The Prevention and Treatment of Type 2 Diabetes Mellitus
with a Plant-Based Diet
1. Introduction
Today’s physicians are only too aware of the prevalence of Type 2 Diabetes Mellitus (T2DM)
currently in America, and of its complications such as diabetic peripheral neuropathy and
diabetic nephropathy. The increased risk of coronary artery disease that type 2 diabetics face is
on every physician’s mind. Administrators and policy makers grapple with the dollar cost to the
health care system from type 2 diabetes, and perhaps most worrisome of all, the rise in obesity
and metabolic syndrome tells public health officials that the problem will likely get worse if
nothing changes.
This article presents evidence of the safety and efficacy of plant-based diets for prophylaxis and
treatment of type 2 diabetes mellitus. We have used “plant-based” to be synonymous with the
term “vegan”. The term “vegetarian” is used to define a plant-based diet that also may include
dairy or eggs or both.
It has long been known and documented by a wide range or researchers that vegetarians in
general, and vegans in particular, have much lower rates of type 2 diabetes. This fact has led
researchers to investigate why those following a plant-based diet have a much lower risk of the
disease. It has also led to the study of the efficacy of plant-based diets as a treatment for type 2
diabetes. The results of research are compelling. Plant-based diets both very substantially lower
the risk of type 2 diabetes, and are quite efficacious in treating the disease.
Several reasons for this have emerged. Vegetarians have a much lower prevalence of type 2
diabetes mellitus risk factors such as obesity and metabolic syndrome. Those following a plantbased diet tend to consume more polyunsaturated fats and whole grain fibers, which have both
been shown to reduce the risk of type 2 diabetes. They have less skeletal intramyocellular
lipids, and better myocellular glucose disposal and mitochondrial function, and therefore have
less peripheral insulin resistance. Vegetarians and vegans also have a much better
inflammatory status, indicated by lower levels of inflammatory markers such as cardio-reactive
protein and inflammatory adipocytokines such as IL-6, leptin, and higher levels of antiinflammatory adipocytokines such as adiponectin. Since inflammation is now a known
pathogenic factor, and since the adipocytokines have been shown to mediate insulin resistance
and type 2 diabetes, vegetarians and vegans have a reduced risk of T2DM from these factors as
well. Because persistent organic pollutants (POPs) strongly bio-concentrate in animal fats,
those following a plant-based diet consume much lower levels of POPs which have been shown
to cause beta-cell mitochondrial dysfunction. Finally, the gut microbiome of vegetarians has
also been shown to play a role in reducing insulin resistance and the level of inflammation in
the body and consequently the risk of T2DM.
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Vegetarians and vegan diets have been shown to be safe and efficacious treatments for type 2
diabetes, and their effects rival drugs such as Metformin. It should be noted that a full response
usually takes a couple of months, but some initial effects may be noted after only two weeks.
Patient compliance is good and the treatment is practically devoid of contraindications and
adverse effects. Clinical chemistry should be monitored frequently at first and medications
should be titrated accordingly until the full effect of the dietary therapy is evident.

2. Epidemiology
Vegetarian and vegans have a substantially lower risk of Type 2 Diabetes. The consumption of
meat and the increase in risk of T2DM in a dose dependent manner has been established since
at least 1985. (1) More recently, a large, well-regarded study showed that semi-vegetarians
reduced their risk by 38%, pesco vegetarians by 51%, vegetarians by 61% and vegans by 78%.
This indicates a dose response relationship between risk reduction and amount of plant foods
in the diet. (2)
Many studies have been made of different demographic groups, showing substantial reductions
in risk in those consuming a plant-based diet. Here are just a couple of examples. One study of
the Taiwanese showed that vegetarian men had a decreased risk of T2DM of 51%, while premenopausal women had a decreased risk of 74%, and post-menopausal women a decreased
risk of 75%. (3) These were considered notable findings, due to the increased genetic
vulnerability to T2DM of this population, and that the average Taiwanese diet is already a
relatively low-meat diet in the first place.
Among Blacks in the United States, those following a vegetarian diet reduced their risk of type 2
diabetes mellitus by 53% and those following a vegan diet by 70%. (4) This finding is notable,
due to the increased prevalence of T2DM in this group.

2.1

Risk Factors

High body mass index (BMI) is a well-established risk factor for T2DM. Vegetarians and vegans
have significantly lower BMI’s on average. A study of American vegetarians and vegans found
that that vegetarians had a mean BMI of 25.7 and vegans a mean BMI of 23.6. (5) A European
study found the average BMI of vegetarians and vegans to be 23.3 and 22.4 respectively for
men and 22.8 and 21.8 for women. (6) A study of German vegans found an average BMI of 22.3.
(7) A study of vegetarian children found that they too had lower BMI’s than their meat- eating
counterparts with an average BMI of 17.3 in ages 6 to 11 and average of 20.0 ages 12-18. (8)
One study found the risk of being overweight or obese is 65% less for vegans and 46% less for
vegetarians. (9)
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Another key risk factor is metabolic syndrome. Vegetarians have a reduced risk of metabolic
syndrome. One study showed a 56% risk reduction with a vegetarian diet. (10) This study also
showed that vegetarians have fewer risk factors for metabolic syndrome.

2.2

Dietary Components

When considering the different components in the diet, the consumption of n-6 (Omega 6) fats
and whole grain foods stand out in the epidemiological research.
The evidence from research suggests that consuming polyunsaturated and or monounsaturated
fats in preference to saturated fats and trans fatty acids, has beneficial effects on insulin
sensitivity, and reduces the risk of T2DM. (11)
Among those consuming polyunsaturated fats, those who prefer linoleic acid from the n-6
series (Omega 6 fatty acids) show the best insulin sensitivity. (11) On the other hand, long-chain
n-3 (Omega 3) fatty acids do not appear to improve insulin sensitivity or glucose metabolism.
(11) Moreover, the research shows that high consumption of n-3 fatty acids may even impair
insulin action in subjects with type 2 diabetes. (11, 12, 13, 14, 15, 16, 17, 18) While some
believed that n-6 FAs are pro-inflammatory compared with n-3 fatty acids, this hypothesis is not
supported by clinical or epidemiologic data in humans. (11) Rather, some data show that
consumption of linoleic acid is inversely related to plasma C-reactive protein concentrations,
and therefore is anti-inflammatory. (19, 20)
People who consume approximately 3 servings per day of whole grain foods are less likely to
develop type 2 diabetes than low consumers (<3 servings per week) with a risk reduction in the
order of 20-30%. (21)

