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ARTICLE INFO SUMMARY
Article history: Background & aims: Several studies have examined the effect of vegetarian diets (VD) on metabolic
Received 20 January 2017 syndrome (MetS) or its components, but findings have been inconsistent. The aim of this study was to

Accepted 29 May 2018 perform a systematic review and meta-analysis of randomized controlled trials (RCTs) and observational

studies to assess the association between VD and MetS or its components (systolic blood pressure [SBP],
Keywords: diastolic blood pressure [DBP], fasting glucose triglycerides, waist circumference [WC], HDL-cholesterol
Vegetari‘an diets (HDL-C)) in adults.
gz;bglrfsz Irlsrome Methods: The Cochrane Library, EMBASE, PubMed, Web of Science, and Scopus were searched. RCTs,
Glucose cohort studies and cross-sectional studies evaluating the effects of VD on MetS or its components in
Waist circumference adults, with omnivore diet as control group, were included. Random effects meta-analyses stratified by
Blood lipids study design were employed to calculate pooled estimates.
Results: A total of 71 studies (n = 103 008) met the inclusion criteria (6 RCTs, 2 cohorts, 63 cross-
sectional). VD were not associated with MetS in comparison to omnivorous diet (OR 0.96, 95% CI 0.50
—1.85, p = 0.9) according to meta-analysis of five cross-sectional studies. Likewise, meta-analysis of RCTs
and cohort studies indicated that consumption of VD were not associated with MetS components. Meta-
analysis of cross-sectional studies demonstrated that VD were significantly associated with lower levels
of SBP (mean difference [MD] —4.18 mmHg, 95%CI —5.57 to —2.80, p < 0.00001), DBP (MD —3.03 mmHg,
95% Cl —4.93 to —1.13, p = 0.002), fasting glucose (MD —0.26 mmol/L, 95% CI —0.35to —0.17, p < 0.00001),
WC (MD -1.63 cm, 95% CI —3.13 to —0.13, p = 0.03), and HDL-C (MD —0.05 mmol/L, 95% CI —0.07
to —0.03, p < 0.0001) in comparison to omnivorous diet. Heterogeneity of effects among cross-sectional
studies was high. About, one-half of the included studies had high risk of bias.
Conclusions: VD in comparison with omnivorous diet is not associated with a lower risk of MetS based on
results of meta-analysis of cross-sectional studies. The association between VD and lower levels of SBP,
DBP, HDL-C, and fasting glucose is uncertain due to high heterogeneity across the cross-sectional studies.
Larger and controlled studies are needed to evaluate the association between VD and MetS and its
components.
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1. Introduction

Based on the various definitions established by the International
Diabetes Federation (IDF) and the Adult Treatment Panel III (ATP III),
the worldwide prevalence of metabolic syndrome (MetS) varies
between 34% and 39% [1] in developed countries; a lower preva-
lence of 16—34% has been reported in developing countries [2]. An
increasing worldwide prevalence of MetS is associated with an in-
crease in obesity and physical inactivity [3,4]. Patients with MetS are
twice as likely to develop cardiovascular disease, and are five times
more likely to suffer from type 2 diabetes mellitus compared to an
individual without MetS [3]. Globally, MetS and its potential health
consequences are now considered as a public health concern [3].

Vegetarian diets (VD) are dietary patterns that exclude meats
from the diet. These diets emphasize the consumption of plant
foods like legumes, vegetable, grains and fruits. However, some of
them include animal derived foods such as milk, eggs, fish and
seafood [5]. Among the best-known VD, are the semi-vegetarian
diet, which rarely includes meat and poultry, and the vegan diet,
which excludes all types of animal products. A few VD are char-
acterized by dietary exceptions of specific food groups such as fish-
vegetarian diet, lacto-vegetarian diet, and lacto-ovo-vegetarian diet
[6]. VD are usually adopted based on religion and cultural practices,
health benefits, and concern towards animals and environmental
sustainability [7]. In some cases they are used as dietary strategies
in the treatment and prevention of MetS. Randomized controlled
trials (RCTs) in adults consuming VD have shown an improvement
in weight control [8], glycemic control [9] and other cardiovascular
risk factors [10].

Several studies have evaluated the association between VD and
a decreased risk of MetS and/or its components. In a study linking
VD and health benefits, the prevalence of MetS and its components,
including serum triglycerides, fasting glucose, blood pressure and
waist circumference (WC), were significantly lower in the vege-
tarian population when compared with a non-vegetarian popula-
tion [11]. Lower blood pressure levels have been associated with VD
in comparison with omnivores [12]. Also, lower levels of fasting
glucose [13,14], WC [13] and triglycerides [14], have been reported
in vegetarians. These findings suggest that vegetarian individuals
have a lower risk of MetS in comparison to non-vegetarians [13]. In
contrast to the beneficial effects of VD, few studies have reported
the opposite [13,14], emphasizing lower levels of HDL-C and higher
prevalence of MetS [16] in the vegetarian population [15]. In a
meta-analysis of RCTs and observational studies assessing the effect
of vegan, semi-vegetarian and lacto-ovo-vegetarian on blood
pressure, a component of MetS, a significant decrease in systolic
blood pressure and diastolic blood pressure was shown in the
vegetarian population; nevertheless, this study presented several
methodological limitations that should be considered when inter-
preting the results [5]. The inconsistent reports and the uncertainty
of the association between VD and blood pressure and other MetS
components, warrants further studies. The objective of this study
was to determine the association between VD and the MetS and/or
its components in adults.

2. Materials and methods
2.1. Data sources and search strategy

The systematic review was conducted according to the PRISMA
(Preferred Reporting Items for Systematic reviews and Meta-

Analysis) guidelines [17]. Cochrane Library, EMBASE PubMed,
Web of Science, and Scopus were searched from database inception

through 24 May 2017. The bibliographies of all identified systematic
reviews were also searched for additional relevant studies. The
database searches were carried out independently by one author
(VP). The search strategies are available as Supplementary data. The
search terminologies included search terms relevant to VD and
MetS. The inclusion criteria for the study were: 1) RCTs, cohort
studies and cross-sectional studies evaluating the effects of VD
(lacto-ovo-vegetarian, semi-vegetarian, vegan, pesco-vegetarian)
on MetS and/or on one or more of its components (blood pres-
sure, fasting glucose, triglycerides, HDL-C and WC), 2) comparator
omnivorous diet group, and 3) adult participants aged 18 years and
above. Studies published in languages other than English and
German were excluded.

Lacto-ovo-vegetarian diet is defined as a diet that excludes
meat, poultry and fish, and includes eggs, dairy products, and plant
foods (vegetables, fruits, whole grains and legumes). Semi-
vegetarian diet is defined as a diet which contains plant foods
and animal foods including meat, poultry, fish, seafood, eggs, and
dairy products; though, the consumption of red meat and poultry is
very limited in quantity and frequency. Fish-vegetarian or pesco-
vegeterian diet is defined as a diet that includes fish, eggs, dairy
products and plant foods. Vegan diet is defined as a diet based on
plant foods and excludes all type of animal origin foods, including
dairy products and eggs. Finally, omnivorous diet is defined as a
diet including free consumption of plant and animal foods.

2.2. Study selection and data extraction

Titles and abstracts of the retrieved articles were screened by
three authors (MCP, JAL, and JMR) to identify potential relevant
articles. All disagreements on selections were discussed with a
fourth author (AVH) and resolved by consensus. Three reviewers
(MCP, JAL, and JMR) independently extracted relevant data from the
selected studies. Another author (AVH) reviewed the extracted data
for discrepancies and all four authors (MCP, JAL, JMR and AVH)
reached consensus. The articles retrieved from the database
searches were saved, shared and screened using myendnoteweb.
com. Authors of relevant studies were contacted for additional
and missing data.

The primary outcome of interest was MetS as defined by the
consensus “Harmonizing the Metabolic Syndrome: A Joint Interim
Statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart, Lung, and Blood
Institute; American Heart Association; World Heart Federation; In-
ternational Atherosclerosis Society; and International Association for
the Study of Obesity” [3]. Secondary outcomes of interest were in-
dependent components of MetS: blood pressure, fasting glucose,
triglycerides, HDL-C and WC. Data for potential confounders of the
association between VD and MetS were also extracted for each study:
age, gender, body mass index (BMI), physical activity level, stress,
smoking, alcohol, socioeconomic status, and population group.

2.3. Study quality assessment

Risk of bias of RCTs was evaluated using ‘The Cochrane Collab-
oration tool for assessing risk of bias’ [18] This tool evaluates the
following criteria: 1) sequence generation, 2) allocation conceal-
ment, 3) blinding of participants, personnel and outcome assessors,
4) incomplete outcome data, 5) selective outcome reporting, 6)
other sources of bias. Risk of bias of cohort studies was evaluated
using the Newcastle Ottawa scale (NOS) [19]. NOS scale evaluates
the following criteria: 1) Selection: representativeness of the
exposed cohort, selection of the non-exposed cohort,
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ascertainment of exposure, demonstration that outcome of interest
was not present at start of study, 2) Comparability: comparability of
cohorts on the basis of the design or analysis, 3) Outcome:
assessment of outcome; if the follow-up was long enough for
outcomes to occur; adequacy of follow up of cohorts. The NOS
assessment was performed per each cohort study; each study was
assigned scores based on the 3 criteria (selection, comparability,
outcomes). The maximum score was 8, the minimum score 0. A
score of 7 was reflective of high methodological quality, a score of 5
or 6 indicated moderate quality and a score of 4 or less indicated
low quality. Risk of bias of cross-sectional studies was assessed by
using the NIH Quality Assessment Tool for Observational Cohort
and Cross-Sectional Studies [20]. Ten out of 14 questions were
selected for quality assessment based on their relevance to cross-
sectional studies. Each included study was rated as good, fair or
poor quality.

2.4. Statistical analysis

Random effects meta-analyses using the inverse variance
method were performed to generate forest plots for pooled odds
ratios or mean differences [21]. Funnel plots were used to evaluate
small study effects, and the Egger's test was performed to measure
asymmetry of funnel plots. Cochrane's Chi square test and the ?
test were used to quantify heterogeneity between studies [22].
Heterogeneity was considered statistically significant at p < 0.1 of
the Chi square test, and substantial heterogeneity was defined as
2 > 60%. When the median and interquartile range (IQR) were used,
the mean was calculated by the formula x = (a + 2m + b)/4 using
the values of the median (m), quartiles P25 and P75 (a and b,
respectively) and the standard deviation (SD) was estimated using
SD = IQR/1.35. Mean Difference (MD) and Standardized Mean Dif-
ference (SMD) were reported with 95% confidence intervals. SMD
(calculated by dividing the difference in mean outcome between
groups over the standard deviation of outcome among partici-
pants) was preferred when the units or the scale of the continuous
variables was different across studies [23]. Finally, we performed
pre-specified subgroup analyses by publication year (before 2001
vs after 2001) and risk of bias (low vs high). As publication year
2001 represents the median year of publication of all included
studies, it was chosen as a cut-off for the subgroup analysis. We
performed meta-analyses using RevMan 5.3 (Cochrane Collabora-
tion, Denmark).

3. Results
3.1. Study selection

Our search strategy identified 3222 publications. After removal
of duplicates, 2660 unique articles remained. Upon screening of
studies by title and abstract review, 2466 articles were excluded.
After review of 194 full-text articles, 123 studies were excluded: 10
were duplicates, 9 reported more than one intervention diet aside
VD, 16 reported no control group, 12 reported insufficient outcome
data, 9 were published in other languages (Czech, Russian and
Slovak); other reasons for exclusion are presented in Fig. 1. A total of
71 studies were selected for the analysis (six RCTs [14,24—28], two
cohorts [29,30], and 63 cross-sectional studies [12,13,15,16,31—88]).
One contacted author provided additional information on triglyc-
eride levels, fasting glucose, HDL-C, SBP, and DBP [82].

3.2. Description of studies

Table 1 summarizes the main characteristics of the six included
RCTs (n = 706). The population of these studies was mainly

Number of records
identified through database
searching: 3233

Number of records after
duplicates removed: 2660

Number of records
excluded: 2466

Number of records
screened: 2660

Number of full-text articles
excluded, with reasons: 123

- Incomplete data: 11
- Other language: 9

- More than one
intervention diet: 9

- Other intervention
included: 6

- No control group: 16

- Insufficient outcome data:
12

- Other study population: 7
- Other study design: 13
- Duplicated: 10

- Not available in full-text: 2
- Other: 28

Number of full-text articles
assessed for eligibility: 194

Number of studies included
in qualitative synthesis: 71

Number of studies included
in quantitative synthesis
(meta-analysis): 71

-6 RCTs
- 2 Cohorts

- 63 Cross-sectionals

Fig. 1. Flow diagram of study selection.

composed of women. The mean age of the patients in six RCTs
(n = 597) was 48.6 years. Vegan diets were used as interventions in
three of the studies. The length of the studies ranged from six
weeks to seventy-four weeks. Table 2 summarizes the main char-
acteristics of two cohort studies (n = 352). The sample of the cohort
studies ranged from 50 to 302. The mean age of the included in-
dividuals was not provided. Lacto-ovo-vegetarian diets were eval-
uated in both cohort studies. Table 3 summarizes the main
characteristics of 63 included cross-sectional studies (n = 102,000).
Most of the studies used only one type of VD as exposure. The most
recent RCT, cohort study and cross-sectional studies were pub-
lished in 2016, 2011, and 2017, respectively.

