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Mortality in vegetarians and nonvegetarians: detailed findings from
a collaborative analysis of 5 prospective studies’>
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ABSTRACT We combined data from 5 prospective studies
to compare the death rates from common diseases of vegetarians
with those of nonvegetarians with similar lifestyles. A summary
of these results was reported previously; we report here more
details of the findings. Data for 76172 men and women were
available. Vegetarians were those who did not eat any meat or
fish (n = 27808). Death rate ratios at ages 1689 y were
calculated by Poisson regression and all results were adjusted
for age, sex, and smoking status. A random-effects model was
used to calculate pooled estimates of effect for all studies
combined. There were 8330 deaths after a mean of 10.6 y of
follow-up. Mortality from ischemic heart disease was 24%
lower in vegetarians than in nonvegetarians (death rate ratio:
0.76; 95% CI: 0.62, 0.94; P < 0.01). The lower mortality from
ischemic heart disease among vegetarians was greater at
younger ages and was restricted to those who had followed their
current diet for >5 y. Further categorization of diets showed
that, in comparison with regular meat eaters, mortality from
ischemic heart disease was 20% lower in occasional meat
eaters, 34% lower in people who ate fish but not meat, 34%
lower in lactoovovegetarians, and 26% lower in vegans.
There were no significant differences between vegetarians and
nonvegetarians in mortality from cerebrovascular disease,
stomach cancer, colorectal cancer, lung cancer, breast cancer,
prostate cancer, or all other causes combined. Am J Clin
Nutr 1999;70(suppl):516S-24S.
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INTRODUCTION

Investigators in 5 prospective studies deliberately recruited a
large proportion of vegetarians and, for comparison, nonvegetar-
ians with lifestyles similar to the vegetarians (1-5). We analyzed
the combined data from these 5 studies to provide overall esti-
mates of the association of a vegetarian diet with the risk of
death from specific causes. In particular, we sought to test the
hypotheses that the vegetarians would have lower mortality rates
than the nonvegetarians from ischemic heart disease and from
colorectal, breast, and prostate cancers. A summary of the find-
ings was published previously (6). We report here a more
detailed description of the results.

SUBJECTSAND METHODS

Studies

Five prospective cohort studies recruited vegetarians or pop-
ulations known to contain a large proportion of vegetarians
(Table 1). The Adventist Mortality Study recruited members of
the Seventh-day Adventist church from 198 congregations in
California (1), with follow-up for mortality by record linkage
and personal contact (follow-up through 1965 only was used in
this analysis). The Health Food Shoppers Study recruited peo-
ple in the United Kingdom via health food shops, vegetarian
societies and magazines; follow-up was performed by linking
records with the National Health Service Central Register (2).
The Adventist Health Study recruited Seventh-day Adventists
throughout California; follow-up was performed by linking
records with the California death certificate file, the National
Death Index, and church records (3). There is no overlap
between the follow-up periods in this study and the Adventist
Mortality Study. The Heidelberg Study cohort was recruited
through vegetarian magazines in the former Federal Republic of
Germany; follow-up was conducted through the registrar's
office of the last place of residence (4). The Oxford Vegetarian
Study cohort was recruited through the Vegetarian Society of
the United Kingdom and the news media; nonvegetarians were
recruited from friends and relatives of vegetarians (5). Follow-
up in this study was the same as for the Health Food Shoppers
Study, and 863 subjects who were members of both of these
cohorts were excluded from the Health Food Shoppers Study
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TABLE 1
Description of the studies selected for analysis

Median year Number End of Person-years  Mean length

Study Location of recruitmentt of subjects? follow-up at risk of follow-up
y n y y

Adventist Mortality (1) Cdlifornia 1960 (1959-1960) 24538 December, 1965 138304 5.6
Health Food Shoppers (2) United Kingdom 1974 (1973-1979) 9878 December, 1995 182156 18.4
Adventist Health (3) California 1976 (1976-1980) 28952 December, 1988 320818 111
Heidelberg (4) Germany 1978 (1978-1981) 1757 May, 1989 17317 9.9
Oxford Vegetarian (5) United Kingdom 1981 (1980-1984) 11047 December, 1995 150799 13.7

1Range in parentheses.

2Subjects aged 16-89 y at recruitment with data on smoking status and diet group available.

and retained in the Oxford Vegetarian Study because the latter
collected more information on potential confounding variables.

Definitions and main analyses

Subjects were eligible for analysis if they were aged 1689y
at recruitment, if they had not been diagnosed with cancer
before recruitment [except for International Classification of
Diseases, ninth revision (ICD-9) 173, nonmelanoma skin cancer
(7)], and if they provided sufficient information for classifying
diet group and smoking category. Information on existing car-
diovascular disease and diabetes at recruitment was available in
4 of the studies, and the influence of prior disease on the results
was examined in a subanalysis.

The main analysis compared mortality in vegetarians with that
in nonvegetarians. In the Health Food Shoppers Study, vegetarians
were people who replied “yes’ to the question “Are you a vege-
tarian?,” whereasin the 4 other studies vegetarians were defined as
people who reported that they did not eat any meat or fish; all oth-
ers were defined as nonvegetarians. In none of the studies did the
questionnaire specifically ask how long subjects had followed a
vegetarian diet, but some information was available concerning
how long subjects had followed their current diet. Vegetarians
were classified according to whether they had followed their cur-
rent diet for <5y or >5vy. In the 2 studies in Seventh-day Adven-
tists, age at baptism was used as a surrogate for age at becoming
vegetarian because Adventists who follow a vegetarian diet typi-
cally establish this behavior at the time of baptism.

