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The prevalence of type 2 diabetes (T2D) is increasing worldwide. This complex and multifactorial metabolic condition affects both the quality and
expectancy of life in adults. Therefore, appropriate lifestyle strategies are needed in order to reduce the burden of T2D. Dietary patterns characterized
by a high consumption of fruits, vegetables, whole grains, legumes, nuts, and seeds, and a minimal consumption of animal products, have been
suggested as a dietary approach to prevent and control T2D and related micro- and macrovascular complications. This narrative review summarizes
epidemiologic and clinical trial evidence on the role of the most widely studied dietary patterns that emphasize the consumption of plant foods
[vegetarian, vegan, Mediterranean, and DASH (Dietary Approaches to Stop Hypertension) diets] in the management of T2D and its complications.
Furthermore, their potential underlying mechanisms are discussed. Dietary patterns emphasizing the consumption of plant foods appear to confer
beneficial effects on glycemic control in different diabetic populations. Several components of these dietary patterns might confer benefits on
glycemia and counterbalance the detrimental effects of animal-based foods. The limited evidence on T2D-related complications makes it difficult

to draw solid conclusions. Adv Nutr 2019;10:5320-S331.
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Introduction

Type 2 diabetes (T2D) is an important public health issue
worldwide. It is estimated that ~425 million people had
diabetes in 2017, of whom one-third are >65 y old, and this
figure is expected to rise to 693 million by 2040 (1), in parallel
to the obesity epidemic. Diabetes mellitus, characterized by
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high blood glucose, is not only among the top 10 causes
of death worldwide (2), but is also a potent risk factor
for blindness, renal failure, and lower limb amputation,
decreasing the quality of life (3).

Efforts need to be made to decrease the incidence of T2D
and reduce its complications and mortality. Physical inactiv-
ity, sedentary lifestyle, poor diet and nutrition, smoking, and
excessive adiposity are the major risk factors for developing
T2D (4).

Lifestyle interventions that aim to change diet and the
level of physical activity have consistently been shown to
reduce T2D risk in the short and long term (5).

The quality of the diet—particularly the consumption of
limited amounts of sugar, refined grains, and processed and
unprocessed red meat, and large amounts of fresh fruits,
vegetables, whole grains, yogurt, and coffee—has proved
to be inversely associated with the future risk of T2D
(6). Therefore, a dietary pattern with an emphasis on the
consumption of plant foods and little animal and processed
food may have benefits on the prevention and management
of T2D.
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Unfortunately, there is no precise definition of a plant-
based diet. Strictly speaking, a plant-based diet is based
wholly on foods derived from plants, and therefore con-
tains minimal amounts of processed food and encourages
the consumption of more fruits, vegetables, whole grains,
legumes, nuts, seeds, herbs, and spices and excludes all
animal products, e.g, red meat, poultry, fish, eggs, and dairy
products.

However, the term plant-based diet has been extensively
used to refer not only to vegan diets, which do not include
any food from animal sources, but also to other diets
such as vegetarian diets, which can include eggs and dairy
products, or semivegetarian diets (pescatarian, macrobiotic,
etc.), which contain small amounts of meat and fish or other
animal products.

Other dietary patterns, which cannot strictly be consid-
ered to be plant based, also emphasize the consumption of
plant foods and have been extensively studied in various clin-
ical trials. This is the case of the traditional Mediterranean
dietary pattern (MedDiet) characterized by a high intake of
olive oil, fruit, nuts, vegetables, cereals, herbs, and spices; a
moderate intake of fish and poultry; a low intake of dairy
products, red meat, processed meats, and sweets; and a mod-
erate intake of wine with meals. Some authors also regard
the Dietary Approaches to Stop Hypertension (DASH) diet
as plant-based diet because it features high intakes of fruit,
vegetables, legumes, and nuts; moderate amounts of low-fat
dairy products; and low amounts of animal protein, sweets,
and sodium. Table 1 describes several dietary patterns that
emphasize the consumption of plant foods.

Previous studies have reviewed the potential beneficial
effects of plant-based diets (vegetarian and vegan) on
T2D management (7-10). Nonetheless, to the best of our
knowledge, no previous review has extended the scope and
included the MedDiet and DASH diet, 2 dietary patterns that
have been extensively studied and which also emphasize the
consumption of plant foods.

In the present narrative review, we summarize the evi-
dence from observational studies and especially clinical trials
evaluating the effect of dietary patterns with an emphasis on
the consumption of plant foods (vegetarian, vegan, MedDiet,

TABLE 1

and DASH) on the control and management of T2D and
its complications. We also discuss the possible mechanisms
involved and the unanswered research questions for future
studies.

Literature Search Methods

We performed a literature search of MEDLINE (PubMed).
Our search terms combined the exposures—plant-based di-
ets, vegetarian diets, vegan diets, macrobiotic diets, MedDiet,
and DASH diet—with several outcomes: insulin resistance
and sensitivity, inflammation, obesity, T2D, retinopathy,
diabetic nephropathy, and cardiovascular disease (CVD) and
mortality. Given that the present article is not a systematic
review, we may not have identified all studies, and we must
acknowledge a certain publication bias. However, all of the
authors conducted the literature search independently.

