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TNTRODICTION

Nutritional habits are among the factors affecting the risk for
several chronic discrders, of which coronary heart disease (CHD) and
cancer are the most important in terms of number of deaths in the
industrialized countries {1-4). Much of the present knowledge about
the relationships between food habits and risk factors for disease
stems from metabolic studies with strict control of diet and other
variables. Due to technical and economical constraints, however,
metabolic studies can only be conducted in relatively small groups of
persons which makes it impossible to show relationships between diet
and incidence of disease, An example is the relationship between the
ratio hetween the intake of polyunsaturated and saturated fats
(P/S-ratic) of the diet and total serum cholesterol. This association
was Firet demonstrated in 1957 (5-7), whereas a direct relationshin
hetween the intake of saturated and polyunsaturated fats in individ-
wals and risk for OB was first convincingly deronstrated in a
prospective study published in 1981 (£), more than 20 years after the

first report by Keys et al. (B).

This illustrates ocne of the reasons for investigating food habits in
large samples of the population, namely to demonstrate relationships
between food habits and incidence or prevalence of disease. Other
chjectives may be to study associations between food habits and knovm
risk factors of disease, or to obtain information about food habits
in population in order to wonitor changes as part of nutritional

political measures.



Studies of the relationships between food habits and established or
suspected risk factors of disease or disease incidence may support a
hypothesis suggested by metabolic or animal studies, One of the first
papers showing strong evidence for the cancer preventing properties
of vitamin A in man (9) was the study by Bjelke in 1975 which demon-
strated an inverse association between the intake of vitamin A
{operationalized as an irdex mainly based on frequency of intake of
beta-carotene containing food items) and the risk of lung cancer

{10).

Epidemiological studies of asscciations betwsen food habite and risk
factors or disease occurrence may also raveal relationships which are
not expected from current kowledge. An example is the positive
association between coffee drinking and total serum cholestercl
chserved in some studies (11,12). Such uwnexpected obhservations my

stimalate the search for mechanisms {13).

The relationship between food habits and health,

It may often be difficult to establish a direct relationship between
food hahits and the risk factors for disease {(14-16), and, even more
s0, with disease occurrence. Most non-commumnicable chronic diseases
are multifactorial and the relative risk estimate for exposure to one
of the risk factors may be low with wide confidence intervals.
Partly, these wide confidence intervals may e due to imrecise

measurements both of the dependent and the explanatory variables.
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When diagnostic categeories are the endpoints, inaccurate death
certificates may represent a source of error (17), particularly if
the recorded cause of death is not based on autopsy or clinical
evidence supporting the diagnesis (18). For instance, in analyses of
risk factors for cancer, the relative risk estimates may for some
cancer sites depend on whether the analyses are restricted to
histologically confirmed cases {19). The determination of biclogical
variables, like the serun lipids, may also be associated with error,
e.q., there are intra-individuval differences in serum cholestercl

measured within hours during the same day (20}).

However, in analyses of relationships between food habits and disease
ccourrence or risk factors for disease, the major problem is usually
to describe the food habits of the individuals with sufficient
accuracy. This problem contains two questions: The first is related
to the present: How stable is each individual in the ranking of the
individuals for some food habit? {i.e: intra- vs. interindividual
variability}. The secord cuestion points into the future and the

past: How stable are the long-time dietary habits?

Both questions are important when evalvating relationships between
food habits and disease occurrence. When concerned with chronic
diseases, information about the current food habits is of little
value if they do not reflect the long-time habits. The second
cquestion may be less important when relationships with biclogical
variables are the foous of the study as both the dependent and the

independent variables are measured at the same time.



9

The question of intra- ve. interindividual variation for food habits
examined by self-administered questiomaires has been elaborated in
the general discussion. Several studies show that information on food
habits in adults at two occasions separated by yvears is statistically
significantly correlated (21-23). It is, however, obvious that the
probability of important changes in the habits increases with the
length of follow-up, & problem which may be particularly important
for food items (e.g. coffee drinking or egg consumption} influenced

by syiptons or disease (VII),

Dietary survey methods,

The different dietary survey methods have been reviewed by other
authors (24-27), and the purpose of the following brief synopsis is

anly to give a short introducticn,

Dietary survey methods may be divided into three types: Chemical

analysis of food samples, methods vhere the mubrient intake is calcu-
lated from food composition tables, and methods whers only the intake
of food items is recorded. When the nutrient intake is computed from

tables, it is also possible to report the inteke of food items.

Chemical analyses of the food can be perfommed from a duplicate
portion or an aliquot of the food eaten (e.g. 10 per cent). It is
also possible to use the equivalent composition method which consists
of twe parts. The weight of everything consumed during a pericd is
recorded. Afterwards, a sample of raw foods, equal to the mean daily

amount. of food, is brought to chemical. analysis. The main advantage
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of the methods which include chemical analyses is that they make it
possible to obtain informations about intake of nutrients without the
use of food composition tables. This is particularly relevant for

some trace elaements.

The other survey methods (which are independent of chemical analyses)
are recowd methods, interview methods and short-cut o rwoxds,. The
record methods implies the study subjects weigh and record the food
consued during a time period, or that everything caten is recorded
in household measures. The most common interview methods are the
Z24-hour recall and the dietary histoary. In the former, each subject
is asked to recall everything consumed the last 24 hours, but the
recall pericd may alse be extended to several days or even wecks. In
a dietary history interview, the subject is asked to report the usual

diet.

The short-cut methods are dletary survey methods which intend to
chtain information about the food habits with less time and efforts
than the other methods, usually by asking the subiects about the
frequency of consunption of the food itams. Such information can be

gathered by an interview or by & self-administered questionnaire.

Data about dietary habits can be obtained at four diff=rent levels:
A} Mean consunption of a group, B) mean consumption s listribution
of consumption in a group, C) the relative magnitude .- the consump-
tion of an individual (often summarized as rank order), D) the
absolute magnitude of the consumption of an individuwal (27}, o

epidemiological studies evaluating relationships hetween dietary
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habits and risk factors for disease or incidence of disease at the
individual level, the objective will often be to assess the assoc-
iation between the level of consumption of a certain food item
{usually categorized in relatively few groups) and a risk factor,
@.g. higher serum cholestercl, or the incidence of CHD. This implies

information at level C or D.

One method of obtaining infoumation about the food habits is to take
repeated 24-hour recalls. Balogh et al. (28) found that the correlat-
ion coefficient between information about the uswal intake and the
average of eight or more 24-hour recalls ranged between 0.56 for
starch to 0.83 for cleic acid. The number of 24-hr. recalls required
for a 95 & probability that the sample average was within + 20 % of
the true individual mean for 90 ¢ of the population ranged from 9 for
energy intake to 45 for cholestercl intake. Also other methods, Like
dietary history interview and different fowms of recordin matthoods

can be used to rank the intake of the individuals (24,26).

Dietary surveys in large samples.

The 24-hour recall interview has been used to assess the dietasy
habits of thousands of sulyjects in nmurerous studies, Some examples
are the US Health and Nutrition Dxamination Surveys (HANES T & JARNS
II) (29-33), the Jerusalem Lipid Research Clinic Study (34,35}, in
Japan, Hawaii and California (36,37), the Puerto Rico Heart Health
Program {38) and in Rancho Bernarde, California (39%). However, in hig

sawples, financial constraints will usually make it impossible Lo use



12
dietary survey methods which involve an interview of the individual,
vhich therefore leaves us with the self-administered questionnaire.
Self-administered questionnaires about food habits have been used in
several studies, both in Norway {10,11,19,40-46) and in other

countries (e.g., 47-54},

There are three main studies on food habits using self-administered
questionnaires in Norway. In 1967, Bjelke (55) sent a questionnaire
on dietary habits to the surviving respondents of a cohort who in
1964 had filled in a questicnnaire concerning smoking and cardio-
respiratory symptoms. This was partly a random sample of Norwegian
males, partly brothers of migrants to the United States. During
1967-69, spouses and siblings of individuals interviewed in a
cagse~control study of gastro-intestinal cancer completed a similar
questionnaire. In this way, he cbtained information about food habits
in 16 713 irdividuals. They have been followed up with special
emphasis on cancer incidence. One of the very important findings of
this study is the protecting effect of vitamin A on lung cancer risk
(10}. The last part of this thesis {Paper VIL} is hased on this

material.

As a part of the second Tromsg Heart Study in 1979-80, a question—
naire was handed out to the 16 621 subjects who attended the screen-
ing. 14 667 returned the questionnaire, The questiomaire and
response rate are described in detail below (Paper I,IL), and some
results from the survey are presented in Paper ITI-VI. Most of the
questions concerning food habits were formulated by the Section for

Dietary Research, University of Oslo and similar questicons have been
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used in the cardiovascular county studies. The most well known
finding from the second Tromse Heart Study is the positive relation~

ship between coffee drinking and serum cholesterol (11).

The largest material on food habits in Norway is by far the dietary
part of the cardiovascular county studies under the auspices of
National Health Screening Service and the Section for Dietary
Research, University of Oslo. Information about dietary habits have
been collected for about 50 000 Norwegian adults (56}, many of them
have given information more than once. Results from these studies
have mainly been published in reports from the Section for Dietary

Research, University of Oslo (41-46).

The aims of this study.

The aims of the papers presented in this thesis are to denonstrate
how information about food habits from a self-administered question-
naire can be used in epidemiclogical studies. The first fouwr papers
compare responders and non-responders o a self-administered
questionnaire, assess the concordance between infonmation from the
questiommaire and a dietary history interview and relate the food
habits to blood lipids and body mass index. In the next two papers,
food-, smoking~ and physical activity habits are related to coffee
consumption and to length of education, respectively. In the last
part of the thesis, infonmation about coffee drinking obtained from a
self-adninistered questionnaire is related to cause-specific mortal-

ity and cancer incidence in a prospective study.



14

SUMMARY AND MAIN CONCLUSIONS OF THE PAPERS

The present work is based on two population surveys. The first six
articles ave using information collected in the second Tromse Heart
Study (1979-80}, whereas the last paper is hased on the prospective

study started in 1967 by professor Erik Bjelke.

The papers deal with five topics:

1. Who respond te self-administered questionnnaires and how well does
information about dietary habits obtained from such questiomnaires
correspond with information chtained from a dietary history survey?

(Papers I, II}.

2. Relationships between food habits stated in a self-administered
questionnaire and bleod lipids and the body mass index. {Papers TII

and IV).

3. Relationships between information about coffes intake given in the
guesticnnaire and some food habits related to risk of coronary heart

disease. {Paper V).

4. hssociations between length of education and blood lipids and
blcod pressure and the extent to which these can be explained by life
style (including food habibs} stated in the self-administered

questionmaire (Paper VI).
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5. Associations between information about coffee drinking given in a
self-administered guestionnaire and cancer incidence as well as
mortality from major causes of death in a 11 1/2 years follow-up of

more than 16 000 subjects (Paper ViLl).

1. Who respond to seli-administered guestionmnaires and how well doss

information about dietary habits obtained from such questionnairpes

correspond with information cbtained from a dietary history survey?

The first paper evaluates whether the 14 667 men and women who
returned the gquestionnaire used in the second Tromse Heart Study
(1979-80) differed from the 1954 subjects who did not return the
questiomnaire. These two groups of subjects were similar with regard
to age, blood lipids and bleod pressuve, but the proporbions of
individuals who were single and smokers were higher in the non-

responders.

In paper IT, ansvers to questions aboub dietary habits given in the
questionnaire were compared with corresponding information given in a
dietary history interview one te two years later in a group of 528
men. These men were 30-54 years old at screening and assume! to b at
high risk for coronary heart disease because of high total serum
cholesterol and/or low proportion of the total serum cholestersl in
the high density lipoprotein fraction. (In this paper, it is erron-
eously stated that 14 667 subjects wers examined in the second Tromses
Heart Study. As evident from the context, this is the number of
subjects who retwrmed the questiomaire}. High concordance was found

metween the two methods for questions concermning types of foods most
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comonly used. For most food items, the mean intake according to the
dietary history corresponded well with intake reported in the quest-
iomaire, For food items used every day in easily recorded units
(slices of hread, cups of ooffee, glasses of milk), the concordance
at the individual level was better than for food items used less

freguently.

2. Relationships between food habits stated in a self-administered

questionnaire and blood lipids and body mass index.

Associations between food habits and total serum cholestercel, high
density lipoprotein cholesterol (HDL-cholesterol) and serum txi-
glycerides were examinad. High body mass index was associated with
high serum cholestercl, high triglycerides and low HDL-cholesterol.
Positive associations were cbserved between high serum cholesterol
and high cofifee consumption, use of hutter or hard margarine and low
bread consumption. In women, negative associations were alsc noted
for selecting low-fat milk and frequency of use of fruits and
vegetables. The HD-cholesterol level was 0.03-0.04 mol/l higher in
individuals who select butter or hard margarine as table fat than in
subjects who select soft margarine. Use of low-fat milk and frequent
use of fish dishes for dinner seemed to be related to low serum

triglyceride levels.

In the second paper (Paper IV) relationships between food habits and
body mass index {DBMT) (kg/mz) were explored in the same population as
describaed in paper IIT. High BMI was most strongly associated with

low bread consumption and use of low-fat milk. Weaker positive
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assoolations were seen for coffee, fish and ground meat consumption,
and with use of table fat with low P/S-ratic. Negative associations
were seen for use of fruits and vegetables and amount of table fat at
each slice of bread. Inconsistent relationships were noted for use of
alechol. The results suggest that individuals to some extent have
changed their food habits in order to keep the BMI within limits they
consider te be desirable, and underline the need for adjustment for
BMI when e.g. relationships between the diet and blood lipids are

studied.

3. Relationships between information about coffee intake given in the

guestiomaire and some food habits related to risk of coronary heart

disease,

This paper desoribes asscciations between coffee consumption and
smoking-, physical activity-, and food habits. Coffee drinking was
related to presumably atherogenic food habits {use of hutter or harg
margaring, not selecting low fat milk and infrequent use of fruits
and vegetables), swoking {75 % of subjects with high coffee consump-
tion smoked, in contrast to 20-25 ¢ of the subjects with low coffes
consumption) and, in women and young men, to low physical activity.
It is rather uncamon in this population to find a subjech who drinks
more than 8 cups of coffee par day and al the same time both is a
non-gmoker and have serum fotal cholesterol ¢ 5.2 mmol/l. The results
suggest. that high coffee consumption may be an indicator of a life

style with high risk for coronary heart disease,
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4, Associations between length of education and blocd lipids and

blood pressure, and the extent to which these can be explained by

life gtvle (including food habits) stated in the self-administered

questionnaire.

Subyjects with the longest education had lowest body mass index,
smoked less, were more physically active in leisure time and had food
habits assumed {0 ke less athercogenic (l.e. drink little coffee, use
soft margarine and low-fat milk and eat fruits and vegetables daily)
than individuals with low education. Mean total serum cholesterol and
gsysteolic blood pressure were negatively associated with educational
level. In women, a positive association was found for HDL-
cholestercl. Adjustment of these relationship for several life stvle
variables (including food habits) reduced the strength of the
associations, which, however, remained statistically significant for
total serum cholesterol and systolic bleod pressure in men and women.
After adjustments, a positive asscciation emerged for HDL-cholestercl

in men.

5. Associations between information about coffee drinking given in a

self-adninistered cquestionnaire and cancer incidence as well as

mortality in a 11 1/2 vears follow-up of more than 16 000 subryjects,

Paper VII describes associations in 13 664 men and 2891 women between
coffes drinking, total mortality, wortality from all mxjor causes of
death and cancer incidence. Mo statistically significant positive

associations were found between coffee consumption and disease. We
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found strong effects of disease on coffee drinking habits with a
seemingly negative asscciation between coffee consumption and
mortality in the first years of follow-up. A weak negative assoc-
iation was found hetween coffee consumption and total cancer inci-
dence after stratification for cigarette smoking, and we ohserved
negative associations hetween coffee drinking and risk of cancer of
the kidney, non-melancma skin cancer and colon cancer in subjects

< 65 years old at start of follow-up.
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GENERAL. DISCUSSION

The papers included in this thesis focus on how data about feod
habits and other life style variables collected by self-administered
questionnaires can be used in order o assess relationships between
life style, parbicularily food habits, and risk factors for disease
{Paper ITI & IV}, variables connected to life style, i.e. coffee
drinking and years of education (Paper V & VI}, and disease

occurrence {Paper VIL}.

The first two papers are mainly methodclogical. Paper I discusses
briefly in what way attenders and non-attenders to a screening for
cardiovascular risk factors (the second Tromss Heart Study) differ,
and in sane detail whether responders and non-responders to the
questiommaire used in the second Tromsg Heart Study have the same
age-, sex-, and marital status distribution and the same level of
risk factors for CHD. The results described in Paper I are likely to
be applicable alsc for the cardiovascular county studies as the way
of administrating the questionnaire, i.e. giving it to the subjects
who attend a screening, was the same in the Tromsg Heart Study and

the county studies.

In the second paper, we have compared information from the guestion-
naire with data from a dietary history survey. As there were up to
two years between the two surveys, the results reflect the
combination of the short-term (1-2 years) stability of food habits
and the concordance between information from the two types of dietary

surveys. From a methodological point of view, it would have been
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desirable to separate the subject of short-term stability from that
of concordance between the two dietary survey methods. However, this
weakness in the design of the study does most probably result in a
underestimation of the real correspondance between these two survey

methods.

Paper ITI describes relationships between food habits and blood
lipids. The associations are adjusted for age, physical activity, the
nurber of cigarettes per day and the body mass index (BMI) (kg/m2).
BMI is, of course, closely associated with the food habits, and it
may be debatable whether it is correct to adjust for the body mass
index when assessing relationships between food habits and blood
lipids, However, the associations between food habits and BMI are
cawplex. As discussed in Paper IV, people do not only gain weight
because they eat too much, they may elso select particular food
habits because they want to reduce the weight. Therefore, we have
recomended to adjust relationships between food habits and blood

lipids as well as morbidity for the BMI,

One of the main findings presented in Paper IIT was the confirmation
of the association between total serum cholesterol and coffee
drinking previously described in the Tromse population (31}, even
when adjusted for other food habits recorded in this study. In Paper
v, a positive relationship was found between coffee drinking and the
BMI. The former associaticn has been highly publicized and several
reports have discussed the relationship between coffee and serum
cholesterol (12). Thus, in Paper V, we discussed the correlations

between coffee drinking and other habits and concluded that coffee
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drinking may be one indicator of a life style asscciated with

increased risk of contracting CHD.

It should be emphasized that although we propose that coffee drinking
may be regarded as one possible indicator of a life style with high
risk for CHD, this does not imply that other variables can not be

equally successful as marker of a high risk,

Another marker of high risk for CHD is short education. It is of
considerable interest to evaluate whether this higher risk is due to
amendable habits in the subjects with short education, given that
these subjects have other habits than the individuals with the
longest education. This was the topic for the sixth paper included
in this thesis. Using the information about the habits (including
food habits) from the self-administered questionnaire, it was
possible to demonstrate that approximately 50 % of the difference in
serum cholesterol between subjects with > 16 years of education
compared to irdividuals with < § years could be attributed to
cholestercl-elevating habits in the less educated. Taking into
consideration that most of the habits are measured with considerahle
random error and that information about several relevant habits is
lacking, the results imdicate that most of the difference in blood
lipids and blood pressure between subjects with short and long
education is due to different habits in these different segments of

the population.

Paper TIT-VI describe cross-sectional analyses svaluating the

relationships between habits stated in a self-adninistered question-
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naire and factors that may be associated with risk of CHD, Paper VII
demonstrates another aspect of the use of self-administered question-
naires, i.e. in a prospective study. In some of the previocus papers,
different associations between coffee drinking and risk factors for
CHD, life style and one marker of socio-econcmic status have heen
discussed. In the prospective study, coffee consumption is related to
cancer incidence and mortality from a number of diseases, including
CHD, in & 11 1/2 vears follow-up., Coffee drinking is, however, hut
one example of how information from self-administered questiomnaires

can he related to morbidity.

In this general discussion, I do not intend to elaborate the findings
of the different papers, but rather to concentrate on selected

aspects of the use of self-adninistered guestionnaires as a source of
information about food habits. The reason for this is that the leit-

motif of this thesis is the use of self-administered questionnaires.

Thus, in the following, T will first focus on whether responders o
postal questionnaires about food habits tend to differ from non-
responders, thereafter on the concordance between the information
from questionnaire and other dietary survey methods. A discussion of
the reproducibility of data from such guestiommaires constitutes the

last part of the general discussion.

The use of self-administered questionnaires requires an awareness of
the inherently implicated assumptions. Tt is assumed thab the
responders are willing and able to provide the desirved information,

that the questions are interpreted in the same way by the responder
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ard the researcher, and, thirdly, that the questions are answered
honestly. These assumptions can be summarized into one: That the
results are unbiased, which is one of the most important questions in

all epidaniclogical studies.

