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Abstract

Purpose of Review This review presents the current available evidence of the effects of several dietary patterns on atherosclerotic
cardiovascular disease (ASCVD) risk in patients with type 2 diabetes (T2D).

Recent Findings Evidence demonstrates improvements in cardiovascular risk factors with some dietary patterns in the general
population. However, evidence is limited for glycemic control and cardiovascular benefit in patients with T2D for Dietary
Approaches to Stop Hypertension and plant-based dietary patterns. Evidence suggests that carbohydrate-restricted dietary
patterns improve glycemic control and decrease the use of anti-hyperglycemic medications. The Mediterranean dietary pattern
has the most evidence for glycemic control and decreased ASCVD risk in patients with T2D. There is no evidence on ASCVD
outcomes in patients with T2D for any other dietary pattern.

Summary The Mediterranean dietary pattern has the most evidence for cardiovascular benefit in patients with T2D. Future

research should examine the effect of dietary patterns on ASCVD outcomes.

Keywords Diabetes - Cardiovascular disease - Dietary pattern - Mediterranean - DASH - Low-carbohydrate - Plant-based

Introduction

Diabetes is present in over 30 million people in the USA
(9.4% of the population) of which 90-95% have type 2 dia-
betes (T2D) [1]. Diabetes results in a considerable burden on
society due to increased medical costs, lost productivity, and
reduced quality of life [1]. The financial burden is staggering
with an estimated annual cost of $327 billion, including $37.3
billion in cardiovascular-related spending [2]. T2D confers an
independent risk for atherosclerotic cardiovascular disease
(ASCVD), which is the leading cause of death and morbidity
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in the USA and globally [3]. Nutrition therapy has been shown
to be an essential and cost-effective tool for the optimal man-
agement of T2D, but evidence that supports specific dietary
patterns to improve ASCVD outcomes in patients with T2D is
sparse.

Past T2D treatment guidelines have provided recommen-
dations for the individualization of macronutrient distribution;
however, dietary patterns may benefit metabolic health more
than focusing on a specific macronutrient composition for
T2D management [4]. Thus, T2D treatment guidelines have
shifted the focus to dietary patterns that achieve weight goals,
improve glycemic control, and improve other ASCVD risk
factors, such as hypertension (HTN) and dyslipidemia [5, 6e,
7, 8]. Most studies of dietary patterns and T2D have examined
the effects on ASCVD risk factors whereas the effects of spe-
cific dietary patterns for improving ASCVD outcomes in pa-
tients with T2D is not well established.

This review presents the available evidence on dietary pat-
terns recommended for the management of T2D and the im-
provement of ASCVD risk factors. Table 1 includes a descrip-
tion of the dietary patterns reviewed. While the focus of this
review is optimal dietary strategies, the authors acknowledge
that the increased ASCVD risk in patients with T2D is multi-
factorial. Other essential components for decreasing ASCVD
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Table 1 Characteristics and CV benefits of dietary patterns in people with T2D

Dietary pattern

Characteristics

Effects on CV risk factors

Mediterranean

DASH

Low-carbohydrate and
Very-low-carbohydrate

Plant-based

Emphasizes olive oil as the main cooking oil; a high
intake of plant-based foods (i.e., fruits,
vegetables, legumes, nuts and seeds, whole grains
and cereals, and potatoes); moderate consumption
of fish/seafood and dairy products; low
consumption of meat and meat products; and
low-to-moderate red wine consumption with
meals

Emphasizes increased intake of fruits, vegetables,
whole grains, nuts, fish, poultry, and low-fat
dairy; and decreased intake of saturated fat, red
meat, sodium, sweets, and added sugar

Definitions vary, but low-CHO is typically 10-25%
of total calories and very-low-CHO is < 10% of
total calories [9+]; emphasizes an overall
decreased intake of CHO-rich foods; CHO foods
allowed include non-starchy vegetables, although
some plans allow fruit and starchy vegetables;
other starchy and sugary foods are discouraged;
protein varies between a moderate intake in
very-low-CHO plans to a high intake in low-CHO
plans; fat varies between a high intake in
very-low-CHO plans to a moderate intake in
low-CHO plans

Includes intake of plant-based food; vegetables,
fruits, grains, legumes, and nuts; vegetarian may
include eggs (ovo) and dairy (lacto); vegan diet is
strictly devoid of animal protein or any

* Decreased HbA1C

* Increased HDL-C

* Decreased triglycerides

* Decreased BP

* Lower risk of new-onset diabetes

* Decreased risk of major cardiovascular events

» Weight loss and reduced waist circumference®
« Decreased HbAlc and FPG*

* Decreased LDL-C; increased HDL-C?

