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ABSTRACT

cardiovascular risk factors.

Type 1 diabetes is a chronic autoimmune disease characterized by hyperglycemia resulting from the destruction of
insulin-producing pancreatic beta-cells. The increasing incidence (at a worldwide rate of 3-5% a year) suggests that in
addition to the genetic component, the risk may be influenced by environmental factors, including the diet. A plant-
based diet has been shown to improve glycemic control in individuals with type 2 diabetes and to improve beta-cell
function in overweight people but has not been thoroughly tested in type 1 diabetes due to its high carbohydrate
content. We present two case studies of individuals with type 1 diabetes who adopted a plantbased diet and

experienced a significant increase in insulin sensitivity, reductions in insulin dose, and improvements in
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INTRODUCTION

Type 1 diabetes is a chronic autoimmune disease characterized
by hyperglycemia resulting from the destruction of insulin-
producing pancreatic beta-cells. While there is a genetic
component to the risk of type 1 diabetes, the increasing
incidence (at a worldwide rate of 3%-5% a year) suggests an
environmental component, such as diet [1]. While it has been
shown that a plant-based dietary intervention improves glycemic
control in individuals with type 2 diabetes and may improve
beta-cell function in overweight adult individuals [2], it is
unclear whether such a diet could improve management of type
1 diabetes. Given the high carbohydrate content of plant-based
diets, discouraged

recommending such a diet to patients with type 1 diabetes.

health professionals may be from

Dietary contributors to type 1 diabetes remain unclear. Some
epidemiological and immunological studies have suggested that
exposure to complex foreign proteins, particularly those in meat
and dairy products, in early infancy may increase the risk of B -
cell autoimmunity and type 1 diabetes in genetically susceptible
individuals [3-6], although other studies have not supported this
possibility [7]. An interventional pilot study suggested an early
nutrition manipulation, including casein hydrolysate, compared

with conventional cow’s milk formula, may decrease the risk of
beta-cell autoimmunity over the course of more than 4 years [8].
Later findings from this study, however, contradicted this

finding [9].

Dietary guidance for type 1 diabetes management typically
includes careful attention to carbohydrate intake, consumption
of processed and sugarsweetened foods and drinks, and
increased intake of whole grains, fruits, vegetables and legumes
for both type 1 and type 2 diabetes, due to the beneficial effects
on glycemic control [10,11]. Fiberrich foods have been shown to
reduce postprandial blood glucose levels in patients with either
type 1 or type 2 diabetes [12].

We present two case studies of individuals with type 1 diabetes
who adopted a plant-based diet and monitored changes in their
glycemic control and cardiovascular risk factors. Both of them
granted informed consent to publish the information.

Case study 1

In October 1996, a 25-year old male medical student began to
experience acute polyuria, polydipsia, fatigue, and unexplained
weight loss and, after appropriate testing, was diagnosed with
type 1 diabetes. After diagnosis, he maintained good glycemic
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control with normal HbAlc levels for many years, using an
insulin pump or multiple daily insulin injections. His HbAlc

was 6.2% in December 2012.

In 2013, at the age of 42, he decided to change his diet in hopes
of improving his overall health, eliminating animal-derived
products and processed foods. In the first several weeks after the
diet change, he experienced unexpected and repeated episodes
of hypoglycemia. At the time of his diagnosis, he was consuming
about 150 g of carbohydrates per day and was taking 50-60 units
total per day of insulin, about 60% of which was long-acting.
The carbohydrate to insulin ratio was therefore around 1.25-3.
After the diet change, he was consuming 400 g450 g of
carbohydrates per day in the form of whole, unprocessed fruits,
vegetables, and grains and required 26 units total of insulin per
day, for a carbohydrate to insulin ratio of 15-17. During this
time, his weight dropped from 190 lbs to 180 lbs. His insulin
requirements and weight have remained stable since then and
his HbAlc has been ranging between 5.5%-5.8% over the last 2

years.

Case study 2

In February 2004, a 17-year old female was diagnosed with
diabetes, initially thought to be type 2. Treatment with oral
hypoglycemic medications was initiated. However, between
November 2017 and February 2018, her HbAlc had risen from
5.4% to 8.7%. In February 2018, she was diagnosed with type 1
diabetes after testing positive for GAD-65 and IA-2 antibodies,
and insulin therapy was initiated.