Bias can be defined as "Any process at any stage of inference which
terds to produce results or conclusions that differ systematically
from the truth" {57). It is in this context imporitant to examine
whether the subjects who £ill in the guestionnaire differ in import-
ant ways from those who do not (non-response bias), and to assess
whether we measure what we want to measure, i.e. rank the consumption

of the individuals sufficiently well.

Non-regponse bias

In the present context, non-response bias refers to misreprescentation

of the target population by the sample constituted by the responders.

Non-response bias may increase, decrease or not influence the
associations derived from screening surveys (57-61}. The strength of
the relationship between twe variables may be affected only if
response 1s related to both the independent (e.q., food habits) and
the dependent variable {e.g. blood lipids or risk of cancer). For
example, the possible inverse association between serum cholesterol
and use of vegetables may be biased if the subjects who provide
information are those with both low sexrum cholesterol and frequent
use of vegetables. However, if there is no difference hetween

subjects who participate and those who do not with respect to serum
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cholesterol or frequency of use of vegetables, the strenght of the

association will not be affected.

The most effective way to avoid non-response bias is to increase the
response rate. As self-administered questionnaires require less time
and efforts for each individual than any other dietary survey method,
it may be assumed that the response rate in questiomnaire surveys is
higher and therefore the risk of nop-response bias lower. However,
most people in Norway are willing to co-operate even in complicated
and cumbersome weighing surveys. Trygg managed, for example, to have
more than 80 $ of two groups of men (38 and 76 men, respectively) to
take part in the weighing surveys among forest workers in Hurdal and
men in the Oslo Study (62,63). However, information from relatively
few subyjects is obtained in this way, and the nain asset of a self-
administered questionnaire in this context may be the much larger

number of subjects which can ke included in the survey.

In the Norwegian counly surveys and the Tromse Heart Study, non-~
respanse bias way result hoth from the non-attenders to the screening
and from non-responders to the questionnaive about food habits. The
rate of attendance (not adijusting for legitimate reasons for absence)
in the county surveys has been high (80-90 %) {64), in the Tronss
Heart Study samewhal lower (74 & 77 %) {65,1}. The response rate to
the gquestiomnnaire in the county survevs {per cent of the atbenders
vho actually returned the questionpaire) was 85-9% % after one
reminder (56). This figure is comparable to the results from Tromss
(88 %) where there was no raminder {I}. Collumn 3 of table 1 displays

the proportion of invited subjects in five population surveys who
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Table 1., The mmber of subiects invited to the county surveys in
Finmmark-IT {1977/78), Oppland-I {1976/78), Oppland-II (1981/83) and
Sogn og Fijordane-IT {1980), Tromsz-IL (1979/80) and Tromse-ITX
(1986/87), the number of subjects who attended and gave information

about food habits (per cent of invited).

Invited Attended Gave information

about food habits

Finmmark-II 20 647 17 145 (85 %) 14 905 (72 %)
Oppland-I 31 620 28 399 (90 %) 26 897 {85 %)
Oppland-TI 31 581 28 437 {50 %) 26 372 {84 %)

Sogn og Fjordane-17 T 13 103 11 812 {80 %) 10 953 (84 %)
Tromse-1T 21 329 16 621 {77 %) 2 14 667 (68 %)

Tromse-IIT 28 8865 21 B39 (76 %} 20 029 (69 %)

1 1n 21 mmicipalities where the questionnaire about food habits
were handed ouk.

2 In several papers from the Tromss Heart Study, included Paper Iil-
VI, it is stated that 78 % (16 621 out of 21 329} attended the
screening. However, 112 subyjects were examined without being

invited and 77.4 % of those invited attended the screening.

Refs: 41,43,44,64,1 and personal comemnications.
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actually gave information about food habits. The percentages are
similar to, or somewhat lower than, the response rate (i.e. 84 %) to
the mail survey {without any screening, but with 1-2 reminders)
conducted by Bjelke in the 1960's (VII), The screening may constitute
an obstacle due to the collection of blood samples and other
measurements considered unpleasant by the participants. It is on the
other hand possible that sane people find it in their interest to
take part in a screening, thereby increasing the participation of the

worried well” (66).

Any response rate below 100 % is a cause for some concern. Still, the
response rate to the questionnaire used in the county studies and in
Tromse {85-95 %) may be considered adequate, particularly as the
responders do not differ much from the non-responders with regard to
age and risk factors for CfD except for smoking {I}. Therefore, the
major non-response bias associated with the Tromsz Heart Study and
the county studies mst be considered a result of the non-attendance

to the screening, and not the questionnaire.

In wimt way may non-response bias influence the results presented in
this thesis? We know that the subjects who did not atiend the
soreening tended to be young and single (I). Resed on other studies
of non-participants, there are reasons to believe that they had more
socio-psychological problems and usad more alcohol than those who
attended the screening. A small survey in non-atienders to the first
Tronse Heart Study in 1974 indicates that there were morae non-
attenders than expected anmong men with particularily high and low

socio-economic status. However, in general, the non-attenders tended
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to be cigarette smokers, have low physical activity and receive
social benefits (Thelle, personal commnication). Tt is therefore
likely that the non-attenders as a group have scme similarity with

subjects with low education with regard to e.g. hxdy mass index.

If the non-attenders differ from the atterding subjects with regard
to e.g. mean serum cholesterol and body mass index, and there are
differences between attenders and non-attenders with regard to the
independent variables, the strength of the association between these
may be influenced. Cften the observed regression ccefficients are
underestimated because of the non-attenders. This is usually con-
sidered a less sericus mistake than the opposite. However, it is
possible that some of the regression coefficients presented in this
thesis are overestimated because of non-attenders, For example, if
non-attenders tend to have high BMI and select whole fat milk, the
positive association between BMI and use of low fat milk chserved in

Paper IV may have been overestimated.

Who are the non-responders to postal questionnaires?

The question of non-response bias associated with the use of postal
questionnaires is not a new topic, and after some less encouraging

experiences, it was in 1946 concluded that "Mailed schedules or the
telephone may satisfy the less scrupulous but such methods should be

taboo" as a source of attitude data (cited by Clausen & Ford (67)).

In spite of this, postal questiormnaires have been used extensively

during the last 40 years. Response bias and other aspects of the use
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of postal questionnaires have been reviewed in several publications
(e.g. 68-70), and only selected aspects are included in this brief

SUNTNAYY .

There is nc clear evidence of a marked effect of sex and age on
response rate, some studies report higher response rate in young

people, and other studies the opposite (68,71-73).

Non-responders tend to have low socio-economic status and level of
education (68,71,74,75}. This has, however, not been found in all
studies (72) and way be less important in relatively egalitarian

societies like the Scandinavian countries,

A third important conclusion that may be drawm is that although
comuon sense might suggest that the response rate to a long question-
naire is lower than to a shorlt one, the effect of length of question-
naire is not obvious from the literature (68-71,76}. The response
rate to the 20 pages postal cuestionnaire used by Smith et al. was
73 % (73), and Shapiro et al. {54) reported that 74 % of the 4209
subjects inciuded in their study f£illed in and returned the 28 pages

self-administered questionnaire.

Smokers tend to be non-responders {77,1), but Oakes et al. found that
smokers with symptoms responded beltter than smokers who feel well
{78), This may influence relationships hetween smoking and diseases
related to smoking, and may also have implications for associations
where food habits associated with swoking are included as independent

variables.
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Finally, it is likely that the response rate depends upon the design
of the guestionnaire (69,70} and that the subjects find the questions
sengible and relevant for the stated purpose. Clausen and Ford (67)
actually observed an increase in response rate when additional
gquestions of general interest were added to an uninteresting

questionnaire.

The validity of a self-administered questionnaire about food habits

Asgessing non-response bias is one important part of evaluating the
validity of self-administered questiomaires. In the following,
however, the validity of self-administered guesticnnaires about food
habits is understood as the concordance with information from other,
presuringly more valid, sources of information. This comparison must,
of course, be accomplished in subjects who are willing to camplete

the questiomaire.

The validity of self-administered questiomnaires about food habits is
difficult to establish. One problem, which is comwon to all surveys
using self-administered questiomaires, is that one never knows
whether it is the person intended who actually answers the questions.
Soott (68} found that about 10 % of the gquestionnaires had been
passed on, most often to the spouse. In the compariscn of data from a
questionnaire and dietary history survey included in this thesis
(I}, the data from the questionnaire may have been given by e.q. the
wives, and not the men included in the study. Another problem which

makes it difficult to establish the validity is common for all
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dietary survey methods: It is difficult to assess the usual food

intake of a free living individual.

Bilock et al. (79) suggest that self-administered guestiomnaires
should be used not only to rank individuals by relative levels of
nutrient intake, but also Lo estimate absclute levels of nutrient
intake. However, the most relevant point for the discussion here is
whether the questionnaire ranks the individval intake sufficiently

well.

The attempt to record the food habits may itself influence the
habits, If the individual is asked to record cor weigh every food item
eaten during a day or a week, the compuled energy intake may be lower
than the true intake as food items which the subject considers to be
unhealthy may not he consumed or recorded, Ancther possibility is
that the energy intake is reduced because of the inconvenience of
measuring everything. It is therefore not swrprising that the dietary
history interview tends to give higher energy intake than survey
melhods which include recording or weighing of the food (26,80). This
result might also emerge if the dietary history method overestimates
the intake. Tt is likely that the change in diet because of the
survey is related to the extent the survey influences the daily life
of the study subjects. In this respect, the self-administered
questiommaire is the dietary survey method least susceplible to this

type of bias.

There is, however, no reason to believe that infommations about food

habits collected by self-administered questionnaires are devold of,
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conscious or subconscious, biased reporting of habits. A phencmencn
encountered in questiomnaire surveys is response styles or response
sets, which is defined as a reliable, systematic, nom-authentic
source of variance in responders answers to items comprising attitude
(81). Answers to questions about food habits may to some extent
reflect e.q. attitudes conceming health. One problem is lack of
motivation. If responders are not motivated, they may skip soms
questions, answer several questions the same way or give answers

which are difficult to interpret,

A second component of response sets is social desirability or the
tendency for responders to give the socially most acceptable answer.
The reason for this behavior may be need for approval and/or denial
(81). Somwe pecple may, in spite of the anonymity related to the
guestiomaire, find it wacceptable to report in the questionnaire
the true food habits if they think that they are far from what
nutritionists and physicians advocate. For food habits, however, this
problem may be less important for self-administered questionnaives
than for interview surveys. Callmer and Hedbery (82) found that the
food frequency gquestionnaire tends to give lower estimates of
frequency of intake than a dietary history interview, except for the
frequency of use of sweets and liquor. For these items, higher
intakes were indicated in the questicmnaire than in the interview.
The findings of the questionnaire survey may thevefore reflect the

true state of affairs.

Some individuals have a tendency to agree with positively worded

questionnaire items ("yeasayers'). This problem is perhaps of minor
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importance for information about food habits as these questions

" and "How often...', not: "Do

usvally are formulated: That type ...
you usually select.....". A problem of greater importance is that

same subdects tend to select extreme categories, or select the middie
response. The former phenomenon is well known in dietary research and

one example is given in table IT of Paper II.

Cne way to obtain information about the validity of self-administered
questionnaires is to compare the results with bloed samples or urine
excretion of e.g. niltrogen as an indicator for nitrogen intake (83)
and sodium as an indicator of salt intake (84). An exanple is the
association between sodium excretion and answers to some questions
about food habits in a self-administered questionnaire used in

Finland (85).

Correlations between information from guestionnaires and blood
samples have been evaluated in a study concerning intake of vitamins.
Willett et al. {86) found that the intake of carotene and vitamin E
estimated from the self-administered questiomnaire was positively
correlated to plasma carotenoid and alfa-tocophercl, respectively.
Intake of preformed vitamin A was not correlated with plasma retincl.
This was expected as it is known that plasma retinol is nol sensitive
o dietary retinol supplementation, whereas serum carotenoids and

alfa-tocopherol are (87,88},

Ixcept for cne study limited to salt added to the meals {89}, only
one study has, to my knowledge, tried to compare the intake of food

items stated in a questionnaire with the actuval consumption without
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the knowledge of the persons studied (90). In this study with 31
college students whe obtained most of their food in a cafeteria, the
authors conclude that the food fregquency method was successful for
estimating the intake of groups, but could not be used as a precise
tool to estimate the usual intake of each individual. The Pearson's
correlation coefficient between the observed frequency of intake and
that estimated fram the questionnaires for 169 foods was in 30 of 31
subjects > 0,47, and the degree of gross over- or underestimation
relatively low. The authors found that the method seems to work best
for food groups which are a major component of the diet, while fooc
groups used in small quantities were estimated with lower validity.
In general, there were indications of a higher intake stated in the
questionnaire than observed by the research team, but part of the
difference could be explained by food purchased cutside the dining

COMEnONS .

With regard to nutrients, several studies have compared the results
from self-administered food frequency questionnaires with dietary
survey methods considered to he more valid (interview and weighing
methods) {e.q. 47,91-88). The probably most comprehensive study has
been conducted by Willett et al. {98) as a part of a survey of

95 000 American nurses. They compared information from questionnaires
with four one-~week diet records with approximately three-months
intervals in 173 nurses, and found that the informabions from the
questionnaire and mean intake according to the diet records was
highly correlated. The degree of gross wisclassification was low, and
the authors conclude that the guestionnaire can usefully measurc

individual intake of a mumber of nutrients. May be a little
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enthusiastic, Russel-Briefel et al. (94) concluded from their study
of 82 adult men that compared to the 24-hour recall or food records,
the questionnaire is the preferable method for estimation of vitamin
A intake of individuals. The importance of information about the use
of supplements when assessing intake of vitamin A and C is evident
from three recent studies which have evaluated this sublect (47,94,

38},

A sumary of studies on the concordance hetween information from a
self-administered questionnaire and other dietary research methods

concerning intake of food items is given in table 2.

Table 2. Studies which have evaluated the concordance of information
from self-administered cuestionnaires and other dletary survey

methods concerning intake of food items,

ruthors Year of Munber of Reforencs:
study subjects methexd
Solvoll (45) 19872 1609 24~y recall
Karinpii & Seppinen {99) 1983 % 24-hr. reeall
Callmer & Hedberg (82) 1983 58 Dietary history
Jacchsen et al. (IX) 1987 528 Mietary history

Bjelke (55) 1973 122 Interview
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Arab-Kohlmaier has in a yet unpublished report compared data from
7-day dietary records and food frequency in a German study. Her
resuits are disturbing and call for some caution. For many food
items, she found gross misclassification of the intake by the focd
frequency questionnaire, e.g. 15 % of the subjects in her study was
grossly misclassified with regard to milk consumption. She is
therefore rather sceptical about the use of food frequency question-
naires. However, for scme food items, the concordance was good, and
less than three percent of the responders were grossly misclassified
with regard to coffee consumption (Arab-Kohlmaier, perscnal

comounication).

Kari Solvoll's comparison of information about food habits from a
self-administered questionnaire in 1609 men and wamen with
information from a 24-hour recall (45} is to my knowledge the largest
study conducted to evaluate this topic. She used a 24-hour rvecall as
the "gold standard”. This may have some drawbacks as the guestions
describing frequency of consumption of food not used daily are not
directly comparable. The main finding of this study was the high
concordance for gquestions about types of foods most commonly used.
The concordance for questions about the amount of food items used

daily {bread, milk, cocffee, tea) was also good.

Karinp¥ and Seppinen (99) compared a self-administered 24-hour
recall with an interview in 75 men and women. They used the same
guestionnaire and conducted the interview 1/2-2 hours after the

subjects had filled in the guestiomnaire, and found that for most
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food items the mean intake according to interview and self-
administerad questionnaire was similar or identical. However, the
questionnaire gave higher frequencies for food items eaten at neals
(cheese, white bread, fish, mrocessed meat and fish products, peas
and beans, vegetables and fruits and berries), whereas the cpposite
was truoe for food items associated with snacks {coffee, cakes and
uns). The kappa-coefficients (indicating the extent te which the
chserved aggreement between the interview and self-administercd
questionnaire is in excess of the agreement expected by chance (100})
were in general high, particularly for frequently used food items, an
interesting exception being coffes consumption. The low concordance
for information about coffee drinking is in contwast to the Norwegian

observations (45,T1).

Callmer and Hedberg (82} compared information fram a food freguency
questionnaire in 58 subjects with data from a dietary history
interview. The concordance was baest for questions concerning types of
food and serving size, but even for questions about frequency of use
of food items, more than 70 % of the respondents gave identical
answers to two thirds of the questions. There was a tendency toward a
lower intake stated in the guestionmmaire. The opposite was true for

consumption of sweets and liquor.

Paper 10 gives the results frow cur own study. We compared
information from a questionnaire with a dietary history interview in
528 men conducted 1-2 years later. The aim of the digtary history
intexrview wag to describe the usuval diet of the individual. However,

as the dietary history interview methodolegy is not standardized and
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ustally is modifications of the method described by Burk in 1947
{101}, the dietary history interview will be described here in some
more detail than it was possible to do in Paper II. The dietary
history interview was performed by a dietician and supervised by Dr.

Symngve ', Knutsen.

The dietary history interview was done by three dieticians. In order
to reduce the observer bias, previous to the collection of the
dietary histories, standardization of the three dieticians was done
using food models, weighing foods of different sizes and coming to
agreement on standard weights for the most common foods when measwred
in conventional household mnits {teaspoons, tablespoons, cups etc).
Food models were developed for both different dinner entrees,
vegetables and different sizes of cakes and agreement on the weight
of the different models was achieved. The men who were interviewed
were asked to cub one slice of bread and then spread it with the
usval amount of fat. The slice was weighed before and after putling
on fat, thus achieving correct weight of hoth the slice of bread and
the anount of spreadfat. For beverages, the man was asked to show his
usual glass and coffee cup size and how much he filled. Thus, the
dietician was able to estimalte the amount. Real plates vere used Lo
put the food models on when interviewing the men. For soups, stews,
porridge etc., the plate was filled with puffed rice to the extent
the man indicated filling his bowl with the soup ete. The amount was
then estimated according to preset standardization criteria for the

different kinds of foods.

The interview was done using a standard questionnaire where the
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most commonly ingested foods had already been put down, but where
the dietician filled in the frequency of intake and the amount
eaten each time. The recording of several foods was done as
miltiplicatives of already standard sizes such as potatoes of 70
grams, cheese slices of 15 grams, cekes of 10 grams etc, This does,
however, not indicate that the dietician put down 15 gram of
cheese on each slice of bread when the man said he used cheese on
Iread; the man was asked how much cheese he used on his hread
and the amount was then registered as a multiplicative of a
standard slice of cheese. The same procedure was used for all
food items where standard sizes had been estimated as for example
for the food models. The questionnaire used in the interviewr is

available on regquest.

In the interview, the man was first asked about the hbread meals,
which in this population are more or less the same each day. ©he
Gietician would ask uestions of the following type: "How many
slices of bread do vou usually eat for breakfast?" Then the type
of bread, type and amount of spreadfat, jam, cheese and othor types
of spreads was vecorded. Milk, coffee and other additionnl foods
usually ingested for breakfast were also recorded. Mext the dietician
did the same with the lunch and/or evening meal. Thercafter, the
dinners were investigated in the same way, including desserts and
baverages. Using food models, the men were asked to show the
dietician how much potatoes, meat ete. he nommally ate for dinmer,
Thereafter, the dietician noted the amounts. The methed of
preparation (beked, fried, bolled) was recorded and additions of

extra sugar, cream ov fat during preparation or serving was noted.
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After the regular meals had been investigated, the dietician regist-
ered snacks, coffee-brake intakes, hetween-meal drirks and special
week-end deviations from the usual. Also special seasonal foods were
registered, as well as dietary supplements such as cod-liver oil. The
alcohel intake was recorded as weekly intake. Before finishing the
interview, the dietician made sure there were not recorded more
dinners than 30 per month and not more types of bread spreads than

the number of slices of bread recorded for each day.

For the present purpose, i.e. te compare the information from
questionnaire and dietary interview concerning the daily consumption
of some food items {e.q. slices of bread) and the frequency of use of
some food groups, only parts of the dietary history survey are
important, For example, whether the portion size is recorded

precisely or not does not matter.

The results presented in Paper IT are similar to those found in the
study of Solvoll (45). We chserved that high consumption stated in
the guestionnaire tended to be lower in the interview, and wvice versa
for low consumption stated in the questionnaire. This was
particularly evident for food items used less often than every day.
This phenomenon has also been cbserved in other studies (o.g. 45,
102}, If we assume that the dietary history interview gives the
correct information, the use of self-administered questionnaires may
reduce the strength of any real associations between these food items

and other variables.
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Bjelke (55) compared information fram the postal self-administered
questionnaire with interview in 122 subjects. After recoding the
results from the interview into the consunption categories in the
questionnaire, he found correlation coefficients between 0.21 and
0.72. The highest correlation coefficients (r > 0.60) were in general
found for food items where the answer altematives were “per day"
{cups of coffee and tea, nunber of potatoes and slices of hread} but
were also obhserved for some other food items (the freguency of use of
salted meab and apples per month) and for use of spirits. The mean
frequency of use indicated on the postal questionnaire tended to be

lower than reported at the interview.

