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Abstract

Post-bariatric surgery patients need nutritional treatment after surgery, focusing on preventing patients from developing di-
etary deficiencies. This study analyzed the effect of a plant-based diet in post-bariatric surgery patients. A cohort study com-
pared the anthropometric and biochemical parameters from two groups of adult patients. One group followed a conventional
diet (n=30), and the other followed a plant-based diet (ovolactovegetarian) (n=20). Two measurements were performed, the
first at the beginning of treatment and the second six months later. After six months of dietary follow-up assisted by a nutri-
tion professional, both groups had similar weight loss percentages, BMI, waist circumference, and visceral fat score. Related
to anthropometric indicators, only fat mass loss percentage had significant differences, which was higher in the conventional
diet group. In regard to biochemical values, similar albumin, glucose, and iron-blood values were found in both groups after
six months of treatment. The group of patients who performed a plant-based diet reached similar biochemical and anthro-

pometric values as those found in the conventional diet group after a six-month period.

Keywords: plant-based diet, vegetarian diet, post-bariatric surgery patients, obesity, nutrition therapy,

bariatric-metabolic-surgery.

Introduction

Obesity is known as a disease associated with a
chronic low-grade inflammatory state and immune
dysfunction. This persistent inflammation status is
believed to cause an imbalance of homeostatic mecha-
nisms and, consequently, metabolic diseases. Although
non-surgical treatment optionsareavailable, long-term
studies have demonstrated that bariatric and metabolic
surgeries (BMS) are an effective and long-lasting treat-
ment against severe obesity and its comorbidities [1].
In the post-surgery period of BMS, patients begin a di-

etary plan designed with different stages, which aim to
meet the needs of essential nutrients, help with weight
loss, continue with healthy habits, and provide foods
with an adequate feature that enables its tolerance [2],
notwithstanding this, those patients with BMS often
present food intolerances, and among these, intoler-
ance to red meat [3]. This has been observed in the clin-
ical practice of this research team, in addition to identi-
fying intolerance to chicken and even fish. Intolerance
to red meat is a concern in patients with BMS due soci-
ety puts pressure on them to consume meat and avoid
forthcoming nutritional deficiencies.
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Among the dietary treatment options are plant-
based diets (PBDs), which integrate different nutritional
patterns with a high content of plant sources, such as
whole grain cereals, oilseeds, fruits, vegetables, healthy
fats, and legumes, and almost entirely exclude animal
meat, such as beef, poultry, seafood, fish and other an-
imal-related products [4]. Among the most common
PBDs are vegetarian diets: lacto-ovo-vegetarian, lac-
to-vegetarian, ovo-vegetarian, vegan, and raw vegan [5].

The Academy of Nutrition and Dietetics states that
there is a reduced intake of certain nutrients in PBDs.
However, deficiencies can be easily prevented through
appropriate diet planning according to life cycle stag-
es, including pregnancy, lactation, infancy, childhood,
adolescence, adulthood and athletes [5]. Furthermore,
people who follow a PBD have lower serum concentra-
tions of total cholesterol (TC), Low-Density Lipoprotein
(LDL), and glucose, in addition to a reduced risk of in-
cidence and mortality related to ischemic heart disease
(IHD) and the incidence of cancer in general, compared
to people who follow an omnivorous diet [6]. Howev-
er, authors have demonstrated that PBD interventions
produce a greater reduction in body mass index (BMI)
compared to the omnivorous diet and promote the de-
crease of total and visceral fat mass [7, 8].

According to the reported benefits of PBD, this
couldbeagood treatment option for patients with BMS.
However, there is concern about possible deficiencies
in these patients, like poor nutrient absorption due to
the surgery itself. This study aims to analyze the effect
of a plant-based diet in post-bariatric surgery patients.

Material and methods

Study design and data collection

A cohort study was conducted in a public hospi-
tal in Guadalajara, Jalisco, Mexico. The research was
approved by the Hospital Ethics Committee, and the
registration code 0439/20HCJIM/2020 was obtained.
All relevant national regulations and institutional poli-
cies, including the principles of the Declaration of Hel-
sinki, were considered.

Patient information was taken from the records of
the Hospital’s Bariatric Service. From a total of 265 pa-
tients who were treated in the service during the year
2019, only 50 were considered since the others did not
meet theinclusion criteria: having undergone bariatric
surgery (gastric bypass), having undergone nutritional
treatment after surgery, having a complete record of
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the anthropometric measurements considered in the
study both at the initial consultation and at month 6,
and having attended at least 5 follow-up sessions be-
tween the start of treatment and month 6.

