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Cardiometabolic risk with diabetes. The primary outcome was HbA1.. Secondary outcomes included other markers of glycemic 95
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Meta-analysis expressed as mean differences (MD) with 95% Cls. Heterogeneity was assessed (Cochran Q statistic) and 98
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ommendations Assessment, Development, and Evaluation (GRADE) approach. 100
Results: Nine trials (n = 664 participants) met the eligibility criteria. Vegetarian dietary patterns significantly 101
lowered HbA;. (MD = —0.29% [95% CI: —0.45, —0.12%]), fasting glucose (MD = —0.56 mmol/L [95% 102
Cl: —0.99, —0.13 mmol/L]), LDL-C (MD = —0.12 mmol/L [95% CI: —0.20, —0.04 mmol/L]), non-HDL-C 103
(MD = -013 mmol/L [95% CI: —0.26, —0.01 mmol/L]), body weight (MD = -215 kg [95%
Cl: —2.95, —1.34 kg]), BMI (MD = —0.74 kg/m? [95% Cl: —1.09, —0.39 kg/m?]) and waist circumference 104
(MD = —2.86 cm [95% CI: —3.76, —1.96 cm]). There was no significant effect on fasting insulin, HDL-C, tri- 105
glycerides or blood pressure. The overall certainty of evidence was moderate but was low for fasting insulin, 106
triglycerides and waist circumference. 107
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Conclusion: Vegetarian dietary patterns improve glycemic control, LDL-C and non-HDL-C, body weight/
adiposity in individuals with diabetes, supporting their inclusion for diabetes management. More
research is needed to improve our confidence in the estimates.

ClinicalTrials.gov identifier: NCT02600377.

© 2018 Published by Elsevier Ltd.

1. Introduction

Diet and lifestyle are the cornerstone of diabetes management
[1-3]. Vegetarian dietary patterns, which are characterized by the
omission of some or all animal products, have shown a wide range
of health benefits. Several prospective cohort studies, many of
which were conducted in Adventist populations, show that
consuming a vegetarian dietary pattern is associated with a lower
risk of type 2 diabetes [4—6], coronary heart disease [7—9], obesity
[8,10], hypertension [11—13], cardiovascular mortality [14,15] and
all-cause mortality [14]. These findings are consistent with several
systematic reviews and meta-analyses of controlled trials which
show vegetarian dietary patterns improve glycemic control [16],
blood lipids [17], body weight [18,19] and blood pressure [20] in
individuals with different metabolic phenotypes. Furthermore,
systematic reviews and meta-analyses of prospective cohort
studies show that increased consumption of red or processed meat
is associated with an increased risk of type 2 diabetes [21—23],
coronary heart disease [24], hypertension [25], stroke [24,26,27],
cardiovascular mortality [28], and all-cause mortality [28,29].

Despite this evidence for benefit, diabetes guidelines vary in
their recommendations for the use of vegetarian dietary patterns in
diabetes management. Although the American Diabetes Association
(ADA) and Diabetes Canada guidelines include recommendations
for vegetarian dietary patterns for diabetes management [3,30], the
evidence ratings for these recommendations indicate that further
research is required [3,30], whereas the European Association for
the Study of Diabetes (EASD) guidelines have not made any specific
recommendations for vegetarian dietary patterns [31].

To update the recommendations for the role of vegetarian di-
etary patterns among other dietary patterns in the management of
diabetes, the Diabetes and Nutrition Study Group (DNSG) of the
EASD commissioned a series systematic review and meta-analyses
using the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) approach. The present systematic review
and meta-analysis using GRADE was conducted to address the
question of whether the available evidence from randomized
controlled trials of vegetarian dietary patterns in comparison with
non-vegetarian dietary patterns shows advantages for glycemic
control and other established cardiometabolic risk factors in in-
dividuals with diabetes.

2. Methods

We followed the Cochrane Handbook for Systematic Reviews of
Interventions (version 5.1.0) for the planning and conduct of this
meta-analysis [32]. Reporting followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [33] (ESM Table 1). The study protocol was registered at
ClinicalTrials.gov (identifier, NCT02600377).

2.1. Data sources

We searched MEDLINE, EMBASE, and the Cochrane Central
Register of Controlled Trials through February 26, 2018 using a

search strategy based on the PICO framework [34]| (ESM Table 2).
Manual searches of reference lists from included trials supple-
mented the electronic database searches.

2.2. Study selection

We included randomized controlled trials of >3 weeks follow-up
duration comparing the effect of vegetarian dietary patterns
(including vegan to lacto-ovo-vegetarian) with non-vegetarian di-
etary patterns on glycemic control and other established car-
diometabolic risk factors in individuals with diabetes. No restrictions
were placed on language. Studies were excluded if they were non-
randomized, <3 weeks follow-up duration, no vegetarian interven-
tion, no non-vegetarian control, or no suitable outcome data.

2.3. Data extraction

Two investigators (EV and VLC, SBM or SES) independently
reviewed and extracted relevant data from each included report. A
standardized form was used to extract data on sample size,
participant characteristics, study setting and design, level of
feeding control, intervention and control arm, macronutrient
composition of diets, energy balance, follow-up duration, funding
source and outcome data. Authors were contacted for missing
outcome data [35]. All discrepancies and disagreements were
resolved through consensus.

2.4. Risk of bias assessment

Included trials were independently assessed for risk of bias us-
ing the Cochrane Risk of Bias Tool [32]. Assessment was done across
5 domains of bias (sequence generation, allocation concealment,
blinding, incomplete outcome data and selective reporting). The
risk of bias was assessed as either low (proper methods taken to
reduce bias), high (improper methods creating bias) or unclear
(insufficient information provided to determine the bias level). All
discrepancies and disagreements were resolved through consensus
or where necessary by a third author.

