








Vegetarian diets were associated with reduced risk of colorectal cancer overall.
Figure 1 displays curves indicating the probability of surviving to a given age without a
diagnosis of colorectal cancer (with race and sex held constant) for all vegetarians

compared to nonvegetarians.

Figure 1. A comparison of the probability of surviving to a given age without having
received a diagnosis of colorectal cancer (i.e. colorectal-cancer-free survival) for all
vegetarians compared to nonvegetarians. Generated by PROC PHREG, SAS 9.4; race

and sex held constant.
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These show reduced colorectal cancer incidence among vegetarians across a spectrum of
attained ages. Table 2 presents results of proportional hazards regression models for all
vegetarians compared to nonvegetarians, for all colorectal cancers together and for colon
and rectal cancers separately. In each case, three adjustment models are presented:
Model 1, with adjustment for age, sex, and race; Model 2, with additional adjustment for
a variety of plausible confounders (see footnote b, Table 2); and Model 3, with additional
adjustment for BMI. Since BMI may represent a causal intermediate, we consider Model
2 as the likely best model for the total effect of dietary pattern on colorectal cancers;
results cited here are all for Model 2. The vegetarian dietary pattern is associated with a
reduction in risk of all colorectal cancers (HR 0.79, 95% CI 0.65-0.95) and for colon
cancer (HR 0.79, 95% CI 0.64-0.98). A similar point estimate of association for
vegetarian diets and rectal cancer risk is seen, but is not statistically significant (HR 0.76,
95% CI 0.49-1.17). Table 3 presents hazard ratios for colorectal cancer for those
covariates from Model 3 which demonstrated a significant association. It can be seen

that a number of known risk factors did demonstrate an association in this analysis.

104



Table 2. Comparison of vegetarian with nonvegetarian dietary patterns with respect to
incident cancers of the colon and rectum from a Cox proportional hazards regression
model among participants in the Adventist Health Study 2.

Dietary Pattern N Cases HR (95% Cl) p value?
Colorectal cancers
Model 1° Vegetarian 40650 257 0.80 (0.67-0.96) 0.017
Nonvegetarian 37059 236 1 (reference) ref
Model 2¢ Vegetarian 40650 257 0.79 (0.65-0.95) 0.013
Nonvegetarian 37059 236 1 (reference) ref
Model 3¢  Vegetarian 40650 257 0.82 (0.67-0.99) 0.043
Nonvegetarian 37059 236 1 (reference) ref
Colon Cancers
Model 1° Vegetarian 40650 211 0.79 (0.65-0.97) 0.021
Nonvegetarian 37059 194 1 (reference) ref
Model 2¢° Vegetarian 40650 211 0.79 (0.64-0.98) 0.029
Nonvegetarian 37059 194 1 (reference) ref
Model 3¢ Vegetarian 40650 211 0.83 (0.67-1.03) 0.094
Nonvegetarian 37059 194 1 (reference) ref
Rectal Cancers
Model 1° Vegetarian 40650 48 0.83 (0.55-1.25) 0.371
Nonvegetarian 37059 45 1 (reference) ref
Model 2° Vegetarian 40650 48 0.76 (0.49-1.17) 0.204
Nonvegetarian 37059 45 1 (reference) ref
Model 3¢ Vegetarian 40650 48 0.75(0.48-1.17) 0.205
Nonvegetarian 37059 45 1 (reference) ref

2p value for Wald chi-square test of beta coefficient in the Cox model.

® Adjusted by age (i.e. attained age as time variable), race (black, non-black), and sex
(male, female).

¢Adjusted as in model 1 and additionally by education (up to high school graduate, trade
school/some college/associate degree, bachelor degree or higher), moderate or vigorous
exercise (none, <60 min/week, >60 min/week), smoking (never, quit 21 yr ago, current or
quit < 1 yr ago), alcohol (none, <28 servings/mo, = 28 servings/mo), family history of
colorectal cancer (yes, no), history of peptic ulcer (yes, no), history of inflammatory bowel
disease (yes, no), treated for diabetes mellitus within the last year (yes, no), taken aspirin
at least weekly at least 2 of the last 5 years (yes, no), taken statins (i.e. HGMcoA reductase
inhibitors) at least 2 of the last 5 years (yes, no), prior colonoscopy of flexible
sigmoidoscopy (yes, no), supplemental calcium (yes, no), dietary energy (kcal), and
hormone therapy among menopausal women (yes, no).

d Adjusted as in model 2 and additionally by BMI (<18.5, 18.5-24.9, 25-29.9, >30).
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Table 3. Variables with a significant adjusted association with colorectal cancer
incidence; all variables are from a single multivariate Cox proportional hazards
regression model among participants in the Adventist Health Study 2*®.

Covariate Category HR (95% ClI) p value
Nonvegetarian 1 (reference) ref

Dietary pattern Vegetarian 0.82 (0.68-1.00) 0.046
None 1 (reference) ref

Moderate/vigorous 1-60 min/week 0.75 (0.60-0.95) 0.015

EXETERe >60 min/week 0.75 (0.60-0.94) 0.012
Family history of No 1 (reference) ref

colorectal cancer Yes 1.46 (1.14-1.87) 0.003
Sigmoidoscopy or Never 1 (reference) ref

colonoscopy Ever 0.65 (0.54-0.78) <.0001
Taking a statin No 1 (reference) ref

medication Yes 0.70(0.53-0.94) 0.016

<185 1.13 (0.61-2.08) 0.705
18.5-24.9 1 (reference) ref

BMI 25-29.9 1.19 (0.96-1.48) 0.108

30+ 1.40 (1.09-1.79) 0.008

2 Additionally adjusted by age (i.e. attained age as time variable), race (black, non-
black), and sex (male, female), education (up to high school graduate, trade
school/some college/associate degree, bachelor degree or higher), smoking
(never, quit 21 yr ago, current or quit < 1 yr ago), alcohol (none, <28 servings/mo,
> 28 servings/mo), history of peptic ulcer (yes, no), history of inflammatory bowel
disease (yes, no), treated for diabetes mellitus within the last year (yes, no), taken
aspirin at least weekly at least 2 of the last 5 years (yes, no), supplemental calcium
(yes, no), dietary energy (kcal), and hormone therapy among menopausal women
(yes, no). None of these additional variables demonstrated a significant
association with the outcome.

®From a Cox model with single random imputation of missing values.
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Tables 4-6 display a similar covariate adjustment modeling strategy as Table 2.
Results are here reported based on Model 2 for each table. Table 4 presents results of
analyses comparing the adjusted hazard of all colorectal cancers for the four vegetarian
dietary patterns separately compared to the nonvegetarian diet. Pesco-vegetarians have a
significantly reduced adjusted hazard (HR 0.59, 95% CI 0.41-0.84). Lacto-ovo-
vegetarians have a reduced effect estimate that approaches significance (HR 0.81, 95%
C10.65-1.01). Table 5 presents sex-specific results for the dichotomous vegetarian
variable and all colorectal cancers. While not reaching statistical significance, effect
estimates for men and women are similar. Similarly, table 6 presents results stratified by
race; point estimates for blacks and non-blacks are similar, though only statistically
significant in non-blacks.

Results for the propensity score sensitivity analyses did not differ meaningfully
from the results of the standard regression modeling strategy presented above. This was
true for all outcomes, even when the number of events was limited. This was true for

both effect estimates and confidence intervals.
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Table 4. Comparison of several vegetarian with nonvegetarian dietary patterns
with respect to incident colorectal cancers from a Cox proportional hazards
regression model among participants in the Adventist Health Study 2.

Dietary Pattern N Cases HR (95% Cl) p value®
Model 1°  Vegetarian
Vegan 5919 42 0.90 (0.64-1.25) 0.519
Lacto-ovo 22722 148 0.82 (0.67-1.02) 0.073
Pesco 7705 35 0.59 (0.41-0.84) 0.004
Semi 4304 32 0.95 (0.65-1.39) 0.805
Nonvegetarian 37059 236 1 (reference) ref
Model 2¢°  Vegetarian
Vegan 5919 42 0.84 (0.60-1.19) 0.332
Lacto-ovo 22722 148 0.81 (0.65-1.01) 0.067
Pesco 7705 35 0.59 (0.41-0.84) 0.004
Semi 4304 32 0.95 (0.64-1.39) 0.773
Nonvegetarian 37059 236 1 (reference) ref
Model 3¢ Vegetarian
Vegan 5919 42 0.91 (0.64-1.29) 0.584
Lacto-ovo 22722 148 0.84 (0.68-1.06) 0.139
Pesco 7705 35 0.61 (0.42-0.88) 0.008
Semi 4304 32 0.96 (0.66-1.41) 0.838
Nonvegetarian 37059 236 1 (reference) ref

2p value for Wald chi-square test of beta coefficient in the Cox model.

b Adjusted by age (i.e. attained age as time variable), race (black, non-black), and
sex (male, female).

