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1. A SHORT DESCRIPTION OF SEVENTH-DAY ADVENTISTS

The Seventh-Day Adventist church is an evangelical
Christian denomination originating in the Millerite
movement in the New England states of USA in the middle of
the nineteenth century (1). The observation of Saturday as
the day of worship and specific life-style regulations
have been the factors most clearly separating Seventh-Day
Adventists from other Christians. The basis of the life-
style regulations in the church is the belief that the
body is a temple for the Holy Spirit (2) and must not be
defiled. The church professes that what harms the physical
aspects of the person also affects its mental powers and
spiritual well-being. It is regarded as a solemn
responsibility to live in a manner that maintains health

in order to be able to both serve God and fellow man.

1.1. Diet

Seventh-Day Adventists are required to abstain from the
consumption of unclean animals, fowls, and fish as stated
in the 01d Testament of the Bible (3). Clean animals are
those who have a split hoof completely divided and that
chew the cud. Clean water creatures are those which have
fins and scales. The unclean birds and clean insects are

listed. These dietary regulations on meat and fish are



shared with Moslems.

One of the early Seventh-Day Adventist leaders, Ellen G.
White, which by most Seventh-Day Adventists was regarded
as a prophetess advocated a diet with no meat at all (4).
Her recommendation was based on health considerations and
it resulted in the adoption of lacto-ovo-vegetarianism in
many of the church members. In those that still consumed
meat and/or fish the total consumption was probably well
below their contemporaries. Not only did she recommend
vegetarianism, but also warned against excesses in refined \-’“
carbohydrate (5) and fat (6) intake. Ellen White indicates
also that the time will come when Seventh-Day Adventists
for health reasons should discontinue the use of eggs and
dairy products (7), but very few have followed this

advice.

1.2. Stimulants

Very early in the history of the church non-medicinal
drugs, alcohol, tobacco and caffeine-containing beverages
were condemned (8). The teetotaller standpoint has been
strongly upheld together with the no-smoking standpoint
and has been followed closely in all active church
members. The abstention from coffee and tea (9) has not
been followed as closely as the standpoint on alcohol and

tobacco, and coffee use has been compatible with an active



church membership (9).

1.3. Education

The early members of the church were generally recruited
from the lower social classes (10). Due to the emphasis
the church lays on education, children born to Seventh-Day
Adventists get an education that is higher than average,
thereby making later generations of Seventh-Day Adventists

of a high social status (10).

1.4. Other factors of life-style

The church encourages regular exercise, sufficient rest
and stable psychosocial relationships. A conservative view
on sexual morale is also strongly advocated; premarital
sex is for example strongly discouraged. Extravagant
spending on clothes, the use of jewels, dancing, cinema,
theatre, opera and other "worldly" entertainments are

discouraged.

The degree to which these recommendations are followed

varies somewhat from place to place.



2. EPIDEMIOLOGICAL STUDIES IN RELIGIOUS GROUPS

Possibly the earliest recorded epidemiological study on
religious groups is the intervention study recorded in the
first chapter of Daniel's book in the 01d Testament of the

Bible:

Daniel then said to the guard whom the chief
official had appointed over Daniel, Hananiah,
Mishael and Azariah, "Please test your servants for
ten days: Give us nothing but vegetables to eat and
water to drink. Then compare our appearance with
that of the young men who eat the royal food, and
treat your servants in accordance with what you

see." So he agreed to this and tested them for ten

days.

At the end of the ten days they looked healthier and
better nourished than any of the young men who ate
the royal food. So the guard took away their choice
food and the wine they were to drink and gave them

vegetables instead.
In this century studies have been performed both on

organized religious groups (9-26) and groups of people

having certain religious attributes in common (27-29).
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2.1. Jews

A large cancer mortality study among Jews in New York City
(11) showed a SMR for all cancers of 90 in men and 112 in
women when compared to the non-Puerto Rican white
population. The mortality of respiratory, oesophageal and
bladder cancer were particularly low in men while
gastrointestinal, lung, ovarian, breast, kidney, skin and
haematopoietic cancer mortality were higher than expected
in women. The low cancer mortality in men was suggested to
be due to a lower prevalence of smoking (30). A higher
risk for leukaemia in Jews was also found in the Tri-State
Leukaemia Study (12). Orthodox Jews were found to have a
lower risk of myocardial infarction than secular Jews in a
case-control study from Jerusalem (31). This can be
explained by a lower coronary risk profile in both
Orthodox Jews (32) and their offspring (33). A low

fertility has been observed in Jews both in Canada and USA

(13).

2.2. Catholics

In the study from New York City (11), Catholic males had
higher and women lower than expected cancer mortality.
Respiratory cancer was the major contributor in males

while a low mortality of lung, ovary and breast cancer

11



contributed to the low cancer mortality in women. Catholic
nuns in Britain (together with Anglican nuns) (14) who ate
little or no meat showed no difference in overall cancer
mortality when compared to all women in Britain. Lung and
cervical cancer was however significantly lower. All-cause
mortality was lower in the nuns indicating a significantly
reduced cardiovascular mortality. Blood pressure has been
shown to be lower and bacteruria less common in nuns
compared to working women (15). Blood pressure rise with
age was found to be present only in control women when

compared to nuns (16).

2.3. Baptists

Baptist clergymen are found to have a lower mortality than
both all white males, males with work experience and white
clergymen in general (17). When coronary risk factors were
studied in Tromse (34), Baptists were found to have a
lower prevalence of smoking, but lipid and blood pressure

values were not different from the general population.

2.4. Amish

Amish were found to have an overall mortality similar to
the general population (18), but within specific age- and

sex groups they differed. Blood pressure increase with age

12



was found to be low in the most conservative Amish

community (19).

2.5. Mormons

Mormons are recommended to abstain from tobacco, alcohol,
tea, coffee and nommedicinal drugs (21). No specific
recommendations are given with regard to diet. Both cancer
incidence (21) and cardiovascular mortality (22) has been
shown to be lower. Ulcerative colitis is, however, more

common in this religious group (23).

2.6. Zen buddhists

Both mortality (24) and coronary risk factor levels (25)

were found to be lower in Zen Buddhist priests and monks.

This religious group encourages vegetarianism and

abstention from smoking, drinking and sexual life.
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2.7. Seventh-day adventists

2.7.1. Cancer and cardiovascular disease

2.7.1.1. Morbidity and mortality

Interest in the association between life-style and chronic
non-infectious disease led in the 1950's to studies of
disease occurrence in Seventh-Day Adventists (35). The
largest incidence and mortality studies were performed in
california, USA based on two large cohorts of Seventh-Day
Adventists identified in 1960 and 1976 (36-39). These
studies have shown a significantly reduced risk of both
cancer (36,39-41) and cardiovascular disease mortality
(37) when compared to the general population. When
compared to other subgroups of the population like UCLA
graduates (36) or non-smoking respondents to the ACS
questionnaire (42,43) the differences were smaller and in
some instances seemed to go in the opposite direction. In
both the Netherlands (44) and Japan (45) mortality studies
have shown significantly lower mortality of both cancer
and cardiovascular disease in Seventh-Day Adventists. In a
small cancer incidence study from Denmark (46) a
significantly lower cancer incidence was found in male
Seventh-Day Adventists. A Polish study (47) showed lower
mortality in Seventh-Day Adventists. A previous study from

Norway showed significantly lower mortality from cancer

14



and cardiovascular disease in men, but only small

differences in women (10).

2.7.1.2. Risk factors for cancer and cardiovascular

disease

Risk factors for cardiovascular disease have been studied
both in Seventh-Day Adventist children (48,49) and adults
(50-57) in the United States. No major differences were
found in blood pressure (48,52,58,59), but both smoking
(58,60,61) and cholesterol (52,54,55,57,58,62,63) has been
substantially lower in Seventh-Day Adventists. In
Australia a significantly lower serum cholesterol (64) has
again been demonstrated, while the differences in blood
pressure have been smaller, but still significant
(59,64,65). Studies of risk factors for cardiovascular
disease in the Netherlands (44,66) and Norway (9) show the
same picture as in Australia and the United States. Risk
factor studies with regard to cancer have mainly been
concentrated on studies of risk factors for
gastrointestinal cancer (67-75) and chromosomal
aberrations (76,77). The results have been that Seventh-

Day Adventists generally show levels lower than controls.

15



2.7.2. Respiratory disease

Pulmonary disease has been found to be less common in
Seventh-Day Adventists (78) . This is thought due to the

low prevalence of smoking.

2.7.3. Diabetes

In the Californian Adventist study, mortality of diabetes
was found less often in Seventh-Day Adventists than the
general population (79), In Papua New Guinea, however,
glucose intolerance was found to be positively associated

with Seventh-Day Adventist membership (80).

2.7.4. Osteoporosis

In several studies of bone density no difference has been
observed when comparing Seventh-Day Adventists and

controls (81-85).

2.7.5. Mental health

Seventh-Day Adventists in California were found to

experience a somewhat better mental health than controls.

16



(86).

2.7.6. Dental health

Studies from Finland (87,88) and USA (89,90) have shown a
better dental health in Seventh-Day Adventists. This is
thought due to their healthier diet. In Papua New Guinea,
however, Seventh-Day Adventists had a poorer dental health
compared to the rest of the population (81). In this
country betel nut chewing practised by non-Seventh-Day

Adventists was thought to exercise a cariostatic effect.

2.7.7. Adverse effects of life-style

Studies in both USA (91) and Norway (92) have shown that
extreme vegetarianism in some instances have led to

vitamin deficiencies in Seventh-Day Adventists.

2.8. Religion in general

Church attendance has in Maryland, USA (26,27) been shown
to be associated with a low risk of cardiovascular

disease, pulmonary emphysema, cirrhosis of the liver and
suicide. Rectum and colon cancer mortality , however, did

not occur more often in poor attenders in church.
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Blood pressure has been shown to be lower in frequent
church attenders (28) and persons with a religious outlook
on life (93). A more thorough review of the influence of

religion on blood pressure has been given by Levin and

vVanderpool (29).
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3. AIMS OF THE STUDY

The aim of the present study was to examine the
association between being a Seventh-Day Adventist and risk
factors for disease, pregnancy outcome, cancer incidence,
site-specific mortality and total mortality in an

unselected Seventh-Day Adventist population.

The following questions were specifically under scrutiny:

1. Do children born by Seventh-Day Adventist mothers have
a different birth-weight and birth-length and risk of
early death compared to children by non-Seventh-Day

Adventist mothers?
2. Do Seventh-Day Adventists have a different risk of
cardiovascular disease as monitored by serum

cholesterol, smoking and blood pressure?

3. Do Seventh-Day Adventists have a different cancer

incidence rate than the general population?

4. Do Seventh-Day Adventists have a lower mortality rate

than the general population?

19



4. METHODOLOGICAL CONSIDERATIONS

4.1. Study type

The search for "evidence" of etiologic importance in
associations between environmental factors and disease is
in animal research almost exclusively based on randomized,
experimental studies. The researcher is in total control
of both the studied exposure and possible confounding
factors. In humans this would also have been the
scientifically optimal study situation. Although it is
technically possible to randomize humans into a study or
control exposure group, it is almost only in drug trials
that the study subject is unaware of it's study or control
status. Ethical considerations limit the use of the
experimental design in humans to possible beneficial
interventional exposures. The economic cost of such
studies can be substantial in that low incidence rates
necessitate a long follow-up time of a large number of
persons. Due to these ethical and practical limitations,
the epidemiological contribution of "evidence" of
etiologic significance must to a large degree be built on
results from scientifically suboptimal study designs. A
number of observational studies, both follow-up and case-
control, have been undertaken to examine the relationship

between suspected hazardous exposures and mortality,

20



morbidity or risk factors of the two.

The studies here presented on Seventh-Day Adventists in
Norway are observational studies of this type. The
Seventh-Day Adventists studied are either compared to the
general population (cancer incidence, mortality, birth
weight/length) or study population (health studies)
controls. The subjects in the health studies were blinded
to the fact that they were being studied as Seventh-Day
Adventists, but of course not to the fact that a study was

being performed.

