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Abstract

Background: Mediterranean and vegan diets improve body weight and gut microbiome composition. The aim of this
study was to compare both diets head-to-head.

Methods: Randomized cross-over trial, conducted February-October 2019. Sixty-two overweight adults were
assigned to each diet for 16-week periods in random order, separated by a 4-week washout. Body weight was the
primary outcome. Secondary measures included changes in gut microbiome which was measured using 16S rRNA
sequencing.

Results: Body weight decreased on the vegan compared with the Mediterranean diet (treatment effect -6.0 kg
[95% CI -7.5 to -4.5]; p<0.001). The relative abundance of Bacteriodetes decreased (p<0.001 for both diets) and
Eubacteria increased on both diets (p<0.001 for the Mediterranean and p=0.009 for the vegan diet). The relative
abundance of Lachnospiraceae increased (p=0.03), the Firmicutes to Bacteroidetes ratio increased (p=0.04)
and the butyrate-producing bacteria decreased (p=0.02) on the Mediterranean diet. The relative abundance of
Proteobacteria decreased (p<0.001), and Enterobacteria and Ruminococcus increased on the vegan diet (p=0.04
and p<0.001, respectively). Changes in body weight correlated positively with changes in relative abundance
of Firmicutes both on the Mediterranean (r=+0.36; p=0.01) and the vegan diet (r=+0.41; p<0.001) and with
changes in relative abundance of Lachnospiraceae both on the Mediterranean (r=+0.40; p<0.001) and the vegan
diet (r=+0.44; p<0.001). In addition, the changes in body weight correlated negatively with changes in relative
abundance of Enterobacteria on the Mediterranean diet (r=-0.32; p=0.02) and Eubacteria on the vegan diet (r=-
0.49; p<0.001).

Conclusions: A low-fat vegan diet led to a greater weight loss compared with a Mediterranean diet. This may be partly
explained by the difference in gut microbiome composition.

Trial registration: ClinicalTrials.gov number, NCT03698955.

Both Mediterranean and vegan diets emphasize the consumption
of plant-based foods, including fruits, vegetables, whole grains, and
legumes. However, while the Mediterranean diet includes fish and
white meat, dairy products, eggs, and wine, and favors olive oil as the
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primary source of fat [7], a vegan diet eliminates all animal-derived
products. While both diets tend to promote a normal BMI [8,9], vegan
diets seem to have a greater weight loss effect than Mediterranean
diets when compared head to head [10]. This difference may be partly
explained by differences in gut microbiota. While higher Mediterranean
diet scores are associated with greater abundance of Prevotella [11],
Faecalibacterium prausnitzii is typically noted in greater abundance in
vegans and vegetarians than omnivores [12].

Introduction

The gut microbiome plays an important role in human physiology
and health. Dysbiosis of the gut microbiota has been linked to
metabolic syndrome, obesity, and type 2 diabetes [1]. Evidence from
previous studies suggest that obese people have a reduced ratio of
Bacteroidetes to Firmicutes [2]. Importantly, abundance, richness, and
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the types of bacteria present are influenced by diet [3]. However, the most
effective dietary approach is a topic of debate. Research has demonstrated
a beneficial effect to gut microbiota for plant-based dietary patterns,
particularly vegan and Mediterranean diets, both of which have
been shown to increase the short chain fatty acid-producing bacteria
[4,5]. Plant foods, which are high in fiber, are staples in both the
Mediterranean and vegan diet. The high fiber content in both diets
selects for bacteria that ferment fiber as a precursor to producing short
chained fatty acids. These microbiota-mediated short chained fatty
acids seem to play an important role in cardiometabolic health [6].

Committee for Responsible Medicine, Washington DC, USA, Tel: 2025277379;
E-mail: hkahleova@pcrm.org

Received May 10, 2021; Accepted May 24, 2021; Published May 31, 2021

Citation: Kahleova H, Rembert E, Alwarith J, Nowak A, Agnello M, et al. (2021)
Weight Loss is Associated with Changes in Gut Microbiome: A Randomized, Cross-
Over Trial Comparing a Mediterranean and a Low-Fat Vegan Diet in Overweight
Adults. J Obes Weight Loss Ther 11: 443.

