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Vegetarianism continues to increase globally due, in part,
to perceived health benefits. Results from observational
studies indicate that vegetarian dietary patterns are asso-
ciated with favorable cardiometabolic risk factor profiles
and lower risks of chronic diseases including obesity, dia-
betes mellitus type 2, cardiovascular disease, and cancer.
Aside from avoidance of meat and the compensatory di-
etary alterations, vegetarians tend to practice lifestyle
habits conducive to better health. Well-controlled inter-
vention trials show minimal or no effects of lean meat
intake on traditional markers for chronic disease risk, al-
though biologically plausible mechanisms exist through
which consumption of meat and other animal products
could influence risks of cardiovascular disease and some
cancers. Thus, at present, the degree to which favorable
health outcomes associated with vegetarian diet patterns
are attributable to avoidance of animal products per se is
unclear. This issue has major public health implications
because more than 95% of the US population are regular
consumers of meat and other animal products. This review
aims to summarize the evidence regarding vegetarian
diet patterns and major chronic diseases, explore possi-
ble explanations for these relationships, and identify
research gaps and opportunities to better define the
health effects of vegetarian dietary patterns. Nutr Today.
2019;54(4):132Y140

Vegetarian diet patterns are characterized by avoid-
ance of meats, poultry, and fish/seafood and are
mainly plant based, although several variations are

practiced (Table 1). The most commonly practiced form is
the lacto-ovo vegetarian pattern in which the individual
avoids consumption of meats (eg, beef, pork, veal, lamb,
mutton), poultry (eg, chicken, turkey), and fish/seafood,
but does consume dairy products and eggs.1 Vegan dietary
patterns avoid all animal products, and intermediate pat-
terns include semivegetarian (also known as flexitarian)
and pescovegetarian (includes fish and/or other seafood).

Most people in the United States are omnivores who
consume meats and other animal products. Surveys and
polls have shown prevalence of 1.4% to 3.3% for vege-
tarian diets in the United States, including a prevalence of
veganism of approximately 0.5%.1 People choose vege-
tarian dietary patterns for a variety of reasons. In the
National Health Interview Survey in the United States
(2012), approximately 2% of the population reported
having followed a vegetarian diet pattern within the last
12 months for health reasons, and lifetime history of
doing so was 4%.2 Other reasons for choosing vegetarian
diets include religious beliefs, as well as concerns re-
garding animal welfare and the environmental impact of
animal food production.3,4 Many who choose a vege-
tarian dietary pattern have a mix of these motivations.
The 2015Y2020 Dietary Guidelines for Americans (DGA)
include a Healthy Vegetarian eating pattern (modeled as
a lacto-ovo vegetarian diet), along with Healthy American
and Healthy Mediterranean-style eating patterns as ex-
amples that can be adapted to promote health and re-
duce chronic disease risk according to cultural andpersonal
preferences.5 Most recently, the EAT-Lancet Commission
released its report aimed at achieving healthy diets from
sustainable food systems by 2050 because food is ‘‘the
single strongest lever to optimize human health and en-
vironmental sustainability on Earth.’’6 Primary recommen-
dations of the report were to decrease red meat and added
sugars, particularly among wealthier nations, by more than
50% and to double the intake of fruits, vegetables, legumes,
and nuts to benefit human health and provide a foundation
for environmental sustainability.6 This equates to target
intakes of 14 g/d of meat (beef, lamb, and pork), 29 g/d
poultry, 13 g/d egg (56 g/d of combined meat, poultry,
and eggs), and 28 g/d of fish. The 2015 DGA’s standard
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2000-kcal healthy eating pattern model contains 105 g/d
of a combination of meat (beef, lamb, pork) poultry, and
eggs and 32 g/d of fish/seafood.5,6 Based on the 2011Y
2012 National Health and Nutrition Examination Survey,
Americans consume 72 g/d meat (eg, beef, lamb, and
pork), 41 g/d poultry, 14 g/d eggs (102 g/d of combined
meat, poultry, and eggs), and 19 g/d of fish.7 Although the
EAT report did not specifically advocate for a vegetarian
dietary pattern, the significant target reductions in daily
animal protein servings and the recommendation to ‘‘avoid
meat’’ are attempting to move the population toward veg-
etarian and vegan dietary patterns.