When using matched controls, the choice of number of
controls is taken on the basis of the cost of acquiring
index persons and controls. The number of Seventh-Day
Adventists in the studies here presented was fixed in that
no sample was taken. The matched controls were chosen from
a computerised registry and three controls could be
obtained at the same price as one. To ensure a high
statistical power in the analyses three matched controls
were chosen for every Seventh-Day Adventist. Expanding the
number of controls beyond 3-4 yields little gain in

statistical power (94).

With the existence in Norway of a number of county-wide
health studies in addition to the death and cancer
registries, it was possible to conduct a study on health

and disease in Seventh-Day Adventists without the personal
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cooperation of a single member. Volunteering as a Seventh-

Day Adventist is thereby completely eradicated.

4.2. Study population

By personally visiting all the Seventh-Day Adventist
churches in Norway it was possible to register all known
Seventh-Day Adventists in the country. All churches in
Norway outside of the state Lutheran Church are subject to
regular government control (95) and gain economic support
from the authorities for each registered member. This
ensures a high quality of all membership rosters. Some of
the churches had membership rosters that dated back to
before 1900. Altogether 10602 Seventh-Day Adventists are
registered. The use of an eleven-digit personal
identification number was introduced in Norway for all
persons alive in November, 1960. Some of the 10602
Seventh-Day Adventists registered had died, moved out of
the country or left the church before the autumn of 1960.
The 7451 Seventh-Day Adventists living in the country and
registered to be alive January 1, 1961 or who had become
Seventh-Day Adventists after that date were sought
identified by the identification number in the Central
Bureau of Statistics. The number was found for 7285
persons (98%). These Seventh-Day Adventists form the basis

of the present studies.
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4.3. Reference population

In the comparison of the Seventh-Day Adventist total life-
style with a non-Seventh-Day Adventist life-style
population controls should be used. When using population
controls one can not differentiate between religion, diet,
smoking habits, social class, education, area of residence
or other factors as responsible for a difference or
similarity in incidence or mortality of disease or risk
factor level. If one wished to single out specific aspects
of the Seventh-Day Adventist life-style and study their
relation to risk of disease, incidence of disease or
mortality one could either use subgroups of the population
as controls or employ comparisons within the Seventh-Day
Adventist population. Both of these methods have been
employed in previous studies on Seventh-Day Adventists
(40,42,53,96). In the papers presented in this thesis
population controls were used in all studies except in the
Health studies. In that study participation in the study
was a selection criteria. This ensured that Seventh-Day
Adventist participants were compared to control

participants.
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4.4. Study variables

The variables registered from the Seventh-Day Adventist
church rosters were name, date of birth, sex, place of
residence, place of birth, date of entry into the church,
date of leaving the church and date of death. When the
national eleven-digit personal identification number was
entered a double-check could be made on name, sex, date of
birth and date of death. The values in the Central Bureau
of Statistics were regarded as correct and the variables
were corrected if any discrepancies were present. No
specific rules were preset for regarding a match correct,
but the 166 persons who were excluded were regarded as not

identifiable in the Central Bureau of Statistics.

The other variables used in the papers on births of
Seventh-Day Adventist mothers and on risk factors for
coronary heart disease are selected variables in the data
collected routinely in the Medical Birth Registry and in
the Health Studies in Norway. The chosen variables for
study were the ones regarded necessary in order to address

the issues under study.

The investigating personnel of the Health studies were
completely unaware of the religious affiliation of the
participants, and no observer bias could thus be

introduced in the recording of the risk factor level of

24



the Seventh-Day Adventist participants.

4.5. Ascertainment of cases

The case ascertainment followed the same routine in
Seventh-Day Adventists as in the controls. All the cases
in the incidence and mortality studies have been
identified and classified in the normal routine of the
Cancer Registry and the Death Registry of Norway.
Reporting to the Norwegian Cancer Registry is mandatory
and the validity is regarded as high (97). The proportion
of causes of death based on autopsy is generally low (14%
in 1976) (98) and is lowest in the oldest. Although an
evaluation of the Birth Registry has demonstrated some
major validity problems (99), these problems do not

concern the variables used in this study.

Although the religious affiliation of the cancer patient
or the deceased might be known to the doctor, it has not
been likely to influence the diagnostic procedure. In the
Birth Registry no record of the religious affiliation of

the mother is included.

4.6. Study design

Most of the previous epidemiological studies on Seventh-

25



Day Adventists have been prospective in their design
(37-42,44,53,100-102). Two major aspects however,
differentiates the studies in the present thesis from most

previous prospective studies on Seventh-Day Adventists:

1. All registered Seventh-Day Adventists have been
included in the follow-up regardless of their degree of
participation in church activities and own religious

activity.

This is different from California, USA, where the
studies are based on volunteers (38,39). Only about

50% of the Seventh-Day Adventist population have been
included. These 50% are likely to be the most active
segment of the Seventh-Day Adventist population both
with regard to health and religious activity. In

order to monitor the effect of a Seventh-Day Adventist
life-style this might be an accurate method, but a
response rate of just above 50% is a reason for concern

that bias could be present.

A third method was used in the previous Norwegian study
on Seventh-Day Adventists (10). All persons that
indicated that they were Seventh-Day Adventists in the
national 1960 census were included in the study. This
method ensures that all persons that regard themselves
as Seventh-Day Adventists are included regardless of

their official membership status. The study had 48175
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Seventh-Day Adventist person-years in the age group
35-90 in the period January 1, 1961 to December 31,
1977. In the mortality study in this thesis (IV) there
were 59459 Seventh-Day Adventist person-years in the
age group 35+ in the period January 1, 1962 to December
31, 1977. This discrepancy which would have been larger
if the present study also included 1961 indicates that
the main effect of the previous Norwegian study design
is to exclude inactive members and thereby the design

comes close to the volunteer design used in California.

Members entering the church in the study period are

included in the study.

Both the Californian (38,39) and the previous

Norwegian (10) studies have used a cross-sectional
baseline to identify members who are then followed to
end of study or leaving the church. This method will
tend to include more long-time members (figure 1). This
Figure 1. Definition of follow-up candidates by a

cross-sectional survey at start of study. Length of
line indicates length of membership.

phenomenon can be compared to what in screening is

called length bias (103). Persons with a long
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detectable pre-clinical phase have a greater chance of
being picked up in the screening survey and thereby can
bias estimates of survival and overestimate the
possible benefits of the screening program. In the same
manner epidemiological studies of special membership
groups or vocational groups could give a biased
estimate of the hazard or benefit of the group
membership only by means of including mostly long-time

members in the group.

4.7. Analytical methods

In the studies on births of Seventh-Day Adventist women
and Seventh-Day Adventist participants in the Health
studies the Seventh-Day Adventist was compared to three
controls. When comparing continuous variables in a matched
design with three controls per index person, a randomized
block design is the preferable method (104) to be used. In
the Health studies this was done, but in the study of
births the computer had insufficient memory to accommodate
the calculations. A one-sample t-test was therefore
applied comparing the mean of the three controls with the
value in the Seventh-Day Adventist birth. The lower
variance of the mean of three measurements ensures that
the use of three controls versus one yields a higher
statistical power in the analysis. When applying this
method in the Health studies parallel to the randomized

block method, it turned out that the two methods yielded
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mostly identical results. It was therefore regarded as a

valid method in the study on births.

In the studies on incidence of disease standardized
incidence ratio (SIR) was used and standardized mortality
ratio (SMR) was used in the mortality studies. These
measures are useful when the interest is the comparison of
a group with a single reference population. The greater
statistical stability when using the "indirect" method of
standardization is useful especially when analyzing site-

specific incidence or mortality (105).

In studies on Seventh-Day Adventists it is also of
interest to compare incidence and mortality between
countries. When this is attempted SIR and SMR are of
little value. A SIR or SMR can be very different in two
countries although the crude incidence or mortality rates
are the same in the two Seventh-Day Adventist populations.
In the cancer incidence article (III) an example is given
comparing male cancer incidence rates in Norway and
Denmark. This shows that cancer incidence is probably the
same in Norwegian and Danish Seventh-Day Adventist men.
The difference in SIR arises because the countries differ
in national rates. Studies on Seventh-Day Adventists can
thus seem to differ more between countries than crude

rates might indicate.
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$5. SUMMARY OF RESULTS

The papers in this thesis are all based on the Norwegian
Seventh-Day Adventist population. This population has been

linked to official Norwegian health, disease and death

registries.
1. Pregnanc me in birth £ venth-D Adventist
mothers.

The first paper examines birth weight and length and
mortality from 28 weeks of gestation and onwards in
children born by Seventh-Day Adventist mothers. The study
shows a birth weight 94 grams higher in children born by
Seventh-Day Adventist mothers compared to control
children. Body length was also slightly higher in the
Seventh-Day Adventist births. Risk of death was slightly
lower in Seventh-Day Adventist births but this difference
was not statistically significant. When the births were
stratified by marital status and parity this did not alter

the results.
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2. The risk of ronary hear isea in Norwegian

nth-D A nti

The second paper describes risk factors for coronary heart
disease in Norwegian participants in the county-wide
health studies performed in Norway from 1973 to 1987. The
results show that serum cholesterol is approximately 15%
lower in Seventh-Day Adventist men and 10% lower in women
compared to matched controls. Smoking is less prevalent in
Seventh-Day Adventists in both sexes, while blood pressure
is only significantly lower in Seventh-Day Adventist women
above the age of 40. The Westlund coronary risk score is

significantly lower in Seventh-Day Adventists in both

sexes.

The paper also shows that persons who have left the church
are a group with a higher risk for coronary heart disease

compared to those who stay in the church.

3. Cancer inciden in Norwegian Seventh-Day Adventists.

Cancer incidence was not significantly different in
Seventh-Day Adventists compared to the general population.
A weak trend was seen in total cancer incidence showing
the highest incidence in the persons entering the church
after the age of 35. Site-specifically, the only site

showing a significantly lower incidence before the age of
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75 was respiratory cancer. The study may indicate that
etiologic factors for cancer in Norway must be sought in

areas where Seventh-Day Adventists do not differ from the

general population.

4. Mortali in Norwegian Seventh-Day Adventists.

Seventh-Day Adventist men in Norway have a significantly
lower mortality compared to the general population,
especially before the age of 75. In women no significant
difference in mortality was seen. There was, however, a
significant trend in mortality showing a higher mortality
in persons joining the church late in life in both sexes.
Siite-specifically the difference in mortality in men is
almost exclusively due to a very low cardiovascular

mortality in Seventh-Day Adventist men.

Cancer mortality was not significantly different in

Seventh-Day Adventists compared to the general population.

Noteworthy in this study was the finding of no difference
in mortality between Seventh-Day Adventists and the
general population for those Seventh-Day Adventists

entering the church after the age of 35.
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6. GENERAL DISCUSSION

6.1. Introduction

The studies presented in this thesis give a picture of
Norwegian Seventh-Day Adventists as a population group
with a starting point in life similar to the offspring of
non-smokers in the general population. Their risk of
cancer seems to be similar to the general population, but
both level of some risk factors for cardiovascular disease
and mortality from these diseases is lower than in the
general population. The low mortality is especially
pronounced when church membership is commenced in teen-
age. Other studies by the author contribute to the same
description of the Seventh-Day Adventist group (34,77,106)
with the possible exception of the lower selenium level

(9) found in Seventh-Day Adventists.

6.2. Bias considerations

Studies on religious groups can have two objectives. On
the one hand one might wish to study the effect of
religion as such. This would lay emphasis on the religious
experience and would want to quantify the effect of

religion irrespective of specific aspects of life-style.
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On the other hand religious groups that have specific
life-style recommendations are interesting to study
because they represent a "natural experiment" with regard
to effect of specific life-style factors. The connection
to religion is likely to ensure a high adherence to the

life-style and the group is easily identified.