The control group in all studies was omnivorous diet. The evalu-
ated outcomes were metabolic syndrome (five cross-sectional
studies [13,16,65,74,82]), WC (14 cross-sectional studies
[13,15,16,39,41,43,44,59,60,67,81,83,84,87], three RCTs [26—28]), tri-
glycerides (45 cross-sectional studies [13,15,16,31,33,35,38,



Table 1

Characteristics of RCTs studies.

Author, year Country Sample Length of Matching for Mean (SD) age Gender BMI Specific type of  Types and definition of VD Definition of
(reference) size VD/OD study (male) population omnivorous diet
(weeks)
Sciarrone S, 1993 [24] Australia 10/10 6 Age, BMI 35.0(0.7) 100% 25.4(1.8) NA SV: consumption of eggs and cheese. Meat, NA
fish, poultry and animal fats are excluded.
Burke, 2007 [25] USA 45/48 72 None 254 (1.8) 11.7% 34.0 (4.1) NA V: meat, poultry, and fish are excluded. Consuming meat,
poultry, or fish
Barnard, 2009 [26] USA 49/50 74 None 55.6 (10.0) 39.4% 349 (7.4) NA V: consumption vegetables, fruit, grains and Conventional diet
legumes
Ferdowsian, 2010 [27] USA 68/45 22 Age, gender, NA 17.7% NA NA V: NA NA
race
Mishra, 2013 [14] USA 142/149 18 None 45.2 (14.5) 17.2% 35.0 (0.7) BMI>25 or V: consumption of whole grains, vegetables, NA
diagnosed legumes, and fruits. Excludes animal
previously products (meat, poultry, fish, dairy products
with diabetes and eggs) and minimizes consumption of
type 2 added oils, with a target of <3 g of fat per
serving. Supplement of Vit. B12
Lee, 2016 [28] Korea 46/47 12 No 57.9(7.3) 194 23.5(3.0) NA V: Consumption of whole grains, Consuming grains,
vegetables, fruit, and legumes. Avoid all meat, vegetables,
animal food products (meat, poultry, fish, fats and oils, milk,
daily goods, and eggs) and fruits
Abbreviations: SD, standard deviation; NA, not available; BMI, body mass index; LOV, lacto-ovo-VD, V, vegan; SV, semi-vegetarian.
Table 2
Characteristics of cohort studies.
Author, year (Reference) Country Sample size VD/OD Length of Matching Mean (SD) Gender BMI Specific type of Types and definition of VD Definition of
study for Age (male) population omnivorous diet
Brestrich, 1996 [29] Germany 151/151 NA None 54.5 (9.0) NA 27.7 (4.2) NA LOV: NA NA
Nduka A.G, 2011 [30] Nigeria 25/25 NA None NA NA NA Adventist LOV: consumption of eggs No meat restrictions

and dairy products. Animal
products are excluded

Abbreviations: SD, standard deviation; NA, not available; BMI, body mass index; LOV, lacto-ovo-vegetarian; VD, vegetarian diet; OD: omnivorous

diet.
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Table 3
Characteristics of cross-sectional studies.

Author, year (reference) Country Sample size Matching for Mean (SD) Gender  BMI Specific type of Types and definition of VD Definition of
VD/OD Age (male) population omnivorous diet
Sacks F, 1975 [31] USA 115/115 Age, sex NA 50% NA NA LOV: NA NA
Burr, 1981 [32] UK 85/215 Age, sex 54.5(14.3) 63% NA NA SV: consumption of meat and fish less NA
than once a month
Liebman, 1983 [33] USA 36/18 None 30.7 (5.7) 100% NA NA SV: consumption of meat, fish, or NA
poultry no more than once per week
Ophir O, 1983 [34] USA 98/98 None 60.9 (1.9) 50.50% NA Israeli Vegetarian ~ LOV: excluded all kinds of meat and No meat restrictions
Association fish. No more than three eggs a week
were consumed. Milk and milk
derivatives were scarcely used. Diet rich
in fruit, vegetables, almonds, peanuts,
and nuts.
Faber, 1986 [35] South Africa 33/22 Age, sex 28.2 (30.0) 43.60% 22.6 (3.1) NA V: meat, fish or poultry are excluded. NA
Sanders T, 1987 [36] England 2222 Age, height, 28.8(21.0) 50% 21.0(0.7) NA V: NA NA
weight, physical
activity and smoking
habits
Thorogood M, 1987 [37] England 6000/5000 None 38.0 10.50% NA NA V; SV; PV: NA NA
Nieman, 1989 [38] USA 23/14 None NA NA NA Adventists LOV: excludes meat, fish or poultry Consumption of meat at
least three times per
week
Melby, 1989 [39] USA 219/159 None 53.4(2.2) 17.70% 26.7 (2.4) Black and white LOV: excludes meat, fish or poultry NA
Adventists
Supawan V, 1992 [40] Thailand 132/68 None 34.0(12.7) 48% 20.2 (2.9) Buddhist V; SV: NA NA
Melby, 1993 [41] USA 112/91 None 66.4 (1.7) NA 27.2 (2.5) Black and white LOV: NA NA
Adventists
Pan, W. H, 1993 [42] China 55/59 Sex, age, BMI 22.1 (4.5) 37.70% 20.5 (2.4) Chinese Buddhist LOV: NA NA
Vegetarian
Melby, 1994 [43] USA 122/45 None 47.6 (2.2) 26.30% 28.1(1.3) Seventh Day LOV: excludes meat, fish, and poultry; Consumption of flesh
Adventists SV: consumption of flesh foods one to foods daily
three times per week
Wyatt C, 1995 [44] Mexico 36/36 Age, sex NA NA 244 (3.6) NA SV: consumption of eggs and milk NA
products
Krajcovicova-Kudlackova, Slovakia 81/62 None 274 (1.0) 50% 221 (14) NA LOV: NA NA
1996 [45]
Pauletto P, 1996 [46] Tanzania 654/622 None NA 58% NA NA LOV: consumption of grains, potatoes, Eats mainly fish
and vegetables.
Ball, 1997 [47] Scotland 13/20 None 23.4(4.9) 0% NA Premenopausal LOV: consumption of some dairy NA
women products. Meat is excluded.
Famodu, 1998 [48] Nigeria 36/40 None 48.6 (1.6) NA 28.8 (0.9) Seventh Day LOV: consumption of dairy products NA
Adventist and eggs; V: meat, eggs and dairy
products are excluded.
Richter V, 1999 [49] Germany 46/49 Age 375 NA NA German Society SV: consumption of milk, eggs, and its NA
of Vegetarians derivatives. Meat and fish are excluded.
Kwok, 1999 [50] China 70/90 None 79.0 (6.1) NA 22.5(3.8) Chinese older LOV: NA Regular consumption of
women meat
Lee, 2000 [51] China 60/133 Age, BMI 40.0 (6.1) 36.8% 23.7 (3.5) NA LOV: includes dairy products and eggs. NA
Meat and fish are excluded.
Lu, 2000 [52] Taiwan 109/107 Age, sex 37.7 (4.4) 24.5% 214 (2.9) NA LOV: includes less than a glass (240 mL) NA
of low-fat or skim milk per day
Hoffmann, 2001 [53] Germany 242/138 None NA NA NA Women LOV: consumption of whole grain Consumption of meat

products above 1100 g/week, of
unheated vegetables above 700 g/week,
of highly refined grain products below
1050 g/week, of meat below 300 g/

between 301 and

1050 g/week, of
unheated vegetables
between 170 and 852 g/

(continued on next page)
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Table 3 (continued )

Author, year (reference) Country Sample size Matching for Mean (SD) Gender BMI Specific type of Types and definition of VD Definition of
VD/OD Age (male) population omnivorous diet
week, of meat products below 100 g/ week and of alcohol
week and of alcohol below 70 g/week. below 140 g/week
Li, 2001 [54] Australia 61/78 None 36.0 (8.4) 100.0% 25.2 (3.6) NA V: excludes meat, and includes eggs and Diet includes >280g of
dairy products <6 times/year; LOV: meat (uncooked
includes meat no more than six times weight) per day
per year, and eggs and dairy products
freely.
Lin, 2001 [55] Taiwan 20/20 None 57.5(3.9) 50.0% 24.0 (2.3) NA LOV: NA NA
Appleby, 2002 [12] UK 5970/4707 None NA 21.4% NA NA LOV; V; PV: NA NA
Bedford, 2005 [56] Canada 106/1711 None 44.6 (1.0) 49.5% 26.1(0.8) NA LOV: NA NA
Goff, 2005 [57] UK 21/25 Age, sex, BMI, 35.5 (59.0) 50.0% 23.0 (2.6) NA V: meat, fish and eggs are excluded. NA
ethnicity
Fu, 2006 [58] Taiwan 35/35 Age 55.0 (1.0) 0 23.5(1.1) NA LOV: meat and fish are excluded; but NA
occasionally consumed eggs and dairy
products
Hung, 2006 [59] Taiwan 49/49 Age 36.8 (4.3) 0 21.5(2.4) Premenopausal LOV: NA NA
women
Su, 2006 [60] Taiwan 58/61 None 58.4 (5.8) 0 233 (2.7) Buddhist LOV: Diet which avoids meat, fish, and NA
poultry for at least 5 years.
De Biase, 2007 [61] Brazil 54/22 None 354(126) 36.8% 24.2 (4.6) NA LOV; V: NA NA
Teixeira Rde C, 2007 [62] Brazil 67/134 Age, sex, race, 47.0 (8.0) NA 25.3 (4.9) Adventist SV: consumption of eggs, milk and dairy ~ Consumption of meats
socioeconomic products; V: animal products excluded
class
Chen, 2008 [63] China 99/99 Gender 503 (9.3) 43.9% 23.4(3.2) NA LOV: NA NA
Hung, 2008 [64] Taiwan 71/388 Age 50.4 (9.8) 57.7% 23.7 (3.1) Chinese LOV: NA NA
Nakamoto, 2008 [65] Japan 75/47 Age, sex 449 (7.6) 40.2% 219 (2.3) NA LOV: NA NA
Sambol S, 2009 [66] Croatia 50/50 None 35.4(9.3) 32.0% 23.0(2.8) NA V: animal products excluded; VEG: NA
consumption of eggs and dairy products
Pitla, 2009 [67] India 26/26 None 45.9 (3.9) 56% 24.8 (2.8) NA LOV: Not taken any meat, fish or poultry NA
in their lifetime but consumed milk
products
Lin, 2010 [68] Taiwan 102/102 Age, BMI, 46.1 (124) 0% 234 (3.7) NA LOV: NA NA
education level
Chen, 2011 [69] China 173/190 None 51.9(9.9) 0% 23.1(3.2) NA LOV: consumption of dairy products NA
and eggs.
Rodenas S, 2011 [70] Spain 14/12 None 68.4 (9.5) NA 242 (3.2) Postmenopausal SV: Consume certain foods of animal NA
women origin but usually exclude red meat
from their diet
Yang S, 2011 [71] China 171/129 None 33.3(104)  100% 23.9(3.5) NA LOV: NA NA
Dourado, 2011 [72] Brazil 29/58 Age, sex 40.0 (13.0)  58.6% 243 (3.6) NA V: meat and fish are excluded. No meat restrictions
Kim, 2012 [73] South Korea 59/48 None 62.6 (8.9) NA 23.8(34) Postmenopausal LOV: NA NA
women
Kim, 2012 [74] Korea 45/30 Age, sex 49.2 (4.6) 50.7% 22.6 (2.8) NA LOV: consumption of plant foods, dairy NA
products (goat milk only) and eggs.
Yang S, 2012 [15] China 169/126 None 33.3(104) 100.0% 24.0 (3.5) NA LOV: meat, egg, fish and poultry are NA
excluded
Chiang, 2013 [13] China 391/315 Age 56.4 (8.4) 0% 23.3(3.0) NA LOV: consumption of a LOV diet at all NA
meals daily and persistently for at least
one year
Pettersen, 2012 [75] USA 302/198 None 67.6 (11.6) 36% NA Adventist SV: consumption of meat and fish less NA
than once a month.
Crowe, 2013 [76] UK 230/1316 Age, sex 444 (13.7) 52.8% 23.6 (3.7) NA V: meat and fish are excluded. Consumption of meat
and/or fish
Jung, 2013 [16] Korea 148/148 Age, sex 52.9(9.3) 53.4% 24.1 (3.5) Buddhist LOV: NA NA
Vinagre ], 2013 [77] Brazil 21/29 None 36.2 (9.4) 56.0% 233 (2.1) NA V: consumption of dairy products and No meat restrictions

eggs. Animal products are excluded

(4418
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Taiwan
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Taiwan

Brazil

1096/431
170/126

503/168

357/357

2148/4407

339/6469

8183/40, 915
615/615

75/75
21/21
54/100

44/44

None
None

None

Age, sex

None

Gender, age,
exercise,

WHR, BP, fasting
plasma glucose,
uric acid, creatinine
Age, sex, study site
age, gender

None
None
None

None

NA
33.2(10.4)

NA

53.3 (8.6)

409 (10.3)

43.4(17.1)

489 (14.4)
483 (9.8)

37.5 (10.6)
28 (4.5)
60.3 (11.3)

46.15 (8.7)

57.0%
100.0%

NA

42.9%

58.0%

47.8%

25.0%
39%

46.7%

40.5%

39.6%

100%

NA
23.9(3.5)

23.0(33)

243 (32)

23.9 (4.5)

NA

NA
23.9 (3.1)

NA
21.7 (2.1)
25.9 (5.9)

25.25 (4.5)

NA
Buddhist

NA

Buddhist

NA

NA

NA
Buddhist Priests

NA

NA

NA

NA

LOV: NA

LOV: consumption of plant foods, milk,
and eggs. Meat, poultry and fish are
excluded.