¢Adjusted as in model 1 and additionally by education (up to high school graduate,
trade school/some college/associate degree, bachelor degree or higher), moderate
or vigorous exercise (none, <60 min/week, >60 min/week), smoking (never, quit 21
yr ago, current or quit < 1 yr ago), alcohol (none, <28 servings/mo, > 28
servings/mo), family history of colorectal cancer (yes, no), history of peptic ulcer
(yes, no), history of inflammatory bowel disease (yes, no), treated for diabetes
mellitus within the last year (yes, no), taken aspirin at least weekly at least 2 of the
last 5 years (yes, no), taken statins (i.e. HGMcoA reductase inhibitors) at least 2 of
the last 5 years (yes, no), prior colonoscopy of flexible sigmoidoscopy (yes, no),
supplemental calcium (yes, no), dietary energy (kcal), and hormone therapy among
menopausal women (yes, no).

4 Adjusted as in model 2 and additionally by BMI (<18.5, 18.5-24.9, 25-29.9, >30).
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Table 5. Comparison of vegetarian with nonvegetarian dietary patterns with respect
to incident colorectal cancers, stratified by sex, from a Cox proportional hazards
regression model among participants in the Adventist Health Study 2.

Dietary Pattern N Cases HR (95% Cl) p value®
Men
Model 1°  Vegetarian 14268 102 0.84 (0.62-1.12) 0.231
Nonvegetarian 13035 86 1 (reference) ref
Model 2¢ Vegetarian 14268 102 0.77 (0.56-1.05) 0.094
Nonvegetarian 13035 86 1 (reference) ref
Model 3¢  Vegetarian 14268 102 0.79 (0.57-1.09) 0.148
Nonvegetarian 13035 86 1 (reference) ref
Women
Model 1°  Vegetarian 26384 155 0.78 (0.62-0.98) 0.035
Nonvegetarian 24025 150 1 (reference) ref
Model 2¢  Vegetarian 26384 155 0.81 (0.63-1.02) 0.077
Nonvegetarian 24025 150 1 (reference) ref
Model 3¢ Vegetarian 26384 155 0.84 (0.66-1.07) 0.159
Nonvegetarian 24025 150 1 (reference) ref

2p value for Wald chi-square test of beta coefficient in the Cox model.

b Adjusted by age (i.e. attained age as time variable) and race (black, non-black).
¢Adjusted as in model 1 and additionally by education (up to high school graduate,
trade school/some college/associate degree, bachelor degree or higher), moderate or
vigorous exercise (none, <60 min/week, >60 min/week), smoking (never, quit 21 yr
ago, current or quit < 1 yr ago), alcohol (none, <28 servings/mo, > 28 servings/mo),
family history of colorectal cancer (yes, no), history of peptic ulcer (yes, no), history of
inflammatory bowel disease (yes, no), treated for diabetes mellitus within the last
year (yes, no), taken aspirin at least weekly at least 2 of the last 5 years (yes, no),
taken statins (i.e. HGMcoA reductase inhibitors) at least 2 of the last 5 years (yes, no),
prior colonoscopy of flexible sigmoidoscopy (yes, no), supplemental calcium (yes, no),
and dietary energy (kcal).

4 Adjusted as in model 2 and additionally by BMI (<18.5, 18.5-24.9, 25-29.9, >30).

¢ Adjusted as in model 1 and additionally by education (up to high school graduate,
trade school/some college/associate degree, bachelor degree or higher), moderate or
vigorous exercise (none, <60 min/week, >60 min/week), smoking (never, quit >1 yr
ago, current or quit < 1 yr ago), alcohol (none, <28 servings/mo, > 28 servings/mo),
family history of colorectal cancer (yes, no), history of peptic ulcer (yes, no), history of
inflammatory bowel disease (yes, no), treated for diabetes mellitus within the last
year (yes, no), taken aspirin at least weekly at least 2 of the last 5 years (yes, no),
taken statins (i.e. HGMcoA reductase inhibitors) at least 2 of the last 5 years (yes, no),
prior colonoscopy of flexible sigmoidoscopy (yes, no), supplemental calcium (yes, no),
dietary energy (kcal), and hormone therapy among menopausal women (yes, no).
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Table 6. Comparison of vegetarian with nonvegetarian dietary patterns with respect
to incident colorectal cancers, stratified by race, from a Cox proportional hazards
regression model among participants in the Adventist Health Study 2.

Diet Pattern N Cases HR (95% Cl) p value?
Blacks
Model 1*  Vegetarian 8025 41 0.88 (0.59-1.30) 0.511
Nonvegetarian 13018 65 1 (reference) ref
Model 2°  Vegetarian 8025 41 0.83 (0.55-1.24) 0.357
Nonvegetarian 13018 65 1 (reference) ref
Model 3°  Vegetarian 8025 41 0.81 (0.54-1.22) 0.312
Nonvegetarian 13018 65 1 (reference) ref
Non-blacks
Model 1*° Vegetarian 32627 216 0.78 (0.64-0.96) 0.017
Nonvegetarian 24042 171 1 (reference) ref
Model 2°  Vegetarian 32627 216 0.78 (0.63-0.97) 0.026
Nonvegetarian 24042 171 1 (reference) ref
Model 3¢ Vegetarian 32627 216 0.83 (0.67-1.03) 0.092
Nonvegetarian 24042 171 1 (reference) ref

2p value for Wald chi-square test of beta coefficient in the Cox model.

b Adjusted by age (i.e. attained age as time variable) and sex (male, female).

¢Adjusted as in model 1 and additionally by education (up to high school graduate,
trade school/some college/associate degree, bachelor degree or higher), moderate or
vigorous exercise (none, <60 min/week, >60 min/week), smoking (never, quit >1 yr
ago, current or quit < 1 yr ago), alcohol (none, <28 servings/mo, > 28 servings/mo),
family history of colorectal cancer (yes, no), history of peptic ulcer (yes, no), history of
inflammatory bowel disease (yes, no), treated for diabetes mellitus within the last
year (yes, no), taken aspirin at least weekly at least 2 of the last 5 years (yes, no),
taken statins (i.e. HGMcoA reductase inhibitors) at least 2 of the last 5 years (yes, no),
supplemental calcium (yes, no), prior colonoscopy of flexible sigmoidoscopy (yes, no),
dietary energy (kcal), and hormone therapy among menopausal women (yes, no).

4 Adjusted as in model 2 and additionally by BMI (<18.5, 18.5-24.9, 25-29.9, >30).
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Discussion

These findings together demonstrate an association between vegetarian dietary
patterns and reduced risk of colorectal cancers. Significant reductions are also seen for
the analysis specific to colon cancer; the analysis specific to rectal cancer is limited by
power.

The study has a number of strengths. It is diverse in terms of age, sex, race,
geographic location, and socioeconomic status, enhancing the relevance of its findings to
the North American population. Homogeneity in certain domains of lifestyle, related to
the shared religious affiliation of participants, particularly in terms of the low use of
tobacco and alcohol, may enhance internal validity. Vegetarian/nonvegetarian status was
determined by precise definitions based on the intake of multiple foods, rather than
simple self-designation.

Limitations include the power restrictions of relatively early follow-up, particularly
for separate analyses for the four vegetarian dietary patterns. Later follow-up will
enhance power and allow for additional subgroup analyses. Diet was only assessed at
baseline, though dietary change is less likely to be an important factor with early follow-
up. The associations persisted when controlling for a number of potential demographic,
hereditary, and lifestyle confounders. While analyses controlled for many potential
confounders, unknown and unmeasured confounders are always possible. Measurement
error may produce bias, although error in the classification of participants into major
categories such as vegetarian and nonvegetarian seems unlikely to be a frequent
occurrence, this being an advantage of analysis by dietary pattern over analysis by a

specific food or nutrient.
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These results seem consistent with prior evidence linking the consumption of red
and processed meats to an increased risk of colorectal cancers®>®. While reductions in
meat intake may be a primary reason for the reduced risk seen for vegetarians, an
increase in various whole plant foods might also contribute. Orlich et al. describe the
differences in food consumption for vegetarians compared to nonvegetarians?’. In
addition to reduced consumption of animal products, vegetarians eat less refined grains,
added fats, sweets, snacks foods, and caloric beverages than nonvegetarians and
increased amounts of a wide variety of plant foods?’. Such a pattern might be expected to
reduce hyperinsulinemia, which has been proposed as a possible mechanism by which
diet may increase colorectal cancer risk?®3°, The association between particular foods
and colorectal cancers will be examined later in separate analyses. The relatively strong
estimate of a protective association in pesco-vegetarians suggests future analysis by fish
consumption and long-chain n-3 fatty acid consumption; the existing literature provides
some (inconsistent) support for a possible protective association for fish consumption,
particularly for rectal cancer®; evidence for n-3 fatty acid consumption®’ is limited and
inconsistent. Adiposity could lie along a causal pathway from dietary pattern to colon
cancer. Results from models including BMI (i.e. Model 3, Tables 2-5), however, did not
differ strongly, suggesting that the association may be largely independent of BMI. Itis
also worth noting that the nonvegetarian group, against which comparisons were made, is
already consuming a low-meat diet, with only 54.5 g/day total meat, including 16.3 g/day
of red meat, on average. For comparison, in the NIH-AARP study, the lowest quintile of
red meat consumption for a 2000 kcal/day diet was 17.8 g/day and the highest was 133.0

g/day*. Thus the AHS-2 nonvegetarians consumed slightly less red meat daily than the
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lowest quintile of the NIH-AARP cohort. Comparisons of the AHS-2 vegetarians against
a more typical American high-meat-consumption dietary pattern might be expected to
demonstrate stronger effects.