2.5. Outcomes

The primary outcome was HbA;.. Secondary outcomes included
other markers of glycemic control (fasting glucose and insulin),
blood lipids (LDL-C, non-HDL-C, HDL-C, triglycerides), body weight/
adiposity (body weight, BMI, waist circumference), and blood
pressure (systolic and diastolic blood pressure). When non-HDL-C
values were not reported, they were derived by subtracting HDL-
C from total cholesterol values with SDs derived from HDL-C and
total cholesterol variance data using the variance sum law [36].
Mean differences (MDs) between the intervention and control arm
and respective standard errors were extracted for each trial. If these
were not provided they were derived from available data using
published formulas [32]. MDs for change-from-baseline values
were preferred over end values. If median data was provided they
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systematic review and meta-analysis of randomized controlled trials, Clinical Nutrition (2018), https://doi.org/10.1016/j.clnu.2018.05.032



http://ClinicalTrials.gov
victor
Realce


OO U WIN =

oo OO Uuururtunorun ool b B B B B B B b b B WWoWWWOoWwWwWwwww WNDNDNDNDDNDNDDNDNDNDN = === el el = = (O
RN WN_ROOWONOOT U AAWN—_OOONOOTUDNWNR,OOOONOOTUBAWN—_,OOONOOUNNWNRL,OOVNOOULA WN = O

YCLNU3486_proof m 16 June 2018 m 3/13

E. Viguiliouk et al. / Clinical Nutrition xxx (2018) 1-13 3

were converted to mean data using methods developed by Luo
et al. [37].

2.6. Data syntheses

Primary analyses were conducted using Review Manager (Rev-
Man), version 5.3 (Copenhagen, Denmark). Subgroup analyses and
publication bias were conducted using STATA software, version 13.0
(College Station, TX, USA). Data were expressed as mean differences
(MD) with 95% Cls and pooled using the generic inverse variance
method with random effects models. Fixed effects model were used
when data from <5 trials were available. Paired analyses were con-
ducted for crossover trials [38] using a correlation coefficient of 0.5.
To mitigate a unit-of-analysis error, the arms of trials with multiple
intervention or control arms were combined to create a single pair-
wise comparison. Heterogeneity was assessed using the Cochran Q-
statistic and quantified using the I>-statistic. Significance for het-
erogeneity was set at P < 0.10 with an I? > 50% considered to be ev-
idence of substantial heterogeneity [32]. Sources of heterogeneity
were explored using sensitivity and subgroup analyses. Sensitivity
analyses were performed in which each individual trial was removed
from the meta-analysis and the effect size recalculated to determine
whether a single trial exerted an undue influence. Sensitivity ana-
lyses were also performed using correlation coefficients of 0.25 and
0.75 to determine whether the overall results were robust to the use
of different correlation coefficients in crossover trials. A post-hoc
sensitivity analysis for HDL-C was conducted in which analyses
were restricted to trials with <5% energy (E) difference in total fat
between the intervention and control arms. If >10 trials were avail-
able, then a priori subgroup analyses were conducted using meta-
regression by baseline values, study design, follow-up, comparator
arm, risk of bias and diabetes duration [39,40]. If >10 trials were
available, then we also assessed publication bias by visual inspection
of funnel plots and formal testing by the Egger and Begg tests [32,41].

2.7. Grading of the evidence

The GRADE approach was used to assess the certainty of the
evidence [42—54]. Evidence was graded as high, moderate, low, or
very low quality. Randomized controlled trials started at high
quality by default and were downgraded based on the following
pre-specified criteria: risk of bias (weight of trials showing risk of
bias by the Cochrane Risk of Bias Tool), inconsistency (substantial
unexplained inter-study heterogeneity, I*> > 50% and P < 0.10),
indirectness (presence of factors that limit the generalizability of the
results), imprecision (the 95% CI for effect estimates were wide or
cross minimally important differences [MIDs] for benefit or harm),
and publication bias (significant evidence of small-study effects).

3. Results
3.1. Search results

Figure 1 shows the literature search and selection process. We
identified a total of 6498 reports, 6395 of which were excluded
based on review of titles and/or abstracts. The remaining 103 re-
ports were retrieved and reviewed in full, of which 94 were
excluded. A total of 9 reports containing data for 9 trial comparisons
involving 664 participants with diabetes met the eligibility criteria
and were included in the final analyses [35,55—62].

3.2. Trial characteristics

Table 1 shows the characteristics of the 9 included trials. All trials
were conducted in outpatient settings, with more than half

conducted in the United States [56,57,59,60,62] and one each in
Greece [55], Brazil [ 58], Czech Republic [35], and Korea [61]. Trials had
a median follow-up duration of 12 weeks (range: 4—74 weeks), an
approximately equal distribution of men and women (median %
women: 53%, range: 18—83%), and more than half used a parallel
design (6 trials). Most participants had type 2 diabetes (99%), were
middle-aged (median age: 56 years, range: 32—61 years), overweight
or obese (median BMI: 34 kg/m?, range: 23—35 kg/m?) and some or
most were taking oral antihyperglycemic agents [35,56—62], insulin
[55,56,58,59,61], lipid-lowering agents [35,56,57,59—62], and/or anti-
hypertensive agents [35,56—61]. Mean diabetes duration varied from
7 to 9.5 years [57,59,61 | for those with type 2 diabetes and before the
onset of 30 years of age for those with type 1 diabetes [55], otherwise
it was unspecified [35,56,58,60,62]. Median baseline (range) values
for each outcome were as follow: HbA;., 7.6% (6.7—8.2%); fasting
glucose, 8.5 mmol/L (7.0—10.3 mmol/L); fasting insulin, 105 pmol/L
(not applicable); LDL-C, 2.7 mmol/L (1.9-3.4 mmol/L); HDL-C,
1.2 mmol/L (09-1.5 mmol/L); non-HDL-C, 3.7 mmol/L
(2.6—4.3 mmol/L); triglycerides, 1.7 mmol/L (1.4—2.2 mmol/L); body
weight, 97.5 kg (96.5-102.3 kg); BMI, 34.4 kg/m? (23.5—35.1 kg/m?);
waist circumference, 111.6 cm (83.7—113.8 cm); systolic blood pres-
sure, 130.1 mmHg (123.4—145 mmHg); and diastolic blood pressure,
82.0 mmHg (76.9—85 mmHg).