3. Pathogenesis
3.1

Skeletal muscle insulin resistance

Skeletal muscle is the major site for disposal of ingested glucose in lean, healthy, normalglucose-tolerant people. (22, 23, 24, 25, 26) Following a meal, approximately one third of
ingested glucose is taken up by the liver and the rest by peripheral tissues, primarily skeletal
muscle, via an insulin dependent mechanism. (22, 23, 24, 25, 26) The postprandial
hyperglycemia stimulates insulin secretion from the pancreas and the rise in plasma insulin
concentration stimulates glucose uptake in skeletal muscle leading to the disposal of ingested
glucose. (22, 23, 24, 25, 26)
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In insulin resistant states, such as type 2 diabetes and obesity, insulin stimulated glucose
disposal in skeletal muscle is markedly impaired. (22, 23, 24, 25, 26, 27, 28) The decreased
insulin-stimulated glucose uptake is due to impaired insulin signaling, and multiple post
receptor intracellular defects, including impaired glucose transport and glucose
phosphorylation, and reduced glucose oxidation and glycogen synthesis. (29, 30, 31, 32)
There is growing evidence that mitochondrial dysfunction contributes to insulin resistance. (33,
34) Mitochondrial DNA content is frequently used as a marker for mitochondrial density in
skeletal muscles. It has been shown to be lower in T2DM patients in comparison to lean
controls. (35) Metabolic stresses imposed by obesity and hyperglycemia are often
accompanied by increased rates of mitochondrial Reactive Oxygen Species (ROS) production.
ROS affect mitochondrial structure and function and lead to Beta-cell failure. (36)
It can be concluded that both decreased mitochondrial fat oxidation and increased free fatty
acid influx into skeletal muscle take place while in an insulin resistant state. Increased
intramyocellular fat content and fatty acid metabolites, for example, FACoA and DAG, are likely
to play a pivotal role in the development of insulin resistance in skeletal muscle.
Through activation of serine/threonine kinases and serine phosphorylate, fatty acid metabolites
impair IRS-1 phosphorylation by the insulin receptor and lead to the defect in insulin signaling
in insulin resistant individuals. (22)
An increased intramyocellular fat content and fatty acid metabolites have been shown to play a
pivotal role in the development of insulin resistance in skeletal muscle. Since the majority of fat
oxidation take place in the mitochondria, impaired fat oxidation in insulin resistant individuals
suggests the presence of a mitochondrial defect, that contributes to the impaired muscle fat
oxidation and increased intramyocellular fat content. Studies in humans, using molecular,
biochemical, and MR spectroscopic techniques, have documented a defect in mitochondrial
oxidative phosphorylation in a variety of insulin resistant states. While it is not usually possible
to carry out these kinds of studies on humans, this study was able to use human skeletal muscle
due to the accessibility of the tissue. (22)
The adiocytokine adiponectin, discussed in more detail in the next section, is found in lower
levels in type 2 diabetic patients and the insulin resistant. Human studies show that low levels
of adiponectin are also strongly correlated with high levels of intramyocellular lipids. (37) This is
especially the case with the high molecular weight isoform. (38) As reported below, those
following a plant-based, or vegan diet have higher levels of adiponectin. This adds to the
lowered risk of insulin resistance that vegans experience.
Ex vivo human studies showed vegans to have an advantage with regard to skeletal muscle
insulin sensitivity. One study showed that those following a plant based, or vegan diet, were
shown to have lower intramyocellular lipid levels in their skeletal muscles. (39) Another study
of those on a plant-based diet documented a lower intramyocellular lipid levels, a higher
glucose disposal value and a higher mitochondrial DNA content. (40)
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These studies help explain the better skeletal muscle insulin sensitivity and much lower risk and
prevalence of type 2 diabetes mellitus among vegans. The lower intramyocellular lipid levels,
higher levels of adiponectin, better glucose disposal and increased mitochondrial DNA combine,
in addition to the other factors addressed elsewhere in this report, to give those following a
plant-based diet the advantages they experience with respect to type 2 diabetes.

3.2

Adipocytokines

Until recently, the adipose tissue was merely considered to support thermoregulation and
provide the storage and release for free fatty acids. Within the last decade, it has become
increasingly clear that adipose tissue is much more complex than was initially considered. The
adipose tissue is an important endocrine organ that plays a key role in the integration of
endocrine, metabolic, and inflammatory signals for the control of energy homeostasis (41). In
addition to the dysregulation of its free fatty acid buffering capacity, (42) the adipocyte has
been shown to secrete a variety of bioactive proteins into the circulation. These secretory
proteins have been collectively named adipocytokines. (41)
Examples of adipocytokines include leptin, (43) tumor necrosis factor (TNF)-α, (44)
plasminogen-activator inhibitor type 1 (PAI-1), (45) adipsin, (46) resistin, (47) adiponectin, (48)
and interleukin (IL6) (48).
These interact with central as well as peripheral organs such as the brain, liver, pancreas, and
skeletal muscle to control diverse processes, such as food intake, energy expenditure,
carbohydrate and lipid metabolism, blood pressure, blood coagulation, and inflammation.
While many of these substances are adipocyte-derived and have a variety of endocrine
functions, others are produced by resident macrophages and interact in a paracrine fashion to
control adipocyte metabolism.
It is also abundantly clear that the dysregulation of adipocytokine secretion and action that
occurs in obesity, plays a fundamental role in the development of a variety of cardiometabolic
disorders, including the metabolic syndrome, type 2 diabetes, inflammatory disorders, and
vascular disorders, that ultimately lead to coronary heart disease. (49, 50)
Adipocytokines can have pro- or anti-inflammatory properties according to their effects on
inflammatory responses in adipose tissues. Most adipocytokines show pro-inflammatory
activity with the noted exceptions of adiponectin, secreted frizzled-related protein 5 (SFRP5),
visceral adipose tissue-derived serine protease inhibitor (Vaspin), and omentin-1. The proinflammatory adipocytokines are increased whereas the anti-inflammatory adipocytokines are
decreased in obese rodents and humans that are associated with insulin resistance. (51)
The levels of some adipocytokines correlate with specific metabolic states and have the
potential to impact directly upon the metabolic homeostasis of the system. Several of these
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adipocytokines mediate insulin resistance and diabetes (51, 52) While many adipocytokines
have been discovered, this report will cover three with respect to insulin sensitivity and type 2
diabetes mellitus: leptin, adiponectin and IL 6. We refer you to other articles in the field that
offer more extensive overviews of the entire secretome of adipocytes. (53, 54, 55)

3.2.1 Leptin
Leptin is an adipocyte-derived hormone and cytokine that regulates energy balance through a
wide range of functions, including several that are important to cardiovascular health.
Increased circulating leptin, a marker of leptin resistance, is common in obesity, and
independently associated with insulin resistance and cardiovascular disease in humans. (56)
Evidence suggests that central leptin resistance causes obesity, and that obesity-induced leptin
resistance injures numerous peripheral tissues, including liver, pancreas, platelets, vasculature,
and myocardium. This metabolic and inflammatory mediated injury may result from either
resistance to leptin's action in selective tissues, or excess leptin action from adiposity
associated hyperleptinemia or both. (56)
In this sense, the term “leptin resistance” encompasses a complex pathophysiological
phenomenon. The leptin axis has functional interactions with elements of metabolism, such as
insulin, and inflammation, including mediators of innate immunity, such as interleukin 6. Leptin
is even purported to physically interact with C-reactive protein, resulting in leptin resistance,
which is particularly intriguing, given C-reactive protein's well-studied relationship to
cardiovascular disease. (56)
Leptin plays a major role in the regulation of body weight. It circulates in both free and bound
form. One of the leptin receptor isoforms exists in a circulating soluble form that can bind
leptin. (57) Obesity in humans is associated with decreasing levels of the circulating soluble
leptin receptor. The relationship of soluble leptin receptors with the degree of adiposity
suggests that high soluble leptin receptor levels may enhance leptin action in lean subjects
more than in obese subjects. (57)
Vegetarian diets reduce leptin levels in T2DM patients, as discussed in the Intervention section
below.

3.2.2 Adiponectin

Adiponectin is the gene product of the adipose tissue’s most abundant gene transcript 1
(apM1). (48) It is a collagen-like protein that is exclusively synthesized in white adipose tissue.
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It is induced during adipocyte differentiation, and circulates at relatively high
(microgram/milliliter) concentrations in the serum. Adiponectin is highly expressed by
adipocytes with potent anti-inflammatory properties. (51) Although adiponectin is secreted
only from adipose tissue, its levels are paradoxically lower in obese than in lean humans. (52,
58)
A strong correlation between adiponectin and systemic insulin sensitivity has been well
established both in vivo and in vitro in mice, other laboratory animals, and, most importantly,
humans. (59, 41) In humans, plasma levels of adiponectin are significantly lower in insulinresistant states including T2DM. (52, 58) Higher adiponectin levels are associated with a lower
risk of T2DM across diverse populations, consistent with a dose-response relationship. (52, 60)
As reported below, those placed or following a plant-based diet have higher levels of
adiponectin.

3.2.3 Interleukin 6 and CRP
IL-6 is one of the major pro-inflammatory adipocytokines. Its expression level increases in the
adipose tissue of obese patients. IL-6 secretion is increased in the adipocytes of obese subjects
and may be important either as a circulating hormone or as a local regulator of insulin action.
(61, 62) IL-6’s mechanism of action is still not yet fully understood but is under active
investigation. (63)
The primary source of circulating IL-6 is macrophages that have infiltrated white adipose tissue.
It thus exerts its effect in a paracrine manner. (63) IL-6 has an important role in the regulation
of whole body energy homeostasis and inflammation. Both in vitro and in vivo studies have
confirmed that IL-6 is capable of suppressing lipoprotein lipase activity. IL-6 receptor is also
expressed in several regions of the brain, such as the hypothalamus, which has a role in
controlling appetite and energy intake. (64)
C-reactive protein (CRP) is an annular, pentameric protein found in blood plasma, the levels of
which rise in response to inflammation. It is an acute phase protein of hepatic origin that
increases following interleukin-6 secretion by macrophages and T cells.
Studies suggests that IL-6 may also be secreted in an endocrine manner in proportion to the
expansion of fat mass particularly in the abdominal region, with a corresponding increase in
hepatic production of CRP. (65)
Elevated CRP levels have been linked to an increased risk of later development of diabetes. (66,
67) Furthermore, CRP levels are higher in people with diabetes compared with those without
diabetes, (68, 69, 70, 71) and the likelihood of elevated CRP concentrations were found to
increase with increasing HbA1c levels. These findings suggest an association between glycemic
control and systemic inflammation in people with established diabetes.
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In patient studies, increased serum IL-6 correlates with obesity and insulin resistance. (72, 73,
74) Elevated levels of IL-6 and CRP resulted in a much higher risk of type 2 diabetes in a large
cohort study P(<.001). The risk was 7.5 times higher for IL-6 and 15.7 times greater for CRP for
highest versus lowest quartile in both. (66) Plasma IL-6 is also strongly correlated with obesity
and insulin resistance. (61)
As reported below, intervention with a plant-based diet lowers the level of both IL-6 and CRP.

