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Abstract

Lifestyle therapy is an integral part of type 2 diabetes (T2D) management, but there remains no consensus on an optimal diet. The objective of this study is to evaluate the efficacy of therapeutic fasting as a treatment for T2D. This case follows a male T2D patient treated at the Intensive Dietary Management Clinic in Scarborough, Ontario, over a 4-month period. The patient’s initial fasting regimen consisted of a 24-h fast, three times a week. Over the course of treatment, the patient gradually extended his fasting period, eventually fasting for 42 h, two to three times a week. By the end of treatment, the patient’s weight was reduced by 17.8% and his waist circumference was reduced by 11.0%. In addition, the patient’s glycated haemoglobin levels decreased from 7.7% to 7.2%, and he was able to completely discontinue his insulin treatment, despite over a decade of insulin usage. The patient did not find it difficult to adhere to the fasting schedule and did not experience any hypoglycaemic episodes or other significant adverse effects. These observations suggest that therapeutic fasting may be a viable treatment option for T2D patients.
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Introduction

Type 2 diabetes (T2D), which is characterised by elevated insulin resistance and an integral part of the metabolic syndrome, is associated with many complications.1 The prevalence of this disease has been rising quickly in the past few decades. Approximately 10% of the United States and Canadian population have a diagnosis of T2D, with another 20% of Canadians and 30% of Americans labelled as prediabetic.2 The prevalence of diabetes is expected to rapidly increase in the future, with Canada estimating a 41% increase in diabetes prevalence from 2016 to 2026.3 The morbidity and mortality rate associated with T2D is high, with a substantial economic burden: more than 20% of healthcare spending in the United States is targeted at diabetic patients.4

Insulin and oral hypoglycaemic agents are commonly used to manage elevated blood glucose, but disease progression often necessitates an increase in medication dosage. However, more intensive treatments, including more frequent use of insulin or other drugs, may increase the risk of mortality because of cardiovascular disease.5 The World Health Organization, American Diabetes Association and Diabetes Canada all maintain that lifestyle therapy is the cornerstone of management; however, there remains no consensus about an optimal diet for T2D.6,7,8,9 Many diets have been tested including various restrictions on calories, carbohydrates and dietary fat. Low-fat diets appear to be ineffective as a treatment for T2D.10 Studies suggest that low-carbohydrate diets are superior to other dietary approaches in managing T2D, but the majority of these studies only investigate short-term results.11 Compliance and the ability to adhere to these diets may also play a role in their effectiveness as treatments.

Bariatric surgery has been proved to be effective in reducing patient blood sugar levels, medication use and weight.12,13 However, this option is both invasive and costly and carries the potential for a number of side effects. In the Swedish Obese Subjects (SOS) study, 13% of patients experienced surgical complications, with 2.2% of patients requiring reoperation.14 Thus, it remains inaccessible or unattractive to many patients.

Another dietary intervention offers a similar severe caloric restriction – fasting. Therapeutic fasting may be an effective, natural alternative dietary treatment, offering similar caloric restriction and hormonal benefits without the cost or invasiveness of surgical intervention.15 Unlike starvation, which is involuntary and uncontrolled, therapeutic fasting is defined as the controlled and voluntary abstinence from all calorie-containing foods and drinks for a specified period of time.

One review on intermittent fasting demonstrated that weight loss is a fairly consistent finding amongst fasting studies.16 Another review found randomised control trials of fasting to have significant improvements in weight and risk-related outcomes and also found that fasting was associated with a lower prevalence of coronary artery disease and diabetes diagnosis in observational outcome studies.17 However, it should be noted that the majority of these studies have only examined the effects of fasting over a short period of time.

The present case study seeks to further explore the effects of therapeutic fasting and its effectiveness as a treatment for T2D by following a T2D patient through a 4-month intermittent fasting treatment.

Case

This case documents a patient referred to the Intensive Dietary Management (IDM) Clinic in Toronto, Canada, for insulin-dependent T2D. The IDM clinic works with clients to adopt a low-carbohydrate diet and use intermittent fasting for weight loss and control of T2D.

A 69-year-old man diagnosed with T2D for 35 years was initially seen in consultation on 07 April 2017. At the time, the patient was taking 160 units of insulin daily and 1000 mg of Metformin twice a day to manage his diabetes. His medications included the following:


	Quinapril 40 mg daily

	Ezetrol 10 mg daily

	Aggrenox 200/25 mg daily

	Lipitor 20 mg daily

	Humalog Mix-25 80 twice daily

	Metformin 1000 mg twice daily

	ASA 81 mg daily.