An additional argument for the validity of self-administered quest-
ionmaires about food habits is the chservation by Bjelke who found a
strong negative association hetween a vitamin A-index and the risk of
lung cancer. This shows that even a relatively crude index {mainly
based on the frequency of intake of foed items containing beta-
carotene} was valid in the sense that it discriminates between
individuals with high and low risk for lung cancer (10). Similar
argurent may be put forward using examples from studies in e.g.

Seventh-Day Adventists (48,49) or American nurses {50).

Based on the presented results and the reviewed literature, I find it
likely that information about food habits obtained from self-
administered questicnnaires rank the individuals most correctly for
food items used every day, and with somewhab lower correlation for

less frequently used food items. There is no reason to helieve thal
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data framn self-administered questionnaires are more susceptible to
bias than other dietary survey methods. On the contrary, the use of a
questionnaire may reduce the risk of certain biases as filling in a
questionnaire is usvally associated with an apparent anonymity and
takes less effort than being interviewed or, even more, taking part

in surveys which include weighing or recording everything eaten.

The stability of food habits

It is well known that the dietary habits change with season. The
current consumption may influence the answers to the questionnaire
(44,55), which are supposed to reflect the usual consumption., This
may also obscure relationships between health variables and food
habits recorded hy self-administered cuestionnaires, In addition, the
dietary habits in the Norwegian population are constantly changing.
Trom the point of view of public health, some of these changes are
heneficial. However, fram a analytical point of view, the changes may

represents at least two problems.,

The first problem is related to the validity of the data about food
habits when these are used in a prospective study. As the habits
change, the data about exposure may become less valid. This
information bias will usually be independent of any misclassification
with regard to discase (nondifferential misclassification) and
therefore result in a underestimation of any association between the

recorded food habit and disease.
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This is relevant for the discussion of the results presented in paper
VII. The combined results from the Tramsg Heart Study and Paper VII
imdicate that the mean coffee consumption increases fram the age of
20 to the age of 40, thereafter it is reduced (V,VIL}. If the
consumption of each individual, relatively speaking, is the same;
i.e., that a man with high coffee consumption 5¢ years old has a
lower consumption 12 years later, bub still higher than the mean
consumption of men at the age of 62, the data would still reflect the
coffee consumption of cach individual relative to other subjects.
Thus, it should e possible to reveal relationships hetween coffee
consumption and discase. Unpublished results from the county study in
Oppland indicate relatively high stability of the coffee consumption
habits in this population with an age-distribution similar to that in
Tromss Heart Study (Leken, personal communication). In the older
population, which constitutes the cohort examined in Paper VI,
disease related changes in coffee consunption is evident, and the
stability of the coffee drinking habits is likely to be lower, also
relatively speaking. If there were an established relationship
between coffee consumption and mortality or cancer incidence, the
confirmation of this associabion in Paper VIT mighbt have been one
possible way to validate the coffee consumption data. Unfortunably,

there are at present no such established relationships.

Even in cross-sectional studies, the changing habits may represent a
probiem. Associations between c.g. food habits and serum lipids found
in one study may not be found in another study conducted somne years
later. This may indicate that the asscciation was a coincidence. A

second possibility is that the association is not a causal relation-
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ship, but one reflecting an association between a variabel correlated

with the food habit first incriminated and the serum lipid.

There is, however, a third possibility. There are many determinants
for e.g. serum cholesterol, both dietary and non-dietary. As the food
habits change, the velative importance of these determinants may
change. It is not possible to demonstrate a relationship between a
habit {e.g. use of soft margarine) and serum cholestercl if all

subiects in the population have the habit,

The results from the cross-sectional studies presented in this thesis
should be evaluated in this context., They reflect the relationships
between the dependent and independent variables late in the 1970's in
Tromss, This, however, does not imply that the results have no value
ten years later or in a different population. Whether they reflect
causal relationships or not, is, however, a question that only can bz
answered by comparing the results with those found in similar studies
and other types of studies. To what extent the vesults found in the
papers included in this thesis are in accordance with other studies

has been discussed in the relevant papers {III-VI).

With these facts in mind, it way be of some interest briefly to
discuss the changes in the Norwegian diet which have taken place the
last years (from 1975 o 1986). The consumption of vegetables, fruits
and berries and sugar has increased, the consumption of potatoes (as
such) decreased, whereas the use of potato products increased
considerably during this time periode. One of the most interesting

time trends is the shift from whole fat milk to low-Ffat milk. Rased
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o gross sale data, the mean anmwal per capita consumption of milk in
Norway in 1975 was 195 kg, comprising 16% kg whole fat milk and 26 kg
skimmed milk. In 1986, the mean consumption was 179 kg, 110 kg whole
fat milk, 40 kg low-fat milk and 29 kg skiweed milk. The per capita
consunption of butier has not changed much, but there has been a
reduction in the consumption of hard (ordinary) margarine. The
percentage of energy from fats has during the 11-year period
decreased from 40 % to 37 %, whereas the P/S-ratio has not changed

and ig approximately 0.37 {103).

The reproducibility of a self-administered cuestiomnaire abouf fod

habits,

Willett et al. (98) have evaluated the reproducibility of a self-
administered questiomaire with respect to intake of nutrients. They
found rather high correlation coefficients, ranging from 0.52 to
0.71. Pietinen et al. {96) concluded that the reproducikility of a
short food frequency guestiomaire was better than the
reproducibility of a very long and time consuning self-administered

dietary history questionnaire.

The largest study conducted so far which evaluates the reproducihility
of self-administered questionnaire on food item rather than nutrient
lavel is the study of Leken & Solvoll (56), They used data from 734
women who twice Filled in the questionnaire used in the cardicovascular
county study in Oppiand, and found close agreement between the group

results from the two occasions. 89 % of the woren gave identical
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answers on the two questicnnaires concerning type of table fat most

commonly used.

Bielke (55) sent his questionnaire to 212 subject at two occasions. Me
found that the correlation cosfficients between answers given were
high, ranking from 0.83 for number of potatoes per day to 0.42 for
frequency of use of beans. The mean consumption estimated from the
first guestionnaire differed only slightly from that derived from the
second questionnaire. The concordance was highest (correlation
coefficient 0.68 ¢ r < 0.83) for food items used daily (slices of
bread, cups of coffee, cups of tea, potatoes, glasses of milk per

day).

Callmer and Hedberg tested the reproducibility of their questionnaire
in 65 men and women, 50-60 % of the responders gave identical answers

at the two occasions (82).

Smith-Barbaro et al. (104) have compared the reproducibility of
several Lypes of questiommaires and found that the reproducibiliby
was best for questionnaires containing broad cabtegories of food items
presented in order of the meals in which they are consumed. Their

findings are, however, based on only 12 subjects.

As a conclusion, it mway be stated that the reproducibility of a self-
adninistered questionnaire aboul food habits seems to be good, at

least when it comes to food items used daily.
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Conclusions

It has heen common in nutritional research on risk factors for CHD to
concentrate on intake of nubrients, particularly intake of saturated
and polyunsaturated fat. There are dbvicus reasons and a long
tradition for this approach which has the advantage of measuring fat
intake more directly than it is possible if limiting the analysis to

fat containing food items.

However, as there is no reason 1o believe that all mutritional
factors affecting serum cholesterol armd risk for CHD are hnown,
relationships hetween food items and risk factors for disease or
incidence of disease should still be investigated. It is known from
other parts of the nutritional physiology that the intake of
nutrients in very small amounts {e.g. vitasins and trace elements) is
of tremendous importance for the health. Tt can rot be excluded that
there are food items containing substances in relatively small
amounts which may influence the level of risk factors for QI {or
other chronic diseases) in ways which are unexplained by the vrescnt

hasic or biochemical knowledge.

An example is coffee drinking, a "food item” totally devoid of
saturated fat or any other nutrient previously associated with blood
lipids, and yet associated with fotal serum cholestercl in all
Norwegian populations examined (11,105) and in several {hut not all)
other cross-sectional studies (12). It is likely that parts of thig

association can be explained by a high fat intake in individuals with
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high coffee consumption, but the results from experiments suggest
that at least use of boiled coffee has an effecl on serum cholesterol

(106-108).

It is by no means a new approach to explore relationships between
food items and rvisk factors of disease or disease occurrence. For
instance, Burkitts chservation of the rarity of colorectal cancer and
CHD in Africa and the high fiber diet common in the African
population was the starting point for the reseach on fiber and

disease (109).

The eticlogy of ¢hronic diseases is often concealed by poor data,
especially those desoribing exposure to external factors. This is
also true for data about the food habits, and it is important to
improve the quality of data. This will increase the possibility of
disclesing true relationships between food habits and incidence of
disease. However, often the epidemiologist must work with fallible
data because they are the only data available, as is the case for
data about food habits. The true extent of exposure to food items and

mutrients is almost never knowm.

A well conducted interview or weighing survey will usually give a
more comprehensive picture of the intake of macro- and micronutrients
than what can be obtained from most self-administered questiconnaires,
Except for the dietary histery interview, these dietary survey
methods give information about the dietary intake for a limited time
period, However, as interviews are ewpensive, the scientist may have

no real choice but to rely on a self-administered questionnaire.
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This review suggests that the use of a self-administered question-
naire provides an inexpensive method to obtain relatively unbiased,
although not necessarily very precise, estimates of the uwsual food

habits of a large mmber of subjects.
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ERRATA

Paper IT, Table II: The Kendalls's tau for amount of table fat should

read .33 (not 0.35).

Paper II1I, Table 4: The unstandardized B-value (-0.04) for the
association between leisure physical activity and serum friglycedides

in wamen has been placed on the line above the correct one.

Papar IV: p, 795: The study was supported by the Norwegian Council on

Cardiovascular Diseases {not Cariovascular)",
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SUMMARY

In 197980, 21,329 subjects, 20-54 years old, were invited to a
screening for coronary heart disease risk factors in Tromsz. 16,621
(77 %) attended the screening, the response rate was higher women
than in men, lower in single than married and lowest in young (20-29
years) men. At the screening, the men and women were given a second
questionnaire which they were asked to fill in and return by mail.
14,667 (68.2 %) of the sabjects did sc. Based on information obtained
at the screening, the differences between these 14,667 subjects and
the 1954 men and womren whe failed to return the questiomnaire are
presented, 10,2 % of the wonen did not return the questionnaire, the
corresponding figure for men was 12.6 %. The differences in age, bhody
mass index (kg/mz), blood lipids and hlood pressure were minor or
non~existent. The subjects who returned the gquestiommaire tended to
be married, non-smokers and report respiratory symptoms less often
than non-responders. Individuals who retumed the guesticnnaire seem

to have a somewhal more sedentary occupation with less sick leave.



Postal self-administered questionnaires are frequently used in order
to obtain information about individual habits (1-3}, and symptoms, as
for example in the Tromss Heart Study {4-6). Tt is weill known that
non-responders to health screenings differ from the responders in a
nunber of respects {7-9). Less is known about about those who turn up

to a screening, but not respond to questionnaires.

More than 60,000 subjects in the Tromse Heart Study (3) and the
cardiovascular county surveys in Norway (10) have given information
about prodominately the diet on a questionnaire handed out to
subjects who attended a screening for cardiovascular risk factors, It
may be important to know whether the vesponders to the questionnaire
differ from those who fail to return the questionnaire as it may
reveal a bias. This question is particularly relevant for questions
which may be regarded as sensitive by some individuals, e.g. quest-

ions about alcchol consumption or symptoms of mental problems.

Tn the second Tromse Heart Study (1979-80), 16,621 men and women (out
of 21,329 invited) attended the screening and were given a guestion-
paire to fill in and returmn. 14,667 retwned the guestionnaire. The
present: study gives first information about .the response rate to the
ascreening according to age, sex and marital status, and, sacond,
using information obtained at the screening, compares the subjects
who attended and returned the guestionnaire with those who did not

return the questionnaire.



MATERYAL AND METHODS

In 1979-80, all men 20-54 years old and all women 20-49 years old
were invited to take part in a health survey in the mmicipality of
Tromser. The examination comprised the administration of a question-
naire concerning previous diseases, symptoms possibly caused by
atherosclerctic diseases, physical activity in leisure time, smoking
habits, type of work and family history of myocardial infarction and
whether the grandparents were Finnish or Lappish. The blood pressure,
weight and height were measured and a vencus nonfasting blood sample
was drawn for lipid and glucose analyses. This study was to a large
extent a replication of the first Tromse Heart Study in 1974 and the
cardiovascular county surveys in Norway, and the methods and details

have been described in previous papers {3,10,11).

A second questionnaire, which was four A-4 pages, concerning quest-
ions on food habits, previcus diseases and social and psychological
problems was given to those whe attended the screening. The subjects
were asked to fill it in at home and return it by mail. The nutrit-
ional part of the questiommaire covered questions about kind and
quantity of bread normally used, type and quantity of table fat and
milk, coffee drinking, alcohol habits and the use of fish and minced
meat as well as fruits and vegetables. English translation of this
part of the questionnaire is given elsewhere (12). In the second part
of the questionnaire, there were a mmber of gquestions aboul present
diseases and symptoms particularly in comection to gastro-intestinal
prohlems and rheumatic diseases and about consumption of iron and

over-the-counter analgetica. The last part of the questionnaire
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contained questions about economical situation in the family during
childhood, sleeping problems, mental depression and problems with

coping with the problems of daily life.

No reminder was given to subjects who did not return the question-
naire. Subjects who were invited, bult for sawe reason were not able
to attend the screening were asked to state the reason and mail the

note to the local health authority.

Differences between responders and non-responders to this question-
naire are evaluated with X2-test for categorial variables and dif-

ferences between means with Students t-test,

RESULTS

Table 1 shows the percentage of the invited sulyjects whe attended the
screening. 21,329 subjects {17,423 men and 9,906 women) were invited.
60 men and 52 women who had moved to Tromse shortly before or during
the screening met without being invited, They are not included in the
computation of response rate, The response rate was highest in women
{61.7 %} and in subjects in the highest age-groups (63.4 % in men and
women 20-24 years old vs, 87.4 % in men and women in the 45-49 years
bracket). However, some of the invited subjects had reasons for not
attending {e.g. temporary living outside Trawse, military service),
had moved or were dead, After adjustment for these factors, the mesan
respons rate in men was 81.7 % and in women 88.4 %. The effect of
taking into consideration legitimate reasons for not attending is

particulary evident for subiects in the 20-24 vear bracket where 36.6
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% did not attend the screening. The per cent of non-attenders fell to
23.4 when those who gave reascns for not attending were excluded. The
non-attenders tended to be single. In attenders, 62 % of the men and
66 % of the women were married, the corresponding ficures for non-
attenders were 45 and 50 %, These figures are adjusted for age but

not for legitimate reasons for absence.

Out of the 8,478 wen and 8,143 women who attended the screening
(inclusive the 112 subjects who met without invitation), 1,068 men
{12.6 %) and 886 women (10,9 %) did not return the questionnaire.

This difference is statistically significant (P < 0.001},

The age-distributicn {not shown), mean age, body mass index, blood
lipids and blcood pressure in wamen who returned the questionnaire did
not differ from the rest of the women whe attended the screening,
whereas the men who falled to return the questiommaire were about one
year younger (because of a relatively low proportion, 82.8 %, of the
men aged 20-24 years who retumed the questionnaire), had €.07 wmol/1
higher serum triglycerides and 0.7 mig higher diastolic blood

pressure than other men (Table 2).

There were no differences between the subjects vho retumed the
guestionnaire and those who did not with regard to previous or
present ischemic heart disease, atherosclerosis of legs, stroke,
diabetes, use of nitroglycerine, treatment for hypertension or

syiptoms of angina pectoris or intermittant clauvdication.
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Table 3 shows that non-responders tended to be single (40.5 % vs.
34.4 and 36.2 % vs. 31.5 % for men and women, respectively), smokers
{approx. 11 % higher than in responders) and report moming coughing.
Non-responding, non-smoking females tended to be ex-smokers. There
were no differences with regard to pipe or cigar smoking, and non-
responding smokers did not smoke more cigarettes per day than
responding smckers., Responding men tended to have sedentary work
(41.5 % vs, 34,9 %). This was not true for women. There were no
asgociations in men or women between returning the guestionnaire and
physical activity in leisure. A greater part of the women who
returmed the questionnaire had domestic work as their main occupation
(41.2 vs. 37.7 %, p ¢ 0.05}. Subjects with shift or night work tended
to be non-responders. Inconsistent associations were ohserved between
the probability of returning the questionnaire and whether the sub-
ject is on sick leave or receive rehabilitation wages (Table 3}. We
did not find any indications of a lower response rate in commuters,
in subjects who receive or have received unemployment benefits the

last year or in individuals who receive disability pension.

DISCUSSTON

The responge rate both te the first screening (77.4 % not adjusting
for legitimate reasons for absence} and to the postal questionnaire
{88.2 %) was high. Our findings with respect to the age, sex and
marital status of the non-attenders are in accordance with most other
Scandinavian studies (7,8,10). Rinder et al. found, however, few dif-

ferences between attenders and non-attenders (13). The response rate
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was somevhat lower than in the cardiovascular county studies in

Norway (10).

A high response rate to the questicmmaire was expected as the
subjects had already demonstrated their motivation by attending the
screening. The subjects who were invited, but &id not attend the
screening, differ more in terms of age (table 1 & 2) and marital
status from the 16,621 who attended, than the subjects who did not
return the questionnaire differ from those who did so. There were few
differences between responders and ren-responders to the quest-
iomnaire, the most important seems to be that the non-responders
tended to be single, smoker and (in men) have somewhat higher serum
triglycerides and blood pressure. Our finding of a lower response
rate in smokers is in accordance with the data of Seltwer et al.

{14},

There are at least two reasons why individuals who attended the
screening did not retum the second questiomnaire. Fivstly, the
subject. may have decided not to £ill in the questionnaire due to the
nature of the questions, Secondly, he or she may simply have forgot-
ten to mail the prepaid envelope. We have no data to evaluate the
relative importance of these reasons. The first reason is the most

important one with regard to possible bias.

The reasons for not being willing to f£ill in the questionnaire may he
many, including general lack of confidence to giving information on
cquestiomaires ("Who will read it?"}. Some questions may have been

considered too sensitive as reflected by uncamplete questionnaives.
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For instance, 96.6 % of those who returned the questiomnaire did
answer the questions about mental depression, 97.8 % answered the
question about the frequency of use of beer, whereas 92.4 % answered

the question about coffee drinking.

It might cause a problem if those who attended the screening but did
not return the questionnaire had higher than average alcohcl consump-
tion. This would bias the results fram the cross—sectional analyses
{15}, However, gamma-glutamyltransferase (GGT} was weasured in 1579
men and 1654 women who attended the screening (16}, and GGT in
subjects who did not return the questionnaire was not higher than in
subjects who did so. Furthermore, as HDL chelesterol did not differ
between the responders and non-responders, we assume that the alcohol

consumpticn is similar in the two groups.

Tf the cbject of a study is to give valid picture of some factor,
e.g. serum cholesterol or food habits, in a population, any response
under 100 % is a cause for some concern. It is a inherent problem in
all studies of this type that little is usually known about the
non-attenders, We believe that with a response rate to the screening
of 73.7 % in men and 81.7 % in women, the data give scme indications
of the blood lipid levels and smoking habits of this population. It
may, however, be frue to say that in this study we have predominantly

nmeasured the attributes and habits of middle-aged, married subjects.

Only 68 % of those originmally invited to the screening retwrmed the
questicnnaire about symptams and food habits, and one may question

whether the information about food habits from this survey reflects
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the habits of the Tromse population. As the differences between
responders and non-responders to the questionnaire are relatively
minor, we believe that the data may be used to examine relationships
between factors measured ab the screening and information given in
the questionmaire, and that strong associations found in the part of
the population constituted by the responders to bolh surveys are
likely to be generalizable at least to those who attended the

screening.

Because of the strong association botween cigarette smoking and
coffee drinking seen in this (17} and cther (18,19) studies, it may
he that coffee drinking in the Tromse population is somewhal under—
estimated by the information from the guestionnaire. Total serum
cholesterol does, however, not differ in responders and non-
regponders to the postal questionnaire. Tf the age-adjusted serum
cholesterol is different in attenders and non-attenders, it is likely
to be higher in the latter, It is therefore not likely that selection
bias is the reason for the asscciation between coffee drinking and

total serum cholestercl found in this population (3).