Smokers were categorized as never smokers, former smokers,
current light smokers (1-14 cigarettes/d, user of other tobacco, or
both), and current heavy smokers (=15 cigarettes/d). This infor-
mation was available from all studies with the following excep-
tions: in the Adventist Mortality Study the cutpoint between light
and heavy smoking was 20 cigarettes/d; in the Health Food Shop-
pers Study there was no information on past smoking, therefore all
noncurrent smokers were categorized as never smokers; in the
Adventist Health Study the information on number of cigarettes
smoked was for the maximum ever smoked, which was assumed
to be the number of cigarettes smoked by current smokers; and in
the Heidelberg Study there was no information on the number of
cigarettes smoked and all smokers were assumed to be light smok-
ers because the prevalence of smoking was very low in this study.

Adjustment for potential confounders

The principal analyses were of all subjects for whom we had
complete data on both diet group and smoking. We also explored
the effects of adjusting the results for 4 potential confounders:

body mass index, alcohol use, education level, and exercise
level. Men and women were categorized into thirds of the distri-
bution of body mass index of all men and al women, respec-
tively. Alcohol users were categorized as regular drinkers or non-
regular drinkers, definitions varied between studies, but the
guideline was that regular drinkers consumed =1 alcoholic
drink/wk. Education was classified as high—equivalent to the
completion of American high school or above—or low; in the
Oxford Vegetarian Study only data on social class were available
and social classes | and Il (8) were considered to be equivalent
to high education. Exercise was classified as high or low on the
basis of criteria used to define the level of activity in each study,
with the guideline of producing 2 approximately equal-sized
groups in each study. For these 4 potential confounding variables
there were some missing data in each study, and there was no
information on any of the 4 variables in the Health Food Shop-
pers Study and no information on exercise for the women in the
Adventist Mortality Study.

Causes of death and statistical methods

The endpoints examined were stomach cancer (ICD-9 151),
colorectal cancer (ICD-9 153 and 154), lung cancer (ICD-9 162),
female breast cancer (ICD-9 174), prostate cancer (ICD-9 185),
ischemic heart disease (1CD-9 410-414), cerebrovascular disease
(ICD-9 430-438), al other causes, and all causes combined (7).

Subjects were censored on reaching age 90 y. Person-years at
risk were calculated using the PERSON-Y EARS computer pro-
gram (9), and death rate ratios in each study were calculated by
Poisson regression using GLIM-4 (10). All death rate ratios
were adjusted for age in 5-y increments, sex, and smoking
(never, former, current light, and current heavy). Mortality
ratios for the separate studies were then combined to give a
pooled estimate of effect using the random-effects model of
DerSimonian and Laird (11), which both tests and allows for
heterogeneity between studies. The test for heterogeneity was
also applied to the pooled all-studies results to test for hetero-
geneity of effect between sexes and age groups.

RESULTS

The characteristics of the vegetarians and nonvegetarians are
compared in Table 2. Smoking rates varied between studies, but
in al studies the proportion of smokers was lower among the
vegetarians than the nonvegetarians. In all studies for which data
were available, vegetarians had a lower mean body mass index,
alower percentage of vegetarians were current alcohol users, and
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TABLE 2
Characteristics of subjects selected for analysist
Median Current Mean Current High High
Study and reference age smokers BMI acohol users education level exercise level?
y % kg/n? % % %
Men
Adventist Mortality (1)
Nonvegetarian (n = 5023) 49 7.2 25.7 2.0 54.43 779
Vegetarian (n = 3971) 51 29 24.6 0.7 63.3° 81.2
Health Food Shoppers (2)
Nonvegetarian (n = 2462) 46 30.6 — — — —
Vegetarian (n = 1519) 41 20.1 — — — —
Adventist Health (3)
Nonvegetarian (n = 9045) 52 85 254 14.0 78.7° 65.8
Vegetarian (n = 3169) 51 0.2 23.8 04 86.5° 713
Heidelberg (4)
Nonvegetarian (n = 304) 45 9.9 221 294 62.8° 34.8
Vegetarian (n = 480) 43 42 21.3 14.1 56.4°3 40.3
Oxford Vegetarian (5)
Nonvegetarian (n = 2572) 34 29.1 23.0 86.0 67.9% 62.6
Vegetarian (n = 1603) 33 17.5 22.0 63.2 64.8* 67.4
Women
Adventist Mortality (1)
Nonvegetarian (n = 9257) 50 1.2 25.1 16 51.6° —
Vegetarian (n = 6287) 54 0.1 24.0 0.7 59.7° —
Health Food Shoppers (2)
Nonvegetarian (n = 3626) 45 18.0 — — — —
Vegetarian (n = 2271) 47 12.3 — — — —
Adventist Health (3)
Nonvegetarian (n = 11904) 52 2.7 24.8 4.8 78.4° 51.9
Vegetarian (n = 4834) 54 0.2 23.0 0.2 85.4° 54.9
Heidelberg (4)
Nonvegetarian (n = 370) 49 32 21.3 24.9 46.6° 32.8
Vegetarian (n = 603) 53 22 20.9 73 43.7 37.0
Oxford Vegetarian (5)
Nonvegetarian (n = 3801) 34 185 22.1 76.3 59.9% 58.4
Vegetarian (n = 3071) 32 134 21.3 56.5 60.14 65.4

1Subjects aged 16-89 y at recruitment for whom data on smoking status and diet group were available. Data on body mass index, alcohol use, educa
tion level, and exercise level were not available for the Health Food Shoppers study; data on exercise were missing for women in the Adventist Mortality
study. Overall, data on body mass index, acohol use, education level, and exercise level were available for 81.5%, 83.4%, 83.0%, and 66.1% of the subjects,

respectively.

