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Abstract

Purpose of Review. Obesity is defined as an abnormal fat accumulation as-
sociated with disease development risk. The prevalence of obesity and
non-communicable diseases (NCDs) continues to increase at a concerning
pace. The modern lifestyle requires people to rely on processed foods because
of their efficiency and low-cost, which are associated with obesity and NCDs.
Vegetarian diet refers to the exclusion of meat, fish, seafood and can also ex-
clude animal products such as dairy and eggs. Therefore, the purpose of this
review is to explore vegetarianism as a potential solution for obesity and the
development of non-communicable diseases. Recent Findings: Meat intake is
also related to unhealthy food groups consumption, contributing to overall
poor diet quality. In contrast, vegetarian diets are associated with higher sa-
tiety, resulting in less food intake, favoring weight reduction. Lowering the
prevalence of NCDs should be a priority, and nutritional interventions are
pivotal to accomplish this goal. Summary: Vegetarian diets are associated with
weight loss due to: fiber content, lower caloric density, microbiota regulation,
and the release of gastrointestinal appetite-regulating hormones. Plant-based
eating patterns have demonstrated an overall healthier diet and can be a poten-
tial solution for obesity and NCDs’ development.
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1. Introduction

There are currently many threats to global health, and it is well known that ob-
esity is one of them. Obesity is the sixth risk factor for death worldwide, and it
concerns how it has tripled in the last few decades [1] [2]. Obesity is defined as

an abnormal fat accumulation associated with risk of disease development. Ob-
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esity is when a person has a body mass index (BMI) above 30 kg/m? and over-
weight when BMI is above 25 kg/m? [2]. According to the World Health Organ-
ization (WHO), in 2016, 39% of adults suffered from being overweight and 13%
from obesity [2]. There is a common misconception of the word malnutrition
because it is immediately assumed that this term refers to undernutrition. How-
ever, malnutrition refers to an altered nutritional status, either by deficit or
excess [3].

Modern lifestyle requires people to rely on efficient and low-cost food options.
The consumption of processed foods and ready to eat meals has been associated
with the development of obesity and non-communicable diseases (NCDs) [3].
Non-communicable diseases are chronic, non-infectious, and non-transmissible
medical conditions that increase cardiovascular disease and mortality risk [4].
Recent studies have also shown that there might be an association between the
consumption of processed food during the first 1000 days of life and stunting.
Although more evidence is needed to confirm this relationship, these findings
would help to further understand the increasing rates of the double burden of
malnutrition [3] [5]. As Wendell Berry said, “People are fed by the food indus-
try, which pays no attention to health and is treated by the health industry,
which pays no attention to food.”

To date, the restless search for an ideal diet to fight obesity is nowhere near
done. It is known that some diets favor weight loss and decrease the incidence of
NCDs. Vegetarian diets are becoming popular among researchers due to their
emerging evidence regarding health benefits [6]. A vegetarian diet refers to the
exclusion of meat, fish, seafood and can also exclude animal products such as
dairy and eggs [7]. Therefore, the purpose of this review is to explore vegetarian-
ism as a potential solution for obesity and the development of non-communicable

diseases.

2. Relationship between Omnivore Diets and Weight Gain

Diet culture has distorted food choices and eating behavior when trying to
achieve weight loss. A popular trend is the complete avoidance of carbohydrates
and starchy vegetables, encouraging high protein (HP) diets. However, the effi-
ciency of HP diets for weight loss is still inconclusive [8]. It is ironic how there is
evidence regarding the high intake of red and processed meats and the associa-
tion with increased morbidity and mortality, and still, these diets are preferred
[91.

Meat consumption has been associated with higher morbidity and mortality,
but is it really the best way to lose weight? A multicenter, prospective cohort
study showed that the consumption of 250 g of meat per day (approximately 1
steak) would result in a 2 kilogram or higher weight gain in a 5-year period [10].
Also, a multiethnic cohort study found a significant, positive association be-
tween red and processed meat intake with BMI in women (5= 0.036, p < 0.0001)
and men (B = 0.034, p = 0.0004). This same study demonstrated a significant

positive association between meat consumption and serum leptin levels [women
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(8=10.167, p < 0.0001), men (8= 0.180, p = 0.0004)] [11].

Meat intake is also related to unhealthy food groups consumption, contribut-
ing to an overall poor diet quality [9] [12]. Many recent guidelines now recom-
mend that adults restrict red and processed meat to no more than 70 g per day.
This would improve diet quality and health and provide environmental benefits
[13].