The main finding of this study is that the subjects whe did return
the questiomnaire were remarkably similar with regard to age, body
mass index, blood lipids and blood pressure to the non-responders,
and we believe that the results from analyses using such guestion-

naires in general seam to be trustworthy.
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Table 1. Population invited and examined in the second Tromss Heart

Study {1979-80) according to age and sex.

Subjects Response rate +  Adjusted response

Age- invited rate *++
Qroup Men Women Men Women Men Women,
20-24 1776 1979 57.4 68.8 71.1 81.6
25-29 2241 2269 65.0 75.7 73.6 83.8
30-34 2266 2080 75.1 85.4 82.8 90.0
35-39 1778 1837 79.5 89.4 84.9 92.7
40-44 1206 1085 82,6 91.7 88.5 94.5
45-49 1072 956 84.6 90.6 89.4 93.5
50-54 1084 - 85.1 - 89.4 -
20--49 10339 2906 72.5 81.7 80.8 88.4
20--54 11423 - 73.7 - a1.7 -

* Excluding 112 persons who met without invitation.
++ Excluding those who gave reasons for not attending the screening,

subjects who had moved out of the municipality and dead persons.
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Table 2. Responders and non-responders to the postal questicmmaire
according to mean age (years), body mass index (BMI) {kg/m?), total
serum cholesterol (mmol/1l) (P-CEOL), HL-cholesterol {mmcl/1) (HDL},
trigiycerides (mol/l) (IG), systolic blood pressure (relg)  (SYSBP)

and diastolic blood pressure {muHg) (DIAEP}. Tromss Heart Study,

1979-80.

Responders Non-responders

Men Women Men Wamen

Number of
subjects 410 7257 1068 886
Age 35.8 {9.3)+  32.9 (7.9} 34.9 (9,6 33.0 (7.9)
BMI 24.3 (2.8) 22.6 (3.2) 24.3 {3.0) 22.5 (3.2)
T-CHOL 6.01 (1.29)  5.67 (1.17) 5,97 (1.31) 5.68 {1.23)
HOL 1.45 (0.45)  1.74 (0.42) 1.45 (0.46) 1.76 (0.42)
G 1.64 (0.97) 1.10 {0.59) 1.71 (1.04)% 1,09 (0.62)
SYSBP 136.5 (13.6) 120.9 {13.4} 131.3 {14.8) 120.4 (13.5)
DIABP 82.3 {10.6)  77.9 ( 9.7} 83.0 (11.2)* 78.0 { 9.9)

+ Mean (Standard devialion}
The difference between responders and non-responders is statistic-

ally significant * p = 0,05, ** p = 0,002.
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Table 3. Per cent of responders and non-responders to the postal

questionnaire who are married, daily smokers, ex-smokers, report

respiratory symptoms, different types of work and being on sick

leave. Tromseg Heart Study, 1979-80.

*%

wEK

k&

kS

Responders Non-responders

Men Women Men Wamen
Number of
subjects 7470 7257 1068 886
Married 65.6 68.5 59.5 ** 63,8
Daily smoker 49.1 46,2 59.8 *** 57,2
Ex-swoker + 50,7 35.3 48,8 41,7
Morning coughirig 12.6 7.0 14.9 % 10.3
Morning phlegn 9.3 4.8 9.6 6.4
Domestic work as
main occupation - 41,2 - 37.7
Mainly sedentary
occupation 41,5 29.4 34,9 ¥ 29,0
Shift or night work  16.8 12.2 17.5 4.6
On sick leave 3.8 2.5 2.7 4.4

Statistical significance for the difference for responders and

responders: ¥4 p < 0,001, ¥ 1 p 0,01, * : p < 0.05.

* & of current non-smokers.

KR

nor-
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In a group of 528 men, 36-54 years old, answers 1o various
questions about dictary habils given in a questionnaire
were compared to corresponding information given in a
dietary history interview two years later. High concord-
ance was Tound between the two methods for questions
concerning types of foods most commonty used. For moest
food items, the mean intake according o the dictary recali
corresponds well with intake reported in the guestion-
naire. For foad ilems used every day in casily recorded
units (slices of bread, cups of coffee, plasses of milk), the
frequency questionnaire can be used 1o rank individoals
according 1o consumption. For other food items, the con-
cordance is less salisfactory.

Key words: diet, dietary history, feod habits, frequency
quiestionnaire.

Increasing awareness of the relationship between
diel and some diseases has incressed the demand
for simple survey methods for assessing the dietary
habits in epidemiological studies. The usual dietary
history or registration (or even weighing) of the diet
in 1-7 days is impractical for large population stud-
ies. Sell-administered food frequency question-
naires have been used in several epidemiological
studies {c.g. 1, 2). However, the validity of recovd-
ing food freguency has been disputed (3-5) and is
difficult te show due to Jack of a “'gold standard™.

The aim of 1he present study was 1o compare the
results of a self-administered dietary guestionnaire
with dictary history interview data from the same
pepulation sample. Acknowledging the Hmilations
of such a dictary history interview, we nevertheless
regarded it as the standard, and the usefulness of
the guestionnaire was assessed in that context. The

4-878641

questionnaire covers only & few dictary items, and
therefore concordance between the two dietary sur-
veys can only be evaluated for food items, not for
nutrients.

MATERIAL AND METHODS

Papdation

7 410 men, 20-54 years, and 7 257 women, 2049 years,
were exandned in 2 survey for coromary risk factors in
Tromsg in 1979-80 {the second Tromsg Heart Study). The
screening included a guestionnaire on dictary habils, aleo-
hol and colfee consumplion and previous discases (6).

Following the survey. a high risk group of men was
identified, 303-54 years old, with relative HDILL (3Dl.-cho-
lesterol/lotal ¢holesterel} in the Towest quintile andfor lo-
tal cholesterol in the highest decile. After vandom atloca-
tion Lo control or intervention, men in the intervention
proup were interviewed by trained dicticians using the
dictary history method (7).

The interview was done one to lwo years after the
inilial screening. Complete dielary questionnaires were
nol availabie for all men, leaving a maximum of 528 men
foi the present analysis.

Fregueney guestionnaire

The dictary guestionnaire wits administered (o the men at
the screening, completed at home, and returned by mail,
The respondents did not know thatl they later would be
subject Lo dietary history interview. In the questionnaire
the men gave information about both type and quantity of
bread, table fat and milk normably used (slices of bread
per day, amount of lable fat on cach slice of bread, glasses
of milk per day), cups of colfee per day, and information
about the frequency of use of alcohol, fish or fish dishes
for dinner, minced meat as well as Qruits and vegetables
(Appendix ).

Dietary history

The objeclive of he dietary history interview was (o
deseribe quantitatively and quatiatively the usual diet of
the respondent, Three dicticians had been standardized
using food models that later were used in the inerview
and by standardizing the weight of different foods when

Scand J Soc Med (5
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Table [. Type of table far and milk normeally wsed.
Agreement between information from question-
naire (1979/80) and dictary history (1980/81)

No. of men Kappa

Type of tabie fat

Butter 49 0.76

Ordinary margarine 97 .72

Soft margarine 299 471

Overall 443 0.7
Type of milk

Non-drinkers 34 0.46

Whoie far milk 347 0,69

Skimmed milk 93 0.70

Mixtures 52 0.42

Overall 526 0.61

measured in conventional houscheld units {teaspoouns, ta-
blespeons, ele.). During the interview, information about
frequency of use of different foods (per day, week or
month) and the amount consumed each lime was record-
ed, The cooking method (baked, boiled, fried) for sclected
foods and addition of bulter, margarine or sugar to the
meal was noted. Foad models, as well as real plates, cups,
and glasses were used to help the respondent estimate
portion size. In addition, the respondent was asked 1o cut
a slice of bread and spread it with fat. The slice was
weighed with and without fat to estimate weight of bread
and amount of fat. Consumption of beverages (milk, soft
drinks, coffec and alcohol) was coded as grams per day.
In the analysis one cup of coffee is set to 150 g and a glass
of milk to 200 g. Supervision of coding and control was
done by one of the authors {S. F. K.}.

Statistical methody

Concordance of information concerning type of table fat
and milk normally used is evalvated with the kappa-statis-
tic. Kappa indicates the extent to which the observed
agreement belween the two dictary survey methods is in
excess of the agreement expected by chance {8). Although
kappa values depend on the frequency of use of the differ-
ent food items, Landis and Koch (9) have given the fol-
fowing guidelines for interpretation of the kappa values:
Below 0.20 indicate poor agreement, 0.21 1o .60 fair 1o
moderate and 0.60 to 1.0 {the highest possible value),
substantial agreement.

It was nol possible to evaluate the concordance be-
tween information on type of bread normally used be-
cause the answers are not compatable in 1l two surveys,
Furtherniore, the answer alternatives “*vegetable marga-
ring” and “soft margarine’ in the questionnaire are
pooled into one category, "'soft margarine™.

Concoerdance at group level for questions conceraing
quantity is presented as the mean intake recorded in the
dietary history (gram, glasses of mitk etc.) for each con-
sumption category in the questionnaire. Occasionally, two
or more categories have been pooled due to few cases.

Kendall's tav was used to assess the correlation be-
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tween answers in the two surveys at the individual level.
This rank correlation coefficient was uscd because there
are few categories in the questionnaire, each with many
respondents, The absclute vatue is lower than for the
Spearman's rank correlation coefficient. Data from the
dictary history survey are used without grouping and
correlated with data from the questionnaire, grouped as
shown in Table iI.

RESULTS

High agreement between the two dictary surveys
was found for questions concerning type of food
{Table 1). The kappa values were high for all types
of spread fats and for type of miik uvsually con-
sumed. The concordance for non-milk-users (<100
£ mitk per day at interview} and those using mix-
tures of milk was somewhat lower.

Table II displays the concordance between the
methods for questions on guantity or frequency
rather than type of food. For table fats, the con-
cordance was less satisfactory for guantity than for
type of fat used. One should, however, note that for
the three lowest consumption categories {comptis-
ing 83% of the subjects), the mean intake levels
found in the dietary history interview are well sepa-
rated, indicating thai the questionnaire, for most
respondents, has picked up some information at
group level. Of the 40 men reporting no use of
spread fat in the questionnaire, 29 (73 %) confirmed
this in the dietary history interview.

For bread, milk and coffee consumption, the an-
swers agreed well, both for groups of men and for
cach individual. For fish, mean frequency of intake
according to the dietary history diffesed significant-
ly fer each frequency category in the questionnaire.
The same was true for the use of fruits and vege-
lables when combining the different categories of
low consumption (£ once a week) into one cate-
gory, The lowest concordance was found for
minced meat,

For the highest and lowest consumption calego-
rics of foods listed in Table II, a lower, respectively
higher, intake was later recorded in the interview,

[HSCUSSION

This study describes the consistency of information
about own dietary habits given by adult men at two
different points in time using two different dictary
suyvey methods where there is reason to believe
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‘Table II. Agreement between information from questionnaire (1979180} and dietary history (1980/81).
Consumpltion category in the questionnaire and mean intake according 1o the dietary history survey

Consumption Kendali's
No. of men  category Mean intake tau
Amount of table fat on each slice of bread 40 0 1707217 0.35
(g 231 3 4.8{4.5-5.1)
163 i 6.0 (5.7-6.4)
9 9 6.6 (5.9-7.3)
22 12 8.116,9-9.4)
No. of sfices of bread per day 16 <2 1.641.9-3.9) 0.52
350 26 5.5(5.3-5.0)
160 =0 8.3 (7.9-8.6)
No. of glasses of milk per day 117 < 1.0 {0.8-1.2) 0.68
(1 glass=200 g} 215 1-2 1.9 (1.8-2.0)
164 3-4 4.0 (3.7-4.3)
i >4 4.7 (3.9-5.6)
No. of cips of coffee per day 17 <1 0.4 (0.0-0.9) 0.53
(1 cup=150 g} 147 14 4.5 (4.1-4.8)
268 58 7.5 (7.4-1.9)
96 =8 10.3 (9.5-11.1)
Use of fish and fish dishes for dinner kal < 1.5 {1.0-2.0) 0.37
(times per week) 204 -2 3.0 (2.8-3.1)
283 34 3.6 (3.5-3.7)
20 56 4.4 (4.1-4.7}
Use of fruits and vegetables 139 <2 3.1 (2.7-3.4) 0.43
{times per week®) 176 2.3 4.3 (4,0-4.6}
213 6-7 6.2 (5.9-6.5)
Use of minced meat 15 <l 1.9 (1.0-2.8) 023
ftimes per month} 92 1-2 3.81(3.44.2)
203 34 5.1 (4.7-5.4)
166 5-8 5.615.2-6.1)
52 >8 6.5 (5.4-7.0)

959 conlidence inlerval for the mean.

# Categeries used in the questionnaire: = once a week, 2-3 limes a week, about every day.

that the dietary history interview gives the more
cemprehensive picture of the food habits.

The questionnaire was completed with the sub-
jects unaware of their increased risk, whereas the
interview took place one lo three weeks after a
letter had notified them of their need for life-style
changes and they had been subject 10 new blood
tests, bload pressure measurement and information
about CHD risk factors by a physician. The dieti-
cians were, however, instructed 1o obtain the di-
etary history for the period preceding any changes
made due 1o receiving this letier or talking to the
physician.

Except for the possible effects of awareness of
own high risk on the inferview data, the answers
shouid only be atfected by differences in the dietary
survey methods and by changes in food habits duc
te the general nutrition information since the
screening. The systematic biases thus implied
would diminish the degree of correspondence be-

tween 1he two surveys. The use of more than one
abserver in the interviews increases the amount of
random error in the material, but because Lhis study
was not contemplated at the time of the dictary
survey and the dicticians did not know what (he
men had stated in the questionnaire (and the men
themselves probably did not remember}, there is no
reason to believe that there shoukd be a systematic
observer bias fending to increase the correspond-
ence between the two methods.

The very high concordance observed for infor-
mation about type of milk and spread fats in the two
surveys shows that questionnaires are suitable for
oblaining such information. Also for the question
whether spread fat was used or not, the agreement
was quite good (kappa=0.57).

The difficulties of assessing amount of spread {at
used on each slice of bread threugh a self-adminis-
lered questionnaire is reflected in the low rank
correlation coefficient. But some information at

Seand J Soe Med 15
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group level was picked up by having the respon-
dents indicate the usual amount on pre-drawn
cubes. Our resuits are in this respect similar to the
findings in another Norwegian study (10), and we
must conclude that a reliable method for obtaining
information on the amount of table fat used by each
individual using a self-administered questionaaire is
still lacking. '

The good correlations found both at the individu-
al and grouyp level for questions concerning slices of
bread, glasses of milk and cups of coffee per day
suggest that selfadministered questionnaires can
be used at the individual level for estimating con-
sumption of food items used daity in easily recalled
units. This is not true to the same extent for ques-
tions asking about frequency of food intake. Here
the tau-values were lower, although statistically
highly significant. Thus, these types of questions
are more suitable for information at the group ievel.
However, Marshail and co-workers found that if
subjects are classified in the category next to the
correct ene (which is the most common misclassifi-
cation in this study} in a random manner, a rather
high misclassification rate can be tolerated without
dramatically reducing the relative risk estimate
found in a case-conirol or cohort study {11).

Although a number of recent studies have cx-
piored the validity of different food frequency sur-
vey methods concerning nutrients (e.g. 12-16),
studies which give information about concordance
at food item level are scarce, Using a different
approach than in the present study, but looking at
food items, Chu and co-workers (17) found a rela-
tively good correlation between frequency and
quantity at group level, but less satisfying concord-
ance at the individual level. Our findings are, with
some exceptions, in line with those reported from
other surveys which have evaluated the concord-
ance of information about intake of food items col-
lected by a seli-administered questionnaire and 24-
hour rec¢all {10, 18), dietary history (19) or the actu-
al eating habits (20).

I summary, this study indicates that feod fre-
quency questions can be used to obtain information
on food consumption at group level. Reliable infor-
mation on food consumption can aiso be obtained
at the individual level for foods that are used daily
in easily recalled units. The frequency question-
naire seems to be highly suitable for collecting in-
formation about types of foods commonly used.
The men in this study constitute a highly selected
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group, but there is no obvious reason for a higher
concordance in this study than in a population with
simifar dietary habits.
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APPENDIX

English translation of the parts of the postal questionnaire used in this study.

Your own diet

1. What type of bread do you YES 3. How many slices of bread YES
eat most frequently? do you usually eat daily?
Make a cress in the box Make a cross in the box
where "Yes'" fits best. where "YES" fits best,
White bread Less than 2 slices
Normal bread 2-6 slices
Dark bread 712 glices
Home-made bread 13 slices or more
Z, What type of butter or YES 4. What type of milk do you YES
margarine do you use uysually drink?
most frequently?
Make a cross in the box Make a cross in the box
where "YES" fits best. where "YES" fits best,
Butter Do not drink milk
Normal maxgarine Wirole milk,sweet or sour
Vegetable margarine Skimmed milk,sweet or sour
Soft margarine Mixed skimmed and

whole milk [::j

5. The drawving below shows cubes of butter or margarine in a true scale, Make a
cross for the cube which most resembles the amount you use on one slice of
bread. If in doubt, try buttering a slice.

Do not use butter or margarine [::]

L] [] ] L]
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How many glasses/cups of milk YES
do you usually drink daily?

Make a cross in the box

where "VES" fits best.

Do not drink, or drink
less than one glass/cup
1-2 glasses/cups
3-4 glasses/cups
5 or more glasses/cups

How many cups of coffee TS
do you ususlly drink daily?

Make a cross in the box

where "YES" fits hest.

Do not drink,or less
than one cup

-4 cups

58 cups

9 or more cups

Are you teetotaller? 1

I no,

How often do you drink beer?
Make @ cross in the hox
where "YES" fits best.

Never,or a few times per vear
j-2 times per month

About. once a week

2-3 times a week

About daily

How often do you drink wine?
Make a cross in the box
whoere "YES" lits bhost,

Never,or a few times per year
-2 vimes per month

Aboul once a week

2-3 Limes a week

About daily

How often do you drink spirits?
Make a cross in the box
wvhere "YES" fits best.

Never,or a few wimes per year
1-2 times per month

About once a week

7-3 times a week

About daily

9. How often during the
last 12 months have you
drunk so much beer,wine
or spirits that you have
become intoxicated?

Make a cross in the box
where "VES" fits best.

Nevor intoxicated or not
during the iast vear

A few times during the vear
-2 vimes per omonth

1-2 viwes a weoek

Fovimes o more por o woeek

10, How olten does your
dinner consist of [ish
or {ish dishes?

Make a cross in the beox
where "YES" fits best.

Less than once a woeek
o2 times o week
Jmes a week
imes a week
imes g week

s
N

1t, How often do you use
Fruits or vegetables?
Make o cross in the box
whore "YES™ {its best.

Never use [rvueits or
vepetahios

A few bimes per vear
12 times per month
About once a we
223 Limes a week
About daily

17, How many times per month
do you eat boiled or fricd
sausiages, meal balle, or
other minced meat?

Make a cross in the box
whore "YESY fits best.

wear or Jess than onee

per wanth

P2 Cimes per month

-4 times per month (up
Looance a woeoek;

5-8 pimes per month (up
Lo twice o week)

More than 8 times per

wonth {more than Lwico

a weok)

YES
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Associations between food habits and total serum chotesterof, high density
lipoprotein (HDL) cholesterol, and serum triglycerides were examined in 7,470
men and 7,257 women in Tromse, Norway, following a screening in 1979-1980.
High body mass index was associated with high serum cholesterol, high triglyc-
erides, and tow HDL cholesterol. Positive associations were observed between
high serum cholesterol and high coffee consumplion, use of butter or hard
margarine, not selecting low-fat milk, and low bread consumption. The HDL
cholesterol level was virtually independent of the dietary items recorded, Use of
low-fat milk and frequent use of fish dishes for dinner seemed to be related to

low setum triglyceride levels.

cholesterol; food habits; lipoproteins, HOL cholesterol; triglycerides

High total serum cholesterol and low
high density lipoprotein (HDL) cholesterol
are both associated with increased risk for
coronary heart disease (1, 2). The role of
serum triglycerides as an independent risk
factor is more debatable, but high triglye-
eride levels have in some populations been
associated with elevated risk for ischemic
heart disease (3). The food habits are,
through their effects on the blood lipid
levels, one of several factors that may influ-
ence the risk for coronary heart disease.

However, although associations between
the diet on the group level and blood lipids
have been known for a long time {4}, con-

Received for publication June 9, 1986.

Abbreviations: HDL cholesterol, high density lipo-
protein cholesterol; P/8 ratio, ratio between intake of
polyunsaturated and saturated fatty acids.
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flicting results have emerged when the
same associations have been evaluated
within different populations (5-8). The
purpose of this study is to examine in the
free-living population of Tromsdg, Norway,
the associations between food habits and
total serum cholesterol, HDM. cholesterol,
and serum triglycerides.