2Defined as high or low on the basis of criteria used to define physical activity level in each study.

3Completion of American high school or above, or equivalent.

“Data on education not available. Socia classes| and 11 (8) were considered equivalent to high education.

a consistently higher percentage of vegetarians were high exer-
cisers. Variations in level of education between the 2 groups
were small and inconsistent.

After a mean of 10.6 y of follow-up there were 8330 deaths
before age 90 y (3910 men and 4420 women). The numbers of
deaths and the death rate ratios for vegetarians compared with
those for nonvegetarians in each study after adjustment for age,
sex, and smoking, and for all studies combined using a random-
effects model are shown in Table 3. The death rate ratio for
ischemic heart disease varied between studies from 0.45 to 0.97,
and the all-studies ratio was 0.76 (95% CI: 0.62, 0.94; P <0.01).
There was significant heterogeneity between studies (P <0.01).
None of the death rate ratios for other causes of death was signi-
ficant in all studies, although some of theindividual study results
were significant in different directions (eg, breast cancer in the
Health Food Shoppers and Adventist Health studies, cerebrovas-
cular disease in the Adventist Mortality Study, and other causes

in the Health Food Shoppers and Adventist Health studies). The
death rate ratios for all-cause mortality varied between studies
from 0.80 to 1.17, and the test for heterogeneity between studies
was highly significant (P <0.0001). The all-studies death rate
ratio for all causes of death was 0.95 (95% CI: 0.82, 1.11).

The all-studies death rate ratios for causes of death affecting
men and women for vegetarians compared with nonvegetarians
are shown in Table 4. For each cause of death except “other
causes’ the death rate ratio was lower in men than in women,
although there was no significant heterogeneity between men
and women for any cause of death. The only death rate ratios that
were significantly different from 1 were for ischemic heart dis-
ease: P < 0.001 for men and P < 0.05 for women. However, both
the death rate ratios for cerebrovascular disease and for all
causes of death in men were nearly significant.

The all-studies death rate ratios for vegetarians compared
with nonvegetarians by age at death are shown in Table 5.
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TABLE 3

Death rate ratios and 95% Cls and the number of deaths for vegetarians compared with nonvegetarians by study, adjusted for age, sex, and smoking status, and for al studies combined

Cancer Ischemic Cerebrovascular
Stomach Colorecta Lung Breast Prostate heart disease disease Other causes All causes
Study
Adventist Mortality (1)
Desth rate ratio 0.64(0.30,1.36) 1.37(0.73,256) 0.59(0.10,3.28) 0.65(0.28,1.52) 141(0.49,4.04) 0.74(0.63,0.88) 0.65(0.48,0.87) 0.96(0.83,1.11) 0.83(0.76,0.92)
Number of deaths 30 11 6 26 15 598 182 737 1635
Hedlth Food Shoppers (2)
Desth rate ratio 1.23(0.62,2.47) 0.90(0.58,1.39) 1.13(0.67,1.92) 1.74(111,272) 131(0.65,2.66) 0.97(0.81,116) 0.99(0.78,1.26) 1.20(1.06,1.37) 1.11(1.02,1.21)
Number of deaths K% 90 66 79 32 521 292 1013 2127
Adventist Hedlth (3)
Desth rate ratio 158 (0.68,3.70) 1.01(0.66,1.56) 0.69(0.37,1.27) 0.52(0.27,097) 0.79(0.44,141) 0.62(0.53,0.73) 0.93(0.73,1.19) 0.88(0.79,0.97) 0.80(0.74,0.87)
Number of deaths 26 104 96 64 66 921 317 1970 3564
Heidelberg (4)
Desth rate ratio 2.66 (0.32,21.7) 0.35(0.06, 2.11) —! 1.09(0.18,6.67) 1.67(0.14,19.6) 0.45(0.22,0.95) 1.69(0.69,4.15) 1.45(0.92,2.30) 1.17(0.85, 1.63)
Number of deaths 8 5 2 5 3 29 31 102 185
Oxford Vegetarian (5)
Desth rate ratio 0.46 (0.11,1.85) 094(049,180) 0.66(0.31,1.37) 1.10(0.57,212) 042(0.16,1.09) 0.90(0.68,1.20) 1.17(0.76,1.80) 1.12(0.91,1.36) 1.00(0.87,1.15)
Number of deaths 9 38 33 36 21 195 87 400 819
X2, For heterogeneity between 483 2.56 252 10.89 (P < 0.05) 471 15.98 (P < 0.01) 8.73 1835 (P <0.01) 36.09 (P < 0.0001)
studies
All studies
Desath rate ratio? 102 (0.64,1.62) 099(0.77,127) 0.84(059,118 0.95(055,1.63) 0.91(0.60,139 0.76(0.62,094) 093(0.74,1.17) 1.06(0.90,1.24) 0.95(0.82,1.11)
Number of deaths 107 278 203 210 137 2264 909 4222 8330

1Estimate unreliable because there were only 2 deaths.

