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ABSTRACT

Background: Metabolic syndrome, characterized by central obesity, dysglycemia, dyslipidemia, and
hypertension, significantly increases the risk of cardiovascular disease and type 2 diabetes. Insulin resistance,
primarily driven by visceral adiposity, plays a central role in its pathogenesis. Intermittent fasting (IF) has
gained attention as a non-pharmacological intervention to improve metabolic health by promoting metabolic
flexibility and improving insulinsensitivity. Methods: A 12-week randomized observational study was
conducted with 200 overweight adults (BMI > 25 kg/m?) aged 18-50 years. Participants were randomly
assigned to either the intermittent fasting group (8-hour time-restricted eating) or a control group with no
dietary intervention. Metabolic syndrome markers including fasting blood glucose, blood pressure, waist
circumference, triglycerides, HDL cholesterol, and BMI were measured at baseline and after 12 weeks.
Results: The intermittent fasting group showed significant improvements in fasting blood glucose (-6.7
mg/dL), blood pressure (-7/5 mmHg), waist circumference (-4.2 cm), triglycerides (-30.2 mg/dL), and HDL
cholesterol (+5.1 mg/dL). BMI decreased by 1.3 kg/mz in the IF group, compared to 0.2 kg/m2 in the control
group. 24% of the IF group showed overall improvement in metabolic syndrome, compared to 0% in the
control group. Additionally, 36% of the IF group improved in two or more metabolic syndrome components.
Conclusion: Intermittent fasting significantly improved key markers of metabolic syndrome in overweight
adults, including glucose, blood pressure, lipid profile, and body weight. These findings support the potential
of intermittent fasting as an effective non-pharmacological approach for managing metabolic syndrome and
improving cardiometabolic health.
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INTRODUCTION

Metabolic syndrome is a combination of interconnected risk factors; central obesity, dysglycemia,
dyslipidemia and hypertension, which synergistically increases the risk of cardiovascular disease and type 2
diabetes mellitus. Its pathogenesis revolves around insulin resistance instigated largely by increased visceral
adiposity. Adipose tissue dysfunction encourages the discharge of free fats and proinflammatory adipokines
which disturb the capability of insulin-driven appreciation of glucose in the skeletal muscle and enhance
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gluconeogenesis in the liver. The higher prevalence rate of metabolic syndrome in overweight adults (body
mass index 2529.9 kg/m 2 ) is a disproportionately high share of metabolic syndrome, which underlines the
necessity of competent and sustainable measures to avoid cardiometabolic risks.

Intermittent fasting (IF) has become a nonpharmacological intervention exploring the use of the time of eating
to promote metabolic flexibility. The typical types of IF frameworks consist of alternate-day fasting (ADF),
time restricted eating (TRE), and periodical fasting schedules e.g., 5:2 diet. In contrast to continuous energy
deficit, IF triggers the switching between glucose-dependent metabolism to fatty acid and ketone consumption
- so-called metabolic switching - that takes place approximately 12 to 16 hours after fasting. Nutrient-sensing
pathways are activated through this change: AMP-activated protein kinase (AMPK) is stimulated, mechanistic
target of rapamycin complex 1 (MTORCL1) is prevented, and the autophagy is facilitated. As a whole, these
adaptations favor mitochondrial biogenesis, increased insulin sensitivity, and removal of pathological cell
constituents.

Due to clinical evidence, the efficacy of IF has made rapid development in overweight adults with metabolic
syndrome. Yuan et al. performed a systematic review and meta-analysis of randomized controlled trials of
participants with impaired glucose and lipid metabolism, and reported that fasting blood glucose improved
significantly ( - 0.15 mmol/L; 95% CI: 1.43 to 0.06), HbAlc ( - 0.08%; 95 % CI: 0.25 and 0.10) and that
fasting blood insulin ( - 13.25 -16.71 Varady et al.[1] also showed that ADF induced a similar weight loss as
continuous energy restriction but provided more benefits to the LDL cholesterol and insulin sensitivity levels
2. In a meta-analysis, Welton et al.[2] proved that IF reduces considerable levels of total cholesterol, LDL
cholesterol, and triglycerides, indicating an increase in the hepatic processing of lipids[3]. Komleva and co-
authors revealed mechanistic predisposition indicating that IF enhances pulsatile secretion of growth hormone
and autophagy-mediated metabolic control[4]. The study by Semnani-Azad et al. compared several IF
strategies in a network meta-analysis study and revealed that TRE and ADF produced the largest body weight
and HOMA-IR reductions [5]. A randomised trial on obese adults with normal metabolism carried out by
Trepanowski et al. showed that ADF enhances weight maintenance and cardioprotection in the long-term [6].
In a study to show that TRE increases fat oxidation and circadian alignment without affecting lean mass, Liu
et al. [7]reported the results of a study of healthy volunteers participating in an oral glucose tolerance test and
a meal challenge trial with and without TRE manipulation A systematic review (umbrella review), carried out
by Obes Rev, supported the positive results of IF®, which bring about improvements in cardiometabolic
outcomes among various populations.[8]