Itisimportant to mention that the hospital’s nutri-
tional treatment for bariatric surgery patients has four
stages: 3 days of clear liquids, 12 days of general liquids,
and 15 days of porridge and purees until reaching the
soft diet to promote readaptation to a whole diet, heal-
ing improvement and nutrient absorption. In the final
stage, post-bariatric patients and the hospital nutrition
staff decide whether they will follow a conventional or
plant-based diet.

The 50 patients in the sample were divided into two
groups: plant-based diet (PBD) (n=20) and conventional
diet (CD) (n=30). Both groups included 60 g of hydrolyz-
ed protein as a supplement.

In the conventional diet group, there are patients
who, throughout the nutritional treatment, were pre-
scribed a diet with 60-75 g of protein, 20% fat, and 50%
carbohydrates, with an approximate consumption of
800 to 1000 keal, without excluding meat products.

Age and sex data were collected from each pa-
tient, as well as anthropometric measurements such as
weight, height, body mass index (BMI), waist circum-
ference (WC), water percentage, fat mass (FM) percent-
age, visceral fat (VF) and muscle mass (MM) percent-
age. In addition, other relevant information was taken
on the consumption of supplements (protein, multivi-
tamins, calcium, vitamin B12, and iron), physical activ-
ity (PA), time spent doing PA, days per week doing PA,
concentrations of albumin, glucose, blood-iron levels
and total protein, both from the first session and after
six months of treatment.

Furthermore, the change percentage in the anthro-
pometric variables was calculated between the baseline
measurement and the one obtained at six months to
compare groups.

Statistical analysis

The statistical analysis was performed as follows:
for statistical descriptions, measurements such as fre-
quencies, percentages, means, and standard deviations
(SD). For statistical significance, the Mann-Whitney U
test and the Wilcoxon test were applied for numerical
variables, as well as the Chi-square test and Fisher’s
exact test for categorical variables. Statistical signifi-
cance of p<.05 was used. For the data management and
analysis, Excel® (Microsoft, Redmond, WA, USA) and
IBM SPSS Statistics Processor version 25 were used.
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Results

Data from 50 patients divided into two groups were
evaluated: 20 were in the plant-based diet group, and 30
were in the conventional diet group. A 95% of the mem-
bers of the PBD group were women (19 people), while
in the CD group, women represented 93.3% (28 people)
(p=.651). There were no significant differences in the
mean age of both groups (p=.336); in the PBD group, it
was 38.5 years (SD=13.67), while in the CD group, it was
33.83 years (SD=7.98).

Table 1 compares anthropometric measurements at
the beginning and after 6 months of treatment. Regard-
ing the average weight at the beginning of each group,
PBD=120.75 kg and CD=122.9 kg, there were no signifi-
cant differences (p=.766). Likewise, after six months of
treatment, the kilograms lost in both groups were simi-

lar (p=.559). Regarding the average percentage of weight
lost after six months, although it was higher in the PBD
group, the difference was insignificant (p=.722).
Regarding BMI, WC and VF scores, punctual losses
and the percentage of fat loss were statistically similar
for both compared groups: the one with the PDB treat-
ment and the conventional diet group (CD) (Table 1).
Observing the percentage of water, the groups start-
ed with different percentages; the CD group started with
an average of 44.09% and the PBD group with 39.17%
(p=.019); however, at six months of treatment, the differ-
ence in the percentage of water between both groups was
no longer significant (p=.586). The average percentage of
water gain was higher in the PBD group (14.66, SD 18.32)
thanin the CD group (2.17, SD15.11), with a p=.001 (Table 1).
In the percentage of FM, in Table 1, it can be ob-
served that both groups started the treatment without

Table 1: Comparison of anthropometric measurements at the beginning and after six months of treatment accord-

ing to the type of diet.

Weight

BMI

WC

Water percentage

FM percentage

VF percentage

MM percentage

Initial (kg)

6 months (kg)
Loss at 6 months (%)
Initial (k/m?)