Dietary Patterns Emphasizing the Consumption
of Plant Foods in T2D Incidence and
Management

Vegetarian and vegan diets

The first observational study examining associations between
vegetarianism and T2D was conducted in the 1960s in a
population of 25,698 white adult Seventh-Day Adventists
and found a lower prevalence of self-reported diabetes in
vegetarians than in nonvegetarians (11). More recently, a
cross-sectional analysis of the Adventist Health Study-2
cohort revealed an inverse association between adherence
to a vegetarian diet and the prevalence of T2D, which
appeared stronger for the vegan (OR: 0.51; 95% CI: 0.40,
0.66) and lacto-ovo-vegetarian diets (OR: 0.54; 95% CI: 0.49,
0.60), followed by the pescovegetarians (OR: 0.70; 95% CI:
0.61, 0.80) and semi-vegetarian diets (OR: 0.76; 95% CI:
0.65, 0.90) (12). A further analysis of the Adventist Health
Study-2 revealed that these types of vegetarian diet were
associated with a substantially lower incidence of T2D (13).
A subsequent study evaluating associations between dietary
habits and diabetes prevalence in 4384 Taiwanese Buddhist
participants found that a vegetarian diet characterized by
complete avoidance of meat and fish was inversely associated

Characteristics of dietary patterns emphasizing the consumption of plant foods

Dietary pattern Foods

DASH! diet

Emphasizes fruits, vegetables, and low-fat dairy products, and includes whole grains, poultry, fish, and nuts. Reduced

consumption of saturated fat, red meat, sweets, and sodium.

Macrobiotic diet

Emphasizes locally grown whole-grain cereals, pulses (legumes), vegetables, seaweed, fermented soy products, and

fruit, combined into meals according to the ancient Chinese principle of balance known as yin and yang.

Mediterranean
diet
moderate intake of wine with meals.
Pescatarian diet
Vegan diet

Characterized by a high intake of olive oil as the principal source of dietary fat, fruit, nuts, vegetables, and cereals; a
moderate intake of fish and poultry; a low intake of dairy products, red meat, processed meats, and sweets; and a

Plant-based diet including fish or other seafood, but not the flesh of other animals.
Plant-based diet avoiding all animal foods such as meat (including fish, shellfish, and insects), dairy, eggs, and honey,

as well as products such as leather, and those that are tested on animals.

Vegetarian diet

Plant-based diet avoiding all animal flesh—based foods and animal-derived products. Some modified versions allow

eggs (ovo), dairy products (lacto), or a combination of both.

"DASH, Dietary Approaches to Stop Hypertension.
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with the prevalence of diabetes in men (OR: 0.49; 95% CI:
0.28, 0.89) and menopausal women (OR: 0.25; 95% CI: 0.15,
0.42) (14).

Clinical trials have demonstrated that vegetarian dietary
patterns can lead to good glycemic control in diabetes. The
results of a meta-analysis (15) assessing the effectiveness of
vegetarian diets on glycated hemoglobin (HbAlc) suggest
that these diets are beneficial for glycemic control among
diabetics. Six randomized controlled trials (RCTs) were
included in this analysis, which involved 255 individuals. Five
of the studies assessed the effect of a vegan diet, whereas
the sixth assessed a lacto-ovo-vegetarian diet. The vegan or
vegetarian-like diets resulted in a statistically significant re-
duction in HbA1lc (—0.39 percentage points; 95% CI: —0.62,
—0.15; P < 0.01; I = 3.0%) compared with control diets.
However, to date no meta-analysis of RCTs has analyzed
this association separately for those studies conducted on
vegan or vegetarian diets. Taking advantage of this gap in
the literature, then, we performed a meta-analysis of RCTs
evaluating the associations between these diets and glycemic
control in T2D. We used the inverse variance method with
fixed effect-models to pool between-treatment changes from
baseline values or between-treatment end differences in
HbA 1c. Results were expressed as mean differences and their
95% CIs. The Cochrane Q statistic test was used to assess
the heterogeneity, which was quantified by the I* statistic.
Analysis was conducted with Review Manager (RevMan)
software version 5.3. Five RTCs (16-20) testing vegan diets
reported data on HbA1c, and the pooled estimated effect was
—0.41 percentage points (95% CI: —0.58, —0.23; P < 0.01)
according to the fixed-effects model (Figure 1) and with
no heterogeneity (I> = 0%). Therefore, these results suggest
that a vegan diet could be beneficial for glycemic control in
diabetics. However, in most of the studies included in our
meta-analysis, participants had either a significantly greater
weight loss (16, 18, 19) or abdominal fat reduction (18, 20)
than those assigned to the control diet, thus confounding
the effect estimates. The net effect of the vegan diet on
hyperglycemia induced by T2D should be further examined.

Study, Reference Vegan diet, # Control diet, n

Weight % Mean change % [95% CI]

In addition to HbAlc, future RCTs should also assess the
effectiveness of the vegan diet on insulin resistance.