3.3

Persistent Organic Pollutants

Persistent organic pollutants (POPs) are synthetic organic chemicals that have an intrinsic
resistance to natural degradation processes, and are therefore environmentally persistent and
bio-accumulate through the food chain, increasing greatly in concentration at each subsequent
trophic level. Examples of POPs include dioxins, furans, polychlorinated biphenyls (PCBs), and
organochlorine pesticides - chemicals mainly created by industrial activities either intentionally
or as by-products. (75) The introduction of POPs into the environment from anthropogenic
activities resulted in their widespread dispersal and accumulation in soils and bodies of water,
as well as in human and ecological food chains, where they are known to induce toxic effects.
Despite international agreements intended to limit the release of POPs such as organochlorine
pesticides, polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins (PCDDs), and
polychlorinated dibenzofurans (PCDFs), these POPs still persist in the environment and food
chains. Regulations are often either not enforced or subscribed to. (76, 77, 78, 79, 80, 81)
There is evidence of long range transport of these substances to regions where they have never
been used or produced, resulting in exposure of most human populations to POPs through
consumption of fat-containing food such as fish, dairy products, and meat, (82, 83, 78) with the
highest POP concentrations being commonly found in fatty fish. (75, 77, 82, 83, 84, 85, 86)
Humans bioaccumulate these lipophilic pollutants in their adipose tissues for many years
because POPs are highly resistant to metabolic degradation. (78, 87)
Persistent Organic Pollutants are widespread amongst the American public. A considerable
number of POPs have been detected in the tissues of those studied. (88)

3.3.1 The Impact of POP exposure on laboratory animals
While human studies are always to be preferred, controlled experimentation of the impact of
POPs must be limited to lab animals for ethical reasons. In the following study, the levels of
POPs the rats were exposed to resulted in adipose concentrations typical of the average
northern European adult, making the results obtained more realistic and therefore more
relevant for human medical practice.
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Adult male rats exposed to unrefined salmon oil, with its ordinarily occurring levels of POPs,
developed insulin resistance, abdominal obesity, and hepatosteatosis. (89) The contribution of
POPs to insulin resistance was also confirmed in cultured adipocytes where POPs, especially
organochlorine pesticides, led to robust inhibition of insulin action. (89)
The rats exhibited profound dysregulation in hepatic lipid homeostasis accompanied by
elevated levels of triacylglycerol, diacylglycerol, and total cholesterol. Altogether, these results
demonstrate that POP exposure significantly affects the expression of critical genes involved in
the regulation of lipid homeostasis. (89) Moreover, the POPs induced down-regulation of
insulin-induced gene-1 (Insig-1) and Lpin1, (89) which are two master regulators of lipid
homeostasis (and synthesis of triglyceride and cholesterol). (90, 91, 92, 93)
The effect of POPs on whole body insulin action was hyperinsulinemia and a greatly increased
HOMA-IR. Moreover, intake of unrefined salmon oil led to impaired insulin-mediated glucose
disposal in peripheral tissues, which mainly include skeletal muscles and adipose tissue.
As explained in the Skeletal Muscle Insulin Resistance section above, mitochondrial dysfunction
contributes to insulin resistance, (33, 34) and mitochondria in type 2 diabetes Beta-cells exhibit
both morphologic and functional abnormalities that are not observed in normal Beta-cells. (94)
Mitochondria in type 2 diabetes Beta-cells exhibit both morphologic and functional
abnormalities that are not observed in normal Beta-cells. (94) Together, these findings indicate
that human Beta-cells exhibit abnormalities in glucose metabolism, and in mitochondrial
structure and function, impairing both ATP production and glucose-stimulated insulin secretion.
(95) Metabolic stresses imposed by obesity and hyperglycemia are often accompanied by
increased rates of mitochondrial Reactive Oxygen Species (ROS) production. ROS affect
mitochondrial structure and function and lead to Beta-cell failure. (36)
In this animal study, there was also significantly reduced expression of several genes related to
mitochondrial function, such as PGC1α (peroxisome proliferator- activated receptor gammacoactivator-1 alpha), citrate synthase, medium-chain acyl CoA dehydrogenase, and SDHA
(succinate dehydrogenase), indicating the presence of alterations in mitochondrial function and
oxidative capacities in the liver of the rats exposed to POPs. (89)
In vivo, chronic exposure to low doses of POPs commonly found in food chains induced severe
impairment of whole body insulin action and contributed to the development of abdominal
obesity and hepatosteatosis. Treatment in vitro of differentiated adipocytes with nanomolar
concentrations of POP mixtures at levels found in many foods induced a significant inhibition of
insulin dependent glucose uptake. (89)
These data taken together provide compelling evidence that exposure to POPs increases the
risk of developing insulin resistance and metabolic disorders.
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3.3.2 Epidemiological studies of POPs
Several epidemiological studies have reported an association between persistent organic
pollutants and diabetes risk. Since 2005, at least 20 cross-sectional studies, conducted in about
12 countries, have been published documenting the association of POPs with diabetes risk. In
addition, at least 7 longitudinal studies have been published from about 3 countries, showing
the association of POPs with diabetes risk. (96) These findings have been supported by
experimental studies both in humans and animals. Pathophysiological derangements, through
which these pollutants exercise their harmful effect on diabetes risk, were studied. (97)
Several studies show a very strong association with several classes of POPs such organochlorine
pesticides, PCBs (especially those with more than seven chlorines) and probably dioxins. Some
specific congeners were associated with an increase in risk of over 30 times for those most
exposed. Compared with subjects with serum concentrations below the limit of detection, after
adjusting for age, sex, race and ethnicity, poverty income ratio, BMI, and waist circumference,
diabetes prevalence was strongly positively associated with lipid-adjusted serum
concentrations of all six POPs tested. (98)
When study participants were classified according to the sum of category numbers of the six
POPs, adjusted odds ratios were 1.0, 14.0, 14.7, 38.3, and 37.7 (P for trend < 0.001).
Surprisingly, in people with the lowest levels of POPs, being obese or overweight was not
associated with an increased risk of diabetes. (98, 99) In an editorial published in The Lancet on
the subject of Dr. Lee's findings, Dr. M. Porta writes, "This finding would imply that virtually all
the risk of diabetes conferred by obesity is attributable to persistent organic pollutants, and
that obesity is only a vehicle for such chemicals. This possibility is shocking.” (100) Even low
dose exposure to POPs conferred a very significant rise in the risk of type 2 diabetes. (101)
There is also a strong association between POPs and insulin resistance, often considered a
pathogenic precursor of type 2 diabetes. The relationship strengthened with increasing HOMAIR percentile: adjusted odds ratios comparing the highest versus lowest POPs quartile were 1.8
for being > or = 50th percentile of HOMA-IR, 4.4 for being > or = 75th percentile, and 7.5 for
being > or = 90th percentile. (102) Other longitudinal studies have confirmed a significant
association between POPs and insulin resistance. (103)
The role of POPs with endocrine disrupting activity, in the etiology of obesity and other
metabolic dysfunctions, has been recently highlighted. Adipose tissue is a common site of POPs
accumulation where they can induce adverse effects on human health. (104) Research strongly
implicates Beta-cell mitochondrial dysfunction in the pathogenies of type 2 diabetes. (105, 106)
Research shows an association between POPs and mitochondrial dysfunction in the Beta cells.
(104, 107) One study showed a strong association, with a dose-response relationship with
organochlorine POPs and diabetic peripheral neuropathy. Among five subclasses of POPs,
organochlorine pesticides showed a strong dose-response relation with prevalence of
peripheral neuropathy, adjusted odds ratios were 1.0, 3.6, and 7.3 (P for trend <0.01),
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respectively, across three categories of serum concentrations of organochlorine pesticides.
(108) Studies show that diabetics with higher levels of POPs have several times the risk of
diabetic nephropathy. (109, 110, 111, 112)