6 months (k/m?)
Loss at 6 months (%)
Initial (cm)

6 months (cm)
Loss at 6 months (%)
Initial (%)

6 months (%)
Increases at 6 months (%)
Initial (%)

6 months (%)
Loss at 6 months (%)
Initial
6 months
Loss at 6 months (%)
Initial
6 months

Increases at 6 months (%)

PBD (n=20) CD (n=30) .
mean (SD) mean (SD) p
120.75 (20.33) 122.90 (18.73) 766
88 (12.68) 91.94 (14.14) .559
26.24 (6.54) 24.98 (9.46) 722
44.61(6.35) 44.23 (6.52) 984
32.57 (4.01) 33.23 (5.53) .898
26.42 (6.46) 24.47 (9.5) 464
129.73 (14.63) 123.75 (17.51) 120
104.96 (11.42) 95.76 (16.85) .083
18.57 (8.91) 22.52 (8.88) 303
39.17 (5.69) 44.09 (7.78) .019
44.19 (5.51) 44.88 (9.09) 586
14.66 (18.32) 2.17 (15.11) .001
49.41 (7.64) 50.47 (5.56) 812
40.78 (8.61) 34.34(9.03) 012
16.42 (18.63) 31.66 (17.12) .009
12.5(3.89) 13.4 (3.38) 283
9.05 (2.72) 8.57 (2.39) 644
25.06 (19.77) 33.92 (16.58) 187
20.59 (3.47) 27.17 (3.88) .000
26.13 (4.5) 27.02 (4.05 125
29.39 (25.34) -0.05 (10.31) .000

Note: SD - standard deviation; BMI - body mass index; WC - waist circumference; FM - fat mass; VF - visceral fat;
MM - muscle mass; * - Mann-Whitney U test.
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significant differences (p=.812); however, at six months,
the PBD group presented a higher average percentage
of fat mass (40.78%) compared to the CD group (34.34%)
with statistically significant differences (p=.012), as
well as the average percentage of fat mass loss at six
months of treatment, where the PBD group had 16.42%
compared to 31.66% of the CD group (p=.009).

The last anthropometric measure assessed was the
percentage of MM; it was observed that the CD group
started with a higher percentage (27.17) compared to
the PBD group (20.59), where a statistically significant
difference was observed at the beginning (p=.000). At
six months of treatment, the mean percentage of MM
in both groups was similar (PBD=26.13; CD=27.02;
p=.125). Regarding the mean percentage of MM gain be-
tween the groups, the score of the PBD group (29.39%)
was statistically higher (p=.000) than the CD group
(-0.05%), showing a slight decrease instead of showing
again (Table1).

In Table 2, the percentage of people who consumed
the supplements was similar in both groups (all with
p-values higher than .05), except for blood-iron, where
the observed p-value is higher in the CD group (86.6%)
compared to the PBD group (10%) (p=.000).

Regarding physical activity (PA), there were no sig-
nificant differences in the percentage of people who
did PA at the beginning of the treatment (PBD=85%,
CD=70%, p=.317); the same occurred when comparing
the groups at six months (PBD=70%, CD=86.6%, p=.171).
However, at the beginning of treatment, the PBD
group invested twice as much time (50.25 min versus
25.16 min) in PA per week compared to the CD group
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(p=.005). During the six months of treatment, the time
of both groups was the same (PBD=43.25 min, CD=45.16,
p=.691). Regarding the days per week performing phys-
ical activity, both groups started with no significant
differences (p=.336). These values remained equal after
six months (Table 3).

As Table 4 shows, the concentrations of albumin,
glucose, and blood iron were not significantly different
at the beginning of treatment (p>0.05). Only in the case
of total protein concentration, the CD group showed a
higher concentration (7.22 g/dL) than the PBD group
(6.95 g/dL) (p=0.049). In the measurement taken at six
months of treatment, there were no significant dif-
ferences between the concentrations of the groups
(p>0.05) in these variables.

However, when comparing the variations between
the initial mean concentrations and at six months of
treatment, only total proteins and glucose had statis-
tically significant differences. Regarding glucose, a
decrease 0f13.67 mg/dL in the PBD group was observed
(p=.002), while in the CD group, the reduction was
23.49 mg/dL (p=.001). The same occurred with the con-
centration of total proteins in the CD group; a decrease
of .25 g/dL was observed (p=.005) (Table 5).

Discussion

This study aimed to describe and understand the
effects of a plant-based diet on nutritional status in
post-BMS patients. To our knowledge, the scientific
literature documenting the effect of a plant-based diet

Table 2: Supplementation consumption according to the type of diet.

