume fewer calories and increase ener-
gy expenditure through physical activity (Expert 
Panel Report: Guidelines for the Management of 
Overweight and Obesity in Adults, 2013; Schwartz 

ABSTRACT
Introduction: Overweight and obesity have become major public health con-
cerns in modern society. The widespread availability of calorie-dense foods, 
coupled with a decline in physical activity, has significantly contributed to the 
rise in nutrition-related metabolic disorders. The increasing frequency of daily 
meals may further exacerbate this issue. Feeding patterns have shifted dramat-
ically from the traditional 2–3 meals per day in the 1970s to more than 10 eat-
ing occasions per day in recent years. This trend signals a worrying trajectory, 
with the prevalence of overweight and obesity potentially reaching alarming 
levels. As of 2021, 537 million people were diagnosed with diabetes, a number 
projected to rise to 783 million by 2045. To address this growing crisis, some 
nutrition experts have proposed restricting the daily feeding window, while oth-
ers recommend strategies aimed at reducing insulin spikes, such as consuming 
macronutrients in a specific order: vegetables, then meat, followed by rice. This 
minireview aimed to outline the most used weight loss strategies, the scientific 
knowledge that supports them, and the assumptions made by logic.
Methodology: For the sake of our investigation, we have reviewed twenty-six 
scientific studies, national database reports, expert panel reports, dietary guide-
lines, and meta-analyses. The literature was categorized to address the various 
dimensions of the topic systematically.
Results: Intermittent fasting (IF) when combined with a strict order of macro-
nutrient ingestion within the feeding window appears to first reduce the time 
frame for alimentation. This temporal restriction is associated with a decrease 
in meal frequency and total caloric consumption across the day. Moreover, the 
consequent reduction allows a reduction in insulin levels, which in turn assists 
in lipolysis to occur and provide glucose for normoglycemia.
Conclusion: IF, combined with structured macronutrient intake, contributes to 
reduced insulin secretion and offers a promising approach for modulating post-
prandial glucose and insulin responses.
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et al., 2017).
Ludwig et al. (2021) describe two of the most 
prominent models that have shaped nutritional 
science over the past century. The first is the En-
ergy Balance Model (EBM), which posits that re-
ducing caloric intake (eating less) and increasing 
physical activity should inevitably lead to weight 
loss. This model, however, largely overlooks the 
complexity of human biological systems, focusing 
narrowly on the arithmetic of calorie intake versus 
expenditure. In contrast, the Carbohydrate-Insu-
lin Model (CIM) offers an alternative explanation. 
CIM attributes fat accumulation to the overcon-
sumption of highly processed, high-glycemic-load 
foods, which disrupt hormonal regulation, partic-
ularly insulin, and promote a positive energy bal-
ance (Ludwig et al., 2021).
In a complementary perspective, Pontzer et al. 
(2016) describe two models of energy expenditure 
that account for total energy expenditure (TEE). 
The first, the additive model, is more widely recog-
nized, likely due to its simplicity. It conceptualizes 
TEE as the sum of the energy expended on phys-
ical activity and the basal metabolic rate (BMR), 
assuming the latter remains constant. The second, 
the constrained model, considers the adaptive na-
ture of biological systems. It posits that increases in 
physical activity or decreases in caloric intake are 
met with compensatory reductions in other meta-
bolic processes. In this view, total energy expendi-
ture does not increase proportionally with physical 
activity but is instead regulated by a reduction in 
BMR to maintain energy balance (Bautista et al., 
1998; Pontzer, 2015).
IF has been shown to enhance metabolic rate and 
increase the secretion of norepinephrine, thereby 
promoting fat metabolism over glucose oxidation, 
reducing insulin secretion, and contributing to 
body weight reduction (Zauner et al., 2000; Natalu-
cci et al., 2005). Prolonged fasting periods, such as 
the 18:6 protocol, may suppress appetite, naturally 
leading to reduced caloric intake and subsequently 
lowering both glucose and insulin levels. This met-
abolic shift favors fat oxidation to meet the body’s 
energy demands (Cienfuegos et al., 2020).
Complementary to fasting, the macronutrient or-
der of meals may also influence glycemic control. 
Specifically, consuming food in the sequence of 
vegetables, proteins, and carbohydrates has been 
shown to attenuate postprandial glucose spikes 
(Imai et al., 2011; Shukla et al., 2015; Nesti et al., 
2019; Sun et al., 2020). By blunting insulin peaks, 
this strategy supports more stable blood glucose 
levels, reduces the risks of both hypo- and hyper-