3.4

Microbiome Epidemiology

The gut microbiome has been suggested to play a role in type 2 diabetes. A small study in men,
with and without type 2 diabetes, showed a lower abundance of Firmicutes and the class
Clostridia, as well as a nonsignificant increase in Bacteroidetes and Proteobacteria in those with
type 2 diabetes. (113) Furthermore, the ratio of Bacteroidetes to Firmicutes was positively
associated with plasma glucose concentrations. A larger metagenome-wide association study in
Chinese patients with T2DM reported differences in the gut microbiota relative to controls,
with a decrease in the number of butyrate-producing bacteria, and an increase in the number
of opportunistic pathogens. (114) Similarly, this shift in the gut microbiota was also observed in
a European cohort with type 2 diabetes. (115)
Plant-based dietary patterns may promote a more favorable gut microbial profile. Such diets
are high in dietary fiber and fermentable substrate (i.e. non digestible or undigested
carbohydrates), which are sources of metabolic fuel for gut microbial fermentation and, in turn,
result in end products that may be used by the host (i.e. short chain fatty acids such as
butyrate). These end products may have direct or indirect effects on modulating the health of
their host. (116)
Over the past 10 years or so, data from different sources have established, to some degree, a
causal link between the intestinal microbiota and obesity and insulin resistance. The
lipopolysaccharide from intestinal flora bacteria can induce a chronic subclinical inflammatory
process and obesity, leading to insulin resistance through activation of toll-like receptor 4. The
reduction in circulating short-chain fatty acids may also have an essential role in the installation
of reduced insulin sensitivity and obesity. Other mechanisms include the effects of bile acids,
branched chain amino acids, and some other lesser known factors. (117) It is important to
emphasize that diet-induced obesity promotes insulin resistance by mechanisms both
independent and dependent on gut microbiota.

4. Interventional Studies
A number of studies have demonstrated that plant-based diets are safe and efficacious
treatments of T2DM. These studies have demonstrated improvements across a broad range of
clinical variables. We focus here mostly on those specifically related to type II diabetes.
However, given the increased risk that type II diabetics have of coronary artery disease,
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concomitant improvement in cardiovascular parameters are very important and have been
achieved by the studies noted below.
In one particularly successful study, which emphasized employing a plant-based diet and
eliminating highly refined foods, good results were obtained in diabetic patients. After a
median length on the diet of 7 months, the mean HbA1C dropped from 8.2% to 5.8% (p =
0.002), with sixty-two percent of participants reaching normoglycemic levels (HbA1C < 6.0%).
(118)
A 3-month study of diabetic Koreans showed that a plant-based diet lowered their HbA1c levels
by 0.9%, nearly triple the amount achieved with the Korean Diabetes Association diet. (119)
An Italian study using a vegan diet with Macrobiotic type menu items showed reductions in
fasting glucose and insulin resistance (HOMA) along with improvements in BMI and
cardiovascular measurements. (120)
Here in the US, a 22-week study showed a drop of 1.23 Hba1c points on a vegan diet, while the
standard American Diabetes Association diet resulted in only a 0.38 point drop. This study also
showed a plant-based diet was about three times more effective. As in other studies, those on
the plant-based diet had better reductions in BMI and cholesterol levels. (121)
Compare these results to the average effects of the most commonly prescribed drug for
treatment of T2DM, Metformin. In a meta-analysis study of Metformin, the average change of
glycosylated hemoglobin was 0.9% (95% CI -1.1 to -0.7), (122) so the effects of a plant-based
diet rival, and in some cases, exceed the average effects of Metformin.
Looking more broadly at other variables, a 24-week study of diabetics placed on a vegetarian
diet showed a wide range of effects including changes in adipocytokines and inflammatory
markers, BMI, fasting glucose, Hb1Ac as they have in other studies. However, this study also
looked at additional variables. Highly Sensitive Cardio Reactive Protein (hsCRP) and
homocysteine levels fell, a very desirable effect, indicating reduced inflammation and insulin
resistance. In addition, adiponectin levels rose, which is also a desirable effect indicating
improved insulin sensitivity. Resistin and leptin both were reduced, again indicating less insulin
resistance. (123)
Linoleic acid is the most abundant polyunsaturated fat in the diet. One of the insulin-sensitizing
components of a plant-based diet may be its n-6 polyunsaturated acid content. In a randomized
trial by Summers et al., a diet rich in polyunsaturated n-6 (i.e. linoleic acid) improved insulin
sensitivity when compared with a saturated-fat-rich diet after only 5 weeks. (124) A 24-week
study of subjects placed on a n-6 strong plant-based diet showed that the insulin sensitizing
effect experienced was related to the increased proportion of linoleic acid (n-6) in serum
phospholipids. (125)
While the recommendation for most patients to increase exercise is sound, many are not
compliant. It is therefore important to determine the benefit of dietary intervention
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independent of exercise. In a small 12-week pilot study, the use of a low fat, vegetarian diet in
patients with non-insulin dependent diabetes was associated with significant reductions in
fasting serum glucose concentration and body weight, in the absence of increased
exercise. The mean fasting serum glucose of the experimental group, from 10.7 to 7.75 mmol/L
(195 to 141 mg/dl) and the mean weight loss was 7.2 Kg and was significantly better than the
control group (P<0.05). (126)
In a 7-month study by Jenkins et. al, a high-protein vegetarian diet, utilizing meat and dairy
analogues, such as veggie burgers, veggie sausages (containing soy and wheat gluten proteins)
and soy milk, along with tree nuts, was compared with a high carbohydrate vegetarian diet as a
control. The experimental diet achieved the same significant reductions in HOMA-IR and fasting
glucose as the control group. However, the experimental group achieved significantly greater
weight loss, reduction in BMI, total cholesterol, LDL-C, TC:HDLC, and APOB and APOB:APOA1
and CHD 10-year risk on the experimental diet. There was also trend for lower hsCRP, though
this was not quite significant. Given the popularity of meat and dairy analogues and tree nuts,
patients preferring these foods may be able to achieve the same glycemic control while
achieving even greater reduction in CHD risk. (127)
Generally, most patients require several weeks to several months to achieve a full therapeutic
response. However, one study showed some results after only a week on a plant-based diet.
Those with a fasting glucose above 126 mg/dL showed an average drop of 17mg/dL. (128)
Low grade inflammation of the intestine results in metabolic dysfunction, in which dysbiosis of
the gut microbiota is intimately involved. Soluble dietary fiber induces prebiotic effects that
may restore imbalances in the gut microbiota. In one study, obese subjects with type 2 diabetes
were assigned to a vegetarian diet for 1 month, and blood biomarkers and fecal microbiota
were monitored. The vegetarian diet reduced the Firmicutes to Bacteroidetes ratio in the gut
microbiota. There was also notably a decrease in the pathobionts such as the
Enterobacteriaceae and an increase in commensal microbes such as Bacteroides fragilis and
Clostridium species belonging to clusters XIVa and IV, resulting in reduced intestinal lipocalin-2
levels. (129)
Reduced Lipocalin-2 levels are associated with increased insulin sensitivity. (130) Lipocalin-2 is
also an inflammatory marker. (130) This study underscores the benefits of soluble dietary fiber
in the treatment of metabolic diseases, and shows that increased soluble fiber intake reduces
gut inflammation by altering the gut microbiota. (129) The study also showed reduced body
weight and concentrations of triglycerides, total cholesterol, low-density lipoprotein cholesterol
and hemoglobin A1c, and improved fasting glucose and postprandial glucose levels.
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5. Clinical Considerations
Patient compliance on plant-based diets has been good in almost all studies. The degree of
compliance has often been very high. For instance, one study obtained a 99% compliance. (131)
In a 22-week study 94% of subjects on a vegan diet were compliant. (121) In a somewhat longer
study, 84% of the participants in each group completed all 24 weeks. (125) In studies of patients
placed on plant- based diets for coronary artery disease, high compliance has been noted even
over several years. For instance, one study of patients placed on a plant-based diet showed 89%
compliance for 3.7 years. (132)
Compliance may be enhanced when the rationale for the treatment, and that the treatment is
backed by research, is explained to the patient. (133) The doctor should prescribe the
treatment by writing it down on a prescription form or other stationary with the physician’s
name on it. This written prescription is not only valuable to the patient, but can also be valuable
in enlisting the support of family, friends and social contacts.
The effect of diet can be considerable. Treatment with a plant-based diet can be more effective
than an anti-diabetic medication such as Metformin, combined with the recommended diet by
the American Diabetes Association. While a patient using Metformin is transitioning to a plantbased diet, it is very important to reduce the risk of hypoglycemia, by monitoring clinical
variables frequently in the early phase of treatment, until the full effect of a plant-based diet is
evident. Medications should be titrated as the patient shows improvements. Severe cases will
likely need continued medication albeit at reduced dosage.
As most clinicians are aware, several pathologies often cluster together. The same patient that
presents with T2DM will often have one or more of the following diseases: obesity,
hypertension, hypercholestolemia/dyslipidemia and coronary artery disease. As plant-based
diets are also effective treatments for those diseases as well, the physician will need to monitor
clinical variables for those diseases and titrate the dosages of any medications prescribed for
those conditions as well.
For patients with complications of type 2 diabetes such as diabetic peripheral neuropathy, a
plant-based diet is also an efficacious treatment. Therefore, the symptoms associated diabetic
peripheral should be monitored for improvement and any medications prescribed adjusted
accordingly.
When starting the patient on a plant-based diet, foods with high levels of dietary fiber should
be introduced slowly to avoid flatulence. From the point of view of treatment, soluble fiber is
prebiotic for a therapeutic microbiome in type 2 diabetic patients. However, from the point of
view of prevention, the insoluble fiber of whole grain cereals is the most effective.
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6. Discussion
The type 2 diabetic patient faces an increased risk of coronary artery disease and complications
such diabetic peripheral neuropathy, diabetic nephropathy and diabetic retinopathy. The
patient may already have comorbid conditions such as coronary artery disease, hypertension
and obesity along with diabetic complications such as diabetic peripheral neuropathy. T2DM is
a chronic disease that usually requires treatment for the rest of the patient’s life.
The plant-based diet is not only a safe and efficacious treatment for T2DM, rivaling Metformin
in effectiveness in many patients, but is also a safe and efficacious treatment for its most
common comorbidities and complications. This treatment has no known contraindications or
adverse effects. It obeys well the first rule of medicine: first do no harm. It is also much more
cost effective. Plant- based nutritional medicine relies on evidence-based medicine and should
form the standard of care.
Prevention and treatment of T2DM with a plant-based diet operates on several levels at once. It
reduces insulin resistance in the skeletal muscles. It reduces exposure to persistent organic
pollutants, which cause mitochondrial cell dysfunction in the Beta cells and increased
peripheral insulin resistance. It improves the profile of adipocytokines secreted. It also fosters a
microbiome that helps prevent inflammation associated with type 2 diabetes. This
multidimensional aspect of the treatment may account for its effectiveness. While some
patients will still need medication, many others may no longer need medication. Even for those
patients who still require medication to maintain a normoglycemic status, a substantial
reduction in dosage may be possible.
While much research has been done on the prevention and treatment of T2DM with a plantbased diet, more research is needed to elucidate the relative benefits of the different foods
that are included in the diet, beyond dietary fiber and polyunsaturated fats which have already
been studied. While the therapeutic effect of a plant-based diet on complications, such as
diabetic peripheral neuropathy, have been studied, there have been no studies on the risk
reduction of diabetic retinopathy.
We live in an age of advanced medical technology. These advances have alleviated much
suffering and saved countless lives. They have an unquestioned place in modern medicine.
However, this can sometimes lead towards a kind of technological tunnel vision. Little notice is
taken of treatments that, while lacking in technological sophistication, are nevertheless safe
and quite efficacious. This indeed seems to be the case with treating T2DM with a plant-based
diet.
Type 2 Diabetes Mellitus has a major impact on a patient’s life, causing suffering and dollar
costs to the patient as well. It is in the patient’s interest to have this treatment presented to
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them. Many physicians are surprised to see how many patients would like to give it a try and
patient compliance is usually quite good when the treatment is properly presented.