When considering possible bias in the present studies, one

has to discuss these two study objectives separately.

If the studies in this thesis are regarded as a study of
the total effect of the Seventh-Day Adventist faith, a
negligible selection bias is present (98% of the
registered Seventh-Day Adventists are in the study). If
the studies were primarily a study of the effects of the
specific Seventh-Day Adventist dietary and tobacco,
alcohol and coffee recommendations, the lack of selection
could introduce a misclassification bias. Members who do
not follow the recommended life-style should have been
excluded. However, one has to keep in mind that when the
general population is used as the reference group this
population includes both the Seventh-Day Adventists in the
study (in Norway about 0.1% of the population) and an
unknown proportion of the population who are not members
of the church, but who follow more or less the same life-
style as Seventh-Day Adventists. This leads to a possible

misclassification also in the reference group.
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There is a possibility that this misclassification could
be differential. Persons with symptoms and signs
indicating a serious disease could be more prone to turn
to religion than those with no medical problems. If this
were the case an underestimation of the effect of the
Seventh-Day Adventist life could be present. Starting
follow-up one or ten years after entry into the church has
however in both the cancer incidence study and the
mortality study not affected the estimate of SMR or SIR.
The main possible misclassification is therefore non-
differential and this always leads to a conservative

estimate of the difference between groups (105).

If the specific effect of life-style should be estimated
it would be necessary to compare with a population who
only differed from Seventh-Day Adventists in specific
life-style factors. All other aspects of their life-style
should be similar. This necessitates the use of volunteers
and the "volunteer" studies from California have been
based on down to 50% of registered Seventh-Day Adventists.
This can result in a sizeable "healthy volunteer" bias
(107) . Comparison of Seventh-Day Adventists with other
volunteer groups in California demonstrated differences
smaller than when using the general population as the

reference (42).

The study on coronary risk factors in this thesis does not

include all registered Seventh-Day Adventists. In a study

35



where the taking of a blood sample, blood pressure
measurement and questionnaires are involved, one is forced
to rely on voluntary participation. Seventh-Day Adventist
participants are therefore compared to non-Seventh-Day
Adventist participants. Could the reason to participate be
different in the two groups? In addition to disease or
travelling prohibiting physical attendance, one would
think that in both groups the individuals who would not
want to expose their life-style would be the ones not
willing to participate. Although it was claimed in an
early Seventh-Day Adventist study (42) that non-responders
did not have a higher death risk than responders, later
publications have indicated this form of possible bias
(107). Taking this possible bias into account one can only
conclude from the risk factor study that it gives a
picture of the risk factors of voluntary participants in
Seventh-Day Adventists and non-Seventh-Day Adventist
controls. The high participation rate of 70-80% gives,
however, an indication of which life-style factors are the
most important in differentiating Seventh-Day Adventists

from non-Seventh-Day Adventists.

6.3. Confounding

In the discussion of Seventh-Day Adventist morbidity and
mortality the question about selection has been discussed

(43). In this case not the selection of a subgroup of the
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registered Seventh-Day Adventists but the process leading
to some persons becoming Seventh-Day Adventists and some
not. Could there be a possible confounding factor that was
independently associated with both morbidity/mortality and
likelihood of becoming a religious person? Even if several
aspects of religion other than diet, smoking etc. have
been proposed as salutary with regard to disease (108,109)
and psychosocial factors have been demonstrated to
possibly affect mortality after myocardial infarction
(110), little is known as to the reasons for joining the

Seventh-Day Adventist church.

Whether genetic factors that could influence physical
health are different in Seventh-Day Adventists are
possibly indirectly studied for the first time in the
paper in this thesis studying offspring of Seventh-Day
Adventist mothers. The slightly higher birth weight and
length for an equal gestational length indicates a higher
fulfilment of a intrauterine growth potential. This
finding combined with an indication of a slightly lower
mortality could indicate healthier babies. The magnitude
of this benefit, however, is not greater than what is
found in offspring of non-smoking mothers in the general
population. Data from Tromse showing a sister chromatid
exchange rate similar in Seventh-Day Adventist children
compared to non-Seventh-Day Adventist controls (77) also
seem to support the notion that children of Seventh-Day

Adventist mothers differ very little from other children
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at birth when evaluated by the hard end-points of neonatal
health care. Not all Seventh-Day Adventists, however, are
born by Seventh-Day Adventist mothers, and not all
children born by Seventh-Day Adventist mothers join the
church later in life. Since the Medical Birth Registry of
Norway was established as late as in 1967 it is not yet
possible to study the children who were born by Seventh-
Day Adventist mothers and evaluate their hard endpoints

with regard to the child's later membership status.

6.4. Further comments.

The above-mentioned considerations of bias and confounding
could indicate that the studies presented in this thesis
give a correct picture of the health effect of being a
Seventh-Day Adventist, but a possible underestimate of the
health effect of specific aspects of the Seventh-Day
Adventist life-style. These specific aspects have in both
ecological studies and in population subgroups been
demonstrated to be important determinants of cancer and
cardiovascular disease risk (111-118). Both in ecological
studies between countries as well as in studies over time
within countries many possible confounders are present and
it is difficult to pinpoint the relative importance of
different life-style factors. The effect of self-selection
to population subgroups makes estimates of the effect of

specific life-style factors also in these studies
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uncertain.

The studies here presented of a subset of the population
with specific life-style recommendations and a near 100%
follow-up of all registered members may give insight into
the population effect of such recommendations. The general
population does not consist of only *"willing converters"”
(119). Some are characterized as laggards. No population
will be without these people and the study on Seventh-Day
Adventists in Norway could indicate the magnitude of the
population health effect of a shift in life-style as large
as the Seventh-Day Adventist one with still a sizable

proportion of the population not complying.

Paper IV gives a description of Seventh-Day Adventist
mortality in comparison with Norwegian and Japanese
mortality. As can be seen from the table all Seventh-Day
Adventist men have a mortality in the 45-74 year age group
that is practically identical to Japanese mortality. For
men entering the church before 19 years of age mortality
after age 55 is considerably lower. In women it is the
Seventh-Day Adventists entering before 19 that resemble
most closely the Japanese women. These data indicate that
a life-style change as dramatic as the difference between
Norway and Japan might be necessary in Norway in order to
accomplish a mortality reduction as large as in Seventh-
Day Adventists. The goal set out in the Norwegian Health

for All 2000 document (120) of a 15% reduction in cancer
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mortality and a 25% reduction on cardiovascular mortality
might be difficult to accomplish when Seventh-Day
Adventists for neither of these diseases have reached
these goals. This in spite of a difference in life-style
that is much greater than what can be expected in the

general population in the coming decade.

At what period in life the life-style is most important in
determining future health risk is yet not clear.
Controlled intervention studies on a large scale have
frustrated researchers in that life-style changes seem to
fail to result in changes in total mortality (121-128).
Only the Belgian part of the WHO European Collaborative
Trial in the Multifactorial Prevention of Coronary Heart
Disease (129) has shown a significant difference in total
mortality. In a comment to the risk reductions in both
intervention and control groups in the Geteborg trial
(122) professor Geoffrey Rose called this a disappointment

for researchers while a great success for preventers.

The downward secular trend in cardiovascular disease
mortality rates in several Western countries has been
largely ascribed to changes in the life-style of the
population (112,113). Support for this thought can be
found in the cardiovascular disease mortality data from
Norway during the 1940-45 war period (130) and the Finnish
study on coronary heart disease mortality in mental

hospitals (127). A dramatic dietary change seemed to
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coincide with a significant drop in cardiovascular
mortality. The data from the present Seventh-Day Adventist
studies are not in accordance with these findings. Persons
joining the church at 35 years or above have a mortality
and cancer incidence not significantly different from the
general population. The changes in diet made by persons
converting to the Seventh-Day Adventist faith may,
however, not have been dramatic enough to result in the

desired fall in cardiovascular mortality.

Persons joining in early age, however, have a mortality
risk that is almost half of the general population's
(mainly cardiovascular mortality). This indication of a
large effect of a different life-style early in life seems
to indicate that the pace of atherosclerotic developnent
is set in childhood/teen-age. Other studies from Norway
(131), Hawaii (132), Britain (133,134), Finland (135) and
Sweden (136) have seen associations between living
conditions in childhood and mortality from several
diseases in adult life. This taken together with the
demonstration of associations between living conditions in
childhood and risk factors for coronary heart disease in
adults (137,138) seems to indicate a very early influence
on risk of adult disease. Whether this early risk
determination is stronger than life-style modification in
adult life is still unclear. An indication of this is the
finding in these studies of a risk factor level in late

converters similar to early converters (unpublished data),
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but a clearly higher death risk in these late converters.

The finding of no difference between late converters and
the general population could also be interpreted along a
different line of thought. Important for the occurrence of
especially cardiovascular disease is not just the
atherosclerotic process. A correlation between the intake
of marine oil and thrombosis (139), platelet aggregation
(140) and blood pressure (141) has been found. Thrombus
formation at the site of atherosclerotic narrowing of the
arteries could thus be inhibited. A prospective
epidemiologic study from the Netherlands (142) has found
an inverse relation between fish intake and coronary heart
disease mortality. One aspect of the Seventh-Day Adventist
life-style is a low intake of fish and thereby marine fat
(9). If a person through the first 35 years of life has
had an atherosclerotic development similar to all other
persons in the country and then removes a possible
protective factor (marine fat) with regard to thrombus
formation, the possible benefits of a atherosclerotic-
lowering life-style could be outweighed by an increased
risk of thrombus formation. For those persons with a low
atherosclerotic development from childhood/teenage this
possible detrimental factor could be of minor importance
and their general risk of cardiovascular disease would
remain low throughout life. Dietary advice to persons
converting late in life should maybe be modified in that

they should be recommended to keep their fish intake
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fairly high while at the same time lowering meat intake.

6.5. Implications for prevention

An increased life expectancy through a low risk of cancer
and cardiovascular disease in early life is for many an
unquestionable benefit. A postponement of the major
killers in Western societies could lead to a
rectangularization of the survival curve with a possible
compression of morbidity. If, however, the extra years are
spent in suffering from non-lethal, disabling conditions,
many might choose to enjoy "the unhealthy pleasures of
life" with an abrupt death instead of a few additional
years in a nursing home. The benefit of prevention of
early cancer and cardiovascular disease might in that case

have to be reconsidered.

In the search for optimal health in a population these
issues will have to be carefully considered. Further
epidemiological research should include the question: Will
an adherence to the Seventh-Day Adventist life-style from
young age lead to an increased person-time before death

with dependency on others?
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7. CONCLUDING REMARKS

The papers in the present thesis show that children born
by Seventh-Day Adventist mothers have a "gain" in starting
point in life that is comparable to children of other non-
smoking mothers. Norwegian Seventh-Day Adventists have a
risk factor level for cardiovascular disease well below
that of non-Seventh-Day Adventists. The risk of acquiring
cancer or dying from cancer in the period 1961-1986 is not
significantly lower in Seventh-Day Adventists. The risk of
dying from cardiovascular disease is significantly lower
in men and in both sexes for those entering the church
before the age of nineteen. The net result with regard to
life expectancy from age 20 is 5 years gained in both

sexes.

The final conclusion of this work is that the generally
advocated healthy life-style should be established in
childhood. This life-style seems to have little influence
on cancer risk in Norway, but may result in a 50%
reduction in cardiovascular disease mortality in both
sexes. The life-style changes made by middle-aged Seventh-
Day Adventists do not seem to influence their later risk
of either cancer or cardiovascular disease. This might
warrant a closer study into possibly different life-style

recommendations at different points in life.
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PREGNANCY OUTCOME IN SEVENTH-DAY ADVENTIST WOMEN. A study
of 1326 births by Seventh-Day Adventist mothers and matched
controls.

vinjar Fonnebe MD, MSc Epidemiology.