* Decreased BP?

» Lower risk of new-onset diabetes

» Weight loss
* Decreased HbA1C
* Increased HDL-C and decreased triglycerides

* Decreased SBP or DBP (inconsistent results in studies)

» Weight loss

» Decreased HbAlc

* Decreased LDL-C and non-HDL-C
» Lower risk of new-onset diabetes

animal-derived products

* Possible increase in TG and decreased HDL-C

#Based on evidence from one short-duration RCT of 31 patients with T2D and one RCT of DASH+exercise [6¢, 10e, 11¢]

risk in patients with T2D include optimal control of blood
pressure (BP), lipids/lipoproteins, and weight (central obesi-
ty). In addition, physical activity level, smoking cessation,
alcohol intake, and use of medications that have been shown
to be cardioprotective are all significant components affecting
overall ASCVD risk. Table 2 includes components of a com-
prehensive approach to the management of T2D to decrease
ASCVD risk.

Mediterranean Dietary Pattern

The Mediterranean dietary (MedDiet) pattern is one of the most
studied dietary patterns for its effects on metabolic health
markers and ASCVD risk and prevention [6°]. A recent
Cochrane systematic review reported a modest benefit with
the MedDiet on CVD risk factors in primary prevention. In this
review, the PREDIMED was the only primary prevention study
that examined clinical endpoints, which demonstrated a re-
duced risk of stroke with the MedDiet compared with control.
There was low- or very-low-quality evidence regarding the ef-
fect on clinical endpoints or CVD risk factors of the MedDiet in
secondary prevention. Thus, the authors determined the
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available evidence continues to show uncertainty regarding
the effects of a MedDiet on clinical outcomes and CVD risk
factors for both primary and secondary prevention [15¢]. Many
meta-analyses reported a decreased incidence of T2D with a
higher adherence to the MedDiet [15¢, 16-20]. This has result-
ed in the inclusion of this dietary pattern in guidelines as an
eating plan for T2D management, as well as for ASCVD pre-
vention [5, 6, 7].

Interestingly, of the many meta-analyses that have shown
cardiovascular (CV) health benefit with the MedDiet, few
have included individuals with T2D. One recent meta-
analysis and one systematic review examined the effects of
the MedDiet on ASCVD risk in populations that included
people with diabetes [21¢, 22]. Becerra-Tomas et al. complet-
ed a systematic review and meta-analysis (3 RCTs and 38
prospective cohort studies) to examine the evidence on the
association of the MedDiet with total CVD, coronary heart
disease (CHD), stroke, and myocardial infarction (MI) inci-
dence, and mortality in populations that included individuals
with diabetes. Based on their meta-analysis of 3 RCTs,
Becerra-Tomas reported the MedDiet reduced total CVD
and MI incidence. Their meta-analysis of 38 cohort studies
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Table2  Components of a comprehensive approach to the management
of T2D to decrease ASCVD risk [7, 12-14]

History of complications/comorbidities
Poor glycemic control
High blood pressure
Abnormal lipid levels
Chronic kidney disease and presence of albuminuria
Erectile dysfunction
Lifestyle factors
Weight and waist circumference
Eating patterns
Physical activity
Sleep behaviors
Alcohol and tobacco use
Substance use
Behavioral and diabetes self-management skills

Screen for depression, anxiety, and disordered eating; refer as needed
for additional assessment

Assess social support network
History of dietitian and/or diabetes educator education sessions
Assess diabetes self-management skills and barriers

Use of cardioprotective medications
Current medication regimen
Cardioprotective anti-hyperglycemic medications prescribed
Moderate- or high-intensity statin prescribed
In patients with elevated TGs, consider adding icosapent ethyl
Anti-hypertensive medications
Aspirin therapy, as indicated*

*Indicated for secondary prevention; may be considered for primary pre-
vention of ASCVD among select adults who are 40 to 70 years of age and
are at higher ASCVD risk without increased bleeding risk [7]

found an inverse association between the highest MedDiet
adherence compared with the lowest adherence and total
CVD mortality, CHD incidence, CHD mortality, stroke inci-
dence and mortality, and MI incidence. Given the studies in
this meta-analysis included participants with and without
T2D, Becerra-Tomas et al. concluded that the MedDiet may
confer CVD prevention in patients T2D but emphasized that
further research with well-designed RCTs of individuals with
diabetes is needed to provide higher quality data to “develop
evidence-based dietary guidelines for diabetes management”
[21°].