20btained by combining the results of all studies with use of a random-effects model.
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TABLE 4

All-studies death rate ratios and 95% Cls and the number of deaths for vegetarians compared with nonvegetarians in men and woment

Men

Cause of death (n=30148)

Stomach cancer

Death rate ratio 0.88 (0.51, 1.53)
Deaths 55
Colorectal cancer
Death rate ratio 0.99 (0.70, 1.41)
Deaths 116
Lung cancer
Death rate ratio 0.62 (0.36, 1.06)
Deaths 132
Ischemic heart disease
Death rate ratio 0.69 (0.56, 0.84)
Deaths 1193
Cerebrovascular disease
Death rate ratio 0.77 (0.57, 1.02)
Deaths 350
Other causes
Death rate ratio 1.00 (0.84, 1.18)
Deaths 1927
All causes
Death rate ratio 0.86 (0.73, 1.01)
Deaths 3910

Women
(n = 46024) x%, Heterogeneity between sexes?
0.73
1.32 (0.62, 2.80)
52
0.02
1.02 (0.78, 1.35)
162
251
1.08 (0.70, 1.68)
71
124
0.80 (0.67, 0.95)
1071
1.95
0.98 (0.80, 1.20)
559
0.03
0.98 (0.83, 1.15)
2295
0.65

0.93 (0.82, 1.06)
4420

1 Adjusted for age, smoking status, and study by using a random-effects model.

2There were no significant differences between sexes.

The association of vegetarianism with lower mortality from
ischemic heart disease was greater for deaths at younger
ages; death rate ratios for ischemic heart disease were 45%
(P <0.01), 31% (P < 0.01), and 8% (NS) lower in vegetarians
than nonvegetarians at ages <65, 65-79, and 8089y, respectively
(P < 0.05 for trend). No other death rate ratios or trends were
significant.

To assess whether the duration of current diet was associated
with mortality, we subdivided the vegetarians according to
whether they had followed their current diet for <5y or for >5y
(Table 6). Most vegetarians had followed their diet for >5 vy.
With nonvegetarians as the reference group, al but one of the
death rate ratios for vegetarians who had followed their current
diet for <5y were >1.00, and these differences were significant
for lung cancer (9 deaths), other causes (123 deaths), and all
causes of death (218 deaths). Conversely, all but one of the death
rate ratios for vegetarians who had followed their current diet for
>5y were <1.00, the difference being significant for ischemic
heart disease. Further analyses were conducted to examine the
increases in mortality in vegetarians who had followed their cur-
rent diet for <5 y. These analyses showed that the increases in
mortality from all other causes and from all causes of death were
observed in all 5 studies and were not reduced by restricting the
analysis to subjects who had never smoked or by excluding
deaths during the first 3 y of follow-up (results not shown).

Mortality in 5 diet groups

Diet was categorized further into 5 groups. The nonvegetarians
were subdivided into regular meat eaters [ate meat =1 time/wk
(reference group)], occasional meat eaters (ate meat occasionally
but <1 time/wk), and fish eaters (never ate meat but did eat fish).
The vegetarians were subdivided into vegetarians (ate dairy prod-
ucts, eggs, or both) and vegans (did not eat any animal products).

In the Health Food Shoppers Study there was no information on
the frequency of meat consumption or on the consumption of fish
or eggs; therefore, this study was excluded from the analysis
(Table 7). Compared with the regular meat eaters, death rate
ratios were significantly <1.00 for lung cancer in the vegetarians
(P < 0.05), for ischemic heart disease in the occasional meat
eaters, fish eaters (both P < 0.01), and vegetarians (P < 0.001);
for other causes of death in the occasional meat eaters (P < 0.01);
and for al causes of death in the occasional mesat eaters (2P < 0.001),
fish eaters, and vegetarians (both P < 0.05). However, the exclusion
of datafrom the Health Food Shoppers Study in this analysis tended
to lower the death rate ratio in the vegetarian groups compared with
the nonvegetarian groups.

The number of vegans was small (n = 753 subjects, 68 deaths),
so the analysesin Table 7 were repeated with the inclusion of data
from the Health Food Shoppers Study, making the assumptions
that all nonvegetarians were regular meat eaters and that vegetar-
ians who reported that they did not consume dairy products were
vegans. This increased the number of vegans to 1146, of whom
165 died before age 90 y. However, the numbers of deaths from
individual cancers among vegans remained small (range: 3-8).
The death rate ratios for the vegans compared with the regular
meat eaters from the other causes of death were: for ischemic
heart disease, 0.89 (95% CI: 0.65, 1.24; NS); for cerebrovascular
disease, 0.51 (95% CI: 0.26, 1.00; NS); for other causes, 1.39
(95% Cl: 1.12, 1.72; P < 0.01); and for all causes, 1.06 (95% ClI:
0.81, 1.38). However, these death rate ratios should be interpreted
with caution because of the uncertainty of the dietary classifica-
tion of subjects in the Health Food Shoppers Study.