In a previous paper {rom the Tromss
popuiation, a rather strong positive associ-
ation was observed between coffee drinking
and total serum cholesterof (9). The present
paper presents this association with adjust-
ment for other food habits and describes
other relationships between food habits and
blood lipids in the same population,

MATERIALS AND METHODS

In 1979-1980, all men and women aged
20-54 and 20-49 years, respectively, 21,329
subjects altogether, were invited to take
part in the second cardiovascular popula-
tion study in Tromss. A total of 16,621
persons attended the screening. The ex-
amination consisted of the administration
of a questionnaire concerning previous dis-



FOOD HABITS AND SERUM LIPIDS IN TROMSE

eases, symptoms possibly caused by ather-
osclerotic diseases, living habits, and social
conditions, as well as measurements of
blood pressure, weight, and height, and a
venous nonfasting blood sampte for lipid
and blood glucose analyses. This study was
to a large extent & replication of the first
Tromsg Heart Study in 1974 and the ear-
diovascular county surveys, and the meth-
ads and details have been described in pre-
vious papers (9, 10}.

A second questicnnaire concerning food
habits, previous diseases, and social arnd
psychologic conditions was administered to
those who attended the screening. It was
filled in at home and returned by mail. A
total of 7,410 men and 7,257 women com-
pleted this questionnaire. The nutritional
part of the questionnaire covered questions
about kind and guantity of bread normally
used, type and guantity of table fat and
milk, coffee drinking, alecohol habits, and
the use of fish, ground meat, and fruits and
vegetabies. These dietary items had been
selected since they provide information
about seme of the most important contrib-
utors of the intake of fat and energy. A
number of dietary items, e.g., poultry and
ice cream, have been omitted in this survey
because they are not important parts of the
daily diet in this population. The informa-
tion about the nutritional habits collected
in the study is too sparse to compute the
energy or fat intake of each individual.

The validity of the data on dietary habits
has been assessed in a subgroup of 528 men,
30-54 years oid at screening. The data in
the questionnaire were compared with data
from a dietary history survey conducted 1-
2 years after the screening. High concord-
ance was found between the two methods
for questions concerning types of foods
most commonly ¢aten. For food items used
every day in easily recalled units, and for
the questions ahout use of aleohol, the con-
cordance between the two dietary survey
methods was quite good (Kendall’s tau
=0.50). For other food items, the concord-
ance was less satisfactory (Kendall's tau
=(.25) (unpubiisiied observations).
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Total serum cholesterol was measured
directly by the enzymatic oxidase method,
using a commercial kit (Boehringer 148393,
Boeliringer-Mannheim, Mannheim, West
Germany}. HDL cholesterol was assaved
by the same procedure after precipitation
of lower density lipoproteins with heparin
and manganese chioride. Triglycerides were
enzymatically determined as glyeerol
(Boeliringer 15728, Boehringer-Mannheim,
Mannheim, West Germany). All laboratory
assessinents were performed by the Divi-
gion of Clinical Chemistry, University
Teaching Hospital of Tromsg.

To determine the food habits which cen-
tributed significantly to the “explanation”
of the variation of the dependent variables,
total serum cholesterel, HDL cholestercl,
and triglycerides, multiple regression anal-
ysis using SPSS (11) was performed. The
three variables which convey information
about use of alcohol were first forced into
the equation, and, for the rest of the inde-
pendent variables, forward selection was
used, including variables if F-to-enter
=.3.85, corresponding to p = 0.05. For each
dependent variable, a second multiple
regression analysis was run with the alcohol
variables and the other variables which
contributed significantly to the regression
in one oy both sexes. The results from chese
analyses are given in the tabies as unstand-
ardized and standardized regression coeifi-
cients and p values for the associations.
The standardized regression coefficient
(B,.) provides a way to compare the relative
effects on the dependent variable of each
independent variable when these are meas-
ured in different units {as in these analy-
ses). The B,, is computed from the unstand-
ardized coefficient (B) for each independ-
ent variable X with standard deviation
(5D X} as B, = B (5D X/SD ¥) where 3D
Y is the standard deviation of the depend-
ent variable in question. The p values are
two-tailed throughout,

The three dependent variables were total
serum cholesterol, HDI. cholesterel, and
serum triglycerides, The independent vari-
ables were age (five-year age groups}, ciga-
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rette smoking (cigarettes per day), body
mass index (kg/m?), leisure time physical
activily, work time physical activity (both
graded from 1-4 with increasing activity),
use of beer (never or a few times/year, -2
times/month, once a week, 2-3 tmes a
week, about daily), use of wine and of spirits
(both coded as for beer), type of bread
(brown bread, white bread), type of table
fat (soft margarine, hard margarine or but-
ter, milk-drinker (ne, yes), glasses of milk
per day (<1, 1-2, 3-4, 25), use skimmed
milk or mixtures of whole fat and skimmed
mitk (no, yes), number of slices of bread
per day (<2, 2-6, 7-12, =13}, amount of
table fat on each slice of hread (0, 3, 6, 9,
12 &), number of cups of coffee per day (<1,
1-4, 5-8, 29), frequency of use of fish dishes
for dinner (<1, 1-2, 3-4, 5-6, 7 times per
week), frequency of use of {ruits and vege-
tahles (never or a few times/year, 1-2
times/month, once a week, 2-3 times/weelk,
about daily), frequency of use of ground
meat (<1, 1-2, 3-4, 5-8, >8 times per
month). In the analysis for serum triglye-
erides, time since last meal (<1, 1-2, 2-4,
4-8, =8 hours) was also used as an inde-
pendent variable,

Because of missing values for some of the
subjects, 6,647 men and 6,297 women (of
the 7,410 men and 7,257 women who gave
some information about the diet} were in-
cluded in the first muitiple regression anal-
ysis with all the 19 (for serum triglycerides,
20} independent variables. A somewhat
higher number of subjects are included in
the final regression analyses when not all
independent variables are used.

RESULTS

Table 1 shows the distribution of intake
of some selected food items included in this
study. As explained in the footnete, due to
missing cases, the numbers of subjects in-
cluded in the anaiyses vary. The two high-
est categerios for bread and fish consump-
tion are combined due to few subjects who
eat =13 slices of bread or who have fish for
dinner every day. Women were more apt to
use soft margarine and low-fat milk than

JACOBSEN AND THELLE

TABLE 1

Distribution {in per cent} of intake of some seleeied
food items in the Tromsé Heart Study, 1979 1580"

Feod item Men Women
Type of tahle fat
Butter or harvd margarine 28.2 25.7
Soft margarine 7.8 4.3
Use of low-fat milk
No 732 G1.3
Yes 26.8 38.7
Slices of bread per day
<3 2.1 9.6
2.8 60.5 86.0
=7 114 4.4
Cups of coffee per day
<1 8.8 7.8
1-4 325 42.7
5-8 44.6 40.6
=9 16.0 9.6
Fish dishes for dinner
(times per week)
<1 7.0 7.4
1-2 45.1 46.1
3-4 44.6 43.9
5-7 3.2 2.6

* Pue to missing cases, the numbers of men and
women inciuded in the analyses vary from 7,168 to
7,368 men and from 6,962 to 7,225 women.

were men, who, on the other hand, used
meore bread and coffee. More than 80 per
cent. of the subjects in this population have
fish for dinner at least once a week, The
results from the multiple regression analy-
ses are given in tables 2.4,

Rody mass index {kg/m?) was signifi-
cantly and positively associated with serum
total cholesterol and triglyceride level and
inversely associated with the HDL choles-
terol concentration. A 5 per cent increase
in body mass index {equivalent to 3.8 kg
fora man 1.77 m tall and 3.0 kg for a woman
1.64 m tall) was associated in men with (.08
mmaol/liter (3 mg/100 ml) increase in total
serum cholesterol, 0.03 mmol/liter (1 mg/
100 ml) decrease in HIDL, cholesterol, and
(.12 mmol/liter (11 mg/100 ml) increase in
gerum triglycerides, and in women with
0.06 mmol/diter {2 mg/100 ml) increase in
total serum cholesterot, 0.02 mmol/ter {1
mg/100 ml) decrease in HDI cholestercl,
and 0.05 mmol/liter (4 mg/100 ml) increase
in serum triglycerides.
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TasLE 2

Associations between food and life-style habits and total serum cholesterol (mmolfliter). Unstandardized (B) and
standardized regression coefficients (B, 6,711 men and 6.397 women, Tromsp, 1979-1980%

Men Women
Variable
B B, B B,

Age group 0.23 Q.34 0.24 0.327*
Body mass index 0.07 0.55** 0.05 0.15%**
Daily cigarette smoking 0.0 0.02 4.0 0.05**
Leisure time physical

actiyity ~0.08 ~0.05%%* -0.01 ~0.00
Use of beer -0.05 —=0.04** ~0.06 ~0.03%
Use of wine ~0.04 ~0.02 ~0.10 —0.06™
Use of spirits 0.02 0.02 —-0.01 (.01
Type of table fat 0.27 0.10** 0.27 0.10***
Coffee drinking 0.20 0.13*** 0.15 0.10%*
Slices of bread ~(.16 ~0,07** -{.09 ~0.03**
Use of low-lat milk -0.05 —0.02 ~0.12 =05
Use of fruits and vegetahles ~0.02 ~0.02 -0.67 —0.057*
Use of fish 0.05 0.03% 0.05 0.03*

*p = 0.05; ** p = 0.01; *** p = 0.001.

t Mean total serum cholesterol concentration (and standard deviation} was 6.00 (1.28) and 5.64 (1.16) mmol/
liter for men and women, respectively. Adjusted R¥ was 0.253 and 0.218, for the analyses for men and women,

respectively.

Table 2 gives the results for total serum
cholesterol. The strongest associations
with the food habits recorded in this study
were the positive associations with coffes
drinking and use of butter or hard marga-
rine, A weak positive association was seen
for fish consumption. Negative associations
were noted for bread, and, in women, for
use of low-fat milk and consumption of
fruits and vegetables.

Total serum cholesterol in men and
women who used butter or hard margarine
was approximately 8.27 mmol/liter (10 mg/
100 ml) higher than in subjects who se-
lected soft margarine. The difference in
total serum cholesterol for subjects who
drank little coffee (<1 cup/day), compared
to those with high coffee consumption (=9
cups/day), was approximately 0.60 mmol/
liter {23 mg/100 mi),

Total serum cholesterol for those who
used butter or hard margarine and drank
=9 cups of coffee per day, compared with
those who used soft margarine and had a
low coffee consumption (<1 cup/day), was
6.57 mmol/liter (n = 374) versus 5.42
mmol/titer (n = 345} for men and 6.25

mmoi/liter (n == 189) versus 5.26 mmol/
liter {11 = 377) for women. Thus, the differ-
ence was 1.15 mmol/liter (44 mg/100 ml)
for men and 0.99 mmol/liter (38 mg/100
mi) for women. This comparison is adjusted
for age group, body mass index, aleohol use,
cigarette smoking, leisure time physical ac-
tivity, use of low-fat milk, number of slices
of hread, and consumption of fish and.
fruits and vegetables by analysis of covar-
iance. About 60 per cent of this difference
is due to coffee consumption, the other 40
per cent to type of table fat, For women,
but not for men, we observed a tendency
toward a stronger effect of coifee drinking
among the users of butter or hard marga-
rine.

In the multiple regression analysis, HDL
cholesterol was positively associated with
use of butter or hard margarine as table fat,
and negatively associated with use of fruits
and vegetables for men (table 3). However,
the influence of these food habits was mod-
est, the difference in HDL cholesterol being
approximately 0.04 mmol/liter {1-2 mg/
106 ml) between users of butter or hard
margarine and users of soft margarine.
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TABLE 3

Assaciations between food and life-style habits and HDL cholesterol (mmolfliter). Unstandardized (B) and
standardized regression coefficients (B,J, 6,798 men and 6,458 women, Tromsp, 1979-1880%

Men Waomen
Yariable
B 8, B B,

Age group 0.03 0,12%* 0.05 0.19**
Body mass index ~0.03 ~0.16** ~3.02 —0.15"
Daily cigarerte smoking —0.00 =07 -0.01 —~0. 37
Leisure time physical

activity 0.0} 0.08* 0.02 0.03%
Work time physical activity 0.03 G077 0.01 0.02
Use of beer 0.03 .08+ 0.03 0.057
Use of wine 0.01 .01 0.04 0.07">=
Use of spirits 0.06 0.13“* 0.06 Q.10
Type of table fat 0.04 004"+ 0.03 0.03*
Use of fruits and vegetables -0.02 ~.04*" 0.00 3.0

*p=0.05 *p =00k " p £ 0001

+ Mean HDL cholesterol concentration (and standard deviation) was 1.45 (0.44) and 1.74 (0.41) mmol/liter
for men and women, respectively. Adjusted R* was 0.068 and 0.097 for the analyses for men and women,

respectively.

TABLE 4

Associations between food and life-style habits and serum triglycerides (mmolftiter), Unstendardized (B) and
standardized regression coefficients (B,), 6,877 men and 6,593 women, Tromse, 1979-1980%

Men Women
Variabie
B 8, ' B B.

Age group 0.02 0.04** 0.01 0.02
Body mass index 0.10 0.2~ 0.04 0.23*"
Daily cigarette smoking 0.01 0.06*** 0.01 0.11%*
Leisure time physical —0.04

activity ~(.08 —0.05%*** ~0.047"*
Time since last meal -0.11 —0.12%** ~0.06 —0.11**®
Use of beer {304 ~0.04™* -0.00 -0.01
Use of wine .00 0.60 (.02 ~0.03
se of spirits -0.01 -0.01 ~0.03 ~0.03*
Amount of table fat 0.03 0.03* 0.04 0.05***
Use of low-fat milk ~(.08 -0.04"* ~0.10 ~(.08"%*
Glasses of milk 0.02 0.01 0.03 0.03**
Use of ground meat 0.05 0.05%" 0.02 0.03*
Use of fish -0.06 —=0.04*>* -0.02 -0.03*
Type of bread 0.03 0.01 0.08 0.03"
Slices of bread 0.04 0.02* 0.01 0.01

*p s 0.05; ** p = 0.01; *** p = 0,001,

f Mean serum triglyceride coneentration {and standard deviation) was 1.63 {0.87) and 1.08 (0.58) mmol/liter
in men and women, respectively. Adjusted R? was 0.109 and 0.001 for the analyses for men and women,

respectively. '

In the multipie regression analysis, the
variation in serum triglyceride level was
significantly asscciated with a number of
different food habits for one or both sexes
(table 4), For both sexes, statistically sig-
nificant (p < 0.05) positive associations

were seen for the amount of table fat on
each slice of bread and the frequency of use
of ground meat, whereas, for fish consump-
tion and use of low-fat milk, negative as-
sociations were seen. However, none of
these associations were very strong. Sub-
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TABLE 5

Correlation coefficients between some independent variables included in this analysis, 6,647 men and 8,297
women, Tromse, (9791980

Men
N Use S
Women Lteillt:lom ; of ! ?)’i_lt Cotfee el ices
physical oW table drinking at
activiry fat fat hread
- miik
Leisure cime physical activity .08 ~0.04 ~{,12 0.12
Use of Riw-fat miik 0.10 ~0.13 ~0.09 —0.07
Type of table fay 0.00 0,08 0.07 ~h03
Coffee drinking =0.08 ~(.05 0.05 0.04
Slices of bread 0.01 -0.05 0.01 0.01

< 0001 if r > 0.04.

jects who did not use table fat had approx-
imately 0.1 mmol/liter lower serum tri-
glycerides than those who spread the table
far lavishly, and a similar difference was
found between those who frequently eat
fish for dinner {>4 times a week} and those
who seldom eat fish (<1 time a week), It
should be noted that time since last meal
contributed significantly to the regression.

Some of the independent variables were
statistically significantly correlated, and
table 5 gives the correlation coefficients
between some selected independent vari-
ables. The table suggests that cholesterol-
lowering habits tend to aggregate. However,
no simple correlation coefficient exceeded
that between some of the alcohol variables
(r = 0.48}, and most correlation coefficients
had values [ar below this level,

DiscussIon

The information about food habits used
in this study was collected from a self-
administered questionnaire. No effort was
made to obtain quantitative information
about the diet, a virtually impossible task
with the available resources in a population
study with more than 14,000 individuals.

Stepwise regression analysis of such a
large data set with up to 20 independent
variables wiil nearly always give some sta-
tistically significant associations. Thus, in
the following we will emphasize relation-
ships with low p values.

Table 5 demonstrates that some of the
variables which are associated with, for ex-
ample, total serum cholesterol, are inter-
correlated. In a cross-sectional study, there
is a risk of confounding due to intercorre-
lation between the independent variables.
This demands great care when interpreting
associations, particularly those that are un-
expected. [nterrelations between two or
mare variables can take care of part of the
variance originally explained by one of
them, and the variable may turn out with
the opposite sign in the multiple regression
analysis. Furthermaore, the confounding ef-
{fects of other variables, not examined in
the study, cannot, of course, be ruled out.
Thus, some of the associations described in
this paper, ¢.g., the association between
coffee drinking and high level of serum
cholesterol, may 10 some extent reflect an
agsociation between a set of cholesterol-
increasing food items including coffee
drinking.

The dependent variables in this study,
particularly HDIL, cholesterol and serum
triglycerides, are not normally distributed.
However, analyses with the logarithmic
transformed variables (which are more nor-
mally distributed) did not change the main
findings presented above.

Cross-sectional studies will never answer
the question of time seguence, i.¢., which
of the associated variables came first, and
therefore likely to he the cause of the other.



628

This is even more complicated when ex-
amining the relationship within a health-
conscious population in which a number of
subjects begin to change their food habits
or: their physicians’ advice or their own
{nitiative. An example is the negative as-
sociation observed in women but not men
between low-fat milk consumption and to-
tal serum cholesterol (table 2). This may be
due to some men drinking skimmed milk
because they have been told that they have
a high serum cholesterol level, Due to the
intervention, which was started in 1974, it
is more likely that men rather than women
in this population have been recommended
to change their diet because of hypercho-
lesterolemia {12).

Body mass index was positively associ-
ated with serum total cholesterol and tri-
giycerides and negatively correlated with
HDL cholesterol concentration. This is in
accordance with previous findings (13). The
standardized regression coefficients for
these associations were higher than for the
food items. However, a man 1.77 m tall
would have to gain more than 12 kg in
weight in order to increase his serum cho-
lesterol to the level that would be compa-
rable to a change from soft margarine to
butter or hard margarine. The correspond-
ing weight gain necessary for a woman 1.64
m tall is about 14 kg. An increase of 4-5 kg
in body mass was associated with the same
change in HDL cholesterol as a change of
type of table fat. Because the body mass
index is used as an independent variable in
the analysis, the other variables discussed
below all contribute independently to the
regression.

The two strongest associations between
food items and total serum cholesterol in
this analysis are the associations with cof-
fee consumption and type of table fat,
whereas the other variables were of less
importance. The association between coffee
drinking and total serum cholesterol in this
population has previously been reported
{9). Population studies published before
1985 are summarized by Mathias et al. (14).
Pasitive assoclations were later chserved in
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three cross-sectional studies (15-17), and a
causal relationship, at least with coffee
brewed in the northern Norwegian manner,
is suggested by two small experiments (18,
19). It is not likely that use of cream or
milk in the coffee can explain this associa-
tion, and there were no indications thatthe
coffee drinkers had particular nutritional
patterns that could explain their higher
cholesterol levels (20). In the previous re-
port (9), no adjustment was made for food
habits. The present study indicates that the
association between coffee drinking and se-
rum cholesterol is independent of the other
food habits recorded, and that the adjust-
ment does not notably reduce the magni-
tude of the association (approximately 0.60
mmol/liter (23 mg/100 mi) between high
(=9 cups) and low {<1 cup) coffee con-
sumption).

It is well known from other studies that
fats with high polyunsaturated fatty acids
compared with saturated fatty acids, i.e.,
with a high polyunsaturated to saturated
(P/S) ratio, are hypocholesterolemic com-
pared with butter or other fats with a low
P/5 ratio (21). This is also demonstrated
in this study, although the difference is
fairly modest-—about 4-5 per cent. The as-
sociations between serum cholesterol and
the fatty acid composition of the diet have
been observed in some populations, e.g., the
Western Eleetric Study (5) and among Ter-
ahumara Indians (8), but not in other stud-
ies, &.g., the Tecumseh Study (7) and the
Zutphen Study (8). The combined effect of
high coffee consumption and use of butter
is considerahle in the present study (=1
mmol/liter {38 mg/100 ml) between the
extreme categories) and likely to be of ¢lin-
ical importance.