Franquesa et al. conducted a systematic review to examine
the evidence for the effects of the MedDiet on cardiodiabesity,
a new term that describes the significant inter-relationship of
obesity, metabolic syndrome (MetS), CVD, and T2D. The
authors determined there is a high level of evidence that ad-
herence to the MedDiet positively impacts primary and sec-
ondary CVD prevention and improves health in adults with
overweight and obesity. There is moderate-to-high evidence
that the MedDiet improves MetS and decreases its incidence,

and moderate evidence that the MedDiet prevents T2D and
improves its management to reduce T2D severity and symp-
toms. Based on this review, there is a high level of evidence
that higher adherence to the MedDiet was associated with
CVD incidence reduction in high-risk individuals and the gen-
eral population [22].

There are few meta-analyses that have examined the effect
of the MedDiet on ASCVD risk factors specifically in indi-
viduals with T2D. Esposito et al. conducted a systematic re-
view and meta-analysis that included 8 meta-analyses and 5
RCTs to examine the effect of the MedDiet compared with a
control diet in individuals with T2D, or at increased risk for
T2D, on glycemic control and ASCVD risk factors [23].
Esposito et al. conducted a meta-analysis of 3 RCTs and found
a greater reduction in hemoglobinAlc (HbAlc) (mean differ-
ence [MD]—0.47%;95% CI— 0.56, — 0.38) with the MedDiet
compared with a control diet. The authors reviewed available
meta-analyses and determined that the MedDiet had more
favorable effects on total cholesterol (total-C) (MD ranging
from —5.4 to —8.9 mg/dL in 3 meta-analyses) and body
weight (MD ranging from —0.29 to — 2.2 kg in 4 meta-anal-
yses), and a greater increase in high-density lipoprotein cho-
lesterol (HDL-C) (MD 1.54 and 2.31 mg/dL in 2 meta-analy-
ses) compared with control diets [23]. Similarly, Huo et al.
found that, compared with control diets, the MedDiet
achieved a greater reduction in HbAlc (MD —0.30%; 95%
CI—0.46, — 0.14), body weight (MD —0.29 kg; CI —0.55, —
0.04), total-C (MD —5.41 mg/dL; CI —7.35, — 3.48), triglyc-
erides (TG) MD —25.7 mg/dL; CI —41.6, — 8.86), and both
systolic (MD — 1.45 mmHg; CI —1.97, — 0.94) and diastolic
(MD —1.41 mmHg; CI —1.84, —0.97) BP, and a greater in-
crease in HDL-C (MD 2.32 mg/dL; C1 0.77, 3.87), but a non-
significant reduction in low-density lipoprotein cholesterol
(LDL-C) (MD —4.25 mg/dL; CI —9.28, 0.39) [24].
Furthermore, a meta-analysis found a 49% increased proba-
bility of remission from MetS compared with control diets and
two meta-analyses showed a 19-23% reduction in new T2D
incidence with greater adherence to the MedDiet [23].

There is a paucity of evidence for the MedDiet effecting
ASCVD outcomes in people with T2D. One prospective co-
hort study of 1995 participants with T2D from the MOLI-
SANI study found a 37% lower overall mortality and 34%
reduction in CV mortality with a 2-unit increase in the
MedDiet score based on the Greek Mediterranean diet score.
The researchers determined the effect of the MedDiet was
mainly due to moderate alcohol consumption (14.7% in the
reduction of the effect), a high intake of cereals (12.2%) veg-
etables (5.8%), and decreased intake of dairy (13.4%) and
meat products (3.4%) [25].

The proposed mechanisms for the benefits of the MedDiet
are related to its key components: olive oil as the main
cooking oil; a high intake of plant-based foods (i.e., fruits,
vegetables, legumes, nuts and seeds, whole grains and cereals,
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and potatoes); moderate consumption of fish and dairy prod-
ucts; low consumption of meat and meat products; and low-to-
moderate red wine consumption with meals [15¢, 26, 27]. The
protective effects of the diet appear to be most attributable to
olive oil, fruits, vegetables, and legumes [28]. The plant-based
foods are high in fiber and polyphenols, which have antioxi-
dant and anti-inflammatory properties, and the higher intake
of unsaturated fatty acids from olive oil and nuts may have a
beneficial effect on blood lipids, as well as BP, body weight,
and FPG, thereby decreasing ASCVD risk [26, 27]. The anti-
inflammatory and antioxidant effects of the MedDiet also con-
tribute to the cardiometabolic benefits in persons with T2D
[27,29]. However, as Salas-Salvado et al. stated so eloquently,
“It is recognized that the beneficial effects of the MedDiet can
only be explained by the synergy between all the nutrient
components included that can attenuate or exacerbate the del-
eterious or beneficial effects respectively produced by a single
nutrient” [27]. Thus, the MedDiet is an eating plan that can
improve glycemic control and other ASCVD risk factors for
patients with T2D, and its implementation should be facilitat-
ed by education from a registered dietitian nutritionist (RDN)
or certified diabetes educator to emphasize the importance of
the totality of its food components.