V: meat, fish, dairy products, and eggs
are excluded; LOV: consumption of
dairy products and/or eggs. Meat and
fish are excluded; PV: consumption of
fish but no meat.

LOV: Consumption of dairy products,
large amounts of vegetables, fruit,
legumes, nuts, grain, and soya protein-
food components. Meat, fish and eggs
are excluded.

SV: consumption of eggs, meat, fish and
poultry

V: Excluded eggs, milk, meat, poultry,
seafood and byproducts of animals.
LOV: excluded all meat and fish but
included eggs and dairy products, for a
period of 1 year

V: NA

V: not eat meat and fish but eat
vegetarian meals following the
Buddhist lessons and eat fruits,
vegetables, nuts, and soybean protein
foods instead

LOV: Vegetable based diet. Milk and
dairy products were considered.

V: Exclude meat, dairy products and
eggs from their diet.

LOV: Consuming dairy products and
eggs at least from their diet.

SV: Void of meat, fish, and poultry for at
least 4 years. They could be Lacto-Ovo
(consuming egg and milk and dairy
products) or vegans (consuming no
eggs or milk and dairy products)

NA
No restrictions

Consumption of meat

NA

NA

NA

NA
NA

NA

Eat plant and animal
origin.
NA

Consuming any type of
meat at least five or

more servings by week.

Abbreviations: SD, standard deviation; NA, not available; BMI, body mass index; LOV, lacto-ovo-vegetarian; V, vegan; PV, fish-vegetarian; SV, semi-vegetarian; VD, vegetarian diet; OD, omnivorous diet; WHR, waist-to-hip ratio;

BP, blood pressure.
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40,42,43,45,46,48—55,57,58,60—63,65—69,71—74,77—79,81,82,
84—86,88,89)], five RCTs [14,25—28] and cohorts [29,30]), HDL-C (45
cross-sectional studies [13,15,16,32,33,35,37,38,40,43,45,49,51-55,
57,58,60—64,66,67,69,71—74,76—89], four RCTs [14,26—28] and two
cohorts [29,30]), blood pressure (42 cross-sectional studies [12,13,
15,16,31,32,34,36,38,39,41,43,44,46,48,52,54,55,57,58,60,62—65,
67-76,79,81-84,87,89] and four RCTs [14,26—28]), and fasting
glucose (29 cross-sectional studies [13,15,38,42,43,48,55,57—60,62—
64,66,68,69,71,73,74,77,79,81—-85,88,89] and three RCTs [24,26,28]).

3.3. Risk of bias of included studies

Risk of bias of RCTs is presented in Suppl. Fig. 1. The six included
studies were at high risk of bias. Performance and attrition bias were
reported. The two included cohort studies had a high risk of bias;
both studies had adequate a representativeness of the exposed
cohort, ascertainment of exposure, and assessment of the outcomes
(Suppl. Fig. 2). Among the cross-sectional studies, 44 studies had a
high risk of bias [12,13,15,16,31—-34,36,37,39,41-43,46—48,51-54,
56—58,60—62,64—66,68,69,72—75,78,79,81,82,85—88]  and 19
studies had a low risk of bias [35,36,38,40,44,45,49,50,55,59,63,67,
70,71,76,77,80,83,89]. Most of the cross-sectional studies (93%)
presented a clear research question and recruited subjects from
similar populations (68%) (Suppl. Fig. 3). However, only 19% of the
studies examined different levels of exposure and 59% of included
studies did not adjust their results for potential confounding vari-
ables. The blinding of outcome assessors was not reported in 75% of
the cross-sectional studies. Additional details of the risk of bias are
provided in Supplementary Tables 1-3.

3.4. Association between VD and MetS

In five cross-sectional studies (n = 2282), VD was not associated
with MetS when compared with omnivorous diet (OR 0.96, 95% CI
0.50—1.85, p = 0.9) (Fig. 2). Heterogeneity of effects among studies
was high (> = 85%, p < 0.00001). Additionally, all of the studies
reported high risk of bias. No RCTs or cohort studies reported the
effect of the association between VS and MetS.

3.5. Association between VD and components of the MetS
In four RCTs (n = 596), VD was associated with non-significant

lower SBP in comparison with omnivorous diet (MD —0.12 mmHg,
95% CI —1.12 to 0.88, p = 0.81) (Fig. 3). There was no evidence of

Vegetarian diet Omnivore diet

Odds Ratio

heterogeneity of effects among studies (I = 0%, p = 0.69). In 42 cross-
sectional studies (n = 83,943), VD was associated with significant
lower SBP in comparison with omnivorous diet (MD —4.18 mmHg,
95% Cl —5.57 to —2.80, p < 0.00001). Heterogeneity of effects was
high among these studies (I = 90%, p < 0.00001). No cohort studies
were identified. The funnel plot did not show asymmetry
(Suppl. Fig. 4).

In four RCTs (n = 596) VD was associated with non-significant
higher DBP in comparison with omnivorous diet (MD
0.09 mmHg, 95% CI —1.12 to 1.30, p = 0.88) (Fig. 4). There was no
evidence of heterogeneity of effects among studies (> = 0%,
p = 0.56). In 42 cross-sectional studies (n = 83,943), VD was
associated with significant lower DBP in comparison with omniv-
orous diet (MD —3.03 mmHg, 95% CI —4.93 to —1.13, p = 0.002).
Results reported high heterogeneity of effects among included
studies (I? = 98%, p < 0.00001). No cohort studies were identified.
The funnel plot did not show asymmetry (Suppl. Fig. 5).

In three RCTs (n = 212) VD was associated with non-significant
lower fasting glucose levels in comparison with omnivorous diet
(MD —0.59 mmol/L, 95% CI —1.36 to 0.18, p = 0.13) (Fig. 5). There was
no evidence of heterogeneity of effects among studies (P = 0%,
p = 0.97). In 29 cross-sectional studies (n = 68,763), VD was asso-
ciated with significant lower fasting glucose in comparison with
omnivorous diet (MD -0.26 mmol/L, 95% CI —-0.35 to -0.17,
p < 0.00001). There was evidence of high heterogeneity of effects
among these studies (I = 88%, p < 0.00001). No cohort studies were
identified. The funnel plot did not show asymmetry (Suppl. Fig. 6).

In five RCTs (n = 689) VD was associated with non-significant
higher triglyceride levels in comparison with omnivorous diet
(MD 0.11 mmol/L, 95% CI —0.10 to 0.31, p = 0.30) (Fig. 6). There was
no evidence of heterogeneity of effects among studies (I> = 0%,
p = 0.94). In two cohorts (n = 352), VD was associated with non-
significant higher triglycerides in comparison with omnivorous
diet (MD 0.06 mmol/L, 95% CI —0.22 to 0.35, p = 0.66). There was no
evidence of heterogeneity of effects among studies (I° = 0%,
p = 0.97). In 45 cross-sectional studies (n = 70,733), VD was
associated with non-significant higher triglycerides in comparison
with omnivorous diet (MD 0.04 mmol/L, 95% CI —0.09 to 0.18,
p < 0.51). There was high heterogeneity of effects among these
studies (> = 99%, p < 0.00001). The funnel plot did not show
asymmetry (Suppl. Fig. 7).

In three RCTs (n = 305) VD was associated with non-significant
lower WC in comparison with omnivorous diet (MD —0.41 cm, 95%
Cl —1.67 t0 0.85, p = 0.53). In 15 cross-sectional studies (n = 62,476),

0Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.1.1 Cross-sectional

Chiang 2013 26 391 40 315 20.9%  0.49[0.29, 0.82] —_—

Hung 2008 9 71 71 388 18.4%  0.65[0.31, 1.37] —_—

Jung 2013 45 148 26 148 20.6%  2.05[1.18, 3.55] —_—
Kim 2012a 20 59 23 48 17.9% 0.56[0.26, 1.22)

Lee 2014 85 357 S0 357 22.2% 1.92 [1.30, 2.82] s
Subtotal (95% CI) 1026 1256 100.0% 0.96 [0.50, 1.85] e TR

Total events 185 210

Heterogeneity: Tau? = 0.47; Chi® = 27.03, df = 4 (P < 0.0001); I> = 85%

Test for overall effect: Z = 0.12 (P = 0.90)

Total (95% CI) 1026 1256 100.0% 0.96 [0.50, 1.85] R R—

Total events 185 210

Heterogeneity. Tau? = 0.47; Chi? = 27.03, df = 4 (P < 0.0001); I* = 85% 0:2 0:5 él é

Test for overall effect: Z = 0.12 (P = 0.90)
Test for subgroup differences: Not applicable
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Fig. 2. Association between vegetarian diet and Metabolic Syndrome.
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Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 RCT

Barnard 2009 0 245 49 3.7 226 50 12% -3.70 [-12.99, 5.59] —
Ferdowsian 2010 029 2.4 68 044 2.95 45 3.1% -0.15 [-1.18, 0.88) -t

Lee 2016 B 1 216 46 -15 246 47 12% 2.50 [-6.90, 11.90] —
Mishra 2013 -2 25 142 -4 207 149 2.1% 1.00 [-4.29, 6.29] o
Subtotal (95% CI) 305 291 7.6% -0.12 [-1.12, 0.88) ¢
Heterogeneity. Tau? = 0.00; Chi? = 1.04, df = 3 (P = 0.79); I* = 0%

Test for overall effect: Z = 0.23 (P = 0.81)

2.1.3 Cross-sectional

Acosta Navarro 2017 119.5 8.6 44 1292 15.1 44 2.1% -9.70 [-14.83, -4.57]

Appleby 2002 121.2 2.5 6267 1209 193 996  3.1% 0.30[-0.90, 1.50] T

Burr 1981 1424 117 85 138.1 243 215 2.4% 4.30[0.21, 8.39] —
Chen 2008 120.49 15.63 99 125.5 15.04 99 2.4% -5.01[-9.28, -0.74) —

Chen 2011 122.3 18.1 173 120.6 18.1 190 2.5% 1.70[-2.03, 5.43] e pa
Chiang 2013 1235 189 391 127.8 20.2 315 2.8% -4.30 [-7.21, -1.39]) —

Chiu 2015 1225 219 8183 1251 22.1 40915 3.2% -2.60[-3.12, -2.08] =

Crowe 2013 130.7 178 230 134 185 1316 2.9% -3.30[-5.81, -0.79] ——
Dourado 2011 1148 16.7 29 123.8 125 58 1.7% -9.00 [-15.88, -2.12]

Famodu 1998 111 106 36 109.2 12.4 40 2.1% 1.80[-3.37, 6.97] e RE
Fu 2006 121 17.7 35 123 17.7 35 1.4% -2.00[-10.28, 6.29) —
Goff 2005 112.7 11.9 21 123.7 187 25 1.3% -11.00(-19.92, -2.08)

Hung 2008 1256 22.8 71 123.6 18 388 2.0% 2.00 [-3.60, 7.60] —_
Jian 2015 1173 184 339 1154 18 6469 3.0% 1.90[-0.11, 3.91) —
Jung 2013 1239 147 148 1235 14 148 2.7% 0.40 [-2.87, 3.67] —

Kim 2012a 1328 205 59 1518 229 48 1.4% -19.10[-27.43, -10.77)

Kim 2012b 120.2 12.9 45 115.8 13.9 30 1.8% 4.40 [-1.84, 10.64] -
Kuchta 2016 121 3 21 123 13 21 1.7% -2.00 [-8.76, 4.76] ——
Lee 2014 122.3 14 357 121.7 15 357 2.9% 0.60[-1.53, 2.73] =

Li 2001 123.7 12.4 61 126.6 116 78 2.4% -2.90[-6.94, 1.14] —

Lin 2001 123 15 20 121 8 20 1.5% 2.00 [-5.45, 9.45] —=
Lin 2010 1148 15.7 102 1187 185 102 2.2% -4.90 [-9.61, -0.19] ——

Lu 2000 995 121 108 107.8 10.8 107 2.7% -8.30 [-11.36, -5.24] ——

Melby 1989 116.7 16 219 1205 17.8 159 2.6% -3.80[-7.29, -0.31) —
Melby 1993 123.8 19.9 112 129.9 219 91 1.9% -6.10 [-11.92, -0.28)

Melby 1994 1186 18.7 119 120.2 17.9 44 1.8% -1.60[-7.87, 4.67] —_—
Nakamoto 2008 1135 153 75 1254 144 50 2.1% -11.90[-17.18, -6.62]

