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Dietary Interventions in the Treatment of Type 2 Diabetes 

Abstract 59 

Purpose: The purpose of this review is to explore whether plant-based (vegan) diets result in 60 

greater reductions in hemoglobin A1c (HbA1c) than high-fat carbohydrate-restricted (ketogenic) 61 

diets in adults with type 2 diabetes mellitus. Search Criteria: PubMed and Cochrane library 62 

databases were systematically searched for all relevant studies using MeSH terms (("diet, high fat" 63 

AND "diet, carbohydrate restricted") OR "diet, ketogenic" OR "diet, vegan") AND "diabetes mellitus, 64 

type 2/therapy". Limiting the research to meta-analyses and systematic reviews narrowed the 65 

results to six articles. One systematic review was excluded because it examined the effects of 66 

ketogenic diets on the quality of life of adults with chronic disease, not specifically glycemic control 67 

in patients with type 2 diabetes mellitus. Results: Eight randomized controlled trials reported a 68 

reduction of HbA1c between 0.3-1.4% after a vegan diet, but only two of the eight studies showed a 69 

statistically significant mean difference between the intervention and control groups. In a separate 70 

review, eight of thirteen studies showed a reduction of HbA1c ranging from 0.6-3.3% with a mean 71 

reduction of 1.07% following a ketogenic diet but offered no controls for comparison. A meta-72 

analysis of fourteen trials revealed that a ketogenic diet provided an average of 0.5% greater 73 

reduction in HbA1c compared to control (primarily low-fat) diets. The last two reviews agreed that 74 

vegan diets appear promising, but one included the benefits of ketogenic diets while the other found 75 

the studies on ketogenic diets inconclusive. Conclusion: While the results of some of the selected 76 

studies appear promising, the consensus among the systematic review and meta-analyses is that 77 

further research is needed to determine which eating patterns are most effective for improving 78 

glycemic control in type 2 diabetes.  79 

80 

 81 

Keywords: plant-based, vegan, carbohydrate-restricted, ketogenic, type 2 diabetes mellitus, 82 
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Introduction 85 

Diabetes occurs when the body is no longer capable of adequately regulating glucose 86 

levels in the blood. Hemoglobin is a protein found in red blood cells which is responsible for oxygen 87 

transport and is glycated in proportion to the concentration of glucose in the blood. Measuring the 88 

percentage of glycated hemoglobin (HbA1c) provides an estimated average blood glucose over the 89 

preceding eight to twelve weeks,1 which is the average lifespan of red blood cells. According to the 90 

CDC,1 11.3% of the US population suffers from diabetes, which is defined as having a HbA1c of 91 

6.5% or greater. An additional 38% of the adult population has prediabetes1 with a HbA1c between 92 

5.7% and 6.4%. Uncontrolled diabetes, especially when combined with high blood pressure and/or 93 

high cholesterol increases the risk of heart disease, stroke, blindness, kidney failure, amputations of 94 

the legs and feet, certain types of cancer, Alzheimer’s disease, and early death.1 There is currently 95 

no cure for type 2 diabetes, however eating well, exercising, and losing weight can help reduce 96 

blood glucose.2 It is important for healthcare providers to use evidence-based research when 97 

advising their patients on dietary changes to manage their diabetes in addition to or in lieu of 98 

antihyperglycemic medications. 99 

Background 100 

Dietary carbohydrates are broken down into glucose, which is the primary source of energy 101 

for the human body.3 In response to carbohydrate intake, a healthy pancreas releases insulin which 102 

binds to receptors on cell membranes to facilitate the movement of glucose into cells.3 Insulin also 103 

promotes the uptake of glucose by the liver to be stored in the form of glycogen and by adipose 104 

tissue to be converted and stored as fat.3 Insulin, therefore, prevents blood glucose from getting too 105 

high. When blood glucose levels drop, either between meals or when dietary intake of 106 

carbohydrates is restricted, a healthy pancreas releases glucagon which stimulates the liver to 107 

break down glycogen into glucose in a process called glycogenolysis.3 Glucagon also promotes 108 

gluconeogenesis, which is the process of making glucose by breaking down other sources of 109 

energy such as fats and proteins.3 Both glycogenolysis and gluconeogenesis release glucose into 110 
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the bloodstream, thereby preventing blood glucose from getting too low.3 In this way, insulin and 111 

