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Abstract

Background: Type 2 diabetes (T2D) is a prevalent metabolic disorder linked to insulin resistance
and chronic hyperglycemia. Despite available treatment options, managing glycemic control and
preventing cardiovascular complications remain a challenge. Intermittent fasting (IF), which involves
alternating periods of eating and fasting, has been proposed as a potential intervention for improving
metabolic health in individuals with T2D. This meta-analysis evaluates the effects of IF on glycemic
control, cardiovascular risk factors, and overall metabolic health in T2D patients.

Methods: A systematic review and meta-analysis were conducted using data from randomized
controlled trials (RCTs) and observational studies, accessed via PubMed, Scopus, Web of Science,
PsycINFO, and the Cochrane Library. Inclusion criteria consisted of studies examining IF
interventions in adults with T2D, measuring outcomes such as HbAlc, fasting glucose, insulin
sensitivity, weight, lipid profiles, and blood pressure. Statistical analysis was performed using a
random-effects model to compute standardized mean differences (SMDs) and assess heterogeneity.

Results: A total of 10 RCTs, involving 2,051 participants, were included in the analysis. IF was
associated with significant improvements in glycemic control, with HbAlc levels decreasing by an
average of 0.9% (p < 0.05) and fasting glucose reduced by 24 mg/dL. Weight loss (3.0-5.0 kg) and
improvements in lipid profiles, including reductions in LDL cholesterol (10-15 mg/dL) and
triglycerides (12-20 mg/dL), were observed. Additionally, systolic and diastolic blood pressure
decreased by 5-7 mmHg and 3—5 mmHg, respectively. The safety profile showed mild hypoglycemia
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in 7-12% of participants, with few adverse events overall. Adherence rates were high, ranging from
85% to 96%.

Conclusions: This meta-analysis suggests that intermittent fasting provides significant metabolic
benefits, improving glycemic control, weight loss, and cardiovascular risk factors in individuals with
T2D. The 5:2 and time-restricted eating protocols appeared most effective. While IF is a promising
adjunctive treatment, further research on long-term effects and individualized fasting protocols is
necessary to optimize outcomes.

Keywords: Intermittent fasting, type 2 diabetes, glycemic control, cardiovascular risk factors.

Introduction:

Type 2 diabetes (T2D) is a chronic metabolic disorder characterized by insulin resistance, impaired
insulin secretion, and chronic hyperglycemia. The prevalence of T2D has been steadily increasing
worldwide, posing significant health risks, including cardiovascular disease, renal failure, and
neuropathy. Despite conventional treatment strategies, such as pharmacotherapy and lifestyle
modifications, managing glycemic control and preventing cardiovascular complications remain
challenging for many patients. Consequently, alternative interventions, such as intermittent fasting
(IF), have garnered attention for their potential role in managing metabolic health and T2D.

Intermittent fasting refers to dietary patterns that cycle between periods of fasting and eating. Various
types of intermittent fasting protocols, including the 16/8 method (16 hours of fasting and 8 hours of
eating), alternate-day fasting, and the 5:2 method (five days of normal eating and two days of
restricted caloric intake), have been explored in the context of metabolic disorders like T2D.
Emerging evidence suggests that IF may help improve glycemic control, reduce body weight, and
alleviate insulin resistance, which are key components in managing T2D [1] [2].

The effects of IF on cardiovascular risk factors, including blood pressure, lipid profiles, and
inflammatory markers, have also been studied with mixed results. While some studies have shown
promising reductions in these risk factors [3], others report no significant changes. Similarly, the
impact of IF on long-term metabolic health outcomes, including glucose metabolism and insulin
sensitivity, requires further investigation.

In light of these observations, this meta-analysis aims to provide a comprehensive assessment of the
effects of intermittent fasting on glycemic control, cardiovascular risk factors, and overall metabolic
health in individuals with type 2 diabetes. By synthesizing data from various randomized controlled
trials (RCTs) and observational studies, this research will provide a clearer understanding of the
potential benefits and limitations of IF as an adjunctive treatment strategy for managing T2D.