The patient has been on Metformin for 35 years and on insulin treatment for the past 11 years. He has never used any other forms of diabetic medication. He has no known microvascular or macrovascular complications.

Other significant medical history includes hypertension, hypercholesterolaemia, a transient ischemic attack (2002) and bilateral cataracts. At baseline, the patient weighed 92.6 kg, with a body mass index of 28.4 and a waist circumference of 109 cm.

Treatment

The patient attended an initial 6-h nutritional seminar outlining the basics of a low-carbohydrate diet and intermittent fasting, as well as an introduction on the topics of obesity, T2D, fasting, body composition, insulin resistance and meal timing. The initial fasting prescription introduced a 24-h fast, three times a week. In addition, he reduced his dietary intake of sugars and refined carbohydrates and increased his consumption of natural fats. The patient was instructed to consume approximately 70% of his daily calories from natural fats, 20% from proteins (both plant and animal based) and 10% from net carbohydrates from leafy greens and non-starchy vegetables. Permitted fluids included water, non-sugared tea, black coffee and homemade bone broth.

One month into the treatment, as the patient began feeling more confident with the programme, he requested that his fasting period should be extended and began fasting between 24 and 36 h, three times a week. After the second month, he again pushed his fasting schedule to between 24 and 42 h, two to three times a week.

On eating days, the patient ate in two 90-min eating windows. The 24-h fasting protocol consisted of fasting between dinner on a certain day and the dinner on the next day. The 36-h fasting protocol consisted of fasting between dinner on one day and breakfast 2 days later. The 42-h fasting protocol consisted of fasting between dinner on one day and lunch 2 days later.

A physician and a dietary counsellor monitored the patient every 2 weeks until insulin was discontinued, after which he was followed monthly. The patient tested his blood sugar four times daily during the insulin-weaning period. Target daily blood sugars were between 7 mmol/L and 10 mmol/L.

Food diary, blood sugar log and adherence to fasting schedules were discussed at each visit. The team made adjustments to fasting regimen and medication dosage. In addition, the patient’s weight, waist circumference and blood pressure were measured and recorded at each visit. As HbA1c represents a weighted average over 120 days, this was measured every few months, rather than at every visit. Blood tests were conducted monthly.

Results

The patient completely discontinued his insulin treatment after 2 months of therapeutic fasting in conjunction with a substantial reduction in glycated haemoglobin levels, from 7.7% to 7.2% (Figure 1). He remains on his oral hypoglycaemic medication, 1000 mg of Metformin twice a day. No symptomatic episodes of hypoglycaemia were reported by the patient.
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The patient reduced his body weight and waist size. Over the 4 months of treatment, the patient’s weight decreased by 17.8% (from 92.6 kg to 76.1 kg) and waist circumference by 11% (from 109 cm to 97 cm) (see Figures 2 and 3). Table 1 summarises a full breakdown of the patient’s measurements during each visit.
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Overall, the patient stated that he did not find it difficult to stick to his fasting schedule and is confident in continuing his fasting regimen. He reported normal energy levels and noted no significant or minor adverse effects because of fasting or the change in diet. This was assessed through verbal consultation during the patient’s visits to the clinic. No adverse effects were detected through the monthly blood tests.

Discussion

This case report demonstrates that therapeutic fasting in conjunction with a low-carbohydrate diet can be an effective treatment option for T2D. The treatment worked quickly to reduce blood glucose and insulin resistance. Despite over a decade of insulin usage, the patient was able to completely discontinue his insulin treatment in only 4 months of dietary treatment. Simultaneously, he reduced his glycated haemoglobin levels, weight and waist circumference, indicating that the underlying insulin resistance of T2D was significantly improved.

Although glycated haemoglobin levels only dropped by 0.5%, which may seem like a small reduction over 4 months, the importance is in realising that the patient is able to control and reduce his blood sugar levels on his own with a dietary intervention and no longer needs to rely on insulin to manage his blood sugar. The observation that the patient was able to completely come off of insulin, while not only managing his blood sugar levels but being able to reduce them, supports the effectiveness of the treatment.