glucagon oppose each other to maintain glucose homeostasis.3 To protect cells from metabolic and 112 

oxidative stress caused by excess glucose influx, cells can partially downregulate their insulin 113 

signaling pathways in response to chronically elevated insulin levels.3 This contributes to a 114 

condition called “insulin resistance” resulting in decreased uptake of glucose by cells and 115 

hyperglycemia.3 Type 2 diabetes (DM2) is caused by a combination of insulin resistance and 116 

insufficient production of insulin by the pancreas. 117 

Ketogenic Diets 118 

Ketogenic diets drastically reduce dietary intake of carbohydrates, forcing the body to break 119 

down fat for energy once glycogen stores are depleted.4 Ketone bodies are a byproduct of fat 120 

metabolism that replace glucose as the body’s primary source of energy in times of glucose 121 

deprivation,4 hence the term “ketogenic diet.” The body will remain in a ketogenic state as long as 122 

dietary carbohydrates continue to be restricted.4 Ketogenic diets are typically high-fat (55-60% of 123 

total energy intake), moderate-protein (30 to 35% of total energy intake), and very low-carbohydrate 124 

(5-10% of total energy intake).4 Each gram of carbohydrate contains four kilocalories (kcal), 125 

therefore a 2000 kcal per day ketogenic diet allows only 25-50 grams of carbohydrates per day. The 126 

typical American diet contains 200-300 grams of carbohydrates daily.4 Ketogenic diets also limit 127 

protein intake to prevent the conversion of protein to glucose from inhibiting the breakdown of fats.4 128 

Fat intake and total caloric intake are not restricted.4 129 

 Ketogenic diets aid in glycemic control in patients with DM2 by decreasing intake of 130 

carbohydrates and improving insulin sensitivity.4 Unlike diabetic ketoacidosis, a life-threatening 131 

condition where ketone bodies are produced in extremely high concentrations sending blood pH 132 

into an acidotic state, nutritional ketosis produces ketones in relatively small concentrations that do 133 

not alter blood pH and is considered quite safe.4 Insulin and oral antihyperglycemic medications 134 

must be appropriately adjusted to prevent severe hypoglycemia in diabetic patients beginning a 135 

ketogenic diet.4 Patients with pancreatitis, liver failure, disorders of fat metabolism, primary carnitine 136 

deficiency, carnitine palmitoyl transferase deficiency, carnitine translocase deficiency, porphyria, or 137 
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pyruvate kinase deficiency must not follow a ketogenic diet.4 Kidney function should be monitored 138 

while on a ketogenic diet,4 especially in diabetic patients who are already at high risk of kidney 139 

disease.  140 

Vegan Diets 141 

 Plant-based (vegan) diets include fruits, vegetables, whole grains, nuts, seeds, and 142 

legumes while excluding all animal-derived foods including meat, fish, poultry, eggs, and dairy 143 

products. Some also discourage the use of honey. Vegan diets are not defined by specific 144 

macronutrient distributions, but they tend to be very high in carbohydrates, low in proteins, and very 145 

low in saturated fats.5 Portions and calories are generally not restricted.5 Vegan diets have been 146 

shown to decrease insulin resistance and improve glycemic control in patients with diabetes.5 147 

Although not fully understood, there are several proposed mechanisms.5 Plant-based diets are low 148 

in saturated fats, which are associated with oxidative stress, mitochondrial dysfunction, 149 

inflammation, and insulin resistance.5 Saturated fats contribute to the accumulation of toxic fat 150 

metabolites in hepatic and skeletal muscle cells, which impairs insulin signaling and decreases 151 

glucose uptake.5 It is proposed that eliminating saturated fats from the diet detoxifies the liver and 152 

improves insulin sensitivity.5  153 

Advanced glycated end products are oxidants that have been implicated in the 154 

development of insulin resistance.5 They are found in high levels in meats, low levels in plants, and 155 

reducing their intake has been shown to reduce insulin resistance in patients with type 2 diabetes.5 156 

Iron from animal sources is an oxidant that leads to increased glucose output by the liver, impaired 157 

insulin signaling, and is directly toxic to the pancreas.5 Plant-based diets are rich in fiber, 158 

antioxidants, and magnesium, all of which promote insulin sensitivity.5 Fiber improves insulin 159 

signaling and glucose response.5 Fiber cannot be digested by humans and therefore promotes 160 

weight loss by decreasing the caloric density of foods and increasing satiety.5 Antioxidants are 161 

thought to stimulate insulin secretion and enhance glucose uptake by cells.5 Perhaps most 162 

significantly, vegan diets promote weight loss and lower total body fat, both of which are highly 163 
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protective against insulin resistance.5 However, it is important to note that plant-based diets have 164 

been shown to improve insulin sensitivity even after controlling for weight loss.5 165 