The aims of this review are to (1) summarize the evi-
dence regarding the relationships of the main vegetarian
diet patterns (lacto-ovo vegetarian and vegan) to risks of
major chronic diseases, (2) explore possible explanations
for the observed associations, and (3) review research
gaps that will need to be investigated in order to better
define the potential health effects of such dietary patterns.
Although a focus of recent plant-based dietary recom-
mendations has been environmental responsibility, this
article will focus only on the nutritional and health-related
consequences of the dietary patterns, and issues of sus-
tainability and environmental impact are outside its scope.

ASSOCIATIONS OF VEGETARIAN DIET
PATTERNS WITH INCIDENCE OF
MAJOR CHRONIC DISEASES

Several reviews and meta-analyses have been published
on the associations between vegetarian diet patterns and

disease outcomes.1,3,8,9 Prospective cohort studies in the
United States, the United Kingdom, Europe, and Australia
have reported data on vegetarian dietary patterns and their
associations with incidence of chronic diseases and/or
mortality.4,10,11

Table 2 summarizes results from a meta-analysis of the
incidence of various health outcomes published by Dinu
and colleagues.3 A total of 86 cross-sectional and 10 co-
hort prospective studies, which included a mix of popu-
lation groups from the United States, the United Kingdom,
and Germany, were included in the analyses. In pooled
analyses, all disease outcomes investigated were numer-
ically lower among vegetarians and vegans compared with
omnivores, with relative risks indicating 2% to 25% lower
incidence. Among vegetarians, significantly lower inci-
dence was present for ischemic heart disease (25% lower,
P G .001) and all cancers (8% lower, P = .002). No statis-
tically significant differences were observed for all-cause
mortality, incidence of all cardiovascular disease (heart
disease and stroke), breast cancer, or mortality from any
cancer or specific cancer types (breast, colorectal, pros-
tate, lung). A much smaller sample was available to in-
vestigate associations in vegans. In this group, incidence
of all-cause mortality was lower by 12% (not statistically
significant, P = .10), and all cancer incidence was signifi-
cantly lower by 15% (P = .006). Of note, subgroup analyses
indicate that a vegetarian diet was significantly associated
with a lower risk of all-cause mortality and breast cancer
mortality in US Seventh Day Adventists with a shorter
(G14 years) follow-up; no significant associations were
found when assessing non-Adventists living in European
countries.3

Vegetarian dietary patterns are asso-

ciated with favorable cardiometabolic

risk factor profiles and lower risks of

chronic disease, including obesity,

diabetes mellitus type 2, cardiovas-

cular disease, and some cancers.

Dinu et al3 and others have reported that relationships
between favorable outcomes with vegetarian diet patterns
have generally been stronger in US than non-US cohorts,
particularly in data from the Adventist Health Studies, and
for the outcome of all-cause mortality.3,8,10 One possible
explanation for this difference is that much of the evidence
from US cohorts is from the Adventist Health Studies.
Many Seventh Day Adventists consume vegetarian diets

TABLE 1 Different Types of Vegetarian and
Nonvegetarian Dietary Patterns

Dietary Pattern

Vegan Avoids consumption of all animal
products

Lacto-ovo vegetarian Avoids consumption of meats,
poultry, fish, and/or other seafood
but consumes dairy products and
eggs; the most widely practiced form
of a vegetarian dietary pattern

Pescovegetarian Avoids consumption of meats and
poultry, but consumes fish and/or
other seafood, and most often also
consumes dairy products and/or eggs

Semivegetarian
(flexitarian)

Consumes small amounts of animal
products, which may include dairy,
eggs, and/or seafood in a mostly
plant-based diet (sometimes referred
to as flexitarian)

Omnivore Consumes animal products, including
meats, poultry, and seafood
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for religious reasons and are characterized by lifestyle
practices that are conducive to good health such as
avoiding smoking, alcohol, and drug abuse; maintaining
relationships; and obtaining regular exercise and ade-
quate rest.12,13 The degree to which an individual chooses
to adhere to a vegetarian diet pattern for religious reasons
may correlate with the degree to which other health-
promoting lifestyle and other behavioral practices are
followed. Therefore, the stronger associations between
reduced risks of mortality and chronic disease outcomes
may be the result of a range of health-promoting behav-
iors that differ between US Seventh Day Adventists who
consume vegetarian diet patterns and nonYSeventh Day
Adventist populations consuming vegetarian dietary pat-
terns in other countries.