Mechanistically, the advantage of IF go beyond calorie deficit. Fasting causes a decrease in circulating
insulin, which leads to lipolysis of adipose tissue and 8-oxidation in the liver, which raises synthesis of ketone
bodies. Ketones are an effective fuel source and signal molecules, which reduce inflammation and oxidative
stress. As such, AMPK activation increases glucose availability and mitochondrial processes, and mTORC1
inhibits autophagy and maintenance of proteostatic balances. These well-coordinated processes maintain
metabolic stability and increase cardiometabolic resiliency.

With the increased rate of metabolic syndrome in adults with overweight status and the drawbacks of classical
caloric-restriction regimens, IF can be considered a potential additional intervention. Time-restricted feeding
provides metabolic advantages beyond that of weight-loss and addresses central pathophysiology of the
metabolic syndrome. To define evidence-based guidelines, future research should aim to optimise optimal IF
regimens and long-term adherence and safety, and effectiveness in different clinical populations.

METHODOLOGY

Study Design: This study was designed as a randomized observational study to assess the impact of
intermittent fasting (IF) on metabolic syndrome markers in overweight adults. Participants were randomly
assigned to either an intervention group following an intermittent fasting regimen or a control group with no
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dietary intervention. The trial duration was 12 weeks, and various metabolic parameters were measured at
baseline and after the intervention.

Participants: A total of 200 overweight adults (BMI > 25 kg/m?) aged between 18 and 50 years were
recruited for the study. Inclusion criteria included individuals with no history of chronic diseases such as
diabetes, hypertension, or cardiovascular disease, and no ongoing medical treatment affecting metabolism.
Participants who were pregnant, lactating, or had any medical conditions that could interfere with the study
were excluded. Written informed consent was obtained from all participants prior to enroliment.
Randomization and Group Allocation: Participants were randomly assigned to one of two groups: the
intermittent fasting group or the control group. Randomization was performed using a computer-generated
random number sequence to ensure equal distribution of participants in each group. The intervention group
followed an intermittent fasting regimen, while the control group maintained their usual eating habits without
any intervention.

Intervention Protocol: The intervention group followed a time-restricted intermittent fasting protocol, where
they were instructed to eat within an 8-hour window each day (e.g., from 12:00 pm to 8:00 pm) and fast for
the remaining 16 hours. They were advised to consume their usual daily caloric intake during the 8-hour
eating window and were provided with educational materials on healthy food choices and portion control. The
control group continued with their regular eating habits and were not provided with any specific dietary
guidelines or restrictions.

Metabolic Syndrome Markers: The primary metabolic syndrome markers assessed in this study included:

e Fasting Blood Glucose (FBG): Measured after a 12-hour fast using standard glucose testing methods.

e Blood Pressure (BP): Systolic and diastolic blood pressure were recorded using an automated
sphygmomanometer.

e Waist Circumference: Measured at the midpoint between the lower ribs and the iliac crest using a
flexible measuring tape.

o Triglycerides (TG): Blood samples were collected, and triglyceride levels were measured using an
enzymatic colorimetric method.

o HDL Cholesterol: Serum HDL cholesterol levels were measured using a standard laboratory method.

Body Mass Index (BMI): BMI was calculated for all participants at baseline and after 12 weeks of

intervention. Weight was measured using a calibrated digital scale, and height was measured using a

stadiometer. BMI was calculated using the formula:

BMI=Weight (kg)Height (m)2\text{BMI} = \frac{\text{Weight (kg)}}{\text{Height (m)}"*2}

Outcome Measures: The primary outcome measure was the change in metabolic syndrome markers (FBG,
BP, waist circumference, triglycerides, HDL cholesterol) after 12 weeks of intermittent fasting intervention.
The secondary outcome measure was the change in BMI between the two groups over the 12-week period.
Changes in the number of participants meeting the criteria for metabolic syndrome before and after the
intervention were also evaluated.

Data Collection: Baseline data were collected before the intervention, and follow-up assessments were
performed at the end of the 12-week period. All measurements were conducted by trained healthcare
professionals using standardized protocols to ensure accuracy and reliability. Blood samples were collected
after an overnight fast, and all participants were instructed to refrain from exercise or alcohol consumption 24
hours prior to the testing.
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Statistical Analysis: Descriptive statistics were used to summarize baseline characteristics of the participants.
The primary analysis was conducted using paired t-tests to compare pre- and post-intervention values within
each group and independent t-tests to compare changes between the intervention and control groups. The
results were considered statistically significant if the p-value was less than 0.05. A chi-square test was used to
compare the percentage of participants meeting metabolic syndrome criteria between the two groups.