glycemia, and minimizes the long-term complica-
tions associated with poor glycemic control (Na-
than et al., 1993; UKPDS 33 & 34, 1998; Nathan et 
al., 2005; Holman et al., 2008).
In summary, an effective dietary strategy should 
consider not only caloric intake but also hormonal 
regulation. Fasting appears to integrate both fac-
tors through a relatively simple protocol involving 
extended periods of food deprivation followed by a 
defined feeding window.
In this study, we aimed to evaluate whether IF com-
bined with sequential food consumption (vegeta-
bles first, followed by proteins and then carbohy-
drates) would result in a synergistic effect greater 
than either strategy alone. To investigate this, we 
compiled data from twenty-six peer-reviewed sci-
entific studies relevant to the topic and analyzed 
them to determine the validity of this approach. 

METHODOLOGY
To identify relevant studies, we utilized several 
academic databases, including PubMed, Google 
Scholar, Scopus, and Web of Science. The inclusion 
criteria were defined to encompass clinical trials 
focused on overweight, obesity, insulin resistance, 
diabetes, nutrition, dieting, IF, and the regulation 
of blood glucose and insulin. Additionally, some 
database-generated recommendations were con-
sidered for review. Complementary data, such as 
country-specific and global incidence trends, were 
also included, sourced from expert panel reports, 
national health databases, and best practice guide-
lines. A total of twenty-six scientific studies were 
evaluated against alternative approaches, forming 
the foundation of this minireview article.

RESULTS
Caloric restriction (CR) has been shown to result 
in a decline in resting metabolic rate (RMR), an 
indicator of reduced energy expenditure for basal 
physiological processes (Leibel et al., 1984). This 
reduction is accompanied by decreased levels of 
several appetite- and metabolism-regulating hor-
mones, including leptin, cholecystokinin (CCK), 
ghrelin, and reported subjective hunger. Follow-
ing weight loss, the body appears to engage in 
homeostatic compensation through significant 
reductions in leptin, peptide YY (PYY), CCK, 
and insulin (p < .001 for all comparisons), amylin 
(p = .002), and pancreatic polypeptide (p = .008). 
Conversely, average levels of ghrelin and gastric 
inhibitory polypeptide (GIP) increase significant-
ly (p < .001), contributing to enhanced appetite 
(Sumithran et al., 2011).
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In contrast to traditional CR, IF operates through 
distinct physiological and hormonal mechanisms. 
IF not only influences the quantity and type of food 
consumed but also emphasizes meal timing and 
the fasting-feeding cycle. It has been shown to low-
er insulin levels, reduce overall caloric intake, im-
prove insulin sensitivity, and enhance fat oxidation
In terms of energy expenditure, Zauner et al. 
(2000) reported a significant increase in resting 
energy expenditure (REE), measured via indi-
rect calorimetry, during a four-day fasting pro-
tocol involving 11 lean, fit participants. REE rose 
from 3.97 ± 0.9 kJ/min at baseline to 4.53 ± 0.9 
kJ/min by day 3 (p < .05), accompanied by a sub-
stantial increase in serum norepinephrine levels 
from 1716 ± 574 to 3728 ± 1636 pmol/L. Patel et 
al. (2002) reported comparable trends, with REE 
increasing from 4.89 ± 0.3 kJ/min on day 1 to 5.02 
± 0.4 kJ/min on day 3
Evidence from multiple studies suggests that the 
sequence in which macronutrients are consumed, 
specifically, consuming carbohydrates after pro-
teins and/or fats, can significantly influence glyce-
mic control. This pattern promotes glucagon-like 
peptide-1 (GLP-1) secretion from the intestine, 
enhances insulin and glucagon release, and delays 
gastric emptying, collectively resulting in a flatter 