PBD (n=20) CD (n=30) o
n (%) n (%) p

No 4(20) 1(3.3)

Protein 125
Yes 16 (80) 29 (96.6)
No 3 (15) 1(3.3)

Multivitamin .246
Yes 17 (85) 29 (96.6)
No 4(20) 2 (6.6)

Calcium 275
Yes 16 (80) 28 (93.3)
No 3(15) 2(6.6)

Vitamin B12 .464
Yes 17 (85) 28 (93.3)
No 18 (90) 4(13.3)

Iron .000
Yes 2 (10) 26 (86.6)

Note: * — Chi-square test.
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Table 3: Comparison of physical activity performed at the beginning and after six months of treatment according

to the type of diet.

Initial

Physical activity (PA)

At 6 months

Time per week dedicated to PA

Days per week that PA was performed

PBD (n=20)
n (%)
No 3(15)
Yes 17 (85)
No 6 (30)
Yes 14 (70)
mean (SD)
Initial (min) 50.25 (32.5)
At 6 months (min) 43.25(39.5)
Initial (days) 4.1(2.36)
At 6 months (days) 2.95(2.3)

CD (n=30)
n (%)

9(30)
21(70)
4(13.3)
26 (86.6)
mean (SD)
25.16 (21.1)
45.16 (28.7)
3.57 (2.12)
4.17 (1.88)

317

171

kK

.005
.691
.336
.059

Note: * — Fisher’s exact test; ** - Mann Whitney U test.

Table 4: Comparison of blood concentrations of albumin, glucose, iron and total protein at baseline and after six
months of treatment between the two types of diet.

PBD (n=20) CD (n=30) .
mean (SD) mean (SD) P
Initial 4.24(1.3) 4.06 (0.4) 585
Albumin (g/dL)
At 6 months 3.77(0.96) 4.15(0.48) 108
Initial 99.72 (15.4) 116.71 (66.79) 627
Glucose (mg/dL)
At 6 months 86.05 (13.91) 93.22 (28.8) .593
Initial 76.38 (29.14) 73.66 (29.45) 714
Iron (mcg/dL)
At 6 months 82.37 (41.77) 85.38 (42.5) 501
. Initial 6.95 (0.47) 7.22 (0.36) .049
Total proteins (g/dL)
At 6 months 6.93 (0.47) 6.97 (0.45) 758

Note: *— Mann Whitney U test.

Table 5: Comparison of blood concentrations of albumin, glucose, iron and total protein at baseline and after six
months of treatment by type of diet (n=50).

Initial At 6 months

5 £
mean (SD) mean (SD) Mean difference p
PBD 4.24(1.3) 3.77(0.96) -0.45 .408
Albumin (g/dL)
CD 4.06(0.4) 4.15(0.48) .09 .434
PBD 99.72 (15.4) 86.05 (13.91) -13.67 .002
Glucose (mg/dL)
CD 116.71 (66.79) 93.22 (28.8) -23.49 .001
PBD 76.38 (29.14) 82.37 (41.77) 5.99 .502
Iron (mcg/dL)
CD 73.66 (29.45) 85.38 (42.5) 11.72 .399
PBD 6.95 (0.47) 6.93 (0.47) -.02 812
Total proteins (g/dL)
CD 7.22(0.36) 6.97 (0.45) -.25 .005
Note: * - Wilcoxon test.
390 https://doi.org/10.46389/rjd-2024-1761 © 2024 The Authors



on these patients is scarce. Therefore, our study signif-
icantly contributes to advancing comprehension on
this topic.

In a recent study by Vilela et al. [9], it was observed
that every 5% of energy from vegetable protein replaced
by animal protein (mainly white meat) after Roux-en-Y
gastric bypass increased the probability of obesity re-
mission (BMI reduction to at least 29.9 kg/m?). Con-
trasting their results, during a 6-month follow-up, we
did not observe significant differences in mean weight
in kilograms, percentage of weight loss, BMI, WC, and
VF score between both groups. This is consistent with a
study by Phan et al. [10], in which no significant differ-
ences in weight loss and BMI were observed between veg-
etarian and omnivorous patients 6 months after BMS.