References
1. Snowdon D. Does a vegetarian diet reduce the occurrence of diabetes? American Journal of Public
Health. May 1985;75(5):507-12.
2. Fraser GE. Vegetarian diets:what do we know of their effects on common chronic diseases?
American Journal of Clinical Nutrition. May 2009;89(5):1607S-1612S.
3. Tina H. T. Chiu ea. Taiwanese Vegetarians and Omnivores: Dietary Composition, Prevalence of
Diabetes and IFG. PLoS ONE. Feb 2014;9(2):e88547.
4. Tonstad S. Vegetarian diets and incidence of diabetes in the Adventist Health Study-2. Nutr Metab
Cardiovasc Dis.. Apr 2013;23(4):292-9.
5. Tonstad S, Butler T, Yan R, Fraser G. Type of Vegetarian Diet, Body Weight, and Prevalence of Type
2 Diabetes. Diabetes Care. May 2009;32(5):791–796.
6. Bradbury K, Crowe F, Appleby P, et.al. Serum concentrations of cholesterol, apolipoprotein A-I,
and apolipoprotein B in a total of 1 694 meat-eaters, fish-eaters, vegetarians, and vegans. Eur J
Clin Nutr. Feb 2014;68(2):178-183.
7. Waldmann A, Koschizke J, Leitzmann C, Hahn A. German vegan study: diet, life-style factors, and
cardiovascular risk profile. Annuls of Nutrition and Metabolism. Nov-Dec 2005;49(6):366-72.
8. Haddad E, Tanzman J. What do vegetarians in the United States eat? American Journal of Clinical
Nutrition. Sept 2003;78(3):626S-632S.
9. Newby P, Tucker K, Wolk A. Risk of overweight and obesity among semivegetarian,
lactovegetarian, and vegan women. American Journal of Clinical Nutrition. Jun 2005;81(6):126774.
10. Rizzo N, Sabaté J, Jaceldo-Siegl K, Fraser G. Vegetarian dietary patterns are associated with a lower
risk of metabolic syndrome: the adventist health study 2. Diabetes Care. May 2011;34(5):1225-7.
11. Risérus U, Willett W, Hu F. Dietary fats and the prevention of type 2 diabetes. Prog Lipid Res.. Jan
2009;48(1):44-51.
12. Mostad I, Bjerve K, Bjorgaas M, Lydersen S, Grill V. Effects of n-3 fatty acids in subjects with type 2
diabetes: reduction of insulin sensitivity and time-dependent alteration from carbohydrate to fat
oxidation. Am J Clin Nutr. Sep 2006;84(3):540-550.

Vegetarians of Washington

vegetarianprescription.org

August 1, 2016

13. Vessby B, Boberg M. Dietary supplementation with n-3 fatty acids may impair glucose homeostasis
in patients with non-insulin-dependent diabetes mellitus. Journal of Internal Medicine. Aug
1990;228(2):165-71.
14. Boberg M, Pollare T, Siegbahn A, Vessby B. Supplementation with n-3 fatty acids reduces
triglycerides but increases PAI-1 in non-insulin-dependent diabetes mellitus. European Journal of
Clinical Investigation. Oct 1992;22(10):645-50.
15. Schectman G, Kaul S, Kissebah A. Effect of fish oil concentrate on lipoprotein composition in
NIDDM. Diabetes. Nov 1988;37(11):1567-73.
16. Borkman M, Chisholm D, Furler S, et.al. Effects of fish oil supplementation on glucose and lipid
metabolism in NIDDM. Diabetes. Oct 1989;38(10):1314-9.
17. Axelrod L, Camuso J, Williams E, et.al. Effects of a small quantity of omega-3 fatty acids on
cardiovascular risk factors in NIDDM. A randomized, prospective, double-blind, controlled study.
Diabetes Care. Jan 1994;17(1):37-44.
18. Hendra T, Britton M, Roper D, et.al. Effects of fish oil supplements in NIDDM subjects. Controlled
study. Diabetes Care. Aug 1990;13(8):821-9.
19. Petersson H, Lind L, Hulthe J, Elmgren A, Cederholm T, Riserus U. Serum fatty acid composition
and indices of stearoyl-CoA desaturase activity are associated with systemic inflammation :
longitudinal analyses in middle-aged men. British Journal of Nutrition. Jun 2008;99(6):1186-1189.
20. Petersson H, Lind L, Hulthe J, Elmgren A, Cederholm T, Risérus U. Relationships between serum
fatty acid composition and multiple markers of inflammation and endothelial function in an
elderly population. Atherosclerosis. Mar 2009;203(1):298-303.
21. Venn B, Mann J. Cereal grains, legumes and diabetes. European Journal of Clinical Nutrition. Nov
2004;58(11):1443-61.
22. Abdul-Ghani M, DeFronzo R. Pathogenesis of Insulin Resistance in Skeletal Muscle. Journal of
Biomedicine and Biotechnology. Jan 2010;2010:19 pages.
23. DeFronzo R. The triumvirate: beta-cell, muscle, liver. A collusion responsible for NIDDM. Diabetes.
Jun 1988;37(6):667-87.
24. DeFronzo R. Pathogenesis of type 2 diabetes: Metabolic and molecular implications for identifying
diabetes genes. Diabetes Reviews. 1997;5(3):177-269.
25. DeFronzo R. Pathogenesis of type 2 diabetes mellitus. Medical Clinics of North America. Jul
2004;88(4):787-835.
26. DeFronzo R. From the Triumvirate to the Ominous Octet: A New Paradigm for the Treatment of
Type 2 Diabetes Mellitus. Diabetes. Apr 2009;58(4):773–795.