These findings differ markedly from those of the EPIC-Oxford cohort, the other
major cohort examining the health effects of vegetarian dietary patterns. Not only did
EPIC-Oxford investigators fail to find an apparent protective association for vegetarian
diets and colorectal cancer, they actually found an increased risk for vegetarians, with a
magnitude of approximately 50% increased risk'*. The striking differences in results
between these two studies is perplexing and in need of explanation. Biological
differences between British vegetarians and North American Seventh-day Adventist
vegetarians seem an unlikely explanation. Both studies attempted to control for a variety
of important confounders. The approach to ascertaining vegetarian status differed in the
two studies, but large measurement error of vegetarian status seems unlikely. Some of
the discrepancy may be explained by dietary differences. AHS-2 cohort members eat
substantially more fruits and vegetables than EPIC-Oxford participants®’*, AHS-2
vegans have substantially greater intake of both dietary fiber and vitamin C than their
EPIC-Oxford counterparts®3°. Indeed, since foods containing dietary fiber may reduce
the risk of colorectal cancer?#?, such differences in diet between the groups may affect
their risk. However, given that the evidence for a link between red meat and processed
meat consumption and increased risk of colorectal cancer is considered convincing?’, the
EPIC-Oxford results remain surprising. It suggests either that the potential beneficial
effects of the elimination of red and processed meats by British vegetarians are

overwhelmed by other potentially deleterious aspects of their vegetarian diets or that their
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meat avoidance is not beneficial. In fact, a UK pooling study including EPIC-Oxford
cohort members did not demonstrate an association between red meat consumption and
colorectal cancer risk*t. Conversely, red meat consumption is associated with colorectal
cancer risk in the entire European EPIC cohort®. Given currently available results, such
divergent findings seem difficult to fully explain.

In conclusion, in a large North American cohort, we found that vegetarian dietary
patterns were associated with lower risk of all colorectal cancer as well as colon cancer
separately. The evidence that vegetarian diets similar to those of our study participants
may be associated with a reduced risk of colorectal cancer, along with prior evidence of
the potential reduced risk of obesity, hypertension, diabetes, and mortality, should be

considered carefully in making dietary choices and in giving dietary guidance.
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CHAPTER SIX
CONCLUSION
Having reviewed the most relevant literature and presented the findings of the three
investigations which comprise the heart of this work, |1 now pause to consider what
contribution has been made by these analyses, what is the resultant state of knowledge
about vegetarian dietary patterns in light of these findings, and what future studies may
bring additional clarity. | begin with a brief summary of the findings in light of the stated

aims of this dissertation.

Summary

Given our improving but still limited understanding of vegetarian diets and their
possible effects on important health outcomes, this thesis proposed a further study of
vegetarian dietary patterns with the following stated aims: 1) to better characterize the
vegetarian dietary patterns of the AHS-2 in terms of their patterns of food consumption,
2) to examine the association of vegetarian dietary patterns in AHS-2 with mortality from
all causes and from major categories of causation, and 3) to examine the association of
these dietary patterns with the risk of colorectal cancers. Having presented the relevant
results in previous chapters, the following is a summary of the fulfillment of these aims.

Aim 1. While the five vegetarian-spectrum dietary patterns had been previously
characterized in terms of their nutrient content, a detailed profile of foods consumed had
not been published. This study created a system of major and minor food categories and
quantified the level of consumption of each food category for the entire AHS-2 cohort

and separately for the five dietary patterns. A comparison by dietary pattern clearly
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revealed that mean consumption differed substantially for the vegetarian groups
compared to the nonvegetarians. In addition to lower consumption of the meats and other
animal products by which they were defined, vegetarians consumed lesser amounts of
sweets, added fats, refined grains, and non-water beverages and greater amounts of a
wide variety of plant foods including legumes, meat analogues, nuts and seeds, whole
grains, avocados, fruits, vegetables, and drinking water.

Aim 2: Results presented in chapter X demonstrate an association of vegetarian
dietary patterns with reduced all-cause mortality in AHS-2. This was true for all
vegetarians together as well as for vegans, lacto-ovo-vegetarians, and pesco-vegetarians
separately. The results supported a reduction in mortality from cardiovascular diseases
including ischemic heart disease, as well as from mortality from endocrine (primarily
diabetes mellitus) and renal (primarily chronic renal failure) causes, but failed to show a
significant reduction in mortality from all cancers combined. Results were much stronger
in men, whereas in women they were often non-significant and closer to no association.

Aim 3: Lastly, as presented in chapter Y, there was an overall association between
vegetarian dietary patterns and a reduction in risk of colorectal cancer in AHS-2. When
all four vegetarian dietary patterns were considered together and compared to
nonvegetarians, they had a reduction in risk of about 20%, after adjustment for plausible
confounders. The effect estimate was similar for colon cancer and rectal cancer
separately, though power was very limited for rectal cancer. The effect estimates were
similar for men and women and for blacks and non-blacks, though power was limited in

subgroup analysis. When the four vegetarian patterns were considered separately, pesco-
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vegetarians had a strong and significant reduction in risk, and lacto-ovo-vegetarians a

moderate, nearly-significant reduction in risk.

Limitations

Of course, the findings presented here in fulfillment of the aims of this thesis come
with a number of methodological limitations, which in turn limit the conclusions that can
be safely drawn. A number of limitations were mentioned in each relevant chapter, but
they are summarized here in the context of the entire work.

The characterization of foods consumed is a rather straightforward description, but
still comes with limitations. Firstly, these descriptive findings are limited to the AHS-2
population. They might be reasonably extrapolated to other North American Seventh-day
Adventists, but other populations of vegetarians (and nonvegetarians) with different
cultural and religious backgrounds and different motivations for their dietary choices
might demonstrate very different patterns of foods consumed. As discussed, this appears
to be the case for the British vegetarians of EPIC-Oxford. This inherent limitation also
underscores the need for this analysis as an important context for comparing health-
outcome results from diverse groups of vegetarians. Secondly, measurement of diet by
questionnaire is imperfect; thus while, the relative comparisons are likely to be
informative, absolute quantities of foods consumed cannot be taken as exact. Thirdly,
there is no perfect, or even universally agreed, system for classifying foods into
categories; the system presented here is a reasonable one, but other systems would
present advantages as well as limitations. This makes direct comparisons problematic at

times where classifications may differ. Lastly, summary measures, such as mean daily
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intake, are helpful in comparing groups by certain parameters (i.e. measures of central
tendency, ranges, etc.), but they are limited in their ability to fully describe the variety of
intakes of individuals in the group.

The limitations of the analyses of the relationship of vegetarian dietary patterns to
health outcomes, mortality and colorectal cancer incidence in this case, are potentially
more consequential and important. The imperfect measurement of diet by questionnaire
mentioned above can lead to biased results and loss of power. However, this limitation is
likely less of an issue for analysis by dietary pattern, where dietary measurement only
needs to be good enough to place persons in the correct dietary pattern group. A related
issue is that a person’s dietary practices may change over time, whereas these findings
are based on a single baseline measurement of usual dietary intake; repeated
measurements of diet at intervals would be preferable. These studies are observational,
and thus dietary pattern may be naturally associated with any number of other factors,
which, if causally related to the outcome might confound the analysis. However, the
modeling strategies employed adjusted statistically for most plausible confounders.
Potential for uncontrolled confounding still exists, though substantial continued
confounding does seem unlikely. Finite, and in some cases insufficient, power is a
notable limitation for the analysis of these outcomes. Fewer events result in wider
confidence intervals. Hence, a number of true but weaker associations may not have
been detected. This is particularly important for more specific outcomes, analysis by the
individual vegetarian dietary patterns, and subgroup analysis. Lastly, these results, which
demonstrate that vegetarian dietary patterns are associated with reduced mortality and

lower risk of colorectal cancer, may not hold in other populations of vegetarians, and may
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therefore have limited generalizability. This is mainly due to the potential for dietary
variability within the patterns, and underscores the utility of the food consumption
analysis to more clearly characterize the diets; this can be pointed to in interpretation of
the outcome results, where it can be rightly said that “vegetarian dietary patterns like
these” are associated with these health benefits. This limitation should be less relevant
where the health association might be causally related to a reduction in meat intake, as

this should be common to all vegetarian populations.

Importance and Implications

The findings presented here represent an important contribution to our
understanding of the potential health effects of vegetarian dietary patterns. The
characterization of these dietary patterns in terms of foods consumed gives a better
understanding of what is meant, on average, by “vegetarian diets” in the context of the
Adventist Health Studies. When we examine the relationship of vegetarian dietary
patterns to health outcomes in AHS-2 (and by reasonable extension, AHS-1), we now
have a better idea of what those dietary patterns are like. 1 think that for the most part, a
description of the patterns of food consumption is more useful in this regard than a
nutrient profile for the same dietary pattern. It is hard to translate “a diet that was higher
in vitamin C, several B vitamins, magnesium...but lower in calcium, vitamin D...etc.” in
a meaningful way (though such nutrient profiles, of course, have other important uses).
Rather, for a result in which vegetarians are found to have a lower risk of disease X than
nonvegetarians, we can say something like “those who on average ate less meat and

animal products, refined grains, sweets, and non-water beverages but who ate more

123



legumes, nuts, whole grains, fruits, and vegetables had a lower risk of disease X”. This is
a different (and more accurate) message than “those who ate less meat but ate whatever
else they wanted had a lower risk of disease X”’; without the clearer description of what
the AHS-2 vegetarian diets are like, this latter message might be assumed by many
people on reading or hearing that “vegetarians had a lower risk of diseases X”. The
foods-based message is also one that is relatively easy for people to understand and
apply.