Mediterranean diet

The association between adherence to the MedDiet and
T2D risk has been analyzed in some cross-sectional studies.
Results are contradictory, and show either a significant
inverse association (21) or no association (22). However,
1 meta-analysis of 8 prospective studies and 1 RCT found
that the risk of T2D in those participants in the highest
category of adherence to the MedDiet was 19% lower than
in those in the lowest (RR: 0.81; 95% CI: 0.73, 0.90; P < 0.01;
I* = 55%) (23). Furthermore, a lower incidence of gestational
diabetes mellitus (GDM) was also observed in those pregnant
women who adhered closely to a MedDiet (24) or underwent
a Mediterranean dietary intervention program (25).

There is also evidence to suggest that adherence to
the MedDiet has a beneficial role in glycemic control. An
inverse association between adherence to the MedDiet and
fasting plasma glucose, insulin, and the HOMA-IR levels has
been found in a normoglycemic Greek population (26). On
the contrary, HOMA-IR was not found to be significantly
modified by the MedDiet, in trials comparing the effect of
MedDiets with the American Diabetic Association diet (27)
or a low-fat diet (28). As far as the parameters related to
glycemic control are concerned, a cross-sectional analysis
of 901 Italian adults with T2D showed that the highest
MedDiet scores were associated with lower HbAlc levels (P-
trend < 0.01) (29). In contrast, in another cross-sectional
study conducted in 383 T2D Spanish patients, the degree of
adherence to the MedDiet was not significantly associated
with HbA1lc levels (30). Evidence from RCTs also suggests
that the MedDiet can improve glycemic control in the long
term in the context of weight loss. The results from 4 meta-
analyses showed that the MedDiet had a more favorable effect
on HbA1lc (ranging from —0.3% to —0.47%) than other diets,
mainly low-fat diets (31-34). Therefore, we can conclude
that there is strong evidence to suggest that a MedDiet in
the context of weight loss is effective in the management of

Mean change %, 95% CIin HbAlc

Nicholson et al. (16) 7 4 5.4

-0.10 [-0.84, 0.64]

—_—
Barnard et d. (17) 49 50 116 -0.20 [-0.70, 0.30] _—

Ferdowsian et al. (18) 68 45 15 0.00 [-1.40, 1.40]

Mishra et . (19) 21 22 18.1 -0.68 [-1.08, -0.28] —_—

Lee et al. (20) 46 47 63.4 -0.40 [-0.62, -0.18] R

Total (95%CI) 191 168 100.00% -0.41 [-0.58,-0.23] Q
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FIGURE 1

Favors vegan Diets Favors control Diets

Forest plot for the change in HbA1c in 5 RCTs of the effects of a vegan diet on diabetics. Pooled risk was estimated with the

inverse variance method, with the use of fixed-effects meta-analysis. HbA1c, glycated hemoglobin; RCT, randomized controlled trial.
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T2D. Future studies are needed to examine the effect of the
MedDiet on glycemic control in eucaloric conditions and
to clarify its role in diabetes management independently of
weight changes.

DASH diet

Several prospective studies have reported inverse associa-
tions between adherence to the DASH diet and risk of T2D
development. In a recent meta-analysis of 5 prospective stud-
ies, a comparison of the highest with the lowest adherence
to the DASH dietary pattern revealed an inverse association
with T2D incidence (RR: 0.82; 95% CI: 0.74, 0.92; P = 0.03;
P = 62%) (35). Similar results (RR: 0.80; 95% CI: 0.74, 0.86;
P < 0.01; > = 61%) were found in the most recent meta-
analysis of 8 prospective studies (36). These findings suggest
that adherence to the DASH diet has potential for preventing
diabetes from developing.

The evidence from RCTs examining the effect of the
DASH diet on glycemic control is limited to GDM. Asemi
et al. assessed the effect of the DASH diet on glucose
tolerance (37) and insulin resistance (38) for 4 wk in a small
sample of 32 pregnant women with GDM. Compared with
the control diet, the DASH diet had beneficial effects on
glucose tolerance (fasting plasma glucose: —7.62 compared
with 3.68 mg/dL; P = 0.02; and for serum insulin levels
—2.62 compared with 4.32 pIU/mL, P = 0.03) and the
HOMA-IR (—0.8 compared with 1.1; P = 0.03). To clarify
the role of this dietary pattern in glycemic management
during pregnancy, data from larger and well-powered trials
are required. Moreover, there is need for evidence based on
RCTs to support the benefits of the DASH diet not only in
pregnant women but also in other diabetic populations.

Dietary Patterns Emphasizing the Consumption
of Plant Foods and Major T2D Complications
Poor T2D control can lead to several important health
complications that decrease the quality and expectancy of
life and increase the global economic burden. T2D-related
complications are classified as microvascular (including
nephropathy, retinopathy, and neuropathy) and macrovascu-
lar (CVD) (39). Lifestyle modifications, including diet, may
play an important role in improving T2D comorbidities. In
this regard, dietary patterns emphasizing the consumption
of plant foods, because of their intrinsic properties (e.g.,
high contents of fiber, and antioxidant and anti-inflammatory
micronutrients), may help to prevent microvascular and
macrovascular complications.