Dietary Approaches to Stop Hypertension Dietary
Pattern

The Dietary Approaches to Stop Hypertension (DASH) die-
tary pattern originated over 25 years ago as a non-
pharmacological intervention to treat HTN and lower
ASCVD risk. It is currently widely recommended by general
dietary guidelines, as well as international diabetes and car-
diovascular guidelines [5, 6, 7, 8, 30]. Clinical trials have
shown the DASH is effective in lowering BP, reducing
weight, decreasing the incidence of new-onset T2D, and low-
ering risk of CV events in patients without diabetes [31, 32,
33]. However, only three RCTs have examined the effects of
the DASH in patients with T2D, all of which compared the
DASH with an American Diabetes Association (ADA) rec-
ommended diet, were of short duration (< 12 weeks), and
were conducted outside of the USA [10e, 11¢, 34-36].
Interestingly, 1 small RCT is cited most often as evidence
for benefit of the DASH in patients with T2D [10e, 11¢]. The
study had a crossover design where 31 patients with T2D
followed the DASH for 8 weeks, and then control diet for
8 weeks. Calorie intake and macronutrients were not signifi-
cantly different between the diet groups, and sodium intake
was limited to 2400 mg per day in the DASH group. The
DASH group had significantly greater reductions in HbAlc,
fasting plasma glucose (FPQG), systolic BP (SBP), diastolic BP
(DBP), weight, waist circumference, total-C, LDL-C, and
HDL-C compared with the control group. There was also a
greater reduction in inflammatory biomarkers in the DASH
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group. The other RCTs conducted in patients with T2D fol-
lowing the DASH had BP as its primary endpoint. One RCT
included 40 patients with T2D and uncontrolled HTN and
compared the DASH plus exercise for 4 weeks with a diet
similar to that recommended by the ADA [36]. The DASH+
exercise group had a significantly greater reduction in SBP
and DBP, but no difference in HbAlc, FPG, or lipids. The
other RCT was 12 weeks and included 80 patients with T2D
and pre-HTN and compared the DASH with an ADA diet
[34]. Interestingly, mean reductions in SBP and DBP were
similar between the two diet groups. The only significant out-
come was a lower SBP in the DASH group after 12 weeks
when compared with baseline SBP [34]. A second analysis of
this study reported significant reductions in total-C, TG, and
very-low-density lipoprotein cholesterol from baseline to
12 weeks for both diet groups, but no significant difference
in reductions when the DASH group was compared with the
control group. HDL-C and LDL-C did not change from base-
line in either group [35].

An umbrella review of systematic reviews and meta-
analyses was conducted in patients with and without diabetes
[32¢]. The one meta-analysis included in the umbrella review
by Chiavaroli et al. that examined the effects of the DASH on
BP and lipids had only one RCT that included patients with
diabetes. Significant reductions were reported for SBP, DBP,
total-C, and LDL-C with no significant effects on TG or HDL-
C. The authors performed a meta-analysis of two RCTs to
examine the effects on HbAlc with only one of these trials
including patients with T2D and the other including patients
with gestational diabetes. The DASH group had a significant
reduction in HbAlc (MD 0.53%; CI1—0.62, — 0.43) compared
with the control group. CHD and stroke incidence were lower
in the DASH groups in one meta-analysis where the majority
of patients did not have diabetes (RR =0.79 [CI 0.71, 0.88]
and RR =0.81 [CI 0.72, 0.92], respectively) [32¢].