Adjustment for potential confounding factors

Information on alcohol, education, exercise, and body mass
index was available for 43038 subjects, of whom 3889 died
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TABLE S5
All-studies death rate ratios and 95% Cls and the number of deaths for vegetarians compared with nonvegetarians by age at death'
Age at death
Cause of death <65y 65-79y 80-89y X%, het X2, trend
Stomach cancer 1.37 1.10
Death rate ratio 0.82 (0.25, 2.69) 0.84 (0.47, 1.52) 1.41 (0.70, 2.82)
Deaths 17 50 40
Colorecta cancer 0.95 0.40
Death rate ratio 0.78 (0.43, 1.41) 1.09 (0.77, 1.55) 1.04 (0.64, 1.68)
Deaths 58 144 76
Lung cancer 0.19 0.06
Death rate ratio 0.99 (0.49, 1.99) 0.81 (0.50, 1.33) 0.87 (0.43, 1.75)
Deaths 53 110 40
Breast cancer 131 0.25
Death rate ratio 0.74 (0.31, 1.78) 1.30 (0.77, 2.18) 0.87 (0.26, 2.95)
Deaths 111 63 36
Prostate cancer 0.87 0.51
Death rate ratio 2.25(0.32, 15.8) 0.95 (0.58, 1.55) 0.82 (0.34, 1.97)
Deaths 10 7 50
Ischemic heart disease 5.34 5.318
Desth rate ratio 0.55 (0.35, 0.85) 0.69 (0.53, 0.90) 0.92 (0.73, 1.16)
Deaths 259 1086 919
Cerebrovascular disease 174 1.49
Death rate ratio 0.64 (0.35, 1.17) 0.90 (0.62, 1.30) 0.97 (0.81, 1.17)
Deaths 62 371 476
Other causes 1.87 0.17
Death rate ratio 1.22 (0.80, 1.85) 0.95 (0.82, 1.10) 1.05 (0.94, 1.17)
Deaths 921 1655 1646
All causes 2.37 111
Death rate ratio 1.01 (0.68, 1.49) 0.87 (0.75, 1.01) 1.00 (0.90, 1.12)
Deaths 1491 3556 3283

1 Adjusted for sex, smoking status, and age within the 3 age groups, and for study by using a random-effects model. Het, heterogeneity.

2There were no significant differences except where noted.
3P < 0.05.

before age 90 y. Shown in Table 8 are the all-studies death rate
ratios for ischemic heart disease and all causes of death for veg-
etarians compared with nonvegetarians in this subset of subjects.
The data were adjusted in 3 ways:. 1) for age, sex, and smoking
status; 2) for the variables listed in 1 and for alcohol, education,
and exercise; and 3) for the variables listed in 1 and 2 and for
body mass index. The death rate ratios after adjustment for age,
sex, and smoking status were lower than the corresponding all-
studies death rate ratios in Table 3, largely because of the exclu-
sion of all subjects in the Health Food Shoppers Study. Further
adjustments of these death rate ratios for the potential confound-
ing variables had little effect. For example, the death rate ratio
for ischemic heart disease only changed from 0.61 to 0.66 after
adjustment for all 4 potential confounders.

Mortality from ischemic heart disease among subjects with
and without a history of cardiovascular disease or diabetes
at recruitment

Information on cardiovascular disease (heart disease, stroke,
and high blood pressure) and diabetes at recruitment was not
available for the Health Food Shoppers Study, but in the other 4
studies this information was complete for 96.0% of the partici-
pants. The prevalence of these diseases at recruitment was lower
in vegetarians than in nonvegetariansin al 4 studies and, among
subjects for whom this information was available, 16.5% and

24.1% of vegetarians and nonvegetarians, respectively, had a his-
tory of cardiovascular disease or diabetes.

The all-studies ischemic heart disease death rate ratio for veg-
etarians compared with nonvegetarians, adjusted for age, sex,
and smoking was 0.80 (95% ClI: 0.70, 0.92) in participants with
ahistory of cardiovascular disease or diabetes and 0.76 (95% ClI:
0.59, 0.97) in participants without a history of cardiovascular
disease or diabetes (x?, for heterogeneity = 0.17; P > 0.1).

DISCUSSION

We believe that the 5 studies analyzed here are the only large,
prospective studies that included a large proportion of subjects
following a Western-style vegetarian diet. Therefore, the results
presented represent most of the information available on com-
parisons of mortality between Western vegetarians and nonvege-
tarians with broadly similar lifestyles.

Note that for the comparisons of the mortality between vegetar-
ians and nonvegetarians reported here, standardized mortality
ratios (SMRs) for all causes of death were considerably <100% in
the 4 studies that reported SMRs. Thus, overall SMRs for men and
women combined were 49% in the Adventist Mortality Study (12),
56% in the Health Food Shoppers Study (13), 48% in the Heidel-
berg Study (4), and 46% in the Oxford Vegetarian Study (5); no
SMRs have been published for the Adventist Health Study. There-
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TABLE 6

All-studies death rate ratios and 95% Cls and the number of deaths by duration of vegetarian diet

Duration of vegetarian diet®

Nonvegetarian? <5y >5y

Cause of death (n=48364) (n=3734) (n=22289)
Stomach cancer

Death rate ratio 1.00 2.51(0.85, 7.44) 0.97 (0.63, 1.50)

Number of deaths 62 4 39
Colorectal cancer

Death rate ratio 1.00 0.66 (0.24, 1.79) 0.98 (0.76, 1.28)

Number of deaths 173 4 92
Lung cancer

Death rate ratio 1.00 2.21 (.07, 4.58) 0.72 (0.49, 1.05)

Number of deaths 154 9 38
Breast cancer

Death rate ratio 1.00 1.23(0.60, 2.54) 0.98 (0.54, 1.78)

Number of deaths 130 9 68
Prostate cancer

Death rate ratio 1.00 1.01 (0.24, 4.29) 0.87 (0.55, 1.38)

Number of deaths 20 2 41
Ischemic heart disease

Death rate ratio 1.00 1.20(0.90, 1.61) 0.74 (0.60, 0.90)

Number of deaths 1530 49 625
Cerebrovascular disease

Death rate ratio 1.00 1.10(0.68, 1.77) 0.92 (0.68, 1.24)

Number of deaths 548 18 321
Other causes

Death rate ratio 1.00 1.34 (1.11, 1.62) 1.03 (0.88, 1.20)

Number of deaths 2645 123 1369
All causes

Death rate ratio 1.00 1.20 (1.04, 1.38) 0.93 (0.79, 1.09)

Number of deaths 5332 218 2593

LAdjusted for age, sex, smoking status, and study using a random-effects model.