Vegetarians of Washington

vegetarianprescription.org

August 1, 2016

27. DeFronzo R, Gunnarsson R, Björkman O, et.al. Effects of insulin on peripheral and splanchnic
glucose metabolism in noninsulin-dependent (type II) diabetes mellitus. Journal of Clinical
Investigation. Jul 1985;76(1):149-55.
28. Mitrakou A, Kelley D, Veneman T, et al. Contribution of abnormal muscle and liver glucose
metabolism to postprandial hyperglycemia in NIDDM. Diabetes. Nov 1990;39(11):1381-90.
29. Cusi K, Maezono K, Osman A, et.al. Insulin resistance differentially affects the PI 3-kinase- and
MAP kinase-mediated signaling in human muscle. Journal of Clinical Investigation.
2000;105(3):311-320.
30. Bajaj M, Defronzo R. Metabolic and molecular basis of insulin resistance. Journal of Nuclear
Cardiology. May-Jun 2003;10(3):311-23.
31. Bouzakri K, Koistinen H, Zierath J. Molecular mechanisms of skeletal muscle insulin resistance in
type 2 diabetes. Current Diabetes Reviews. May 2005;1(2):167-74.
32. Karlsson H, Zierath J. Insulin signaling and glucose transport in insulin resistant human skeletal
muscle. Cell Biochemistry and Biophysics. Jul 2007;48(2):103-113.
33. Lowell B, Shulman G. Mitochondrial dysfunction and type 2 diabetes. Science. Jan
2005;307(5708):384-7.
34. Ma ZA, Zhao Z, Turk J. Mitochondrial Dysfunction and β-Cell Failure in Type 2 Diabetes Mellitus.
Experimental Diabetes Research. 2012;2012:11 pages.
35. Hoeks J, Schrauwen P. Muscle mitochondria and insulin resistance: a human perspective. Trends in
Endocrinology and Metabolism. Sept 2012;23(9):444-450.
36. Patanè G, Anello M, Piro S, et.al. Role of ATP production and uncoupling protein-2 in the insulin
secretory defect induced by chronic exposure to high glucose or free fatty acids and effects of
peroxisome proliferator-activated receptor-gamma inhibition. Diabetes. Sept 2002;51(9):2749-56.
37. Weiss R, Dufour S, Groszmann A, al e. Low Adiponectin Levels in Adolescent Obesity: A Marker of
Increased Intramyocellular Lipid Accumulation. Journal of Clinical Endocrinology. 2003;88(5):2014–
2018.
38. Bredella M, Torriani M, Ghomi R, et.al. Adiponectin is inversely associated with intramyocellular
and intrahepatic lipids in obese premenopausal women. Obesity (Silver Spring). May
2011;19(5):911-6.
39. Goff L, Bell J, So P, Dornhorst A, Frost, G. Veganism and its relationship with insulin resistance and
intramyocellular lipid. European Journal of Clinical Nutrition. Feb 2005;59(2):291-8.
40. Gojda J, Patková J, Jaček M, et.al. Higher insulin sensitivity in vegans is not associated with higher
mitochondrial density. European Journal of Clinical Nutrition. Dec 2013;67(12):1310-5.

Vegetarians of Washington

vegetarianprescription.org

August 1, 2016

41. Chandran M, Phillips S, Ciaraldi T. Adiponectin: More Than Just Another Fat Cell Hormone?
Diabetes Care. Aug 2003;26(8):2442-2450.
42. Cantley J. The control of insulin secretion by adipokines: current evidence for adipocyte-beta cell
endocrine signalling in metabolic homeostasis. Mammalian Genome. Oct 2014;25(9-10):442-54.
43. Friedman J. Obesity in the new millennium. Nature. Apr 2000;404:632-634.
44. Hotamisligil G. The role of TNFalpha and TNF receptors in obesity and insulin resistance. Journal of
Internal Medicine. Jun 1999;245(6):621-5.
45. Shimomura I, Funahasm T, Takahashi M, et.al. Enhanced expression of PAI−1 in visceral fat:
Possible contributor to vascular disease in obeisty. Nature Medicine. 1996;2:800 - 803.
46. White R, Damm D, Hancock N. Human adipsin is identical to complement factor D and is expressed
at high levels in adipose tissue. Journal of Biological Chemistry. May 1992;267:9210-13.
47. Steppan C, Bailey S, Bhat S, et.al. The hormone resistin links obesity to diabetes. Nature. Jan
2001;409(6818):307-12.
48. Maeda K, Okubo K, Shimomura I, et.al. cDNA Cloning and Expression of a Novel Adipose Specific
Collagen-like Factor, apM1 (AdiposeMost Abundant Gene Transcript 1). Biochemical and
Biophysical Research Communications. Apr 1996;221(2):286-289.
49. Harwood HJ. The adipocyte as an endocrine organ in the regulation of metabolic homeostasis.
Neuropharmacology. Jul 2012;63(1):57-75.
50. Deng Y, Scherer P. Adipokines as novel biomarkers and regulators of the metabolic syndrome.
Annals of the NY Academy of Sciences. Nov 2010;1212:E1–E19.
51. Kwon H, Pessin J. Adipokines mediate inflammation and insulin resistance. Frontiers in
Endocrinology (Lausanne). Jun 2013;4:71.
52. Cao H. Adipocytokines in obesity and metabolic disease. Journal of Endocrinology. Jan
2014;220(2):T47-T59.
53. Halberg N, Wernstedt-Asterholm I, Scherer P. The adipocyte as an endocrine cell. Endocrinology
and Metabolism Clinics of North Am.. Sep 2008;37(3):753-68, x-xi.
54. Scherer P. Adipose tissue: from lipid storage compartment to endocrine organ. Diabetes. Jun
2006;55(6):1537-1545.
55. Ahima R, Flier J. Adipose tissue as an endocrine organ. Trends in Endocrinology and Metabolism.
Oct 2000;11(8):327-332.