Dinu and colleagues3 also found that cross-sectional
analyses indicated lower values for several cardiometabolic

risk factors among vegetarians compared with omnivores,
including significantly lower values for body mass index,
total and low-density lipoprotein cholesterol (LDL-C), tri-
glycerides, and blood glucose. Results were similar in
magnitude for vegans, although some variables (eg, tri-
glycerides) did not reach statistical significance, likely
because of a smaller sample size. In the Adventist Health
Study 2 (AHS-2), lower hazards were present for diabetes
mellitus type 2 among lacto-ovo vegetarians and vegans
comparedwith regular consumers ofmeat (omnivores), as
well as a lower prevalence of metabolic syndrome1,14,15;
these associations remained after adjustments for factors
such as sex, ethnicity, physical activity, and alcohol intake.
These results are consistent with expectations based on
cross-sectional results in multiple studies showing a more
favorable cardiometabolic risk factor profile among those
consuming vegetarian dietary patterns.

TABLE 2 Differences in Incidence of Health Outcomes Between Omnivore and
Nonomnivore (Vegetarian and Vegan) Comparison Groups in Pooled Analyses
From Prospective Cohort Studies Including 72 298 Total Subjects Followed
for Periods of 4.1 to 21 Years

Group and Outcomea-c % Lower Incidence vs Omnivore P

Vegetarian diet pattern

All-cause mortality 6 .24

Cardiovascular disease 7 .07

Ischemic heart disease 25 G.001

Cerebrovascular disease 7 .39

Cancer 8 .002

Cancer mortality 2 .76

Breast cancer 6 .31

Breast cancer mortality 6 .81

Colorectal cancer mortality 10 .18

Prostate cancer mortality 10 .56

Lung cancer mortality 14 .36

Vegan diet pattern

All-cause mortality 12 .10

Cancer 15 .006

aSummarized from data reported in a meta-analysis by Dinu et al.3 The reference group is omnivore diet pattern (consumes meats, poultry,
seafood).
bVegetarian diet pattern is defined as excluding meat, poultry, seafood, and flesh from any animal. Vegan diet pattern is defined as a diet
omitting all animal products.
cVariables with statistically significant P values (G.05) are bolded, and each pooled point estimate includes data from 3 to 7 cohorts, ranging from
6301 to 66 018 participants.
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Mechanisms Potentially Linking Consumption
of Meat and Other Animal Products With
Health Outcomes
There are plausible mechanisms through which con-
sumption of meat and other animal products could ad-
versely impact health. For example, cooking meat at
high temperatures, especially charring, has been shown
to produce compounds such as heterocyclic amines,
aromatic hydrocarbons (eg, benzopyrene), and advanced
glycation end-products, the consumption of which has
been shown to produce genotoxicity, carcinogenesis, and
inflammation/oxidation in animal models.16Y18 Heme
iron, which is present in meat, poultry, and seafood, but
highest in red meat, can act as an oxidant, which could,
theoretically, contribute to the pathogenesis of cardio-
vascular diseases, diabetes mellitus type 2, and can-
cers.19,20 The World Cancer Research Fund released its
Third Expert Report on Diet, Nutrition, Physical Activity
and Cancer in 2018, which reviewed the evidence for
various exposures in relation to cancer risk.21 Based on
the mechanistic considerations summarized above, they
concluded that there is moderate mechanistic evidence to
support a relationship between high consumption of red
meat and colorectal cancer risk.21 Processed meats that are
preserved through smoking, curing, salting, and/or the
addition of chemical preservatives contribute significantly
to dietary intakes of sodium, as well as nitrites and
nitrates, excess consumption of which has been asso-
ciated with vascular dysfunction and impaired glucose
tolerance.22 The World Cancer Research Fund report
also stated that ‘‘convincing’’ evidence linked processed
meat to colorectum cancer, and ‘‘limited’’ evidence linked
processed meat and red meat to other cancers such as lung
and nasopharynx, among others.21 The report cites in-
creased exposure to heterocyclic amines and polycyclic
aromatic hydrocarbons formed during high temperature
cooking and exposure to potentially carcinogenic N-
nitrosoYderived compounds present in processed meat as
potential mechanisms by which these foods might cause
cancer.21 However, it is important to note that the evi-
dence used to support the report’s conclusions is based on
observational studies and mechanistic plausibility, be-
cause data from dietary intervention studies on cancer
incidence in humans are extremely limited.