Thus, an important implication of these findings is better translational messaging of
results related to vegetarian diets in AHS-2 and better health promotion and education
regarding vegetarian diets and health. Findings from AHS-2 for vegetarian dietary
patterns can be accurately and helpfully qualified by an “of this type” characterization.
More broadly, in health promotion and education efforts in the area of vegetarian diets, a
useful and important message can be framed as follows: “Are you choosing a vegetarian
diet for health reasons? Do you want to choose a vegetarian diet that has been linked to
many important health outcomes in scientific studies? If so, we recommend you adopt a
vegetarian dietary pattern similar to that in the Adventist Health Study 2. The key
components of this approach are as follows...”. This links a public health nutrition and
health promotion message closely and meaningfully to the most important scientific
literature supporting that message. Of course, such recommendations should be qualified
by the uncertainty in the scientific literature and by messages about the importance of
nutrient adequacy or other important dietetic considerations.

The findings presented here about vegetarian dietary patterns and mortality are

certainly important, and their contribution in the context of the existing evidence deserves
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careful thought. Both their consistency with and divergence from previous published
findings merit comment. First, the results are quite consistent with many previous
findings regarding vegetarian diets and mortality. As described in the literature review,
consumption of meat and eggs was linked to increased mortality in the AMS (and green
salad consumption to a decrease)*®. Further analyses linked increasing meat intake with
higher all-cause mortality in men®84, Mortality from ischemic heart disease was higher
in nonvegetarians (primarily in men)*’. These AMS findings are all consistent with the
current results: a decrease in overall mortality among vegetarians, the greatest effect
being seen in cardiovascular disease (including ischemic heart disease) mortality, and
effects being primarily in men. The vegetarian dietary pattern was also linked with
increased longevity and decreased all-cause mortality in AHS-122°0, Thus, there is
substantial internal consistency across the more than 50 years of studies of North
American Seventh-day Adventists regarding the association of vegetarian dietary patterns
with decreased mortality. This consistency has been seen even as the studies have
expanded in size, geographic and ethnic diversity, and quality. This type of consistency,
along with rigorous attempts to adjust for potential confounding, certainly adds some
credibility to the inference of a possible causal relationship between vegetarian dietary
patterns and reduced mortality.

Such an inference may be somewhat challenged by inconsistencies with results of
the British vegetarian studies. However, before examining that, it is important to note a
major area of consistency. The individual British studies, the Adventist studies, and
pooled analyses have all supported an association of vegetarian dietary patterns with

lower ischemic heart disease mortality (though the finding was not significant in EPIC-
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Oxford®®). This consistent result, particularly in men, again supports a possible causal
relationship between vegetarian dietary patterns and reduced deaths from ischemic heart
disease. Given that, as discussed, British vegetarian dietary patterns may differ in
important respects from Adventist patterns regarding the patterns of foods consumed, it
tends to suggest that this consistent finding for IHD mortality may relate to the common
element of these diets, a reduction in meat consumption. Despite this reduction in IHD
mortality, some British vegetarian studies (and a pooled analysis?®) have failed to show a
significant reduction in all-cause mortality for vegetarians. The Health Food Shoppers
study had very significant methodological limitations in its determination of vegetarian
status, which may have resulted in a bias toward the null. The Oxford Vegetarian study
did show a reduction in all-cause mortality for vegetarians, though the analytic approach
was rudimentary?’. Importantly, the EPIC-Oxford study showed a null result for the
association of vegetarian diets to all-cause mortality®®. It is important to note that the
EPIC-Oxford cohort is a very healthy group overall, with greatly reduced mortality rates
compared to the general population; so vegetarians are being compared to relatively
healthy controls. However, this is generally a feature for all of the studies discussed here.
The various Adventist and British/German cohorts have all had low SMRs for the cohort
and are all considered “low-risk” and ‘“healthy” populations. This is important, in that
findings for vegetarians would generally be much more exaggerated if compared to
nonvegetarians more typical of the general population. Again however, this is not unique
to EPIC-Oxford, and is thus not a good explanation for the discrepancy. Other lifestyle
differences between the populations might explain differences; if so, this would be

equivalent to uncontrolled confounding in one or both cases, which might undermine
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causal inference. However, the most plausible explanation may be differences in diet
between the British and American Adventist vegetarians. It may be that the foods
substituted for meat in the diet have an important impact on all-cause mortality. Again, it
is worth noting that other large cohorts have found evidence for a link between increased
consumption of red and processed meats and higher mortality®®>°; while this approach is
different, these findings tend to support the plausibility of the AHS-2 findings for
vegetarian diets and all-cause mortality.

In summary regarding vegetarian diets and mortality, it seems highly plausible that
there may be a causal association of vegetarian diets (perhaps related to meat avoidance
per se) and reduced ischemic heart disease mortality, particularly in men. It also seems
plausible that certain types of vegetarian dietary patterns (similar to the Adventist
patterns) may decrease overall mortality and thus improve longevity. If these plausible
causal relationships are in fact true, the implications for public health are substantial. In
this case, vegetarian diets of the Adventist variety should probably be promoted (at least
as an option alongside other dietary patterns for which similar evidence may exist) for
their overall health benefits. If adopted widely, such dietary approaches might then result
in meaningful reductions in premature death at the population level.

The findings for vegetarian dietary patterns and colorectal cancer are also
potentially important. The prior literature is not as robust for this endpoint. The AMS
and pre-EPIC British and German studies only examined colorectal cancer mortality,
which may be a poor surrogate for risk. Only AHS-1 and EPIC-Oxford were able to
examine incident colorectal cancer cases. The published AHS-1 results did not analyze

by dietary pattern per se, but rather by meat consumption; however, given that this
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compared weekly or greater meat consumption to no meat consumption and did not
adjust for other dietary factors in the model, it was a nearly equivalent analysis™. The
current findings are therefore consistent with prior AHS-1 findings for colorectal cancer.
However, in the case of colorectal cancer incidence, analysis in the EPIC-Oxford cohort
did not simply fail to show an association; rather, it demonstrated a significant
association in the opposite direction, linking vegetarian dietary patterns to a higher risk of
colorectal cancer’?. Even here, there is one area of concordance: in both studies, pesco-
vegetarians (or fish-eaters) had a reduced risk of colorectal cancer compared to
nonvegetarians. However, the results for other vegetarians are starkly divergent. At the
present time, there is no obvious explanation for such a divergence. Again, it may be that
foods substituted for meat may have an important effect on this outcome. However,
given that the literature linking red and processed meat intake to an increased risk of
colorectal cancer is generally considered convincing due to its consistency in the
literature, and given that vegetarians by definition (including as defined in EPIC-Oxford)
eliminate red and processed meat from the diet; for vegetarians to then have a significant
50% relative increase in risk, the benefits from their avoidance of red and processed meat
would have to be completely overwhelmed by contrary factors in the diet. This does not
seem very plausible at present.

Given the disparities in the literature regarding vegetarian dietary patterns and
colorectal cancer risk, it is difficult to resolve them and offer a coherent conclusion. At
the present, it seems best to emphasize the consensus of evidence regarding the likely
detrimental effects of red and processed meat, and also the likely beneficial effects of

foods containing fiber, on colorectal cancer risk. It can then be said that the evidence
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from AHS-1 and AHS-2 is generally consistent with this consensus, and that vegetarian
dietary patterns of the AHS variety seem a valid approach to possible risk reduction,
consistent with all of this evidence. That leaves the EPIC-Oxford evidence as a generally
contrary point, which may in the end be a chance outlier.

To summarize the importance and implications of the findings here reported, the
following statements seem fair: These findings add to a consistent weight of evidence
linking vegetarian dietary patterns to reduced ischemic heart disease mortality, primarily
in men. The consistency of this finding across cohorts that differ in other important
respects suggests that a causal relationship is likely. Thus, the adoption of vegetarian
dietary patterns may be an important approach in the prevention of premature mortality
from ischemic heart disease, especially in men. Vegetarian dietary patterns of the AHS
variety--which are characterized not only by the absence of meat and a reduction in the
consumption of other animal products, but also by a reduced consumption of added fats,
refined grains, sweets, and non-water beverages and an increased consumption of
legumes, nuts and seeds, meat analogues, whole grains, avocados, fruits, and
vegetables—appear also to be linked with reduced overall mortality, and thus increased
longevity. This same type of vegetarian diet appears to be linked to a reduction in risk
for colorectal cancers, and this is consistent with evidence linking red and processed meat
to higher colorectal cancer risk and foods containing fiber to lower risk. This adds to
prior evidence linking these same vegetarian diets to reductions in obesity, hypertension,
diabetes mellitus, and the metabolic syndrome. Given this, AHS-style vegetarian diets
(with sensible attention to nutrient adequacy) can and should be recommended as a good

dietary strategy (perhaps alongside other approaches with similarly robust scientific
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support) for living a longer and healthier life and one that might be expected to yield
substantial benefits in reduced disease incidence and reduced premature mortality at the

population level, if widely adopted.