Vegetarians of Washington

vegetarianprescription.org

August 1, 2016

56. Martin S, Qasim A, Reilly M. Leptin resistance: a possible interface of inflammation and
metabolism in obesity-related cardiovascular disease. Journal of the American College of
Cardiology. Oct 2008;52(15):1201-1210.
57. Ogier V, Ziegler O, Méjean L. Obesity is associated with decreasing levels of the circulating soluble
leptin receptor in humans. Int J Obes Relat Metab Disord. Apr 2002;26(4):496-503.
58. Weyer C, Funahashi T, Tanaka S, et.al. Hypoadiponectinemia in obesity and type 2 diabetes: close
association with insulin resistance and hyperinsulinemia. Journal of Clinical Endocrinology and
Metabolism. May 2001;86(5):1930-35.
59. Tajiri Y, Hiramatsu S, Karashima T, et.al. Adiponectin as a reliable marker for insulin resistance in
type 2 diabetic patients Diabetes 51 (Suppl. 2):A305, 2002. Diabetes. 2002;51(Suppl. 2):A305.
60. Li S, Shin H, Ding E, van Dam R. Adiponectin levels and risk of type 2 diabetes: a systematic review
and meta-analysis. Journal of American Medical Assoc.. Jul 2009;302(2):179-88.
61. Kern P, Ranganathan S, Li C, et.al. Adipose tissue tumor necrosis factor and interleukin-6
expression in human obesity and insulin resistance. Am J Physiol Endocrinol Metab. May
2001;280(5):E745-51.
62. Mohamed-Ali V, Goodrick S, Rawesh A, et.al. Subcutaneous adipose tissue releases interleukin-6,
but not tumor necrosis factor-alpha, in vivo. J Clin Endocrinol Metab. Dec 1997;82(12):4196-4200.
63. Emanuela F, Grazia M, Marco dR. Inflammation as a Link between Obesity and Metabolic
Syndrome. Journal of Nutrition and Metabolism. Mar 2012;2012:476380.
64. Stenlöf K, Wernstedt I, Fjällman T. Interleukin-6 levels in the central nervous system are negatively
correlated with fat mass in overweight/obese subjects. Journal of Clinical Endocrinology and
Metabolism. Sep 2003;88(9):4379-83.
65. Khaodhiar L, Ling P, GL B, et.al. Serum levels of interleukin-6 and C-reactive protein correlate with
body mass index across the broad range of obesity. Journal of Parenteral and Enteral Nutrition.
Nov 2004;28(6):410-5.
66. Pradhan A, Manson J, Rifai N, et.al. C-reactive protein, interleukin 6, and risk of developing type 2
diabetes mellitus. Journal of American Medical Assoc.. Jul 2001;286(3):327-34.
67. Barzilay J, Abraham L, Heckbert S, et.al. The relation of markers of inflammation to the
development of glucose disorders in the elderly: the Cardiovascular Health Study. Diabetes. Oct
2001;50(10):2384-9.
68. Ford E. Body mass index, diabetes, and C-reactive protein among U.S. adults. Diabetes Care. Dec
1999;22(12):1971-7.

Vegetarians of Washington

vegetarianprescription.org

August 1, 2016

69. Grau A, Buggle F, Becher H, et.al. The association of leukocyte count, fibrinogen and C-reactive
protein with vascular risk factors and ischemic vascular diseases. Thrombosis Research. May
1996;82(3):245-55.
70. Goldberg R. Cardiovascular disease in diabetic patients. Medical Clinics of North America. Jan
2000;84(1):81-93.
71. King D, Mainous A3, Buchanan T, et.al. C-reactive protein and glycemic control in adults with
diabetes. Daibetes Care. May 2003;26(5):1535-9.
72. Vozarova B, Weyer C, Hanson K, et.al. Circulating interleukin-6 in relation to adiposity, insulin
action, and insulin secretion. Obesity Research. Jul 2001;9(7):414-7.
73. Bastard J, Maachi M, Van Nhieu J. Adipose tissue IL-6 content correlates with resistance to insulin
activation of glucose uptake both in vivo and in vitro. Journal of Clinical Endocrinology and
Metabolism. May 2002;87(5):2084-9.
74. Spranger J, Kroke A, Möhlig M, et.al. Inflammatory cytokines and the risk to develop type 2
diabetes: results of the prospective population-based European Prospective Investigation into
Cancer and Nutrition (EPIC)-Potsdam Study. Diabetes. Mar 2003;52(3):812-7.
75. Bergkvist C, Oberg M, Appelgren M, et.al. Exposure to dioxin-like pollutants via different food
commodities in Swedish children and young adults. Food and Chemical Toxicology. Nov
2008;46(11):3360-7.
76. Atlas E, Giam C. Global transport of organic pollutants: ambient concentrations in the remote
marine atmosphere. Science. Jan 1981;11(4478):163-5.
77. Dougherty C, Henricks Holtz S, Reinert J, et.al. Dietary exposures to food contaminants across the
United States.. Environmental Research. Oct 2000;84(2):170-85.
78. Fisher B. Most Unwanted. Environmental Health Perspectives. Jan 1999;107(1):A18-23.
79. Jorgenson J. Aldrin and dieldrin: a review of research on their production, environmental
deposition and fate, bioaccumulation, toxicology, and epidemiology in the United States.
Environmental Health Perspectives. Mar 2001;109(Suppl 1):113-139.
80. Schafer K, Kegley S. Persistent toxic chemicals in the US food supply. Journal of Epidemiology and
Community Health. Nov 2002;56(11):813-817.
81. van den Berg H. Global Status of DDT and Its Alternatives for Use in Vector Control to Prevent
Disease. Environmental Health Perspectives. Nov 2009;117(11):1656-1663.
82. Walker P, Rhubart-Berga P, McKenzie S, et.al. Public health implications of meat production and
consumption. Public Health Nutrition. Jun 2005;8(4):348-356.

Vegetarians of Washington

vegetarianprescription.org

August 1, 2016

83. Sasamoto T, Ushio F, Kikutani N, et.al. Estimation of 1999-2004 dietary daily intake of PCDDs,
PCDFs and dioxin-like PCBs by a total diet study in metropolitan Tokyo, Japan. Chemosphere. Jul
2006;64(4):634-41.
84. Bocio A, Domingo J. Daily intake of polychlorinated dibenzo-p-dioxins/polychlorinated
dibenzofurans (PCDD/PCDFs) in foodstuffs consumed in Tarragona, Spain: a review of recent
studies (2001-2003) on human PCDD/PCDF exposure through the diet. Environmental Research.
Jan 2005;97(1):1-9.
85. Schecter A, Colacino J, Haffner D, et.al. Perfluorinated compounds, polychlorinated biphenyls, and
organochlorine pesticide contamination in composite food samples from Dallas, Texas, USA.
Environmental Health Perspectives. Jun 2010;118(6):796-802.
86. Darnerud P, Atuma S, Aune M, et.al. Dietary intake estimations of organohalogen contaminants
(dioxins, PCB, PBDE and chlorinated pesticides, e.g. DDT) based on Swedish market basket data.
Food and Chemical Toxicology. Sep 2006;44(9):1597-606.
87. Kiviranta H, Tuomisto J, Tuomisto J, et.al. Polychlorinated dibenzo-p-dioxins, dibenzofurans, and
biphenyls in the general population in Finland. Chemosphere. Aug 2005;60(7):854-69.
88. Patterson DJ, Wong L, Turner W, et.al. Levels in the U.S. population of those persistent organic
pollutants (2003-2004) included in the Stockholm Convention or in other long range
transboundary air pollution agreements. Environmental Science and Technology. Feb
2009;43(4):1211-8.
89. Ruzzin J, Petersen R, Meugnier E, et.al. Persistent organic pollutant exposure leads to insulin
resistance syndrome. Environmental Health Perspectives. Apr 2010;118(4):465-71.
90. Croce M, Eagon J, LaRiviere L. Hepatic lipin 1beta expression is diminished in insulin-resistant
obese subjects and is reactivated by marked weight loss. Diabetes. Sep 2007;56(9):2395-9.
91. Engelking L, Kuriyama H, Hammer R, et.al. Overexpression of Insig-1 in the livers of transgenic
mice inhibits SREBP processing and reduces insulin-stimulated lipogenesis. Journal of Clinical
Investigation. Apr 2004;113(8):1168-1175.
92. Finck B, Gropler M, Z C. Lipin 1 is an inducible amplifier of the hepatic PGC-1alpha/PPARalpha
regulatory pathway. Cell Metabolism. Sep 2006;4(3):199-210.
93. Lee J, Ye J. Proteolytic activation of sterol regulatory element-binding protein induced by cellular
stress through depletion of Insig-1. Journal of Biological Chemistry. Oct 2004;279(43):45257-65.
94. Marchetti P, Lupi R, Del Guerra S, et.al. The beta-cell in human type 2 diabetes. Advances in
Experimental Medicine and Biology. 2010;654:501-14.
95. Anello M, Lupi R, Spampinato D, et.al. Functional and morphological alterations of mitochondria in
pancreatic beta cells from type 2 diabetic patients. Diabetologia. Feb 2005;48(2):282-9.