Nieman 1989 141 187 14 145 192 23 0.8% -4.00 [-16.55, 8.55] —
Ophir 1983 126 163 98 146.8 19 98 2.2% =20.80 [-25.76, -15.84]

Pauletto 1996 1347 204 55 120.4 15.1 61 1.7% 14.30[7.71, 20.89)

Pettersen 2012 1235 206 302 1278 18.2 198 2.6% -4.40 [-7.84, -0.96] —

Pitla 2009 121  10.7 26 122.6 88 26 2.1% -1.60 [-6.93, 3.73) 1
Rodenas 2011 1264 16.1 14 145.8 20.7 12 0.6% -19.40 [-33.83, -4.97]

Sacks 1975 108 12 116 119 11 5209 2.9% -11.00[-13.20, -8.80] —

Sanders 1987 1155 102 22 1105 11 22 1.8% 5.00 [-1.27, 11.27) 1
Shridhar 2014 120.8 169 2148 123.1 17.6 4407 3.2% -2.30[-3.18, -1.42) -

Su 2006 127.8 15.7 57 126.7 14.8 61 2.0% 1.10 [-4.41, 6.61] e N
Teixeira 2007 108 16 67 129 19 134 2.2% -21.00 [-26.00, -16.00]

Whzatt 1995 1105 12.7 36 1195 10.2 36 2.1% -9.00 [-14.32, -3.68]

Yang 2011 116 14 171 126 15 129 2.6% -10.00[-13.33, -6.67] —_—

Yang 2012 1166 153 169 125.8 14.6 126 2.6% -9.20 [-12.64, -5.76] f——

Zhang 2013 117 165 170 126  14.7 126 2.6% -9.00[-12.57, -5.43] —_—

Subtotal (95% CI) 20915 63028 92.4% -4.18 [-5.57, -2.80] &
Heterogeneity. Tau? = 14.88; Chi? = 390.86, df = 41 (P < 0.00001); I = 90%

Test for overall effect: Z = 5.91 (P < 0.00001)

Total (95% CI) 21220 63319 100.0% -3.85 [-5.13, -2.57] L 3
Heterogeneity. Tau? = 13.33; Chi? = 415.58, df = 45 (P < 0.00001); * = 89% = =i ) % 35

Test for overall effect: Z = 5.89 (P < 0.00001)
Test for subgroup differences: Chi? = 21.63, df = 1 (P < 0.00001), I* = 95.4%
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Fig. 3. Association between vegetarian diet and systolic blood pressure.

VD was associated with significant lower WC in comparison with
omnivorous diet (MD —1.63 cm, 95% CI —3.13 to —0.13, p = 0.03)
(Fig. 7). There was high heterogeneity of effects among these studies
(I = 89%, p < 0.00001). No cohort studies were identified. The funnel
plot did not show asymmetry (Suppl. Fig. 8).

In four RCTs (n = 596) VD was associated with non-significant
lower HDL-C in comparison with omnivorous diet (MD
—0.06 mmol/L, 95% CI —0.17 to 0.04, p = 0.22) (Fig. 8). There was no
evidence of heterogeneity of effects among studies (> = 0%,
p = 0.55). In two cohorts (n = 352), VD was associated with non-
significant higher HDL-C in comparison with omnivorous diet
(MD 0.16 mmol/L, 95% CI —0.24 to 0.55, p = 0.44). There was high
heterogeneity of effects among these studies (> = 91%, p = 0.001).
In 45 cross-sectional studies (n = 79,019), VD was associated with

significant lower HDL-C in comparison with omnivorous diet (MD
—0.05 mmol/L, 95% CI —0.07 to —0.03, p < 0.0001). There was ev-
idence of high heterogeneity of effects among these studies
(> = 87%, p < 0.00001). The funnel plot did not show asymmetry
(Suppl. Fig. 9).

3.6. Subgroup analyses

In subgroup analyses of cross-sectional studies by year of pub-
lication and risk of bias we found significant lower SBP
(Suppl. Figs. 10 and 11) and DBP (Suppl. Figs. 12 and 13) in VD in
comparison with omnivorous diet, except for cross-sectional
studies published before 2001. Subgroup analysis results showed
significant lower HDL-C in VD in comparison with omnivorous diet,
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Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
3.1.1 RCT

Barnard 2009 -3.9 14.7 49 -2.7 148 50 1.9% -1.20[-7.01, 4.61] e
Ferdowsian 2010 0.61 5.06 68 0.3 201 45 2.4% 0.31[-1.03, 1.65] -T—

Lee 2016 B 11 143 46 -1.4 15.7 47 1.9% 2.50 [-3.60, 8.60] —

Mishra 2013 -4 179 142 -2 146 149 2.2% -2.00[-5.76, 1.76] —
Subtotal (95% CI) 305 291 8.4% 0.09 [-1.12, 1.30] g
Heterogeneity. Tau? = 0.00; Chi? = 2,08, df = 3 (P = 0.56); ¥ = 0%

Test for overall effect: Z = 0.15 (P = 0.88)

3.1.3 Cross-sectional

Acosta Navarro 2017 75.2 8.6 44 839 104 44 2.2% -8.70[-12.69, -4.71] e ———

Appleby 2002 74.4 11 6267 74.2 13 996 2.4% 0.20 [-0.65, 1.05] =

Burr 1981 85.7 122 85 83.8 12 215 2.3% 1.90 [-1.15, 4.95] —p———
Chen 2008 7501 119 99 7876 11.71 99 2.2% -3.75 [-7.04, -0.46] —

Chen 2011 72.02 11.71 173 71.34 10.22 190 2.3% 0.68 [-1.59, 2.95] ——
Chiang 2013 714 11 391 722 118 315 2.4% -0.80 [-2.50, 0.90] e

Chiu 2015 0 0 0 0 0 0 Not estimable

Crowe 2013 79.1 108 230 79.7 93 1316 2.4% -0.60 [-2.08, 0.88] e
Dourado 2011 73.24 1154 29 77.19 8.18 58 2.1% -3.95 [-8.65, 0.75] - a—
Famodu 1998 783 7.5 36 741 6.2 40 2.3% 4.20[1.08, 7.31]

Fu 2006 72 118 35 82 118 35 2.0% -10.00[-15.53, -4.47]

Goff 2005 66.9 8.88 21 701 %891 25 2.0% -3.20[-8.63, 2.23] —
Hung 2008 743 138 71 744 11.7 388 2.2% -0.10[-3.51, 3.31) —_—
Jian 2015 74.4 11 339 748 112 6469 2.4% -0.40 [-1.60, 0.80] —r

Jung 2013 796 118 148 79.1 114 148 2.3% 0.50[-2.14, 3.14) —pe—
Kim 2012a 81.09 12.33 $9 90.38 13.85 48 2.0%  -9.29(-14.31, -4.27]

Kim 2012b 74.3 8.4 45 736 8.6 30 2.2% 0.70 [-3.24, 4.64] s
Kuchta 2016 73 7 21 75 10 21 2.0% -2.00 [-7.22, 3.22) —
Lee 2014 783 105 357 786 118 357 2.4% -0.30[-1.94, 1.34] )

Li 2001 77.7 9.6 61 821 7.9 78 2.3% -4.40 [-7.38, -1.42)

Lin 2001 77 9 20 78 8 20 2.0% -1.00 [-6.28, 4.28]

Lin 2010 77 10 102 733 101 102 2.3% 3.70(0.94, 6.46)

Lu 2000 66.1 9.4 109 703 8.2 107 2.3% -4.20 [-6.55, -1.85] —

Melby 1989 68.6 3.4 219 699 3.7 159 2.4% -1.30[-2.03, -0.57] b

Melby 1993 76.3 1.7 112 673 1.3 91 2.4% 9.00[8.59, 9.41) -
Melby 1994 77.3 1.4 118 785 1.6 44 2.9% -1.20[-1.74, -0.66] -
Nakamoto 2008 68.3 9.9 75 795 121 50 2.2% -11.20(-15.23, -7.17] —

Nieman 19838 82 9.6 14 83 7.5 23 1.9% -1.00 [-6.89, 4.89] —
Ophir 1983 77 9.2 98 876 10.7 98 2.3% -10.60([-13.39, -7.81)

Pauletto 1996 77.6 106 55 705 8.9 61 2.2% 7.10[3.52, 10.68)

Pettersen 2012 73.3 9.5 302 781 9.6 198 2.4% -4.80 [-6.51, -3.09] e=t—=

Pitla 2009 78.3 8.7 26 79.7 7.8 26 2.1% -1.40 [-5.89, 3.09] =
Rodenas 2011 67.1 8.7 14 8§08 7.9 12 1.9% -13.70([-20.08, -7.32] +——m

Sacks 1975 63 10 116 77 8 5209 2.4% -14.00[-15.83, -12.17] ———

Sanders 1987 72.5 7.8 22 665 8.1 22 2.1% £.00[1.30, 10.70]

Shridhar 2014 7663 105 2148 7863 11.2 4407 2.4% -2.00 [-2.55, -1.45) -

Su 2006 711 7.2 57 73 9.4 61 2.3% -1.90[-4.91, 1.11] ——r—
Teixeira 2007 71 10 67 86 13 134 2.2% -15.00[-18.25, -11.75] ———

Whatt 1995 74.9 9 36 82 83 36 2.2% -7.10[-11.10, -3.10]

Yang 2011 71 11 171 79 be] 129 2.3% -8.00[-10.27, -5.73] —_—

Yang 2012 71.26 1031 169 79.23 10 126 2.3%  -7.97[-10.31, -5.63] —_—

Zhang 2013 713 105 170 79.2 10 126 2.3% -7.90[-10.25, -5.55]

Subtotal (95% CI) 12732 22113 91.6% -3.03 [-4.93, -1.13] g
Heterogeneity: Tau? = 35.60; Chi? = 2512.11, df = 40 (P < 0.00001); I* = 98%

Test for overall effect: Z = 3.13 (P = 0.002)

Total (95% CI) 13037 22404 100.0% -2.79 [-4.57, -1.00] -
Heterogeneity. Tau? = 34.16; Chi? = 2516.76, df = 44 (P < 0.00001); I = 98% _io —.5 3 % 150

Test for overall effect: Z = 3.06 (P = 0.002)
Test for subgroup differences: Chi’ = 7.40, df = 1 (P = 0.007), I’ = 86.5%
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Fig. 4. Association between vegetarian diet and diastolic blood pressure.

only in studies with low risk of bias (Suppl. Fig. 14). Heterogeneity
was maintained in subgroup analysis of cross-sectional studies
assessing SBP, DBP, triglyceride levels, and decreased in studies
evaluating fasting glucose, WC and HDL-C. Sub-group analyses
were performed in cross-sectional studies only due to the small
number of included RCTs and cohort studies. Of note, results of sub-
group analysis are likely to be biased because of the high risk of bias
and severe methodological limitations in the cross-sectional
studies.

4. Discussion

Our meta-analysis found that the consumption of VD was not
associated with MetS when compared with consumption of

omnivorous diets. Likewise, meta-analysis of RCTs and cohort
studies indicated that consumption of VD were not associated with
MetS components when compared with consumption of omnivo-
rous diets. However, meta-analyses of cross-sectional studies
showed that the consumption of VD was associated with significant
lower levels of systolic and diastolic blood pressure, fasting glucose,
WC, and HDL-C. Results showed no significant effects of VD on
triglycerides. Heterogeneity of effects among studies was high, and
was maintained in most of the subgroup analysis performed.
Furthermore, most of the data synthesized in our systematic review
are sourced from cross-sectional studies, of which one-half of the
studies reported high risk of bias.