Future Work

Considering the state of knowledge regarding the health effects of vegetarian
dietary patterns, including the incremental addition of the current findings, much remains
to be learned. The following is an attempt to describe potential future approaches that
might help to bring further clarity.

An important limitation of the current analyses for mortality and colorectal cancer
incidence is that of insufficient power for many interesting analyses due to relatively
early follow-up. Continued follow-up and analysis after an interval of several additional
years might provide power for analysis by specific vegetarian dietary patterns (including
meaningful comparisons between the vegetarian diets), by subgroup, and for less
common outcome categories. However, longer follow-up times are of necessity more
remote from the baseline measurement of diet, and subsequent dietary changes could lead
to exposure misclassification. AHS-2 does not currently have funding for interval
exposure measurements. Such funding is needed and should be pursued. If funding for a
re-administration of the entire food frequency questionnaire should not materialize, a
simplified approach might be considered. Brief questionnaires enquiring about a history
of recent hospitalization and any new cancer diagnoses are mailed out to the cohort every
two years. A few questions about meat, fish, dairy, and egg consumption could be

included. While inadequate for many analyses, this should be adequate for an interval
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assessment of dietary patterns, and this would support analyses with time-varying
exposure status.

Given that the vegetarian dietary patterns as defined may sum together a number of
particular effects of specific foods, it will of course be important to do future analyses by
food as well. Analysis by meat, adjusting for certain categories of plant food
consumption, is an obvious relevant analysis. In addition, the apparently impressive
associations of the pesco-vegetarian dietary pattern for both mortality and for colorectal
cancer risk, suggest additional analysis be done for possible associations of total and fatty
fish consumption with these endpoints.

One of the major elements of the preceding discussion has been an attempt to
consider possible explanations for apparent discrepancies between AHS results and
EPIC-Oxford results. The EPIC-Oxford results are surprising enough that a chance
effect, though statistically quite improbable, could reasonably be suspected. If that were
the case, no reanalysis of the published data would likely yield further clarity; however,
reanalysis after several additional years would be expected to weaken or eliminate the
adverse finding, if due to chance. Therefore, a reanalysis with later follow up of the
EPIC-Oxford colorectal cancer and vegetarian diet association should be done. If it
persists, non-chance explanations will have to be assumed. Beyond that, as previously
discussed, differences for all-cause mortality between AHS-2 and EPIC-Oxford may be
due to different food consumption patterns in the vegetarians of the two cohorts. To
better investigate this possibility and to attempt to resolve some of the existing
discrepancies, a joint analysis of the datasets should be attempted. This would not be a

pooling for power. Rather, it would use appropriate dietary adjustments or
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reclassifications in an attempt to determine whether more specific dietary patterns or
particular foods would have similar effects in both cohorts.

The characterization of the dietary patterns by foods consumed presented here
provides a helpful context for the translation of diet-outcome findings and for health
promotion efforts, as described above. However, the description, or message, becomes
fairly complex and unwieldy when many qualifiers are added. One of the benefits of
vegetarian dietary patterns is that they are relatively easy to understand. Most people, if
asked to design a vegetarian diet, would know this roughly means avoiding meat and
substituting some kind of plant foods. Other dietary patterns that have been described
often suffer from a lack of clarity. The “prudent” patterns, which have emerged from
some pattern analysis approaches, have no self-evident meaning and require fairly
detailed description. Even the Mediterranean dietary pattern seems unclear to many
people. The diets of people in countries around the Mediterranean Sea vary greatly, even
if the focus is restricted to European Mediterranean areas. For example, the meat
consumption in a number of Spanish and Italian cohorts in EPIC is much higher than in
the Greek cohort®. For many health professionals, the Mediterranean diet has become a
synonym for a list of dietary recommendation only loosely related to traditional
Mediterranean cuisines. In contrast, for many average people, the term “Mediterranean”
may signify typical Middle-Eastern cuisine, which may be appreciated but may seem
very difficult for many to translate into a daily diet. Avoidance of this type of confusion
and complexity is one of the benefits of the vegetarian dietary pattern. However, it seems
from the literature and the current results that an AHS-type vegetarian dietary pattern

may have important health advantages over an EPIC-Oxford-type vegetarian diet. It
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would be helpful if a single very simple and easy-to-understand qualifier could be added
to the vegetarian dietary pattern schema that would be predictive of important outcomes.
It seems to me that two related candidate qualifiers could be a “whole food” vegetarian
dietary pattern or an “unrefined” vegetarian dietary pattern. I suggest that attention be
given to developing these as categories or as indices that could be simultaneously
analyzed alongside the current vegetarian dietary patterns, as defined. For example, if
envisioning a dichotomous “refined” schema alongside a dichotomous vegetarian
classification, then the categories “unrefined vegetarian”, “refined vegetarian”, and
“unrefined nonvegetarian” could be compared to “refined nonvegetarian”. If such an
approach was predictive, it could lead to easier messaging, needing only an explanation
for what constitutes a “refined” diet. This might yield an easier, more useful health
education approach than more complex dietary descriptions or indices.

Another future consideration would be exploring for heterogeneity of effect within
the AHS-2 dietary patterns, as currently defined. Analysis by specific foods is one such
approach that has already been mentioned. Another method could be a single-qualifier
system, as described above. A third approach could be the use of data-driven pattern
analysis approaches in conjunction with the existing AHS theory-driven diet categories.
For example, the lacto-ovo-vegetarian category is rather large. Without evidence to
support this claim, but based on personal familiarity with Seventh-day Adventist culture,
| suspect that the vegan and pesco-vegetarian groups may be highly health-conscious,
whereas the lacto-ovo-vegetarian group may be a mix of health-conscious vegetarians
and cultural vegetarians. An approach such as cluster analysis may identify whether such

natural groupings appear to exist, and if so, health-conscious lacto-ovo-vegetarians might
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be compared with vegans, for example. A similar approach could be taken with the
nonvegetarians.

Since computer and internet technology is becoming increasingly widespread
throughout the population, future nutritional epidemiology studies in Adventists should
strongly consider the adoption of web-based dietary assessment tools. Such tools might
arguably be able to blend aspects of a 24-hour recall with those of traditional FFQs to
enhance accuracy of dietary measurement. Less debatable perhaps is the enhanced
potential for repeated measurement at little marginal cost as well as easily imagined
advantages for cohort communication and retention. Smart-phone technology may
further enhance to potential of these approaches.

Based upon existing evidence, the most important effect of vegetarian dietary
patterns may be that of the prevention (including possibly primary, secondary, and
tertiary prevention) of ischemic heart disease and death from the same in men. This
deserves further study. Mortality from ischemic heart disease has been reduced
substantially in the general population in recent decades, and some of this likely is due to
improvements in the acute treatment of myocardial infarction. In the face of effective
treatments for a disease, disease-specific mortality is often a poor surrogate for incidence.
Effective treatments would be expected to lessen differences in disease-specific mortality
between exposure groups (e.g. vegetarian vs. nonvegetarian), assuming both exposure
groups have access to this treatment. Given this, it is remarkable that an effect for
vegetarian dietary patterns on cardiovascular mortality and ischemic heart disease
mortality more specifically, continues to be detected. This suggests that the effect upon

risk may be very strong and/or that there is an important modification of the course of
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already present disease. It seems very important to attempt to conduct an analysis in
AHS-2 of the effect of vegetarian diets on IHD incidence, particularly in men. Separate
analyses could look at the effects of vegetarian diets on IHD mortality in those with
already diagnosed IHD. Funding for this research seems an important priority. Attempts
at investigating the effect-modification by gender of the association of vegetarian diets
with IHD mortality would be valuable, given that this sex specificity seems fairly
consistent. Recent attention has been drawn to possible novel mechanisms that may
relate meat and eggs in the diet to the pathophysiology of atherosclerosis, with colonic
bacterial metabolism as a step in this mechanistic chain®>%, Measurement of serum
TMAO and characterization of the microbiota of vegetarian and nonvegetarian men and
women may be one approach to examining a possible sex-specific mechanistic
difference®* %, In addition to ischemic heart disease mortality, the preliminary results
reported here suggesting possibly important reductions in mortality attributable to
diabetes mellitus and to chronic renal failure argue for further investigations of the effects

of vegetarian dietary patterns on these disease processes.

Concluding Remarks
Nutritional epidemiology is a challenging, though very important, discipline. Itis
difficult to establish causal relationships. For example, the evidence for a link between
saturated fats (at least as a broad category) and ischemic heart disease, once thought to be
strong, has more recently been called into question. Diet is a very complex exposure, and
all approaches to analysis of diet and health outcomes have substantial shortcomings.

Analysis by dietary pattern is no exception. Given this context, | would argue that
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vegetarian dietary patterns remain a valid and reasonable approach to dietary analysis.
The consistent predictive value of the AHS dietary pattern schema supports its validity
and continued usefulness. However, important discrepancies with EPIC-Oxford results
for vegetarian dietary patterns underscore the point that all vegetarian diets are probably
not equal in their health effects and preventive potential. Therefore, AHS results need
important qualification and translation in their reporting. It needs to be consistently
pointed out what type of vegetarian dietary approach has shown benefits and compared to
what type of nonvegetarian dietary approach. If a simplified qualifier can be found as
proposed above, much the better, but for now, a short but specific description of the food
consumption patterns can be referenced.