Randomized controlled trials of the effects of fresh meat
consumption have shown minimal or no adverse effects
on traditional cardiovascular disease risk factors.23Y26

While red meat, such as beef, is a source of saturated fatty
acids, it also contains approximately equal amounts of
monounsaturated fatty acids. Furthermore, approximately
one-third of the saturated fat in beef is stearic acid, which
does not appreciably raise LDL-C.27 Thus, the predicted
effect of red or white meat on blood levels of LDL-C
is driven mainly by dietary cholesterol content.28 Dietary

cholesterol appears to have a modest, but statistically
significant, effect to raise circulating LDL-C concentra-
tion, with linear models showing a rise of ~2 mg/dL in
LDL-C for each 100-mg/d increment in dietary choles-
terol.28 Cross-sectional differences between vegetarians
and nonvegetarians in circulating levels of lipoprotein
lipids, including LDL-C, are likely attributable partially
to higher dietary cholesterol and saturated fat intakes
in omnivores and to other factors such as lower intakes
in omnivores of viscous dietary fibers, plant sterols, and
vegetable oils, as well as higher average body mass
index.29,30

Recently, controlled feeding studies have demonstrated
that consumption of red meat, but not white meat, in-
creases circulating and urinary levels of trimethylamine
N-oxide (TMAO) compared with a nonmeat diet. This
effect was attributable to both increased production of
TMAO from carnitine, but not choline, and reduced renal
TMAO clearance.31 Increased circulating TMAO concen-
tration has been associated with higher risks of cardio-
vascular events and mortality.32 At present, no data are
available from randomized controlled trials to demon-
strate that lowering TMAO reduces cardiometabolic risk,
but this is expected to be an area of intense investigation
in the future.

Egg yolks are high in cholesterol (~186 mg/egg yolk),
but also contain other nutrients such as choline and carot-
enoids.33 In feeding studies, increasing egg intake has
been associated with modestly higher levels of LDL-C,
but generally there are no other adverse effects on the
cardiometabolic risk factor profile.34Y37

Dairy products such as milk, cheese, and yogurt
contain cholesterol and saturated fatty acids. Despite
this, results from observational studies have not shown
higher risks of cardiometabolic diseases in those who
consume larger amounts of dairy products, including
full-fat versions.38 In feeding studies, low-fat and full-fat
dairy product consumption has been associated with
favorable effects on some cardiovascular risk factors.
For example, the original Dietary Approaches to Stop
Hypertension (DASH) trial showed additional blood
pressure reduction when low-fat dairy products were in-
cluded in a diet low in saturated fat with high fruit and
vegetable intake.39 More recently, Chiu et al40 evaluated
the effects of a traditional DASH diet and a high-fat DASH
diet that utilized full-fat dairy products. Inclusion of full-
fat dairy products did not adversely affect the cardio-
metabolic risk factor responses. Both the traditional and
high-fat DASH diets lowered blood pressure compared
with the control (typical American) diet. The high-fat
DASH diet also produced a reduction in plasma tri-
glycerides compared with the control and traditional
DASH diets without significantly increasing the LDL-C
concentration.40
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WHY ARE VEGETARIAN DIETARY
PATTERNS ASSOCIATED WITH LOWER
RISKS FOR CANCER AND
CARDIOVASCULAR DISEASE?