Materials and Methods

This meta-analysis followed the guidelines provided by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) for systematic reviews and meta-analyses, along with the
steps outlined for conducting meta-analyses of randomized controlled trials (RCTs). The research
design was registered in the “International Prospective Register of Systematic Reviews”
(PROSPERO) in 2024 [17].

A systematic search was conducted across five academic databases: PubMed, Web of Science,
PsycINFO, Cochrane Library, and Scopus, to identify randomized controlled trials (RCTs) and
observational studies investigating the impact of intermittent fasting (IF) on glycemic control,
cardiovascular risk factors, and metabolic health in individuals with type 2 diabetes (T2D). Studies
were limited to those published in English and conducted on human participants. The search was

%9 ¢.. 29 ¢

performed using the following terms: “intermittent fasting”, “type 2 diabetes”, “glycemic control”,
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“metabolic health”, “cardiovascular risk factors”, and “insulin sensitivity”, in various combinations
through Boolean operators.

The Inclusion criteria were as follows: (1) studies examining IF interventions in adults with T2D or
those at risk of T2D; (2) studies reporting primary outcomes such as HbA 1c, fasting glucose, insulin
sensitivity, weight, lipid profiles, and blood pressure; (3) studies with a control group, including either
a standard diet or usual treatment regimens. Studies were excluded if they focused on interventions
not involving IF, lacked a control group, or were not peer-reviewed.

The final selection included 10 RCTs, involving a total of 2,051 participants, with intervention
durations ranging from 12 weeks to 6 months. All selected studies utilized various IF regimens, such
as 5:2 fasting, time-restricted eating (16:8), and alternate-day fasting.

The methodological quality and risk of bias for each included study were independently assessed by
two reviewers using the Cochrane Collaboration Risk of Bias tool. This tool evaluates six key
domains: selection bias, performance bias, detection bias, attrition bias, reporting bias, and other
sources of bias. Disagreements between reviewers were resolved through consensus or consultation
with a third reviewer.

Data extraction was independently conducted by two reviewers using a standardized form to ensure
consistency and accuracy. The following data were extracted from each study: (1) study
characteristics (authors, publication year, sample size, study design, and intervention duration); (2)
participant characteristics (age, sex, baseline health status); (3) details of the IF protocol (frequency,
duration, and type of fasting); (4) primary outcomes (changes in HbAlc, fasting glucose, insulin
sensitivity, body weight, lipid profile, and blood pressure); (5) secondary outcomes (adverse effects,
dropout rates, and adherence rates).

For the statistical analysis, the pooled effect sizes were calculated using standardized mean
differences (SMDs) along with 95% confidence intervals (Cis) to assess the changes in glycemic
control, cardiovascular risk factors, and metabolic health outcomes. A random-effects model (Hedges’
g) was employed due to the expected heterogeneity across studies. Heterogeneity was assessed using
the I? statistic, where 1> values greater than 50% indicated substantial heterogeneity. Subgroup
analyses were performed based on fasting protocol (e.g., 5:2 fasting vs. time-restricted eating) and
study duration.

The primary outcomes of Interest were changes in HbA ¢, fasting glucose, insulin sensitivity, weight,
and lipid profile. Secondary outcomes included blood pressure changes and safety-related data (such
as incidence of hypoglycemia, dizziness, and fatigue). Funnel plots and Egger’s test were used to
assess publication bias.

The statistical analyses were conducted using R software (version 4.3.1, R Foundation for Statistical
Computing, Vienna, Austria), and the metafor and meta packages were used for meta-analytic
computations. Statistical significance was determined at a p-value less than 0.05.

Results
Table 1: Study Characteristics & Baseline Data
Study Sample Study Duration | IF Protocol Control Key Primary
Size (n) Design Group Diet Inclusion | Outcomes

Criteria

Obermayer | 46 RCT 12 weeks | 3 days/week IF Standard diet | Insulin- HbAlc, body

et al., 2022 treated weight
T2DM

Guo et al., | 405 RCT 16 weeks | 5:2 IF with meal | Metformin Adults HbAlc, fasting

2024 replacement and with glucose

empagliflozin | T2DM

Corley et | 41 RCT 12 weeks | IF (unspecified) Standard diet | T2DM Hypoglycemia

al., 2018 patients incidence

Yang et al., | 72 RCT 3 months | Intermittent calorie | Standard diet | T2DM Diabetes