In response to questions like “Should we all be vegetarians?”*, AHS investigators
should be clear that our findings for vegetarian dietary patterns do not directly support a
positive answer, nor do | necessarily argue for this. Rather AHS-type vegetarian dietary
patterns do represent an important, real-world dietary option that can be readily
implemented and that has much scientific support. It is an option that should be
promoted as a very good one, without arguing that it is necessarily the best. As to
whether the public is well served by research and recommendations that identify dietary
patterns with the label “vegetarian”, this is unknown. It ultimately involves questions
about what types of health promotion messages have the most positive and least negative
consequences in terms primarily of health outcomes. Such questions about the effects of
particular health and dietary messages involve aspects of psychology and behavior
change, and while important, are not answerable from the kinds of evidence reviewed

here. To a related question, “Is ‘vegetarian dietary pattern’ a reasonable, useful, valid
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label or message, based on current findings?”” I would say yes, with the important
qualifications previously discussed, and not necessarily claiming primacy over other
dietary patterns for which support also exists.

Related questions might be asked. For example, “Will adding a small amount of
meat to an otherwise equal diet have detrimental effects?”” The results for analyses by
AHS dietary patterns do not answer this question directly. Other types of analysis can be
done which will address this; in particular an analysis by meat consumption variables,
with zero meat consumption as the referent, and adjusting for a number of other
potentially important dietary confounders. Conversely, questions about the effects of
increasing consumption of particular plant foods, such as vegetables or legumes,
adjusting for meat consumption may be examined. Modelling strategies may be devised
to compare the relative strengths of associations for a given outcome with meat
consumption and with plant food consumption. The dietary pattern approach considered
here does not specifically address these types of questions, because a number of dietary
factors vary simultaneously between the groups as previously discussed. Hence, analyses
by specific food consumption with appropriate dietary adjustment strategies will be an
important complement to dietary pattern analyses.,

Comparative analyses of the AHS vegetarian dietary patterns to other diet indices or
dietary patterns may also be done, and may provide useful information. In particular, the
strengths of association for the vegetarian dietary pattern approach discussed here for
particular outcomes can be compared to that of a given alternative pattern schema or a
dietary index. The degree of independence and potential for additivity for such

approaches might also be assessed. Such approaches may provide additional information
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that might put the usefulness and importance of the vegetarian classification approach in
context. However, given the findings presented here, the dietary patterns as currently
defined (especially when appropriately qualified by a description of the foods consumed),
continue to represent an important approach for investigation of health outcomes and a
valid dietary option that can be recommended for disease prevention. Dietary guidelines

should embrace such recommendations.
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Abstract

The Adventist Health Study 2 is a large cohort well suited to the study of the
relationship of vegetarian dietary patterns to health and disease risk. Here we review
initial published findings regarding vegetarian diets and several health outcomes.
Vegetarian dietary patterns were associated with lower BMI, lower prevalence and
incidence of diabetes mellitus, lower prevalence of the metabolic syndrome and its
component factors, lower prevalence of hypertension, lower all-cause mortality, and, in
some instances, lower risk for cancer. Findings regarding factors related to vegetarian
diets and bone health are also reviewed. These initial results demonstrate important links

between vegetarian dietary patterns and improved health.
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Introduction
Much of the current understanding of the health effects of vegetarian diets has come
from a few cohort studies, especially among California Seventh-day Adventists and
British vegetarians. The Adventist Health Study 2 (AHS-2) is a relatively new large
cohort with a high proportion of vegetarians, which promises to add to that
understanding. Here, we review the characteristics of AHS-2 and the initial published

findings related to vegetarian diets.

Cohort Characteristics

The Adventist Health Study 2 is a large North American cohort. Approximately
96,000 cohort members were enrolled throughout the United States and Canada between
2002 and 2007. Recruitment for the study was done in Seventh-day Adventist churches,
and the vast majority of cohort members identify themselves as Adventists. There was a
special effort to recruit black subjects (including African Americans and Caribbean
Americans) as an important group that has been underrepresented in scientific studies of
diet and health. About 27% of the cohort members are black in AHS-2, with the vast
majority of others identifying as white. 65% of subjects are women. The mean age at
enrollment was 57 years. A calibration sample of over 1100 participants was selected,
using a two-stage weighted random process, with approximately equal numbers of blacks
and whites, in which food and physical activity recalls, biometric measurements, and
biological samples for laboratory analysis were obtained for the purpose of validation and
calibration of the cohort questionnaire data. Butler et al. provide a more detailed

description of the cohort’s characteristics and recruitment(1).
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Dietary Patterns

In the AHS-2, dietary patterns were defined along a vegetarian continuum, which
can be thought of as an index of animal food avoidance. Cohort members were not asked
to self-identify as vegetarians. Rather, they were categorized based on their reported
intakes of key food items of animal origin. See Table 1 for dietary pattern definitions.
Defined thus, 7.7% of cohort members are vegan, 29.2% are lactoovovegetarian, 9.9%
are pescovegetarian, 5.4% are semivegetarian, and 47.7% are nonvegetarian. For some
analyses, these five dietary patterns were collapsed to yield fewer categories; for
example, in some cases the four vegetarian categories (vegan, lactoovovegetarian,
pescovegetarian, and semivegetarian) were combined together as “vegetarian”. See
Table 2 for select demographic, lifestyle, and nutritional characteristics for each dietary

pattern category at baseline.
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Table 1: Definitions and prevalence of dietary patterns in the Adventist Health Study 2.

Dietary Patterns

Vegan Lactoovovegetarian Pescovegetarian Semivegetarian  Nonvegetarian

Prevalence (%) 7.7 29.2 9.9 5.4 47.7
All including fish >1 h

m'eats, including fis <1/month <1/month >1/month /month but >1/week
(servings) <1/week

. . >1/month but

; >
Non-fish meat (servings) <1/month <1/month <1/month <1/week >1/month
Fish (servings) <1/month <1/month >1/month <1/week any amount
£ .

ggs and dairy products <1/month >1/month any amount any amount any amount

(servings)




Table 2: Select baseline characteristics by dietary pattern category.

Lactoovo Pesco Semi Non
Vegan vegetarian vegetarian vegetarian vegetarian
Agel? 57.9+13.6 57.5+139  58.8+13.7 57.8+14.1 55.9+13.1
Female sex! (%) 63.8 64.9 68.0 69.7 65.3
Race, black! (%) 21.0 13.6 39.1 17.8 34.0
Marital status, married® (%) 75.6 76.3 73.1 71.5 70.3
Education level® (%)
High school or less 16.7 13.9 18.4 21.3 24.4
Trade, associate, some
college 394 35.7 38.1 39.2 42.2
Bachelor degree 24.4 25.3 23.0 213 19.2
Graduate degree 19.5 25.1 20.5 18.3 14.1
Alcohol consumption® (%)
None 98.8 96.8 92.5 92.4 83.4
Rare 0.6 1.8 4.0 4.2 7.5
Monthly 0.2 0.5 1.1 1.1 3.1
Weekly 0.3 0.7 1.9 2.0 4.7
Daily 0.1 0.2 0.5 0.3 1.3
Smoking? (%)
Never 85.0 88.2 84.1 81.4 75.7
Former 14.9 11.7 15.5 18.3 22.3
Current 0.1 0.1 0.4 0.3 2.0
Exercise 3 (%)
None 15.1 17.3 18.0 20.6 23.4
1-20 min/wk 16.2 18.6 16.8 20.5 20.0
21-60 min/wk 16.1 16.5 16.2 16.1 15.8
61-150 min/wk 27.8 26.8 27.5 24.5 23.6
151+ min/wk 24.8 20.8 21.6 18.3 17.2
Energy intake 12 (kcal/d) 1897 + 729 1912 + 735 1939772 1720+ 713 1884 +773
Macronutrients (% of energy) *°
Carbohydrate 58.1+0.1 54.3+0.1 54.5+0.1 53.9+0.1 51.4+<0.1
Fat 28.2+0.1 31.9+0.1 31.3+0.1 32.2+0.1 33.8+<0.1
Protein 13.6 £<0.1 13.7+£<0.1 14.2 £<0.1 13.7+<0.1 14.7 £<0.1
Select nutrients #° (g/d)
Total fiber 46.7+0.1 37.5+0.1 37.7+0.1 349+0.1 30.4+<0.1
Saturated fatty acids 11.6+£0.1 16.0+0.1 15.8+0.1 174+0.1 19.9+<0.1
Animal protein 3.1+0.2 12.2+0.1 16.0+0.2 17.6+0.2 31.8+0.1

1Results from reference 2. N=73,308. Adjusted for age, sex, and race (as appropriate) by direct

standardization.
2Values are means * SDs.

3 Exercise defined as “vigorous activities, such as brisk walking, jogging, bicycling, etc, long enough or
with enough intensity to work up a sweat, get your heart
thumping, or get out of breath.”
4Results from reference 3. N=71,751. Mean nutrient intake values standardized to 2000 kcal/day;

adjusted for age, sex, and race.