To investigate pregnancy outcome in Seventh-Day Adventists,
1326 births of Seventh-Day Adventist mothers and matched
controls were compared. Birth weight was 99 grams higher
(95% CI:65 to 133) and length 0.3 centimetres longer (95%
CI:0.1 to 0.5) in children born by Seventh-Day Adventist
mothers. Relative risk of death from 28 weeks gestation to
one year of age was 0.87 (95% CI:0.43 to 1.76) in Seventh-
Day Adventist births. The differences found in this study
are not greater than would be expected in a population
group with a life-style characterized by few smokers and a

low alcohol consumption.

Key words: birth-weight, religion, life-style
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Studies on Seventh-Day Adventists in the United States, the
Netherlands, Poland and Norway have shown a greater life
expectancy for adult Seventh-Day Adventists compared to the
general population (Lemon & Kuzma 1969; Berkel 1979;
Jedrychowski_et al. 1985; Waaler & Hjort 1981). This is
thought to be due to lower mortality of cancer and

cardiovascular disease.

The Seventh-Day Adventist church has no child members due
to their practice of baptism at an age where the individual
itself can be responsible for the decision. This has made
studies on Seventh-Day Adventist children difficult and as
far as is known, no studies on the birth experience of
children born by Seventh-Day Adventist women have been
performed. Assumptions have been made on reduced mortality
in Seventh-Day Adventist children (Waaler & Hjort 1981).
These assumptions could heavily influence estimates of life

expectancy at birth.

In The Tromse Heart Study (Fennebe 1985) the author showed
that Seventh-Day Adventist women in a child-bearing age had
a life-style that differed from non-Seventh-Day Adventists
in several respects. Seventh-Day Adventist women were more
likely to be non-smokers and non-drinkers and they used
considerably less coffee, meat and fish. The educational

level was similar in the two groups.
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Alcohol consumption during pregnancy has been associated
with pre-term delivery (Berkowitz 1981) and intra-uterine
growth retardation (Kuzma & Sokol 1982; Wright et al,
1983). Smoking is also associated with pre-term delivery
(Shiono_et al. 1986), low birth-weight (Butler et al. 1972;
van der Welde & Treffers 1985) and higher perinatal
mortality (Butler_et al. 1972; van der Welde & Treffers
1985). In addition long-term psychological effects in the
children of mothers who smoked during pregnancy have been
observed (Rantakallio 1983; Streissguth_et al. 1984).
Malnutrition in pregnancy has also been associated with low

birth weight (Metcoff_et al, 1981; Susser 1981).

The aim of the present study is to see whether length and
weight at birth and early mortality differs in children
born of Seventh-Day Adventist mothers compared to children

of non-Seventh-Day Adventist mothers.

METHODS

Information on 10602 Seventh-Day Adventists in Norway has
been collected from the official rosters of the 73
churches. Name, sex, birth date, place of birth, address,
date of entry into and leaving the church was registered.
Unique identification has been ensured with the use of the
national eleven-digit personal identification number which

was ascertained for 98% of the church members. A more
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detailed description of the methods used in identifying the
population has been presented previously (Fennebe & Helseth

1991) .

Beginning January 1, 1967 a computerized medical birth
registry was established in Norway. The child, the mother,
and the father are registered with their personal
jdentification number. All deliveries occurring after 16
weeks of gestation in the country are included. The birth
registry has information on the medical background of the
mother, medical problems during pregnancy and medical
information on the birth of the child. It also updates it's
register with regard to later death by reqgular linking with

the official death registry.

Births occurring during church membership of the 2019
Seventh-Day Adventist women born after January 1, 1917 were
included in the present study. The births were found by a
linkage with the birth registry based on the personal
identification number. Altogether 1326 births had occurred
between January 1, 1967 and December 31, 1984. For each
birth by a Seventh-Day Adventist motheg three control
births were matched on the following criteria: Age
(five-year groups), county of residence, parity (one, two,
three, four or five or more births) of the mother, and
birth year and sex of the child. For four births only one

control was found and for nine births only two controls
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were found.

Only births with a gestational age of at least 28 weeks are
included in this study. This is due to a lower
ascertainment of births in the short pregnancies. Due to
the low total number of births and the low perinatal (1988:
7.9/1000) and infant (1988: 8.3/1000) mortality rates in
Norway, only one measure of death is computed: Risk of

death from 28 weeks of gestation to one year of age.

For the continous variables the statistical analysis is
done by one-sample t-test comparing the mean of the
controls' birth weight, length and gestational age with the
values for the Seventh-Day Adventist. Two-way analysis of
variance was also performed using the gquadruplet as a block
unit (Kleinbaum & Kupper 1989). The statistical program

used was PROC GLM in SAS statistical package (SAS/STAT

Guide for personal computers 1985).

For relative risk of low birth-weight, preterm birth and
death the data are analyzed by the method used for matched
cohort studies: The estimate of relative risk is the crude
relative risk estimate ignoring the matching. For
confidence interval estimation the following formula is

used for the Mantel-Haenschel chi-square (df=1) estimate:

X?=(13*Sum(A) - Sum(B)}| - 2)?/(4*Sum(C) - Sum(C’))
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where A is the number of Seventh-Day Adventists sick or

dead in each quadruplet, B the number of controls sick or
dead in each quadruplet and C the total number of sick or
dead in each quadruplet. Confidence limits are test-based
(Rothman 1986). Multiple regression is performed with the

PROC REG in the SAS statistical package (SAS/STAT Guide for

personal computers 1985).

RESULTS

Table 1 shows the difference in gestational age and birth
weight and length for children born of Seventh-Day
Adventist mothers compared to children born by
non-Seventh-Day Adventist mothers. Seventh-Day Adventist
children were 99 grams heavier (95% CI:65 to 133) and 0.3
centimeters longer (95% CI:0.1 to 0.5). Gestational age was
not significantly different in Seventh-Day Adventist
children. A separate analysis including only married women
showed results almost identical to the results for the

whole group (Data not shown).

Table 2 shows that the risk of a pre-term delivery (<37
weeks gestation) is 0.90 for Seventh-Day Adventist births
relative to non-Seventh-Day Adventist births (95% CI:0.68
to 1.20). The relative risk of a low-weight delivery given

the child is not pre-term is 0.70 (95% CI: 0.36 to 1.35).
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The risk of death from 28 weeks of gestation to one year of
age is 0.87 for children born by Seventh-Day Adventists

(95% CI:0.43 to 1.76) relative to controls (Table 3).

Table 4 shows differences in gestational length and length
and weight at birth for parity one to four. Quadruplets
with twin or triplet births are excluded and thus no
siblings are present within each parity group. Differences
with regard to gestational length and length and weight at
birth within each parity group resembles the findings when
all parity groups are combined. Due to lower number of

differences the confidence intervals, however, are wider.

In table 5 relative risk of pre-term birth, low birth-
weight given fullterm and relative risk of death are shown
in parity ome to four. Interaction of birth weight and risk
of death with parity might carefully be suggested by the
increasing relative risk with increasing parity. The number
of events are, however, very small and the trends are not

statistically significant.

Table 6 shows that in children born by Seventh-Day
Adventist mothers there is no association between birth
weight and mother's years of membership in the church when
controlling for gestational age, age of the mother and

parity.
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DISCUSSION

This study shows that children born of Seventh-Day
Adventist women differ significantly from matched controls
in birth weight and length at birth. Bearing in mind the
differences in risk of cardiovascular disease and cancer
between adult Seventh-Day Adventists and the general
population in many countries (Fennebe 1985; Rouse_et al,
1983; Berkel & de-Waard 1983; Jensen 1983; Kahn_et al.
1984; Cooper_et al. 1984; Fraser_et al. 1987) it might be
surprising that the differences in pregnancy outcome are

relatively small.

Do, however, all the women registered as Seventh-Day
Adventists in the membership records follow the recommended
life-style? If the Seventh-Day Adventist women studied in
the Tromse Heart Study are representative of all women of
child-bearing age in the church in Norway, approximately
30% are religiously inactive (Fennebe, 1985) with a life-
style similar to non-Seventh-Day Adventist women. Some non-
Seventh-Day Adventist women, on the other hand, change
their life-style in a Seventh-Day Adventist "direction”
during pregnancy (Little_et al. 1976; Rosett et al. 1980;
Meberg_et al. 1986; Fox_et al. 1987). A differential
misclassification could thus be present and a biased result

could emerge. The possible bias will in this case result in

10
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an underestimate of a possible beneficial effect of the

"recommended" life-style during pregnancy.

The controls in this study are not a random sample of the
general population of mothers. The matching on variables
(mother's age, parity and place of residence) known to be
associated with pregnancy outcome excludes possible
confounding by these factors. Comparison with national
figures for the same time period shows that children of the
controls have low values for perinatal and infant mortality
(Statistical Yearbook 1986) (Data not shown). This
indicates that Seventh-Day Adventist mothers choose to have
their babies at an age and in a number that is beneficial
with regard to pregnancy outcome. If these choices are
governed by church recommendations, the differences
presented in the present study would be underestimates of
the total effect of these recommendations. The issue of
suitable controls in studies on Seventh-Day Adventists has
been previously discussed by Phillips (Phillips_et al.

1980a).

The data analysis of the continuos variables in this study
used a comparison between the mean of the controls' values
and the Seventh-Day Adventist value. This method will give
a lower variance of the differences compared to a one to

one match and thereby increase the statistical power of the

comparisons. Two-way analysis of variance regarding the

11
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quadruplet as a block unit is an alternative analytical
method. Due to the large number of quadruplets the
statistical program was unable to perform the analysis for
all quadruplets simultaneously. The analysis was therefore
done stratified by sex and parity. Utilization of the
weighted mean of the differences and standard deviations in
each subgroup resulted in estimates of differences between
Seventh-Day Adventist and controls that were identical to

the method described.

There were no pre-term or low-weight births and no deaths
in the four quadruplets that had two missing controls. In
the nine quadruplets that had one missing control one
Seventh-Day Adventist was born pre-term and two control
births were pre-term. No births in the full-term births
were low-weight. Three deaths occurred in the controls.
Excluding these thirteen quadruplets from the results in
the tables has not introduced any serious bias in the

results.

The results in this study are in accordance with other
studies on specific life-style factors' influence on
pregnancy outcome (Berkowitz 1981; Kuzma & Sokol 1982;
Wright_et al. 1983; Shiono_et al. 1986; Butler_et al. 1972;
van der Welde & Treffers 1985; Rantakallio 1983;
Streissquth_et al. 1984). The difference in birth weight,

however, is somewhat less than in studies of birth weight

12
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in offspring of smoking mothers compared to non-smoking
mothers (Butler_et al. 1972; van der Welde & Treffers
1985). The observed relative risk of death of 0.87 in
children of Seventh-Day Adventist mothers compared to
children of control mothers was similar to Butler's
relative risk of perinatal mortality of 0.78 in non-smokers
relative to smokers in Great Britain (Butler_et al. 1972).
Although the confidence interval in the present study is
very wide, the data suggest that children of Seventh-Day
Adventist mothers do not experience a reduction of
mortality greater than can be expected when considering the

mother's life-style in pregnancy.

Finding no association between duration of membership in
the church and birth-weight tentatively suggests that
factors acting during pregnancy are more important for
birth weight than duration of a healthy or unhealthy life-

style previous to pregnancy.

In this study the psychosocial aspects of religion, apart
from the associated life-style (smoking, drinking and
diet), could possibly be a confounding factor. The life-
style effect can, however, only be isolated if the
controls have the same religion, but not the associated
life-style. In the Seventh-Day Adventist Church religion
and life-style are so tightly associated that a suitable

control group is very hard to find.

13
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The question of genetic selection has been raised in
epidemiological studies on Seventh-Day Adventists (Phillips
et al. 1980b). The contribution of the present study is to
show that the offspring of women in the church seem to
possibly have a slightly better start in life than non-
Seventh-Day Adventist children. This benefit, however, is
not larger than would be expected in children generally
with non-smoking and temperate mothers. A genetic selection
into the church of individuals with birth weight and length
and death risk substantially different from others is not

possible to detect.