Copyright: © 2021 Kahleova H, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

J Obes Weight Loss Ther, an open access journal
ISSN: 2165-7904

Volume 11 « Issue 5 + 1000443


mailto:hkahleova@pcrm.org

Citation: Kahleova H, Rembert E, Alwarith J, Nowak A, Agnello M, et al. (2021) Weight Loss is Associated with Changes in Gut Microbiome: A
Randomized, Cross-Over Trial Comparing a Mediterranean and a Low-Fat Vegan Diet in Overweight Adults. J Obes Weight Loss Ther 11:

443,

Page 2 of 8

In this secondary analysis of a randomized crossover trial, which
compared a Mediterranean and low-fat vegan diet head to head in
overweight adults [13], we predicted that a 16-week dietary intervention
would result in 1) a greater abundance of Bacteroidetes relative to
Firmcutes on both diets, 2) a greater abundance of Prevotella on the
Mediterranean diet, and 3) a greater abundance of Faecalibacterium
prausnitzii on the vegan diet. Furthermore, we anticipated that 4) these
changes would be associated with changes in body weight.

Materials and Methods
Study design and Eligibility

The methods have been described in detail previously [13]. Briefly:
This randomized, cross-over trial took place between February and
October 2019 in Washington, DC. We enrolled adults, age 30-76
years, with a body mass index between 28-40 kg/m?. Exclusion criteria
included type I diabetes, smoking, pregnancy or lactation, alcohol
or drugs abuse, or already following a vegan or Mediterranean diet.
The study protocol was approved by the Advarra Instititutional
Revew Board, located in Columbia, MD, USA, on September 20,
2018 (protocol identification number Pro00029777). The study was
registered on ClinicalTrials.gov (ID: NCT03698955). All participants
gave informed, written consent.

Randomization and study groups

Participants were randomized in a 1:1 ratio into 2 groups. Group
1 started with a Mediterranean diet for 16 weeks, followed by a 4-week
wash-out period, and then switched to a low-fat vegan diet for 16
weeks. Group 2 followed a low-fat vegan diet for 16 weeks, and after
a 4-week wash-out period, they adopted the Mediterranean diet for 16
weeks. Participants were assessed at weeks 0, 16, 20, and 36.

The Mediterranean diet was based on the PREDIMED protocol
[14], which includes > 2 servings/day of vegetables, > 2-3 servings/
day of fresh fruits, > 3 servings/week of legumes, > 3 servings/week
of fish or shellfish, and > 3 servings/week of nuts or seeds, and selects
lean white meats over red meats. Participants were discouraged from
consuming cream, butter, margarine, processed meats, sweetened
beverages, pastries, and processed snacks. Participants were instructed
to use 50 g of extra virgin olive oil as their main culinary fat.

The low-fat vegan diet consisted of fruits, vegetables, grains, and
legumes. Animal products and added fats were excluded and vitamin
B,, was supplemented (500 pg/day).

Both diets were ad libitum diets, with no meals provided for either
intervention. Alcohol was limited to one beverage/day for women, and
two beverages/day for men. Participants were instructed to keep their
physical activity and prescribed medications constant, unless otherwise
directed by their personal physicians. Participants attended weekly
classes specific to their assigned diets for the whole intervention period.

Participants submitted a 3-day diet record at weeks 0, 16, 20, and
36. Dietary data was reviewed and analyzed by a Registered Dietitian or
a team member certified in Nutrition Data System for Research version
2018 (Nutrition Coordinating Center, University of Minnesota,
Minneapolis, MN) [15]. Physical activity was assessed using the
International Physical Activity Questionnaire (IPAQ) [16].

Outcomes

The following measurements were completed at weeks 0, 16, 20,
and 36 after participants fasted overnight for 10-12 hours.

Anthropometrics: A scale calibrated for accuracy to 0.1 kg was used
to measure body weight. Dual energy x-ray absorptiometry (Lunar
iDXA, GE Healthcare; Madison, WI) with Encore® 2005 v.9.15.010
software, equipped with the CoreScan module (GE Healthcare,
Madison, WI) was used to measure body composition.

Gut microbiota composition

The participants received uBiome ExplorerTM kits (uBiome,
Inc., San Francisco, CA) and provided a small stool sample into the
collection tube that contained a lysis and stabilization buffer. The
uBiome’s laboratory performed DNA extraction, next-generation
sequencing of the V4 region of the 16S rRNA gene, and analysis.
The methods have been described in detail previously [17]. Briefly:
For DNA extraction, bead-beating was used to lyse the samples.
universal primers (515F: GTGCCAGCMGCCGCGGTAA and 806R:
GGACTACHVGGGTWTCTAAT) were used to amplify the V4
variable region of the 16S rRNA gene, using PCR. qPCR was used for
quantification with the Kapa Bio-Rad iCycler qPCR kit on a BioRad
MyiQ. Pair-end Illumina NextSeq 500 was used for sequencing, giving
2 x 150 bp paired- end sequences.