Vegetarians of Washington

vegetarianprescription.org

August 1, 2016

96. Ngwa E, Kengne AP, Tiedeu-Atogho B. Persistent organic pollutants as risk factors for type 2
diabetes. Diabetology and Metabolic Syndrome. Apr 2015;7:41.
97. Evangelou E, Ntritsos G, Chondrogiorgi M, et.al. Exposure to pesticides and diabetes: A systematic
review and meta-analysis. Environment International. May 2016;91:60-8.
98. Lee D, Lee I, Song K, et.al. A strong dose-response relation between serum concentrations of
persistent organic pollutants and diabetes: results from the National Health and Examination
Survey 1999-2002. Diabetes Care. Jul 2006;29(7):1638-44.
99. Longnecker M, Michalek J. Serum dioxin level in relation to diabetes mellitus among Air Force
veterans with background levels of exposure. Epidemiology. Jan 2000;11(1):44-8.
100. Lee D, Steffes M, Sjödin A, et.al. Low dose of some persistent organic pollutants predicts type 2
diabetes: a nested case-control study. Environmental Health Perspectives. Sep 2010;118(9):123542.
101. Lee D, Lee I, Jin S, et.al. Association between serum concentrations of persistent organic
pollutants and insulin resistance among nondiabetic adults: results from the National Health and
Nutrition Examination Survey 1999-2002. Diabetes Care. Mar 2007;30(3):622-8.
102. Suarez-Lopez J, Lee D, Porta M, et.al. Persistent organic pollutants in young adults and changes in
glucose related metabolism over a 23-year follow-up. Environmental Research. Feb 2015;137:48594.
103. Pestana D, Faria G, Sá C, et.al. Persistent organic pollutant levels in human visceral and
subcutaneous adipose tissue in obese individuals--depot differences and dysmetabolism
implications. Environmental Research. Aug 2014;133:170-7.
104. De Tata V. Association of dioxin and other persistent organic pollutants (POPs) with diabetes:
epidemiological evidence and new mechanisms of beta cell dysfunction. International Journal of
Molecular Sciences. May 2014;15(5):7787-811.
105. Kwak S, Park K. Role of mitochondrial DNA variation in the pathogenesis of diabetes mellitus.
Frontiers in Bioscience (Landmark Ed). Jun 2016;21:1151-67.
106. Koliaki C, Roden M. Alterations of Mitochondrial Function and Insulin Sensitivity in Human Obesity
and Diabetes Mellitus. Annual Review of Nutrition. Jul 2016;36:337-67.
107. Kim J, Lee H. Metabolic syndrome and the environmental pollutants from mitochondrial
perspectives. Reviews in Endocrine and Metabolic Disorders. Dec 2014;15(4):253-62.
108. Lee D, Jacobs DJ, Steffes M. Association of organochlorine pesticides with peripheral neuropathy
in patients with diabetes or impaired fasting glucose. Diabetes. Nov 2008;57(11):3108-11.

Vegetarians of Washington

vegetarianprescription.org

August 1, 2016

109. Sergeev A, Carpenter D. Residential proximity to environmental sources of persistent organic
pollutants and first-time hospitalizations for myocardial infarction with comorbid diabetes
mellitus: a 12-year population-based study. Int J Occup Med Environ Health. 2010;23(1):5-13.
110. Everett C, Thompson O. Dioxins, furans and dioxin-like PCBs in human blood: causes or
consequences of diabetic nephropathy? Environmental Research. Jul 2014;132:126-31.
111. Pavlikova N, Smetana P, Halada P, Kovar J. Effect of prolonged exposure to sublethal
concentrations of DDT and DDE on protein expression in human pancreatic beta cells.
Environmental Research. Oct 2015;142:257-63.
112. Everett C, Thompson O. Association of DDT and heptachlor epoxide in human blood with diabetic
nephropathy. Reviews on Environmental Health. 2015;30(2):93-7.
113. Larsen N, Vogensen F, van den Berg F, et.al. Gut microbiota in human adults with type 2 diabetes
differs from non-diabetic adults. PLoS One. Feb 2010;5(2):e9085.
114. Qin J, Li R, Raes J, Arumugam M, et.al. A human gut microbial gene catalogue established by
metagenomic sequencing. Nature. Mar 2010;464(7285):59-65.
115. Karlsson F, Tremaroli V, Nookaew I, et.al. Gut metagenome in European women with normal,
impaired and diabetic glucose control. Nature. Jun 2013;498(7452):99-103.
116. Wong J. Gut microbiota and cardiometabolic outcomes: influence of dietary patterns and their
associated components. American Journal of Clinical Nutrition. Jul 2014;100(Suppl 1):369S-77S.
117. Saad M, Santos A, Prada P. Linking Gut Microbiota and Inflammation to Obesity and Insulin
Resistance. Physiology (Bethesda). Jul 2016;31(4):283-93.
118. Dunaief D, Fuhrman J, Dunaief J, et.al. Glycemic and cardiovascular parameters improved in type 2
diabetes with the high nutrient density (HND) diet. Open Journal of Preventative Medicine. Aug
2012;2(3):364-371.
119. Lee Y, Kim S, Lee I, et.al. Effect of a Brown Rice Based Vegan Diet and Conventional Diabetic Diet
on Glycemic Control of Patients with Type 2 Diabetes: A 12-Week Randomized Clinical Trial. PLoS
One. Jun 2016;11(6):e0155918.
120. Soare A, Khazrai Y, Toro RD, et.al. The effect of the macrobiotic Ma-Pi 2 diet vs. the recommended
diet in the management of type 2 diabetes: the randomized controlled MADIAB trial. Nutrition and
Metabolism. Apr 2014;11:39.
121. Barnard N, Cohen J, Jenkins D, et.al. A low-fat vegan diet improves glycemic control and
cardiovascular risk factors in a randomized clinical trial in individuals with type 2 diabetes.
Diabetes Care. Aug 2006;29(8):1777-83.
122. Johansen K. Efficacy of metformin in the treatment of NIDDM. Meta-analysis. Diabetes Care. Jan
1999;22(1):33-37.

Vegetarians of Washington

vegetarianprescription.org

August 1, 2016

123. Kahleova H, Matoulek M, Malinska H, et.al. Vegetarian diet improves insulin resistance and
oxidative stress markers more than conventional diet in subjects with Type 2 diabetes. Diabetes
Medicine. May 2011;28(5):549-59.
124. Summers L, Fielding B, Bradshaw H. Substituting dietary saturated fat with polyunsaturated fat
changes abdominal fat distribution and improves insulin sensitivity. Diabetologia. Mar
2002;45(3):369-77.
125. Kahleova H, Matoulek M, Bratova M, et.al. Vegetarian diet-induced increase in linoleic acid in
serum phospholipids is associated with improved insulin sensitivity in subjects with type 2
diabetes. Nutrition and Diabetes. Jun 2013;3:e75.
126. Nicholson A, Sklar M, Barnard N, et.al. Toward improved management of NIDDM: A randomized,
controlled, pilot intervention using a lowfat, vegetarian diet. Preventive Medicine. Aug
1999;29(2):87-91.
127. Jenkins D, Wong J, CWC K, et.al. Effect of a 6-month vegan low-carbohydrate (‘Eco-Atkins’) diet on
cardiovascular risk factors and body weight in hyperlipidaemic adults: a randomised controlled
trial. British Medical Journal Open. Feb 2014;4:e003505.
128. McDougall J, Thomas L, McDougall C, et.al. Effects of 7 days on an ad libitum low-fat vegan diet:
the McDougall Program cohort. Nutrition Journal. Oct 2014;13:99.
129. Kim M, Hwang S, Park E, Bae J. Strict vegetarian diet improves the risk factors associated with
metabolic diseases by modulating gut microbiota and reducing intestinal inflammation.
Environmental microbiology reports. Oct 2013;5(5):765-75.
130. Wang Y, Lam K, Kraegen E. Lipocalin-2 is an inflammatory marker closely associated with obesity,
insulin resistance, and hyperglycemia in humans. Clinical Chemistry. Jan 2007;53(1):34-41.
131. Bloomer R, Kabir M, Canale R, et.al. Effect of a 21 day Daniel Fast on metabolic and cardiovascular
disease risk factors in men and women. Lipids in Health and Disease. Sep 2010;9:94.
132. Esselstyn CJ, Gendy G, Doyle J, et.al. A way to reverse CAD? Journal of Family Practice. Jul
2014;63(7):356-364b.
133. Drozek D, Diehl H, Nakazawa M, et.al. Short-term effectiveness of a lifestyle intervention program
for reducing selected chronic disease risk factors in individuals living in rural appalachia: a pilot
cohort study. Advances in Preventive Medicine. 2014;2014:798184.

Vegetarians of Washington

vegetarianprescription.org

August 1, 2016