Microvascular Complications

Nephropathy
The main microvascular complication of T2D is nephropa-
thy, which affects ~40% of diabetic patients and is regarded
as the main cause of renal disease (40).

Only 1 cross-sectional study has evaluated the association
between adherence to a dietary pattern emphasizing the
consumption of plant foods and nephropathy. No differences

were found in prevalence in nonvegetarian and vegetarian
T2D Indian subjects (41). Findings from prospective studies
are along the same lines. In the Atherosclerosis Risk in
Communities Study (ARIC), results from the whole cohort
showed that those participants in the lowest tertile of
adherence to the DASH diet had a 16% (HR: 1.16; 95% CI:
1.07, 1.26; P-trend < 0.001) higher risk of kidney disease
development than those in the highest tertile after 23 y
of follow-up. However, in the stratified analysis, lower
adherence to the DASH diet was only associated with a
higher risk of kidney disease in nondiabetic individuals,
whereas no association was observed in diabetics (42).
Similarly, in the Northern Manhattan Study, a 1-point
increase in the MedDiet score was associated with a
17% (OR: 0.83; 95% CI: 0.71, 0.96; P = 0.02) lower risk
of incident estimated glomerular filtration rate <60 mL/
(min 1.73 m?) when diabetic and nondiabetic
participants were analyzed together, although a
significant interaction with diabetes status was observed
(P = 0.01). Subsequent stratified analyses showed that a
1-point increase in the MedDiet score was inversely associ-
ated with estimated glomerular filtration rate <60 mL/(min
- 1.73 m?) (OR: 0.75; 95% CI: 0.63, 0.89; P = 0.001) in
nondiabetics, whereas there was a nonsignificant increased
risk in diabetics (OR: 1.21;95% CI: 0.87, 1.69; P = 0.25) (43).

Ideally, RCTs in diabetic populations should evaluate
the effect of dietary patterns emphasizing the consumption
of plant foods on nephropathy incidence. Nonetheless,
this type of study is difficult to carry out because the
endpoint takes several years to occur, and the sample needs
to be large. Therefore, most of the interventional studies
conducted so far have focused on surrogates for nephropathy
development and progression, such as the measurement of
urinary albumin excretion or serum creatinine concentra-
tions. In an RCT conducted in 22 T2D participants, a vegan
diet significantly reduced urinary albumin excretion more
than the American Diabetic Association diet (—15.9 mg/
24 h and —10.9 mg/24 h, respectively) (44). Similarly,
in a nonrandomized clinical trial conducted in 8 partici-
pants with type 1 diabetes and an albumin excretion rate
>30 pg/min, median fractional albumin clearance signif-
icantly decreased from 188 x 107* to 87 x 107* after a
predominantly vegetarian diet (45). Likewise, in a crossover
clinical trial involving 17 macroalbuminuric T2D patients,
the median (range) of urinary albumin excretion was lower
in the lactovegetarian, low-protein diet intervention group
[229.3 pug/min (76.6-999.3 ug/min)] and in the replacement
of red meat with poultry intervention group [269.4 pg/min
(111-1128 pg/min)] than in the group on a usual diet
[312.8 pug/min (223.7-1223.7 jug/min)] (46).

To the best of our knowledge, only 1 RCT has evaluated
the effect of dietary patterns emphasizing the consumption
of plant foods (the MedDiet) on the risk of nephropathy
incidence, in a study of 3614 elderly participants with T2D.
The results showed that the effect of the MedDiet enriched
with nuts (HR: 1.06; 95% CI: 0.72, 1.58) and the MedDiet
enriched with extra-virgin olive oil (HR: 1.15; 95% CI: 0.79,
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1.67) on the risk of nephropathy incidence in individuals at
high risk of CVD was no greater than the effect of the advice
to follow a low-fat control diet (47).

Considering that few RCTs with relatively small sample
sizes have evaluated the effect of plant-based diets on
surrogate markers of kidney disease in T2D patients, and
only 1 RCT has assessed the effect of the MedDiet on the
risk of diabetic nephropathy, we can conclude that there is
insufficient evidence to draw solid conclusions regarding the
effect of dietary patterns emphasizing the consumption of
plant foods on the prevention of kidney disease in diabetic
individuals.

Retinopathy

Diabetic retinopathy strongly correlates with the duration
of diabetes and glycemic control, and is regarded as the
leading cause of blindness in adults from developed countries
(48). Previous research has shown that plant foods (fruits
and vegetables) and some nutrients derived from them,
such as dietary fiber, are inversely associated with the
risk of diabetic retinopathy (49). However, little is known
about the association between dietary patterns emphasizing
the consumption of plant foods and this diabetes-related
complication.

