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The increasing global health problems of overweight
and obesity are associated with coronary heart dis-
ease, hypertension, diabetes, osteoarthritis, and cer-
tain cancers, among other health concerns. Vegetar-
ian diets are associated with reduced body weight,
lower incidence of certain chronic disease, and lower
medical costs compared with non-vegetarian diets.
We reviewed the literature to ascertain the extent to
which and by what mechanism(s) a plant-based diet
may mediate body weight.
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INTRODUCTION

Overweight and obesity are increasing not only in
the United States,’ but also globally.? According to the
1999-2000 National Health and Nutrition Examination
Survey (NHANES), 64% of US adults were overweight,
as defined by a body mass index (BMI) = 25.0 kg/m?,
and 30% were obese (BMI = 30.0 kg/m?). This repre-
sented an 8% increase in prevalence of overweight and a
7% increase in obesity from 19881994 NHANES data.’
The World Health Organization (WHO) estimates that a
total of 1.2 billion people are overweight or obese, and
that these numbers are rapidly increasing.” Overweight
and obesity are associated with coronary heart disease,
diabetes, hypertension, osteoarthritis, and certain can-
cers, among other health problems.

Previous reviews have noted that vegetarians tend to
have a lower body weight than non-vegetarians.*” If
such diets cause weight loss when adopted by over-
weight individuals, they may be of substantial clinical
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value because they are also associated with other health
benefits, including improved control of blood lipids,*’
blood pressure,10 and diabetes,'"'? reversal of cardiac
atherosclerosis,®'® and a reduced incidence of certain
cancers.'*'> We therefore reviewed the published liter-
ature to ascertain the extent to which vegetarian diets are
associated with reduced body weight and examined pu-
tative mechanisms that may explain these associations.

Vegetarian diets are based on plant-derived foods
such as grains, beans, fruits, and vegetables. Ovo-lacto-
vegetarians avoid meats but consume dairy products and
eggs. Vegans avoid all food products of animal origin.
References to vegetarians in this paper are to ovo-lacto-
vegetarians, unless otherwise stated, as there are far
fewer studies on vegans.

METHODS

A Medline search (National Library of Medicine,
Bethesda, MD) was conducted for scientific articles con-
taining information on vegetarians and their weight sta-
tus using the key words “vegetarian diet” or “vegetari-
anism” and “body weight” or “body mass index” or
“BMI,” with the search limited to studies of adult hu-
mans published in the English language since 1966.
Additional reports were identified from the references
listed in these articles.

We examined each study for the presence or absence
of confounding variables, particularly smoking and phys-
ical activity, body weight, and body-mass index (BMI),
differences between vegetarians and non-vegetarians,
and any reported differences in prevalence of overweight
or obesity.

RESULTS

Observational Studies

We identified 40 studies reporting the weight status
of vegetarians and non-vegetarians. Twenty-nine of these
studies reported that vegetarians weighed significantly
less than non-vegetarians as measured by BMI or body
weight. !4

The BMI or body weight of vegetarians was ob-
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served to be lower than that of non-vegetarians in both
genders’lﬁ18,2(),21,23—25,27,28,3()—35,4(),42 and in African Amer-
icans,™*** Nigerians,'® Caucasians,'®!820-2%33-3541 4pq
Asians®®* In addition, similar observations have been re-
ported in widely separated geographic areas,>>*7-30-33-35-39

Of the 11 observational studies that did not show a
significantly lower weight among vegetarians, nine re-
ported a non-significantly lower weight among vegetar-
ians*>-31858¢ compared with their non-vegetarian coun-
terparts. Among these nine studies, three*>*” had fewer
than 30 participants. Two other groups reported that
either weight or BMI was greater in vegetarians than in
non-vegetarians.’>>> Both of these studies had a small
number of participants and included “health-conscious”
volunteers.

The weight of female vegetarians ranged from 2.9 to
10.6 kg (6% to 17%) lower than the weight of female
non-vegetarians. The weight of male vegetarians ranged
from 4.6 to 12.6 kg (8% to 17%) lower than that of male
non-vegetarians. In general, the BMI of female vegetar-
ians ranged from 2.7% to 15.0% lower than that of
non-vegetarian females, while the BMI of male vegetar-
ians ranged from 4.6% to 16.3% lower than that of male
non-vegetarians.