14
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Coronary risk factors in Seventh-Day Adventists are
compared to non-Seventh-Day Adventist matched controls in
the Norwegian Cardiovascular Disease Studies 1973-1987.
Only ten percent of Seventh-Day Adventists were smokers
(p<0.001) and serum cholesterol was 0.86 mmol/l (95
percent CI:0.59-1.13) lower in men and 0.48 mmol/l (95
percent CI:0.25-0.71) in women. Diastolic blood pressure
was significantly lower only in women. Ex-members and
members not complying with the recommended life-style have
a risk factor level significantly higher than current

complying Seventh-Day Adventists. Am J Epidemiol

KEY WORDS: cholesterol, blood pressure, life-style,
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Seventh-Day Adventism is regarded as a natural experiment
on the role of life-style in the etiology of chronic
disease (1-5). This religious group encourages
vegetarianism, and discourages the use of stimulants
(drugs, tobacco, alcohol, and caffeine-containing
beverages). In previous studies on coronary risk factors
in Seventh-Day Adventists the members have known they were
studied because of their church membership (6-11). The
present study describes coronary risk factors in Seventh-
Day Adventist participants in the Cardiovascular Disease
Studies in Norway. At the time of the survey both the
screening team and the church member were unaware of the
fact that church membership later would be identified.
This gives an unbiased description of coronary risk

factors in Seventh-Day Adventists.

MATERIALS AND METHODS

The Cardiovascular Disease Studies in Norway are Cross-
sectional studies of men and women between 20 and 64 years
of age in nine counties, more than 160,000 persons were
invited. The examination included measurement of height,
weight and blood pressure, a non-fasting venous blood
sample and a questionnaire on smoking habits, physical
activity, stress factors in social life and symptoms of,

and own and family history of coronary heart disease.



The examination was performed by trained screening teams
from The National Health Screening Service using the same
protocols in all areas (12). The blood samples were
analyzed at the Central Laboratory, Ullevaal Hospital in
Oslo (12,13) and for the Tromse study, the Division of

Clinical Chemistry, University Hospital of Tromse (14).

A multiplicative coronary risk score based on sex (Men:
5.0, Women: 1.0), smoking (Graded from O cigarettes per
day: 1.0 to 25 cigarettes per day or more: 4.0},
cholesterol (Graded from less than 190 mg/100ml: 1.0 to
450 mg/100ml or more: 25.0) and systolic blood pressure
(Graded from less than 135 mmHg: 1.0 to 170 mmHg or more:
4.5) was calculated for every person participating (12).
Questions on coffee consumption were included in all but
two of the surveys. In four counties this information was
collected on a separate dietary gquestionnaire. Coffee
drinkers were classified as persons consuming one cup per

day or more.

Seventh-Day Adventist population

A computer linkage (permission given by the Norwegian Data
Inspectorate) was done for the 7285 Seventh-Day Adventists
alive on January 1, 1961 or who had joined the church at a

later date. Of 351 Seventh-Day Adventists invited, 247



(70.4 percent) participated. Twenty-two of these had left
the church before participating in the study and three had

participated before joining the church.

The Seventh-Day Adventists were categorized according to
adherence to smoking and coffee recommendations. Non-
smokers who did not drink coffee were regarded as best
adherers, non-smoking coffee drinkers as intermediate

adherers and smokers regardless of coffee consumption as

poor adherers.

Three age-, sex-, and residence-matched participating
controls were chosen for every Seventh-Day Adventist. The
identification and matching of Seventh-Day Adventists and
controls were done independent of the author at the
National Health Screening Service in Oslo for all study

areas except Tromse.

Statistic analysis

For continuous variables two-way analysis of variance was
performed using the quadruplet as a block unit (15). The
program used was PROC GLM in SAS (16). The coronary risk
score was logarithmically transformed due to it's skewed
distribution. Coffee consumption was dichotomized as users
(one cup per day Or more) Or nonusers (less than one cup

per day). For category variables matched analysis with



three controls per case was used (17). The adjustment for
study area in tables 2 and 3 was done to ensure that
differences in measurements between studies did not

confound the comparisons.

RESULTS

Twenty-three of the 222 (10.4 percent) Seventh-Day
Adventists were daily smokers (p<0.001 for difference
compared to non-Seventh-Day Adventists) and forty-three of

130 (33.1 percent) were coffee drinkers (p<0.001).

No significant differences in body mass index between
Seventh-Day Adventists and controls were seen. Cholesterol
was 0.86 mmol/l (95 percent CI:0.59 to 1.13) lower in
Seventh-Day Adventist men and 0.48 mmol/l (95 percent
CI:0.25 to 0.71) lower in women (table 1). Triglycerides
were 0.28 mmol/l lower in Seventh-Day Adventists men (95
percent CI: 0.02 to 0.54), while no significant difference
was found in women. No significant differences in blood
pressures were found in men. Diastolic blood pressure was
2.3 mm Hg (95 percent CI: 0.4 to 4.2) lower in Seventh-Day
Adventist women compared to controls. The computed

coronary risk score was significantly lower in Seventh-Day

Adventists of both sexes.

No significant associations were found between differences

e ————— =



in cholesterol, triglycerides, risk score or blood

pressure and age at entry into the church (data not

shown) .

The Seventh-Day Adventist men with the closest adherence
to the smoking and coffee recommendations had a total
cholesterol value 1.21 mmol/l lower than the men who were
daily smokers (trend test: p<0.01) (table 2). In women the
difference was 0.56 mmol/l (trend test: p=0.07).
Triglycerides and body mass index in men were also
significantly different in the three groups. Blood
pressure, however, showed no significant relationship to
degree of adherence to the smoking and coffee

recommendations.

Table 3 shows in men a significantly higher cholesterol
and blood pressure and a higher frequency of smokers among
ex-Seventh-Day Adventists compared to current Seventh-Day
Adventists resulting in a significantly higher coronary
risk score. The only significant difference in women was
fewer smokers in current Seventh-Day Adventists, but the

other differences were in the same direction as in men.

DISCUSSION

That Norwegian Seventh-Day Adventists have a low level of

total cholesterol and few smokers is in accordance with



other Seventh-Day Adventists studies (6-11,18).

In addition to the elimination of observer bias,
thiocyanate measurements (data not shown) in two counties
indicate a minimal recall bias with regard to smoking
status. Inclusion of all registered members in this study
gives a conservative estimate of the Seventh-Day Adventist
life-style influence on risk factors in that religiously
active members differ from their nonactive counterparts
(18) in both life-style and risk factors. The
categorization by smoking and coffee drinking habits in
this study is an index of both general following of the

life-style and level of religious activity.

Low levels of serum cholesterol in Seventh-Day Adventists
have also been observed elsewhere (7,8,10,11,19) and may
be at least partly responsible for their low
cardiovascular mortality (2,3,5,20). Which components of
the Seventh-Day Adventist way of life are responsible for
the low cholesterol values? Studies from Australia (7,21)
have implicated dietary fat and meat. Low coffee intake
may also be involved in the subjects of this study since
in Scandinavia, coffee consumption is associated with
serum cholesterol (14,22). Coffee abstinence together with
a low intake of meat and animal fat (23) may be
responsible for the 10 to 15 percent difference in
cholesterol. A study of Baptists (24) did not support

claims that religious commitment or affiliation influences



10
cholesterol levels. The size of the cholesterol difference
indicates a reduction in cardiovascular mortality of 34
percent in men and 5 percent in women (Knut Westlund,
University of Tromse, personal communication, 1990). This
is well in accordance with the actual deficit in

cardiovascular mortality in Seventh-Day Adventists (25).

In this study only Seventh-Day Adventist women differ from
controls in blood pressure, ex-members are similar to
present members and there is no relationship between blood
pressure and degree of following the smoking and coffee
recommendations. Previous studies in Seventh-Day
Adventists have with few exceptions (11,26) shown a
significantly lower blood pressure (9,10,19,27,28).
Despite a possibly higher urinary excretion of sodium and
potassium (19), the combined effect of recommendel dietary
practices (29,30) and religious commitment (31-34) would
be expected to result in a significantly lower blood
pressure than controls. The low fish intake (18) compared
to other Norwegians could possibly be a blood pressure-

increasing component (35).

An important reason for leaving the church is non-
compliance with the recommended life-style resulting in
leavers being a high-risk group. Whether they have been at
high risk before entering or have developed the high risk

later is impossible to establish from the present data.
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Cancer Incidence in Norwegian Seventh-Day

Adventists 1961 to 1986

Is the Cancer-Life-Style Association Overestimated?

Vinjar Fennebe, MD, MSc,” and Are Helseth, MD, PhDf

Standardized incidence ratio for cancer in Norwegian Seventh-Day Adventists
compared with the general population was not significantly different from unity
{men 91, women 97). Persons converting late in life had a higher incidence than
those converting at an earlier age. Respiratory cancers (standardized incidence
ratio [SIR] 59, 95% CI = 36 to 91) and cancers with an unspecified site (SIR 53, 95%
Cl = 25 to 97) were rarer and cancer of the uterine corpus (SIR 164, 95% CI - 109 to
237) was more common in Seventh-Day Adventists before the age of 75 years.
Inclusion of all registered Seventh-Day Adventists regardliess of religious activity
and the relatively low cancer incidence rates in the Norwegian population could
contribute to the nonsignificant result with regard to total cancer. Main etiologic
factors in cancer development in Norway should be sought in areas where Seventh-

Day Adventists do not differ from the general population.

Cancer 68:666-671, 1991.

S EVENTH-DAY ADVENTISM has been regarded as a
natural experiment on the role of life-style in the
ctiology of the major causes of death in developed coun-
tries.'~® This group claims abstinence from unclean foods
as listed in the book of Leviticus, chapter 11, in the Old
Testament of the Bible; encourages vegetarianism; and
discourages the use of stimulants such as drugs, tobacco,
alcohol, and caffeine-containing beverages. Members are
also encouraged to practice regularity in daily life habits
including exercise. Studies on the risk of cancer in Cali-
fornian,”® Dutch,? and Norwegian® Seventh-Day Adven-
tists have been mortality studies. A Danish study* analyzed
morbidity based on data in the Danish Cancer Registry.
The indication that cancer survival might be better in
Seventh-Day Adventists,” underlines the need for cancer
incidence studies in Seventh-Day Adventists. The current
work presents cancer incidence in Norwegian Seventh-
Day Adventists relative to that of the general population.
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Materials and Methods

Name, sex, birth date, place of birth, address, date of
entry into the church, and date of leaving the church were
registered from the official rosters of the 73 Norwegian
churches by one of the authors (V.F.). Altogether 10,602
persons were registered.

The use of an 11-digit personal identification number
was introduced in Norway for all persons alive in the au-
tumn of 1960. Some of the 10,602 Seventh-Day Adven-
tists registered had died, moved out of the country, or left
the church before the autumn of 1960. The 7451 Seventh-
Day Adventists living in the country and registered to be
alive January I, 1961 or who had become Seventh-Day
Adventists after that date were sought identified by the
identification number in the Central Bureau of Statistics.
The number was found for 7285 persons (98%). Thirty-
five members lacked information on date of entry. These
persons were excluded from the study. The current study
thus consists of 2503 men and 4750 women contributing
a total of 121,448 Seventh-Day Adventist person-years in
the time period January 1, 1961 through December 31,
1986.

The reporting to the Norwegian Cancer Registry is
mandatory and it thus has a virtually complete register
of all solid cancers in the country.'® The completeness of
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reporting is below 95% only for lymphomas (93.5%),
multiple myelomas (78.6%), and leukemia (91.6%). The
death rate for all deceased citizens is also recorded in the
Registry. A computer linkage was done with the Registry
by the personal identification number. Expected number
of cancers were calculated from national site-specific can-
cer incidence rates for sex, calendar year, and 5-year age
groups. The highest age group was 75 years and above.
Site-specific standardized incidence ratios (SIR) before and
after the age of 75 years are presented separately.