The favorable outcomes associated with vegetarian dietary
patterns are often assumed to be attributable to adverse
effects of consuming meat and other animal products. As
described previously, some biologically plausible mech-
anisms have been described for potential adverse effects,
although alternative explanations are also possible. Given
the low prevalence of veganism, very limited evidence
from observational studies is available from which to as-
sess possible differences in health outcomes for those
consuming vegan diets compared with other vegetarian
diet patterns. Also, it is difficult to evaluate the differences
between vegans and vegetarians in other dietary or life-
style factors that may affect those health outcomes. There-
fore, the discussion below will focus mainly on vegetarian
dietary patterns generally as defined by the avoidance of
meats (ie, vegan and lacto-ovo vegetarian together) com-
pared with omnivorous dietary patterns that include meats
and other animal products.

Many lifestyle, behavior, and dietary

factors that are independent of meat

intake differ between those who

follow vegetarian versus omnivore

dietary patterns and are difficult or

impossible to fully account for

completely in statistical models.

Dietary Differences Other Than Meat
Consumption
Vegetarians and vegans typically have higher nutrient
density and diet quality than omnivores, as assessed by
measures such as the Healthy Eating Index and the Med-
iterranean Diet Score.41 Vegetarian diet patterns are char-
acterized by higher consumption of whole grains, fruits,
vegetables, nuts, seeds, legumes, and vegetable oils com-
pared with omnivores, although considerable variation
exists within eating patterns.41 Vegetarian dietary patterns
are typically higher in fiber; magnesium; vitamins C, E, and
K; nonheme iron; and phytochemicals (eg, polyphenols
and plant sterols) than omnivorous diets.30 They are also
lower in saturated fat, cholesterol, long-chain omega-3 fatty
acids, vitamins D and B12, calcium, and zinc.30 Because
vegetarian diet patterns are characterized by greater con-

sumption of foods, nutrients, and dietary components that
have been associated with favorable health outcomes,30

the lower rates of chronic diseases in those consuming
vegetarian eating patterns may be attributable, in part, to
dietary choices other than avoidance of meats.

Other Lifestyle Factors and Behaviors
Results from large cohort studies in the United States
indicate that higher red meat consumption is associated
not only with differing dietary habits, but also with nu-
merous lifestyle/behavioral factors that differ markedly
from those with low red meat consumption. For example,
in the NIH-AARP cohort studies assessing diet, lifestyle,
and mortality in more than 500 000 men and women, high
red meat consumers, compared with low consumers, had
higher average body mass index, a greater prevalence of
current smoking, less average physical activity, lower
educational achievement, and lower socioeconomic sta-
tus.19,42 Similar observations have been reported in other
cohorts for vegetarian diet patterns, with vegan and veg-
etarian diet consumers showing a variety of lifestyle and
behavioral characteristics that would be expected to be
associated with good health.43Y46 This has been observed
in the Adventist Health Study and AHS-2 North American
cohorts, the European Prospective Investigation into
Cancer and Nutrition (EPIC-Oxford) cohort of UK adults,
and the NutriNet-Sante Study cohort of French adults.43-46

Within the AHS-2 cohort, for example, vegetarians and
vegans had higher average educational achievement,
greater exercise frequency, and lower mean BMI and al-
cohol consumption and were more likely to be married
and less likely to smoke.43 Among both the EPIC-Oxford
and NutriNet-Sante Study cohort participants, vegetarians
were less likely to consume alcohol and smoke, and
vegans had lower BMI.44Y46