Macronutrient composition of the intervention and control
arms varied across trials. Across intervention arms, the median
(range) intake values reported were: carbohydrate, 60% E
(49—77.5% E); protein, 15% E (12—17% E); fat, 25% E (10—34% E);
saturated fat, 5.1% E (1.6—8.8% E); and fiber, 28.3 g/d (12.6—39 g/d),
and across control arms they were: carbohydrate, 50% E (41—65% E),
protein, 19% E (16—21.5% E), fat, 30% E (19—37% E), saturated fat,
8.5% E (4.4—11.6% E); and fiber, 20 g/d (7.7—39 g/d). For the purpose
of dietary recommendations, we rescaled the macronutrient
composition for those trials whose macronutrients did not sum to
100%, which resulted in the following mean macronutrient com-
positions across intervention arms — 62:14:23 and across control
arms — 50:19:31 (carbohydrate:protein:fat, %). Feeding control
varied across trials: metabolic control (2 trials), supplemental
control (2 trials) and dietary advice (4 trials); otherwise it was
unspecified (1 trial). Four trials had a neutral energy balance
[55,57,58,60], 1 trial had a negative energy balance [35]and the
remainder of the trials were not designed to be isocaloric
[56,59,61,62]. The majority of trials were funded by some form of
agency or agency alone (8 trials) or it was unspecified (1 trial).

3.3. Risk of bias

ESM Figs. 1-5 show the summary and individual Cochrane Risk
of Bias assessments of the included trials. The majority of trials
were judged as having unclear or low risk of bias across domains.

3.4. Effect of vegetarian dietary patterns on glycemic control

3.4.1. HbA;c

Figure 2 and ESM Fig. 2a show the effect of vegetarian dietary
patterns on HbAj. In 8 trials involving 378 participants with type 1
diabetes (n = 9) and type 2 diabetes (n = 369), a significant
reduction in HbA;. was observed compared to control diets
(MD = —0.29% [95% CI: —0.45, —0.12%], P = 0.0006) with no evi-
dence of inter-study heterogeneity (I = 14%, P = 0.32).

3.4.2. Fasting glucose

Figure 2 and ESM Fig. 2b show the effect of vegetarian dietary
patterns on fasting glucose. In 6 trials involving 313 participants
with type 2 diabetes, a significant reduction in fasting glucose was
observed compared to control diets (MD = —0.56 mmol/L [95%
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6498 Reports identified:

3980 EMBASE (through February 26 2018)

1917 MEDLINE (through February 26 2018)

600 The Cochrane Library (through February 26 2018) 6395 Reports excluded on basis of title or abstract:

1 Manual searches .
11 Acute/short-term studies
913 Animal/in-vitro/non-human studies
30 Case studies
41 Clinical practice guidelines/recommendations
1928 Duplicate reports/studies
260 Miscellaneous (e.g. letters, editorials, commentaries, etc.)
1 Non-randomized studies
1253 Observational studies
884 Review papers and meta-analyses
73 Studies not conducted in individuals with diabetes
989 Studies with no vegetarian dietary pattern intervention
10 Studies with unsuitable control group

v 2 Studies with unsuitable outcome data
103 Reports reviewed in full
94 Reports excluded based on full article review:
1 Acute/short-term studies
14 Duplicate reports/studies
> 1 Non-randomized studies

2 Observational studies
67 Studies not conducted in individuals with diabetes
9 Studies with no vegetarian dietary pattern intervention

A

9 Reports [9 trials] included in the meta-analysis (N=664):
Glycemic control

HbA,: 8 trials (N=378)

Fasting glucose: 6 trials (N=313)
Fasting insulin: 1 trial (N=74)

Blood lipids

LDL-C: 6 trials (N=602)

HDL-C: 8 trials (N=632)

Non-HDL-C: 7 trials (N=539)
Triglycerides: 7 trials (M=615)

Body weight and adiposity

Body weight: 6 trials (N=532)

BMI: 6 trials (N=614)

Waist circumference: 4 trials (N=283)
Blood pressure

SBP: 7 trials (N=606)

DBP: 7 trials (N=606)

Fig. 1. Flow of the literature for the effect of vegetarian dietary patterns on cardiometabolic risk factors in diabetes. DBP = diastolic blood pressure; SBP = systolic blood pressure.

Cl: —0.99, —0.13 mmol/L], P = 0.01) with no evidence of inter-study
heterogeneity (I> = 0%, P = 0.56). The trial by Kontessis et al. [55],
which met the inclusion criteria, was not included in the primary
analysis due to implausible variance data that could not be verified
with the study authors. Omission of this trial did not alter the di-
rection or significance of the pooled effect estimate or the evidence
of inter-study heterogeneity.

3.4.3. Fasting insulin

Only one trial reported data for fasting insulin, which showed
vegetarian dietary patterns did not significantly alter fasting insulin
compared to the control diet (MD = —7.92 pmol/L [95% CI: —27.92,
12.08 pmol/L], P = 0.44) in 74 participants with type 2 diabetes [35].

3.5. Effect of vegetarian dietary patterns on blood lipids

3.5.1. LDL-C

Figure 2 and ESM Fig. 3a show the effect of vegetarian dietary
patterns on LDL-C. In 6 trials involving 602 participants with type 2
diabetes, a significant reduction in LDL-C was observed compared
to control diets (MD = —0.12 mmol/L [95% CI: —0.20, —0.04 mmol/
L], P = 0.002) with no evidence of inter-study heterogeneity
(I2 = 0%, P = 0.54).

3.5.2. HDL-C

Figure 2 and ESM Fig. 3b show the effect of vegetarian dietary
patterns on HDL-C. In 8 trials involving 632 participants with type 2
diabetes, vegetarian dietary patterns did not significantly alter

HDL-C compared to control diets (MD = —0.03 mmol/L [95%
Cl: —0.08, 0.02 mmol/L], P = 0.19) with evidence of substantial
inter-study heterogeneity (I = 66%, P = 0.004).

3.5.3. Non-HDL-C

Figure 2 and ESM Fig. 3c show the effect of vegetarian dietary
patterns on non-HDL-C. In 7 trials involving 539 participants with
type 2 diabetes, a significant reduction in non-HDL-C was observed
compared to control diets (MD = -0.13 mmol/L [95%
Cl: —0.26, —0.01 mmol/L], P = 0.03) with no evidence of inter-study
heterogeneity (I> = 0%, P = 0.44).

3.5.4. Triglycerides

Figure 2 and ESM Fig. 3d show the effect of vegetarian dietary
patterns on triglycerides. In 7 trials involving 615 participants with
type 2 diabetes, vegetarian dietary patterns did not significantly
alter triglycerides compared to control diets (MD = 0.14 mmol/L
[95% CI: —0.10, 0.38 mmol/L], P = 0.26) with evidence of substantial
inter-study heterogeneity (1> = 71%, P = 0.002).