Statistical Analysis

Standardized incidence ratio was calculated using the
PERSON-YEARS computer program.'' Persons were re-
garded at risk of cancer from entry into the church until
death, leaving the church or December 31, 1986. Confi-
dence intervals were calculated on the assumption that
the incident number of cancers is distributed according
to the Poisson distribution. Direct standardization was
performed using a truncated standard European popu-
lation as the standard.

Calculations show that about 80 expected cases are
necessary to detect a SIR of 0.7 with alfa = 0.05 (e.g., 5%
risk of a false-positive result) and beta = 0.80 (e.g.. 20%
risk of a false-negative result). Approximately 750 cases
of cancers are expected in this study.

In testing for equality and trend of SIR across strata
the chi-square tests described by Breslow and Day were
used.'?

In testing for equality and trend in crude incidence
rates and crude relative rates the methods used are de-
scribed by Rothman.'?

Results

Table 1 shows a SIR for all cancers of 91 (95% CI = 81
to 103) for men and 97 (95% CI = 89 to 106) for women
in Norwegian Seventh-Day Adventists in the 26-year pe-
riod 1961 to 1986. For both men and women, the SIR is
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lowest in the age group 35 to 54 years and increases up
to unity at age 75 years and older. These differences or
trends, however, are not statistically significant.

No significant differences were found between men and
women in SIR for any site. Site-specific SIR for cancer is
therefore shown for both sexes combined in Table 2. For
all sites combined the SIR was 89 (95% CI = 81 to 98) in
persons below 75 years of age. Gastrointestinal cancer
showed a SIR of 85 (95% CI = 69 to 103) and respiratory
cancer a SIR of 59 (95% CI = 36 to 91). Cancer of the
uterine corpus showed a SIR of 164 (95% Cl = 109 to
237) indicating an increased risk in Seventh-Day Adventist
women. Cancer incidence after the age of 75 was generally
similar in Seventh-Day Adventists compared with the
general population. Only hematopoietic cancer (SIR 150,
95% CI = 102 to 211) was significantly higher in Seventh-
Day Adventists. Cancers with an unspecific diagnosis were
less common in Seventh-Day Adventists both before and
after the age of 75. The SIR was 53 (95% CI = 25 10 97)
and 64 (95% CI = 36 to 105), respectively.

Table 3 shows SIR for all cancers and some important
cancer sites by age at entry. Individuals entering the church
at an age over 34 years of age have a significantly higher
SIR than persons entering at a younger age (P less than
0.01). For gastrointestinal cancers, persons entering the
church between 19 and 34 years of age have a SIR of 65,
which is significantly lower than the SIR for those entering
the church at a younger or older age (P less than 0.05).
The same difference is present for breast cancer in women,
but is not statistically significant (P = 0.06). For respiratory
and reproductive cancer there is a nonsignificant trend
showing higher SIR the later in life the person becomes
a member of the church. If the analysis is restricted only
to cancers occurring up to 75 years of age, the contrasts
are larger and in the same direction, but insignificant due
to the lower total number of cases.

No significant association was seen between duration
of membership and risk of cancer for either sex.

In Table 4 the SIR for cancer is presented separately
for the Seventh-Day Adventists who were members on

TABLE 1. Observed and Expected Number of Cancers in 7253 Seventh-Day Adventists in Norway 1961 to 1986 by Age Group and Sex

Men (n = 2503)

Women (n = 4750)

Age
group Person- Person-
(yr) years Observed Expected SIR 95% CI years Observed Expected SIR 95% Ct
<35 12,422 5 42 119 38-279 15,587 10 6.9 145 70-267
35-54 11,479 13 17.8 73 39-125 19,772 41 574 ! 51-97
55-74 12,341 104 127.3 82 67-99 30,459 216 2233 97 85-111
75+ 5,135 125 121.5 103 86-123 14,253 198 191.6 103 89-119
Total 41,377 247 270.8 91 81-103 80,071 465 479.1 97 89-106

CI: confidence interval; SIR: standardized incidence ratio.
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TABLE 2. Observed and Expected Number of Cancers in 7253 Seventh-Day Adventists in Norway 1961 1o 1986 by Site and Age Group

<75 yr of age (person-ycars = 102.060)

=75 vr of age (person-vears = 19,388)

Observed Expected SIR 95% CI Observed Expected SIR 95% ClI
150-159 Gastrointestinal 98 115.9 85 69-103 1o 1123 98 80-118
151 Stomach 29 35.5 82 55-117 48 38.1 126 93-167
153 Colon 38 35.6 107 76-147 26 352 74 48-108
154 Rectum 14 19.5 72 39-124 i6 16.1 99 57-161
Other gastrointestinal 17 253 67 39-108 20 229 87 53-135
146, 160-164 Respiratory 20 339 59 36-91 15 14.9 101 56-166
162 Lung 18 28.9 62 37-98 14 12.5 112 62-188
Other respiratory 2 5.0 40 4-144 1 24 42 0-233
170 Female breast 62 68.0 91 70-117 30 328 91 62-130
171-176 Female genital 70 61.5 114 89-144 20 18.5 108 66-167
171 Cervix uteri 15 19.9 75 42-124 2 3.1 65 6-232
172 Corpus uteri 28 17.1 164 109-237 4 5.0 80 22-204
175 Ovary and salpinx 21 20.7 10t 63-155 10 6.5 154 74-283
Other female genital 6 38 158 58-345 4 39 103 28-262
177 Prostate gland 25 254 98 64-145 33 369 89 62-125
180-181 Urinary 23 218 83 53-124 27 22,0 123 81-179
190-191 Skin 15 19.2 78 44-129 25 16.2 154 100-228
206-209 Hematopoietic 33 311 106 73-149 32 214 150 102-211
199 Other unspecified
diagnosis 10 18.9 53 25-97 15 235 64 36-105
Other specified
diagnosis 33 35.1 94 65-132 16 14.6 110 62-178
All sites 389 436.8 89 81-98 323 313.1 103 92-115

CI: confidence interval; SIR: standardized incidence ratio.

January I, 1961 and for those entering the church in the
1961 to 1986 time period. No difference is seen in SIR.

Discussion

The presented nonsignificant SIR for cancer of 91 in
men and 97 in women contrast with previously published
studies on cancer in Seventh-Day Adventists.>-*® These
studies show standardized mortality ratio (SMR) or SIR
of 50 to 70 for cancer when compared with the country’s
general population.

After joining the church, persons in the current study
had no further influence on the decision of whether or
not to be included in the study. A substantial healthy
volunteer bias is discussed in a report from the most recent

Adventist Health Study in California.'* One could argue
that volunteers probably are religiously active and a
cleaner group with regard to the Seventh-Day Adventist
life-style. This view could find some support in the data
from Seventh-Day Adventist participants in the Tromse
Heart Study."” It was here shown that religiously inactive
Seventh-Day Adventists had a life-style different from
their active fellow members.

A problem similar to what in screening is known as
length bias can be present in prospective studies. By only
including persons who are members at start of follow-up
one is bound to end up with a disproportionate number
of long-time members. Long-time members could be the
ones following the life-style most closely and could thereby
experience a different risk than short-time members. Table

TABLE 3. Standardized Incidence Ratios of Cancer in 7253 Seventh-Day Adventists in Norway 1961 to 1986 by
Site and Age of Entering the Church

All cancers Gastrointestinal Respiratory Female breast ~ Female genital Male genital Other
Age at
entry  Person- No. No. No. No. No. No. No.
(yr) years patients  SIR  patients  SIR  patients  SIR  patients ~ SIR paticnts  SIR  patients SIR  patients  SIR
—18 41,775 86 85 22 92 2 31 15 9l 13 86 4 63 29 88
19-34 39,244 192 81 45 65 11 65 20 60 29 106 15 9 72 101
35+ 40,429 434 105* 141 105% 22 87 57 112 48 127 39 97 127 102

SIR: standardized incidence ratio.
Test for lincar trend in SIR: *P < 0.05.

Test for homogeneity of SIR: P < 0.05.
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TABLE 4. Observed and Expected Number of Cancers in Seventh-
Day Adventists in Norway 1961 10 1986 by Cohort Definition

No. of
persons  Observed Expected SIR
Seventh-Day Adventists
January 1, 1961 4595 586 614.3 95
Seventh-Day Adventists
entering 1961-1986 2658 126 135.7 93

SIR: standardized incidence ratio.

4 shows that in the current study there is no risk difference
regardless of definition of the cohort.

The current study includes all persons that were reg-
istered Seventh-Day Adventists January 1, 196! and those
entering the church later. Based on the bias consideration
discussed above one would expect this study to give the
most conservative estimate of the SIR for cancer in a Sev-
enth-Day Adventist population compared with the general
population. The results seem to confirm this assumption.

Similar conservative estimates have, however, been
presented when comparison groups other than the general
population have been used. In a comparison of graduates
from Loma Linda University Medical School (mainly
Seventh-Day Adventists) and University of Southern Cal-
ifornia Medical School (mainly non-Seventh-Day Ad-
ventists)’ there was no significant difference in total cancer
mortality. For gastrointestinal cancer the mortality rates
were higher in Seventh-Day Adventists. Differences in
cancer mortality'®'” between Seventh-Day Adventist and
non-Seventh-Day Adventist participants in the American
Cancer Society study were smaller than when Seventh-
Day Adventists were compared with the general popu-
lation.

The site-specific SIR in this study showed few significant
differences between Seventh-Day Adventists and non-
Seventh-Day Adventists. Although respiratory cancer was
lower among Seventh-Day Adventists compared with
non-Seventh-Day Adventists in age-groups younger than
75 years, the SIR point estimate of 59 was well above that
found in other studies on Seventh-Day Adventists.>** In
the Tromse Heart Study's it was found that 4.8% of the
men and 12.8% of the women belonging to the church
actually were daily cigarette smokers. If these figures are
representative of Seventh-Day Adventists generally in
Norway, the SIR of 59 with its wide confidence interval
is not in dissonance with the smoking~respiratory cancer
association that is well established.

Keeping in mind that the total number of site-specific
comparisons are large in this study one would expect by
chance that a few 95% confidence intervals of SIR fail to
include 100. Due to the wide confidence intervals and
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their closeness to 100, the few other site-specific significant
SIR are not discussed further.

The U-shaped distribution of SIR for gastrointestinal
cancer by age at joining the church is interesting. The
data seem to indicate that the optimal situation with re-
gard to gastrointestinal cancer is not to join the church
asa teen-ager but in early adult age. The study on medical
school graduates’ indicating a higher SMR for gastroin-
testinal cancer in Seventh-Day Adventist doctors com-
pared with non-Seventh-Day Adventist doctors could
support this line of thought in that medical graduates from
Loma Linda University are likely to be lifetime Seventh-
Day Adventists.

It is important to have in mind that comparing SIR
can be misleading if the distribution of person-years by
age is very different in the compared groups. Persons en-
tering the church at an early age contribute mostly young
person-years compared with persons entering at a later
age. Analysis with directly standardized rates gave essen-
tially the same results as the indirect method of standard-
ization (SIR).

The main result of this study is the small effect of fol-
lowing a life-style that is substantially different from the
current Western life-style and with a diet generally ad-
vocated for the prevention of cancer.'® The confidence
intervals for the SIR for total cancer is compatible with
a 19% reduction in cancer incidence in men and 11% in
women. They are, however, also compatible with an in-
crease of 3% in men and 6% in women. This could indicate
that the main factors in cancer etiology in Norway are
not the factors in which Seventh-Day Adventists differ
from the general population. An incidence study among
Mormons in Utah'® who have no restrictions on meat
intake show SMR for cancer only slightly higher than
Seventh-Day Adventists in California. Gastrointestinal
cancer in particular showed a SIR at the same low level
as the SMR for gastrointestinal cancer in Seventh-Day
Adventists. A prospective study on cancer mortality in
British nuns?® showed a SMR of 96 for all neoplasms in
nuns eating no meat and 104 in nuns eating some meat
when both groups were compared with the general pop-

TABLE 5. Age-Standardized Incidence Rate (per 100,000) of
Malignant Neoplasms in Danish and Norwegian Men (1961-1980):
Standardized to the World Health Organization
European Standard Population

Yr Denmark Norway Difference (%)
1961-1965 3158 263.1 20.0
1966-1970 345.2 283.2 219
1971-1975 364.3 304.5 19.6
1976-1980 385.6 3339 15.5
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ulation of single women. This study concludes that dietary
changes in adult life seem to have no influence on cancer
risk, but the author suggests that dietary differences in
childhood and adolescence might be important. Even
though the current study gave a significant trend in SIR
for cancer by age at entry, a closer look at the figures show
that this positive trend is totally attributable to the com-
parably high risk in persons entering at age 35 or older.
Persons who became Seventh-Day Adventists before the
age of 19 had a cancer incidence very similar to persons
converting between 19 and 34 years of age.