In observational studies, it may be difficult or impos-
sible to fully account for healthful/unhealthful behaviors
other than the exposure under study, which can produce
healthy/unhealthy user bias. Healthy user bias was il-
lustrated by the experience with vitamin E supplements.
Several large, observational studies showed an associa-
tion between higher vitamin E intake, including intake
from dietary supplements, and lower risk of coronary
heart disease.47,48 These results were strong, consistent,
statistically significant after adjustment for many poten-
tial confounders, and biologically plausible, given the
ability of vitamin E to inhibit oxidative modification of
compounds carried by LDL particles.49 However, sub-
sequent results from randomized controlled trials failed
to show a benefit of vitamin E supplementation for re-
ducing coronary heart disease events.50 The lower risk of
coronary heart disease in vitamin E supplement users
was likely due to more healthful lifestyle and behavioral
patterns of users compared with nonusers that could not
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be fully accounted for in statistical modeling. Unhealthy
user bias was recently illustrated by a report of higher
covariate-adjusted risks of mortality from several non-
cancer diseases among those who failed to adhere to
cancer screening recommendations in a clinical trial.51 As
an editorial accompanying the paper notes, the most
likely explanation is that nonadherence with recom-
mended screening is a marker for behaviors that are as-
sociated with increased mortality.51 Thus, it is possible
that the favorable health outcomes associated with veg-
etarian diet patterns are attributable, at least in part, to
healthy user bias in vegetarians and/or unhealthy user
bias in high meat consumers.

Results From Randomized Controlled Trials of
Disease Outcomes
Minimal long-term data from randomized controlled trials
are available to assess disease outcomes associated with
abstinence from, or reductions in, meat intake. Random-
ized controlled trials are less subject to selection bias, such
as healthy user bias, because randomization ensures that
known and unknown factors related to disease risk are
randomly distributed across the groups under study.
Both the Polyp Prevention Trial and the Women’s Health
Initiative Dietary Modification Trial utilized dietary in-
terventions intended to lower intakes of total fat and
increase intakes of fruits, vegetables, and fiber from grains.
In the Polyp Prevention Trial (N = 2079 men and women),
the subjects assigned to the intervention group had a di-
etary goal of 20% energy from fat, 18 g fiber/1000 kcal, and
3.5 servings/1000 kcal of fruits and vegetables, whereas
the control group received general dietary guidance.52

After 4 years of follow-up, there was no difference be-
tween the groups in the primary outcome variable of
recurrence of adenomatous polyps.52 The intervention
group reduced red and processed meat intake by ~20%
and increased fruit and vegetable intake. After a median
follow-up of ~4 years, 39.7% of the 958 subjects in the
intervention group had at least 1 recurrent adenomatous
polyp as did 39.5% of the 947 subjects in the control group
(no statistically significant difference).

In the much larger Women’s Health Initiative Dietary
Modification Trial, like the Polyp Prevention Trial, re-
ductions in saturated fat and red meat intake and increases
in fruits, vegetables, grains, and related nutrients were
observed by the first year in the intervention group com-
pared with the control group.53 However, there were no
differences between the intervention (n = 19 451) and
usual diet control (n = 29 294) groups for incidence of the
main prespecified outcomes of colorectal cancer, breast
cancer, or cardiovascular events, although there were
small but statistically significant decreases in body weight,
LDL-C, and diastolic blood pressure in the diet interven-
tion group.53 Despite the ~20% reduction in red and

processed meat consumption (poultry intake was stable
or increased slightly) along with other dietary changes, no
effects of dietary changes were observed on the primary
outcome variables.52,53

Thus, while the available data from randomized con-
trolled trials of disease incidence are very limited, the
available results do not show favorable effects on health
outcomes of reducing red and processed meat intakes by
~20%. To the authors’ knowledge, no large-scale, ran-
domized controlled trial evidence is available for vege-
tarian or vegan dietary pattern interventions and chronic
disease incidence.

Well-controlled intervention trials

show minimal or no effects of lean

meat intake on traditional markers

for chronic disease risk.

Results from randomized controlled trials of vegan or
vegetarian diet interventions for periods of several weeks
to several months have shown improvements in several
cardiometabolic risk factors, including lipoprotein lipids
(total and LDL-C), body weight, and indices of carbohy-
drate homeostasis, which is consistent with differences
that have been reported in observational studies be-
tween those who consume vegetarian or vegan diets
and omnivores.54Y60 Because these interventions gen-
erally included multiple dietary changes, it is difficult to
determine the degree to which effects on the cardio-
metabolic risk factor profile may have been attributable to
reductions in the intakes of meat and other animal prod-
ucts versus changes in intakes of other dietary components
such as higher consumption of dietary fibers, unsaturated
fatty acids, and magnesium.55,56 Additional studies are
needed in which overall diet quality is matched to more
clearly isolate the impacts of the presence or absence of
meats and other animal foods in diets that are otherwise of
similar overall quality.