As far as we know, no cross-sectional or prospective
studies have evaluated the associations between adherence
to dietary patterns emphasizing the consumption of plant
foods and the risk of diabetic retinopathy. However, a post-
hoc analysis conducted in the framework of the landmark
PREvencion con Dleta MEDiterranea (PREDIMED) trial
has been published. This analysis included 3614 senior
participants with T2D at high risk of CVD who were followed
for a median of 6 y. The results showed that participants
in the MedDiet enriched with extra-virgin olive oil group
had a 44% lower risk of diabetic retinopathy (HR: 0.56;
95% CI: 0.32, 0.97) than those in the low-fat control-
diet group. Nonetheless, a MedDiet enriched with nuts
did not have a greater effect on retinopathy risk than the
control diet (HR: 0.63; 95% CI: 0.35, 1.11). When both
MedDiet interventions were merged, the relative risk of
diabetic retinopathy was 40% lower than for the control
group (HR: 0.60; 95% CI: 0.37, 0.96). The subgroup analyses
showed that a MedDiet enriched with extra-virgin olive oil
reduced the risk of diabetic retinopathy mainly in women,
individuals aged >70 vy, individuals with BMI kg/m?>30,
individuals without hypertension, and individuals with a
low adherence to the MedDiet at baseline, although there
was no statistical interaction between these categories and
the intervention group (47). The results revealed that the
MedDiet enriched with mixed nuts had a beneficial effect
on diabetic retinopathy only in those individuals without
hypertension at baseline.

Although results from this clinical trial show the im-
portance of dietary patterns emphasizing the consumption
of plant foods in the prevention of diabetic retinopathy,
further studies are warranted in order to better understand
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the possible role of these dietary patterns in the prevention
of diabetic retinopathy.

Neuropathy
According to the American Diabetic Association, neuropathy
is a comorbidity of diabetes that affects the nervous system,
and which has a wide range of clinical manifestations, foot
ulceration being one of the most important. The strategy
to prevent diabetic neuropathy should focus on glucose
control and lifestyle modifications (50). Little is known
about the possible role of dietary patterns emphasizing the
consumption of plant foods in the prevention or treatment
of this condition. In a small nonrandomized clinical trial,
21 T2D patients with painful diabetic neuropathy received
an intervention based on a low-fat, high-fiber, no-cholesterol
vegan diet along with exercise (walking every day for
>30 min). The results showed that, in <16 d, 17 of the 21
participants completely mitigated their distressingly sharp
and burning pain, although numbness persisted (51).
Evidence regarding the effect of dietary patterns empha-
sizing the consumption of plant foods is scarce and limited to
only 1 nonrandomized clinical trial. Additional large, well-
designed randomized clinical trials evaluating the degree
of neuropathy through the use of direct tests such as the
monofilament, vibration, and superficial pain sensation tests
are needed to confirm the potential role of these dietary
patterns in the prevention and management of this important
diabetes-related complication.

Macrovascular Complications

CvD

Diabetes is well recognized as a risk factor for CVD, which
in turn is considered to be the leading cause of mortality
worldwide (52). To the best of our knowledge, the vast
majority of studies published to date have focused on the
prevention or management of different CVD risk factors
rather than the prevention of CVD itself. Moreover, the
research has mostly centered on the MedDiet, and few studies
have been conducted strictly in diabetic populations.

In a case-control study conducted in 432 T2D patients,
those individuals who adhered closely to the MedDiet (score
>11) had a 66% (OR: 0.44; 95% CI: 0.24, 0.83) lower risk
of having peripheral arterial disease than those who did not
adhere closely (score 0-8). The stratified analysis showed that
the risk of peripheral arterial disease increased progressively
with the duration of the diabetes, and the risk was highest in
those with a duration of >10 y (OR: 2.52; 95% CI: 1.45, 4.39)
compared with those with <5y (53).

No study has prospectively focused only on diabetic
participants. However, several stratified analyses have been
conducted depending on diabetes status. For instance, in
patients with stable ischemic heart disease and after a median
follow-up of 3.7 y, the stratified analysis revealed that a
1-category increase in the MedDiet score was associated with
a lower risk of major adverse CVD events in nondiabetic



participants, whereas no association was observed in in-
dividuals with diabetes (54). Similar results were reported
in the ATTICA study (55), in which a significant inverse
association between MedDiet adherence and 10 y of CVD
risk was reported in nondiabetic participants (RR: 0.96; 95%
CI 0.67, 1.00), whereas a nonsignificant inverse association
was observed among diabetic participants (RR: 0.88; 95% CI:
0.92, 1.16). However, these results are not in line with those
of the PREDIMED study, the only RCT that has assessed the
effect of the MedDiet on the risk of major CVD events in
a subgroup analysis based on diabetes status (56). Findings
showed that those diabetic individuals following the MedDiet
had a 29% lower risk of CVD events (HR: 0.71; 95% CI: 0.51,
0.98) than those following a low-fat diet, whereas no effect
was reported in nondiabetic participants (HR: 0.73; 95% CI:
0.52, 1.05), after a median follow-up of 4.8 y.