The rapid reversal of T2D is also seen in studies of bariatric surgery. The Surgical Treatment and Medications Potentially Eradicate Diabetes Efficiently (STAMPEDE) study examined 150 T2D patients who either received intensive medical therapy alone or medical therapy in addition to a Roux-en-Y gastric bypass or sleeve gastrectomy.18 Both surgical groups were significantly more likely to reach target HbA1c levels of 6.0% or less and reduce or eliminate diabetic medications, with lowered fasting plasma glucose and improved insulin sensitivity compared with the intensive medical therapy group. Unsurprisingly, weight loss was also greater in the surgical groups. These differences were achieved within only 3 months after treatment, and are durable, having been observed in both a 3-year and 5-year follow-up.13,19

The SOS study comparing surgical and medical weight loss found that the surgical group had significantly greater weight loss and had lower overall mortality.20 Similar to the STAMPEDE study, weight loss occurs almost immediately after treatment. At a 10-year follow-up, the surgical group had substantial improvements in glucose, insulin, uric acid, triglyceride and HDL levels, as well as reduced blood pressure, waist circumference and incidence of diabetes.21

This is a consistent finding amongst most studies examining bariatric surgery. A review by Pories found that bariatric surgery reverses diabetes in four out of five patients and produces remarkable and durable weight loss.22 The review also identifies the rapid remission of T2D as the most remarkable effect of bariatric surgery, noting diabetes generally clears within a matter of days following surgical treatment.

Low-carbohydrate diets have also demonstrated effectiveness in managing T2D. A prospective study following more than 200 T2D subjects assigned to a low-carbohydrate diet (< 30 g/day) observed significant decreases in weight and HbA1c by day 70 of the intervention, with medications halted or reduced in 63% of participants.23 A comprehensive review of dietary carbohydrate restriction studies concludes that low-carbohydrate diets should be the first approach in diabetes management, providing a wealth of evidence to support this argument.24 The authors note, however, the lack of long-term randomised controlled trials. While this may be the case, the short-term effects of low carbohydrate interventions are impressive and should not be ignored.

There is strong evidence that bariatric surgery is an effective treatment for T2D and moderate evidence that low-carbohydrate diets are also effective. Therapeutic fasting may deliver many of the same benefits with far greater ease of implementation and at no cost.

Jackson et al. observed a 2-week water-only fast in seven obese diabetic and seven obese non-diabetic women and found reduced plasma triglyceride and blood glucose levels in both groups, along with an improvement in glucose tolerance in the diabetic group.25 A 2014 study by Nuttall et al. compared a standard (control) diet, low-carb diet and fasting diet (3 day, water and calorie-free beverages only fast) in seven male T2D patients using a randomised crossover design and found that the fasting diet was associated with the lowest glucose concentration and insulin response and had the most pronounced weight loss.26 Arnason et al. assigned 10 T2D patients to a 2-week intermittent fasting period and found significant decreases in weight, BMI and morning glucose levels.27 Li et al. conducted a randomised control study, comparing a group of 16 T2D patients who were assigned to a 7-day fasting programme followed by dietary advice with a group of 16 T2D patients who were given only dietary advice. They found significant reductions in weight loss, waist circumference and blood pressure in the fasting group compared with the control group.28

Studies examining intermittent fasting on overweight but non-diabetic populations have found that fasting lowers body weight, fasting glucose levels, fasting insulin concentration and improves insulin sensitivity, concluding that fasting may be effective in reducing the risk of T2D.29,30

As one may note, most studies examining intermittent fasting are short term, and the overall quantity of data is preliminary. The present case report, however, examines an intermittent fasting intervention over a 4-month period and demonstrates that the beneficial effects of fasting are continuous and observed over the entirety of this period. The patient’s ability to comply with an intermittent fasting regimen for this length of time suggests that fasting may be a long-term and sustainable form of treatment. More rigorous and longer-term studies may be able to demonstrate just how far the benefits of fasting extend.

Conclusion

The existing research suggests that therapeutic fasting has shown promising results and may be effective for both the prevention and the management of T2D. Furthermore, it has the advantages of being both affordable and accessible worldwide.
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FIGURE 3: Change in waist circumference over the course of treatment.
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TABLE 1: Patient measurements at each visit.

Date Insulin  Medication Weight (kg) Waist (cm) HbALc (%)
19 April 2017 160  Metformin1g? 926 109 7.7
26 April 2017 30 Metformin 1 g2 89.8 108 N/A
17 May 2017 30 Metformin 1g? 85.2 102 N/A
31 May 2017 0 Metformin1g? 83.7 99 N/A
11 July 2017 0 Metformin 1 g2 77.6 97 N/A

09 August 2017 0 Metformin 1 g? 76.1 97 7.2
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