SUMMARY AND CONCLUSIONS

The facts are clear regarding what we know: vegetarian
diet patterns (lacto-ovo and vegan) are associated with
favorable cardiometabolic risk factor profiles and improved
health outcomes in observational studies, particularly lower
risks of incident cancer (8%-15%) and ischemic heart dis-
ease (25%) compared with an omnivorous dietary pattern.3

What we don’t know, or fully understand, is the degree to
which these favorable health outcomes can be attributed
to avoiding consumption of meats and/or other animal
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products. Vegetarian dietary patterns are generally asso-
ciated with higher overall diet quality and other lifestyle
and behavioral habits that have been linked with good
health, which may be difficult or impossible to fully ac-
count for in statistical models, resulting in residual
confounding regarding intake of meat and other animal
products as a potentially causal factor. In addition, recent
publications havepointed out that not all plant-based diets
are healthful and not necessarily synonymous with vege-
tarianism.61 For example, ‘‘unhealthy’’ plant-based diets,
rich in refined grains, sweets, soft drinks, juice, French fries,
and so on, are linked to a higher risk of cardiovascular
disease compared with a ‘‘healthy’’ plant-based diet, rich in
whole grains, fruits, vegetables, nuts, seeds, and legumes.61

Thus, even within plant-based diets, the wide spectrum of
dietary choices makes it difficult to account for all potential
confounding.

There are biologically plausible mechanisms through
which consumption of meats could increase risks of cardio-
metabolic diseases and cancers. However, at present, very
limited data are available from randomized controlled
trials in which meat intake has been modified to assess
effects on clinical outcomes. The DGA 2015Y2020 recom-
mend consuming up to 26-oz equivalents of protein foods,
including meats, poultry, and eggs, and limiting red meat
consumption to 3 to 4 servings per week (2Y3 oz per
serving) as part of a healthy dietary pattern. Examples of
healthy eating patterns modeled in the DGA 2015Y2020
include Healthy American, Mediterranean, and Vegetarian
approaches. For those who opt to consume a vegetarian
(including vegan) eating pattern, strategies are needed to
ensure adequate intakes of some nutrients, such as long-
chain omega-3 fatty acids, vitamins D and B12, calcium,
and zinc. For those who consume meats, fresh choices
should generally be preferred over processed versions to
limit intakes of sodium and nitrites/nitrates. Dietary satu-
rated fat and cholesterol levels should not be excessive
(G10% of energy and G300 mg/d, respectively). Also, it is
ideal to minimize consumption of meats that have been
charred or cooked at very high temperatures, which can
generate potentially carcinogenic compounds.

Additional research is needed to more clearly quantify
the health effects of vegetarian dietary patterns and to
assess the degree to which favorable clinical outcomes
associated with such patterns in observational studies (ie,
what we know) are attributable to avoidance of meat and/
or other animal products, as opposed to other character-
istics of those who choose to follow such patterns, in-
cluding higher overall diet quality and other lifestyle/
behavioral factors that promote good health (ie, what we
don’t know, at present). Given that more than 95% of the
US population regularly consumes meats and other animal
products, answers to these questions have important
public health implications.
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HIGH INTAKES OF VITAMINS B6 AND B12 ASSOCIATED WITH
INCREASED RISK OF HIP FRACTURE