Although, a meta-analysis on the efficacy of VD in MetS com-
ponents has been published, to our knowledge, our meta-analysis is
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Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 RCT

Barnard 2009 03 4.2 49 0.8 3.9 50 0.3% -0.50[-2.10, 1.10]

Lee 2016 B -0.73 3.6 46 0 28 47 0.4% -0.73[-2.04, 0.58) —
Sciarrone 1993 002 14 10 055 1.3 10 0.5% -0.53[-1.71, 0.65]

Subtotal (95% CI) 105 107 1.3% -0.59 [-1.36, 0.18] G T
Heterogeneity: Tau? = 0.00; Chi? = 0.07, df = 2 (P = 0.97); I* = 0%

Test for overall effect: Z = 1.51 (P = 0.13)

4.1.3 Cross-sectional

Acosta Navarro 2017 53 04 44 5.7 07 44 3.7% -0.40[-0.64, -0.16] ——
Chen 2008 49 06 99 5 098 99 3.9% -0.10[-0.31, 0.11]) -
Chen 2011 4.7 05 173 48 05 190 4.7% -0.10[-0.20, 0.00] -
Chiang 2013 49 09 391 5.1 0.97 315 4.5% -0.20[-0.34, -0.06] -
Chiu 2015 5.54 1238 8183 5.66 1.48 40915 5.0% -0.12 [-0.15, -0.09] -
Choi 2015 56 09 615 53 Ll 615 4.6% 0.30[0.19, 0.41) -
Famodu 1998 52 04 36 55 086 40 3.8% -0.30[-0.53, -0.07] ———

Fu 2006 49 03 35 52 06 35 3.9% -0.30[-0.52, -0.08] ——
Goff 2005 3.9 04 21 42 35 25 0.4% -0.30[-1.68, 1.08]

Hung 2006 47 03 49 4.9 0.35 49 4.5% -0.20[-0.33, -0.07] =
Hung 2008 6 1.7 71 5.7 99 388 0.6%  0.30[-0.76, 1.36] —
Jian 2015 53 2.9 339 52 15 6469 3.2% 0.10 [-0.21, 0.41) —p—
Kim 2012a 49 06 59 5.7 162 48 2.1% -0.80([-1.28, -0.32]

Kim 2012b 532 04 45 56 04 30 4.1% -0.30[-0.48, -0.12] ——

Lee 2014 5.1 101 357 5.1 08 357 4.5%  0.00[-0.13, 0.13) B
Lee 2016 A 73 09 54 7.7 21 100 2.1% -0.40 [-0.88, 0.08] —
Lin 2001 48 04 20 54 038 20 2.6% -0.60[-0.99, -0.21) —_—

Lin 2010 4.2 1.6 102 49 1.2 102 2.6% -0.70[-1.09, -0.31) —_—
Melby 1994 5.4 2.02 119 5.6 3.3 44 0.7% -0.20[-1.24, 0.84) —
Nieman 1989 465 0.4 23 518 04 14 3.5% -0.53[-0.80, -0.26] ——

Pan 1993 41 06 55 44 03 59 4.2% -0.30[-0.48, -0.12) e
Sambol 2009 48 0.7 S0 48 06 S0 3.6% 0.00 [-0.26, 0.26) L
Shridhar 2014 54 15 2148 5.26 14 4407 4.8% 0.14 [0.06, 0.22] =
Su 2006 S 05 57 52 05 61 4.2% -0.20[-0.38, -0.02] e
Teixeira 2007 45 06 67 6 2.1 134 2.7% -1.50[-1.88, -1.12] ——

Vinagre 2013 3.8 09 21 46 03 29 2.6% -0.80([-1.20, -0.40) =

Yang 2011 4.72 068 171 5.03 058 129 4.4% -0.31[-0.45, -0.17] -
Yang 2012 46 0.9 169 5.06 0.7 126 4.2% -0.46[-0.64, -0.28] —_—
Zhang 2013 49 2.1 170 5.06 0.7 126 3.0% -0.16[-0.50, 0.18] —1
Subtotal (95% CI) 13743 55020 98.7% =-0.26 [-0.35, -0.17] &
Heterogeneity: Tau® = 0.04; Chi® = 240.45, df = 28 (P < 0.00001); I* = 88%

Test for overall effect: Z = 5.52 (P < 0.00001)

Total (95% CI) 13848 55127 100.0% -0.26 [-0.36, -0.17] 4
Heterogeneity: Tau? = 0.04; Chi? = 241.98, df = 31 (P < 0.00001); I = 87% _42 —:1 ) i t

Test for overall effect: Z = 5.66 (P < 0.00001)
Test for subgroup differences: ChiZ = 0.70, df = 1 (P = 0.40), I* = 0%

Favours Vegetarian diet Favours Omnivore diet

Fig. 5. Association between vegetarian diet and fasting glucose.

a first-of-its-kind that evaluates the effect of VD on the risk of MetS.
A previous meta-analysis [90] of RCTs and observational studies
suggested evidence of an association between VD (lacto-ovo-
vegetarian diet, vegan diet or semi-vegetarian diet) and lower
levels of SBP and DBP. Findings from our study corroborate these
earlier study results. However, contrary to our results, the earlier
meta-analysis did not show an association between VD and lower
levels of fasting glucose. Likewise, the meta-analysis of Yokoyama
et al. [91] suggests no association between VD (lacto-ovo-vege-
tarian diet and vegan diet) and the fasting glucose (—0.36 mmol/L;
95% Cl, —1.04 to 0.32; P=0.301; I> = 0; P for heterogeneity = 0.710).
The meta-analysis of Yokoyama et al. [91] suggests no association
between VD and HDL-C and triglyceride blood levels. Similarly,
Zhang et al. [92] showed no effects of VD on levels of HDL-C in a
meta-analysis of observational studies, and Wang et al. [93],
showed non-significant effect of VD on triglycerides, but a signifi-
cant lowering effect on the concentrations of blood HDL-C in adults
diagnosed with dyslipidemia. Differences in the study eligibility
criteria in earlier meta-analyses and our meta-analysis may ac-
count for the discordance in these results. An item of differentiation
from earlier studies is the evaluation of an association between VD
and WC in our study.

2

The results of our study showed that only meta-analyses of
cross-sectional studies had a significant association between the
consumption of VD and lower levels of MetS components, with an
exception of blood triglycerides. In this context, a review of studies
assessing the effects of different type of diets in MetS biomarkers
showed that plant-based diets, including vegan diets and ovo-lacto
vegetarian, are associated with a reduced risk of MetS, except for its
effect on HDL-C and, in some cases, triglycerides blood levels [94]. A
few studies measuring the effects of vegetarian diets on MetS re-
ported higher levels of triglycerides in the vegetarian population;
findings from these studies highlight the need for caution with
regards to the intake of fructose and other simple carbohydrates
[84,94]. Results show that VD is associated with a significant
decrease in HDL-C. The decrease in HDL-C levels does not
contribute to the beneficial effect of these diets on health and, in
the long term, it may harm cardiovascular health [95]. Therefore, an
appropriate dietary counseling and management is needed for
vegetarian individuals to avoid a decrease of HDL-C, a potential
increase of serum triglyceride levels, and for the benefit of VD in all
aspects of the metabolic profile.

Our meta-analysis showed a non-significant association be-
tween VD and MetS. Only cross-sectional studies evaluating an
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Vegetarian diet Omnivore diet Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Rand 95% CI
S.L1RCT
Barnard 2009 -0.8 149 49 -0.85 2.75 50 1.0%  0.05[-0.82, 0.92) —
Burke 2007 -0.17 101 45 -0.16 0.95 48 1.8% -0.01[-0.41, 0.39]  —
Ferdowsian 2010 0.2 166 68 0.15 i 45 1.6% 0.05 [-0.44, 0.54] —_—p—
Lee 2016 B 0.15 4.8 46 -0.15 1.43 47 0.5% 0.30[-1.15, 1.75]
Mishra 2013 0.16 135 142 -0.03 1.19 149 1.9% 0.19[-0.10, 0.48) ==
Subtotal (95% CI) 350 339  6.9%  0.11[-0.10,0.31) <

Heterogeneity. Tau? = 0.00; ChiZ = 0.78, df = 4 (P = 0.94); I* = 0%
Test for overall effect: Z = 1.03 (P = 0.30)

5.1.2 Cohort

Brestrich 1996 -0.1 196 151 -0.17 2.11 151 1.7%
Nduka 2011 0.23 0.65 25 0.17 0.66 25 1.8%
Subtotal (95% CI) 176 176 3.5%

Heterogeneity: Tau? = 0.00; Chi2 = 0.00, df = 1 (P = 0.97); I = 0%
Test for overall effect: Z = 0.44 (P = 0.66)

5.1.3 Cross-sectional

Acosta Navarro 2017 127 08 44 162 07 44 1.9%
Chen 2008 108 0.74 99 116 0.89 99 2.0%
Chen 2011 109 058 173 0.96 0.49 190 2.1%
Chiang 2013 122 077 391 1.2 0.68 315 2.1%
Chiu 2015 137 09 8183 135 1 40915 2.2%
Choi 2015 15 101 615 14 08 615 2.1%
De Biase 2007 0.94 0.69 54 178 135 22 1.4%
Dourado 2011 1.7 0.98 29 131 04 58 18%
Faber 1986 164 037 33 164 051 22 2.0%
Famodu 1998 113 0.16 36 14 01 40 2.2%
Fu 2006 071 04 35 105 06 35 2.0%
Goff 2005 083 051 21 1.2 035 25 2.0%
Hoffmann 2001 197 156 111 2.22 2.57 263 1.7%
Jung 2013 16 105 148 159 0.86 148 2.0%
Kim 2012a 163 08 59 179 1.07 48 1.8%
Kim 2012b 149 09 45 125 06 30 1.9%
Krajcovicova - Kudlackova 1996 0.94 029 8l 166 0.64 62 2.1%
Kwok 1999 16 14 70 1.7 11 90 1.8%
Lee 2000 113 053 60 1.05 0.58 133 2.1%
Lee 2014 154 096 357 145 0.96 357 2.1%
Lee 2016 A 16 13 54 14 14 100 1.7%
Li 2001 117 063 61 132 06 78 2.0%
Liebman 1983 0.89 061 36 111 066 18 1.8%
Lin 2001 896 0.37 20 113 0.58 20 1.9%
Lin 2010 14 0.89 102 118 0.79 102 2.0%
Lu 2000 0.82 041 109 105 0.57 53 2.1%
Melby 1994 119 078 119 15 0.66 44 2.0%
Nakamoto 2008 1.07 057 75 2.2 117 50 1.8%
Nieman 1989 143 0.16 23 133 0.16 14 2.1%
Pan 1993 0.65 0.26 55 066 0.25 59 2.1%
Patil 2015 072 0.14 75 062 0.11 75 2.2%
Pauletto 1996 118 06 55 0.9 0.46 61 2.1%
Pitla 2009 15 07 26 12 04 26 1.9%
Richter 1999 1.07 056 46 14 07 49 2.0%
Sacks 1975 0.67 0.33 116 0.97 0.53 5209 2.2%
Sambol 2009 093 04 50 128 06 50 2.0%
Shridhar 2014 142 0.8 2148 15 08 4407 2.2%
Su 2006 14 07 57 13 06 61 2.0%
Supawan 1992 0.74 0.36 132 0.82 0.42 68 2.1%
Teixeira 2007 1.28 0.89 67 176 143 134 1.9%
Yinagre 2013 0.9 04 21 1 04 29 2.0%
Yadav 2013 125 055 1096 129 053 431 2.2%
Yang 2011 113 068 171 138 0.87 129 2.1%
Yang 2012 1.2 0.89 169 154 149 126 1.9%
Zhang 2012 1.2 0.89 170 154 15 126 1.9%
Subtotal (95% CI) 15697 55036 89.6%

Heterogeneity: Tau? = 0.19; Chi’ = 3036.20, df = 44 (P < 0.00001); I* = 99%
Test for overall effect: Z = 0.66 (P = 0.51)

Total (95% CI) 16223 55551 100.0%
Heterogeneity. Tau? = 0.18; Chi? = 3038.63, df = 51 (P < 0.00001); I? = 98%

Test for overall effect: Z = 0.76 (P = 0.44)

Test for subgroup differences: Chi? = 0.26, df = 2 (P = 0.88), I = 0%

0.07 [-0.39, 0.53) T
0.06 [-0.30, 0.42] S
0.06 [-0.22, 0.35] -

-0.35 [-0.66, -0.04) R

-0.08 [-0.31, 0.15)] e
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0.22 [-0.01, 0.45) ——
-0.23 [-0.40, -0.06) ——
-0.31[-0.55, -0.07) _
-1.13 [-1.48, -0.78) —_—
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-0.33 [-0.58, -0.08] S
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-0.35 [-0.55, -0.15) —_
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0.10 (-0.14, 0.34) —t—
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-0.34 [-0.63, -0.05) —_
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Fig. 6. Association between vegetarian diet and triglycerides.

association between these two variables were found. Few cross
sectional studies suggest that VD are associated with a lower
risk of MetS when compared with an omnivorous diet [11,13],
while few other studies have suggested the opposite effect
[16,81]. One plausible reason for these discrepant findings may
be the usage of different diagnostic criteria for MetS (ATP III

and IDF). Two previous studies [16,81] have used the ATP III,
which includes different criteria for WC from the Regional Of-
fice for the Western Pacific Region of the World Health Orga-
nization (WPRO). The study of Kim and Bae [73] defined MetS
according to the ATP III criteria, but applied the Korean guide-
line for WC. In contrast, the study of Hung et al. [64]| was based
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Vegetarian diet Omnivore diet

Mean Difference

Mean Difference

1129

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
6.1.1 RCT

Barnard 2009 -4.2 266 49 -1.8 21.2 S50 1.5% -2.40([-11.89, 7.09]

Ferdowsian 2010 0.33 2.74 68 058 3.89 45 6.9%  -0.25[-1.56, 1.086] T

Lee 2016 8 -3.1 145 46 -0.8 109 47 3.4%  -2.30[-7.52, 2.92]

Subtotal (95% CI) 163 142 11.9% -0.41 [-1.67, 0.85] -t
Heterogeneity: Tau? = 0.00; Chi® = 0.73, df = 2 (P = 0.69);, > = 0%

Test for overall effect: Z = 0.63 (P = 0.53)

6.1.3 Cross-sectional

Bedford 2005 80.1 8.2 106 85.8 6 1711 6.7% =5.70[-7.29, -4.11) —

Chiang 2013 729 69 391 753 76 315 7.0% -2.40[-3.48, -1.32) ——

Chiu 2015 75.5 96 8183 77.1 10 40915 6.2%  -1.60[-3.68, 0.48] o

Choi 2015 795 10.7 615 79.1 116 615 6.9% 0.40 [-0.85, 1.65] B
Hung 2006 642 4.9 49 669 4.7 49 6.4% -2.70[-4.60, -0.80]

Hung 2008 76 9 71 806 97 388 6.0% -4.60[-6.91, -2.29)