Aiming to improve her glycemic control, she adopted a low-
carbohydrate (under 30 grams of carbohydrates a day), high-fat
diet relying heavily on meats, fullfat dairy, avocados, and low-
carbohydrate vegetables, such as green leafy vegetables and
mushrooms. She avoided fruits and starchy vegetables. She
noticed steadier blood sugar levels and an increased requirement
for insulin per gram of consumed carbohydrate. Within several
months, her HbAlc had decreased to 5.6%, but her total
cholesterol concentration increased from 175 mg/dL in January

2018 to 221 mg/dL in the fall of 2018.

In January 2019, she decided to eliminate meat, dairy products,
and egg products. Within the first few days after her diet
change, she experienced repeated hypoglycemic episodes. In
response, she reduced her insulin doses. The basal rate (units of
insulin per hour) decreased by 24%. The correction factor (the
blood glucose reduction produced per 1 unit of rapid-acting
insulin) improved approximately 50%. Previously, one unit of
insulin lowered her blood glucose by 43 mg/dL; after the diet
change, one unit of insulin led to a decrease of 64 mg/dL.
Similarly, the carbohydrate-to-insulin ratio (units of insulin per
gram of carbohydrates consumed) improved by roughly 50%. 1
unit of insulin previously covered 10 grams of carbohydrates,
but after the new diet, it covered 15 grams. After two months,
despite a large reduction in insulin use, her HbAlc was
unchanged at 5.4%. Her total cholesterol had dropped from 221
mg/dL to 158 mg/dL.
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DISCUSSION

These case studies demonstrate increases in insulin sensitivity
and reductions in insulin requirements after the adoption of a
plantbased diet. Despite larger quantities of consumed
carbohydrates, glycemic control improved significantly.

In type 2 diabetes, a robust body of research shows that a low-fat,
vegan diet increases insulin sensitivity and improves glycemic
control [13,14]. Insulin resistance is strongly related to fat
accumulation within skeletal muscle (intramyocellular lipid) and
(hepatocellular ~ lipid)  [15-17).  Reducing

and hepatocellular lipid concentrations
significantly improves insulin sensitivity. It is likely that some
individuals with type 1 diabetes have a degree of insulin
resistance (in addition to the absence of insulin production),
complicating the management of their condition. If so, this
provides a rationale for the use of a low-fat, vegan diet in
individuals with type 1 diabetes. However, such a diet has not
been tested in randomized trials in individuals with type 1
diabetes.

liver  cells
intramyocellular

A small study in 10 people with type 1 diabetes showed that a
high-carbohydrate (70%), high-fiber (70 g) diet increased insulin
sensitivity and reduced insulin requirements and blood lipids,
compared with a low-carbohydrate (39%), low-fiber (10 g) diet
over the course of 4 weeks. The carbohydrate to insulin ratio
was 6.22+1.1 higher (p<0.001) on the high-carbohydrate, high-
fiber diet [18].

High-fat diets may inhibit glucose utilization [19], as the result of
a downregulation of the genes required for mitochondrial
oxidative phosphorylation in skeletal muscle [20] and by
increasing serum endotoxin levels, thus leading to insulin
resistance [21]. In contrast, a high-carbohydrate, high-fiber diet
may increase postprandial metabolism [22-25] and improve
glucose disposal through an increase in insulin signaling,
resulting in GLUT4 translocation [26,27]. Therefore, a high-
carbohydrate, high-fiber diet seems to increase insulin sensitivity
and enhance glucose oxidation in type 1 diabetes.

In addition to improved glycemic control, plant-based diets have
been shown to reduce other cardiovascular risk factors,
particularly body weight, blood lipid concentrations, and blood
pressure. In a meta-analysis of 15 clinical trials, including 17
intervention groups, vegetarian diets were consistently associated
with weight loss. Overall mean weight loss among study
completers was 4.6 kg [28]. A meta-analysis of 19 trials
demonstrated that plantbased diets reduced total and LDL-
cholesterol by 12.5 mg/dL (0.32 mmol/L) and 12.2 mg/dL
(0.32 mmol/L), respectively [29]. In a meta-analysis of 7 clinical
trials, plant-based diets reduced systolic pressure by 4.8 mm Hg
and diastolic pressure by 2.2 mm Hg [30]. These observations
are particularly relevant for type 1 diabetes, as cardiovascular
disease is the primary cause of mortality and morbidity.
Cardiovascular events occur more than a decade earlier in
people with type 1 diabetes compared with non-diabetic
individuals [31] and a recent meta-analysis estimated the
standardized mortality ratio attributable to cardiovascular
disease to be 5.7 for men and 11.3 for women with type 1