Because vegetarian populations may differ from
non-vegetarians in their prevalence of non-dietary habits
that influence body weight (e.g., smoking and exercise),
investigators have controlled for these influences or com-
pared populations with similar lifestyles but different
dietary habits. As a group, vegetarians are less likely to
smoke, a potential confounder in studies of body weight.
However, the weight advantages of vegetarian diets per-
sisted in studies that excluded smokers,'¢-2223-26-31-33
Researchers often have studied Seventh-Day Adventists
(SDA), taking advantage of the fact that, while virtually
all SDA avoid tobacco, caffeine, and alcohol, approxi-
mately half follow vegetarian diets, while half consume
a moderate amount of meat products, providing a useful
population for comparison. Melby>' compared SDA veg-
etarians with SDA non-vegetarians, and Rouse*® com-
pared SDA vegetarians with Mormon non-vegetarians,
both groups that proscribe smoking. In both studies, BMI
and/or body weight was lower in vegetarians than in
non-vegetarians. Melby?' reported that the BMI of fe-
male vegetarians was 4.2 kg/m? lower than that of
non-vegetarians (P < 0.0001) and that the BMI of male
vegetarians was 1.8 kg/m? lower than that of non-vege-
tarians (non-significant). Rouse® reported that female
vegetarians weighed 3.6 to 7.9 kg (P < 0.01) less than
their non-vegetarian counterparts, while male vegetari-
ans weighed 6.3 to 8.5 kg (P < 0.01) less than non-
vegetarian males. BMI was 1.8 to 2.2 kg/m” lower in
female vegetarians (P < 0.01) and 1.1 to 3.0 kg/m2 P<
0.01) lower in male vegetarians compared with non-
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vegetarians. Fraser’® reported that a vegetarian male
SDA weighed, on average, 6.4 kg less than his non-
vegetarian counterpart (P < 0.0001), and a vegetarian
female SDA weighed, on average, 5.5 kg less then her
non-vegetarian counterpart (P < 0.0001). Nieman®’
compared dietary status and weight indices in a group of
37 elderly female SDA vegetarians with SDA non-
vegetarians, and found that vegetarians weighed 2.5 kg
(P = 0.13) less, on average, than non-vegetarians.

Using a different strategy to control for lifestyle
variables, Burr'®>* compared the BMIs of vegetarians
with non-vegetarians, all of whom were patrons of health
food shops who presumably shared an interest in healthy
living. The vegetarians had lower BMIs among both men
(22.1 vs. 24.6; P < 0.001) and women (22.3 vs. 23.7;
P < 0.01).

Type of Diet

Several small studies in diverse locations have ex-
amined the effect of type of vegetarian diet on BMI or
body weight. In a sample of 183 Dutch men, Knuiman®
reported a gradation to both lower weights and lower
BMI from non-vegetarians through near vegetarians
(who eat meat and fish products less than once a week),
to ovo-lacto-vegetarians and macrobiotic (who avoid
most animal products and consume whole grains, beans,
vegetables, and fermented soy products) men. In a study
comparing the weights of 45 African-American vegans
with 143  African-American ovo-lacto-vegetarians,
Toohey* found lower weights among vegans (P < 0.05)

Larger diverse studies have reported cross-sectional
data obtained in the course of longitudinal studies.?**%->
The Coronary Artery Risk Development in Young
Adults (CARDIA) study assessed dietary and health
indicators of 5115 young adults.*® Those who reported
eating red meat and poultry less than once a week had
lower BMIs than those who consumed these foods more
than once a week. In a cohort of 34,192 California SDAs
followed for 6 years, at the end of the study, BMI was
higher in those subjects who consumed meat more fre-
quently compared with those who consumed meat less
frequently (P < 0.0001).2° These results were calculated
for subjects between the ages of 45 and 60 years, but
similar results were seen for both sexes and at other ages.
Key and Davey>” and Spencer*' used the data collected
for the European Prospective Investigation into Cancer
and Nutrition (EPIC) study to examine the relationship
between BMI and meat consumption. Among both men
and women, mean BMI was highest among the meat
eaters, intermediate among the fish eaters and ovo-lacto-
vegetarians, and lowest among the vegans. These differ-
ences in BMI were equivalent to a 5.9-kg difference in
weight between male meat eaters and vegans and a
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4.7-kg difference between female meat eaters and veg-
ans.