5Values are means * SEs.
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Health Outcomes

The main aims of AHS-2 are to examine the possible effects of dietary factors on
the risk of specific cancers. These analyses for specific cancers will begin this year after
the accrual of further incident cases to provide sufficient power. Meanwhile, several
early publications from AHS-2 have examined the relationship of diet to certain other
health outcomes. Here we review findings relating diet to prevalent obesity, prevalent
metabolic syndrome, prevalent hypertension, prevalent diabetes mellitus, incident
diabetes mellitus, bone density and fracture risk, mortality, and incident cancer
(considered as all cancers combined and by organ system). Table 3 provides a summary

of selected results.
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Table 3: Summary of the association of vegetarian dietary patterns with selected health outcomes in Adventist Health Study 2.

Dietary Patterns

Lactoovo
Health Outcome? Vegan vegetarian Pescovegetarian Semivegetarian Nonvegetarian
Cross-sectional findings
BMI? (4) (kg/m?) 23.6+4.4 25.7+5.1 26.3+5.2 27357 28.8+6.3
Diabetes?, (4) [OR (95% Cl)] 0.51(0.40,0.66) 0.54 (0.49,0.60) 0.70 (0.61,0.80) 0.76 (0.61,0.80) Referent
Prevalence (%) 2.9 3.2 4.8 6.1 7.6
Hypertension, [OR (95% Cl)]
Non-blacks* (5) 0.37(0.19,0.74) 0.57 (0.36,0.92) 0.92 (0.70,1.50) Referent
Blacks (6) 0.56 (0.36,0.87) 0.94 (0.54,1.63) Not reported Referent
Metabolic syndrome®’ (7) [OR
(95% Cl)] 0.44 (0.30,0.64) Not reported Referent
Prevalence® (%) 25.2 39.7
Prospective findings
Diabetes?, (8) [OR (95% Cl)] 0.38 (0.24,0.62) 0.62 (0.50,0.76) 0.79 (0.58,1.09) 0.49 (0.31,0.76) Referent
n 3545 14,099 3644 2404 17,695
Incident cases (%) 0.54 1.08 1.29 0.92 2.12
All cancers?, (9) [HR (95% CI)] 0.84 (0.72,0.99) 0.93(0.85,1.02) 0.88 (0.77,1.01) 0.98 (0.82,1.17) Referent
n 4922 19,735 6846 3881 33,736
No. of events 190 878 276 182 1413
All-cause mortality'?, (2) [HR
(95% Cl)] 0.85(0.73,1.01) 0.91(0.82,1.00) 0.81 (0.69,0.94) 0.92 (0.75,1.13) Referent
n 5548 21,777 7194 4031 35,359
No. of events 197 815 251 160 1147

1 Numbers in parentheses are reference numbers.

2Values are means * SDs.
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Table 3: Summary of the association of vegetarian dietary patterns with selected health outcomes in Adventist Health Study 2.
(continued)

3 Logistic regression model, adjusted for age, sex, race, BMI, physical activity, education, income, sleep, television watching, and alcohol
consumption.

4 Pescovegetarians and semivegetarians considered together as partial vegetarians, due to small numbers of both categories. Logistic
regression model, adjusted for age, gender, and exercise.

5Vegans and lactoovovegetarians considered together as vegetarians, due to the small number of vegans. Logistic regression model,
adjusted for age, gender, education, and physical activity.

6Vegans and lactoovovegetarians considered together as vegetarians, due to the small number of vegans; pescovegetarians and
semivegetarians considered together as semi vegetarians, due to the small number of both categories.

7 Logistic regression model, adjusted for age, sex, ethnicity, physical activity, smoking, alcohol consumption, and dietary energy.

8 Logistic regression model, adjusted for age, sex, race, BMI, physical activity, education, income, sleep, television watching, smoking, and
alcohol consumption. (2-yfollow-up.)

9 Cox proportional hazards regression model, adjusted for age, race, family history of cancer, education, smoking, alcohol consumption,
age at menarche, pregnancies, breast feeding, oral contraceptive use, hormone replacement therapy, and menopausal status. (4.14-
y average follow-up.)

10 Cox proportional hazards regression model, adjusted for age, sex, race, smoking, exercise, personal income, educational level, marital
status, alcohol, geographic region, menopause (in women), and hormone therapy (in postmenopausal women). (5.79-y average
follow-up.)



Obesity
As in earlier studies (10-12), vegetarians in AHS-2 have lower body mass index
levels. Among 60,903 participants, the crude mean baseline BMI (kg/m?) was 23.6 for
vegans, 25.7 for lactoovovegetarians, 26.3 for pescovegetarians, 27.3 for
semivegetarians, and 28.8 for nonvegetarians (4). After adjustment for age, sex, and
race, mean BMI was 24.1 for vegans, 26.1 for lactoovovegetarians, 26.0 for
pescovegetarians, 27.3 for semivegetarians, and 28.3 for nonvegetarians among 73,308

participants(2).

Metabolic Syndrome

Rizzo et al. examined the relationship of dietary patterns to metabolic syndrome and
its component risk factors in the calibration sample of the AHS-2 (n=773). Diets were
considered in three categories: vegetarian (vegan plus lactoovovegetarian),
semivegetarian (pescovegetarian plus semivegetarian) and nonvegetarian. In ANCOVA
analysis, adjusting for age, sex, ethnicity, smoking, alcohol intake, physical activity, and
dietary energy intake, significant differences between the dietary groups were found for
all the metabolic syndrome components except HDL (triglycerides, diastolic blood
pressure, systolic blood pressure, waist circumference, BMI, and glucose), with
vegetarians having more favorable levels in each case (7). Considering metabolic
syndrome as a whole, the prevalence was 25.2%, 37.6%, and 39.7% for vegetarians,
semivegetarians, and nonvegetarians respectively, and in logistic regression analysis
adjusting for the same potential confounders, vegetarians had 0.44 (95%CI: 0.30,0.64)

times the odds of having metabolic syndrome as nonvegetarians (7).
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Hypertension

Pettersen et al. (5) examined the relationship of dietary patterns to prevalent
hypertension among whites in the calibration sample (n=500). Diets were considered in
four categories: vegans, lactoovovegetarians, partialvegetarians (pescovegetarians plus
semivegetarians), and nonvegetarians. In a logistic regression analysis controlling for
age, gender, and exercise, the adjusted ORs of having hypertension were 0.37(95%CI:
0.19,0.74) and 0.57(95%CI: 0.36,0.92) for vegans and lactoovovegetarians, respectively,
compared to nonvegetarians (5). Additional adjustment for BMI (a possible causal
intermediate) attenuated the results to 0.53(95%Cl: 0.25,1.11) and 0.86(95%ClI:
0.51,1.45) respectively. A subsequent analysis (6) demonstrated similar findings in black
subjects (N=592). In a logistic regression analysis adjusting for age, gender, education,
and physical activity, the OR for prevalent hypertension among vegetarians (vegans and
lactoovovegetarians combined) was 0.56 (95%CI: 0.36,0.87) compared to

nonvegetarians.

Diabetes Mellitus
The relationship of vegetarian diets to both prevalent and incident diabetes mellitus
has been examined in AHS-2. Prevalence of diabetes (type 1) was 2.9% among vegans,
3.2% among lactoovovegetarians, 4.8% among pescovegetarians, 6.1% among
semivegetarians, and 7.6% among nonvegetarians (4). In logistic regression analysis,
compared to nonvegetarians, the multivariate adjusted (for age, sex, ethnicity, education,

income, physical activity, television watching, sleep habits, alcohol use, and BMI) odds
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ratio for prevalent diabetes (type I11) was 0.51 (95%CI: 0.40,0.66) for vegans, 0.54
(95%Cl: 0.49,0.60) for lactoovovegetarians, 0.70 (95%Cl: 0.61,0.80) for
pescovegetarians, 0.76 (95%CI: 0.65,0.90) for semivegetarians (4).

Among 41,387 participants who did not report having diabetes mellitus at baseline,
diabetes incidence was calculated from a response to a follow-up questionnaire at two
years. The percent who had reported developing diabetes was 0.54% in vegans, 1.08% in
lactoovovegetarians, 1.29% in pescovegetarians, 0.92% in semivegetarians, and 2.12% in
nonvegetarians (8). In multivariate adjusted (for age, gender, education, income,
television watching, physical activity, sleep, alcohol use, smoking, and BMI) logistic
regression analysis, the OR for developing diabetes compared to nonvegetarians was 0.38
(95%Cl: 0.24,0.62) for vegans, 0.62 (95%CI: 0.50,0.76) for lactoovovegetarians, 0.79
(95%CI: 0.58,1.09) for pescovegetarians, and 0.49 (95%CI: 0.31,0.76) for
semivegetarians (8). Similar analyses stratified by race found reductions in odds among
blacks for the vegan 0.30 (95%CI: 0.11,0.84) and lactoovovegetarian 0.47 (95%CI:
0.27,0.83) dietary patterns and among non-blacks for the vegan 0.43 (95%ClI: 0.25,0.74),
lactoovovegetarian 0.68 (95%CI: 0.54,0.86) and semivegetarian 0.50 (95%CI: 0.30,0.83)

dietary patterns(8).