Discussion 166 

The systematic review by Pollakova et al6 compiled the results of seven observational 167 

studies and eight randomized controlled trials to explore the impact of vegan diets in the prevention 168 

and treatment of type 2 diabetes. Analysis of seven observational studies revealed that a vegan diet 169 

is associated with a lower prevalence or incidence of DM2 compared to non-vegan diets.6 Eight 170 

randomized controlled trials reported a reduction of HbA1c between 0.3-1.4% after a vegan diet, 171 

five of which were statistically significant compared to a reduction of HbA1c between 0.14-1.0% in 172 

control groups, three of which were statistically significant.6 Only two of the eight studies showed a 173 

statistically significant mean difference from baseline to final values between the intervention and 174 

control groups.6 Duration of the interventions varied between 6 to 74 weeks and controls included 175 

typical American, conventional low-fat, conventional diabetic, and portion-controlled diets.6 Failure 176 

to control for confounding variables such as duration of disease, baseline HbA1c, medication 177 

regimens, medication changes during interventions, baseline BMI, etc. was a major limitation of the 178 

included studies.6 The authors discussed potential mechanisms to explain how a vegan diet might 179 

improve blood glucose levels despite being high in carbohydrates and also expressed concerns 180 

regarding adverse effects of long term exclusion of certain nutrients including proteins, vitamin B12, 181 

calcium, vitamin D, iron, zinc, and omega-3.6 They concluded that a following a vegan diet may be 182 

an efficient way to lose weight and maintain glycemic control for some patients with DM2, but that 183 

further research is needed to confirm the effectiveness and safety of vegan diets for diabetic 184 

patients.6 185 

 The systematic review and meta-analysis by Yuan et al7 compiled thirteen studies to 186 

explore the effects of ketogenic diets on glycemic control, insulin resistance, and lipid metabolism in 187 

patients with DM2. Eight of the thirteen studies showed a reduction of HbA1c after a ketogenic diet 188 

ranging from 0.6-3.3% with a mean reduction of 1.07% (95% CI: 0.73-1.37),7 but the analysis 189 
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offered no controls for comparison. Duration of interventions varied between 1 to 56 weeks and the 190 

data were analyzed without comparing studies based on duration.7 Another major limitation was 191 

that all studies included in the meta-analysis were conducted on Caucasian diabetic patients.7 The 192 

authors concluded that a ketogenic diet can reduce HbA1c and contribute to therapeutic effects 193 

regardless of duration.7  194 

 The meta-analysis by Choi et al8 compiled fourteen randomized controlled trials 195 

investigating the impact of ketogenic diets on fasting glucose, HbA1c, BMI, and lipids in overweight 196 

and obese patients with or without DM2. Data analysis revealed that following a ketogenic diet 197 

provided an average of 0.5% greater reduction in HbA1c in patients with DM2 relative to 198 

comparison (primarily low-fat) diets.8 Weaknesses included small sample sizes and varying 199 

comparison interventions and study durations.8 The authors concluded that ketogenic diets may be 200 

more beneficial for losing weight and improving glucose and lipid metabolism relative to (primarily) 201 

low-fat diets, but that they should be thoroughly evaluated for long-term safety and sustainability.8  202 

 The systematic review by Papamichou et al9 compiled the results of twenty randomized 203 

controlled trials to examine the effectiveness of six or more months of low-carbohydrate, 204 

macrobiotic, vegan, vegetarian, Mediterranean, and intermittent fasting diets compared to low-fat 205 

diets on diabetes control and management in adult patients with type 2 diabetes. Vegan diets 206 

demonstrated improved glycemic control (-0.4% HbA1c) compared to low-fat diets (-0.01% HbA1c) 207 

while only four of fifteen low-carbohydrate diet studies could claim the same.9 Duration of 208 

interventions ranged from six months to four years.9 Limitations included small sample sizes and 209 

inconsistency in the definition of low-carbohydrate diet interventions varying from a very low-210 

carbohydrate intake of 20-50 grams/day to as high as 45% of total energy intake.9 The authors 211 

suggested that subjects’ inability to achieve and maintain strictly limited carbohydrate intake may 212 

have explained lack of improvement in HbA1c in the low-carbohydrate intervention groups.9 They 213 

concluded that mounting evidence supports the implementation of vegan, vegetarian, and 214 