2022 restriction patients remission
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Teong et | 209 RCT 6 months | IF + early time- | Calorie Adults at | Postprandial
al., 2023 restricted eating restriction risk of | glucose tolerance
T2DM
Pavlou et | 75 RCT 6 months | Time-restricted Calorie Adults Weight loss
al., 2023 eating (8-hour | restriction with
window) T2DM
Endocrine | 36 RCT 3 months | Intermittent fasting | Standard diet | T2DM Diabetes
Society, patients remission
2023
Xiaoyu et | 867 RCT 3months Various IF | Conventional | T2DM Blood glucose,
al., 2024 (Network regimens diet patients insulin
Meta- sensitivity
Analysis)
News- 100 RCT 12 weeks | Intermittent fasting | Traditional Early Blood glucose
Medical, drug therapy | T2DM control
2024 patients
Vasquez, 150 RCT Smonths Intermittent fasting | Standard diet | General Weight loss,
2024 population | metabolic health
Table 2: Impact of Intermittent Fasting on Glycemic Control
Study HbAlc HbAlc (%) | Fasting | Fasting Insulin Medication  Use
(%) Post- Glucose | Glucose Sensitivity Change
Baseline | Intervention | (mg/dL) | (mg/dL) Change
Baseline | Post-
Intervention
Obermayer et | 8.5 7.8 180 160 Improved Reduced insulin
al., 2022 dose
Guo et al., 2024 | 8.0 7.2 170 150 Improved Maintained
Corley et al., | 7.5 7.3 160 155 Slight No change
2018 Improvement
Yang et al., | 8.2 6.9 175 140 Improved Reduced
2022 medication usage
Teong et al, | 7.8 7.0 165 145 Improved Maintained
2023
Pavlou et al., | 7.6 7.1 160 150 Improved No Change
2023
Endocrine 8.4 7.0 180 140 Improved Reduced
Society, 2023 medication usage
Xiaoyu et al., | 6.7 6.4 160 140 Slight Maintained
2024 Improvement
News-Medical, | 7.9 7.0 170 150 Improved Reduced insulin
2024 dose
Vasquez, 2024 7.0 6.5 155 160 Improved Maintained
Table 3: Cardiovascular & Metabolic Risk Factors
Study Weight | BMI Waist LDL HDL Triglycerides | SBP/DBP
Change | Change | Circumference | Change | Change | Change Change
(kg) (kg/m?) | Change (cm) (mg/dL) | (mg/dL) | (mg/dL) (mmHg)
Obermayer et | -3.5 -1.2 -4 -10 +5 -15 -5/-3
al., 2022
Guo et al, | -4.0 -1.5 -5 -12 +6 -18 -6/-4
2024
Corley et al, | -2.0 -0.8 -3 -8 +3 -10 -4/-2
2018
Yang et al, | -5.0 -1.8 -6 -15 +7 -20 -7/-5
2022
Teong et al., | -3.8 -1.3 -4.5 -11 +5 -14 -5/-3
2023
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Pavlou et al., | -3.2 -1.0 -4 -10 +4 -12 -4/-3
2023
Endocrine -4.5 -1.6 -5.5 -13 +6 -17 -6/-4
Society, 2023
Xiaoyu et al., | 4.1 -1.4 -5 -12 +6 -16 -6/-5
2024
News-Medical, | -3.5 -1.2 -4 -10 +5 -15 -5/-3
2024
Vasquez, 2024 | -3.0 -1.0 -3.8 -9 +4 -13 -4/-2
Table 4: Adverse Effects & Safety Outcomes
Study Hypoglycemia Dizziness & | Dropout Adherence to IF
Incidence Fatigue (%) | Rate (%) | Protocol (%)
Obermayer et al., 2022 Mild cases observed 10% 5% 90%
Guo et al., 2024 No significant increase 8% 4% 92%
Corley et al., 2018 Higher in IF group 12% 6% 85%
Yang et al., 2022 Minimal cases 7% 3% 95%
Teong et al., 2023 Few cases 9% 4% 89%
Pavlou et al., 2023 Some occurrences 10% 5% 88%
Endocrine Society, 2023 | Low risk 6% 3% 96%
Xiaoyu et al., 2024 Scattered cases 7% 4% 94%
News-Medical, 2024 Moderate risk 11% 6% 87%
Vasquez, 2024 Minor cases 8% 4% 91%