The assoctation found between the num-
ber of siices of bread used daily and the
total serum chelesterol was found to be
strongest for men. In this population, the
habit of eating many slices of bread per day
indicates a high energy intake, but is not
associated with the percentage of energy
from fat in the diet (unpublished observa-
tions).
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The rather weak positive association be-
tween fish consumption and serum choles-
terol is interesting in light of the negative
association between fish consumption and
risk for coronary heart disease reported
from Zutphen, Holland (22). Previous stud-
ies have indicated that diets high in fatty
fish reduce (23, 24) or do not change {25,
26) total serum cholesterol. In this study,
we did not enquire about the type of fish
eaten, and some of the most commonly
eaten types of fish are indeed low in fat.
Furthermore, eating fish for dinner is in
this population often associated with sther
food habits, ¢.g., use of melted fats {instead
of sauce), which also may be related to the
serum cholesterol level,

In his review on diet and HDIL choles-
terol, Katan (27) states that the HDI, ¢ho-
lesterol level increases when the proportion
of the energy from fats increases and that
it is essentially independent of the P/S
ratio of the diet. Our findings suggest that
the food habits, except for their affects on
bedy weight, are of minor impoertance for
the DL cholesterol level in the Tromss
population, although small, statistically
significant eifects of diet, particularly the
/5 ratio for table fat, were observed both
in men and women. This is similar to the
findings of Shepard et al. (28), who ob-
served higher HDL cholesterol levels
among participants on diets high in satu-
rated fats than among participants on diets
high in polyunsaturated fats.

The blood samples were nonfasting. This
may be particularly important for the anal-
yses of assceiations between serum triglve-
erides and foed habits. Time since last meal
was included as an independent variable,
and it was highly significantly (p < 0.001}
inversely asscclated with serum triglycer-
ides in both sexes, the regression coefficient
indicating meore than 20 per cent lower
serum triglyceride levels in subjects who
had not eaten during the last eight hours
compared with persons who had just eaten
(<t hour since last mea!). Residual con-~
founding may, however, exist and influence
the results to the extent that food habits

629

are correlated to time since last meal. We
do not think that this is likely because time
since last meal was only wealkly correlated
{r = 0.05) to any of the food habits recorded
in this study.

The negative correlation of fish con-
sumption and serum triglyceride level niay
support the hypothesie that diets high in
eicosapentanoic acid are related to de'—‘
creased triglycerides (23-26), probably be-
cause of the reduced rate of very low density
lipoprotein production {29). However, for
reasons mentioned above, the association
should be viewed with scepticism until con-
firmed by other studies.

According to the present study, prefer-
ence for tow-fat milk is associated with low
serum triglycerides. Frequent consumption
of ground meat and use of much table fat
were also associated with high triglyceride
levels, but a more detailed analysis revealed
that the dose-response relation for these
two food items was less convincing.

In summary, this study confirms the ad-
verse effects of high body mass index on
blood lipids. Positive associations were seen
between high serum cholesterol and high
coffee consumption and the use of table fat
with low P/8 ratio, while negative associa-
tions were observed between serum choles-
terol and bread and low-fat milk consump-
tion. In this study, the HDL cholestero!
level is bavdly influenced by diet. Further-
more, an inverse association was found be-
tween the serum triglyceride level and fre-
quent consumption of {ish for dinner.
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Abstract-—Associations between food habits and body mass index (3MI) (kgim?) were explored
i 4 cross-sectionat study with 7410 men and 7257 women. High BMI was most strongly associated
with low bread consumplion and use of Jow-fal milk. Weaker positive associations were seen lor
coffce, fish and ground meat consumption, and with use of table fat with 2 low P/S-ratio. Negative
associations were seen for use of fruils and vegetables and amount of table fat at each slice of bread.
Inconsistent relationships were noted for use of alcehol. The resulls suppest that individuals (o
some extent have changed (heir foad habits in order o keep the BMI within fimits they consider
10 be normal, and undertine the need for adjustment for BMT swhen e.g. relationships between the

dict and blood lipids are studied,

Alcohol  Body mass index

INFRODUCFION

Overweight is associaled with both increased
blood lipids and blood pressure [1-3] and is also
in other ways associated with increased mor-
bidity. 1t is therefore important Lo investigale
the relationships between amendable habits and
the relative body weight, Scveral studies have
indicated ihat the encrgy intake of obese indi-
viduals is nol higher than that of individuals
with normai body weight [4-6] and weak nega-
live associations between the body mass index
(BMD) (kg/m®) and the energy intake have been
observed in population siundies {7, 8]. Keys
noted in the “Seven Countries Study” {9l a streng
negative association between the energy intake
per kg body weight and the sum of skinfoid
thickness. The present study describes relation-
ships between BMT and some food habits in a
cross-sectional survey. The results are presented

«Supported by the Norweglan Council on Cariovascalar
Diseases.

tAddress reprint requests and correspondence to B K.
Jacabsen,
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as associations Letween food items and BMI,
rather than associations between intake of
nutrients or energy and the relative weight. In
this way, the study gives information about
food habits which may explain the lack of posi-
tive association between BMI and the energy
intake,

MATERIAL AND METHODS

in 1679-80, 21,329 subjects were invited to
take part in a second survey in the municipality
of Tromse. This included all men born between
1925 and 1959 and all women born between
1930 and 1959 registered in the municipality. A
total of 16,621 (78%) attended the screening.
The examination comprised the administration
of a guestionnaire concerning previous diseases,
symptoms possibly caused by atherosclerotic
diseases, living habits and social conditions as
well a5 measurements of blood pressure, weight
and height (1o the nearest haif kilogram and
centimeter) and a venous nonfasting bloed
sample for lipid analyses. This study was to a
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large extent a replication of the first Tromse
Heart Study in 1974 and the cardiovascular
county surveys in Norway, and the methods and
details have been described in a previous paper
[10].

A second questionnaire concerning food
habits, previous discases and social and psycho-
logical conditions was given to those whe
attended the screening. it was $illed in at home
and returned by mail. Altogether 7410 men and
7257 women completed this questionnaire. The
nulritional part of the questionnaire covered
questions about kind and quantity of bread
nermally used, type and quantity of lable fat
and milk, coffee drinking, alcohel habits and
the usc of fish, minced meat as well as fruits
and vegetables. These dictary Hems had been
sclected as they provide information about some
of the most important contributors of the intake
of fat and energy. Fish consumption is relatively
high, and mainly consumed as a dinner course.
Coffee constilutes a major beverage in the
Norwegian population, whereas alcohol con-
sumption in general is relatively fow. A number
of dietary items, e.g. poultry and ice cream, were
oniitted from the frequency questionnaire be-
cause they are not important parts of the daily
diet in this population. The information about
the nutritional habits collected in this study
is too sparse for computing the energy or fat
intake of cach individual,

The validity of the data on dietary habits has
been assessed in a subgroup of 528 men, 30-54
years old at screening. The data in the question-
naire was compared with data from a dietary
history survey conducted 1-2 years after the
screening. High concordance was found between
the two methods for questions concerning types
of foods most commenly used. For food items
used every day in casily recalled units, and for
questions about use of alcohol, the correspon-
dence between the two methods was good
{Kendall's tau 2 6.30). For other food items, the
concordance was less satisfactory (Kendall’s
lau = 0.25) [11).

To examine the varigtion of the body mass
index (BM1D) (kg/m?), a multiple regression
analysis was performed using SPSS (12} Step-
wise forward sclection was used, including a
variabie i F-to-enter > 3.85, corresponding to
p <0.05. After determination of the variables
which contributed significantly to the regression
for one or both sexes, the regression was run
with these variables for both sexes. Unstand-
ardized and standardized regression coefficients

and p-values ave given in the tables. The stan-
dardized regression coefficients (B,) provide a
way 1o compare the relative effects on the
dependent variable of each independent variable
when these are measured in different units (as
in this study), The B, is computed from the
unstandardized coelficient {#) for cach indepen-
dent variable X with standard deviation SD Y
as B, =8 {SD X/ Y} where SD Y is the
standard deviation of the dependent variable, in
Lhis study the body mass index.

The following variables were taken into
account as possible determinants of the BMI:
Age (5-year ape groups), daily cigaretie con-
sumption (number of cigareties/duy), leisure time
physical activity, work time physical activity
(both graded from 1 10 4 wilh increasing sctive
ity), use of beer, wine and spirits (all three coded:
never or a fow times/year, 1-2 times/month,
once a week, 2-3 times a week, about daily},
type of bread (brown bread, while bread), (ype
of table fat (soft margarine, hard margarine),
use skimmed mitk or mixtures of whole fat and
skimmed milk (no, yes), glasses of milk per day
(<1, 1-2, 3-4, = 5), number of slices of bread
perday (<2, 2-6, 7-12, 2 13), amount of Labic
fat on bread (0, 3, 6, 9, 12 g), number of cups
of coffee per day (<1, -4, 58, 9% fre-
quency of use of fish dishes for dinner (< 1,12,
3-4, 5-6, 7 times per week), frequency of use
of fruits and vegetables (less than once a week,
about once a week, 2-3 timesfweek, about
daily), frequency of use of minced meat (< I,
12, 3-4, 5-8, =& times per month).

Due 1o missing data for some subjccts, 6664
men and 6314 women are included in the multi-
ple regression analyses.

RESULTS

Table 1 shows the distribution of intake of
some selected food items included in this study.
The highest consumption categories (or bread
conswmption are combined due to ew subjects
who eat 2 13 slices of bread per day. Women
were more apt to use low fat mitk and not use
table fat on the bread than men, who, on the
other hand, used more bread and coffce.

Table 2 displays the results of the multiple
regression analysis with BMT as (he dependent
variable. In both sexes, high BMI was associ-
ated with low bread consumption, use of low-fat
milk, high coffee and minced meat consumption
and with jow table fat consumption. In addi-
tion, table fats with low P/S ratio were sclected
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Table 1. Distribtuion (in per cent) of intake of some selected
food items in the Tromss Heart Study (1979-1980)*

Men Women
Food item (%}
Use of low-fat mitk
No 7.2 61.3
Yes 26.8 387
Slices of bread per day
<2 2.1 9.6
2-6 60.5 86.0
=7 114 4.4
Cups of coffee per day
< ] 6.9 18
P-4 325 421
58 44.6 40.0
=9 16.0 9.6
Amount of table fal (g)
al cach slice of bread
{ N 169
3 42.5 54.2
6 2.4 18.5
9 13.6 4.4
12 4.5 2.1

e Lo missing cases, the number of men and women
included in the analyses vary from 7325 10 7368 men and
from 7176 1o 7218 women,

by subjects with high BMT. The oldest individu-
als had the highest BMI, and high BMT was also
positively associated with high physical activity
at work, low physical activity in leisure time and
pon-smoking. Inconsistent relationships were
seen Tor the alcoholic beverages. Note, however,
that the regression coeflicients are rather low.
Apart from age. onty changes in bread and milk
consumption as well as wine consumption {only
in women) can independently influence the BMI
more than $%. A 3% change in BMI corre-
sponds Lo approximately 3.8 kp fora 1.77 m tall

Table 2. Body mass index r
and standardized repross
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man and 3.0 kg for a woman who is 1,64 m fall.
This is the mean height of men and women in
this study.

In both sexes, the strongest relationships
observed were those between high BMI and low
consumption of bread and use of low fat milk
(skimmed milk or mixtures of skimmed and
whele fal mitk). Individuals who cal less than
iwo slices of bread per day had about 5kg
higher body weight than those who cat more
than six slices per day. In men, a weak positive
associalion was seen between BMI and the
number of glasses of milk per day. In women,
the opposite lendency was cvident, However,
the major difference {abeut 3kg) was found
between subjects who selected low-fat milk
compared 1o those who used whole fat milk or
did not drink mitk. As shown in Table 1, about
27% of the men and 39% ol the women used
fow fat milk.

The positive relationship between coflee con-
sumption and BMI was observed in both sexes,
The same was Lrue for the associations between
BMI and ground meat and table fat with low
PiS-ratio. All of these relationships were more
prominent in women than men. The nepative
association with the amount of table fal was
statistically significant for women only. A more
detailed analysis of this relationship revealed
that subjects who used most table fat had a
somewhat higher BMI than subjects who indi-
cated their use in the next fower consumption
category (9g). The major difference in BM]
{corresponding o approximately 2kg) was

ssed on Tood and life siyle habits, Unstandardized {8)
on coellicients (3, ). 6664 men and 6314 women

Mcen Women

Moean of BM1 (S 2424 (2.81) 2249 (3.2
Adiusted 27 0.133 0147

R B, B B,
Age group 0.3} 0.20¢ 048 0.23
Paily cigaretie consumption - 0.2 --0.06" =003 000
Leisure pliysical activily 1S -0.04" IR 03
Work time physical activity (.14 0.05 0.34 0.0
Lise ol beer —4.28 -0 —0.14 03
Use of wine 013 ~ 03" - (.41 - (.09
Use of spirits .23 .07 -~ (.04 - 008
Shices of bread -093 - 0.1 —{.81 - 069"
Use of low fat mitk 082 oy 1.§2 0
Glasses of milk 0.09 .03 005 - 0.04"
Collee drinking 0.26 0.0 (.33 0.08°
Use of fish Q.22 Q.05 0.10 0.02
Use of ground meat 0.09 0.03° 013 6.04'
Type of table fan ¢.20 .03% .33 08
Amcunt of table fut - 007 -002 .26 =067
Use of fruits and vegetables (.02 - 0.0t (.18 - (.04

*p = 0001 "p £ 0.01: p £ 005,
; i
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found between those who used table fat and
those who did not.

The rclationships between BMI and the
alcoholic beverages were inconsistent. In men,
a decrease in BMI with increasing beer and
decreasing spirits consumption was seen. These
associations were hardly significant in women.
On the other hand, a relatively strong negative
association between wine consumption and
BMI was seen in women, the body weight of
women who drank wine more than once a week
was approximately 2.5 kg lower than that of
women who never drank wine or drank wine
only & few fimes a year.

In order to assure that the observed relation-
ships were not only due 1o weight reducing
activity among the most ebese, we excluded in
a separate set of analyses the individuals with
BMI in the highest quartile. This exclusion did
not change the main findings deseribed above.
However, for nearly all variables, the regression
coeflictents were reduced compared ta the
analysis with all men and women, but there were
only four exceptions to the rule that the sign
of the regression coeflicients was the same, In
contrast 1o the results for the entire population,
in the lower-BMI-population the association
between BMT and leisure physical activity
was found to be positive in both sexes (more
physical activity in leisure time, higher BMI).
Furthermore, in women, a posilive associzlion
was found between BMI and use of spirits,
making this relationship in line with the results
for men. In men, a non-significant negative
association between BMI and use of fruits and
vegetables was changed 10 & non-significant
positive one.

Furthermore, we investigated the relation-
ships between the food items and BMI in differ-
ent subgroups of the population, The different
strata were for cach sex: BMI quartile (I,
IT+ 10, 1V) age ( < 40 vs =40 years), years of
education (€7, 8-12, 213) leisure physical
activity (sedale or some activity vs take part in
some sort of sporl) and smoking habits (no
smoker, smoker). For the variables which con-
tributed highly significantly (p <0.001) to the
regression for both sexes (slices of bread, use of
low-fat milk and coffee consumplion), the sign
of the associations was unchanged in 23 of 24
analyses. For variables which were associated
{p €0.001) with BMI in only one of the sexes,
no major discrepancies were observed lor the
sign of the regression cocfficients. The most
interesting difference was the positive associ-
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ation in women between BMI and amount of
table fat used at each slice of bread in the
highest BMI quartile. However, none of the
associations which were in contrast to the find-
ings for all subjects were statistically significant
(p > 0.60).

DISCUSSEON

Individuals who are overweight must have, or
al least have had, a higher energy intake than
encrgy expenditure. The negative association
between energy inlake and BMI obscrved in
several studies {4-8)], should thercfore have a
correlate in lower cnergy expenditures among
the obese. However, there arc indications that
this is nol the case. In a recent publication,
Prentice er al. using a doubly labeled water
(*H,"™0} method, showed thal obese women
have a higher encrpy expenditure, both because
of higher basal metabolism and higher physical
activity, than lean women [13]. Furthermore,
the positive associalion between per cent of the
body weight as fat, at given fai free mass, and
resting metabelic rate described by Garrow and
Webster [14] among women, docs not supporl
the hypothesis that obese individuals have a
particularily Jow resting metabolic rale. A
positive association between reported physical
activily and measures of obesity was also seen
in one cross-sectional study {8}

In the present study, adjustments were done,
albeit in a crude manner, for physical activity in
work and leisure, When excluding the individu-
als with BMI in the highest quartile, a positive
associalion was seen between BMI and both of
these indices of physical activity, sugpesting
that in subjects with low or normal BMI, sub-
jects with higher BMJ also have higher physical
activity,

It was not possible to compute the encrgy
intake or cxpenditures of cach individual in
this study, and epidemiogical studies using
frequency queslionnaires are probably not the
most appropriate way 1o elaborate alt aspects
of the obviously complicated physiofogical and
psychological mechanisms  behind  obesity.
However, frequency questionnaires may give
information aboul items which are indicators off
high fat or energy intake. This was confirmed in
a subgroup of the men in this population where
high encrgy intake was found Lo be positively
associated with the number of slices of bread,
the use of whoele fat mitk, the amount of milk
per day, and the amount of table iat on cach
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slice of bread (unpublished observations).
Acknowledging the limitations of food fre-
quency questionnaires, particuiarly short ones
as used in this study, this confirms our belief
that frequency guestionnaires may be used to
deseribe associations between certain food items
and risk factors of disease and morbidity.

High BM] is mainly due to increased fatness
{15, even if increased muscle mass may influ-
ence the relative body weight, as suggested by
the positive association between heavy manual
work and BM1

The seemingly inconsistencies observed in this
study with high BMI associated with low-fat-
milk and low bread intake may be due to meth-
odological difficulties. The main methodotogical
flaw would be the validity of the information
on food habits, particularly if subiects with
increased BMJ tended to underestimate their
foed intake, boeth with regard to quality {ie.
type of food) and quantity. Tt can not be ex-
cluded thal overweight subjects underestimate
their energy intake [13, 18] and that slim sub-
jects may overestimate their intake. However,
the results of the analyses for the different parts
of the population are quile consistent, support-
ing the view that the conclusions presented
here are not due o methodological difficudties
because of particular habits in the obese, less
educated, young, sedale or non-smoking part of
the population.

The results may also reflect the problems of
describing associations in cross-sectional studies
where the interviewees are aware of the possible
velationship between the dependent and the
explanatory variables, and therefore change
their habits, The awareness of the relationship
between nutritional content and BMI which is
apparent {rom the increasing number of organ-
ized slimming activities in the population must
cxplain some of the findings such as the higher
BMI among those prefersing skimmed milk and
the negative association between the amount of
table fat and BMI in women. However, although
not all of these regression coeflicients were
statistically significant, the signs of the coeflici-
ents were the same in the quartile of the subjects
with the lowest BMT (BMI < 22.3 for men and
£ 204 for women) as in the analyses for all
subjects, indicating that the associations are not
solely a result of changed food habits among the
overweight. Even among men and women with
rather Jow body weight (< 71 kg for a 1,77 tail
man and < 55kg for a 1.64 tall woman), we
find indications of weight reducing food habits.

This observation, that subjects who consider
themselves to be somewhat overweight have
taken measures to reduce the weight, is sup-
ported by some other studies. Ohlson and
Harper [6] noted in their longitudinal study that
the mean energy intake ameng women was
reduced with advancing age from 25 years of
age to mid-fifties, and that this reduction in
energy intake was partly due to reduced servings
of bread and potatocs per day, increased use of
Jow-fat milk and decrease in the amount of fat
used in the household. Prentice er ol [13] found
that the energy expesditure of lean subjects was
near identical with the self-reported encrgy
intake, whercas the self-reported energy infake
of ohese women was 33% lower than the energy
expenditure, atiributing some of this difference
to dieting. Baccke e al. [4] noted a negative
association between the percentage of the body
welght as fat (%BF) and use of fruits and
vegetables [or men and consumption of fats
and sugar-rich products for women. This is
similar Lo our findings, although we do not
have any information about intake of sugar.
Also Richardson [17} observed an inverse re-
fationship between sugar intake and relative
weight. Keen ef &l. [7] Tound. afier adjusting for
age, negative associations between the BMI and
the intake of protein, carbohydrate, fat and
sucrose. The relationships did not, however,
achieve slatistical significance in all subgroups.

In men (and in women when the women with
BMI in the highest quartile were excluded) a
positive association was seen between use of
spirits and BM1, whereas negative correlations
were most strongly seen for beer {in men) and
wine {in women). The negative associations
may ilustrate the same effect of reduced energy
intake (here akeohol) because of inercased body
weight. On the other hand. some studies do
indicate that energy from alcohol is wtilized less
efficiently than energy f{rom other energy
sources [18, 191, i.c. substitution of other calor-
ies by slcohol may result in weight loss. Similar
1o the results from this study, a negalive associ-
ation bewween alcohol consumption and BMI
was also seen in men m the HANES [ study
{20] and Jones er al. {21] found that although
drinkers had higher encrpy intake, they were
less obese than non-drinkers. Kronmhout [5], in
contrast to these findings, reported that men in
the highest quartiie of body weight consumed
significantly more alcohol that men in the lowest
quartile.