3.6. Effect of vegetarian dietary patterns on body weight and
adiposity

3.6.1. Body weight

Figure 2 and ESM Fig. 4a show the effect of vegetarian dietary
patterns on body weight. In 6 trials involving 532 participants with
type 2 diabetes, a significant reduction in body weight was
observed compared to control diets (MD = -2.15 kg [95%

Please cite this article in press as: Viguiliouk E, et al., Effect of vegetarian dietary patterns on cardiometabolic risk factors in diabetes: A
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Table 1
Trial characteristics.
Study, year Participants Agey Baseline BMI or Setting® Design Feeding Intervention Control diet Macronutrient  Energy Follow- Funding
[Reference] body weight*" control  diet composition balance’ up sources®
(CHO:PRO:FAT)", duration,
%E wks
Kontessis et al. 1995 9 T1DM (7W, 2M) 32 (20—-48)" 23.8 (20.6—27.8) OP, GRC Neutral NR
kg/mZh
Intervention Vegetable ~49:17:34
protein diet
Control Animal protein  ~41:19:37
diet
Nicholson et al. 1999 11 T2DM (5W, 6M) OP, USA Neutral' Agency
Intervention 7 (3W, 4M) 51 (34-62) 96.7 (13.3) kg Low-fat vegan 75:14:11
diet
Control 4 (2W, 2M) 60 (51-74) 97.0 (22.9) kg Conventional 51:18:31
low-fat diet
Wheeler et al. 2002 17 T2DM (3W, 14M) 56 (12.4) 33.1 (5.8) kg/m? OP, USA Neutral Agency-
Industry
Intervention Plant-based 53:17:30
protein diet
Control Animal-based  53:17:30
protein diet
de Mello et al. 2006 17 T2DM (3W, 14M) 59 (11) 26.2 (2.6) kg/m? OP, BRA Neutral Agency
Intervention Lacto-vegetarian 59:12:30
low-protein diet
Control Usual diet 47:22:31
Control Usual diet + all 50:21:29
meat replaced
with chicken
Barnard et al. 2009 99 T2DM (60W, 39M) OP, USA Neutral Agency
Intervention 49 (27W, 22M) 56.7 (9.8) 33.9 (7.8) kg/m? Low-fat vegan 66:15:22
diet
Control 50 (33W, 17M) 54.6 (10.2) 35.9 (7.0) kg/m? Conventional 47:21:34
diabetes diet
(2003 ADA)
Kahleova et al. 2011 74 T2DM (39W, 25M) OP, CZE Negative 24 Agency
Intervention 37 (20W, 17M) 54.6 (7.8) 35.1 (6.1) kg/m? Vegetarian diet 60:15:25
Control 37 (19W, 18M) 57.7 (4.9) 35.0 (4.6) kg/m? Conventional 50:20:30
diabetes diet
(DNSG of the
EASD)
Mishra et al. 2013 291 T2DM (242W, OP, USA Neutral® 18 Agency
50M)
Intervention 142 (110W, 32M) 443 (15.3) 34.7 (7.1) kg/m? Low-fat vegan 57:15:31
diet
Control 149 (132W, 18M) 46.1 (13.6) 35.3 (8.5) kg/m? Usual diet 48:17:37
Lee et al. 2016’ 106 T2DM OP, KOR Neutral™ 12 Agency
Intervention 53 57.5(7.7) 23.9 (3.4) kg/m? Vegan diet 72:14:19
Control 53 58.3 (7.0) 23.1 (2.4) kg/m? Conventional 65:16:19
diabetes diet
(2011 KDA)
(continued on next page)
— o e e e e e e e e = b e e e e e e e e e e e e e e e e
WINNNNMNMNNNNNNR 2 A2 22 a =L a0 0000000000W0(WWWWWWWWOWWO 000000000 RENNNNNINNNNNNDYDD
WO dOOUDNE WN L OO JdOOUDWN R OO OO AN RL,OoOOOONONO WU N —_, O OO UNOOUDEWNR,OOOYNOUBDAWNRL,Oo OO

€1—1 (810Z) xxx uonLynN o1l / b 32 ANOINSIA g

€1/S m 810 ounf 91 m joord 98yENNTOA



2€0°S0'810ZnuP (/910101 /310°10p//:5dNY (8107) UORILIINN [BIIUI]) ‘S[BLI} PI[[0IIUOI PIZIWOPUEI JO SISA[EUB-BIOW PUB MIIAI J1JRWSISAS
V :S21aqeIp Ul SI01JBJ YSLI dIjoqeiswoIpIied uo sursied A1ealp uerieladaa Jo 109479 “[é 32 ‘g ynoimsSiA :se ssaid ur SnIe SIy} 23D ases[d

Oy OOy O oLt U1 Ut b bbb bbb s W W WWNNDNDNDNNNDNDDNDNDND= = === =3 = == 20000 U N =
GORWN SO0V RARWN_L,OOONITBRAWN,POO0OONTNITURWN—L,OOXNOOURNMWNROOONOULA WN = O
Table 1 (continued )
Study, year Participants Age’y Baseline BMI or Setting® Design Feeding Intervention Control diet Macronutrient ~ Energy Follow-  Funding
[Reference] body weight*” control! diet composition balance’ up sources®
(CHO:PRO:FAT)", duration,
ZE wks
Barnard et al. 2018 40 T2DM OP, USA P DA Neutral” 20 Agency
Intervention 19 61 (41-79) 34.9 (6.54) kg/m? Low-fat, low 78:13:10
glycemic index
vegan diet
Control 21 61 (30—75) 33.0 (5.96) kg/m? Portion- 50:21:30