The data from these and other*'*'>>*7 large pop-
ulation studies suggest that, within each cohort, vegetar-
ians have a BMI about 1 kg/m? lower than that of the
non-vegetarians. The difference is similar in males and
females and is seen in all age groups. In general, the BMI
of vegans is lower than that of ovo-lacto-vegetarians,
which, in turn, is lower than that of individuals who eat
moderate amounts of meat. There were few data on the
effect of length of time on a vegetarian diet on body
weight or BMI. However, in studies reporting this find-
ing, BMI was lower among those who had adhered to
their diet for a longer period compared with those who
had adhered to their diet for a shorter period.*5

The overall lower mean BMI of vegetarians leads to
a substantially lower prevalence of obesity among veg-
etarians.*'®2*21-9387 In a cohort of 33,971 generally
well-educated women (mean age 52 * 9 years) in the
UK Women’s Cohort Study, although mean BMIs for all
groups were low and levels of obesity were around 10%,
the prevalence of obesity in the vegetarian groups was
5% to 6%.>" In another study in the United Kingdom,
Spencer*! reported that the age-adjusted prevalence of
obesity was <2% in both male and female vegetarians
compared with about 5% in meat eaters. In this study,
participants were excluded from the analysis if they
reported conditions including cardiovascular or heart
disease, hypertension, diabetes, high cholesterol, or can-
cer. In a recent study of 55,459 Swedish women, the
prevalence of obesity or overweight was 40% among
omnivores, 29% among both semi-vegetarians and veg-
ans, and 25% among ovo-lacto vegetarians.**

Randomized, Controlled Trials

Several randomized clinical trials have examined the
effects of vegetarian diets on body weight. Some have
combined vegetarian diets with other lifestyle interven-
tions. Ornish'® examined the effect of a combination of
a low-fat vegetarian diet with a walking program and
stress management in free-living adults with coronary
artery disease and compared them with a group receiving
care from their own physicians. After a year, the mean
weight loss was 10.76 kg in the experimental group,
compared with a gain of 1.44 kg in the usual-care control
group. After 5 years of follow-up, the vegan group
maintained a 5.74-kg weight loss.® In these studies, the
effect of diet cannot be separated from that of exercise.
Other studies, however, used dietary interventions in the
absence of exercise recommendations.

In a small group of individuals with type 2 diabetes
who were instructed not to alter their exercise patterns,
Nicholson'! reported that the consumption of a 10% fat

Nutrition Reviews®, Vol. 64, No. 4

vegetarian diet for 12 weeks was associated with a loss of
7.2 kg in the experimental group compared with 3.8 kg
(P < 0.005) in a control group following a diet in
accordance with American Diabetes Association guide-
lines. In the course of a crossover trial of the effect of
diet on dysmenorrhea involving 35 women (mean
BMI = 25.5 = 5.2) who were asked not to change their
exercise habits, a low-fat, vegan diet without exercise led
to mean reductions in body weight of 2.5 kg (P < 0.001)
and BMI of 0.9 (P < 0.001) in 6 weeks. Participants with
a baseline BMI over 22 lost about 3.0 kg; those with a
BMI under 22 lost 1.4 kg.’

In another study,”® 64 overweight, postmenopausal
women were randomly assigned to a vegan diet deriving
approximately 10% of energy from fat or a diet based on
National Cholesterol Education Program guidelines, and
all were instructed not to alter their exercise patterns.
After 14 weeks, body weight had dropped 5.8 = 3.2 kg
in the vegan group, compared with 3.8 * 2.8 kg in the
control group (P = 0.012.) In a regression model of
predictors of weight change, diet assignment (P < 0.05),
thermic effect of food (P < 0.05), and resting metabolic
rate (P < 0.001) were significant.

Three additional uncontrolled clinical trials com-
pared final with baseline weight. McDougall’® fed 500
men and women a 5% fat vegan diet for 12 days, which
included intensive stress reduction and exercise interven-
tion. This resulted in a 0.96% to 2.26% loss of body
weight, approximately 2.5 kg for men and 1 kg for
women. Lindahl et al.®° placed 29 hypertensive patients
on a vegan diet to assess the effect of the diet on
hypertension. The patients were not encouraged to un-
dertake regular fitness training. After 1 year, body weight
decreased an average of 8.2 kg (P < 0.001) compared
with baseline.