If the main explanation 1o the findings
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reported here is that the individuals respond
to increase in body weight by changing the
diet in order to reduce the energy intake, this
underlines the need for adjusting for BMI when
associations between food habits and other
variables also refated to BMI (e.g, blood lipids)
are investigated. For instance, due to the well
known pesitive association between BMI and
serum total cholesterol {1, 2], given no associ-
ation between serum total cholesterol and e.g.
bread consumption, a negative association would
be found if the analysis is not adjusted for BML.

In summary, the present study suggests that
most people in this population try to keep the
body weight within limits they consider to be
normal. This may be part of the explanation for
the lack of positive association found between
energy intake and BMI in several studies, and
emphasize the need for adjustment for BMI
when associations between food habits {and
alcohol) and other variabies associated with
BMT are investigated.
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The Tromse Heart Study: Is Coffee Drinking an Indicator of
a Life Style with High Risk for Ischemic Heart Disease?
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ABSTRACT. Jacobsen BK. Thelle DS (Institute of Communily Medicine, University of
Tromse. Tromse, Norway). The Tromse Heart Study: Is coflee drinking an indicator of a life
style with high risk for ischemic heart disease? Acta Med Scand 1987, 222: 21521,
Associations between colfee drinking. use of mble fal with low contents ef polyunsaturaied
Tatly acids. preference for fow-fat milk, use of fruits and vegetables, smoking and tack of
physical activity in letsare 1lime have been described in a cross-sectional study of 14582 men
and women. Coflee drinking was negatively related w the use of low-Tat milk, use of table fat
high in poelyunsaturated fatty acids, use of {ruits and vepetables, and positively associated
with bread consumption. Three persons out of four with high coffee consumption (8 cups/
day) were daily smokers, i contrast 1o abowt a guarter of those with low coffee consumption
(<1 cupdday). In women and young men. high coflee consumption was associaled with low
physical activity at leisure. The results suggest that high coffee consumption may be an indi-
cator of & lite siyle with bigh risk for coronary heart discase. Key werds: cigarette smoking,
coffee, food habits, fschemic heart disease, physical activity.

Although the mortality rates from ischemic heart discase (IT11) has been deereasing in Nor-
way and some other Western countries over the fast deeade, it is still the major cause of death
(1. With the increasing interest in individually oriented preventive actions (2, 3), the general
practitioners’ responsibility will be to idemify subjeets with a life style which may inercase
the risk of contracting 14D, High-risk identification implies the simultaneous assessment of
a number of risk factors, even if more simplified methods have recently been supgesied (4).

It may be, however, that even simpler questions about some particular habits, without
going into a too detailed history, will reveal an atherogenic life siyle. Studies both from Nor
way (3) and elsewhere (6, 7) suggest that coflce conssumption is associated with a diet high
in fat and with a high proportion of the energy from fat, Whether coffee drinking per sc in-
creases the scrum chelesterod is still a subject for debate (8). The assaciation feund in this
population {9) is strong, and experiments give increasing evidence for a causal relationship
between, al least, boiled coffee and increased serum cholesterel (10-12). One may, there-
fore, envisage at least three different mechanisms for the relationship between coflee drink-
ing and total cholesierol; one as a divect effect on cholesterol metabotism (13}, a second via
other components ol the diet (¢.g. fat}, and a third by interactions between coffee and other
parts of the diet.

We have previously shown that the association between coffee consumplion and tolal
serunm chelesterot found in this population (9} cannot be explained by associations between
coffee consumption and other food habits (14}, In this paper. we concentrale on the second
of the three possible mechanisms for the coiffee~serum cholesterol relationship outlined
above, and discuss relationships between coffee consumption and some food habits as-
sociated with elevaled fotal serum cholesterol in the Tromse Heart Study (14) as well as
cigarette smoking and low physical activity in leisure tme,

Abbreviations: THD = jschemic heart disease, P/S-ratio == ratio between intake of polyunsaturated fatty
acids and saturared faty acids.
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Table L. Distribution (%) of coffee consumption according to sex and age in the Tromse Heart
Study, 7368 men, aged 20-54 years, and 7213 wonien, aged 20-49 years®

Men Womaen
Cups of coffec/day Cups of coffee/day

Age

group n <] 14 5--8 =8 n <1 b4 5-8 =8
2024 843 172 n7 333 1.7 1226 14 46.6 3.4 8.0
25-29 1284 8.4 356 39.6 16.4 1535 9.1 45.5 319 1.5
30-34 1503 6.2 3.8 45.8 16.5 1 588 6.7 3.4 42.5 115
35-39 12406 5.6 30.2 40.1 18.1 P2 5.6 391 43.8 11.5
A0-44 89 5.7 ang 473 16.2 887 4.2 43.4 43.6 3.8
45-49 8GS 34 30.6 492 16.9 766 4.3 42.4 4d.1 9.1
50~54 802 2.1 313 52.0 14.6 - - - -
2049 6 566 7.5 32.7 43.7 10.6 7213 7.8 42.7 40.4 9.6
20-54 7368 6.9 325 44.6 16.0 - - - - -

 The only female examined in the age-group 56-54 years is excluded in this table.

STUDY POPULATION AND METHODS

In 1979-80, 21 329 subjects were invited 1o take pact in a health survey in the municipality of Troniss.
‘This included alt men born between 1925 and 1959 and all women born between 1930 and 1959 repis-
tered in the municipality. 16621 (78%) attended the screening. The examination comprised the admini-
stration of a questionnaire concerning previcus diseases, symptoms possibly cansed by atheroscleratic
diseases, living habits (including physical activity in leisure time and smoking habits) as well as measure-
ments of bloed pressure, weight and height and a venous non-fasting blood sample for lipid and giucose
analyses. This study was 10 & large extent a replication of the first Tromsg Heart Study in 1974 and (he
methods and details have been deseribed in a previous paper {15).

A second questionnaire concerning questions on food habils, previous diseases and social and
psychelogical conditions was given to those who atfended the sereening. 1t was filled in at home and re-
turned by mail. 7410 men and 7257 women returned the questionnaire, but some individuals did not
answer alt questions. The nutritional part of the questiomaire covered questions about kind and quan-
lity of tread normally used, type and quantity of table fat and milk, coffee drinking, alcohol habits and
the use of fish and minced meat as well as [roits and vegetables. These food items bad been selected as
they provide infarmation about some of the most important contributors of the intake of fat and energy.
Coffee constitutes o major beverage in the Norwegian population, whereas aicobol consumption in
general is relatively low. A number of dietary items, e.g. poulty and fce cream, were omitted from the

Table 18 Mean, age-adjusted percentage of the population who select low-fat milk, soft (high PUFA) mar-
garine, =6 siices of bread/day and daily wse of fruits and vegetables according 1o coffee drinking, Tromsp Heart
Study, 197980

f.ow fat mitk Soft margarine . =6 shices of bread/day

Men Women Menp Woumen Maon Women
Cupsofl  ————rmee
coffee Y n Y n 2 i Yo i Ve " V4 n
<] 328 507 41.8 551 75.5 484 7.1 533 0.7 503 4.4 555
1-4 313 2378 41.0 3062 T 2320 THO 2067 34.0 0 2369 3.8 3058
58 249 32064 s 2806 6 3189 759 2778 318 3262 4.4 2802
=8 19y 1172 N3 686 690 1146 70.5 O350 2.4 1165 7.0 687

p-value for
lincar wend <0004 <(.001 0.002 <100 0.13 0.02
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frequency questionnaire beeause they are not important parts of the daity diet in this population. The
information about food habits coltected in this study is oo sparse Tor computing the energy or fat intuke
of cach individuad.

English translation of relevant parts of the questionnaive and information about the validity of the
food consumption data assessed by comparison with data from o dictary history survey conducted 1-2
vears after the sereening in 528 men arce given clsewhere (16).

One-way analvses of {codvariance were performed lor each sex separatehy with the BMIPIV program
(17). The analyses were done with the Ble stvle variables as the dependent varables. coltee as the group-
ing variable (and S-year age groups as the covariate when age adjustment was performed). Diflerences
between the coflee categories were tested for linvar trend by using contrasts (-3, -1 1 3) between means
ol colfee consumpton categaries.

RESULTS

Table 1 shows the distribution of the coffee drinking habits aceording 10 age and sex in the
Tremse Heart Study. Men drank more coffee than women. Subjects in {the youngest age
group drank less coffee than the older subjects. but there was a reduced coffee consumption
over the age of 40, especially in women. Table 11 demonstrates the relationships between col-
fee consumplion and some {ood habits. Of the men who drank <1 cup of coffee per day.
33% used low-fat milk, in contrast 1o the 20% of men who drank =8 caps of coffee daily
(p=<<(.001). The corresponding figures for women were 42 and 31%., respectively (p={L0013,
A weaker gradient was found for use of table Tat with high P/S-ratio. Of men with low coffee
consamption, 76% used such table fat vs. 69% in men with high coffee consumption
{p=0.006). In wamen, the corresponding Jigures were 79 and 71% (p-<0.001). Bread and cof-
fee consumption were positively associated. The p-values for linear trend were, however. less
impressing (=013 for men and p=0.02 for women). Coffee consumption and the use of
fruits and vegetables were negatively associated, the freguency of daily users of fruits and
vegetables in subjects with high coffee consumption was less than three guarters of that of
subjeets with low coffee consumption {p-vaiue tor linear trend <<0.001).

Table 111 gives the associations between the propostion of the population who exercises (o
keep fit =4 hourstweek and coffee consumption in different age groups. in women and ye-
latively young men (<250 years old), high coffee consumption was associated with low physi-
cal aetivity, The opposite tesdency, although not statistically significant. was obscrved in men
in the 50-54-year age bracket.

The associations between collee drinking and smoking are displayed inYable IV, Of those
who drank =8 cups of coffec/day, 75% were daily smokers. whereas 20-25% of the indi-

IFruits and vegetables daily

Men Wamen

Yo ] Yo i

2.1 510 73.8 560
47.5 2386 ARE 3077
4.5 3279 63.7 2883
a1 17 52.7 689

=20.001 =008
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viduals who drank <} cup were smokers. Among cigaretie smokers, high coffee consump-
tion was associated with a higher cigarette consumption. Smokers with very low coffee con-
sumption tended (o smoke somewhat more than smokers who drank 1-4 cups of coffee per
day.

Table V gives the proportion of the subjects who do not smoke and have a low (otal serum
cholesteral level (<£3.2 mmol/ or 200 mg/100 m) according to the coffee coasumption. While
i i3 relatively rare (<1/12) to find such a person among subjects with high coffee consump-
tion, more than one out of three of those who drink <1 cup of coffeefday fulfill both of these
criteria.

DISCUSSION

Decatleinaled coffee is rarely used in Norway, and boiled coffee is the predominant type of
coffee consumed in Tromse. In sorthern Norway four ont of five drink the coffee black (.
The relations deseribed are thercfore mainty with black, boiled coffec.

It may be concluded from the present anatyses that knowledge of coflec consumption pro-
vides indirect information on cach individual’s atherogenic risk. Table V demonstrates clearly
that i this population i is not very likely that a subject with high coffec consumption has
total serum choiesterol as low asg that recommended in a recent concensus report (3) and at
the same time is a non-smoker. In this context, it is not of major importance whether or not
coffee drinking itselfl is associated with increased risk for 1THD (18-21}. The reasons for the
resuits displayed in Table V are the strong association between coffee consumplion and total
serum cholesterol in this poputation (9-11), even after adjustment for other food habits (14},
the relationships between food habits associated with both high total serum cholesterol {14)
and coffee consumption, and the association between smoking and coffee consumption,

A bias may have been introduced i this study as the subject already known 10 have 11D
or other disease might have reduced the coffee consumption beeause of illness or because of
docter’s advice (19, 20, 22). The study was, however, conducted in a relatively young popu-

Tabie H1. Mean percentage of the poprdation who exercises =4 hoursiweek, Tromse Hearr
Stuely, J970-80¢

Cups of coffec/iay

<} 2] 3-8 =8
Age p-value oy
group Yo n % 7 Yo 5 Yo n linear trend
Men
20-29 46.8 252 445 77y 375 789 29.7 310 <0001
3039 43.8 162 3.0 848 353 1259 252 469 <0001
40-44 333 078 294 520 28.3 816 28.0 279 033
50-54 17.6 17 255 251 22.5 417 282 117 {140
2054 438 509  37.5 0 2392 325 3281 273 1175 <0001
Women
20.29 143 318 124 1209 10,0 952 9.5 R0 008
33-39 16.1 174 155 1095 3.4 1206 128 321 0.23
4(-49 17.1 700132 i) 123 74 81 148 0,05
2049 152 559 137 3074 120 2882 107 689 (LO0Y

“ The only fenale examined in the age-group 50-54 vears is excluded in this tabie.
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lation, and except for the oldest age group, disease-related in coffee consumption would be
unlikely to play an important role.

Solvoll and Laken (5) have cvaluated the refationships between coffec drinking and dif-
ferent food habits in another Norwegian population comprising 13214 men and women.
They confirmed that individuals with high coffee consumption tended to have high bread
consumption, use butter or hard margarine, butier the slice of bread lavishly and prefer
whole-fat mitk.

Although the interrciationships between coffee drinking and {ood habits may be culture-
dependent 1o a great extent, coffee consumption is commaon in many countries and # may be
worthwhile to look for such relationships at least in countries with similar food habits as the
Norwegian. Studies from California (6, 7). a state which in most respects is quite different
from the Tromsg community al 70° Jatitude North, suggest that some of the relationships ob-
served here may be present alse in other parts of the world. In men, Haffner and co-workers
{6) Tound positive associations between coffee drinking and percentape of encrgy from fat,
saturated fat and the cholesterol intake and a negative association with the P/S-ratio. In
women, no significant associations were observed. Mathias and co-workers (7) reported
negative associations between regular coffee consumption and the P/S-ratio of the diet.

A negative relationship between the proportion of the population who exercises and cof-
fee consumption was observed by Mathias and co-workers in men, but not in women (7). The

Table IV. Mean age-adjusted percentage of the population who smoke and mean cigarette con-
sumplion i cigarete simakers according to coffee consumprion, Tromse Fleart Study, 1979-80

Smokers Mean no. of cigarettes

Men Women Men Women
Cups of
coffee Y n Y i Y% i Yo n
<1 250 504 2.9 559 13.4 117 i0.8 135
1 3.8 2394 343 3077 12.5 750 9.5 1 004
58 4.0 3284 56.8 2 883 4.4 1714 114 1612
=8 75.2 1179 76.5 489 17.1 860 139 523
p-vajue for

linear trend <0004 <{1.001 <0.501 0.0

Table V. Mean age-adjusted percentage of the population who do not smoke and have iotal se-
runt cholesterol 5.2 mmolf! according to coffec consumption, Tramsg Heart Study, 1979-80

Non-smokers and low serum cholesterol

Men Women
Cups of
colfec Yo # % %
<1 4.3 309 41.0 559
-4 216 2392 20.2 3073
5-8 123 3283 14.5 2879
>8 53 L1 7.8 089

pvalue for
lincar rend <20.0061 <0000
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association seen in this study was weak or absent in men over 39 years of age. The reason
for this effect of age, which was not observed in women, may be that young men select physi-
cal activity as a part of a life styfe (in which low coffee consumption is another part), whereas
in older men the levei of physical activity is generally lower.

The positive association between coffee drinking and smoking is wel known (20, 23, 24).
The somewhat higher cigarette consumption level in smokers who do not drink coffec or
drink less than one cup per day compared 1o those who drink 1—4 cups per day may be due
to some individuals with somatic symptoms having stopped drinking coflee but continued
smoking.

In conclusion, in this population of relatively young individuals with high coffee consump-
tion, coffec drinking secems to be related to foad-, leisure physical activity-, and smoking
habits which are associated with elevated risk for IHD. Coffee drinking may therefore indi-
cate an unhealthy life style. Similar relationships have been reported in other studies, and it
is likely that the described associations are not unique for this population. Of course, we do
not suggest that one question about coffee consumption can be a substitute for a more
thorough interview, only that coffee consumption may be ane of the questions to be included
in this interview.
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The relationships between length of education, life style variables
ard major risk factors for coronary heart disease were analyzed in
12,368 men and women in Tromsg, Norway. Subjects with the longest
education tended to be less overweight, smoke less, be more physical
active in leisure time and have food habits assumed to be less
athercgenic {i.e. drink less coffee, use soft margarine and low fat
milk and eat fruits and vegetables daily) then individuals with low
education. Mean total serum cholesterol and systolic blood pressure
were negatively, and high density lipoprotein (HDL) cholesterol in
women positively, associated with educational level. The difference
hetween the extreme groups of education (< 8 and > 16 years of
education) was far total serum cholesterol 0.52 mmol/liter {20 mg/100
ml), for HOL-cholesterol 0.03 and 0,14 mmol/liter (1 and 5 mg/100 ml})
in men and women, respectively, and for systolic blood pressure 1.9
and 5.6 midg in men and women, respectively. Adjustment of the
relationships between length of education and total serum cholesterol
and systolic blood pressure for several variables (including food
habits} reduced the strength of the asscciations, which, however,
were still statistically significant. For DL cholesterol, a negative
association was found in men when adjustments were done, and the

positive association originally observed in women disappeared.
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Chronic disorders have always been more freguent in the poorer
groups of the society, and the influence of social class as a
determinant of disease was pointed out already by Rudolf Virchow in
the last century. Coronary heart disease on the other hand gained
reputation for being the better offs higher risk, as Sir William
Osler noted in the Lancet in 1910, although the evidence for this may

have heen scarce (1).

This social gradient now seems to have diminished and may in some
countries even be reversed (2-5). The reason for the lower coronary
heart disease risk in the higher social classes remains obscure, but
it is probable that changes towards a less coronary heart disease

prone life style have to greater extent taken place in these classes.

High level of education is an indicator of high social class, and
is associated with reduced cardiovascular morbidity in some studies
{6-9}, Marmot and coworkers {4} have shown that only parts of the
difference in morltality between British civil servants with different
grade of employment can be explained by a higher level of hyper-
tension and cigarette smoking in sulrjects with the lowest level of
education. Similar results have been reported from the Oslo Study
(3}. Liu and coworkers {8}, on the other hand, found that the
negative association between coronary heart disease mortality and
level of education was not statistically significant when adjusted
for blood pressure, serum cholesterol, smoking, relative weight and

electrocardiogram abnomelities.
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The present paper addresses the problen from a cross-secticnal
point of wiew, and describes how educational level is associated with
risk factor levels and to what extent the chserved differences in
coronary risk factors can be explained by cigarette smoking, physical
activity in leisure time, body mass index and the consunption of some

gpecific food items.

MATERTAY, AND METHODS

In 1979-198G, 21,329 subjects were invited to take part in a health
survey in the municipality of Tromse. This included all men born
between 1925 and 1959 and all women born between 1930 and 1959 regi-
stered in the municipality. 16,621 {78 %) attended the screening. The
examination comprised the administration of a guesticnnaire concern-—
ing previous diseases, symptoms possibly caused by atherosclerotic
diseases, living habits (including physical activity in leisure time
and smoking habits) as well as measurements of blood pressure, weight
and height and a vencus nonfasting bleod sample for lipid and glucose
analyses. This study was to a large extent a replication of the first
Tromse Heart Study in 1974, and the methods and details have been

described in a previcus papar (10).

Total serum cholestercl was measured directly by the enzymatic
oxidase method, using a commercial kit (Rochringer 148393, Bosh-
ringer-Mannheim, Federal Republic of Germany}. HDL cholestercl was
assayed by the same procedure after precipitation of lower-density

lipoprotein with heparin and manganese chloride. ALl laboratory
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assessments were performed by the Division of Clinical Chemistry,

University Teaching Hospital of Tromss,

The blood pressure was read Lo the nearest even mumber of mmilg and
measured twice with one minute interval with a mercury sphygmomano-
meter at the right upper arm with the subject in a sitting position.
The lowest readings were recorded. The systolic blood pressure was
measured when the first Rorotkeff sound appeared (phase 1). The
diastolic blood pressure was defined as the pressure at the dis-
appearance phase of the Korotkoff sound (phase 3). If there was no
phase 5, the pressure at. phase 4 was recorded. The personell was
trained according to the same program based on tape-recorded blood
pressure sounds produced by London School of Hygiene and Tropical

Medicine.