Using the BCL2FASTQ software, the samples were demultiplexed
and fastq files were generated. Only reads with Q-score > 30 were
included in the analysis. The primers were removed and forward
and reverse reads were put together and clustered, using the Swarm
algorithm, version 2.1.5 [18]. The most abundant sequence per cluster
was considered the real biological sequence and was assigned the count
of all reads in the cluster. Chimera sequences were removed using the
VSEARCH algorithm [19]. Reads passing all the filtered reads were
aligned against a database of target 16S rRNA gene sequences and
taxonomic annotations derived from the SILVA database, version 132
[20,21]. The relative abundance of each taxon was counted by dividing
the number linked to that taxa by the total amount of filtered reads. An
abundance-weighted phylogenetic diversity measure [22] was used to
calculate alpha diversity.

Statistical analysis

The statistical analysis was performed in all participants with
complete data across all timepoints. A cross-over ANOVA model was
used with between-subject and within-subject factors and interactions.
Factors diet (Mediterranean and vegan), subject, time (week), period
(1 and 2) were included in the model. Period-specific estimates of
treatment effects were also determined for certain outcomes. Within
each intervention, paired comparison t-tests were calculated to test
whether the changes from baseline to 16 weeks in each treatment
period were statistically significant. The statistician was blinded to
the theorized effects of interventions and group assignment. Results
are presented as means with dual 95% confidence intervals (CI). The
treatment difference is the mean difference between outcomes on the
vegan versus the Mediterranean diet.

Results

Participant characteristics

Of 506 people screened by telephone, 62 met participation criteria
and were randomly assigned to start with the Mediterranean (n=32)
or the vegan diet (n=30) diet (Figure 1). Demographic characteristics
are listed in Table 1. There were no significant differences between
the groups. Fifty-two participants (84%) study completed the whole
study. Changes in dietary intake, physical activity, body weight, and
gut microbiome are presented in Table 2.
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Characteristic (i::;g; G(::;[;)Z P-Value
Age (years) 56.6 58.3 0.50
Sex (number, %)
Female 26 (81.3) 22 (73.3) 0.46
Male 6(18.8) 8(26.7)
Race, (number, %)
White 15 (46.9) 16 (53.3) 0.90
Black 16 (50.0) 14 (46.7)
Asian, Pacific Islander 0(0.0) 0(0.0)
American Indian, Eskimo, Aleut 1(3.1) 0(0.0)
Not disclosed 0(0.0) 0(0.0)
Ethnicity, (number, %)
Non-Hispanic 23 (71.9) 23 (76.7) 0.14
Hispanic 3(9.4) 0(0.0)
Not disclosed 6(18.8) 7 (23.3)
Marital status
Not married 15 (46.9) 15 (50.0) 0.71
Married 17 (563.1) 14 (46.7)
Not disclosed 0(0.0) 1(3.3)
Education
High school 0(0.0) 0(0.0) 0.28
Associates 7(21.9) 5(16.7)
College 13 (40.6) 9 (30.0)
Graduate degree 12 (37.5) 16 (53.3)
Occupation
Service occupation 7(21.9) 4(13.3) 0.29
Technical, sales, administrative 8 (25.0) 9 (30.0)
Professional or managerial 2(6.3) 7 (23.3)
Retired 7(21.9) 6 (20.0)
Other 8(25.0) 4(13.3)
Medications
Lipid-lowering therapy (%) 12 (37.5) 11 (36.7) 0.95
Antihypertensive therapy (%) 16 (50.0) 14 (46.7) 0.79
Thyroid medications (%) 3(9.4) 1(3.3) 0.61
Physical Activity (METs) 2289.7 2665.5 0.70
Energy intake (kcals) 1825.8 1911.8 0.54
Anthropometrics
Body weight (kg) 97.6 98.4 0.80
BMI (kg/m?) 34.3 33.7 0.42
Fat mass (g) 43.9 41.5 0.17
Lean mass (g) 515 54.1 0.25
VAT volume (cm?) 2017.4 2126.7 0.68
Lipids
Total cholesterol (mg/dL) 203.3 202.2 0.93
LDL-cholesterol (mg/dL) 119.9 116.6 0.76
HDL-cholesterol (mg/dL) 58.8 56.4 0.53
HbA1c 5.8 5.8 0.93