The DASH diet emphasizes an increased intake of fruits,
vegetables, and low-fat dairy products. Many of these foods
are rich in potassium and calcium and appear to induce natri-
uresis, which may be the mechanism that results in lower BP
[37]. Additionally, restricting high-fat foods and refined
sugars, while adding healthy fats from nuts and seeds, aids
in weight loss and improvements in blood lipids in some pop-
ulations. While the DASH is recommended in most nutrition
guidelines for diabetes, the data to support its use over other
dietary patterns is insufficient. When examining ASCVD risk
factor reduction specifically, only the RCT by Azadbakht et al.
was able to show a significant reduction in BP, weight, waist
circumference, lipids, and inflammatory biomarkers [10e,
11+]. Only one other RCT resulted in lower BP with the
DASH, but the results were confounded by the addition of
exercise to the DASH intervention [36]. Although not directly
linked to CV risk, improvement in glycemic control is an
essential outcome for patients with T2D; however, only the
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small RCT by Azadhakht et al. demonstrated lower HbAlc
and FPG [10+]. Based on available evidence, other dictary
patterns may be more effective in lowering ASCVD risk in
patients with T2D.

Low-Carbohydrate and Very-Low-Carbohydrate
Dietary Patterns

The use of low-carbohydrate (CHO) and very-low-CHO die-
tary patterns for the management of T2D has increased in
recent years [38—41]. The definition of low-CHO and very-
low-CHO dietary patterns varies, which may result in confu-
sion when instructing patients with T2D on these eating plans.
In a recent consensus report on nutrition therapy for adults
with pre-diabetes or T2D, a low-CHO dietary pattern was
defined as 26-45% total daily energy (TDE) from CHO [6¢],
whereas definitions in research studies have been 21-70 g/day
CHO for very-low-CHO dietary patterns and 30-40% TDE
CHO for moderately CHO dietary patterns [42].

A forthcoming scientific statement on low-CHO dietary
patterns from the National Lipid Association (NLA) [9¢] ex-
amined the available evidence from systematic reviews and
meta-analyses of RCTs comparing the effects of low-CHO
and very-low-CHO dietary patterns with high-CHO, low-fat
(HCLF) dietary patterns on ASCVD risk factors, including
weight loss, blood lipids, blood pressure, and glycemic con-
trol, in persons with pre-diabetes and T2DM.

The results of the systematic reviews and meta-analyses
demonstrated no difference for weight loss between low-
CHO groups compared with HCLF groups in either short- or
long-term studies or BMI and waist circumference in people
with pre-diabetes or T2DM [43-50]. Similarly, no significant
difference was reported for total-C and LDL-C levels [43—46,
48-51]. Conversely, a significant reduction in TG levels was
reported, except in two meta-analyses [43—46, 48, 50]. A sig-
nificant increase in HDL-C levels was reported, except in two
meta-analyses and one critical review [43-46, 48, 50, 51].
Evidence on the effect of low-CHO dietary patterns on BP is
conflicting with one meta-analysis reporting a significant dif-
ference in SBP between groups in favor of low-CHO dietary
patterns, but no significant difference in DBP, and one meta-
analysis reporting a significant decrease in DBP with low-
CHO dietary patterns [43, 48]. Three other meta-analyses
did not find a significant difference between dietary pattern
groups for either SBP or DBP [44, 46, 50].

In terms of glycemic control in patients with pre-diabetes or
T2D following a low-CHO compared with a HCLF dietary
pattern, the evidence reviewed for the NLA scientific state-
ment showed that one meta-analysis of RCTs by van Zuuren
et al. found a significant reduction in fasting glucose with low-
CHO compared with low-fat dietary patterns at > 8-26 weeks,
but not >26 weeks [9+, 50]. Meta-analyses did not report a
significant difference for glucose levels or insulin levels [45,

46, 51]. In short-term (<6 months) studies, HbAlc was sig-
nificantly lower with low-CHO compared with HCLF dietary
patterns [43—45, 47-51]. At>1 year, HbAlc was similar be-
tween the low-CHO and HCLF groups, although two meta-
analyses reported a significantly decreased HbA 1c in the low-
CHO groups at 1 year [43-50]. Despite inconsistent results on
HbAlc between low-CHO and HCLF dietary patterns, a
greater reduction in the use of diabetes medication was con-
sistently reported, typically insulin [43-45, 47, 49, 50].