Mortality

Diabetes is considered to be one of the top 10 worldwide
leading causes of death (2). The contribution of dietary
patterns emphasizing the consumption of plant foods to
a reduction in diabetes-associated mortality has also been
poorly studied. As far as we know, only 1 prospective
study, the MOLI-SANTI study, has been conducted exclusively
in T2D participants (57). After analyzing data from 1995
individuals, results showed that close adherence to the
MedDiet (>6 points) was inversely associated with all-cause
(HR: 0.41; 95% CI: 0.23, 0.73; P-trend < 0.01) and CVD
mortality (HR: 0.43; 95% CI: 0.19, 0.99; P-trend < 0.05).
Other prospective studies have conducted subgroup analysis
of diabetes status at baseline. In a collaborative analysis of
4 prospective studies, the risk of death from ischemic heart
disease was lower in vegetarians than in nonvegetarians,
and did not differ among subjects with or without CVD
or diabetes at baseline (58). In another stratified analysis
conducted in a selected subgroup of women with heart failure
from the Women’s Health Initiative Study (59), compared
with low adherence to the MedDiet, high adherence was not
associated with a lower risk of death in participants with
or without previous history of diabetes. However, DASH
diet adherence was inversely associated with a lower risk of
mortality only in women without diabetes (HR: 0.76; 95% CI:
0.62, 0.93; P-trend < 0.01) for the fourth compared with the
first quartile.

Possible Mechanisms by which Dietary Patterns
Emphasizing the Consumption of Plant Foods
May Enhance T2D Management

The mechanisms by which the aforementioned dietary pat-
terns emphasizing the consumption of plant foods may mod-
ulate glucose and insulin metabolism and confer protection
against T2D are still putative, but mainly related to specific
components, such as increased intake of fiber, PUFAs and
MUFAs, antioxidant and anti-inflammatory micronutrients,
and a reduced intake of SFAs, heme iron, sodium, and nitrites
and nitrates. Overall, these components promote insulin
sensitivity and glycemic control by controlling adiposity

and body weight, reducing inflammation and oxidation,
and modulating gut microbiota composition and activity.
However, alternatives such as vegetarian diets, the MedDiet,
and the DASH diet also include minimal amounts of animal-
based food. These products contain not only essential
nutrients, but also various potential harmful nutrients and
nonnutrient components that could counterbalance the ben-
eficial effects of plant-based foods on T2D management. The
following paragraphs and Table 2 discuss the mechanisms
by which several nutrient and nonnutrient components from
plant and animal foods affect T2D management.

Carbohydrates and Fiber

A high intake of fruits and vegetables and adherence to
dietary patterns emphasizing the consumption of plant foods
has been associated with reduced body weight and lower
abdominal adiposity. These benefits are partly attributed to a
high fiber content and a low glycemic index (GI). The intake
of soluble fiber leads to a delay in gastric emptying and a
slower absorption of macronutrients, which contributes to
a lower postprandial rise in glucose (60, 61). Dietary fiber
is resistant to enzymatic digestion in the small intestine
but is fermented by the colonic bacteria to produce SCFAs
which, in turn, reduce the production of hepatic glucose
and stimulate the secretion of incretins (62, 63). Beyond
their role as satiety hormones, incretins such as glucagon-like
peptide 1 and gastric inhibitory polypeptide both promote -
cell proliferation and stimulate pancreatic insulin secretion,
favoring the balance of glucose homeostasis (63, 64).

Higher dietary-fiber intake and low-GI diets have been
related to improved inflammation (65), and this could partly
explain their effectiveness at lowering insulin resistance and
T2D risk. However, 2 other pathways have been proposed
to explain how low-GI/low glycemic-load diets reduce T2D
risk. First, the chronically increased insulin demand induced
by a high-GI diets may result in pancreatic B-cell failure
and, as a consequence, impaired glucose tolerance. Second,
high-GI diets can directly increase insulin resistance because
of their effect on glycemia, free fatty acids, and counter-
regulatory hormone secretion (66).

Moreover, the consumption of dietary fiber has also been
associated with a lower risk of CVD incidence, which could
be mainly explained through its cholesterol- and blood
pressure-lowering effects (67).

Fatty Acids

Epidemiologic studies have reported variations in the per-
centage of energy consumption from different types of fatty
acid between vegans and meat eaters (68, 69). Although
vegans had the highest intake of PUFAs, meat eaters had the
highest intake of SFAs, which have different effects on glucose
homeostasis and insulin sensitivity. SFAs have negative
effects, whereas PUFAs and MUFAs have a beneficial impact
(70). Importantly, some data also demonstrate that beyond
the quantity and quality of fat, the PUFA:SFA ratio also has
an effect on glucose metabolism (71).
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TABLE2 Mechanisms by which dietary components modulate glycemic control’

Dietary component

Potential mechanism

Harmful components of animal-based diets
SFAs

Changes in cell-membrane composition

Glucolipotoxicity
Inflammation

Heme iron

B-cell dysfunction

Increased hepatic glucose production

Sodium

Reduced glucose uptake in muscle

Reduced glycogen synthase activation in liver
Impaired microvascular responsiveness to insulin