Table 1: Baseline Characteristics of the Study Population. Data are means + SD, or number (%). P-values refer to t-tests for continuous variables and x? or Fisher’s exact
test for categorical variables. The P-value calculated for ethnicity distribution is for the comparison between Hispanic vs. non-Hispanic categories and all other comparisons
also exclude undisclosed datapoints. Group 1 started with the Mediterranean diet and Group 2 started with the vegan diet.
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Variable Medlterr.:.-mean Medltt?rranean AMediterranean |Vegan Baseline| Vegan Final AVegan Treatment Effect | P-value
Baseline Final
Dietary intake
1776 (1625 to ] 1815 (164910 | 1315 (1191t0 | .~ [ ]
Energy (kcal) 1928) 1855 (1699 to 2011) | +79 (-120 to +277) 1982) 1440) 500 (-639 to -362) 579 (-801t0 -357) | <.001
% Calories from Fat | 35 (33 to 38) 43 (40 to 45) +7 (+4to +10)** | 38(361t040) | 17 (15t019)  -21 (-24 to -18)"** 28 (-32 to -24) <.001
% Calories from - -
Corbohycrets 47 (43 to 50) 40 (37 to 42) 7 (10 to -4) 42 (4010 45) | 69 (6610 71) | +26 (+23 to +29) +33 (+29t0 +37) | <.001
% Calories from Protein| 16 (15 to 18) 15 (14 to 16) -1(-3100) 18 (1710 19) | 12 (12to 13) -6 (-7 to -4)*** -5 (-6 t0 -3) <.001
Alcohol (g) 5(2t0 8) 5(3t07) 0 (-3t0 +3) 5(3 10 8) 3(2t05) -2 (-4 to 0)* 2 (-5t0+2) 0.31
Cholesterol (mg) 242 (188 to 296)| 217 (179 to 256) 25(-93t0+43) 292 (25110334) 19 (1t037) = -273 (-317 to -230)** | -248 (-3311t0-166) | <.001
% Calories from SFA | 10 (9to 11) 9(8t09) 1 (-2t O)* 11(10t012) | 4(3to4) -8 (-9 to -6)*** 6(-810-5) <.001
% Calories from MUFA 14 (13 to 16) 22 (20 to 24) +8 (+610 +10)** | 15(14t016) @ 6(5t07) -9 (-11 to -8)"** 17 (20 to -14) <.001
% Calories from PUFA 9 (810 9) 9 (9t0 10) +1 (-0 to +2) 9 (80 10) 6(6t07) -3 (-4 to -2)*** -4 (-51t0-2) <.001
Total Fiber (g) 23 (22 to 28) 29 (26 to 32) +5 (+2 to +7)™** 22(19t026) | 33(29t037)  +10 (+8 to +13)™* +6 (+3 t0 +9) <.001
Soluble Fiber (g) 7 (610 8) 7(7t08) 0(0to +1) 6(5t07) 9 (70 10) +2 (+1 to +3)™* +2 (+110 +3) 0.002