diabetes [32].
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Blood glucose management is one of the cornerstones of
diabetes care [33]. It has been well established that improved
glycemic control reduces the risk of macrovascular and
microvascular complications. Meta-analyses of large randomized
controlled trials demonstrated that HbAlc reductions of
approximately 1 absolute percentage point reduced the risk of
both fatal and nonfatal myocardial infarction (15%) and
cardiovascular disease (11-15%) [34-36]. A meta-analysis of six
randomized controlled trials showed that plantbased diets
reduced HbAlc by 0.4% compared with conventional diets in
patients with type 2 diabetes [37]. This reduction in HbAlc
alone (i.e., independently from the association with the decrease
in body weight and the improvement in blood lipids, blood
pressure, platelet aggregation and others) would be expected to
decrease risks of myocardial infarction and cardiovascular
disease by about 6% and 4.4-6%, respectively, based on
estimates drawn from large prospective studies. Other healthful
lifestyle factors add further reductions in risk.

Plantbased diets may decrease the risk of developing the
microvascular complications. Mild impairment of renal function
is present in about 40% of patients with diabetes [38]. Several
studies have reported a reduction of microalbuminuria and
proteinuria in patients with nephropathy when consuming a
plantbased or a reduced-red-meat diet [39-41]. One study
showed a 54% decrease of microalbuminuria in patients with
type 1 diabetes after eight weeks of a largely plant-based diet [41].
Similarly, Azadbakht, et al. [42] performed a randomized
controlled trial in adults with type 2 diabetes with nephropathy
(urinary protein 300-1000  mg/day),
substituting half of the animal protein for soy protein in the
intervention group and following them for four years. They
found that the soy protein intervention group had a significant
improvement in proteinuria (—154 mg/day vs. +34 mg/day in
the control group), along with significant decreases in total
cholesterol (=23 mg/dL vs. +10 mg/dL, P=0.01), LDL
cholesterol (=20 mg/dL vs. +6 mg/dL, P=0.01) and fasting
glucose (—18 mg/dL vs. +11 mg/dL, P=0.03) [42].

excretion between

Furthermore, more than 50% of diabetic patients suffer from
neuropathy [43]. The most common clinical manifestations of
diabetic neuropathy include pain, insensitivity to trauma,
orthostatic  hypotension, cardiac autonomic neuropathy,
gastroparesis, and erectile dysfunction [44]. Diabetic neuropathy
has a negative impact on quality of life and is associated with
increased risk of sleep disturbances, depression and anxiety [45].
Diabetic neuropathy also increases the risk of amputations and
cardiovascular disease [46]. A 20-week controlled pilot study
demonstrated an improvement in diabetic neuropathy in
response to a low-fat plantbased diet: Electrochemical skin
conductance in the foot and perceived pain improved, compared
with the control group [47]. These results are consistent with
those of previous, smaller studies showing improvements in
neuropathy in response to a plantbased diet combined with
exercise [48,49], probably due to improved endoneurial

microcirculatory perfusion [50].

Men and women with type 1 diabetes have 5 and 10 times,
respectively, higher risk of coronary heart disease events [51]. In
a large study, analyzing the data from the Swedish National
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Diabetes Register, patients with type 1 diabetes were categorized
according to the number of risk factors not at target: HbAlc,
albuminuria, smoking, and low-density
lipoprotein cholesterol. A steep-graded association has been

blood pressure,

demonstrated between cardiovascular risk factors and major
adverse cardiovascular outcomes among patients with type 1
diabetes [52]. All of these risk factors except for smoking can be
significantly improved with a plant-based diet.

A plant-based diet has been shown to reverse atherosclerosis in
clinical trials [53-55], especially when combined with exercise
and stress management [54,56,57]. In a systematic review and
meta-analysis of 8 prospective studies among Seventh-day
Adventists, plantbased diets were associated with a 40%
reduced risk of coronary heart disease events and a 29%
reduction in cerebral vascular disease events [58]. In addition to
providing the substantial health benefits, plant-based eating may
also reduce health care costs, particularly those related to
insulin, hospital admissions and medical bills [59].

In research studies, the acceptability of plant-based diets appears
to be similar to that of other therapeutic diets over both the
short and long term, as indicated by rates of retention, diet
adherence, and diet acceptance questionnaires [60-63].

In conclusion, the case studies presented here show dramatic
increases in insulin sensitivity and reductions in insulin
requirements on a high-carbohydrate, high-fiber plant-based diet.
These studies are supported by a solid rationale for the use of
such diets in type 1 diabetes management. However, randomized
clinical trials are needed to verify these findings, assess their
generalizability, and quantify the effectiveness of plant-based
diets in the management of type 1 diabetes.
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