Ethical Considerations: The study was conducted in accordance with the ethical principles of the
Declaration of Helsinki. Approval was obtained from the Institutional Review Board (IRB) of the
participating institution. All participants provided written informed consent before enrollment in the study,
and confidentiality of their personal information was maintained throughout the research process.

RESULTS
Table 1: Baseline Characteristics of Participants
Variable Intermittent  Fasting | Control Group | p-
Group (n=50) (n=50) value

Age (years) 40.5+5.2 41.2+6.0 0.65
Gender (M/F) 25/25 26/24 0.89
BMI (kg/m?) 30.2+28 30.0+3.1 0.79
Baseline Fasting Blood Glucose (mg/dL) 102.1£10.3 101.5+9.8 0.85
Baseline Blood Pressure (mmHg) 132/85 + 10/6 133/86 + 11/6 0.72
Baseline Waist Circumference (cm) 954 +5.1 96.2+5.3 0.64
Baseline Triglycerides (mg/dL) 170.3+22.4 168.7 + 23.1 0.80
Baseline HDL Cholesterol (mg/dL) 42.5+6.3 41.8+6.5 0.79

This table shows the demographics of the intermittent fasting and control group as the baseline data. It
contrasts variables of age, gender, BMI, and metabolic syndrome markers of fasting blood glucose, blood
pressure, waist circumference, triglycerides and HDL cholesterol. The p-values indicate the absence of
significant difference at baseline in the groups indicating that the groups were well-matched prior to the
intervention.

Table 2: Changes in Metabolic Markers after 12 Weeks

Marker Intermittent Fasting Group (n=50) | Control Group (n=50) | p-value
Fasting Blood Glucose (mg/dL) | 95.4+8.3 (| 6.7) 100.8+9.9(] 0.7) 0.02
Blood Pressure (mmHg) 125/80 + 10/6 (| 7/5) 132/85+11/6 (| 1/1) 0.01
Waist Circumference (cm) 91.2+49(] 4.2) 94.8+5.1(] 1.4) 0.03
Triglycerides (mg/dL) 140.1£19.4 (] 30.2) 1643 +£21.6 (| 4.4) 0.001
HDL Cholesterol (mg/dL) 476 +7.2(15.1) 42.0+6.2(]0.2) 0.005

Changes in the markers of metabolic syndrome made by intervention at 12 weeks are presented in table 2. A
total of five parameters of interest, fasting blood glucose, fasting blood pressure, fasting waist circumference,
triglycerides, and HDL cholesterol exhibited significant changes between baseline and 12-week marks in the
intermittent fasting group with all the p -values showing statistical significance. Conversely, the control group
did not change that much, demonstrating the possible advantages of intermittent fasting as regulating the
markers of metabolic health.
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Table 3: Change in BMI in Both Groups after 12 Weeks

Group BMI at Baseline | BMI at 12 Weeks | Change in BMI | p-
(kg/m?) (kg/m?) (kg/m?) value

Intermittent Fasting Group | 30.2+2.8 289+25 -1.3+05 0.04

Control Group 30.0x3.1 29.8+3.0 -0.2x£0.3 0.30

In this table, the table is used to show the comparison of the difference in BMI of the intermittent fasting and
control groups at the end of 12 weeks. Intermittent fasting group also recorded a loss in BMI with the mean
loss ratio set at 1.3 kg/m 2. The minor change of -0.2kg/m in the control group indicates that intermittent
fasting might be a highly efficient way of handling overweight people among older adults than not doing
anything at all.

Table 4: Distribution of Metabolic Syndrome Criteria at Baseline vs. Post-Intervention

Criteria Intermittent Fasting Group (n=50) | Control Group (n=50)
Baseline

Elevated Fasting Glucose (=100 mg/dL) 32 (64%) 31 (62%)
Elevated Blood Pressure (>130/85 mmHg) | 28 (56%) 30 (60%)
Elevated Waist Circumference (>94 c¢cm) 35 (70%) 37 (74%)
Elevated Triglycerides (>150 mg/dL) 35 (70%) 36 (72%)
Low HDL Cholesterol (<40 mg/dL) 24 (48%) 27 (54%)
Post-Intervention

Elevated Fasting Glucose (>100 mg/dL) 18 (36%) 28 (56%)
Elevated Blood Pressure (>130/85 mmHg) | 15 (30%) 25 (50%)
Elevated Waist Circumference (>94 cm) 22 (44%) 31 (62%)
Elevated Triglycerides (>150 mg/dL) 22 (44%) 33 (66%)
Low HDL Cholesterol (<40 mg/dL) 16 (32%) 24 (48%)

The table 4 shows how the participants that fit the criteria of having metabolic syndrome have been distributed
at the baseline and at the end of the 12 weeks. Intermittent fasting resulted in significant changes in the
percentage of subjects who had levels of fasting glucose, blood pressure, waist circumference, and
triglycerides, and those with low HDL cholesterol, that qualified as elevated.