An increased interest in psychosocial factors’ influence
on risk of cancer and coronary heart disease has been
seen. The active practice of religion has been proposed as
protective for the development of cancer and coronary
heart disecase. The findings have, however, been
conflicting?' with methodologic difficulties in the control
of possible confounding factors. If any psychosocially
positive effect of religion is present in this study, the pos-
sible beneficial effect of other aspects of the life-style would
be further weakened.

Could there be factors in the Seventh-Day Adventist
population that actually increase the risk of cancer thereby
possibly outweighing dietary benefits? In a study on breast
cancer survival in Seventh-Day Adventist women® it was
found that they had their cancer diagnosed at an earlier
stage than others. The finding in the current study of a
significantly lower SIR for cancers with an unspecified
diagnosis could suggest that Seventh-Day Adventists also
in Norway have their cancers diagnosed at an early stage
resulting in a site-specific diagnosis. If this is correct, a
higher than expected site-specific incidence could be found
due exclusively to more accurate diagnosis. Mortality data
from the same cohort (unpublished data) indicate, how-
ever, no difference in cancer mortality when compared
with the general population. This indicates that the cancer
survival is unaffected in this Seventh-Day Adventist group.

When comparing studies on cancer in Seventh-Day
Adventists from different countries, it is important to keep
in mind that the national figures used differ substantially.
Similar Seventh-Day Adventist mortality or morbidity in
two countries can result in a very different SIR or SMR.
The only cancer incidence study so far based on com-
parison with the general population is the Danish study.*
Table 5 shows that age-adjusted incidence rates for cancer
in men were 16% to 22% higher in Denmark than in Nor-
way in the study period.?? The finding of a SIR of 70 for
total cancer in men in Denmark is therefore well com-
patible with a SIR of 91 in Norway given Seventh-Day
Adventists have the same crude rates in the two countries.
Table 6 shows that except for Japan, Norway has the low-
est mortality rate in the countries where cancer studies
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TABLE 6. Age-Standardized Death Rate (per 100.000) of Malignant

Neoplasms in Denmark, The Netherlands, United States of America,

Norway, and Japan: Standardized 10 the World Health Organization
European Standard Population

Country Yr Men Women Towal
Denmark 1987 2773 202.0 2319
The Netherlands 1987 311.8 166.0 2247
United States of America 1987 246.4 160.0 [94.9
Norway 1987 2255 149.7 180.2
Japan 1988 2276 116.0 162.8

on Seventh-Day Adventists have been performed.™ This
implies that there is a smaller potential for lowering of
the mortality rate among Norwegian Seventh-Day Ad-
ventists and that if the Seventh-Day Adventist mortality
rates are equal in different countries, the SMR would be
highest in Norway.

Conclusion

Seventh-Day Adventists in Norway experienced an in-
cidence of cancer in the time period 1961 to 1986 that
was not significantly different from the general population.
The inclusion of all registered Seventh-Day Adventists in
the study period could contribute to the nonsignificant
result. Due to the comparably low cancer incidence rates
in the Norwegian population the potential for additional
lowering is small. The main ctiologic factors in cancer
development in Norway should be sought in areas where
Seventh-Day Adventists do not differ from the general
population.
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ABSTRACT

Feonnebs V. Mortality in Norwegian Seventh-Day Adventists

1962-1986.

Standardized mortality ratio (SMR) was studied in Norwegian
Seventh-Day Adventists, a religious group practising a life-
style regarded as protective for cancer and card:.ovascular
disease. Persons converting before the age of 19 had a SMR
of 66 (Men) and 58 (Women). This was both significantly
lower than the general population and those converting at
age 35 or above (p<0.001). The site mainly responsible for
the low SMR in young converts was cardiovascular disease
(Men: 43, Women: 51). Overall SMR in Seventh-Day Adventists
compared to the general population was 86 (95% CI: 80-92,
p<0.001) in men and 98 (95% CI: 93-102, NS) in women. SMR
for cancer was significantly lower only in men before the
age of 75 (SMR: 78, 95% CI: 61-99, p<0.05). Adopting a
healthful life-style early in life seems to be of decisive
importance with regard to mortality, later 1life-style

changes have a negligible effect on death risk.

Running head: Mortality in Norwegian Seventh-Day Adventists

1962-1986.

Key words: cardiovascular disease, cancer, religion,

mortality, life-style, diet



INTRODUCTION

Seventh-Day Adventism has been regarded as a large-scale
natural experiment on the role of life-style in the etiology
of the major causes of death in Western societies [1-5].
This religious group claims abstinence from "unclean foods"
as listed in Leviticus 11 of the 0ld Testament in the Bible,
encourages vegetarianism, and discourages the use of
stimulants (drugs, tobacco, alcohol, and caffeine-containing
beverages). Members are also encouraged to practice
regularity in daily life habits including regular exercise.
Mortality studies from California (1,6}, Netherlands [31,
Japan [5] and a previous study from Norway [7] have
indicated a substantially lower mortality in this religious
group. These studies have, however, mainly been based on
selected subgroups of the Seventh-Day Adventist population
in the country or state(USA). The present study describes
mortality in all registered Norwegian Seventh-Day Adventists

in the time period January 1, 1962 to December 31, 1986.

MATERIAL AND METHODS

Name, sex, birth date, place of birth, address, date of
entry into the church and date of leaving the church was
registered from the official rosters of the 73 Norwegian
Seventh-Day Adventist churches. Altogether 10602 persons

were registered. The use of an eleven-digit personal



identification number was introduced in Norway for all
persons alive in the autumn of 1960. Some of the 10602
Seventh-Day Adventists registered had died, moved out of the
country or left the church before the autumn of 1960. The
7451 Seventh-Day Adventists 1living in the country and
registered to be alive January 1, 1961 or who had become
Seventh-Day Adventists after that date were sought
identified by the identification number in the Central
Bureau of Statistics. The number was found for 7285 persons
(98%) . These Seventh-Day Adventists were included in the
study of cancer incidence [8] and the paper gives a more
detailed description of the methods used in identifying the
study population. The mortality study started follow-up from
January 1, 1962 and includes 2476 males and 4697 females
contributing a total of 117289 Seventh-Day Adventist person-
years in the time period January 1, 1962 to December 31,

1986.

A computer linkage was done with the national Death
registry. The eleven-digit personal identification number
was used to identify the persons in both computer files.
Expected number of deaths were computed from national site-
specific mortality rates for sex, calendar year and five-
year age groups. The highest age-group for site-specific

mortality was 75 years and above.

For directly age-adjusted rates in table 2 the person-years

distribution of the total Seventh-Day Adventist population



was used. Elsewhere direct standardization was performed
using a truncated standard European population as the

standard.

Standardized mortality ratios (SMR) were calculated using
the PERSON-YEARS computer program [9]. Persons were regarded
at risk of death from entry into the church until leaving
the church or December 31, 1986. Confidence intervals were
calculated on the assumption that the incident number of

deaths is distributed according to the Poisson distribution.

Power calculations show that in a comparison with population
rates approximately 80 expected deaths are necessary to
detect a SMR of 0.7 with alpha=0.05 and beta=0.80. With
approximately 118000 person-years in this study, 2000 deaths
are expected. The study is thus large enough for rendering
statistically significant a result similar to the other

mortality studies in Seventh-Day Adventists.

In testing for homogeneity and trend of SMR across strata

the chi-square tests described by Breslow and Day were used

[10].

In testing for homogeneity and trend in crude incidence
rates and crude relative rates the methods used are

described by Rothman [11].



Cause-specific mortality analysis was done separately for
age-groups under and over 75 years of age. This was done
because diagnostic certainty with regard to cause of death

could be lower in the highest age groups.

RESULTS

Total mortality

Table 1 shows sex and age-specific all-cause mortality in
Norwegian Seventh-Day Adventists in the period 1962-1986.
Standardized mortality ratios (SMR) are presented in table
2 using the general population as the reference population.
Seventh-Day Adventist men had a significantly low SMR of 86
(95% CI: 80-92, p>0.001), while the SMR for women was 98
(95% CI: 93-102, NS). There was a significant trend showing
lower SMR in young men. In women the SMR was similar in all

age-groups.

Entering the church before the age of 19 is in table 3 shown
in men to be associated with an SMR of 66 compared to 96 for
those entering at age 35 or above. The trend is significant
both for all age groups combined (p<0.001) and for the age-
groups 55-64 (p<0.05) and 65-74 (p<0.01). In 45-54 year-olds
there is a non-significant reverse trend. In women the trend
of a lower SMR when entering the church early in life is

even stronger than in men (Table 4). Late enterers had a SMR



of 108 compared to 58 in those entering before 19 years of
age (Trend test: p<0.001). This trend was present with a
varying degree of significance in all age groups except the

youngest.

Persons entering the church before the age of 19 are often
brought up in a Seventh-Day Adventist home. The association
of duration of membership and SMR is therefore analyzed only
for those entering the church at age 19 or above (Table 5).
In men there was a significant downward trend in SMR with
increasing duration of membership (p<0.05). The SMR showed
a slight excess in mortality in the first 14 years of
membership turning to a 20% deficit after 20 years of

membership. No such trend was present in women.

Table 6 shows life expectancy from age 20 for Seventh-Day
Adventists compared to the general Norwegian population. An
increased life expectancy of 3.1 years in men (p<0.001) and
0.7 years in women (p>0.05) was observed when all church
members were included in the analysis. Restricting the
analysis to persons entering before 19 years of age gives a
substantially higher life expectancy increase. Men increased
their life expectancy by 5.2 years (p<0.001) and women by

5.7 years (p<0.001).



Cause-specific mortality

Seventh-Day Adventist men below the age of 75 had a total
mortality significantly lower than the general population
(SMR: 72, 95% CI: 64-80, p<0.001) (Table 7). Both cancer
(SMR: 78, 95% CI: 61-99, p<0.05), cardiovascular disease
(SMR: 65, 95% CI: 55-77, p<0.001) and respiratory disease
(SMR: 30, 95% CI: 11-65, p<0.001) mortality was
significantly lower. Gastrointestinal disease mortality was
low (SMR: 51, 95% CI: 16-119, NS), but as for the other
infrequent causes of death the wide confidence interval
includes both a possible substantial mortality deficit and
an excess. For those aged 75 years and above no significant

differences in mortality were found for any site.

In women the 95% confidence interval for SMR before the age
of 75 indicates a possible 14% deficit in mortality (Table
8), but allows also for a three percent excess mortality in
Seventh-Day Adventist women (SMR: 94, 95% CI: 86-103, NS5).
The only site that has an SMR significantly different from
100 is gastrointestinal disease (SMR: 42, 95% CI: 15-91,

p<0.02).

When examining specific cardiovascular disease sites, table
9 shows that coronary heart disease and sudden death are the
sites responsible for the low cardiovascular mortality in

men below 75 years of age (SMR=55, 95% CI: 43-69, p<0.001).



Cerebrovascular and other cardiovascular mortality were only
slightly lower than expected. In older men no significant
differences were found between Seventh-Day Adventists and
the general population. No SMR for any cardiovascular site

is significantly different from 100 in women.