2Reference group.
3Duration of diet was unknown for 1785 vegetarians.

fore, certain lifestyle aspects shared by the vegetarians and non-
vegetarians in these studies appear to confer a substantially lower
mortality rate than nationa rates. This lower mortality was due
largely to therelatively low prevalence of smoking in these cohorts,
but some of it may have been due to differencesin diet between the
subjects studied and the general population in each country.

All 5 studies had previously reported that infrequent meat
consumption or vegetarianism was associated with low mortality
from ischemic heart disease (5, 14-17), and these observations
were strongly confirmed in the collaborative analysis: vegetari-
ans had a 24% |lower mortality from ischemic heart disease than
nonvegetarians. The lower mortality from ischemic heart disease
was confined to subjects who had followed their current diet for
>5y and was altered little by adjustment for alcohol use, educa-
tion level, exercise level, or body mass index, and was observed
in people with and without a history of cardiovascular disease or
diabetes at the time of recruitment. The lower mortality of vege-
tarians was more pronounced when the reference group was reg-
ular meat eaters, largely because the occasional meat eaters and
the fish eaters within the nonvegetarian category also had lower
mortality from ischemic heart disease than did the regular meat
eaters. Mortality from ischemic heart disease among the vegans
was slightly higher than among the fish eaters and the vegetari-
ans, but the number of vegans was small.

The highly significant association observed, the consistency of
the association among various subgroups, and the absence of evi-

dence of confounding suggest that the lower mortality observed
from ischemic heart disease was due to the dietary differences
between vegetarians and nonvegetarians. One possible explana-
tion for the lower mortality from ischemic heart disease among
the vegetarians is that they have lower serum total cholesterol
concentrations than nonvegetarians. M easurements of serum cho-
lesterol concentrations in samples of participantsin 3 of the stud-
ies showed lower total serum cholesterol concentrations in the
vegetarians than in the nonvegetarians: 0.61 mmol/L lower in the
Health Food Shoppers Study (18), 0.43 mmol/L lower in the
Oxford Vegetarian Study (19), and 0.33 mmol/L lower in the Hei-
delberg Study (20). Similar differences were observed in other
cross-sectional studies comparing vegetarians with nonvegetari-
ans (21, 22). It has been predicted that a 0.6 mmol/L reduction in
the total serum cholesterol concentration would cause a 27% dif-
ference in mortality from ischemic heart disease (23), which is
close to our observations in the current analysis and suggests that
the lower mortality from ischemic heart disease in the vegetarians
could have been due largely to their lower total serum cholesterol
concentrations. It is also possible that the lower mortality in veg-
etarians was due in part to other mechanisms such, as reduced
oxidation of LDL cholesterol or changes in blood clotting (24).
There was no evidence in this analysis of any difference
between vegetarians and nonvegetarians in mortality from colo-
rectal cancer, suggesting that meat consumption may not have an
important role in the etiology of thisdisease. A similar conclusion
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TABLE 7
All-studies death rate ratios and 95% Cls and the number of deaths by diet category*
Nonvegetarians Vegetarians
Regular meat eaters® Occasional meat eaters® Fish eaters* Vegetarians® Vegans®
Cause of death (n=31766) (n=8135) (n=2375) (n=23265) (n=753)
Stomach cancer
Death rate ratio 1.00 0.36 (0.11, 1.18) 0.86 (0.20, 3.74) 0.71 (042, 1.21) 2.18(0.43,11.2)
Number of deaths 38 3 2 28 2
Colorectal cancer
Death rate ratio 1.00 1.14 (0.72, 1.82) 1.00 (0.42, 2.38) 1.10(0.79, 1.54) 0.83(0.11, 6.17)
Number of deaths 78 30 8 71 1
Lung cancer
Death rate ratio 1.00 0.69 (0.39, 1.22) 1.04 (0.41, 2.64) 0.62 (0.38, 1.00) 2.79 (0.39, 20.0)
Number of deaths 89 15 5 26 2
Breast cancer
Death rate ratio 1.00 0.97 (0.56, 1.71) 1.50 (0.74, 3.04) 0.75 (0.49, 1.14) —
Number of deaths 61 19 10 41 0
Prostate cancer
Death rate ratio 1.00 1.06 (0.60, 1.89) 1.25(0.30, 5.22) 0.75 (0.47, 1.21) —
Number of deaths 51 18 3 33 0
Ischemic heart disease
Death rate ratio 1.00 0.80 (0.69, 0.93) 0.66 (0.48, 0.90) 0.66 (0.52, 0.83) 0.74 (0.46, 1.21)
Number of deaths 912 251 42 521 17
Cerebrovascular disease
Death rate ratio 1.00 0.97 (0.75, 1.25) 1.04 (0.65, 1.64) 0.87 (0.66, 1.13) 0.70 (0.25, 1.98)
Number of deaths 267 92 20 234 4
Other causes
Death rate ratio 1.00 0.84 (0.75, 0.93) 0.85 (0.68, 1.06) 0.95 (0.79, 1.15) 1.33(0.92, 1.93)
Number of deaths 1521 472 87 1087 42
All causes
Death rate ratio 1.00 0.84 (0.77, 0.90) 0.82 (0.77, 0.96) 0.84 (0.74, 0.96) 1.00 (0.70, 1.44)
Number of deaths 3017 900 177 2041 68