controlled diet

ADA = American Diabetes Association; C = crossover; CHO = carbohydrate; DA = dietary advice; DNSG = Diabetes and Nutrition Study Group; EASD = European Association for the Study of Diabetes; KDA = Korean Diabetes
Association; M = men; Met = metabolic feeding control; OP = outpatient; NR = not reported; P = parallel; PRO = protein; Supp = supplemental feeling control; T1IDM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus;
W = women; wks = weeks; y = years; %E = percent energy.
Values reported as mean (SD or range).
Baseline body weight values are only reported when no data on BMI were available.
¢ Countries are abbreviated using ISO 3166-1 alpha-3 codes (three letter country codes defined in ISO 3166-1).
4 Metabolic feeding control (Met) is the provision of all meals and foods consumed during the study under controlled conditions. Supplemental feeding control (Supp) is the provision of some meals and foods consumed during
the study. Dietary advice (DA) is the provision of counseling on the appropriate intervention and control diets.
€ Planned macronutrient composition of intervention and control diets. End of study values measuring energy from carbohydrates, fat and protein are reported only if the study did not report or design diets to have a planned
macronutrient composition. Numbers preceded by “~” were calculated using relevant data provided by the study.
f Negative energy balance refers to a deficit in normal energy intake and/or intake below energy requirements. Neutral energy balance refers to the maintenance of usual energy intake and/or meeting energy requirements.
Positive energy balance refers to consuming additional energy (kcal) above what is normally consumed and/or intake above energy requirements.
& Agency funding is that from government, university, or not-for-profit sources. Industry funding is that from trade organizations that obtain revenue from the sale of products.
' Reported as median (range).
i Study explicitly stated that the intervention and control diet were not designed to be isocaloric given that the vegan diet was much lower in fat.
J Participants in the intervention arm had no restriction on energy intake. Participants in the control arm with a BMI > 25 kg/m? were prescribed energy deficits of 500—1000 kcal.
k Pparticipants in the intervention arm had no restriction on energy intake. Participants in the control arm made no dietary changes and were given no dietary guidance.
! All data reported in this table are based on n = 93 (completers).
™ Participants in the intervention arm had no restriction on energy intake. Participants in the control arm were asked to restrict their individualized daily energy intake based on body weight, physical activity, need for weight
control, and compliance.
™ Participants in the intervention arm had no restriction on energy intake. Participants in the control arm were prescribed energy limits needed for weight loss (typically a deficit of 500 calories/day).
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Pooled

Effect Estimates

Cardiometabolic Risk Factor N.OI N o Tesltl f: Heterogeneity
Trials MD [95% CI] SMD [95% CI] SMD [95% CI] verall Effect
GLYCEMIC CONTROL
HbA, , % 8 378 -0.29[-0.45,-0.12] -1.22 [-1.89, -0.50] —— P =0.0006 12=14% (P =0.32)
Fasting Glucose , mmol/L 6 313 -0.56[-0.99,-0.13] -1.04 [-1.84, -0.24] —— P=0.01 12=0% (P =0.56)
Fasting Insulin, pmol/L 1 74 -7.92[-27.92,12.08] -0.78 [-2.74,1.18] ——— P=0.44 NA
BLOOD LIPIDS
LDL-C, mmol/L 6 602 -0.12[-0.20,-0.04] -1.20 [-2.00, -0.40] —— P =0.002 12=0% (P =0.54)
HDL-C, mmol/L 8 632 -0.03[-0.08,0.02] -0.42[-1.11, 0.28] — P=0.19 12=66% (P = 0.004)
Non-HDL-C, mmol/L 7 539 -0.13[-0.26,-0.01] -0.77 [-1.54, -0.06) —— P=0.03 12= 0% (P = 0.44)
Triglycerides , mmol/L 7 615 0.14 [-0.10, 0.38] 0.43 [-0.31, 1.17] _— P=0.26 12=71% (P = 0.002)
BODY WEIGHT & ADIPOSITY
Body Weight, kg 6 532 -2.15[-2.95,-1.34] -2.14 [-2.93,-1.33] P — P <0.00001 12=21% (P =0.28)
BMI, kg/m? 6 614 -0.74[-1.09,-0.39] -1.69 [-2.49, -0.89] — P <0.0001 12=60% (P =0.03)
Waist Circumference, cm 4 283 -2.86(-3.76,-1.96] -3.11[-4.09,-2.13] — ¢ — P <0.00001 I1>=48% (P=0.12)
BLOOD PRESSURE
SBP, mmHg 7 606 0.10 [-2.33,2.52] 0.03 [-0.71, 0.77] — P=0.94 12=35% (P =0.16)
DBP, mmHg 7 606 0.53 [-0.50, 1.57] 0.38 [-0.36, 1.12] —to— P=0.31 12=0% (P =0.46)
5 4 3 2 4 0 1 2 3 4 5
Favours Vegetarian Diets Favours Control

Fig. 2. Forest plot of pooled effect estimates of the effect of vegetarian dietary patterns on cardiometabolic risk factors in diabetes in randomized controlled trials. Data are
expressed as weighted mean differences with 95% Cls using the generic inverse-variance method modeled by random effects (>5 trials available) or fixed effects (<5 trials available).
To allow the pooled effect estimates for each end point to be displayed on the same axis, mean differences were transformed to standardized mean differences (SMDs). Pseudo-95%
Cls for each transformed SMD were derived directly from the original mean difference and 95% CI. Paired analyses were applied to all crossover trials. Inter-study heterogeneity was
tested by the Cochran Q-statistic and quantified by I? at a significance level of P < 0.10. DBP = diastolic blood pressure; MD = mean difference; N = number of participants; NA = not

applicable; SBP = systolic blood pressure; SMD = standardized mean difference.

Cl: —2.95, —1.34 kg], P < 0.00001) with no evidence of inter-study
heterogeneity (I> = 21%, P = 0.28).

3.6.2. BMI

Figure 2 and ESM Fig. 4b show the effect of vegetarian dietary
patterns on BML. In 6 trials involving 614 participants with type 2
diabetes, a significant reduction in BMI was observed compared to
control diets (MD = —0.74 kg/m? [95% CI: —1.09, —0.39 kg/m?],
P < 0.0001) with evidence of substantial inter-study heterogeneity
(I = 60%, P = 0.03).

3.6.3. Waist circumference

Figure 2 and ESM Fig. 4c show the effect of vegetarian dietary
patterns on waist circumference. In 4 trials involving 283 partici-
pants with type 2 diabetes, a significant reduction in waist
circumference was observed compared to control diets
(MD = —2.86 cm [95% CI: —3.76, —1.96 cm], P < 0.00001) with no
evidence of inter-study heterogeneity (1> = 48%, P = 0.12).

3.7. Effect of vegetarian dietary patterns on blood pressure

3.7.1. Systolic blood pressure

Figure 2 and ESM Fig. 5a show the effect of vegetarian dietary
patterns on systolic blood pressure. In 7 trials involving 606 par-
ticipants with type 2 diabetes, vegetarian dietary patterns did not
significantly alter systolic blood pressure compared to control diets
(MD = 0.10 mmHg [95% CI: —2.33, 2.52 mmHg], P = 0.94) with no
evidence of inter-study heterogeneity (I> = 35%, P = 0.16).