3. Vegetarianism as a Strategy for Weight Loss

Vegetarianism is a dietary profile characterized by the omission of meat, meat
products, poultry, and seafood from the diet as shown in Figure 1 [14]. People
may adopt this dietary pattern due to religious, ethical, cultural, environmental,
or health reasons [6]. Vegetarian diets are usually composed of whole foods with
lower calorie density than processed foods. Low-density foods have higher
amounts of fiber, which in turn promotes satiety [15].

In 2016, a meta-analysis of randomized controlled trials showed a 2 kilogram
weight reduction in those subjects who followed a vegetarian pattern. There are
multiple explanations for the effect of vegetarian diets on weight loss, and one of
them is fiber intake [16]. Fiber benefits are partly due to viscosity, the degree of
resistance to flow, leading to a decreased gastric emptying rate, and modulation
of small intestinal transit. Therefore, individuals have increased satiety and less
food intake, favoring weight reduction [17].

Calorie restrictions are one of the most common methods for weight reduc-
tion. Nonetheless, restricting calories doesn’t necessarily improve diet quality or
composition. Plant-based diets are known for having a higher Alternate Healthy
Eating Index (AHEI), which would benefit overall health rather than only seek-
ing weight reduction [18]. A lifestyle modification 8-week program demon-
strated a statistically significant weight loss of 5.7% of body weight in partici-
pants consuming a plant-based diet (p < 0.0001). Participants were allowed to
eat ad libitum whole foods, excluding animal-based foods and processed foods.
Blood pressure, total and LDL cholesterol also decreased significantly [decrease
in blood pressure (p = 0.0002), decrease in total cholesterol (p < 0.0001), de-
crease in LDL cholesterol (p < 0.0001)] [19].

4. Adherence to Vegetarian Diets

It is a common concern that vegetarian or vegan diets are bound to fail due to
the idea of them being too restrictive. The New DIETSs study investigated die-
tary adherence and acceptability of four plant-based diets (vegan, vegetarian,
pesco-vegetarian, semi-vegetarian) or an omnivore diet. The study found similar
dietary adherence between all five dietary patterns and a greater weight reduc-
tion in non-adherent individuals on a meat-free diet compared to non-adherent
individuals on an omnivore diet [20].

Dietary adherence is crucial for achieving any health and weight goal and
should be considered when tailoring a weight loss plan. Practitioners need to ask

themselves how they may optimize patient adherence [21], which might be chal-
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lenging if individuals feel hungry throughout the process. As shown in Figure 2
[22], a vegetarian meal with similar energy and macronutrient content as an
omnivore meal can be more voluminous due to the lower calorie density of

plant-based foods.

Figure 1. Dietary patterns: from vegan to omnivore. Vegan: excludes all animal products
from the diet; Ovo-Lacto-Vegetarian: a dietary pattern that adds dairy and eggs to a
vegetarian diet; Pesco-vegetarian: a dietary pattern that adds seafood to a vegetarian diet;
Omnivore: includes all food items and animal products.

Figure 2. Comparison between an omnivore and vegetarian meal. The vegetarian meal
(left) consists of 1 1/4 cup of tofu skewers, 2 oz of avocado, 1 cup of cooked vegetables, 1
cup of cooked rice, and a piece of fruit. The omnivore meal (right) consists of 3 oz of beef,
2 oz of avocado, 1 cup of cooked vegetables, 1 cup of cooked rice, and a piece of fruit.
Both meals provide approximately 600 kcal, 30 g protein, 70 g carbohydrates, and 20 g fat.
The food portions are based on the Choose Your Foods, Food Lists guideline by the
American Diabetes Association and Academy of Nutrition and Dietetics.
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Changes in appetite when following a plant-based diet are influenced by the
fiber content. Fiber is fermented by the gut microbiota, resulting in the produc-
tion of short-chain fatty acids (SCFA); thereby, stimulating the release of peptide
YY (PYY) and glucagon-like peptide (GLP-1). These promote satiety by sup-
pressing appetite and delaying gastric emptying [15].