Nitrites and nitrates

DNA damage and oxidative stress

Impaired insulin response

Beneficial components of plant-based diets
Carbohydrates and fiber

Stimulation of incretin production

Inhibition of a-amylase, ¢-glucosidase, lipase, and dipeptidyl

peptidase 4

Increase in GLUT4 receptors
Reduction of inflammation

PUFAs

Inhibition of glycolysis and lipogenesis

Reduction of oxidative stress and inflammation

MUFAs

Preservation of GLUT4 receptors

Stimulation of incretin production

Vitamin K
Vitamins C and E

Inhibition of inflammation
Increased B-cell proliferation

Reduction of oxidative stress

Vitamin B

Decreased DNA glycation in leukocytes

Increase in GLUT4 receptors

Magnesium

Increase in GLUT4 receptors

Reduction of oxidative stress and inflammation

Polyphenols

Inhibition of e-amylase and a-glucosidase

Increase in GLUT4 receptors
Increased glucose uptake

TGLUT4, glucose transporter type 4.

Dietary fatty acids can affect insulin sensitivity, and
thereby the metabolic control of T2D, by modifying the
fatty acid composition of the cell membrane, which involves
changes in membrane fluidity, thickness of volume, and
even the stability of membrane proteins such as the insulin
receptor (72). It has been shown that the more saturated
the cell membrane is, the less fluid it is. Unsaturated fatty
acids, such as PUFAs, not only increase cell membrane
fluidity but also the number of insulin receptors and their
affinity (73). Moreover, it has been reported that PUFAs, in
general, could also inhibit hepatic glycolysis and lipogenesis
(74, 75), whereas w-3 (n-3) fatty acids, in particular, might
have antioxidant effects (76). Furthermore, substituting
a-linolenic acid for SFAs in rats induced beneficial ef-
fects on insulin resistance in liver and peripheral tissues
(77). Even the conversion of «-linolenic acid to EPA and
DHA acids is inefficient (78), especially when linoleic
acid is consumed in high amounts, because these long-
chain PUFAs exert anti-inflammatory effects by stim-
ulating G protein-coupled receptor 120, a potent in-
sulin sensitizer, thus enhancing systemic insulin sensitivity
(79).

MUFAs can exert beneficial effects on glucose and
insulin metabolism by modulating incretin responses, gastric
emptying, and inflammation. Several intervention studies
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have shown that substituting MUFAs for SFAs could have
beneficial effects on insulin sensitivity. In skeletal muscle
from a T2D rat model, the deleterious effect of SFAs
on insulin-signaling pathways (including changes in the
insulin receptor substrate 1/2, phospho PI 3 kinase p85,
and phospho-ERK1/2) disappeared when SFAs were re-
placed with MUFAs. Moreover, the translocation of glucose
transporter type 4 (GLUT4) and insulin-stimulated glucose
disposal were preserved with MUFA intervention (80). In
animal models, it has also been reported that MUFAs can
improve glucose tolerance through enhanced glucagon-like
peptide 1 secretion (81).

Vitamins, Minerals, and Trace Elements
Evidence from RCTs suggest that supplementing vitamins
that are mainly found in plant foods such as vitamins K
(82), C (83), and E (84) might exert beneficial effects on
glycemic control in T2D. Vitamin K is suggested to control
glucose levels by modulating inflammation and osteocalcin.
Animal studies have reported that osteocalcin improves -
cell proliferation and increases insulin expression and insulin
secretion. Moreover, osteocalcin also increases adiponectin
expression in mice adipocytes (85, 86).

Antioxidant vitamins, such as C and E, which are
mainly found in vegetables, fruits, nuts, seeds, and oils,



may prevent the glycosylation of hemoglobin by interrupting
glycosylation at an early stage in the Maillard reaction (87,
88) or inhibiting the formation of advanced glycation end
products (89). These vitamins have also been found to
mitigate the B-cell dysfunction caused by oxidative stress
(90).

Population-based studies indicate that vegetarians have
lower mean intakes than nonvegetarians of zinc and higher
intakes of magnesium, copper, and polyphenols (69, 91), all
nutrients that have been involved in glucose homeostasis.
Magnesium is an essential mineral with established proper-
ties as a cofactor for several enzymatic reactions. In muscle
cells from rats, an intracellular magnesium deficiency can
negatively affect insulin sensitivity because of an alteration
in the tyrosine kinase activity of insulin receptors (92).
Moreover, the oral administration of magnesium to diabetic
rats improves blood glucose levels by increasing GLUT4
mRNA expression (93). It is important to highlight that
magnesium can also improve T2D management because of
its antioxidant and anti-inflammatory properties (94).

Dietary polyphenols come mainly from plant foods,
including fruits, vegetables, whole grains, coffee, tea, and
nuts. Polyphenols can influence glycemia and T2D via
various mechanisms, such as promoting the uptake of
glucose in tissues, and thereby improving insulin sensitivity
(95). Some polyphenols, such as quercetin or ellagic acid,
have proved to be effective at inhibiting «-amylase and
a-glucosidase activities, and preventing the lipid peroxida-
tion of pancreatic tissue homogenates (96-99). There is also
increasing evidence to suggest that these dietary components
have a modulatory role in T2D-related epigenetic processes
(100). For instance, resveratrol and other phytochemicals
such as curcumin have been shown to act through epigenetic
mechanisms that affect the global epigenome (101), but
future studies are needed to determine the exact role of these
components in DNA methylation.