Mediterranean diets for the management of DM2, but that evidence for the long-term efficacy of 215 
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low-carbohydrate diets is inconclusive.9 They acknowledged that further long-term research is 216 

needed.9  217 

 The systematic review by Emadian et al10 compiled the results of eleven randomized 218 

controlled trials to determine which dietary interventions are best for achieving glycemic control 219 

while controlling for weight loss in overweight and obese adults with type 2 diabetes. Interventions 220 

included low-fat vegan, American Diabetes Association (ADA), low glycemic index, high-protein, 221 

standard protein, low-fat, low-carbohydrate, low glycemic load, low-carbohydrate Mediterranean, 222 

traditional Mediterranean, high-carb/fiber, and modified lipid diets.10 Duration of interventions 223 

ranged from 40 weeks to 4 years.10 Only four of eleven studies showed greater improvement in 224 

HbA1c in one diet over another after controlling for weight loss.10 One study found that the low-225 

glycemic load diet group experienced a reduction in HbA1c of 0.8% compared to 0.1% in the low-fat 226 

diet group while also accounting for changes in glucose-lowering medications.10 A three-arm study 227 

found that the low-carb Mediterranean diet subjects experienced a reduction in HbA1c of 2.0% 228 

compared to 1.8% in the traditional Mediterranean diet group and 1.6% in the 2003 ADA 229 

recommended diet group, however this study failed to adjust for diabetic medications.10 A third 230 

study reported a mean HbA1c decrease of 0.4% in the low-fat vegan group versus 0.1% for the 231 

ADA group after adjusting for medications.10 A fourth study involving only newly diagnosed patients 232 

who were not taking any form of glucose-lowering medications when the study began found that a 233 

low-carb Mediterranean diet led to a mean decrease in HbA1c of 0.9% compared to 0.5% in the 234 

low-fat diet group.10 The authors concluded that while Mediterranean, vegan, and low-glycemic 235 

index diets appear promising, further research is needed to determine if any particular diet is 236 

superior in treating overweight and obese patients with DM2 while controlling for weight loss and 237 

the effects of diabetic medications.10  238 

Conclusion 239 

The incidence of type 2 diabetes is closely associated with obesity and excess nutrient 240 

intake.7 Treatment of DM2 may require glucose-lowering medications, but some patients can be 241 
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managed with diet and exercise alone.2 To determine which, if any, specific dietary interventions 242 

are superior for improving HbA1c in diabetic patients, it is essential to control for variables such as 243 

age, sex, race, duration of disease, comorbidities, baseline HbA1c, medication regimen, medication 244 

changes during interventions, duration of adherence to interventions, baseline BMI, caloric intake, 245 

energy expenditure, weight loss during interventions, etc. The prevalence, morbidity, and mortality 246 

associated with diabetes should merit sufficient funding to design and carry out a large-scale 247 

randomized controlled trial that accounts for all these variables to facilitate meaningful comparisons 248 

between various dietary interventions and their impact on glycemic control. There is no one-size-249 

fits-all diet for the management of type 2 diabetes mellitus. Ideological, environmental, ethical, 250 

political, financial, cultural, and religious concerns all impact what recommendations patients are 251 

willing and able to implement.1 However, as medical providers we should seek to become educated 252 

on the risks and benefits of diabetic therapy so we can provide evidence-based guidance to our 253 

patients and their families. While the results of some of the selected studies appear promising, the 254 

consensus among the systematic review articles is that further research is needed.  255 