Insoluble Fiber (g) | 18 (16 to 20) 22 (20 to 24) +4 (+2 to +6)™* 16 (1410 18) | 24 (21t027) |  +8 (+6 to +10)™* +4 (+1 10 +7) 0.007
Physical activity
. N 2384 (1693 to ] 2585 (1466 to | 2952 (1822 to ] ]
Physical Activity (MET) 2074) 2740 (2073 to 3406)  +356 (-127 to +839) 3705) 4081) +366 (-711 to +1444) | +10 (-1251 to +1271) | 0.99
Anthropometric variables and body composition
. 94.5 (90.9 to 97.3(93.6t0 | 91.3 (87410 P
Body weight (kg) o6.1) 94.5(90.71098.3) | +0.0 (-0.9 to +0.9) 101.0) 05.3) 6.0 (-7.2 to -4.9) 6.0 (75t0-45) | <001
But Microbiota
4.2(0.94—
Prevotella (%) 26(02-51) | 57(1.8-9.5) +3.0 (-1.3t0+7.4) | 4.0(1.0-7.0) 7.5) +020 (-3.7to+4.1) | -2.8(-102t0+4.6) | 045
: 1.3 (0.47 -
Akkermansia (%) | 1.2(0.49-1.9)  1.6(0.11—3.1) | +0.43 (-0.68t0+1.5) | 2.2(0.0-4.3) 24) 0.85(-2.6t0+0.91) = -1.3(-3.9to+1.3) | 0.33
Faecalibacterium
Seasnitell (%) 92(44-140) 7.4(6.0-8.9) A4.7(66t0+32) | 6.0(4.8-72) 7.2(58-87) +1.2(0.15t0+2.61)  +3.0(23t0+8.2) | 026
o 50.9 (47.0 - 490 (44.4— | 544 (49.0—
0, —_ - - -
Firmicutes (%) 54.0) 55.8 (48.9—-62.6) | +4.8(-2.9to +12.6) 53.7) 50.9) +54 (2510 +13.3) | +0.59 (-14.0to +15.1) | 0.94
. 30.8 (27.3 - 33.0(20.5— | 22.4(19.2—
Bacteroidetes (%) a43) 202 (16.8-23.7) | -10.6 (-14.2 to -6.9) 36.5) 25.6) 10.6 (-13.9t0 -7.3) 0.04 (-5.8t0+5.8) | 0.99
Enterobacteriaceae (%) 0.61 (0.07—1.2) 0.62 (-0.04—1.3) | +0.01 (-0.55 to +0.56) O'O% (102'(;1 - 0'3% (é);))? T | 40.28 (+0.01 to +0.56)* | +0.28 (-0.36 to +0.92) | 0.38
Bacteroides Fragilis 0.17 (0.05 - _ ] g ] .| 0.28(0.05- 0.22(0.07—- | _ g g
%) 0.20) 0.10 (0.02—0.17) -0.08 (-0.15 to -0.002) 0.50) 0.37) 0.06 (-0.21 to +0.09) | +0.02 (-0.14to +0.17) | 0.82
Clostridium (%) 065(036— | 10 (014-066) | -0.25(-064t0+0.13) °04(0:38— 1 076(0.33— 1 ;15 (38104062) | +0.37 (03710 +1.1) | 032
0.95) 0.89) 1.18)
Metha"o(l:/r;""bader 0.71(019-1.2) 0.91(-0.09-1.9) | +0.20 (-0.44 to +0.84) 0.56 (0.05—1.1)| 78 1('2508 +0.21 (-0.26 to +0.69) | +0.01 (-0.47 to +0.50) | 0.96
{J - .
Eubacterium (%) 019(0.09- (65 (040-12) +0.63 (+0.16t0 +1.1y= 018 (008= 1096 (057 = 0y 103710 +1.2)*  +0.18 (:0.61 0 +0.96)  0.65
0.29) 0.26) 1.3)
i 0.00 (0.00 — 0.00 (0.00— | 0.04 (0.00 -
0, - - - - - -