Heme Iron, Sodium, Nitrites, and Nitrates

Dietary patterns that emphasize the consumption of plant
foods are characterized by a low consumption of heme iron,
sodium, nitrites, and nitrates, all components that have been
associated with insulin resistance.

Iron plays an important role in glucose metabolism due
to its pro-oxidant capacity. It catalyzes cellular reactions to
produce reactive oxygen species that impair S-cell function
through oxidative stress, a process that favors apoptosis
and leads to insulin deficiency (66). Moreover, on the
one hand, the accumulation of iron in the liver induces
hyperinsulinemia, which affects the suppression of hepatic
glucose output (67). On the other hand, in muscle, iron stores
accentuate free fatty acid oxidation and can hinder glucose
disposal (68).

Sodium content is high in processed food such as meats,
snacks, sauces, and spreads, and low in processed vegetables
(102). Despite the fact that results are not consistent, research
appears to indicate that high sodium intake is associated with
insulin resistance (103-105). A high-salt diet could induce

insulin resistance by reducing insulin-stimulated glucose
uptake in muscle (106, 107). High- sodium diets may also
produce the loss of microvascular insulin response in skeletal
muscle, leading to the insulin resistance state in this tissue.
This vascular affection could be the result of enhanced
angiotensin II signaling or angiotensin II type 1 receptor
levels (108).

Nitrites and nitrates are mainly used for the preservation
of meat (109). In the stomach or even within food, they
are transformed to nitrosamines by a chemical reaction with
amino compounds. Nitrosamines are toxic for cells because
they induce DNA damage, lipid peroxidation, oxidative stress
(through the production of reactive oxygen species), and
the activation of inflammatory signaling pathways, which
could lead to insulin resistance (110). In animal models,
nitrosamine appears to have toxic effects on pancreatic -
cells and increases the risk of diabetes (111). Moreover, in
humans, blood nitrite concentrations have been associated
with endothelial dysfunction (112) as well as impaired insulin
response (113).

Conclusions

Increasing evidence suggests that dietary patterns emphasiz-
ing the consumption of plant foods may be effective not only
at preventing the incidence of T2D but also at improving
its management (7-10). There is strong evidence from the
meta-analysis (15, 31-34) of RCTs to support the notion that
these dietary patterns, especially the MedDiet, vegan, and
vegetarian diets, improve glycemic control by reducing levels
of HbAlc. However, evidence regarding the DASH diet is
scarce and limited to gestational diabetes (38).

In terms of microvascular complications, the literature on
the efficacy of dietary patterns emphasizing the consumption
of plant foods is limited to a few cross-sectional, prospective
cohorts and clinical trials with small samples, suggesting an
improvement of these conditions. Evidence on nephropathy
comes mainly from clinical trials that use surrogates such as
the urinary albumin excretion to evaluate its development
and progression (44-46). Although results suggest that
dietary patterns emphasizing the consumption of plant
foods could prevent the development of this diabetes-related
complication by reducing the excretion of albumin more
than other conventional diets (44-46), these findings are not
supported by the PREDIMED study, the only clinical trial
that has evaluated the effect of the MedDiet on the risk
of nephropathy (47). Data on retinopathy and neuropathy
are also scarce: only 1 clinical trial, the PREDIMED study,
has evaluated the effect of the MedDiet on retinopathy
(and found a beneficial effect) (47); only 1 nonrandomized
clinical trial has assessed the effect of a vegan diet on
diabetic neuropathy (and found that it seems to improve this
condition) (51).

In terms of CVD, results are inconclusive. Whereas data
from the stratified analysis of prospective cohort studies
showed no association between these dietary patterns and
the risk of CVD incidence in participants with T2D (54,
55), results from the PREDIMED clinical trial showed that
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the MedDiet protects against the development of T2D (56).
Finally, as far as mortality is concerned, the only prospective
study conducted specifically in patients with T2D showed an
inverse association between a dietary pattern emphasizing
the consumption of plant foods and the risk of overall and
CVD mortality (57).

The beneficial effects of these dietary patterns may be
explained by mechanisms specifically related to the increased
intake of fiber, PUFAs, MUFAs, and antioxidant and anti-
inflammatory micronutrients, and the reduced intake of
SFAs, heme iron, sodium, nitrites, and nitrates.

In conclusion, the overall evidence suggests that pa-
tients with T2D will benefit from adopting dietary pat-
terns emphasizing the consumption of plant foods. The
components of these dietary patterns might confer benefits
on glycemia by counterbalancing the detrimental effect of
animal foods. However, there is limited evidence on T2D-
related complications, which makes it difficult to draw solid
conclusions. Additional large, well-conducted randomized
clinical trials evaluating the effect of these dietary patterns on
the incidence of micro- and macrovascular complications in
patients with T2D are needed to confirm their effectiveness
and to develop solid evidence-based scientific guidelines for
diabetes prevention and management.
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