3.7.2. Diastolic blood pressure

Figure 2 and ESM Fig. 5b show the effect of vegetarian dietary
patterns on diastolic blood pressure. In 7 trials involving 606 par-
ticipants with type 2 diabetes, vegetarian dietary patterns did

not significantly alter diastolic blood pressure compared to control
diets (MD = 0.53 mmHg [95% CI: —0.50, 1.57 mmHg], P = 0.31)
with no evidence of inter-study heterogeneity (I> = 0%, P = 0.46).

3.8. Sensitivity and subgroup analyses

ESM Table 3 shows select sensitivity analyses in which sys-
tematic removal of individual trials altered the results. The signif-
icance was lost for fasting glucose by the removal of Lee at al. [61],
LDL-C by the removal of Mishra et al. [60], and non-HDL by the
removal of several trials [35,57—60], although the pooled effect
estimates still favored vegetarian dietary patterns in all cases. For
triglycerides the removal of Kahleova et al. [35] changed the pooled
effect estimate from non-significant to a significant increase. The
evidence of substantial heterogeneity for BMI was partially
explained by the removal of Mishra et al. [60] and fully explained by
the removal of Lee et al., 2016 [61]. For waist circumference removal
of Barnard et al. [59] changed the heterogeneity from non-
significant to significant.

ESM Table 4 shows sensitivity analyses in which we used
different correlation coefficients (0.25 and 0.75) for paired analyses
of crossover trials. Neither of the correlation coefficients altered the
significance of the pooled effect estimates or the evidence for
heterogeneity for any outcome, with the exception of waist
circumference, where a 0.75 correlation coefficient changed the
heterogeneity from non-significant to significant.

Post hoc sensitivity analyses for HDL-C in which analyses were
restricted to trials with <5% energy difference in total fat between
the intervention and control arms [57,58,61] decreased the evidence
for heterogeneity (residual I> = 0%, P = 0.54) without altering the
results (MD = 0.04 mmol/L [95% CI: —0.01, 0.00 mmol/L], P = 0.15).

Subgroup analyses were not conducted for any outcome as <10
trials were available.

Please cite this article in press as: Viguiliouk E, et al., Effect of vegetarian dietary patterns on cardiometabolic risk factors in diabetes: A
systematic review and meta-analysis of randomized controlled trials, Clinical Nutrition (2018), https://doi.org/10.1016/j.clnu.2018.05.032
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Table 2
GRADE assessments.
Quality assessment* Effect Quality
N2 of studies  Study design Risk of bias Inconsistency  Indirectness  Imprecision  Other MD [95% Cls]
considerations

Glycemic control

HbAic, %

8 Randomized trials ~ Not serious®  Not serious Not serious Serious” None —0.29 [-0.45, —0.12] ® ® ® (O Moderate
Fasting glucose, mmol/L

6 Randomized trials  Not serious Not serious Not serious Serious® None —0.56 [-0.99, —0.13] ® ® & Moderate
Fasting insulin, pmol/L

1 Randomized trials  Not serious Not serious Serious® Serious’ None —7.92 [-27.92, 12.08] ® OO Low

Blood lipids
LDL-C, mmol/L

6 Randomized trials  Not serious Not serious Not serious Serious® None —0.12 [-0.20, —0.04] ® @ ® (O Moderate
HDL-C, mmol/L

8 Randomized trials  Not serious Serious” Not serious Not serious None —0.03 [-0.08, 0.03] ® ® & Moderate
Non-HDL-C, mmol/L

7 Randomized trials ~ Not serious Not serious Not serious Serious' None —0.13 [-0.26, —0.01] ® ® ®(O Moderate
Triglycerides, mmol/L

7 Randomized trials  Not serious Serious’ Not serious Serious® None 0.14 [-0.10, 0.38] e Low

Body weight & adiposity
Body weight, kg

6 Randomized trials  Not serious Not serious Serious' Not serious None —2.15[-2.95, -1.34] ® ® ® O Moderate
BMI, kg/m?

6 Randomized trials  Not serious Not serious™ Serious' Not serious None —0.74 [-1.09, —0.39] ® ® & Moderate
Waist circumference, cm

4 Randomized trials  Not serious Not serious Serious! Serious” None —2.86 [-3.76, —1.96] & ® o0 Low

Blood pressure

SBP and DBP, mmHg®

7 Randomized trials ~ Not serious Not serious Not serious Serious” None SBP: 0.10 [-2.33, 2.52] ® ® ® O Moderate
DBP: 0.53 [-0.50, 1.57]

DBP = diastolic blood pressure; MD = mean difference; SBP = systolic blood pressure.

*Since all included studies were randomized controlled trials, the certainty of the evidence was graded as high for all outcomes by default and then downgraded based on pre-
specified criteria. Risk of Bias — Downgraded if the majority of studies were considered to be at high risk of bias. Inconsistency — Downgraded if there was substantial un-
explained heterogeneity (I > 50%, P < 0.10) that was unexplained by any a priori sensitivity or subgroup analyses. Indirectness — Downgraded if there were factors present
relating to the participants, interventions, or outcomes that limited the generalizability of the results. Imprecision — Downgraded if the 95% confidence interval (95% CI)
crossed the minimally important difference (MID) for benefit or harm. MIDs used for each outcome were: 0.3% for HbA;. [70], 0.5 mmol/L for fasting glucose, 5 pmol/L for
fasting insulin, 0.1 mmol/L for blood lipids, 0.5 kg for body weight [81], 0.2 kg/m? for BMI, 2 cm for waist circumference, and 2 mmHg for blood pressure.

2 No serious risk of bias for the effect of vegetarian dietary patterns on HbA;. even though two trials [56,59] contributing 25% weight were high risk for attrition bias
(incomplete outcome data) and one trial [61] contributing 37% weight was high risk for selection (allocation concealment) and performance bias (blinding of participants and
personnel).

b Serious imprecision for the effect of vegetarian dietary patterns on HbA, as the 95% CIs (—0.45, —0.12%) overlap with the minimally important difference for clinical
benefit (—0.3%).

¢ Serious imprecision for the effect of vegetarian dietary patterns on fasting glucose, as the 95% Cls (—0.99, —0.13 mmol/L) overlap with the minimally important difference
for clinical benefit (—0.5 mmol/L).