Similar to the NLA scientific statement, the 2019 Nutrition
Therapy for Adults with Diabetes or Prediabetes: Consensus
Report and the Lifestyle Management: Standards of Medical
Care in Diabetes from the ADA reviewed the current evi-
dence on low-CHO dietary patterns and reported the evidence
suggests a reduction in overall CHO intake improves glyce-
mic control and cardiometabolic risk factors in patients with
T2D [5, 6°, 9¢]. Thus, a low-CHO or very-low-CHO dietary
pattern may be an option for adults with T2D who are not
meeting glycemic control goals [5, 6, 9¢]. However, this is
based on short-term studies and the evidence reviewed sup-
ported that patients struggle with long-term adherence with
these dietary patterns [5, 6¢, 9¢]. Given that most individuals
cannot adhere to the level of CHO restriction of very-low-
CHO dietary patterns (<20-50 g/day), a low- (<130 g/day)
or moderate-CHO (130-225 g/day) intake may promote more
successful adherence [43]. Furthermore, very-low-CHO die-
tary patterns are not recommended for patients with renal dis-
ease, disordered eating patterns, women who are pregnant, or
patients using sodium-glucose cotransporter 2 (SGLT2) in-
hibitors due to the risk of ketoacidosis [5, 6¢, 9¢]. Patients
with T2D who choose to follow a very-low-CHO dietary
pattern should be medically supervised by a
knowledgeable/trained clinician due to diuresis that occurs
with the diet and the potential for hypoglycemia, especial-
ly without adjustments of anti-hyperglycemic medication
dosages [6°, 9¢]. Education from a RDN can facilitate
the replacement of CHO with unsaturated fatty acids and
avoidance of excessive saturated fatty acids (SFA) and
dietary cholesterol intakes in low-CHO dietary patterns
[9¢]. Finally, the available meta-analyses and RCTs have
not examined the effect of low-CHO and very-low-CHO
dietary patterns on ASCVD event outcomes in patients
with pre-diabetes and T2D [9e].

Plant-Based Dietary Patterns

Vegetarian or vegan diets, also known as plant-based dietary
patterns (PBDPs), refer to dietary patterns that exclude most
or all animal-derived foods. While there are variations in the
amount of animal products consumed, all PBDPs encourage a
high consumption of fruits, vegetables, legumes, nuts and
seeds, and whole grains, while discouraging the intake of re-
fined and processed foods. PBDPs have been associated with
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a lower risk of T2D, CHD, obesity, HTN, and CVD mortality
in patients without diabetes, and are widely recommended by
international diabetes and cardiovascular guidelines for
ASCVD risk reduction and glycemia management in patients
with diabetes [6, 7, 8, 52-55].

Three systematic reviews and meta-analyses have been con-
ducted to examine the effect of PBDPs on glycemic control,
cardiometabolic risk factors, and overall well-being in patients
with T2D [56¢, 57, 58]. The most recent and comprehensive was
conducted by Viguiliouk et al. and included 9 trials of PBDPs
with a median duration of 12 weeks. Mean macronutrient com-
position across diet groups was 62% CHO, 14% protein, and
23% fat for PBDP interventions, and 50% CHO, 19% protein,
and 31% fat in the control group. When compared with various
control diets, PBDPs significantly reduced HbAlc (MD —
0.29%; CI —0.45, —0.12), FPG (MD —10.1 mg/dL; CI —
17.82, —2.34), body weight (MD —2.15 kg; CI —2.95, — 1.34),
waist circumference (MD —2.9 cm; CI —3.76, 1.96), LDL-C
(MD —4.6 mg/dL; CI —7.73, — 1.55), and non-HDL-C (MD —
5.03 mg/dL; CI - 10.05, — 0.39). While there were no significant
differences in fasting insulin, HDL-C, TG, or BP, it is important
to note there was a mean increase in TG (MD 12.4 mg/dL; CI —
8.9, 33.7), SBP (MD 0.10 mmHg; CI —2.33, 2.52), and DBP
(MD 0.53 mmHg; CI —0.50, 1.57) levels in the PBDP groups.
When evaluating the 95% Cls, it is uncertain if the effects of
PBDPs are clinically relevant with respect to reduction in
ASCVD risk and given the authors’ confidence in these estimates
was moderate to low [56¢].

A meta-analysis conducted by Yokoyama et al. that includ-
ed 3 RCTs, 2 nonrandomized comparisons, and 1 cluster RCT
of individuals with T2D reported only glycemic control out-
comes. There was a greater reduction in HbAlc (MD —
0.39%; CI —0.62, —0.15) and a non-significant reduction in
FPG with PBDPs compared with control diets [57]. A system-
atic review of 11 studies by Toumpanakis et al. reported great-
er reductions in HbA 1c, weight loss, total-C, LDL-C, and TG
with PBDPs when compared with a control diet. It was dem-
onstrated that participants in the PBDP groups were also more
likely have a reduction or discontinuation of diabetes-related
medications. Greater improvements for depression and quality
of life were also reported in the PBDP groups [58].