postprandial glucose curve (Nesti et al., 2019).
A study by Shukla et al. (2015) demonstrated 
that the order of macronutrient consumption can 
produce glycemic effects comparable to those of 
pharmacological agents aimed at lowering post-
prandial glucose. Similarly, Imai et al. (2011) 
conducted a study involving groups of diabetic 
participants divided into two dietary intervention 
methodologies. The Exchange-Based Meal Plan 
(EXB) group (n = 32) received guidance on food 
exchanges using standardized nutritional values, 
while the other Vegetables Before Carbohydrates 
(VBC) group (n = 69) was instructed to consume 
vegetables prior to carbohydrate intake at each 
meal. Both groups showed significant improve-
ments in HbA1c over 24 months, but the VBC 
group demonstrated superior outcomes at 6, 9, 12, 
and 24 months.
Sun et al. (2020) further confirmed the impact of 
macronutrient sequencing. In their study, post-
prandial glucose levels peaked when rice was con-
sumed first, followed by vegetables and meat. The 
researchers concluded that beginning a meal with 
vegetables, followed by protein and ending with 
carbohydrates, significantly improves glycemic, in-
sulinemic, and incretin responses.

Figure 1. Given five different food intake sequences, each respective postprandial glucose response 
over a 180-minute timeframe. Reproduced from Sun et al. (2020) with permission from Elsevier.

Since IF reduces insulin levels and low insulin 
permits lipolysis, the increase in physical activity 
during IF is likely to promote fat oxidation. Utiliz-
ing fat as a primary energy source contributes to 
the reduction of adipose tissue and supports weight 
loss. This mechanism aligns with the (CIM), which 
posits that low insulin levels are essential for mobi-
lizing fat as a metabolic fuel during periods of en-

ergy demand, such as exercise. Furthermore, com-
bining IF with strategic macronutrient sequencing, 
specifically consuming vegetables first, followed by 
protein, and carbohydrates last, may help sustain 
lower postprandial insulin levels. This dietary pat-
tern enhances the conditions necessary for contin-
uous fat oxidation and may optimize body compo-
sition over time.
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DISCUSSION
IF consists of a fasting period followed by a de-
fined eating window. As insulin and glucose levels 
fall after the last meal, glucagon rises, stimulating 
glycogen breakdown and fat oxidation. Once gly-
cogen stores are depleted, triglycerides become the 
primary energy source, a shift sustained only under 
low insulin. IF also increases norepinephrine and 
growth hormone, enhancing fat oxidation, preserv-
ing lean mass, and maintaining metabolic rate.
The findings of this minireview support the con-
clusions of Ludwig et al. (2021) regarding the CIM. 
Hormones are an integral component of human 
physiology, enabling adaptation to dynamic envi-
ronmental and metabolic demands. This adaptive 
hormonal responsiveness has played a vital role in 
the evolution and survival of the human species. 
Hormones act as chemical messengers synthesized 
by the endocrine system; they travel through the 
bloodstream to specific organs or tissues, trigger-
ing targeted physiological responses.
In contrast, the EBM largely disregards hormonal 
dynamics. It assumes that the only factors influenc-
ing weight regulation are the caloric content of con-
sumed foods, measured in kilocalories per gram, 
and total energy intake. According to this model, 
if energy intake is lower than energy expenditure, 
the resulting deficit is compensated by mobilizing 
stored adipose tissue (Ludwig et al., 2021).
Ludwig et al. (2021) argue that CIM more effective-
ly captures the hormonal and metabolic processes 
that regulate energy balance. By contrast, the EBM 
assumes all calories are equivalent, summarized 
in the phrase “a calorie is a calorie,” and overlooks 
macronutrient-specific hormonal effects. Ludwig 
and colleagues call for a paradigm shift toward 
dietary quality, emphasizing low-glycemic-load 
foods and carbohydrate restriction as more effec-
tive strategies for managing obesity. 
The EBM holds that combining caloric restriction 
with exercise promotes weight loss, with the addi-
tional energy for muscular work drawn from fat 
stores (Ludwig et al., 2021). Pontzer et al. (2016) 
challenge this view, however, with the constrained 
model, which proposes that the body adapts by 
downregulating other processes, thereby keeping 
total energy expenditure within a limited range.
This constrained response reflects hormonal reg-
ulation, particularly insulin’s inhibition of fat mo-
bilization, as well as evolutionary adaptations to 
energy scarcity. Pontzer et al. (2016) found that 
caloric deficits reduced non-exercise activity ther-
mogenesis (NEAT) and, by week 40, lowered basal 
metabolic rate (BMR), ovarian activity, and estro-