E Coli (%) 0.00) 059 (0.08—1.3) | +0.59 (-0.08 to +1.3) 0.01) 0.06) +0.04 (-0.01t0 +0.08) = -0.55 (-1.2t0 +0.12) = 0.11
Bifidobacterium (%) | 1.7 (09—-26) = 12(061-19) | -0.49 (-1.1t0+0.08) | 1.2(0.62—18) 2 §06?3 T 40.72(0.06t0+15) | +1.2(+0.25t0+22) | 0.02
Proteobacteria (%) | 3.3(24—4.1) = 26(1.7-36) | -0.64(-1.6t0+0.28) | 4.0(28-5.1) 17(12-21) -23(33to-1.4** | -17(32t0-023) | 0.02
Actinobacteria (%) | 2.3(1.1-3.4) | 2.0 (1.1-2.9) 027 (2.0t0+1.5) | 1.7(1.0-2.5) |2.8(1.4—4.1)| +1.0(-0.84 to +2.9) +13 (2110 +4.6) | 0.44

Ruminococcaceae (%) | 107 121= 1 o1 0(17.9-241) | +43(04t0+90) | (49(12T— 1 21818 b6 3610407y | 423 (3610+82) | 043
21.3) 17.0) 24.1)
) 17.8 (155 19.3(16.0— | 24.6(19.9—
0, — * - . -
Lachnospiraceae (%) 202) 25.3(20.0-30.6) | +7.5(+0.88 to +14.0) 227) 29.3) +5.3 (-1.4 to +12.0) 2.2 (-14.7 to +10.3) 0.73
Roseburia (%) 36(24—-48)  3.5(2.6-44) 0.08 (1.3t0+1.1) | 4.7(3.3-6.0) |43(33-52) -040(-1.5t0+0.72) @ -032(21to+1.4) & 072
Anaerostipes (%) | 1.7(12-2.3)  13(0.77-1.9) | -0.37 (-0.85t0 +0.11) | 1.6 (0.98—2.2) | 1.8(1.3-2.2)| +0.15(-0.451t0+0.74) | +0.52(-0.31t0 +1.3) = 0.22
0.18 (-0.08 — 0.15(0.03— | 0.12 (-0.08 —
0 - - | - | -
Megasphaera (%) s 0.09 (0.01-0.18) | -0.09 (-0.32 to +0.15) ey s 0.03 (-0.15to +0.10) | +0.06 (-0.30 to +0.42)  0.74

Firmicutes: 23(1.0-35) | 39(29-49) | +16(+0.05t0+32)* 27(0.5-4.8) 3.3(26-4.0)| +0.60(-1.5t0+2.7) 1.0(-37t0+17) | 045
Bacteroidetes Ratio . : . : ) : : : ) : : : : : : : : : : : ) .
Butyrate Producing | 29864 (24808 — 22588 (18919 — 7277 (13141t0 | 25988 (21189 — | 25688 (20013 | _ ] +6976 (-1255 to

Bacteria 34920) 26256) -1412)* 30788) _313p) | 0007 (-6869 to +6267) +15206) 0.09
_ -0.34 (-0.49 to N
Diversity 1.8 (1.7-1.9) 1.5 (1.4 - 1.6) 018y 17(16-18) 1.5(1.4-16) -0.23(-0.39t0-0.07)*  +0.11 (-0.12t0 +0.33)  0.34

Table 2: Changes in outcomes during the study comparing a Mediterranean and low-fat vegan diet, using a standard crossover-trial model, comparing outcome changes on each diet
while taking within-subject correlation into account. Data are means with 95% confidence intervals. Listed P values are for interaction between group and time assessed by repeated
measures ANOVA. *p<0.05, **p<0.01 and ***p<0.001 for within-group changes from baseline assessed by paired comparison t tests. The treatment difference is the mean (average)
difference between participant outcomes on the vegan versus the Mediterranean diet.
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506 screened by telephone
402 excluded:
+ 126 BMI out of range
+ 1 type 1 diabetes
+ 94 Unable/unwilling to participate in all components
» of the study
+ 25 Unwilling to be randomized
* 4 Unstable medical status
+ 1 Alcohol abuse
J’ + 8 Smoking during the past six months
* 44 Already following vegan or Mediterranean diet
104 in-person meetings + 1 eating disorder
* 59 Excluded for other reasons
* 39 No show/Canceled
29 excluded:
* 3 medical exclusion
# + 3 unwilling to berandomized
* 18 unable/unwilling to participate in all
components of the study
y + 5BMI out of range
75 signed consent form
excluded:
»| « 12 did not tumn in their diet record
. * 1 withdrew
62 underwent baseline assessment
and were randomized
32 in Group 1. starting with 30 in Group 2, starting with
the Mediterranean diet the vegan diet
3 dropped out:
+ 2 unable to participate in all 0 dropped out
components of the study
* 1 due to family reasons
30 on the Mediterranean diet 29 on the vegan diet
4 dropped out:
3 dmgpetd out: It * 1 unable to participate in
p ° 1due topersonal reasons all components of the
+ 1 unable to contact study
+ 1 due to health reasons « 3 unable to contact
27 completed final 25 completed final
assessment assessment
Figure 1: Enroliment of the Participants and Completion of the Study.
Dietary intake Body weight and body composition

Dietary intake has been described in detail previously [13].
Briefly: Based on the self-reported diet records, energy intake slightly
decreased on the vegan diet (p<0.001) compared with no change
on the Mediterranean diet. The percentage of energy coming from
carbohydrates increased on the vegan (p<0.001) and decreased on the
Mediterranean diet (p<0.001). Energy consumed from fat decreased on
the vegan (p<0.001) but increased on the Mediterranean diet (p<0.001),
mainly coming from monounsaturated fat (p<0.001). We observed an
increase in fiber intake on both diets, which was greater on the vegan
diet (p<0.001).