LAdjusted for age, sex, smoking status, and study using a random-effects model. Data from the Health Food Shoppers study (2) were excluded because

information on fish, egg, and frequency of meat consumption was not collected.

2Reference group (ate meat =1 time/wk).
3 Ate meat occasionally but <1 timefwk.
“Never ate meat but did eat fish.

5Ate dairy products, eggs, or both.

5Did not eat any animal products.

was reached in a study of cancer mortality in 2 groups of nuns,
one of which did not eat meat (25). Some large studies have found
adirect relation between red meat consumption and incidence of
colon cancer (26), but a large prospective study found no associ-
ation between frequency of red meat consumption and mortality
from colon cancer (27). It is possible that meat consumption may
be associated more with the incidence of colorectal cancer than
with mortality from this disease, or that it may only be an impor-
tant risk factor in people with low intakes of dietary fiber or some
other constituent of plant foods. These issues were raised by the

TABLE 8

results on the incidence of colorectal cancer from the Adventist
Health Study, which is reported in this supplement (28).

The results for breast cancer should be interpreted cautiously.
We did not attempt to adjust the results for established repro-
ductive risk factors because such data were not available for all
studies. However, the results are consistent with the negative
results of a collaborative analysis of prospective studies of total
fat and fat type (29), with other studies of breast cancer in
women who ate no meat (25, 30), and with previous reports from
3 of the collaborating studies (13, 31, 32).

All-studies death rate ratios and 95% Cls and the number of deaths from ischemic heart disease and all causes of death in vegetarians compared with
nonvegetarians in the subset of subjects for whom data were available on all 4 potential confounders, by level of adjustment®

Adjustments
Cause of death Number of deaths 1 2 3
Ischemic heart disease 1047 0.61 (0.53, 0.70) 0.64 (0.53, 0.77) 0.66 (0.55, 0.79)
All causes 3889 0.90 (0.72, 1.12) 0.93 (0.76, 1.13) 0.94 (0.76, 1.16)

1n=43038. Adjusted for the factors listed and for study by using a random-effects model. 1, Age, sex, and smoking status; 2, age, sex, smoking status,
alcohol use, education level, and exercise level; 3, age sex, smoking status, alcohol use, education level, exercise level, and BMI.
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A previous publication from the Adventist Mortality Study
reported a weak association of prostate cancer mortality with
meat intake and a stronger association with total consumption of
meat, milk, cheese, and eggs (33). The absence of a significant
association of vegetarianism with prostate cancer mortality in
the current analysis does not support the hypothesis that meat
may increase the risk for this cancer, but the Clsfor this estimate
are relatively wide. Some previous studies reported an increase
in prostate cancer risk with increasing meat consumption, but
this association has been more consistent in case-control studies
than in prospective studies (34).

For the other causes of death examined (lung cancer, stomach
cancer, cerebrovascular disease, and other causes) no overall
association with vegetarianism was expected and none was
observed. The all-studies estimate of all-cause mortality was 5%
lower in vegetarians than in nonvegetarians, consistent with the
reduction in mortality from ischemic heart disease; however, the
Cls for this estimate were relatively wide because of the sub-
stantial heterogeneity between the studies.

Among vegetarians who had followed their current diet for <5,
mortality was significantly higher than that in nonvegetarians from
lung cancer, other causes, and all causes. The higher mortality from
lung cancer was based on only 9 deaths, but that from all other
causes and from all causes was based on 123 and 218 desaths,
respectively, and was observed in all 5 studies. We thought that the
higher mortality rate might have been due to residua confounding
among former smokers or to arecent change in diet in an attempt to
aleviate ill health, but neither restricting the analysis to subjects
who had never smoked nor exclusion of deaths during the first 3y
of follow-up lowered the mortality. We are therefore unable to
explain this finding.

In conclusion, vegetarians had a 24% lower mortality from
ischemic heart disease than nonvegetarians, but no associa-
tions of a vegetarian diet with other major causes of death
were established. ¢ ]

We thank all the participants in the 5 studies and all the scientists who
worked on these studies.

REFERENCES

1. Snowdon DA. Animal product consumption and mortality
because of all causes combined, coronary heart disease, stroke,
diabetes, and cancer in Seventh-day Adventists. Am J Clin Nutr
1988;48(suppl):739-48.

2. Burr ML, Sweetnam PM. Vegetarianism, dietary fiber, and mortal-
ity. Am J Clin Nutr 1982;36:873-7.

3. Beeson WL, Mills PK, Phillips RL, et al. Chronic disease among
Seventh-day Adventists, alow-risk group. Cancer 1989;64:570-81.

4. Frentzel-Beyme R, Claude J, Eilber U. Mortality among German
vegetarians: first results after five years of follow-up. Nutr Cancer
1988;11:117-26.