Table 5: Comparison of the Percentage of Participants Meeting Metabolic Syndrome Criteria Post-
Intervention

Metabolic Syndrome Criteria | Intermittent Fasting Group (n=50) | Control Group (n=50) | p-value
Number of criteria met (>3) 12 (24%) 22 (44%) 0.05
Improvement in >2 criteria 18 (36%) 15 (30%) 0.43
No improvement in any criteria | 20 (40%) 13 (26%) 0.11

Table 5 evaluates the difference in the proportion of subjects who fulfilled the metabolic syndrome criteria at
the end of 12weeks intervention. A greater percentage of people in the intermittent fasting group (36 percent)
improved in two or more of the criteria as opposed to the control group (30 percent). Additionally, indicators
showed that a larger percentage of the intermittent fasting group (24%) fulfilled the criteria of improvement of
metabolic syndrome compared to the control group (44%) who did not.
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DISCUSSION

It was shown in the current 12-week randomized observational study that intermittent fasting (IF) had
statistically significant effects: it reduced the concentrations of fasting blood glucose and systolic and diastolic
blood pressure, waist circumference, triglycerides, body mass index (BMI) (by 1.3 kg/m 2 ), and increased
HDL cholesterol. On the contrary, the control group showed minimum and insignificant changes in all these
markers. Also, 36 percent of the IF arm had improvement of two or more metabolic syndrome components
compared to 30 percent of controls and 24 percent of IF participants had overall improvement in metabolic
syndrome compared with none of controls.

These results were consistent with those of the TIMET trial, in which adults with metabolic syndrome
achieved marked fasting glucose, hemoglobin Alc, total cholesterol, LDL cholesterol, systolic blood pressure,
body weight, and body mass index improvement after a 10-hour time-restricted eating protocol during 3
months, with no loss of lean body mass[9]. Interestingly, the scale of weight loss in BMI was shown in the
TIMET trial to be similar, determined at a value of -1.3 kg/m 2 in the study reflecting the comparability to this
study and the replicability of weight loss in the IF intervention of populations with metabolic syndrome.

In 2020, systematic review and meta-analysis of eleven studies on intermittent fasting demonstrated an
average loss of 3.59 kg (95% CI: 3.59 to 2.59, p < 0.0001) and a BMI reduction of 1.39 kg/m 2 (95% ClI: 1.87
to 1.92 0.92, p < 0.0001). In the meta-analysis research, there were found significant changes in LDL
cholesterol ( 56.22 mg/dL; 95% CI. -80.14 to 32.29; p < 0.0001) and systolic blood pressure ( -5.54 mmHg;
95% CI: -7.55 to 3.53; p < 0.0001), whereas the changes in HDL cholesterol and fasting glucose were small
and not significant [10]These meta-estimates reflect the gains by our study in lipid and blood pressure
parameters and they confirm the benefits of IF which seems to work well across such a variety of protocols.
Further trials that support the metabolic benefits of fasting regimes are the alternate-day fasting (ADF). In an
ADF versus daily calorie restriction head-to-head study, participants with insulin resistance reported a 52
percent decrease in fasting insulin (compared to 17 percent in the calorie-restricted group; p < 0.05) and a 53
percent decrease in HOMA-IR (compared to 11 percent in the calorie-restricted group; p < 0.05) after 12
months although both groups showed similar weight loss[11]. Even though we did not directly measure
indices of insulin resistance, the large reductions in fasting glucose and triglycerides were associated with
prominent gains in insulin sensitivity with IF.

All these comparisons confirm that intermittent and time-restricted fasting regimens bring significant changes
to weight control, glucose homeostasis, blood pressure, and lipid levels in people with metabolic syndrome.
Such similarity in randomized trials and meta-analyses adumbrates the possibility of IF as an intervention that
promises to improve several cardiometabolic risk factors owing to its non-pharmacological nature.

CONCLUSION

In conclusion, the study demonstrates that intermittent fasting (IF) significantly improves key metabolic
syndrome markers in overweight adults compared to a control group. The intervention group exhibited
reductions in fasting blood glucose, blood pressure, waist circumference, triglycerides, and improvements in
HDL cholesterol, all of which are critical components of metabolic syndrome. Additionally, the IF group
experienced a notable reduction in BMI, further highlighting its potential as an effective dietary intervention
for weight management and metabolic health. The greater improvement in metabolic syndrome criteria in the
IF group, including a higher percentage of participants meeting the criteria for metabolic syndrome
improvement, suggests that IF can be a beneficial strategy for enhancing metabolic health in overweight
individuals. Overall, the study supports the effectiveness of intermittent fasting in managing metabolic risk
factors and improving overall metabolic health.
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