4 Not able to assess inconsistency for fasting insulin as only 1 trial was available for inclusion.

¢ Serious indirectness for the effect of vegetarian dietary patterns on fasting insulin, as only 1 trial in 74 participants with type 2 diabetes was available for analysis (Kahleova
et al., 2011).

f Serious imprecision for the effect of vegetarian dietary patterns on fasting insulin, as the 95% Cls (—27.92, 12.08 pmol/L) include the minimally important difference for
both clinically important benefit (—5 pmol/L) and harm (5 pmol/L).

& Serious imprecision for the effect of vegetarian dietary patterns on LDL-C, as the 95% Cls (—0.20, —0.04 mmol/L) overlap with the minimally important difference for
clinical benefit (—0.1 mmol/L).

" Serious inconsistency for the effect of vegetarian dietary patterns on HDL-C, as I?> = 66% and P = 0.004.

i Serious imprecision for the effect of vegetarian dietary patterns on non-HDL-C, as the 95% CIs (—0.26, —0.01 mmol/L) overlap with the minimally important difference for
clinical benefit (—0.1 mmol/L).

J Serious inconsistency for vegetarian diets and triglycerides, as I> = 71% and P = 0.002.

k Serious imprecision for the effect of vegetarian dietary patterns on triglycerides, as the 95% CIs (—0.10, 0.38 mmol/L) overlap with the minimally important difference for
clinical harm (0.1 mmol/L).

! Serious indirectness for the effect of vegetarian dietary patterns on body weight and adiposity, as majority of the trials (5/6 trials for body weight and BMI and 3/4 trials for
waist circumference) had a follow-up duration <1 year.

™ Although there is evidence of substantial heterogeneity for the effect of vegetarian dietary patterns on BMI (I> = 60%, P = 0.03), removal of 2 trials (Mishra et al., 2013 and
Lee et al., 2016) explained some or all of the heterogeneity (I = 40%, P = 0.15 and I? = 0%, P = 0.60, respectively).

" Serious imprecision for the effect of vegetarian dietary patterns on waist circumference, as the 95% Cls (—4.06, —1.34 cm) overlap with the minimally important difference
for clinical benefit (-2 cm).

© Systolic and diastolic blood pressure were combined into one quality assessment for blood pressure.

P Serious imprecision for the effect of vegetarian dietary patterns on systolic blood pressure, as the 95% Cls (—2.33, 2.52 mmHg) include the minimally important difference
for both clinically important benefit (—2 mmHg) and harm (2 mmHg).

3.9. Publication bias 3.10. GRADE assessment
Publication bias was not assessed for any outcome as <10 trials Table 2 shows a summary of the GRADE assessments of the
were available. overall quality of the evidence for the effect of vegetarian dietary

Please cite this article in press as: Viguiliouk E, et al., Effect of vegetarian dietary patterns on cardiometabolic risk factors in diabetes: A
systematic review and meta-analysis of randomized controlled trials, Clinical Nutrition (2018), https://doi.org/10.1016/j.clnu.2018.05.032
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patterns on cardiometabolic risk factors. The evidence was graded
as moderate quality for HbA1, fasting glucose, LDL-C, non-HDL-C,
and blood pressure owing to a downgrade for imprecision; mod-
erate quality for HDL-C owing to a downgrade for inconsistency;
moderate quality for body weight and BMI owing to a downgrade
for indirectness; low for fasting insulin and waist circumference
owing to downgrades for imprecision and indirectness; and low
for triglycerides owing to downgrades for inconsistency and
imprecision.

4. Discussion

The present systematic review and meta-analysis of 9 ran-
domized controlled trials including 664 predominantly middle-
aged, overweight or obese participants with type 2 diabetes
controlled by medications (including oral antihyperglycemic
agents, insulin, lipid-lowering agents and/or anti-hypertensive
agents) showed that vegetarian dietary patterns in comparison
with non-vegetarian dietary patterns have benefits for glycemic
control and other established cardiometabolic risk factors over a
median follow-up of 12 weeks. An improvement was observed in
the primary outcome HbA;. of 0.29%. Further improvements were
observed in glycemic control as assessed by fasting glucose; blood
lipids as assessed by LDL-C and non-HDL-C; and body weight/
adiposity as assessed by body weight, BMI and waist circumference.
No significant effects were observed on fasting insulin, HDL-C, tri-
glycerides and blood pressure.

4.1. Results in relation to other studies

Our findings extend those of previous systematic reviews and
meta-analyses. The improvements in glycemic control seen in our
systematic review and meta-analysis are in agreement with a
previous systematic review and meta-analysis in individuals with
type 2 diabetes, which showed vegetarian dietary patterns lowered
HbA1. and non-significantly lowered fasting glucose [16]. Although
we found a significant lowering-effect on fasting glucose, this
discrepancy can be explained by our inclusion of a new trial [61],
confirmed by sensitivity analyses. Our findings for lipids were
consistent with a previous systematic review and meta-analysis
conducted in individuals with and without diabetes, which
showed vegetarian dietary patterns lowered LDL-C and non-HDL-C,
without significantly altering triglycerides [17]. A significant HDL-C
decreasing-effect was also found. Although we did not find a sig-
nificant HDL-C lowering-effect of vegetarian dietary patterns, the
result was complicated by substantial heterogeneity. This incon-
sistency was explained in sensitivity analyses by differences in total
fat intake between the intervention and control arms of trials. Our
findings for body weight were comparable with 2 previous sys-
tematic reviews and meta-analyses [18,19] conducted in in-
dividuals with and without type 2 diabetes, both of which showed
that vegetarian dietary patterns significantly lowered body weight.
Lastly, our findings for blood pressure were inconsistent with a
previous systematic review and meta-analysis of randomized
controlled trials in people with and without diabetes, which
showed significant reductions in systolic and diastolic blood pres-
sure [20]. Although our findings showed no effect on blood pres-
sure, this may be attributable to the entry criteria in the trials. The
majority of the trials in the previous systematic review and meta-
analysis included individuals who were pre-hypertensive or had
stage 1 hypertension not on antihypertensive medications [20],
whereas most of the trials in our systematic review and meta-
analysis included individuals with type 2 diabetes who had well-
controlled blood pressure (median blood pressure was 130.1/
82 mmHg) on antihypertensive medications.