Klementova, M., and colleagues evaluated the postprandial metabolism of ga-
strointestinal hormones and satiety in response to a pork meat burger and tofu
burger. 60 men participated in the randomized control study (men with T2DM
= 20, men with obesity = 20, healthy men = 20). The study evidenced that all
groups reported more satiety with the tofu burger compared to the meat burger:
participants with T2DM increased satiety by 9% (95% CI, p = 0.004), subjects
with obesity by 18.7% (95% CI, p < 0.001), and healthy men by 25% (95% CI; p <
0.001). There was also an increase in the postprandial secretion of GLP-1 and
PYY. The study concluded that the plant-based meal promoted higher satiety
than the processed meat meal [23].

More evidence is required to understand further how plant-based diets pro-
mote satiety. However, these findings are suggestive that this dietary pattern in-
duces appetite suppression and promotes satiety by the production of SCFAs,

leading to the release of gastrointestinal appetite-regulating hormones.

5. Do Vegetarian Diets Prevent NCDs?

The prevalence of a variety of NCDs has drastically increased, and there is a
concern over the link between meat intake and the susceptibility of these diseas-
es [9]. New technologies and advances in breeding practices have increased the
availability and reduced costs of animal production in the industrialized world.
Between 2014 and 2016, the average meat consumption per capita globally was
34.1 kg/per annum, 60% from red meat [12]. Lowering the prevalence of NCDs
should be a priority, and nutritional interventions are pivotal to accomplish this
goal. As shown in Table 1 [10] [15] [16] [19] [23], vegetarian eating patterns
promote various features associated with reducing cardiovascular disease preva-
lence. The Nurses’ Health Study found that replacing one standard serving of
red meat (3 ounces) with a vegetable protein reduced coronary heart disease
(CHD) by 13% - 30% [24].

Table 1. Comparison between vegetarian and omnivore eating patterns.

Features Vegetarian eating patterns Omnivore eating patterns

Calories l T
Fiber T

Saturated Fat l

Appetite regulating hormones T

Weight l

Arrow pointing up indicates an increase; arrow pointing down indicates decrease.

l
T
l
T
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6. Cardiovascular Disease

According to the WHO, cardiovascular diseases (CVDs) are the leading cause of
death around the world. In 2016, 17.9 million people died from CVDs,
representing 31% of worldwide deaths. It is widely known that CVDs can be
prevented by healthy eating patterns and increasing physical activity [25]. A sys-
tematic review and meta-analysis demonstrated a 22% and 28% decrease in
CHD mortality and incidence, respectively, with a vegetarian pattern. This me-
ta-analysis evidenced that vegetarian diets are associated with significantly lower
coronary heart disease mortality (RR 0.78, 95% CI; p < 0.0001) [26]. Also, Bech-
thold and colleagues demonstrated that the consumption of 2 servings/d of red
meat (170 g), 2 servings/d of processed meat (60 g), and 2 servings/d of sug-
ar-sweetened beverages (500 ml) are associated with a 60% increase of stroke,
and their omission could reduce its risk by 38% [27].

The exact reason why vegetarian patterns are protective against CVDs is not
completely understood. Still, plant-based diets are characterized by having a
lower saturated fat content compared to omnivore diets [6]. Trans fatty acids,
found in meat and produced by chemical or enzymatic reactions, are associated
with increases in triglycerides, apolipoprotein B, and LDL cholesterol [28]. Ob-
servational studies have provided evidence for a plant-based diet’s benefits to
achieve and maintain a healthy lipid profile [24]. Vegetarian patterns have a
higher consumption of foods that lowers cholesterol and LDL-cholesterol, such
as nuts, legumes, and soybean [6]. A study published in 2018 with 118 partici-
pants that lasted six months demonstrated that omnivores assigned to follow a
vegetarian diet (n = 60) have significantly lower metabolic markers compared to
participants assigned to the Mediterranean diet. The difference for LDL choles-
terol was of 9.10 mg/dL (p = 0.01), and 12.70 mg/dL of triglycerides (p < 0.01).
The authors argued that vegetarian diets are low in cholesterol and saturated fat,

leading to reduced cholesterol absorption in the bloodstream [29].

7. Type Il Diabetes

Diabetes has reached epidemic levels, with an estimated global prevalence of
9.3% (463 million people), documented in 2019. It is estimated that prevalence
will increase to 10.9% (700 million) by 2045 [30] [31] [32]. The main causes of
T2DM are modifiable and dietary interventions are one of the main pillars for
prevention and treatment [31].