The participants lost 6.0 kg on the vegan diet on average, compared
with no mean weight loss on the Mediterranean diet (between-group

p<0.001), most of the weight loss coming from the reduction in fat
(Table 2).

Gut microbiome

Changes in gut microbiome composition are summarized in Table
2. The a-diversity, which is the measure of microbial diversity within
each sample, decreased on both diets (p<0.001 for the Mediterranean
and p=0.006 for the vegan diet). The relative abundance of Bacteriodetes
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decreased (p<0.001 for both diets) and Eubacteria increased on both
diets (p<0.001 for the Mediterranean and p=0.009 for the vegan
diet). The relative abundance of Bacteriodes fragilis decreased on the
Mediterranean diet (p=0.04). Therelative abundance of Lachnospiraceae
increased (p=0.03), the Firmicutes to Bacteroidetes ratio increased
(p=0.04) and the butyrate-producing bacteria decreased (p=0.02)
on the Mediterranean diet. The relative abundance of Proteobacteria
decreased (p<0.001), and Enterobacteria and Ruminococcus increased
on the vegan diet (p=0.04 and p<0.001, respectively).

Changes in body weight correlated positively with changes in
relative abundance of Firmicutes both on the Mediterranean (r=+0.36;
p=0.01) and the vegan diet (r=+0.41; p<0.001) and with changes in
relative abundance of Lachnospiraceae both on the Mediterranean
(r=+0.40; p<0.001) and the vegan diet (r=+0.44; p<0.001). All these
correlations remained significant and at the same magnitude even after
adjustment for changes in energy intake: r=+0.36; p=0.01 for Firmicutes
on the Mediterranean and r=+0.36; p=0.02 on the vegan diet; r=+0.39;
p=0.01 for Lachnospiraceae on the Mediterranean and r=+0.36; p=0.02
on the vegan diet. In addition, the changes in body weight correlated
negatively with changes in relative abundance of Enterobacteria on the
Mediterranean diet (r=-0.32; p=0.02) and Eubacteria on the vegan diet
(r=-0.49; p<0.001), even after the adjustment for changes in energy
intake (r=-0.34; p=0.02; and r=-0.42; p<0.001, respectively).

Discussion

In this 36-week randomized cross-over trial, a low-fat vegan diet led
to greater reductions in body weight compared with a Mediterranean
diet. The relative abundance of Bacteriodetes decreased and Eubacteria
increased on both diets. The relative abundance of Lachnospiraceae
increased, the Firmicutes to Bacteroidetes ratio increased and the
butyrate-producing bacteria decreased on the Mediterranean diet. The
relative abundance of Proteobacteria decreased, and Enterobacteria and
Ruminococcus increased on the vegan diet. Changes in body weight
correlated positively with changes in relative abundance of Firmicutes
and Lachnospiraceae on both diets. In addition, changes in body
weight correlated negatively with changes in relative abundance of
Enterobacteria on the Mediterranean diet and Eubacteria on the vegan
diet.

We hypothesized a greater increase in the abundance of
Bacteroidetes relative to Firmicutes on both diets. However, in the
present study, we found Bacteroidetes to significantly decrease in both
groups and the ratio of Firmicutes to Bacteroidetes to increase. This
contradicts the current literature which shows a higher abundance of
Bacteroidetes in vegans and vegetarians compared to omnivores [23-
25]. For instance, in one study, the bacterial composition of Indian
adults was compared to that of Chinese adults. Both groups ate a diet
that emphasized whole, plant-based foods, however, the Chinese adults
ate more animal fat and protein. The microbiomes of the Indian adults
were found to have nearly four times the percentage of Bacteroidetes
than in the Chinese adults, 16.39% versus 4.27%, respectively (p=0.001).
This may be explained by their lower intake of animal products [25],
which supports our initial hypothesis.

Additionally, it has been shown that the Bacteroidetes to Firmicutes
ratio correlates negatively with BMI, meaning a greater abundance of
Bacteroidetes relative to Firmicutes is associated with a lower BMI [26].
Compared to non-obese individuals, obese individuals have been shown
to have a three-fold less relative abundance of the Bacteroidetes phylum
and a greater abundance of Firmicutes [27]. Although we observed
the opposite: the body weights of the vegan participants decreased

significantly while the ratio of Firmicutes to Bacteroidetes increased,
we did note a moderate, positive association between changes in body
weight with changes in relative abundance of Firmicutes on both diets.