No significant differences were observed in the
mean percentage of MM at 6 months between both
groups. However, a significant difference was observed
in the mean percentage of MM gain, resulting greaterin
the PBD group compared to the CD group, which had a
slight decrease. Thisdifference could be dueto the high-
er protein consumption in the PBD group (PBD=90 g of
protein/day; CD=60-75 g of protein/day) since some
studies suggest that “the best predictor” to keep muscle
mass is a higher protein intake. Authors have reported
that vegetable-protein consumption increases protein
amount, as well as an adequate branched amino acids
intake, which is related to higher protein synthesis and
muscle mass preservation. However, there has yet to
be a scientific consensus about which type of protein
(animal or vegetable) is better for protein synthesis and
muscle mass. Therefore, it cannot be concluded wheth-
er the difference found in the average MM gain is due
to the type of diet consumed. Furthermore, the group
that carried a PBD also consumed foods from animal
sources, including eggs and dairy products [11].

Significant differences were observed in terms of
FM. The PBD group had a higher average FM percent-
age than the CD group, and the percentage of FM loss
was higher in the CD group than in the PBD group.

PA could have also influenced the differencesin the
variables of MM and FM; however, authors have stat-
ed that physical activity impacts body composition.
Willis et al. [12] compared aerobic exercise (AE), resist-
ance exercise (RE), and a combination of both (AE/RE)
to identify which was the best option for reducing
obesity. These authors found that the AE and AE/RE
groups reduced fat mass more than the RE, while RE
and AE/RE increased lean body mass more than AE.
Nonetheless, in this study, we only had PA time, which
was greater at the beginning of treatment in the PBD
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group; they spent twice as much time in PA per week.
After 6 months of intervention, the time was equal be-
tween both groups. The type and intensity of physical
activity they performed need to be known in order to
carry out a more detailed analysis.

Regarding blood concentrations, our results match
the study by Phan A. et al. [10]; no significant differ-
ences were observed in iron-blood and albumin blood
concentrations between both groups at 6 months after
surgery. Likewise, in our results, no significant differ-
ences were observed in blood concentrations of glu-
cose and total protein between both groups. However,
when comparing the initial concentrations with those
at 6 months by type of diet, significant differences were
found; in both groups, a significant decrease in glucose
levels was found. A slight decrease in total protein con-
centration was detected in the CD group.

InIsrael, Sherf-Dagan et al. [13] reported that great-
er iron supplementation was detected among vegetari-
ans compared to omnivores; contrasting, we observed
that the percentage of people with CD who consumed
iron supplements was higher. This may be due to veg-
etarianism differences and the availability of certain
products between Israel and Mexico.

Regarding the limitations of this study, the only
comparison between the ovo-lacto-vegetarian diet
is not enough to know the effects of other types of
plant-based diets, such as the vegan diet. Consequently,
itis necessary to address this in the following studies.

Although the patients were asked in the nutrition
consultation if they kept a PBD, consumed supple-
ments, and had a high level of physical activity, there
is a possibility of bias due to the person’s memory ca-
pacity or the fact that being honest in their answers
cannot be prevented. In addition, a small sample size
was available due to the low rate of patients with a PBD
who undergo a BMS, so the validity and generalization
of the results may be affected.

Regarding this study’s strengths, we can remark on
its design, as it was possible to perform a longitudinal
comparison of both study groups. Furthermore, data
were available on the evolution of lean mass and fat
mass in addition to consumption/adherence to supple-
mentation, which are essential elements for analyzing
patients’ nutritional status.

A recommendation for upcoming research is to ana-
lyze the blood concentration of vitamin BI2 since lower
levels of this vitamin have been observed in some stud-
ies in people living overweight and obese compared to
people of normal weight. Low B-12 vitamin blood levels
have also been reported as a common deficiency among
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vegetarians [10, 13, 14]. It would also be pertinent to ana-
lyze the concentrations of other vitamins and minerals,
such as vitamin D, zinc, and calcium, as these deficien-
cies may be present in people with PBD [10, 13].

Conclusions

The results of this study suggest that after six
months of treatment, the nutritional status of people
who followed a PBD after a BMS such as gastric bypass
was the same as that of those who followed a provid-
ed CD, even when the treatment was monitored and
planned by a nutrition professional.

Nevertheless, it is essential to supervise the quality
of the PBD and identify and amend possible deficien-
cies associated with unhealthy nutrition habits. It is a
common practice in post-bariatric patients to avoid the
consumption of animal-based foods, and they tend to
have a greater intake of ultra-processed products.
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