The Tzu Chi Health Study (TCHS), a prospective cohort study with 4625 vo-
lunteers, found that those who converted from nonvegetarian to vegetarian had
53% lower hazards (HR: 0.47, 95% CI: 0.30, 0.71) for diabetes. This same study
showed that consistent vegetarians had 35% lower hazards (HR: 0.65, 95% CI:
0.46, 0.92) compared to nonvegetarians [33]. Similarly, participants from the
EPIC-Oxford study were classified as regular meat-eaters (consumption of
meat > 50 g/d), low meat-eaters (<50 g/d of meat), fish-eaters, and vegetarians.

The results demonstrated that regular low meat-eaters, fish-eaters and vegeta-
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rians were less likely to develop diabetes compared to meat-eaters [low
meat-eaters (HR = 0.63, 95% CI), fish-eaters (HR = 0.47, 95% CI), and vegeta-
rians (HR = 0.63, 95% CI)] [34].

Seventh-Day Adventists have drawn the attention of many researchers due to
their low NDCs rates. This population has only 45% the rate of diabetes of the
general population. A study with 801 adult Seventh-Day Adventists found that
those who consumed meat once a week had a 29% higher risk of diabetes. When
the meat was processed, the risk increased to 38%. The population who had a li-
felong adherence to a vegetarian diet had a 74% reduced risk of developing di-
abetes compared to those who consumed meat weekly [31] [35].

8. Chronic Kidney Disease

Chronic kidney disease (CKD) is yet another public health issue due to its con-
tribution to morbidity and mortality from NCDs [36] [37]. In 2017, the number
of individuals with all stage CKD was almost 700 million, higher than those with
diabetes. In the same year, CKD took 1.2 million lives, a number that has been
projected to increase to 2.2 million by 2040, in a best-case scenario [36].

CKD is also associated with other complications such as cardiovascular dis-
ease, uremic cardiomyopathy, vascular stiffness, and calcifications. These com-
plications have no evidence-based treatments to effectively reverse them, once
they are established [38]. Therefore, prevention is the best option. A me-
ta-analysis that included more than 630,000 participants with normal base renal
function showed that the adherence to a healthy dietary pattern was associated
with 23% lower odds of developing albuminuria and 30% less incidence of CKD
[39]. The Atherosclerosis Risk in Communities (ARIC) study, which is a large
longitudinal observational study, including almost 12,000 adults with normal
base renal function, found that there was a higher risk of incident CKD in indi-
vidual consuming more protein from red and processed meat [Hazard Ratio
1.23; p < 0.01]. However no significant association between total protein con-
sumption and incident CKD stage III [40].

A cross-sectional study that included 5316 non-diabetic participants within
the Tehran lipid and glucose study framework showed that a higher intake of
plant protein was directly associated with estimated glomerular filtration rate
(eGFR) and a decreased risk for developing CKD. Each 20 g increase of plant
protein was associated with a lower CKD risk (OR 0.84, 95% CI 0.74 - 0.96; p =
0.012). On the other hand, a higher animal protein consumption was signifi-
cantly associated with a higher risk of developing CKD (OR 1.37, 95% CI 1.05 -
1.79; p < 0.05) [41].

9. Animal versus Plant Protein

Protein is the major functional and structural component of all cells of the body.
They serve many functions such as kinetic, catalytic, structural, and signaling
[24] [42]. It is a common concern whether vegetarian diets provide sufficient di-

etary protein due to animal flesh exclusion. The EPIC-Oxford cohort showed
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that protein intake in the vegetarians and vegans met the Recommended Dietary
Allowance (RDA) of 0.8 g/kg body weight. Vegetarians had a mean protein in-
take of 1.04 g/kg body weight and vegans 0.99 g/kg body weight [42] [43].
Therefore, both vegetarian and vegan diets can meet protein RDA, but what
about protein’s quality?

The dietary quality of protein usually refers to the limiting amino acid. This is
the specific amino acid in a food that is present in the lowest proportion com-
pared to an individual dietary requirement. It is a common misconception that
plant-based proteins do not contain all 20 essential amino acids, and therefore
omnivore diets are preferred. When in fact, all plant foods contain all 20 dietary
amino acids [44]. Some plant-based foods can have a less optimal amino acid
distribution profile; for example, lysine is low in grains, and methionine and
cysteine are low in legumes [7]. Therefore, complementing plant-based proteins
within the same 24 hour period can assure an adequate amino acid intake [44]
[45].