Table 10 shows SMR for cardiovascular diseases, cancer and
other causes by age at entry into the church. For both
cancer and cardiovascular mortality the SMR showed an
increasing trend with age at entry into the church. When
entering the church before 19 years of age, cardiovascular
mortality is reduced by 57% (p<0.001) in men and 49%
(p<0.01) in women (Test for trend: Men: p<0.01, Women
p<0.001). For cancer the contrasts were smaller (Test for
trend: Men: p<0.05, Women p<0.01) and no difference was seen
between the two lowest entry age groups. For other causes,
women entering the church before 19 had a lower SMR than

women entering later (p<0.05).

Table 11 shows that the person-year contribution of leavers
after leaving the church increases the number of expected
deaths by 112. The number of observed deaths, however
increases by 228 indicating an SMR of over 200 for this
group after leaving the church. Starting follow-up one or
ten years after entry into the church seems to have no

effect on the total SMR estimate.



DISCUSSION

The presented SMR of 86 in men and 98 in women indicate a
smaller difference between Seventh-Day Adventists and the
general population than seen in previously published
mortality studies in Seventh-Day Adventists [1-3,5,7]. A
substantial lower mortality is, however, seen in members

entering the church before 19 years of age.

Bias and analytical considerations

The church rosters have no information on the life-style of
the individual member. Basing the analyses on roster
information has ensured an almost complete follow-up of all
registered members, but leaves uncertainty with regard to
compliance with church-advocated life-style. A previously
published study by the author [12] shows that religiously
active Seventh-Day Adventists follow the recommended life-
style, whereas the thirty percent classified as religiously
inactive had a life-style similar to non-Seventh-Day
Adventists. The inclusion in this study of these non-
complying Seventh-Day Adventists could give a biased
estimate of the possible health effect of the recommended
Seventh-Day Adventist way of 1life. Inclusion of all
registered members, however, excludes healthy volunteer bias

which has been shown to be substantial in the Californian

10



Adventist Health Study [13]. When no suitable "volunteer"
reference group is available, a comparison between a
"volunteer" Seventh-Day Adventist group and an unselected
general population could be misleading. After joining the
church, persons in the present study had no further
influence on the decision to be included in the study or
not. They thus represent an unselected population of
Seventh-Day Adventists including some members who no longer
follow the recommended life-style, and are in this study

compared with the unselected general population.

The present study includes both persons who are members at
start of follow-up and those entering the church in the
follow-up period, thus avoiding a possible length bias. This
bias can arise by only recruiting persons who are members at
start of follow-up thereby including a disproportionate
number of long-time members. One reason for short membership
is death and a prospective study will run the risk of being

slightly biased if only long-time members are included.

Based on the bias considerations discussed above one would
expect this study to give the most conservative estimate of
SMR in a Seventh-Day Adventist population compared to the
general population. The results seem to confirm this

assumption.

Total mortality in the present study seems to contrast with

the previously published Norwegian study on mortality in

11



Seventh-Day Adventists [7] showing an all-cause SMR of 72
in men and 84 in women. More noteworthy is this discrepancy
when the two studies actually are based on many of the same
persons. Persons who in the population census of 1960
reported that they belonged to the Seventh-Day Adventist
Church were included and followed from January 1, 1961
through 1977 in the previous study. This method could
probably include disproportionally many long-time members
and also select members with the closest adherence to the
Seventh-Day Adventist life-style. When these two important
differences in study design are considered a discrepancy of

14 in SMR for both sexes could be explained.

It is important to have in mind that comparing SMR's can be
misleading if the distribution of person-years by age is
very different in the compared groups. Persons entering the
church at an early age contribute mostly "young" person-
years compared to persons entering at a later age. The
analysis of the data using directly standardized rates gave,
however, similar results as with the indirect method of

standardization (SMR).

Cancer

Cancer mortality in Seventh-Day Adventists was significantly
lower only in men under 75 years of age. This difference is,
however, considerably smaller than other cancer mortality

studies [2,3,5] in Seventh-Day Adventists have reported.

12



Although the SMR was significantly highest in the persons
entering the church at 35 years of age or above, no
significant difference was found between entering below 19

or between 19 and 34.

In Waaler's Norwegian study (7], the SMR for cancer in all
males was 69 and in all females 90. If restricted to ages
under 75, however, the male SMR in Waaler's study was 75
compared to 78 in the present study and the female SMR was
92 compared to 94 in the present study. These small
discrepancies are well within the limits of chance findings,
and indicate that the possible selection in Waaler's study

did not affect the results with regard to cancer mortality.

SMR's for cancer in the present study are well in accordance
with incidence figures in the same population [8]. Almost
identical figures for SIR and SMR are found in the two
studies. This indicates that prognosis given a cancer
disease does not differ between Seventh-Day Adventists and

the general population.

When discussing differences in cancer mortality one must
keep in mind that cancer mortality in the Norwegian
population is relatively low [14]. If Seventh-Day Adventist
cancer mortality is similar in different countries one would
expect a smaller difference between Seventh-Day Adventists

and the general population in Norway than in other Western

countries.

13



Cardiovascular disease

This study shows that when entering the church before 19
years of age, cardiovascular mortality is reduced by 57% in
men and 49% in women. The greatly reduced risk in women is
particularily noteworthy since women in the general
population already have a low risk. This finding has
previously only been reported for both sexes combined [15].
For all members of the church combined the findings in this
study of a low SMR in men and an SMR in women similar to the
general population seem to be well in accordance with

results from other Seventh-Day Adventist studies [1,3,5].

Other causes of death

In both sexes mortality from gastrointestinal diseases was
low before the age of 75, although statistically significant
only in women. The number of deaths is very low and caution
must be applied with regard to conclusive remarks. In men a
lower SMR for respiratory diseases other than lung cancer is

well compatible with the recommended abstinence from

smoking.

Mortality according to age of entry

14



The main result of the present study is a lower total SMR
and SMR for cardiovascular disease in both men and women
entering the church in early age. The large contribution of
person-years by elderly women entering the church at 35
years and above masks this important finding in the analysis

of total SMR in women.

Establishing a healthy life-style in childhood and early
teen-age seems to be of substantial importance for later
cardiovascular death risk. This finding is supported by the
CHD incidence study in Hawaiian Japanese [16]. The
investigators state that "exposure to Japanese culture
during childhood appears to protect against CHD in
adulthood". Similarities in Seventh-Day Adventist and
Japanese childhood life-styles should be sought for in that
they seem to result in similar adult mortality rates (Table
12). From a preventive perspective the findings in this
study strongly support the idea that the target point in the

postponement of cardiovascular death should be childhood.

Converting after the age of 35 seems, however, to be
associated with little benefit in mortality. Realizing that
life-style changes accompany church entry, this seems to
weaken the belief that life-style changes in middle-age are
decisive in the prevention of premature death. Several
intervention studies concentrating on life-style changes in

middle age [17-21] have also failed to show any benefit in

15



total mortality for the intervention groups. The
interpretation of the results have often been to blame
“contamination" in the control groups [18]. Contamination of
the general population with Seventh-Day Adventist beliefs
and life-style is not likely in a degree to explain the
results in the present study. One could, however, still
argue that persons converting in adult age are a high-risk
group before entry and "come down" to the general population
mortality level. Table 5 showed a weak trend only in male
SMR by duration of membership and table 11 shows that
analysis of the data with a one- or ten-year delay in start
of follow-up results in a negligible alteration in the SMR
estimate. This does not support the theory of "high-risk
person" recruitment of adult members, again underlining the

need for the early establishment of a healthy life-style.

Other factors®' influence on mortality

Could there be other characteristics of Norwegian Seventh-
Day Adventists' way of life than diet and alcohol and
tobacco abstinence that could possibly explain the low
mortality? Whether Seventh-Day Adventists are a genetically
self-selected low-mortality group has previously been
discussed by Phillips [22]. It is difficult to clarify this
issue, but the present study showing a death risk in middle-
age converters similar to the general population suggests

that the church does not recruit low-risk persons. Waaler

16



(7} looked at census information with regard to educational
background and geographical distribution of the church
members. He found that the older Seventh-Day Adventist
generation (contributing most of the deaths) had a lower
than national average educational level and lived in high-

risk areas of the country.

In the last decade an increased interest in psychosocial
factors' influence on risk of cancer and coronary heart
disease has been seen. The active practice of religion has
been proposed as protective for the development of cancer
and coronary heart disease [23]. The findings have, however,
been conflicting with methodological difficulties in the
control of possible confounding factors. If any beneficial
effect of religion as such is present in this study, this
would further weaken the possible beneficial effect of other
aspects of the life-style. If on the other hand religion
should have a deleterious influence on death risk, possible

beneficial effects of life-style would be masked.

CONCLUSION

Seventh-Day Adventists in Norway entering the church before
the age of 19 experienced a 50% reduced mortality in the
time period 1962-1986 compared to the general population.

The Seventh-Day Adventist life-style when adopted in early

17



age seems to be of particular importance with regard to
cardiovascular disease. For cancer the effect seems to be
smaller. A change in life-style in a Seventh-Day Adventist
direction after the age of 35 has in this study been shown
to be associated with no lower death risk than that

experienced by the general population.
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Bidrag til belysning av medisinske og sosiale forhold i
Finnmark fylke, med s@rlig vekt pd forholdene blant
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Av Anders Forsdahl, 1976. (nytt opplag 1990)

Sunnhetstilstanden, hygieniske og sosiale forhold i Ser-
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beretningene.

Av Anders Forsdahl, 1977.

Hjerte-karundersekelsen i Finnmark - et eksempel pa en
populasjonsunderseokelse rettet mot cardiovasculere
sykdommer. Beskrivelse og analyse av
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Av Jan-Ivar Kvamme og Trond Haider, 1979.

The Tromse Heart Study: Population studies of coronary
risk factors with special emphasis on high density
lipoprotein and the family occurrence of myocardial
infarction.

Av Olav Helge Forde og Dag Steinar Thelle, 1979.

Reformer i distriktshelsetjenesten III: Hypertensjon i
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Av Jan-Ivar Kvamme, 1980.
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Blodtrykksovervakning og blodtrykksmaling.
Av Jan-Ivar Kvamme, Bernt Nesje og Anders Forsdahl, 1983.

Merkesteiner i norsk medisin reist av allmennpraktikere -
og enkelte utdrag av medisinalberetninger av
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Av Anders Forsdahl, 1984.

"Balsfjordsystemet." EDB-basert journal, arkiv og
statistikksystem for primerhelsetjenesten.
Av Toralf Hasvold, 1984.

Tvunget psykisk helsevern i Norge. Rettsikkerheten ved
slikt helsevern med serlig vurdering av
kontrollkommisjonsordningen.

Av Georg Heyer, 1986.

The use of self-administered questionnaires about food
habits. Relationships with risk factors for coronary
heart disease and associations between coffee drinking
and mortality and cancer incidence.

Av Bjarne Koster Jacobsen, 1988.

Helse og ulikhet. Vi trenger et handlingsprogram for
Finnmark.

Av Anders Forsdahl, Atle Svendal, Aslak Syse og
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Health education and self-care in dentistry - surveys and
interventions.
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Av Harald Siem og Arild Johansen, 1989.
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Diagnosis of cancer in general practice. A study of delay
problems and warning signals of cancer, with implications
for public cancer information and for cancer diagnostic
strategies in general practice.

Av Knut Holtedahl, 1991.

The Tromse Survey. The family intervention study.
Feasibility of using a family approach to intervention on
coronary heart disease. The effect of lifestyle
intervention of coronary risk factors.

Av Synneve Fennebe Knutsen, 1991.

Helhetsforstaelse og kommunikasjon. Filosofi for
klinikere.
Av Age Wifstad, 1991.

Factors affecting self-evaluated general health status -
and the use of professional health care services.
Av Knut Fylkesnes, 1991.

Serum gamma-glutamyltransferase: Population determinants
and diagnostic characteristics in relation to
intervention on risk drinkers.

Av 0dd Nilssen, 1992.