In this study, the relative abundance of Prevotella increased
insignificantly under both interventions, with a greater increase under
the Mediterranean diet. This finding supports our second hypothesis
as well as the current literature. Plant-based foods are high in a type
of carbohydrate called polysaccharides. Prevotella is a polysaccharide-
degrading bacteria, and thus, a diet high in polysaccharides is beneficial
for bacterial substrate utilization [28,29]. Additionally, significant
associations between vegetable-based diets and the abundance of
Prevotella have been shown [30].

Our third hypothesis, which predicted an increase in the
abundance of Faecalibacterium prausnitzii on the vegan diet, was
also correct, although the increase was insignificant. Faecalibacterium
prausnitzii has been shown to be more abundant on vegetarian and
vegan diets [31]. Populations that consume higher amounts of resistant
starch in place of protein and fat, which reflects the diet composition
of this study’s vegan intervention, have greater abundance of
Faecalibacterium prausnitzii [32]. High-fiber diets most likely support
the growth of Faecalibacterium prausnitzii due to the role that this
species plays in degrading plant polysaccharides and starch to produce
health-promoting short chain fatty acids [33,34]. While we observed
a decrease in Faecalibacterium prausnitzii under the Mediterranean
diet, a Mediterranean-style diet, in addition to a high-fiber diet and a
vegetable-rich macrobiotic diet, has been associated with an increased
in Faecalibacterium among individuals with type 2 diabetes [34].

We also observed significant changes in the relative abundance
of butyrate producing bacteria, Enterobacteria, Ruminococcace and
Proteobacteria. Based on the current literature, we would expect to
see an increase in butyrate producing bacteria, however, we observed
a significant decrease on the Mediterranean diet. Butyrate, along with
acetate and propionate, is a short chain fatty acid that has been shown to
increase in individuals with the highest adherence to a Mediterranean
diet [35] and in individuals following a strict vegan or vegetarian diet
[30].

The significant increase in Enterobacteria under the vegan diet
is also in opposition to previous research. Zimmer et al. noted lower
Enterobacteriaceae species in vegans than controls [36]. Kim et al. also
observed a decrease with a strict vegetarian diet [28]. However, we did
observe a negative correlation between changes in body weight and
changes in relative abundance of Enterobacteria on the Medtierranean
diet (r=-0.32; p=0.02) that remained significant after adjusting for
changes in energy intake (r=-0.34, p=0.02).

It is less clear as to how to results of Ruminococcace line up
against previous research as there is less of a clear trend. In one study
examining changes in microbiota on an animal-based diet versus a
plant based diet, the animal based diet decreased Ruminococcus [37].
Conversely, Ruminococcus was associated with omnivorous diets,
as opposed to vegan vegetarian diets, in another study [30]. Lastly,
our Protobacteria results are supported by other studies. A study
examining the microbiome of undernourished and obese children in
Mexico found a positive correlation between proteobacteria and fat
intake, in addition to greater abundance of Rroteobacteria in obese
children. This is consistent with our study findings, with Proteobacteria
being decreased after the low-fat vegan dietary intervention, and is
in line with the significant weight loss in this group [38]. In another
study, which examined microbiota in relation to Mediterranean diet
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adherence, lower intake of polysaccharides was related to a higher
relative abundance of Rroteobacteria (P=0.028) [35].

Study strengths and limitations

The strengths of the study include the randomized cross-over
design and the reasonably long study duration provided sufficient
time for adaptation to the diet and to capture microbiome changes.
The weekly classes provided for participants also were a strength in
facilitating adherence. Despite the long trial length, we achieved a
high level of retention (84%), in accordance with our previous findings
[39]. Importantly, the results of this free-living study are applicable for
general population.

We also need to admit some limitations. Dietary adherence was
high, but it has been shown previously that self-reported data may not
always accurately reflect real dietary intake [40]. However, it is reassuring
that the reported changes in dietary intake were accompanied by changes
in body weight and gut microbiome. Furthermore, our participants were
generally health-conscious individuals who were willing to change their
diet. Therefore, they may not be representative of the general population,
but rather of a population seeking advice how to lose weight.

Conclusion

In conclusion, this 36-week randomized cross-over trial showed
that a low-fat plant-based diet reduced body weight compared with a
Mediterranean diet. This may be partly explained by the difference in
gut microbiome composition.
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