Jian 2015 784 10.2 339 79.7 114 6469 7.0% -1.30[-2.42, -0.18) ——

Jung 2013 87.5 8.5 148 85 8.2 148 6.4% 2.50[0.60, 4.40]

Lee 2014 88.4 16 357 844 139 357 6.1% 4.00 [1.80, 6.20])

Lee 2016 A 88 99 54 881 11.7 100 4.9% -0.10 [-3.60, 3.40] —_—
Melby 1989 811 12.4 219 89 14.8 159 5.5% -7.90[-10.73, -5.07]

Melby 1993 85.2 118 112 91.1 12.9 91 4.9% -5.90[-9.34, -2.46]

Melby 1994 86.6 13.9 119 8394 133 44 3.9% -2.80[-7.46, 1.86] —
Pitla 2008 86.8 8.4 26 841 97 26 2.7% 2.70[-2.23, 7.63] —

Yang 2011 81.7 106 171 807 6.9 129 6.3% 1.00 [-0.99, 2.99] e
Subtotal (95% CI) 10960 51516 88.1% -1.63[-3.13,-0.13] I
Heterogeneity. Tau? = 7.18; Chi? = 123.90, df = 14 (P < 0.00001); * = 89%

Test for overall effect: Z = 2.13 (P = 0.03)

Total (95% CI 11123 S1658 100.0% -1.57 [-2.90, -0.24] <<
Heterogeneity: Tau? = 6.22; Chi® = 127.23, df = 17 (P < 0.00001); * = 87% -iO -.5 ) fl; 1%0

Test for overall effect: Z = 2.32 (P = 0.02)
Test for subgroup differences: Chi? = 1.51, df = 1 (P = 0.22), I? = 33.6%

Favours Vegetarian diet Favours Omnivore diet

Fig. 7. Association between vegetarian diet and waist circumference.

on the values recommended by the IDF for diagnosing MetS.
The study of Chiang et al. [13] used definitions based on both
the IDF criteria and the ATP Il modified for Asians. The use of
different diagnostic criteria for MetS and the low methodolog-
ical quality of studies are limitations that should be taken into
account when interpreting the results of the association be-
tween VD and MetS.

It is important to note that the results favor an improvement
in MetS components independently, whereas, in studies
measuring all the components of MetS together, there is no dif-
ference between the two diets. Data from different pools of
studies in the Mets variable versus Mets components may
partially account for this discrepancy. Also, recent recommen-
dations from literature reviews suggest inclusion of more bio-
markers in the diagnosis of MetS [94,96]. These recomme-
ndations should be taken into account when interpreting the
results.

This is study has several limitations. First, most of the included
studies have a cross-sectional design, thus causality between VD
and MetS or its components cannot be concluded. In our study,
associations between VD and reductions in MetS components
were only observed in the meta-analyses of cross-sectional
studies. Because of the low quality of evidence and the method-
ological limitations that characterizes cross-sectional studies,
these results should be considered with caution. Second, most of
the cross-sectional studies did not adjust their effects for possible
cofounders, and therefore there is an increased risk of bias in
cross-sectional studies. This is the main limitation in our study.
Third, heterogeneity among studies was high, regardless of the
study design and subgroup analyses. Possible reasons for hetero-
geneity include heterogeneous geographical populations, sample
size, composition of VD, and health status of participants, among

others. Fourth, time of adherence to the diet was not taken into
account in the present study, as this information was reported
inconsistently throughout studies. Fifth, we could not perform
subgroup analysis by type of VD to explore the effect of different
type of VD in MetS and its components, due to lack of homogeneity
among outcomes. Sixth, composition of VD is unknown in some
studies or varies among studies due to the inclusion of datasets
from United States, Europe, and various Asian countries, and
therefore there is variability in the intervention. Moreover, half of
the included studies have high risk of bias; therefore, the quality of
evidence is low. Finally, the number of RCTs and cohort studies
included for meta-analysis was low. Only one meta-analysis was
carried out with four studies, while the others included two or
three studies.

In conclusion, VD were not associated with a lower presenta-
tion of MetS in comparison to omnivorous diets, based on the
meta-analysis of cross-sectional studies. VD were associated with
lower levels of SBP, DBP, HDL-C, and fasting glucose in meta-
analysis of cross-sectional studies; however, these results are not
conclusive due to high heterogeneity and severe methodological
limitations found in the included studies. Given most of the
studies are cross sectional, large prospective and controlled
studies are needed to assess the association between VD and MetS
and its components. Moreover, future prospective studies should
adjust their results by important cofounders and time of adher-
ence to the diets.
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Omnivore diet

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% CI
7.1.1 RCT

Barnard 2009 -0.03 069 49 -003 0.53 50 0.6%  0.00([-0.24, 0.24]

Ferdowsian 2010 0.05 0.04 68 034 228 45 0.1% -0.29[-0.96, 0.38) *

Lee 2016 B 0.05 052 46 002 049 47 08%  0.03[-0.18, 0.24] e
Mishra 2013 -0.1 077 142 0.02 037 149 1.4% -0.12 [-0.26, 0.02] -
Subtotal (95% CI) 305 291 3.0% -0.06 [-0.17, 0.04] R
Heterogeneity: Tau? = 0.00; Chi® = 2.13, df = 3 (P = 0.55); I = 0%

Test for overall effect: Z = 1.23 (P = 0.22)

7.1.2 Cohort

Brestrich 1996 -0.08 0.32 151 -0.05 0.32 151 2.6% -0.03 [-0.10, 0.04) S
Nduka 2011 0.15 0.14 25 -0.22 0.56 25 0.7% 0.37 [0.14, 0.60] ——
Subtotal (95% CI) 176 176 3.3% 0.16 [-0.24, 0.55] | e R R——
Heterogeneity: Tau? = 0.07; Chi? = 10.90, df = 1 (P = 0.0010); * = 91%

Test for overall effect: Z = 0.78 (P = 0.44)

7.1.3 Cross-sectional

Acosta Navarro 2017 123 0.2 44 117 03 44 1.9% 0.06 [-0.05, 0.17] e ]
Bradbury 2014 1.32 033 1270 135 0.29 680 3.4% -0.03 [-0.06, -0.00]) -

Burr 1981 133 034 65 131 0.37 215 2.1% 0.02 [-0.08, 0.12] e
Chen 2008 146 039 99 144 0.37 9% 1.9% 0.02[-0.09, 0.13) —p—
Chen 2011 1.44 034 173 16 038 190 2.5% -0.16 [-0.23, -0.09] ——

Chiang 2013 143 0.35 391 153 0.39 215 2.9% -0.10[-0.16, -0.04] ——

Chiu 2015 1.33 037 8183 1.4 0.4 40915 3.6% -0.07 [-0.08, -0.06] ¥

Choi 2015 14 04 615 15 04 615 3.1% -0.10[-0.14, -0.06) -

Crowe 2013 129 038 230 134 038 1316 3.0% -0.05[-0.10, 0.00] =i

De Biase 2007 145 0.37 54 145 0.47 22 0.8% 0.00 [-0.22, 0.22] —_—
Dourado 2011 1.15 0.32 29 104 0.19 58 1.6%  0.11[-0.02, 0.24] 1

Faber 1986 157 038 33 163 04 22 0.8% -0.06[-0.27, 0.15] —
Fu 2006 129 0.92 35 127 067 35 0.3% 0.02 [-0.36, 0.40)

Goff 2005 1.22 025 21 132 041 25 0.9% -0.10[-0.29, 0.09]) —
Hoffmann 2001 166 0.85 111 156 0.31 269 1.2% 0.10 [-0.06, 0.26]) —

Hung 2008 1.4 036 71 144 04 388 2.2% -0.04[-0.13, 0.05) —

Jian 2015 1.4 0.4 339 1.4 04 6469 3.1% 0.00 [-0.04, 0.04) -

Jung 2013 1.31 033 148 154 04 148 2.3% -0.23 [-0.31, -0.15) —

Kim 2012a 1.14 0.3 59 1.14 033 48 1.7% 0.00 [-0.12, 0.12] B
Kim 2012b 123 024 45 1.3 0.26 30 1.8% -0.07[-0.19, 0.05] —
Krajcovicova - Kudlackova 1996 1.34 031 81 136 0.25 52 2.1% -0.02 [-0.12, 0.08] ——
Kuchta 2016 12 0.2 21 13 0.2 21 1.7% -0.10[-0.22, 0.02] e S

Lee 2000 1.2 025 60 132 031 133 2.4% -0.12 [-0.20, -0.04) ——

Lee 2014 137 036 357 146 037 357 2.9% =0.09 [-0.14, -0.04) _—

Lee 2016 A 13 12 54 14 03 100 0.4% -0.10[-0.43, 0.23] —
Li2001 1.01 o0.22 61 1.09 0.26 78 2.4% -0.08 [-0.16, -0.00] —
Liebman 1983 1.11 0.23 36 116 021 18 1.7% -0.05[-0.17, 0.07] ——

Lin 2001 124 021 20 119 0.44 20 0.8%  0.05[-0.16, 0.26) —

Lu 2000 122 032 109 1.27 0.36 107 2.2% -0.05[-0.14, 0.04] —r=
Melby 1994 1.2 078 119 1.3 0.67 44 0.6% -0.10[-0.34, 0.14] —
Nieman 1989 1.62 0.08 23 176 0.09 14 2.9% -0.14 [-0.20, -0.08) —

Patil 2015 1.01 021 5 1 031 75 2.3% 0.01[-0.07, 0.09] -1
Pitla 2009 1 0.2 26 1 01 26 2.3% 0.00 [-0.09, 0.09]) b
Richter 1999 137 0.29 46 131 031 49 1.7% 0.06 [-0.06, 0.18]) e —
Sambol 2009 127 0.6 50 115 05 50 0.8% 0.12 [-0.10, 0.34] —
Shridhar 2014 1.17 0.2 2148 115 0.2 4407 3.6% 0.02 [0.01, 0.03] o

Su 2006 1.5 0.3 57 1.7 04 61 1.6% -0.20 [-0.33, -0.07)

Supawan 1992 135 04 132 153 04 68 1.7% -0.18 [-0.30, -0.06)

Teixeira 2007 1.17 026 67 118 0.31 134 2.4% -0.01[-0.09, 0.07] —ye—
Thorogood 1987 151 1.14 2079 1.5 125 1188 2.3% 0.01[-0.08, 0.10] e
Yinagre 2013 1 02 21 1.1 03 29 1.4% -0.10[-0.24, 0.04] =
Yadav 2013 1.18 034 109 114 0.17 431 3.4% 0.04 [0.01, 0.07] Bl
Yang 2011 1.12 0.18 171 123 0.22 129 3.1% -0.11[-0.16, -0.06) -

Yang 2012 1.13 021 169 123 0.22 126 3.0% -0.10[-0.15, -0.05] ——

Zhang 2013 1.13 021 170 123 0.22 126 3.0% -0.10[-0.15, -0.05] —
Subtotal (95% CI) 19263 59756 93.7% -0.05 [-0.07, -0.03] ¢
Heterogeneity. Tau? = 0.00; Chi? = 332,12, df = 44 (P < 0.00001); I* = 87%

Test for overall effect: Z = 4.55 (P < 0.00001)

Total (95% C 19744 60223 100.0% =-0.05 [-0.07, -0.03) ¢
Heterogeneity: Tau? = 0.00; Chi? = 346.92, df = 50 (P < 0.00001); I* = 86% T ) obs ol

Test for overall effect: Z = 4.37 (P < 0.0001)

Test for subgroup differences: Chi® = 1.13,

df =2 (P =057), 1> = 0%

Favours Omnivore diet Favours Vegetarian diet

Fig. 8. Association between vegetarian diet and HDL-cholesterol.

selection, data extraction and risk of bias assessment; all au-
thors conducted the statistical analyses; MCP, JAL and JMR
contributed in the drafting of manuscript; all authors took part
in the writing and final review of the manuscript; and AVH led
study supervision.

Conflicts of interest

The authors have no conflicts of interest to disclose.

Funding sources

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Acknowledgments

We thank Dr. Krithiga Shridhar for sharing her data from the
study “The Association between a Vegetarian Diet and Cardiovas-
cular Disease Risk Factors in India: The Indian Migration Study.”



M.C. Picasso et al. / Clinical Nutrition 38 (2019) 1117—1132

Appendix A. Supplementary data

Supplementary data related to this article can be found at

https://doi.org/10.1016/j.cInu.2018.05.021.

References

(1]
[2

[3

[4

[5

(6]

[7]
(8]

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Kassi E, Pervanidou P, Kaltsas G, Chrousos G. Metabolic syndrome: definitions
and controversies. BMC Med 2011;9:48.

Misra A, Khurana L. Obesity and the metabolic syndrome in developing
countries. J Clin Endocrinol Metab 2008;93(11):9—-30.

Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman ]I, Donato KA, et al.
Harmonizing the metabolic syndrome: a joint interim statement of the In-
ternational Diabetes Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International
Association for the Study of Obesity. Circulation 2009;120:1640—5.