The available evidence for people with T2D demonstrates
that PBDPs, when compared with control diets, resulted in
reductions in HbAlc while the reduction in FPG is variable.
The effect of PBDPs on other cardiometabolic risk factors was
less consistent between studies, although meta-analyses dem-
onstrated improvement for total-C and HDL-C. The trends of
the effect of PBDPs on TG, HDL-C, and BP did not show
consistent benefit. RCTs of PBDPs compared with control that
were > 1 year did not demonstrate a long-term benefit for all
markers of cardiometabolic risk [59, 60].

Possible mechanisms for reduced ASCVD risk reported
with PBDPs include a lower intake of SFA, dietary
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cholesterol, and heme iron from meat-derived protein, and
an increase in the consumption of fiber and phytonutrients,
which are associated with decreased inflammation and oxida-
tive stress [61]. A PBDP is consistent with the nutrition rec-
ommendations of the 2019 ACC/AHA Guideline on the
Primary Prevention of CVD [7]. Given that the available ev-
idence on PBDPs includes studies with varying amounts of
animal products (i.e., strict vegan to ovo-lacto-vegetarian), it
is likely that encouraging patients with T2D to limit their
intake of processed and red meats and increase their intake
of plant-based protein foods and fish would decrease their
ASCVD risk and increase adherence to the eating plan. A
point of concern is that the decreased intake of animal prod-
ucts with PBDPs may lead to B12 deficiency. Thus, patients
choosing to follow PBDPs should be educated by a RDN on
adding fortified foods or B12 supplements to their eating plan,
as well as to individualize an eating plan to facilitate
adherence.

Other Dietary Patterns

The dietary patterns reviewed previously have the most evi-
dence related to their effects on risk of ASCVD in patients
with T2D. Other dietary patterns or strategies that have been
used in the past have limited evidence to support their use for
ASCVD prevention in patients with T2D. A low-fat, high-
carbohydrate Step I diet was recommended by the AHA to
lower risk in the distant past, but recent evidence has shown
that reductions in total fat intake do not result in improvements
in glycemia or ASCVD risk factors in patients with T2DM
[6¢, 62, 63]. Current nutrition recommendations emphasize
the quality of dietary fat intake (i.e., reductions in trans and
SFA with replacement from unsaturated fat). Additionally, re-
placing a percentage of total daily energy from CHO with
foods higher in lean protein and/or unsaturated fats may
achieve greater reductions in ASCVD risk factors and im-
prove glycemic control [62, 9, 12]. Additionally, clinical trials
of other dietary patterns have used a low-fat diet (<30%) as a
comparator, with the intervention dietary pattern most often
showing greater improvement in ASCVD risk factors and
glycemic control [64¢, 65]. While very-low-fat/very-high-
CHO dietary patterns (Ornish, Pritikin) have shown improve-
ments in some ASCVD risk factors, these are multi-
component lifestyle interventions that involve in-patient treat-
ment stays, exercise, and stress management [6°].
Furthermore, neither have recent evidence to support their
use in patients with T2D. Focusing on glycemic index (GI)
is a dietary strategy that has been used to manage T2D.
However, although some studies show improvement in glyce-
mic control, the results are inconsistent [6¢, 62]. The
Paleolithic dietary pattern is high-protein and high-fiber and
emphasizes consumption of whole foods while restricting
processed foods. Currently, there is limited evidence on the
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Paleolithic diet, although the evidence that is available sug-
gests improved glycemic control, but not greater than the im-
provement achieved with the MedDiet [64¢].