gen in women. Such adaptations underscore the 
limits of the “eat less, move more” approach and the 
need for a more nuanced understanding of weight 
regulation.
Adherence to severe caloric restriction is strongly 
affected by hunger. Leibel et al. (1995) showed that 
prolonged restriction produces a hormonal pro-
file that intensifies appetite and impedes fat loss: 
ghrelin and gastric inhibitory polypeptide (GIP) 
increase, stimulating hunger and insulin secretion, 
while leptin, peptide YY (PYY), cholecystokinin 
(CCK), insulin, amylin, and pancreatic polypeptide 
decline, reducing satiety (Sumithran et al., 2011).
Leptin, which regulates long-term energy balance 
by signaling satiety and modulating expenditure, 
declines with adipose loss, signaling deficiency, and 
promoting intake. Reductions in PYY and CCK 
further weaken short-term satiety. Amylin, secret-
ed with insulin at ~1:100, slows gastric emptying 
and enhances satiety while stabilizing postprandial 
glucose; its decline undermines both glycemic con-
trol and fullness.
In a study by Sumithran et al. (2011), partici-
pants who had successfully completed a weight 
loss program were followed for one year. From 
which researchers found that levels of leptin, PYY, 
CCK, insulin, ghrelin, GIP, and subjective hunger 
remained significantly altered long after initial 
weight loss. These findings suggest that the hu-
man body engages multiple homeostatic mecha-
nisms to defend fat mass.
The elevation in blood glucose due to food con-
sumption stimulates the pancreas to secrete insu-
lin. However, elevated insulin levels also inhibit 
lipolysis, primarily by inducing the inactivation of 
hormone-sensitive lipase (HSL) and dephosphory-
lation (Enoksson et al., 1998). 
Collectively, these findings suggest that norepi-
nephrine not only promotes fat mobilization at the 
tissue level but also contributes to maintaining or 
even increasing overall energy expenditure during 
periods of caloric restriction or fasting.

Limitations
To the authors’ knowledge, there are currently no 
long-term studies specifically focused on IF that 
track hormonal changes over extended periods of 
fasting. This lack of longitudinal data limits our 
understanding of the long-term efficacy, safety, and 
sustainability of IF.
This minireview was designed to explore the com-
bined effects of two independently supported 
weight management strategies, IF and macronutri-
ent sequencing. However, several limitations must 
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be acknowledged:
•	 Small sample sizes in many of the included 

studies, which result in low statistical power and 
make it difficult to detect small but potentially 
meaningful effects or to generalize findings to 
broader populations.

•	 Protocol inconsistencies across studies, in
cluding potential methodological errors or 
deviations, may introduce bias and affect the 
accuracy of the pooled results.

•	 Lack of standardization in intervention designs 
(e.g., fasting duration, meal composition, mac
ronutrient proportions) may contribute to he
terogeneity and reduce the comparability of 
outcomes across studies.

These limitations underscore the need for well-con-
trolled, large-scale, long-term studies to confirm 
the proposed benefits of combining IF with stra-
tegic macronutrient intake and to establish robust, 
evidence-based guidelines for clinical and public 
health applications.

CONCLUSION 
There is a substantial amount of scientific liter-
ature regarding IF alone that attributes benefits 
like reduced insulin levels, improved insulin resis-
tance, reduced adipose tissue, etc. to IF. A growing 
pool of studies using the order of macronutrient 
intake consisting of vegetables, protein, and car-
bohydrates, lastly, suggests that this sequence of 
macronutrient ingestion reduces insulin spikes to 
a degree resembling pharmaceutical drugs. The 
synergy of IF with such macronutrient order in the 
feeding window offers a promising approach for 
modulating postprandial glucose excursions and 
insulin response. Further experimental research 
combining those two strategies must be conducted 
in order to see if the presumable net effect will elicit 
the expected results.
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