Protein sources should also be considered for their interaction with microbi-
ota. Nutrients can directly interact with microorganisms. It is well known that
an animal-based diet promotes the abundance of bile-tolerant bacteria (Alstipes,
Biophila, and Bacteroides) and depletion in Firmicutes that metabolize plant
polysaccharides (Roseburia, Eubacterium rectale and, Ruminococcus bromii)
[46]. Animal products such as red meats, processed meats and eggs are rich in
choline and L-carnitine [47] [48], which can be metabolized by gut microbiota to
trimethylamine (TMA), then TMA is transported by the portal circulation to the
liver and converted into trimethylamine N-oxide (TMAQ). TMAO has been asso-
ciated with atherosclerosis, platelet hyper-reactivity, thrombosis, and all-cause

mortality in patients with health failure [48] [49].

10. Micronutrients in Vegetarian Diets

Micronutrient deficiencies are one of the main concerns with vegetarian diets,
iron being one of them. Vegetarian and vegan diets meet iron intake recom-
mendations due to the high consumption of food rich in iron, such as legumes,
beans, and green leaves. Controversially, some studies have shown that people
who follow a vegetarian diet have a higher iron than an omnivore diet. However,
both vegetarians and vegans have lower ferritin levels, a biomarker used to eva-
luate iron deposits [50] [51]. These lower ferritin levels could be advantageous
because high ferritin levels have been associated with metabolic syndrome and
negative health outcomes. Multiple factors can impair iron bioavailability, such
as phytic acid and polyphenols. However, ascorbic acid increases the bioavaila-
bility of non-heme iron [51] [52]. Therefore, incorporating ascorbic acid, lactic
acid, malic acid, tartaric acid, carotenes, and retinol alongside iron-rich foods
can increase non-heme iron absorption and prevent deficiency [50].

Cobalamin, commonly known as vitamin B12, is a water-soluble vitamin
found mainly in animal protein. Therefore, people who follow a vegetarian diet

are at risk of vitamin B12 deficiency. It is estimated that B12 deficiency in vege-
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tarians can vary from 0% to 86.5% in adults and the elderly [52] [53]. Vitamin
B12 deficiency can lead to megaloblastic anemia, fatigue, poor cognition, and
subclinical deficiency results in increased homocysteine levels. Increased homo-
cysteine levels have been associated with an augmented risk of developing car-
diovascular disease [52] [53]. The Italian Society of Human Nutrition states that
fortified foods and supplementation are the only reliable source of vitamin B12
for vegans [50]. Some plant-based sources are found in fermented foods, spiru-
lina, and nutritional yeast [52]. The Dietary Reference Intake for Cobalamin is
2.4 pg/day, and supplementation in vegetarian diets is highly recommended
[53]. A 12-week randomized controlled trial evaluated a low dose (350 pg/week)
compared to a higher dose (2000 pg/week) of sublingual cyanocobalamin sup-
plementation in 40 vegan or vegetarian subjects. The study showed that the two
supplements restored serum levels of vitamin B12 and improved biomarkers in
those who were deficient [54]. Therefore, there are many solutions to this con-
cern.

Other micronutrient deficiencies may occur following a plant-based diet due
to low bioavailability, antinutrients that inhibit the absorption, and the exclusion
of animal sources containing different micronutrients. The population that fol-
lows a vegetarian and vegan diet usually has decreased levels of zinc, and one of
the main reasons for this is due to the high content of phytic acid in this eating
pattern [55]. Procedures like sprouting, milling, and soaking are recommended
to increase zinc bioavailability [50]. Whenever possible, it is recommended that
people who follow a vegetarian diet have periodic laboratory tests to assess
possible micronutrient deficiencies, as well as a nutritional physical examination

by a health professional.

11. Conclusion

There is substantial evidence that demonstrates the relationship between the
consumption of an omnivore diet and weight gain. In contrast, vegetarian diets
are associated with weight loss due to: fiber content, lower caloric density, mi-
crobiota regulation, and the release of gastrointestinal appetite-regulating hor-
mones. The prevalence of NCDs increases along with obesity each day. However,
the silver lining is that modifiable and dietary interventions are one of the main
pillars for the prevention and treatment of these conditions. Plant-based eating
patterns have been demonstrated to be an overall healthier diet as evidenced by
having a higher Alternate Healthy Eating Index. They provide sufficient protein
quality and quantity, and micronutrient deficiency can be prevented with ade-
quate guidance by health professionals. All of the evidence presented above in-
dicates that vegetarianism is, in fact, a potential solution for obesity and the de-

velopment of non-communicable diseases.
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