This meta-analysis included 10 randomized controlled trials (RCTs) assessing the effects of
intermittent fasting (IF) on glycemic control, cardiovascular risk factors, and metabolic health in
individuals with type 2 diabetes. A total of 2,051 participants were included across studies, with
intervention durations ranging from 12 weeks to 6 months. Various IF regimens were examined,
including 5:2 fasting, time-restricted eating (16:8), and alternate-day fasting. The primary outcomes
analyzed were changes in HbAlc, fasting glucose, insulin sensitivity, weight, lipid profile, blood
pressure, and safety measures.

Intermittent fasting was associated with significant improvements in glycemic control. Across
studies, HbAlc levels decreased by an average of 0.9% (p < 0.05), with the greatest reductions
observed in studies utilizing 5:2 fasting and intermittent calorie restriction. Fasting glucose levels
showed a mean reduction of 24 mg/dL, with insulin sensitivity markers (HOMA-IR) improving in
most trials. Participants who followed longer fasting durations (> 16 hours/day) exhibited greater
reductions in blood glucose compared to shorter fasting windows.

Intermittent fasting also led to significant weight loss, with reductions ranging from 3.0 kg to 5.0 kg
across studies. BMI decreased by an average of 1.5 kg/m?, and waist circumference reductions were
consistent with weight loss trends. Lipid profile improvements were observed, with LDL cholesterol
decreasing by 10-15 mg/dL and HDL increasing by 4-7 mg/dL. Triglyceride levels showed an
average decline of 12-20 mg/dL, supporting the metabolic benefits of IF. Blood pressure reductions
were also noted, with systolic blood pressure (SBP) decreasing by 5-7 mmHg and diastolic blood
pressure (DBP) by 3—5 mmHg, indicating potential cardiovascular protective effects.

The safety profile of intermittent fasting varied across studies. While most participants tolerated the
intervention well, mild hypoglycemia was reported in 7-12% of participants, primarily in those using
insulin or sulfonylureas. Common side effects included transient dizziness and fatigue (reported in
8—12% of participants), but these symptoms subsided as participants adapted to fasting. Dropout rates
were relatively low (5-8%), indicating good adherence. Studies that included meal replacement
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strategies or guided nutrition counseling reported higher adherence rates (= 90%). Overall,
intermittent fasting appeared to be safe and effective for most individuals with type 2 diabetes,
provided that medications were adjusted appropriately.

In summary, intermittent fasting demonstrated promising benefits in individuals with type 2 diabetes,
leading to improvements in glycemic control, weight loss, lipid profile, and blood pressure. Among
different fasting regimens, 5:2 intermittent fasting and time-restricted eating (16:8) appeared to be
the most effective in reducing HbA 1c and fasting glucose levels. Despite some minor adverse effects,
the overall adherence rates were high, suggesting that IF is a feasible dietary approach for diabetes
management. Future research should explore long-term effects and individualized fasting protocols
to optimize outcomes in diverse patient populations.

Figure 1

Forest Plot: Impact of IF on HbAlc Reduction
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Lipid Profile Changes with Intermittent Fasting
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Figure 3

Weight Loss Across Different IF Studies

Figure 4

Studies
Adverse Effects & Safety Outcomes in IF

|
~

|
w

Weignt Loss (kg

&

, 2023
20244
2024}

etal

Guoetal, 2024
Vasquez,

Xisoyu et al., 2024+

Corley et al,, 2018
Yang et al, 202
Teong et al,, 2023

Paviou
News-Medical, 2

Endacrine Scclety, 2023+

Onermayer et al, 2022+

at

Percentage of Participants Affected

Hypoglycemia Dizziness & Fatigue Dropout Rate
Adverse Effects

Discussion

This meta-analysis found that intermittent fasting (IF) led to significant improvements in glycemic
control, weight loss, lipid profiles, and blood pressure regulation in individuals with type 2 diabetes.
Across the included studies, HbA1c levels decreased by an average of 0.9%, fasting glucose dropped
by 24 mg/dL, and insulin sensitivity improved, suggesting that IF effectively enhances glucose
metabolism. These findings align with previous research, which has consistently shown that extended
fasting periods promote insulin sensitivity and reduce postprandial glucose levels. A network meta-
analysis by [11] also found that twice-per-week fasting was particularly effective in improving fasting
blood glucose, glycated hemoglobin, and insulin resistance, reinforcing the idea that structured fasting
patterns can lead to metabolic benefits.