Kim M, Hwang S, Park E, Bae ]. Strict vegetarian diet improves the risk factors
associated with metabolic diseases by modulating gut microbiota and
reducing intestinal inflammation. Environ Microbiol Rep 2013;5:765—75.
Yokoyama Y, Nishimura K, Barnard ND, Takegami M, Watanabe M,
Sekikawa A, et al. Vegetarian diets and blood pressure. JAMA Intern Med
2014;174(4):577—87.

Turner-McGrievy G, Harris M. Key elements of plant-based diets associated
with reduced risk of metabolic syndrome. Curr Diab Rep 2014;14(524):1-9.
Bar S. Vegetarian diet. World Rev Nutr Diet 2015;111:53—7.
Turner-McGrievy G, Barnard ND, Scialli AR. A two-year randomized weight
loss trial comparing a vegan diet to a more moderate low-fat diet. Obesity
2007;15:2276-81.

Barnard ND, Cohen ], Jenkins D, Mc-Grievy G, Gloede L, Jaster B, et al. A low-fat
vegan diet improves glycemic control and cardiovascular risk factors in a
randomized clinical trial in individuals with type 2 diabetes. Diabetes Care
2006;29(8):1777—83.

Jenkins D, Kendall WC, Faulkner D, Nguyen T, Kemp T, Marchie A, et al.
Assessment of the longer-term effects of a dietary portfolio of cholesterol-
lowering foods in hypercholesterolemia. Am ] Clin Nutr 2006;83:582—91.
Rizzo NS, Sabaté ], Jaceldo-Siegl K, Fraser GE. Vegetarian dietary patterns are
associated with a lower risk of metabolic syndrome the Adventist Health
Study 2. Diabetes Care 2011;34(5):1225—7.

Appleby PN, Davey GK, Key TJ. Hypertension and blood pressure among meat
eaters, fish eaters, vegetarians and vegans in EPIC-Oxford. Public Health Nutr
2002;5(05):645—54.

Chiang ], Lin Y, Chen C, Ouyang C, Wu Y, Chi Y, et al. Reduced risk for meta-
bolic syndrome and insulin resistance associated with ovo-lacto-vegetarian
behavior in female Buddhists: a case—control study. PLoS One 2013;8(8):
e71799.

Mishra S, Xu ], Agarwal U, Gonzales ], Levin S, Barnard ND. A multicenter
randomized controlled trial of a plant-based nutrition program to reduce
body weight and cardiovascular risk in the corporate setting: the GEICO study.
Eur J Clin Nutr 2013 Jul;67(7):718—24.

Yang S-Y, Li X-J, Zhang W, Liu C-Q, Zhang H-J, Lin J-R, et al. Chinese lacto-
vegetarian diet exerts favorable effects on metabolic parameters, intima-
media thickness, and cardiovascular risks in healthy men. Nutr Clin Pract
2012;27(3):392-8.

Jung JG, Kang HW, Hahn S], Kim JH, Lee JK, Lim Y], et al. Vegetarianism as a
protective factor for reflux esophagitis: a retrospective, cross-sectional study
between Buddhist priests and general population. Dig Dis Sci 2013;58:
2244-52.

Moher D, Liberati A, Tetzlaff J, Altman DG, for the PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ 2009;339:b2535. https://doi.org/10.1136/bmj.b2535.

Higgins JP, Altman DG, Getzsche PC, Jiini P, Moher D, Oxman AD, et al. The
Cochrane Collaboration's tool for assessing risk of bias in randomised trials.
BM] 2011;343:d5928.

Wells GA, Shea B, O'Connell D, Peterson ], Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analysis. Ottawa Hospital Research Institute; 2008. http://
www.ohri.ca/programs/clinical_epidemiology/oxford.asp.

NIH [Internet]. Quality assessment tool for observational cohort and cross-
sectional studies. 2014 [Updated in March 2014; cited in April 2016]. Avail-
able in: http://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/
cardiovascular-risk-reduction/tools/cohort.

DerSimonian R, Kacker R. Random-effects model for meta-analysis of clinical
trials: an update. Contemp Clin Trials 2007;28:105—14.

Higgins JPT, Green S, editors. Cochrane handbook for systematic reviews of
interventions. The Cochrane collaboration; 2011. Available from: www.
handbook.cochrane.org. Version 5.1.0 [updated March 2011].

Pudar S, Djulbegovic B, Hozo I. Estimating the mean and variance from the
median, range and the size a simple. BMC Med Res Meth 2005;5:13.
Sciarrone SE, Strahan MT, Beilin L], Burke V, Rogers P, Rouse IR. Ambulatory
blood pressure and heart rate responses to vegetarian meals. ] Hypertens
1993;11:277-85.

[25]

[26]

[27]

[28]

[29]

[30]
[31]
[32]
[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

1131

Burke LE, Hudson AG, Warziski MT, Styn MA, Music E, Elci OU, et al. Effects of
a vegetarian diet and treatment preference on biochemical and dietary vari-
ables in overweight and obese adults: a randomized clinical trial. Am ] Clin
Nutr 2007;86:588—96.

Barnard ND, Cohen ], Jenkins D, Turner-McGrievy G, Gloede L, Green A, et al.
A low-fat vegan diet and a conventional diabetes diet in the treatment of type
2 diabetes: a randomized, controlled, 74-wk clinical trial. Am ] Clin Nutr
2009;89(Suppl.):15885—96S.

Ferdowsian HR, Barnard ND, Hoover V], Katcher HI, Levin SM, Green AA, et al.
A multicomponent intervention reduces body weight and cardiovascular risk
at a GEICO corporate site. Am ] Health Promot 2010;24(6):384—7.

Lee YM, Kim SA, Lee IK, Kim ]G, Park KG, Jeong ]JY, et al. Effect of a brown rice
based vegan diet and conventional diabetic diet on glycemic control of pa-
tients with type 2 diabetes: a 12-week randomized clinical trial. PLoS One
2016;11(6).

Brestrich M, Claus J, Bliimchen G. Lactovegetarian diet: influence on weight,
lipids, fibrinogen and lipoprotein (a) of heart-patients in the course of their
clinical rehabilitation. Z Kardiol 1996;85:418—27.

Nduka AG, Opeyemi AL, Adewale OA, Lucky EO. Lipid profile and oxidate
stress status in vegetarians. Pak ] Med Sci 2011;27(2):409—13.

Sacks FM, Catelli WP, Donner A, Kass Edward. Plasma lipids and lipoproteins
in vegetarians and control. N Engl ] Med 1975;292:1148—-51.

Burr ML, Bates CJ, Fehily AM, Leger AS. Plasma cholesterol and blood pressure
in vegetarians. ] Hum Nutr 1981;35:437—41.

Liebman M, Bazzarre TL. Plasma lipids of vegetarian and nonvegetarian males:
effects of egg consumption. Am J Clin Nutr 1983;38:612—-9.

Ophir O, Peer G, Gilad J, Blum M, Aviram A. Low blood pressure in vegetarians:
the possible role of potassium. Am | Clin Nutr 1983;37:755—62.

Faber M, Gouws E, Benadé AJ, Labadarios D. Anthropometric measurements,
dietary intake and biochemical data of South African lacto-ovovegetarians.
S Afr Med ] 1986:733-8.

Sanders TAB, Key TJA. Blood pressure, plasma renin activity and aldosterone
concentrations in vegans and omnivore controls. Hum Nutr Appl Nutr
1987;41(3):204—11.

Thorogood M, Carter R, Bemfield L, McPherson K, Mann JI. Plasma lipids and
lipoprotein cholesterol concentrations in people with different diets in Britain.
Br Med ] 1987;295:351—3.

Nieman DC, Underwood BC, Sherman KM, Arabatzis K, Barbosa JC, Johnson M,
et al. Dietary status of Seventh-Day Adventist vegetarian and non-vegetarian
elderly women. ] Am Diet Assoc 1989:1763—9.

Melby CL, Goldlies DG, Hyner GC, Lyle RM. Relation between vegetarian/
nonVD and blood pressure in black and white adults. AJPH (Am ] Public
Health) September 1989;79(9).

Supawan V, pongpaew P, Tungtrongchitr R, Tawprasert S, Changbumrung S,
Migasena P, et al. Lipid profile, anthropometry and dietary intake of 132 Thai
vegetarians. Int ] Vitam Nutr Res 1992;62:324-9.

Melby CL, Goldflies DG, Toohey ML. Blood pressure differences in older black
and white long-term vegetarians and nonvegetarians. J] Am Coll Nutr
1993;12(3):262—9.

Pan WH, Chin (J, Sheu CT, Lee MH. Hemostatic factors and blood lipids in
young Buddhist vegetarians and omnivores. Am ] Clin Nutr 1993;58:354—9.

Melby CL, Toohey ML, Cebrick ]. Blood pressure and blood lipids among
vegetarian semivegetarian and nonvegetarian African Americans. Am ] Clin
Nutr 1994;59:103—9.

Wyatt CJ, Veldzquez C, Grijalva I, Valencia ME. Dietary intake of sodium, po-
tassium and blood pressure in lacto-ovo-vegetarians. Nutr Res 1995;15(6):
819-30.

Krajcovicova-Kudlackova M, Simoncic R, Bederova A, Klvanova ], Brtkova A,
Grancicova E. Lipids and antioxidant blood levels in vegetarians. Nahrung
1996;40(1):17—-20.

Pauletto P, Pauto M, Angeli MT, Pessina AC, Munambo A, Bittolo-Bon G, et al.
Blood pressure, serum lipids, and fatty acids in populations on a lake fish diet
or on a vegetarian diet in Tanzania. Lipids 1996;31:309—12.

Ball D, Maughan RJ. Blood and urine acid—base status of premenopausal
omnivores and vegetarian women. Br ] Nutr 1997;78:683—93.

Famodu AA, Osilesis O, Makinde YO, Osonuga OA. Blood pressure and blood
lipid levels among vegetarian, semi-vegetarian, and non-vegetarian native
Africans. Clin Biochem 1998;31:545-9.

Richter V, Purschwitz K, Bohusch A, Seim H, Weisbrich C, Reuter W, et al.
Lipoproteins and other clinical-chemistry parameters under the conditions of
lacto-ovo-vegetarian nutrition. Nutr Res 1999;19(4):545—54.

Kwok T, Woo ], Ho S, Sham A. Vegetarianism and ischemic heart disease in
older Chinese women. ] Am Coll Nutr 2000;19(5):622—7.

Lee HY, Woo ], Chen ZY, Leung SF, Peng XH. Serum fatty acid, lipid profile and
dietary intake of Hong Kong Chinese omnivores and vegetarians. Eur | Clin
Nutr 2000;54:768—73.

Lu SC, Wu WH, Lee CA, Chou HF, Lee HR. LDL of Taiwanese vegetarians are less
oxidizable than those of omnivores. ] Nutr 2000;130:1591—6.

Hoffmann I, Groeneveld M], Boeing H, Koebnick C, Golf S, Katz N, et al. Giessen
Wholesome nutrition study: relation between a health-conscious diet and
blood lipids. Eur J Clin Nutr 2001;55:887—95.

Li D. Relationship between the concentrations of plasma phospholipid stearic
acid and plasma lipoprotein lipids in healthy men. Clin Sci 2001;100:25—32.
Lin CL, Fang TC, Gueng MK. Vascular dilatory functions of ovo-lactovegetarians
compared with omnivores. Atherosclerosis 2001;158:247—-51.


https://doi.org/10.1016/j.clnu.2018.05.021
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref1
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref1
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref2
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref2
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref2
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref3
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref3
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref3
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref3
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref3
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref3
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref3
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref4
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref4
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref4
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref4
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref5
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref5
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref5
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref5
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref6
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref6
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref6
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref7
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref7
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref8
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref8
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref8
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref8
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref9
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref9
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref9
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref9
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref9
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref10
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref10
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref10
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref10
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref11
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref11
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref11
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref11
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref11
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref12
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref12
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref12
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref12
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref13
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref13
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref13
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref13
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref13
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref14
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref14
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref14
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref14
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref14
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref15
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref15
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref15
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref15
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref15
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref16
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref16
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref16
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref16
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref16
https://doi.org/10.1136/bmj.b2535
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref18
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref18
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref18
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref18
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascular-risk-reduction/tools/cohort
http://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascular-risk-reduction/tools/cohort
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref21
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref21
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref21
http://www.handbook.cochrane.org
http://www.handbook.cochrane.org
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref23
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref23
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref24
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref24
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref24
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref24
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref25
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref25
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref25
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref25
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref25
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref26
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref26
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref26
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref26
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref26
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref27
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref27
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref27
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref27
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref28
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref28
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref28
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref28
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref29
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref29
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref29
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref29
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref30
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref30
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref30
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref31
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref31
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref31
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref32
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref32
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref32
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref33
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref33
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref33
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref34
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref34
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref34
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref35
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref35
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref35
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref35
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref35
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref36
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref36
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref36
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref36
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref37
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref37
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref37
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref37
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref38
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref38
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref38
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref38
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref39
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref39
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref39
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref40
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref40
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref40
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref40
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref41
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref41
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref41
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref41
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref42
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref42
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref42
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref43
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref43
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref43
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref43
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref44
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref44
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref44
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref44
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref44
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref45
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref45
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref45
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref45
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref45
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref45
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref46
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref46
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref46
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref46
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref47
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref47
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref47
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref47
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref48
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref48
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref48
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref48
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref49
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref49
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref49
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref49
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref50
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref50
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref50
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref51
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref51
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref51
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref51
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref52
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref52
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref52
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref53
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref53
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref53
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref53
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref54
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref54
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref54
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref55
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref55
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref55

1132

[56] Bedford JL, Barr SI. Diets and selected lifestyle practices of self-defined adult

vegetarians from a population-based sample suggest they are more 'health
conscious'. Int ] Behav Nutr Phys Activ 2005;2:1—11.