In summary, in 31 observational studies that re-
ported body weight, 18 showed a significant difference in
body weight of vegetarians compared with non-vegetar-
ians. The differences ranged from 4% to 20% (Table 1).
Most of the remaining studies found a lower body weight
among vegetarians that did not reach statistical signifi-
cance. Obesity prevalence ranged from 0% to 6% in
vegetarians and from about 5% to 45% in non-vegetar-
ians. In short-term, randomized, controlled trials in
which the effect of a vegetarian or vegan diet on body
weight was compared with control values, weight loss
ranged from 2.5 to 7.2 kg, depending on initial body
weight. Longer-term, uncontrolled trials have shown that
this weight loss generally persists®® (Table 2).

MECHANISMS

Population studies suggest that vegans and vegetar-
ians consume diets that are higher in carbohydrate and
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Table 2. Randomized Controlled Studies on the Differences in Body Weight and/or Body-Mass Index

(BMI) in Participants Placed on a Vegetarian or Vegan Diet

Author Design Body Weight BMI
Barnard®® Randomized control (N = 64) Low-fat vegan diet
Age range 41-73, postmenopausal, overweight —5.8 = 3.2. kg
e Treatment: low-fat vegan diet Control
e Control: National Cholesterol Education —3.8 = 2.8 kg
guidelines (P = 0.012)
14 weeks
Bernard’ Randomized crossover (N = 35) Low-fat vegetarian Low-fat veg
Age range 22-48, F 66.9 £ 12.5 kg** 24.6 = 4.9%*
e Low-fat vegetarian Baseline vs Baseline
¢ Daily supplement pill 69.4 = 129 kg 255 52
Two menstrual cycles each (—3.6%) (—3.5%)
Lindahl® Hypertensive patients (N = 26) Vegan diet
Age range 25-70 yr 70.4 = 14.3 kg**
Vegan diet for 1 yr Baseline
78.2 £ 153 kg (—10.0%)
Margetts(’l Randomized crossover (N = 1788) 25% F,
75% M
Age range 39-61:
e Group I: ovo-lacto vegetarian diet 1st 6 ND
weeks
e Group II: ovo-lacto vegetarian diet 2nd 6 +2 kg
weeks
e Control
McDougall®®  Hypercholesterolemic patients (N = 500) 303 F  Vegan diet vs baseline
197 M >50 yr (M, F)
Age range 40-65 yr —1.01% to 2.26%
Vegan diet for 12 days =50 to <65 (M, F)
—0.41% to —2.21%
=65 (M, F)
—0.52% to 2.20%
Nicholson!"  Randomized Control (N = 11) 5F, 6 M Low-fat vegan diet
Age range 34-74 yr 89.5 = 14.4 kg*
e Low-fat vegan diet Baseline
¢ Conventional low-fat diet (control) 96.7 = 13.3 kg (—7.5%)
12 weeks Control
932 £ 222 kg
Baseline
97.0 £ 229 kg (—3.9%)
Ornish'? Randomized control (N = 41) 5 F, 36 M Low-fat vegetarian
Age range 35-75 81.0 £ 11.4 kg***
e Low-fat vegetarian Baseline
e Usual care 91.1 = 155 kg (—11%)
1 year Control vs control baseline: ND
Ornish® Randomized control (N = 35) 3 F, 32 M Low-fat vegetarian

Age range 35-75 yr
e Low-fat vegetarian
e Usual care
5-year follow-up to above study

85.3 kg
Baseline

91.1 = 155 kg (—6.3%)
Control vs control baseline: ND

ND = no difference; *P < 0.005; **P < 0.001; ***P < 0.001.
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dietary fiber, lower in energy, protein, total fat, choles-
terol, and saturated fat, and have a higher polyunsatu-
rated fat to saturated fat ratio compared with the diets of
non-vegetarian groups.*?*+6%63-6776 1n controlled tri-
als, vegetarian and vegan diets tend to reduce energy, fat,
saturated fat, protein, and cholesterol, and increase in-
takes of carbohydrate and fiber.®1%38* These differ-
ences support physiological mechanisms that account for
the observed weight loss.

Total Energy

Energy intake of vegetarians may be lower than that
of non-vegetarians.”-****%%%3 In general, energy intake
of vegans and vegetarians ranged from 5% to 22% lower
than that of non-vegetarians.>**' In the short-term stud-
ies that reported energy intake of individuals who
adopted a vegetarian diet, most showed a decrease in
energy intake.®'3386465 Ajthough energy intake and
portion size was not limited in studies of low-fat vegan
diets,”%%* mean body weight dropped significantly in
the intervention groups.