Vitamin supplementation far exceeding recommended doses is popular inmany segments of the population. However, adverse
effects can and do occur. In a previous secondary analysis of combined data from 2 double-blind randomized clinical trials,
investigators found an unexpected increased risk of hip fracturewas found among those treatedwith high doses of vitamin B6 in
combination with vitamin B12. To study if high intakes of vitamins B6 and B12 from food and supplements were associated with a
risk of hip fracture in the Nurses’ Health Study, researchers investigatedwhether combined high intakes of both vitamins conferred
a particularly increased fracture risk. In the prospective cohort study, 75 864 postmenopausal women in the United States were
followed up from June 1984 through May 2014. Information on hip fracture and a wide range of potential confounders was
collected at baseline and with biennial follow-up questionnaires. Extensive dietary information was collected approximately every
4 years with a semiquantitative food frequency questionnaire. The analysis was done from July 2016 to June 2018. Relative risks
were calculated by Cox proportional hazards regression, with cumulative average intakes of vitamins B6 and B12 as main
exposures, adjusting for potential confounders. During follow-up, 2304 of 75 864 women had a hip fracture. Among the
womenwith hip fractures, themedian age at hip fracturewas 75.8 years, and themeanbodymass indexwas 24.3 kg/m2, Median
cumulative average intakes of total vitamins B6 and B12 were 3.6 mg/d and 12.1 Kg/d, respectively. Both vitamin B6 and vitamin
B12 were associated with increased fracture risk. Risk was highest in women with a combined high intake of both vitamins
(B6 Q35 mg/d and B12 Q20 Kg/d), who had an almost 50% increased risk of hip fracture compared with women with a low
intake of both vitamins (B6 G2 mg/d and B12 G10 Kg/d). Thus, the combined very high intake of vitamins B6 and B12, much
higher than the recommendeddietary allowanceswas associatedwith an increased risk of hip fracture. These findings add toprevious
studies suggesting that vitamin supplements should be used cautiously because adverse effects can occur. If replicated, these findings
will provide another reason for going easy on massive amounts of vitamins.

Source:Meyer HE, Willett WC, Fung TT, Holvik K, Feskanich D. Association of high intakes of vitamins B6 and B12 from food and
supplements with risk of hip fracture among postmenopausal women in the Nurses’ Health Study JAMA Netw Open. 2019;2(5):
e193591.

DOI: 10.1097/NT.0000000000000359

Instructions:
& Read the article on page 132.
& The test for this CE activity must be taken online.

Tests can not be mailed or faxed.
& You will need to create (its free!) and login to

your personal CE Planner account before taking
online tests. Your planner will keep track of all your
Lippincott Professional Development online CE
activities for you.

& There is only one correct answer for each question.
A passing score for this test is 13 correct answers.
If you pass, you can print your certificate of earned
contact hours and access the answer key. If you fail,
you have the option of taking the test again at no
additional cost.

& For questions, contact Lippincott Professional
Development: 1-800-787-8985.

Registration Deadline: June 4, 2021

Continuing Education Information for Registered
Dieticians and Dietetic Technicians, Registered:
The test for this activity for dietetic professionals is located
online at http://alliedhealth.ceconnection.com. Lippincott
Professional Development (LPD) is a Continuing Professional
Education (CPE) Accredited Provider with the Commission on
Dietetic Registration (CDR), provider number LI001. Registered
dietitians (RDs) and Dietetic Technicians, Registered (DTRs)
will receive 1.5 continuing professional education units (CPEUs) for
successful completion of this program/material, CPE Level 2.
Dietetics practitioners may submit evaluations of the quality
of programs/materials on the CDR website: www.cdrnet.org.
LPD is approved as a provider of continuing education for the
Florida Council for Dietetics and Nutrition, CE Broker #50-1223.

Continuing Education Information for Nurses:
Lippincott Professional Development will award
1.5 contact hours for this continuing nursing
education activity.

The test for this activity for nurses is located at
https://nursing.ceconnection.com.
Lippincott Professional Development is accredited as a
provider of continuing nursing education by the
American Nurses Credentialing Center’s Commission
on Accreditation.

This activity is also provider approved by the California
Board of Registered Nursing, Provider Number CEP 11749
for 1.5 contact hours. Lippincott Professional Development
is also an approved provider of continuing nursing
education by the District of Columbia, Georgia, and Florida
CE Broker #50-1223.

Disclosure Statement:
The planners have disclosed no financial relationships
related to this article.

Payment:
& The registration fee for this test is $17.95.

For more than 97 additional continuing education articles related to Nutrition topics, go to NursingCenter.com/CE.

140 Nutrition Today\ Volume 54, Number 4, July/August 2019

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

http://nursing.ceconnection.com
http://NursingCenter.com/CE