Osteoporosis
The relationship of diet to osteoporosis risk is complex, and scientific
understanding of it is incomplete. In particular, there is conflicting evidence regarding
the relationship of protein intake (particularly animal protein) with bone density and

fracture risk (13-18). Thorpe et al. examined the relationship of protein-rich foods of
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both animal and plant origin to the incidence of wrist fracture over 25 years among 1865
women who were participants in both the AHS-1 and AHS-2 (19). Higher consumption
of protein rich foods of both animal and plant origin were found to be protective. In Cox
proportional hazards regression analysis, among those with the lowest consumption of
animal protein (vegetarians), those who consumed protein-rich plant foods more than
once per day had a hazard ratio of 0.32 (95%CI: 0.13,0.79) for wrist fracture compare to
those consuming plant protein foods less than three times per week (19). Similarly,
among those with the lowest consumption of plant protein foods, those consuming meat
more than four times per week had a hazard ratio for wrist fracture of 0.20 (95%CI:
0.06,0.66) compared with those not consuming meat (19).

Dairy products are generally thought to be good sources of dietary protein and
calcium, raising the concern that reduced dairy product consumption among vegetarians,
particularly vegans, may increase the risk of osteoporosis. Many vegetarians (and many
nonvegetarians) use soymilk or other types of milk substitutes to replace dairy
consumption. Matthews et al. examined whether soymilk consumption might confer
similar benefits on bone health as dairy product consumption (20). Among 337
postmenopausal white women from AHS-2 evaluated for osteoporosis by broadband
ultrasound attenuation of the calcaneus, the multivariate adjusted OR for osteoporosis for
those consuming one or more servings of dairy products per day compared to those
consuming dairy less than twice per week was 0.38 (95%CI: 0.17,0.86) (20). These
analyses come from a logistic regression model in which both soymilk consumption and
dairy product consumption were included. The OR for those consuming one or more

servings of soymilk daily compared to those not consuming soymilk was 0.44 (95%CI:
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0.20,0.98) (20). Thus, soymilk appeared to be associated with improved bone health to a
similar degree as dairy products, suggesting it may provide a useful alternative to dairy in
certain vegetarian diets. This may be related to the protein content of soymilk and, in the
case of many fortified soymilks, the calcium content. The protein content of unfortified
soymilk is 3.279/100g, as compared to 3.15g/100g for whole milk; the calcium contents
of unfortified and fortified soymilks are 25mg/100g and 123mg/100g respectively, as

compared to 113mg/100g for whole milk (21).

Cancer

Tantamango-Bartley et al. have recently published an initial analysis of the
association of dietary patterns with cancer incidence in AHS-2 (9). Because this was
early follow-up, there was not yet sufficient power to analyze the effect on specific
cancers. However, interesting results were demonstrated in analyses of all incident
cancers and of cancers categorized by organ system. Among 69,120 participants
included in the analysis there were 2939 incident cancers. In multivariate adjusted (for
age, race, family history of cancer, eductation, smoking, alcohol, age at menarche,
pregnancies, breastfeeding, oral contraceptives, hormone replacement therapy, and
menopause status) Cox proportional hazards regression analyzes comparing all
vegetarians combined (vegans, lactoovovegetarians, pescovegetarians, and
semivegetarians) to nonvegetarians, significant reductions in risk were found for all
cancers HR=0.92 (95%Cl: 0.85,0.99) and gastrointestinal system cancers HR=0.76
(95%CI: 0.63,0.90) (9). When the four vegetarian groups were compared separately to

the nonvegetarian referent group, reduced risk was found in vegans for all cancers
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HR=0.84 (95%CI: 0.72,0.99) and female-specific cancers HR=0.66 (95%CI: 0.47,0.92)
and in lactoovovegetarians for gastrointestinal system cancers HR=0.75 (95%(CI:

0.60,0.92) (9).

Mortality

A longevity advantage for those consuming vegetarian diets was previously
demonstrated in the AHS-1 cohort(12,22). On the other hand, a reduction in all-cause
mortality has not been associated with vegetarian dietary patterns in the EPIC-Oxford
cohort(23). Orlich et. al examined the possible association of vegetarian dietary patterns
to all-cause mortality and broad categories of cause-specific mortality in AHS-2(2).
After a mean follow-up of 5.79 years (N=73,308), Cox proportional hazards regression
analysis (adjusting for age, race, sex, smoking, exercise, education, marital status,
alcohol, geographic region, menopause, and hormone therapy) demonstrated reduced all-
cause mortality for all vegetarians compared to nonvegetarians, HR=0.88 (95%ClI:
0.80,0.97). For specific dietary patterns, the hazard ratios were 0.85 (95%CI: 0.73,1.01)
for vegans, 0.91 (95%CI: 0.82,1.00) for lactoovovegetarians, 0.81 (95%CI: 0.69,0.94) for
pescovegetarians, and 0.92 (95%CI: 0.75,1.13) for semivegetarians. Effects were
stronger in men and less often significant in women. Apparent beneficial associations
were seen in some cases for mortality from cardiovascular, renal, and endocrine

diseases.(2)
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Discussion

Because of its relatively large number of vegetarians, AHS-2 is a valuable cohort
for the study of the possible effects of vegetarian dietary patterns on various health
outcomes. The initial published results, reviewed above, demonstrate a number of
apparent health benefits of vegetarian diets. Vegetarian diets in AHS-2 are associated
with lower BMI levels, lower prevalence of hypertension, lower prevalence of the
metabolic syndrome, lower prevalence and incidence of diabetes mellitus, and lower all-
cause mortality. Initial analyses also show possible moderate reductions in the rates of
certain cancer outcomes for some vegetarians. The bone health research presented here
links inadequate protein levels to an increased risk of osteoporosis and fractures;
however, it appears to show that plant sources of protein, like animal sources, decrease
this risk.

As with all observational research, caution must be exercised in inferring causation
from the results reviewed here. While appropriate attempts at adjustment for possible
confounders were made in each case, it remains possible that some uncontrolled
confounding may explain all or part of these findings. Measurement error is another
challenge and potential source of bias in nutritional studies(24), but this would seem less
likely to affect analyses by broad dietary pattern than analyses according to the intake of
specific foods or nutrients.

While large, high-quality clinical trials examining the effects of vegetarian dietary
patterns on major health outcomes have not been conducted as they have for the
Mediterranean dietary pattern(25,26), small interventional studies provide indirect

support for some findings presented here, particularly in regard to reduced weight(27-
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32), improvements in serum lipid levels(31-35), and improvements in control of
diabetes mellitus(27,38,39) with vegetarian diets.

The dietary patterns described here are defined according to the avoidance of
certain foods of animal origin. However, the demonstrated associations may not always
be related to reduced animal product consumption. They may also result from an
increase in nutritional components related to plant foods, such as the increased fiber
intake (Table 2). There may also be considerable heterogeneity of food and nutrient
consumption within each vegetarian-spectrum dietary pattern, as we have previously
discussed(40), so additional analyses by food, nutrient, or dietary indices will be of
value. As with all diets, vegetarian diets should be carefully planned for nutritional
adequacy. Nutrients of possible concern for vegetarian diets include vitamin B12
(particularly for vegans), iron, calcium, zinc, vitamin D, and protein(41). Rizzo et. al
analyzed the nutrient profiles of the five dietary patterns described here in detail(3) and
reported considerable variation by diet pattern. In no case were mean values of
potentially marginal nutrients less adequate among vegetarians than nonvegetarians, but
some individuals in the tails of the distributions may have had inadequate intakes.

Potential Mechanisms

While analysis by dietary pattern is advantageous in terms of real-world relevance
and avoids many of the problems of reductionist models, a major disadvantage of this
approach is its remoteness from specific mechanistic hypotheses. Various mechanisms,
known and unknown, may link vegetarian dietary patterns to improved health outcomes,
and a full discussion of these is beyond the scope of this brief review; however, we offer

a few comments.
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Adiposity is a core feature of the metabolic syndrome and an important risk factor
for diabetes mellitus, cardiovascular disease, and certain cancers. Thus, the stepwise
increase of BMI levels from vegan (lowest) to nonvegetarian (highest) presented here is
noteworthy and may serve as an important intermediate in pathways of causation leading
from dietary pattern to disease. The reason for this BMI gradient is not well understood.
Caloric intakes are similar among the 5 dietary pattern groups(3). Significant differences
in BMI persist after control for both dietary energy intake and physical activity(7).
Vegetarian diets may result in differences in energy absorption and utilization that lead to
differences in BMI. The results for diabetes mellitus reviewed here are interesting in that
significant reductions in risk for vegetarians remained after controlling for BMI. Some of
this remaining effect may still be mediated by differences in adiposity not fully captured
by BMI (central adiposity, visceral adiposity); however, mechanisms entirely
independent of adiposity may also be in effect.

Differences in the intake of specific nutrients may mediate some of the effects of
vegetarian dietary patterns. For example, vegetarians have higher intakes of
potassium(3), considered an important micronutrient for the prevention of hypertension.
Tantamango-Bartley et al. provide a discussion of many possible mechanisms linking
vegetarian dietary patterns to reduced cancer risk(9); in particular, they discuss the
possibility that increased soy consumption among vegetarians could be relevant to their

finding of a reduction in risk for female-specific cancers among vegans(9).
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Ongoing AHS-2 Research
The primary aim of AHS-2 is to investigate potential connections between dietary
factors and the risk of specific cancers. To this end, we are attempting record linkages
with the cancer registries of all fifty states and all Canadian provinces, something that to
our knowledge has not previously been done. This process is well advanced, and we
anticipate important publications on the relationship of diet to specific major cancers
starting in 2014. We are hopeful that these ongoing and future analyses will add to our

understanding of the relationship of vegetarian dietary patterns to health and longevity.
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