[57] Goff LM, Bell JD, So PW, Dornhortst A, Frost GS. Veganism and its relationship

with insulin resistance and intramyocellular lipid. Eur J Clin Nutr 2005;59:
291-8.

[58] Fu CH, Yang CC, Lin CL, Kuo TB. Effects of long-term VD on cardiovascular

autonomic functions in healthy postmenopausal women. Am ] Cardiol
2006;97:380—3.

[59] Hung CJ, Huang PC, Li YH, Lu SC, Ho LT, Chou HF. Taiwanese vegetarians have

higher insulin sensitivity than omnivores. Br | Nutr 2006;95:129—35.

[60] Su TC, Jeng JS, Wang JD, Torng PL, Chang S], Cheng CF, et al. Homocysteine,

circulating vascular cell adhesion molecule and carotid atherosclerosis in
postmenopausal vegetarian women and omnivores. Atherosclerosis
2006;184(2):356—62.

[61] De Biase SG, Carrocha SF, Gianini R], Garcia JL. Vegetarian diet and cholesterol

and triglycerides levels. Arq Bras Cardiol 2007;88(1):32—6.

[62] Teixeira T, Bisi MC, Zandonade E, Mill JG. Cardiovascular risk in vegetarians

and omnivores: a comparative study. Arq Bras Cardiol 2007;89(4):214—21.

[63] Chen CW, Lin YL, Lin CR, Chen BC, Lin CL. Total cardiovascular risk profile of

Taiwanese vegetarians. Eur ] Clin Nutr 2008;62:138—44.

[64] Hung KC, Pei D, Kuo HJ, Chen TH, Lin CH, Wu CZ, et al. The comparison of the

metabolic syndrome between Chinese vegetarians and omnivores. Diab
Metab Syndr: Clin Res Rev 2008;2:99—104.

[65] Nakamoto K, Watanabe S, Kudo H, Tanaka A. Nutritional characteristics of

middle-aged Japanese vegetarians. ] Atheroscler Thromb 2008;15:122—9.

[66] Sambol SZ, Stimac D, Orlic ZC, Guina T. Haematological, biochemical and bone

density parameters in vegetarians and non-vegetarians. West Indian Med ]
2009;58(6):512—7.

[67] Pitla S, Nagalla B. Gender-related differences in the relationship between

plasma homocysteine, anthropometric and conventional biochemical coro-
nary heart disease risk factors in middle-aged Indians. Ann Nutr Metab
2009;54(1):1-6.

[68] Lin CK, Lin DJ, Yen CH, Chen SC, Chen CC, Wang TY, et al. Comparison of renal

function and other health outcomes in vegetarians versus omnivores in
Taiwan. ] Health Popul Nutr 2010;28(5):470—-5.

[69] Chen CW, Lin CT, Lin YL, Lin TK, Lin CL. Taiwanese female vegetarians have

lower lipoprotein associated phospholipase A2 compared with omnivores.
Yonsei Med ] 2011;52(1):13—-9.

[70] Rodenas S, Sanchez-Muniz FJ, Bastida S, Sevillano MI, Larrea Marin T,

Gonzdlez-Munoz M]. Blood pressure of omnivorous and semi-vegetarian
postmenopausal women and their relationship with dietary and hair con-
centrations of essential and toxic metals. Nutr Hosp 2011;26(4):874—83.

71 Yang SY, Zhang HJ, Sun SY, Wang LY, Yan B, Liu CQ, et al. Relationship of carotid

intima-media thickness and duration of vegetarian diet in Chinese male veg-
etarians. Nutr Metab 2011;8(1):63. https://doi.org/10.1186/1743-7075-8-63.

[72] Dourado KF, Campo FA, Shinohara NK. Relation between dietary and circu-

lating lipids in lacto-ovo vegetarians. Nutr Hosp 2011;26(5):959—64.

[73] Kim MH, Bae Y]. Postmenopausal vegetarians' low serum ferritin level may

reduce the risk for metabolic syndrome. Biol Trace Elem Res 2012;149:34—41.

[74] Kim MK, Choo SW, Park YK. Long-term vegetarians have low oxidative stress,

body fat, and cholesterol levels. Nutr Res Pract 2012;6(2):155—61.

[75] Pettersen BJ, Anousheh R, Fan ], Jaceldo-Siegl K, Fraser GE. VD and blood

pressure among white subjects: results from the Adventist Health Study-2
(AHS-2). Public Health Nutr 2012;15(10):1909—16.

[76] Crowe FL, Appleby PN, Travis RC, Key TJ. Risk of hospitalization or death from

ischemic heart disease among British vegetarians and nonvegetarians: results
from the EPIC Oxford cohort study. Am ] Clin Nutr 2013;97:597—603.

[77] Vinagre ]JC, Pozzi FS, Slywitch E, Maranhao. Metabolism of triglyceride-rich

lipoproteins and transfer of lipids to high-density lipoproteins (HDL) in
vegan and omnivore subjects. Nutr Metabol Cardiovasc Dis 2013;23:61—7.

[78]

[79]

[80]

(81]

[82]

M.C. Picasso et al. / Clinical Nutrition 38 (2019) 1117—1132

Yadav D, Gupta M, Mishra S, Sharma P. Reference interval for lipid profile in
north Indian population from Rajasthan according to various partitioning
criteria. Clin Chim Acta 2013;426:145—51.

Zhang H-J], Han P, Sun S-Y, Wang L-Y, Yan B, Zhang J-H, et al. Attenuated
associations between increasing BMI and unfavorable lipid profiles in Chinese
Buddhist vegetarians. Asia Pac J Clin Nutr 2013;22(2):249—56.

Bradbury KE, Crowe FL, Appleby PN, Schmidt JA, Travis RC, Key TJ. Serum
concentrations of cholesterol, apolipoprotein A-I, and apolipoprotein B in a
total of 1 694 meat-eaters, fish-eaters, vegetarians, and vegans. Eur J Clin Nutr
2014;68(2):178—83.

Lee CG, Hahn SJ, Song MK, Lee JK, Kim JH, Lim Y], et al. Vegetarianism as a
protective factor for colorectal adenoma and advanced adenoma in Asians.
Dig Dis Sci 2014;59:1025-35.

Shridhar K, Dhillon PK, Bowen L, Kinra S, Bharathi AV, Prabhakaran D, et al.
The association between a vegetarian diet and cardiovascular disease (CVD)
risk factors in India: the Indian migration study. PLoS One 2014;9(10):
e110586.

[83] Jian ZH, Chiang YC, Lung CC, Ho CC, Ko PC, Nfor ON, et al. Vegetarian diet and

[84]

[85]

(86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]
[95]

[96]

cholesterol and TAG levels by gender. Public Health Nutr 2015;18(4):721—6.
Chiu YF, Hsu CC, Chiu TH, Lee CY, Liu TT, Tsao CK, et al. Cross-sectional and
longitudinal comparisons of metabolic profiles between vegetarian and non-
vegetarian subjects: a matched cohort study. Br ] Nutr 2015;114:1313—-20.
Choi SH, Oh DJ, Kwon KH, Lee JK, Koh M-S, Lee JH, et al. A vegetarian diet does
not protect against non-alcoholic fatty liver disease (NAFLD): a cross-sectional
study between Buddhist priests and the general population. Turk ] Gastro-
enterol 2015;26:336—43.

Patil S, Patil S, Prabhakaran J, Nazar S, Ababya K. To study association between
lipid profile in vegetarians and non-vegetarians in the local population. ] Evol
Med Dent Sci 2015;4(32):5533—7.

Kutcha A, Lebiedzinska A, Fijalkowski M, Galaska R, Kreft E, Toton M, et al.
Impact of plant-based diet on lipid risk factors for atherosclerosis. Cardiol ]
2016;23(2):141-8.

Lee Y], Wang MY, Lin MC, Lin PT. Associations between vitamin B-12 status
and oxidative stress and inflammation in diabetic vegetarians and omnivores.
Nutrients 2016;8(3).

Acosta-Navarro |, Antoniazzi L, Oki AM, Bonfim MC, Hong V, Acosta-
Cardenas P. Reduced subclinical carotid vascular disease and arterial stiffness
in vegetarian men: the CARVOS study. Int ] Cardiol 2017;230:562—6.
Yokoyama Y, Nishimura K, Barnard N, Takegami M, Watanabe M, Sekikawa A,
et al. VD and blood pressure a meta-analysis. JAMA Intern Med 2014;174(4):
577-87.

Yokoyama Y, Barnard N, Levin S, Watanabe M. VD and glycemic control in
diabetes: a systematic review and meta-analysis. Cardiovasc Diagn Ther
2014;4(5):373-82.

Zhang Z, Wang ], Chen S, Wei Z, Li Z, Zhao S, et al. Comparison of VD and
omnivorous diets on plasma level of HDL-c: a meta-analysis. PLoS One
2014;9(3):292609.

Wang F, Zheng ], Yang B, Jiang ], Fu Y, Li D. Effects of VD on blood lipids: a
systematic review and meta-analysis of randomized controlled trials. ] Am
Heart Assoc 2015;4:e002408.

Robberecht H, De Bruyne T, Hermans N. Effect of various diets on biomarkers
of the metabolic syndrome. Int ] Food Sci Nutr 2016 Dec 28:1—15.

Rader DJ, Hovingh GK. HDL and cardiovascular disease. Lancet 2014 Aug
16;384(9943):618—25.

Srikanthan K, Feyh A, Visweshwar H, Shapiro ], Sodhi K. Systematic review of
metabolic syndrome biomarkers: a panel of early detection, management, and
risk stratification in the West Virginian population. Int ] Med Sci 2016;13(1):
25—-38.


http://refhub.elsevier.com/S0261-5614(18)30207-3/sref56
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref56
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref56
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref56
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref57
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref57
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref57
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref57
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref58
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref58
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref58
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref58
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref59
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref59
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref59
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref60
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref60
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref60
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref60
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref60
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref61
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref61
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref61
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref62
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref62
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref62
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref63
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref63
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref63
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref64
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref64
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref64
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref64
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref65
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref65
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref65
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref66
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref66
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref66
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref66
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref67
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref67
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref67
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref67
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref67
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref68
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref68
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref68
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref68
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref69
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref69
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref69
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref69
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref70
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref70
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref70
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref70
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref70
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref70
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref70
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref70
https://doi.org/10.1186/1743-7075-8-63
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref72
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref72
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref72
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref73
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref73
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref73
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref74
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref74
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref74
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref75
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref75
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref75
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref75
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref76
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref76
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref76
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref76
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref77
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref77
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref77
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref77
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref78
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref78
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref78
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref78
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref79
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref79
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref79
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref79
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref80
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref80
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref80
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref80
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref80
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref81
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref81
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref81
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref81
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref82
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref82
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref82
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref82
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref83
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref83
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref83
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref84
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref84
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref84
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref84
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref85
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref85
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref85
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref85
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref85
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref86
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref86
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref86
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref86
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref87
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref87
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref87
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref87
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref88
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref88
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref88
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref89
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref89
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref89
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref89
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref90
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref90
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref90
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref90
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref91
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref91
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref91
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref91
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref92
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref92
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref92
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref93
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref93
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref93
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref94
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref94
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref94
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref95
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref95
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref95
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref96
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref96
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref96
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref96
http://refhub.elsevier.com/S0261-5614(18)30207-3/sref96

	Effect of vegetarian diets on the presentation of metabolic syndrome or its components: A systematic review and meta-analysis
	1. Introduction
	2. Materials and methods
	2.1. Data sources and search strategy
	2.2. Study selection and data extraction
	2.3. Study quality assessment
	2.4. Statistical analysis

	3. Results
	3.1. Study selection
	3.2. Description of studies
	3.3. Risk of bias of included studies
	3.4. Association between VD and MetS
	3.5. Association between VD and components of the MetS
	3.6. Subgroup analyses

	4. Discussion
	Statement of authorship
	Conflicts of interest
	Funding sources
	Acknowledgments
	Appendix A. Supplementary data
	References