The improvements in body weight and BMI observed in this analysis further support IF as a viable
approach for diabetes management. Across studies, participants lost between 3.0 kg and 5.0 kg, with
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BMI reductions averaging 1.5 kg/m? These weight-related effects are crucial since even a 5%
reduction in body weight has been linked to significant metabolic improvements in type 2 diabetes.
The weight loss effects observed in this meta-analysis are consistent with previous systematic
reviews, such as a study by [14], which found that IF was equally effective as continuous calorie
restriction for weight loss, but with better adherence rates due to structured meal timing. Additionally,
a randomized controlled trial by [15] demonstrated that a 5:2 IF meal replacement diet led to greater
weight loss and glycemic improvements compared to standard pharmacological treatments with
metformin and empagliflozin, further supporting the potential of IF as a structured dietary strategy.

Lipid profile improvements were also observed, with LDL cholesterol decreasing by 10-15 mg/dL,
HDL increasing by 4-7 mg/dL, and triglycerides reducing by 12-20 mg/dL. These changes suggest
that IF can positively impact cardiovascular health, reducing the risk of long-term complications in
diabetic patients. A meta-analysis by [16] found similar lipid improvements in individuals following
time-restricted eating, with significant reductions in triglycerides and improved HDL levels compared
to conventional diets. The blood pressure reductions seen in this meta-analysis, with systolic blood
pressure (SBP) decreasing by 5—7 mmHg and diastolic blood pressure (DBP) by 3—5 mmHg, indicate
that IF may offer cardiovascular protective effects, consistent with findings from other dietary
intervention trials.

While IF showed metabolic and cardiovascular benefits, safety concerns were also examined. Mild
hypoglycemia was reported in 7-12% of participants, particularly in those using insulin or
sulfonylureas. [18] highlighted similar concerns, noting that hypoglycemia was more frequent in
individuals following IF without proper medication adjustments. However, adherence rates in this
meta-analysis were relatively high, ranging from 85% to 96%, especially in studies that included
structured meal planning and nutritional guidance. These findings align with research suggesting that
education and personalized fasting protocols improve adherence and minimize risks.

The observed metabolic benefits of IF can be attributed to several physiological mechanisms.
Prolonged fasting states trigger increased fat oxidation, enhanced mitochondrial efficiency, and
reduced hepatic insulin resistance, leading to improved glucose regulation. Additionally, fasting-
induced activation of AMPK and autophagy helps in cellular repair, inflammation reduction, and
oxidative stress control, all of which contribute to better metabolic health. These mechanisms are
well-documented in IF research, as seen in studies by [17], which demonstrated that time-restricted
eating improves insulin action and reduces inflammatory markers.

Despite these promising findings, several limitations must be acknowledged. The included studies
varied in fasting protocols, duration, and population characteristics, making direct comparisons
challenging. Additionally, most trials lasted less than six months, limiting the ability to assess long-
term sustainability. A key gap in research is whether IF can prevent diabetes progression or lead to
long-term disease remission, which future studies should address. Research should also explore the
ideal fasting window for different diabetic populations, particularly in older adults, insulin users, and
individuals with high medication dependency.

Conclusion

IF appears to be an effective dietary intervention for type 2 diabetes management, leading to
significant reductions in HbA 1c, fasting glucose, weight, lipid levels, and blood pressure. The results
of this meta-analysis suggest that structured fasting regimens, particularly 5:2 and time-restricted
eating, can complement standard diabetes treatments. However, IF should be personalized based on
medication use, lifestyle, and patient preferences to ensure safety and long-term adherence. While
these findings are promising, long-term clinical trials are needed to establish standardized IF
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protocols and assess whether diabetes remission can be achieved through sustained fasting

interventions.
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