4.2. Potential mechanisms

Several potential mechanisms may explain the observed ben-
efits of vegetarian dietary patterns on different cardiometabolic
risk factors. Vegetarian dietary patterns are inherently lower in
energy, which was observed in several included trials that placed
no restriction on calorie intake [56,58—61]. This is mainly attrib-
uted to their lower fat and higher fiber content [63,64], which
promotes weight loss and, in turn, improvements in glycemic
control [2,65]. Vegetarian dietary patterns also consist of lower
intakes of saturated fat and higher intakes of unsaturated fat,
phytochemicals (e.g. phytosterols, phenolics, etc.), plant protein in
place of animal protein, and low glycemic index foods. All of these
components have individually shown beneficial effects on a wide
range of cardiometabolic risk factors and their respective mecha-
nisms have been described in greater detail in previously pub-
lished reviews [66,67] and systematic reviews and meta-analyses
[16—20,68].

4.3. Strengths and limitations

Our systematic review and meta-analysis had several strengths.
These included a rigorous search and selection strategy that iden-
tified all available randomized controlled trials examining the ef-
fect of vegetarian dietary patterns on cardiometabolic risk factors in
individuals with diabetes; inclusion of predominantly high quality
randomized controlled trials, which give the greatest protection
against bias; use of intention-to-treat data when available
[59—61,66], which tend to provide more conservative pooled esti-
mates [69]; and assessment of the overall quality of the evidence
using the GRADE approach.

There were also several limitations of our systematic review and
meta-analysis. First, there was evidence of serious imprecision in
the pooled estimates across several outcomes. The 95% Cls were
wide such that they could not rule out clinically important harm in
the case of triglycerides and blood pressure and clinically trivial
effects in the case of HbA1, fasting glucose, LDL-C, non-HDL-C, and
waist circumference. There was also instability in the significance of
the pooled effect estimates with the removal of single trials during
sensitivity analyses resulting in the loss of significance for fasting
glucose, LDL-C and non-HDL-C and gain in significance for tri-
glycerides. Second, serious indirectness complicated the pooled
estimates for body weight outcomes. Although Barnard et al. [59]
was over 1 year, the median follow-up among the trials was just
3-months with all other trials <6-months. This duration is
considered of modest practical value to assess a sustained weight-
loss benefit, although we did consider it sufficient for assessing a
meaningful effect on other cardiometabolic outcomes. Third, there
was evidence of inconsistency in HDL-C. Sensitivity analyses
showed that the lack of effect of vegetarian dietary patterns on
HDL-C appears to depend on the level of fat intake, suggesting that
the lack of effect on HDL-C may not apply to different macronu-
trient distribution ranges. Fourth, only 1 trial was conducted in
individuals with type 1 diabetes. Although the glycemic and car-
diometabolic benefits would not be expected to differ in this pop-
ulation, our findings remain most relevant to people with type 2
diabetes. Finally, the small number of available trials (<10 trials)
meant that we were unable to conduct subgroup analyses and
publication bias for any outcome.

Weighing these strengths and limitations, our GRADE assess-
ments graded the overall evidence as low quality for fasting insulin,
triglycerides and waist circumference and moderate quality for the
remaining glycemic control (HbA1, fasting glucose), lipid (LDL-C,
HDL-C, non-HDL-C), blood pressure, and body weight (body
weight, BMI) outcomes.

Please cite this article in press as: Viguiliouk E, et al., Effect of vegetarian dietary patterns on cardiometabolic risk factors in diabetes: A
systematic review and meta-analysis of randomized controlled trials, Clinical Nutrition (2018), https://doi.org/10.1016/j.clnu.2018.05.032
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4.4. Implications

Despiteimprecisioninthe pooledestimate forHbA,theobserved
reduction of 0.29%, although modest, meets the threshold of >0.3%
proposed by the U.S. Food and Drug Administration for the develop-
ment of new antihyperglycemic medications for diabetes [70]. This
clinically meaningful reduction was observed in the presence of oral
antihyperglycemic agents, the use of which was reduced by in-
dividuals in several of the included trials [35,56,59], suggesting that
vegetarian dietary patterns may reduce the need for medications and
combined with standard therapy may be particularly advantageous
for managing glycemic control in people with type 2 diabetes. This
lowering in HbA;. may also contribute to reducing the risk of major
cardiovascular events, as demonstrated by previously published
meta-analysesofrandomized trials[71—73].Given the demonstrated
one-to-one relationship between LDL-Clowering and cardiovascular
risk reduction [74,75], the ~5% observed reduction in LDL-C in our
meta-analysis would also translate into a ~5% risk reduction in major
cardiovascular events. These risk reductions are an important
considerationgiven thatcoronary heartdiseaseisthe mostimportant
cause of prematuredeathinindividuals with diabetes [76]. Given that
the prevalence of individuals following vegetarian dietary patternsin
Europeand North Americaarelow(approximatelylessthan 10%ofthe
population based on available data from national surveys)|[77], there
is an important opportunity for individuals with diabetes to adopt
vegetarian dietary patterns and gain the observed glycemic and car-
diometabolicbenefits. Furthermore, vegetariandietary patternshave
been shown to be comparable to other therapeutic diets in terms of
acceptabilityand adherence, suggesting their suitability forlong term
use [77,78]. Other implications of adopting vegetarian dietary pat-
ternsinclude their economicand environmental benefits, which may
contribute to greater adoption and adherence [79,80].

5. Conclusion

In conclusion, vegetarian dietary patterns lead to improvements
in glycemic control and other established cardiometabolic risk
factors in predominantly middle-aged, overweight or obese par-
ticipants with type 2 diabetes controlled by medications. Our
confidence in the pooled estimates for these outcomes is moderate
to low. Sources of uncertainty include serious imprecision in the
pooled estimates for HbA;, fasting glucose, fasting insulin, LDL-C,
non-HDL-C, triglycerides, and blood pressure; indirectness for
fasting insulin and body weight and adiposity outcomes (body
weight, BMI, waist circumference), and inconsistency for HDL-C
and triglycerides. More research is likely to have an important in-
fluence on our confidence in the pooled estimates. More high
quality randomized trials testing the effect of vegetarian dietary
patterns on glycemic control and other established cardiometabolic
outcomes are needed to address the uncertainties, to better un-
derstand the impact in individuals with type 1 diabetes and
whether there are differences between the different forms of
vegetarianism. There is also a need for large randomized trials that
extend beyond intermediate biomarkers and assess more patient-
important clinical outcomes such as cardiovascular disease, ne-
phropathy, retinopathy, and mortality in people with diabetes.
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