5. Thorogood M, Mann J, Appleby P, McPherson K. Risk of death
from cancer and ischaemic heart disease in meat and non-meat
eaters. BMJ 1994;308:1667—71.

6. Key TJ, Fraser GE, Thorogood M, et a. Mortality in vegetarians and
non-vegetarians: a collaborative analysis of 8,300 deaths among
76,000 men and women in five prospective studies. Public Health Nutr
1998;1:33-41.

7. World Health Organization. Manual of the international statistical
classification of diseases, injuries, and causes of death. Sth rev.
1975. Geneva: WHO, 1978.

8. Fox AJ, Leete R. The Registrar General’s socia classes. origin and
uses. Population Trends 8. London: Her Majesty’s Stationery Office,
1977.

9. Coleman MP, Hermon C, Douglas A. Person-years (PYRS). A For-
tran program for cohort study analysis. Lyon, France: IARC, 1989.
(IARC internal report no. 89/006.)

10. Francis B, Green M, Payne C, eds. The GLIM system release 4
manual. Oxford, United Kingdom: Oxford University Press, 1993.

11. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials 1986;7:177-88.

12. Phillips RL, Garfinkel L, Kuzma JW, Beeson WL, Lotz T, Brin B.
Mortality among California Seventh-Day Adventists for selected
cancer sites. J Nat Cancer Inst 1980;65:1097-107.

13. Key TJA, Thorogood M, Appleby PN, Burr ML. Dietary habits and
mortality in 11000 vegetarians and health conscious people: results
of a17 year follow up. BMJ 1996;313:775-9.

14. Snowdon DA, Phillips RL, Fraser GE. Meat consumption and fatal
ischemic heart disease. Prev Med 1984;13:490-500.

15. Fraser GE, Sabaté J, Beeson WL, Strahan TM. A possible protective
effect of nut consumption on risk of coronary heart disease. Arch
Intern Med 1992;152:1416-24.

16. Burr ML, Butland BK. Heart disease in British vegetarians. Am J
Clin Nutr 1988;48(suppl):830-2.

17. Chang-Claude J, Frentzel-Beyme R, Eilber U. Mortality pattern of
German vegetarians after 11 years of follow-up. Epidemiology
1992;3:395-401.

18. Burr ML, Bates CJ, Fehily AM, St Leger AS. Plasma cholesterol
and blood pressure in vegetarians. J Hum Nutr 1981;35:437-41.

19. Thorogood M, Carter R, Benfield L, McPherson K, Mann JI.
Plasma lipids and lipoprotein cholesterol concentrations in people
with different diets in Britain. Br Med J (Clin Res Ed) 1987;295:
351-3.

20. Malter M, Schriever G, Eilber U. Natural killer cells, vitamins, and
other blood components of vegetarian and omnivorous men. Nutr
Cancer 1989;12:271-8.

21. West RO, Hayes OB. Diet and serum cholesterol levels. A compar-
ison between vegetarians and nonvegetarians in a Seventh-day
Adventist group. Am J Clin Nutr 1968;21:853-62.

22. Dwyer JT. Health aspects of vegetarian diets. Am J Clin Nutr
1988;48(suppl):712S-38S.

23. Law MR, Wald NJ, Wu T, Hackshaw A, Bailey A. Systematic under-
estimation of association between serum cholesterol concentration
and ischaemic heart disease in observational studies: data from the
BUPA study. BMJ 1994;308:363—6.

24. Fraser GE. Diet and coronary heart disease: beyond dietary
fats and low-density-lipoprotein cholesterol. Am J Clin Nutr
1994;59(suppl):1117S-23S.

25. Kinlen LJ. Meat and fat consumption and cancer mortality: a study
of strict religious orders in Britain. Lancet 1982;1:946-9.

26. Giovannucci E, Rimm EB, Stampfer MJ, et a. Intake of fat, meat,
and fiber in relation to risk of colon cancer in men. Cancer Res
1994,54:2390-7.

27. Thun MJ, Calle EE, Namboodiri MM, et al. Risk factors for fatal
colon cancer in a large prospective study. J Natl Cancer Inst
1992;84:1491-500.

28. Fraser GE. Associations between diet and cancer, ischemic heart
disease, and all-cause mortality in non-hispanic white California
Seventh-day Adventists. Am J Clin Nutr 1999;70(suppl):532S-8S.

29. Hunter DJ, Spiegelman D, Adami H-O, et al. Cohort studies of fat
intake and the risk of breast cancer—a pooled analysis. N Engl J
Med 1996;334:356-61.

30. Rao DN, Ganesh B, Desai PB. Role of reproductive factorsin breast
cancer in a low-risk area: a case-control study. Br J Cancer
1994,70:129-32.

31. Mills PK, Annegers JF, Phillips RL. Animal product consumption
and subsequent fatal breast cancer risk among Seventh-day Adven-
tists. Am J Epidemiol 1988;127:440-53.

32. Mills PK, Beeson WL, Phillips RL, Fraser GE. Dietary habits and
breast cancer incidence among Seventh-day Adventists. Cancer
1989;64:582-90.

33. Snowdon DA, Phillips RL, Choi W. Diet, obesity, and risk of fatal
prostate cancer. Am J Epidemiol 1984;120:244-50.

€10z ‘1€ Arenuer uo INIDIAIN IA FHIVLISHIAINNGILNI INOIHLOITEIG ¥e Bio uonuinu-udfe woiy papeojumod


http://ajcn.nutrition.org/