Evidence Comparing Dietary Patterns

Recent network meta-analyses (NMA) compared the impact
of different dietary approaches on glycemic control (primary
outcome was HbA1c), blood lipids, and weight loss in patients
with T2D [9e, 64¢, 65+, 66]. One NMA of RCTs > 12 weeks
compared the effects on glycemic control of eight dietary pat-
terns, including low-fat, low-CHO, and moderate-CHO, high-
protein, low GI, PBDPs, Paleolithic, and the MedDiet, with a
control diet in patients with T2D [64¢]. All eight dietary pat-
terns compared with control significantly reduced HbAlc.
Subgroup analyses found that low-CHO dietary patterns re-
duced HbA 1c more than the other dietary patterns in smaller
and shorter-term (< 12 months) studies that included patients
<60 years of age. The MedDiet and moderate-CHO dietary
patterns reduced HbA 1¢ more in larger and longer-term stud-
ies with patients > 60 years of age. Univariate meta-regression
analysis showed that the mean reduction in HbAlc was sig-
nificantly related to the mean difference in weight change
between dietary approaches [9e, 64¢]. Another NMA of
RCTs > 12 weeks compared the effect of the same eight die-
tary patterns with a control diet on LDL-C, HDL-C, and TG in
patients with T2D [65¢]. The results demonstrated that
moderate-CHO and PBDPs were more effective at reducing
LDL-C compared with the control diet. The PBDPs were also
more effective at reducing LDL-C than the low-CHO, high-
protein, and low-fat dietary patterns. The only dietary pattern
that increased HDL-C was the MedDiet whereas the other
dietary patterns had no effect or decreased HDL-C, especially
the PBDPs. The MedDiet and low-CHO dietary patterns sig-
nificantly reduced TG levels compared with low-fat and con-
trol dietary patterns [9e, 65¢]. Furthermore, a NMA of five
dietary patterns (MedDiet, low- and high-CHO, low-fat, and
regular) found that the MedDiet pattern had the highest prob-
ability of being the best dietary pattern for a reduction in
weight, waist circumference, HbAlc, total-C, LDL-C, and
TG [9e, 66]. The NMA comparisons of dietary patterns in
patients with T2D suggest that the MedDiet is the most effec-
tive for improving cardiometabolic risk factors.

Conclusion

The beneficial impact of dietary patterns as part of the foun-
dation of lifestyle therapy for the management of T2D is rec-
ognized and continues to be researched to determine the most
effective strategy to achieve glycemic control and decrease
ASCVD risk, i.e., weight loss, improvement in lipids, and
BP lowering. Evidence supports that many dietary patterns

show benefit in reducing new-onset diabetes and improving
ASCVD risk factors and clinical outcomes when studied in
patients without diabetes. Recommendations for patients with
T2D are frequently based on this evidence. The evidence on
dietary patterns presented in this review consistently reported
improvements in HbAlc and weight when used in patients
with T2D, but the overall improvement in other ASCVD risk
factors (i.e., lipids, BP) was not consistent. Table 1 includes a
summary of the benefits reported for each dietary pattern and
ASCVD risk factors.

Instead of focusing on specific macronutrients, an empha-
sis on dietary patterns for the management of T2D is now
advised by professional organizations, with MedDiet,
DASH, and PBDPs recommended most often. Components
common to dietary patterns for the management of T2D in-
clude the reduction in overall CHO intake while encouraging
CHO foods with a low GI (i.e., non-starchy vegetables, fruits,
whole grains, and legumes); minimizing the intake of refined
CHO foods, foods with added sugars, and sweetened bever-
ages; consuming fish and lean protein foods; reducing intake
of foods rich in SFA and replacing them with foods rich in
mono- and polyunsaturated fatty acids; reducing foods rich in
dietary cholesterol and sodium; minimizing the intake of proc-
essed meats; and avoiding foods rich in #rans fatty acids [5, 6e,
7]. Furthermore, the ADA stated “a one-size-fits-all eating
plan is not evident for the prevention or management of dia-
betes” [5]. Based on available evidence that included patients
with T2D, it is likely that a variety of interventions will be
effective in improving glycemia and decreasing ASCVD risk.
The challenge for the implementation of any dietary pat-
tern is developing effective strategies that are acceptable to
patients and sustainable over time. Baseline patient knowl-
edge, comorbidities, personal preferences, usual food in-
take, social support, and potential barriers should all be
considered prior to recommending a specific dietary pat-
tern. Providers typically have limited time to educate on
dietary strategies. Referral to a RDN for medical nutrition
therapy and education to facilitate dietary changes in pa-
tients is strongly recommended and results in greater im-
provements in HbAlc, weight, and lipids [5, 67, 68].
Long-term adherence can be enhanced by reassessing nu-
trition therapy, individualizing the implementation of the
dietary pattern, and providing flexibility in food choices
where possible.

Despite the evidence presented in this review, an unan-
swered question is whether the benefits from the dietary pat-
terns are due to the specific composition of macronutrients
and foods in each dietary pattern or simply the result of weight
loss. For the DASH, PBDP, and low-CHO dietary patterns,
the benefits may mostly be due to weight loss. However, the
totality of the components in the MedDiet is most likely re-
sponsible for the benefits demonstrated with that dietary pat-
tern. The MedDiet currently has the most evidence for
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ASCVD risk reduction in patients with and without T2D, but
even this is limited to effects on risk factors without sufficient
data for reductions in outcomes. Thus, larger and longer du-
ration RCTs are needed to determine the best dietary strategy
for reducing ASCVD risk in patients with diabetes.
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