Fiber

The reduced energy intake on typical vegetarian
diets appears to be mainly due to higher fiber content
and, to a lesser extent, higher carbohydrate and lower fat
content.?*?%¢6:67 The EPIC-Oxford study'® of 5292 per-
sons between the ages of 20 and 89 years indicated that,
of all of the components of the diet, dietary fiber con-
tributed the most to the observed age-adjusted differ-
ences in BMIs, equivalent to body-weight differences of
3.6 and 2.7 kg for men and women, respectively.
Davey’® reported that fiber intake as non-starch polysac-
charides was 41% higher in vegan men than in men who
ate meat and 36% higher in vegan women than in
meat-eating women. The results of a recent meta-analy-
sis suggested that when energy intake is ad libitum, the
consumption of an additional 14 g/d fiber is associated
with a 10% decrease in energy intake and a body weight
loss of 1.9 kg over 3.8 months.®® Dietary fiber reduces
energy density® and influences lean body weight via
effects on satiety®® and insulin control.”®

Carbohydrates

Diets that are low or moderate in fat but high in
carbohydrates are associated more closely with lower
BMIs than are diets low in carbohydrates.>*’® People
eating higher-carbohydrate diets may consume more
food by weight compared with people eating lower-
carbohydrate diets, but take in less total energy due to the
low energy density of the foods consumed.** Typically,

Nutrition Reviews®, Vol. 64, No. 4

vegetarian diets derive more than 50% of energy from
carbohydrate from fruits, vegetables, legumes, nuts and
whole-grain breads and cereals.?*%*%%%" High-carbohy-
drate diets tend to increase postprandial energy expendi-
ture (thermic effect of food), presumably by increasing
insulin sensitivity and hence facilitating the entry of
nutrients into cells, where they can be metabo-
liZed.58,71-73

Fat

Data from the Continuing Survey of Food Intakes by
Individuals (CSFII 1994-1996)** and other stud-
ies®>’*7> have shown that vegetarians have a lower
intake of total and saturated fat as a percentage of energy
compared with non-vegetarians. Fat, of course, is the
most energy-dense of the macronutrients. However, in
both the vegan and vegetarian diet, there is also a
consistently higher polyunsaturated fat to saturated fat
ratio compared with the non-vegetarian diet.”>**7° Spen-
cer'! observed an inverse association between percent
polyunsaturated fat in the diet and BMI. The mechanism
by which total fat or the polyunsaturated fat to saturated
fat ratio exerts an influence on body weight is unclear.
McCarty’’ has suggested that since hepatic fatty acid
oxidation promotes appetite control and lowers the re-
spiratory quotient, a relative disinhibition of this pathway
may play a role in appetite suppression in vegans and/or
vegetarians.

Protein

Protein (as percentage of energy intake) was corre-
lated positively with BMI in the large EPIC-Oxford
cohort, both within groups (except for vegans) and across
groups, for both men and women.'®*! Similar observa-
tions were reported in an EPIC cohort in Greece.””
Most, 2224406280 byt not all,**** studies support this
finding.

The total amount of protein provided in a vegetarian
diet, although adequate, is less than that provided in a
non-vegetarian diet. However, all essential and non-
essential amino acids can be supplied by plant sources.®'
Some investigators’”-’® have hypothesized that down-
regulation of insulin and up-regulation of glucagon may
occur in response to the relative amount of non-essential
amino acids in the diet. Because “high-quality” animal
protein has greater efficacy for releasing insulin, and
“lower-quality” plant proteins have a greater impact on
glucagon, a vegetarian diet may exert a downward effect
on body weight. The role of plant proteins in modulating
the insulinemic response in vegan diets merits further
study.
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Health Benefits

Observational studies indicate that the weight and
BMI of both male and female vegetarians, on average, is
approximately 3% to 20% lower than that of non-vege-
tarians. Obesity prevalence ranges from 0% to 6% in
vegetarians and from about 5% to 45% in non-vegetar-
ians. Randomized trials suggest that dietary factors in-
fluencing energy intake and possibly thermic effect of
food may be responsible for these differences. Because
vegetarian diets are associated with reduced body weight
and lower rates of obesity, vegetarians generally have a
lower risk of coronary heart disease,**®® hyperten-
sion,'*%* and diabetes.'”> A 1995 study estimated that
vegetarians also incur significantly lower medical costs
compared with non-vegetarians.®® The positive effects of
a plant-based diet on chronic disease prevention may be
mediated, in part, by changes in body weight.
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