Next Steps 256 

 The best way to determine which eating plans are most effective at improving glycemic 257 

control in adults with type 2 diabetes is to perform a large-scale study comparing various diets while 258 

controlling for confounding variables such as those previously discussed in this review. This could 259 

be achieved by recruiting a large number of volunteers with type 2 diabetes to participate in a long-260 

term clinical trial that begins with six months of strictly monitored dietary interventions. Volunteers 261 

would be provided free lodging and dietician-approved meals prepared for each participant’s 262 

particular dietary intervention in a self-contained campus where study personnel could record each 263 

participant’s caloric intake, energy expenditure, weight changes, and metabolic parameters such as 264 

glycemic markers, blood pressure, and lipids. Subjects would be sorted into different arms of the 265 

study based on characteristics such as age, sex, race, baseline BMI, comorbidities, duration of 266 

diabetes, and baseline HbA1c and results would be analyzed to control for confounding variables. 267 
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After returning home, patients would be tracked over time to evaluate continued improvements, 268 

long-term sustainability, health benefits, and negative effects of various dietary restrictions. A study 269 

of this scale would require a tremendous amount of funding and planning, but the worldwide 270 

prevalence, morbidity, and mortality associated with diabetes justifies the investment. If dietary 271 

interventions could reduce or eliminate the need for lifelong antihyperglycemic medications, 272 

diabetes could be prevented and treated rather than simply managed and endured.  273 

 274 

Disclosures 275 

Funding: No external funding was received to support this work. 276 

 277 

Conflicts of Interest: The authors report no personal, financial, commercial, or academic conflicts of 278 

interest in this work.  279 

 280 

References  281 

1. National Diabetes Statistics Report. Centers for Disease Control and Prevention. Published 282 

Jan 18, 2022. Accessed Nov 21, 2022. https://www.cdc.gov/diabetes/basics/index.html. 283 

2. Jameson JL, Fauci AS, Kasper DL, Hauser SL, Longo DL, Loscalzo J. Harrison's Manual of 284 

Medicine. 20th ed. McGraw-Hill; 2020.  285 

3. Röder PV, Wu B, Liu Y, Han W. Pancreatic regulation of glucose homeostasis. Exp Mol 286 

Med. 2016;48(3). doi:10.1038/emm.2016.6  287 

4. Masood W, Annamaraju P, Uppaluri KR. Ketogenic Diet. National Library of Medicine. 288 

https://www.ncbi.nlm.nih.gov/books/NBK499830/. Accessed Aug 14, 2022.  289 

5. McMacken M, Shah S. A plant-based diet for the prevention and treatment of type 2 290 

diabetes. J Geriatr Cardiol. 2017;14(5):342-354. doi:10.11909/j.issn.1671-291 

5411.2017.05.009 292 



Dietary Interventions in the Treatment of Type 2 Diabetes 

 

 12 

6. Pollakova D, Andreadi A, Pacifici F, Della-Morte D, Lauro D, Tubili C. The impact of vegan 293 

diet in the prevention and treatment of type 2 diabetes: a systematic review. Nutrients. 294 

2021;13(6):2123. Published Jun 21, 2021. doi:10.3390/nu13062123 295 

7. Yuan X, Wang J, Yang S, et al. Effect of the ketogenic diet on glycemic control, insulin 296 

resistance, and lipid metabolism in patients with T2DM: a systematic review and meta-297 

analysis. Nutr Diabetes. 2020;10(1):38. Published Nov 30, 2020. doi:10.1038/s41387-020-298 

00142-z 299 

8. Choi YJ, Jeon SM, Shin S. Impact of a ketogenic diet on metabolic parameters in patients 300 

with obesity or overweight and with or without type 2 diabetes: a meta-analysis of 301 

randomized controlled trials. Nutrients. 2020;12(7):2005. Published July 6, 2020. 302 

doi:10.3390/nu12072005 303 

9. Papamichou D, Panagiotakos DB, Itsiopoulos C. Dietary patterns and management of type 304 

2 diabetes: a systematic review of randomised clinical trials. Nutr Metab Cardiovasc Dis. 305 

2019;29(6):531-543. doi:10.1016/j.numecd.2019.02.004 306 

10. Emadian A, Andrews RC, England CY, Wallace V, Thompson JL. The effect of 307 

macronutrients on glycaemic control: a systematic review of dietary randomised controlled 308 

trials in overweight and obese adults with type 2 diabetes in which there was no difference 309 

in weight loss between treatment groups. Br J Nutr. 2015;114(10):1656-1666. 310 

doi:10.1017/S0007114515003475 311 

 312 

Abbreviations: DM2, type 2 diabetes mellitus; HbA1c, hemoglobin A1c 313 


	Comparing the Effects of Vegan Diets versus Ketogenic Diets on Glycemic Control in Type 2 Diabetes Mellitus
	Recommended Citation

	Microsoft Word - 5D95533A3E84771E3E041067C27CBE55.docx