A second questionnaire concerning questions on food habits, previcus
diseases and social and psychological conditions {(including the
question: “How many years of education do you have?") was given to
those who attended the screening. It was filled in at home and
retqmed by mail. The question about length of education was answercd
by 14,426 men and women, but some individuals did not answer same of
the other questions. The mutritional part of the questiomnaire
covered questions about kind and quantity of hbread normally used,
type and quantity of table fat and milk, coffee drinking, alcohol
habits and the use of fish, minced meat as well as fruits and
vegetables, English tramslation of relevant parts of the question-
naire is given elsewhere {11). These food items had been selected as

they provide information about some of the most important contri-
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butors of the intake of fat and energy. Céffee constitutes a major
beverage in the Norwegian population, whereas alochol ceonsumption in
general is relatively low. A number of dietary items, e.g. poultry
and ice cream, were omitted from the frequency questionnaire because
they are not important parts of the daily diet in this population.
The information about the food habits collected in this study is too

sparse for computing the energy or fat intake of each individual.

The validity of the data on dietary habits has been assessed in a
subgroup of 528 men, 30-54 years old at screening. The data in the
questionnaire were compared with data from a dietary history survey
conducted 1-2 years after the screening. High concordance was found
between the two methods for questions concerning types of foods mostk
~amonly used, For food items used every day in easily recalled
units, and for the questions about use of alcchol, the concordance
hetween the two dietary survey methods was quite good (Kendall's tau
2> 0.50}). For other food items, the concordance was less satisfactory,
although statistically highly significant (Kendall's tau > 0.25)
(1),

In the questionnaire, physical activity in leisure time had been
graded T to IV according to the following categories which best
described his or her physical activity in leisure time: I: Reading,
watching television, or some other sedentary past time, II: Walking,
cycling, or some other form of physical activity for at least 4 hours
per week, ITL: Fxercises to keep £il, heavy gardening, etc. for at
least 4 hours a week, IV: Hard training or participation in compete-

tive sports, regularly and several times a week. In the analyses,



9 Jacchsen
physical activity in leisure was dichotomized, cambining code I and

IT into level 0, and code ITT and IV into level 1.

In most of the analyses, including all presented in the tables, the
numbexr of years of education was recoded into five education level
groups, < 8, 8-10, 11-12, 13-16, and > 16 years at school. In the
youngest age group examined at the screening, 20-24 years old, it was
only possible for some individuals to have > 16 years of education,
and we therefore excluded these men and women from the analyses,
ending up with 6,440 men and 5,928 women. One woran, in the 50-54
year group, mel without invitation. She is excluded in the present
analyses, Because not all subjects answered all questions posed in
the questionnaire, the number of individuals included change from one
analysis to the next, e.g. in table 2 between 6,251 men and 5,727
wemen for information aboul use of soft margarine to 6,439 men and
5,924 wemen for information aboul smoking. In the multivariate
analyses displayed in table 3-5, only subjects who gave information

about all the variables included in the analyses are included.

Statistical analyses were done by SPSS (12). The associations
belween years of education and the different dependent variables were
analysed by analysis of variance and tested for linear trend. Adjust-
ment of the relationships between risk factors for coronary heart
disease and years of education for age (five-year age groups), body
mass index (kg/mz), smoking habits, physical activity in leisure and
food habits (including the frequency of aleochol consumption for

analyses of HDL cholesterol and blocd pressure) was done by analysis
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of covariance (multiple classification analysis), In this type of
analysis, the dependent variable can be continucus (e.g. serum chole-
sterol) or dichotomous (e.g. daily cigarette smcker) (13) and the
independent variables are discrete variables (e.g. years of education
coded into five groups), called factors, or covariates for which a

linear scale is assumed.

RESULTS

Table 1 gives the relationships between level of education, sex and
age. The younger part of the population had the longest education
with 43.6 per cent of the men and 36.8 per cent of the women in the
25-29 age bracket having more than 12 years of education, whereas the
corresponding figures for men and women aged 45-49 vears were 14.9
and 10.1 per cent. There were more men than women whoe had longer

education in all age groups.

Subjects with the longest education had lower mean body mass index.
The difference in body mass index corresponded to approximately three
kgs. difference in body weighi between the extrame categories of
education (Table 2}, The associations between smoking, use of low fat
wiltk and daily use of fruits and vegetables on one hand, and low
education on the cther were particularly impressive with more than
twice as many dailly smokers {61 ws. 27 per cent in wen and 55 ves. 21
per ¢ent in women) and less than half the frequency of users of low
fat miik (17-26 per cent vs. 48-54 per cent) and daily use of fruits

and vegetables (27-43 per cent vs. 68-88 per cent) in subjects with
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only elementary scheool compared to those with more than 16 years
education. Strong, statistically highly significant positive associ-
ations were also found between length of education and high physical
activity in leisure (particularly in wamen) and low coffee consump-
tion. Subjects with long education tend to use soft margarine (in
contrast to butter or margarine with low ratio between the amount of

polyvunsaturated and saturated fatty acids) as table fat.

The associations between length of education, total serum chole-
sterol, HDL cholesterol, systolic and diastolic blood pressure were
evaluated in the three age groups 25-34 years, 35-44 years and 45-54
{in women, 49) years. A negative relationship between educational
level and total serum cheolestercl was found for both sexes and in all
three age groups, although not statistically significant for the
oldest wamen. The difference hetween the extreme educational categor-
ies ranged from 0.34 to 0.79 mmol/liter (13 to 31 mg/100 wl) in men
and 0,10 to 0.76 mmol/liter {4 to 29 mg/100 ml) in women. The age-

adjusted figures are given in table 3.

vhen adjustments of the relationship hetween education and total
serum cholesterol was done by first including body mass index,
cigarette consumption and physical activity in leisure, and finally a
number of dietary variables, the difference in serus total chole-
sterol was reduced, from 0.52 to 0.24, and 0.52 to 0.27 muol/liter in
men and women, (20 to 9, and 20 to 10 mg/100 ml) respectively, This
corresponds to an approximate reduction of 50 percent. The

association was, however, still statistically significant (table 3).
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A positive association was found between length of education and
HDL cholestercl in women, but not in men. The difference between the
extreme education groups was approximately 0.74 mmol/liter
(5 mg/100 ml) for women in all age groups, the p-value for linear
trend was, however, not statistically significant in women 45-49

years at the examination. Table 4 shows the age-adjusted fiqures.

After first adjusting for age, body mass index, amoking and leisure
physical activity, thereafter adding the frequency of alcohol con-
sunption, type of table fat and use of fruits and vegetables, the
asscciation in wamen was not longer statistically significant,
whereas in men a statistically significant negative association was
found between HDL cholesterol and education with a 0,12 mmol/liter (5
/100 ml) lower HDOL cholestercl concentration in men with > 16 years

of education compared with men with less than eight (p ¢ 0.001}.

Systolic blood pressure was negatively related fo level of educ-
ation, this was particularly true in women where the difference in
blood pressure between woinen in the extreme categories for education
was 3.5 to 7.5 matlg. The corresponding figures for men were 1.7 to
2.4 mnflg, The negative association between length of education and
systolic bleod pressure was statistically significant {p < 0.05) in
all the six age-sex groups except for the oldest men. Diastolic blood
pressure was unrelated to the length of education in men and negativ-
ely related in women, the difference hetween the extreme categories

for education was 1.3 to 3.1 mullg.
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Table 5 shows the association between length of education and

systolic blood pressure, first the age-adjusted association, then
adjusted for kody mass index and life style variables. The assoc-
iation was stronger and mere consistent in women. A modest reduction
of the difference was chserved after the adjustment, implying that
the independent variables only played a minor role in determining the
blood pressure differences between the groups with different length
of education. Adjustment for alcchol habits and bread consumption
{bread consumption is strongly positively associated with systolic
blooxt pressure in men in this cchort, data not shewm) did not change

these conclusions.

Tn men, there was no significant association between length of
education and diastolic blood pressure, whereas women with < 8§ years
of education had 1.8 wmily higher age-adjusted diastolic blood
pressure than women with > 16 years of education. This difference
was reduced to 1.6 nmily, when adjusted for body mass index, physical
activity in leisure, cigarette swoking, and frequency of alcohol

consumption (data not shown).

DISCUSSION

Length of education is to some extent a marker of sosiceconomic
status. Obvicusly, a subject's social class is determined by
additional factors such as family background, income and occupaticn.
Abramson and coworkers (14} found that associations between health

and social class is not insensitive to the measure used, £.9.
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education, occupation, income or household crowding. However, they
conclude that if a single measure is used (as in this study), one of

the major indicators is as good as the other,

In a cross-sectional study like the present, the problem of
selection bias may be important. The negative association between
length of education and total serum cholesterol and blood pressure
could emerge if the subjects who did not give information about
education (or did not attend the screening at all) had both low risk
factors and low level of education. We do not find this likely as
subjects who attended the screening, but did not retwrn the question-
naire, had the same total serum cholesterol and systolic hlood
pressure and, in men, somewhat higher diastolic blood pressure than
subjects who returmed the questionnaire (unpublished observations).
In addition, follow-up of non-responders to the first Tromss Heart
Study in 1974 did not show lower mortality from corcnary heart
disease than in men who met at the screening (15}, suggesting at
least not lower total serum cholesterol level in men who did not

attend the screening.

Any difference in disease risk or risk factor levels between
subjects with different educational background may be due to
selection of low risk subjects to higher education, or that being
exposed to longer education actually has an effect by itself. If the
latter were true, cne might argue that either the content of the
curriculum had a health prowoting effect, or that the intellectual
training involved makes people more sensitive to the kind of health

education message to which they have been exposed as adults. There is
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a correlation between length of education and income, and it may also
be that higher income makes it easier to choose a healthier life
style, However, education seems to be more important than income in
predicting both total mortality (3) and risk of coronary heart

disease (3,7).

The striking age-related differences seen in table 1 with the
younger subjects having experienced considerably more formal teaching
vhan the older generation reflect an educaticnal shift in Norway
toward longer education, There is ne doubt that higher education usexl
to be a privilege for the better off classes in this society, and
this is still true to some extent (16). It is therefore possible that
the gifference in risk factor level and lifestyle partly is familial,
i.e., those with high education are offspring of healthy parents with
high education who teach their children healthy lifestyles. If
subjects who have parvents with high education have low levels of risk
Factors over and above what can be explained by the life style
factors included in this study, it is likely that selection can
explain a fraction of the observed differences. Another possible, bt
less probable, source of bias could emerge if subjects with high risk
for coronary heart disease (reflected in high total serum chole-

sterol, hypertension and smoking) tend to select less education,

Table 2 demonstrates thal there are significant relationships
between educational level and life style and food habits. For some
variables like smoking, coffee drinking, preference for low fat filk
and frequency of use of fruits and vegetables the relationships are

rather strong. This suggests that subjects with longest education



16 Jacchsern
have habits generally believed to be associated with low risk for
coronary heart disease. These results are not surprising and are
particularly for physical activity- and smcking habits and body mass
index in ‘accordanoe with other studies {9,17-21). The reason for the
emphasis put on food habits displayed in table 2 is that in this
pepulation we found that total serum cholesterol was related to
coffee and bread consumption, type of table fat, and, in women, use
of low fat milk and use of fruits and vegetables, HDL cholestercl was
related to aleochol consumption, type of table fat and, in men, use of
fruits and vegetables (22). The association between length of
education and bread consumption was not linear, and not shown in

table 2.

The inverse relationship between total serum cholesterol and
educational level is in contrast to some studies from the USA
(8,23,24) vinere essentially no association was found, and with the
Whitehall study {4) and British Regional Heart Study .(25) , in which
positive associations between total serum cholestercl and social
class were noted, but in accordance with studies from Ireland (9) and
the negative relationship found belween sociceconomic status and

serum cholestercel in the Oslo Study (26).

The lower blood pressure among the higher lucated is in variance
with results from Germany (27} and from the Framingham study {24},
but iIn accordance with the results from 158,906 men and women in the
Hypertension Detection and Follow-uvp Program {28}, and some other
studies (9,18). Such differences probably reflect the dynamic

situation in the industrialized populations with ongoing changes both
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with regard to treatment for hypertension, diet and cther health
related habits.

The present material provided the opportunity for assessing the
influence of same life style variables on the observed differences.
The differences in serum total cholesterol and blood pressure did not
completely disappear when such adjustments were undertaken, not
surprising as both the background variables and the blood lipids and
blood pressure are subject Lo random error. In this study, only
information about some selected parts of the diet is included, and
cbviously other factors, including dietary wvariables not examined
(e.g. intake of salt), may be operating. Information about use of
other food items and food habits such as addition of fats to the
meals would have been helpful. In the analyses of HDL cholesterol,
the positive association between HDL cholesterol and length of
education found in women disappeared when adjustments were done, and
in men a negative association was seen. The reascons for this are the
differences in habits displayed in table 2 as well as the higher
alcohol consumption in the subjects with long education in this

population.

Studies which have assessed the relationship between length of
education and coronary heart disease risk factors adjusted for life
style are scarce. Dyer and ooworkers, however, found that the
relationship between education and hypertension in vhite subjects
remained statistically significant after adjusting for relalive

weight and heart rate {18). Regarding HDL cholesterol, Heiss and
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coworkers found that the positive association between educational and
HDL cholestercl levels in the Lipid Research Clinics Program
Prevalence Study partly could be explained by differences in hody
mass index, smoking-, andd alcohol habits and, in women, by use of

gonadal hormone use {29),

The present study suggests that there are, at least in this
population, relatively strong relaticnships between level of
education and risk factors for coronary heart disease, as well as
life style. The results are in accordance with the lower risk for
coronary heart disease noted in subjects with high social class in
Norway (3,26), Some of the difference in blood lipids and blood
pressure, particularly for total serum cholestercl, demonstrated in
this study can be explained by the life style variables recorded. We
believe that the results underline the need for particular efforts in
order te change the unhealthy habits, and thereby the risk of

corcnary heart disease, of the less educated.
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Per cent distribution of length of education in 6,440 men, aged

2554, and 5,927 wonen, aged 25-49, according to age group. Tromse

1979-1980 *
Men Homen

Age N Length of education (yr) N Length of education (yr)
group <8 8-10 11-12 13-16 >16 < § 810 11-12 13-16 »16
25.29 1278 5.6 30.3 20.5 26.5 17.1 1536 4.8 37,7 20.8 27.8 9.0
3034 1483 10.2 32,0 19.0 21.8 17.0 1580 7.8 45,7 17.1 20.4 9.0
35.39 1229 16.9 32.5 16.4 18.8 15.3 1197 18.0 47,5 13.8 13.4 7.3
40-44 884 20.9 33,0 14.9 12.0 10,2 866 34.9 40,9 10.92 10.2 3.2
45.49 791 39.8 32.0 13.3 10.2 4.7 748 47.3 30.9 1.8 7.4 2.7
50-54 75 43,9 30.5 10.3 10.5 4.9 - - - - - -

25.49 5665 17.8 31.9 17.4 19.1 13.9 5927 18.0 41,4 15.8 7.7 7.0
25-54 6440 20.9 31.7 16.5 18.0 12.8 - - - - - -

* The only female examinad in the age-group 50-54 years is excluded

in this table.
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TABLE 3
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Jacobsen

Relationships between length of education and total cholesterol.

Adjusted for age and life-style factors. 6,050 men, aged 25-54, and

5,509 women, aged 25-49. Tromse 1979-1980

Length of Total serum cholesterol

education M n W omen

{years) N X IiT 11T N I 1 IiI
<8 1280 6.33 6.26 6.23 998 6.01 5.96 5.88
8-10 1924 6.27 6.22 6,21 2312 5.8 5.86 5.84

1M-12 995 6.12 6.13  6.14 867 5.61  5.62 5.66

1316 1086 5.95 6,00 6,01 959 5.52  5.88  5.64
> 16 765 5.81 5.95 5,99 373 5.4% 5.56  5.61

p-value for

main effect whE Hkk wkeok Fekk hkd Fhk

I : Age-adjusted.

II : Adjusted for age, physical activity, cigarette smoking and body

mass index.

ITI: Also adjusted for food habits included in table 2 and the

nutber of slices of bread per day {< 1, 2-6, > 7).

A p < 0,001
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TABLE 4

Relationships between length of education and HOL cholesterol.

Adjusted for age and life style factors. 5,939 men, aged 25-54, and

5,320 women, aged 25-49, Tromsg 1979-1980

length of HOL cholestercl

education M e n W om e n

(years) N T IT ITI N I 1T IIT
<8 1195 1.47  1.48 1.50 913 1.70  1.73  1.74

8-10 1898 1,46 1.47  1.48 2224 175  1.76  1.77

11-12 989 1.46  1.45 1.45 859 .78 1.7 1,77
13-16 1088 1.47  1.46  1.45 950 1.80  1.77 1,75
> 16 769 1.44  1.41  1.38 374 1.84  1.80 1.75

p-value for

main effect NS * kN ekeok « NS

T : Age-adjusted.

II : Adjusted for age, physical activity, cigarette smoking and hody
mass index.

ITT: Adjusted in addition for type of table fat, frequency of use of

fruits and vegetables and alcchol.

NS p o 0.05, * p<0.05, *F p o< 0,001



TABLE 5

Jacobsen

Relationships between length of educaticn and systolic blood

pressure, Adjusted for age and life-style factors. 6 (075 men, aged

25-54, and 5,487 women, aged 25-49. Tromse 1979-1980

Length of Systolic blood pressure

education M e n W oo m & n

{years) i I II ITT i I T ITX
<8 1208 132.1 131.9 132.0 939 124.6 1241 1241
8-10 1933 130.4 130.2 130.3 2284 121.6 121,55 121.5

1112 1016 130.1 130.1 130C.1 886 120.4 120.7 120.7

13-16 1122 129.8 130.0 128.9 988 119.4  119.6 119.6
> 16 796 130.2 130.9 130.6 390 119.0 119.4 119.4

p-value for

main effect K&k *k *k k¥ KKF wkk

I : Age-adjusted.
IT & Adjusted for age, physical activity,

mass index.

cigarette amoking and body

III: Adjusted in addition for alechol and lmead consumption (¢ 7%,

2-6, » 7 slices of bread per day).

k% po¢ 0,01, Wk

p < 0.001






Coffee Drinking, Mortality, and Cancer Incidence: Resulls
From a Norwegian Prospective Study

Biarne K. Jaccbsen, 34 Erik Bletke, 3 Gunnar Kvdle, ® and var Heuch

ABSTRAGT —Relationships between colfee consumption and oc-
currence of ¢ancer as well as mortality wore expiored in & Nor-
wegian study of 13664 men and 2,891 women who in 1967-68
reported their collee consumption. No statistically significant posi-
tive associations were found batween cotffee consumption and
disease, A weak negative association was found with totaf cancer
incidence even when the first 4 of the 11% years of follow-up worg
excluded, and sirong negative associalions with coffee drinking
wiere noled for cancoer of the kidney and nonmelanoma skin
cancer. For cancer of the pancreas and biadder, noe increase in
incidenca was found among those with & high coffee consumption.
in subjects less than 65 years of age at start of follow-up, colfee
drinking showed a gignilicant inverge associgtion with colen
cancer.~~JNGH 1886, 76:223-831.

Coffee has been implicated i the causation of various
serious discases, , TETID (1) and cancer of the bladder
(2) and the pancreas (3}, nasmuch as collee drinking is
i common habil in many parts ol the werkd, ivis impor-
L o determine whether coffee has any adverse effeory
on health. Prospective stadics have not indicated that
coflee consumption cithances the visk of cancer o any
high degree {(4-6).

We report heve the sesults from a prospective study of
16,555 individhals, mostly men, Tollowed for 11% years.
During this period, 1LA98 cases of cancer were diagnosed
and 4,082 deaths oceurred i3 the cohort. The results
suggest that neither the wal worality rae nor the 1otal
cancer incidence is oadversely influenced by collee
dvinking.

[$918

SUBJECTS AND METHODS

I 1964 4 questonnaire concerning cardiorespivaiory
symploms @nd smoking habits was sent © 1wo cohorts
of Norweglan men, a probability sample of the enive
male population, and a set of hrothars of migrants to the
United States, The response vaue 10 this survey was 74
In IO67, 9% of the suiviving respondonts wunncd
anoiher questionnaive pm\'nlmy, infornution ahow di-
cuny habits, including coffee consumption. Puring
1967-69, 76% of the spouses and siblings ol individuals
niterviewed ina case-connol study of gastrointestinat
cancer completed a simitar questionnatre. These persons
gave no information about smoking habits. The present
stndy Is based on the composite cohort consisting of
these § groups, representing approximately 48, 20, and
32% ol the ol sample. Details abouwt the sample su-
s are given elsewhere (7).

In the questionnaire the subjects wore asked how
wumy cups of collee they usually drank each day, with
the following alternatives provided: «) do noudrink cof-

fee, b) less than one cop/day, ¢) 1-2 cups/day, d) 3-4
cups/day, €} 5-8 cups/day, and £} 7 or more cups/day.
In cases of ambigueus or incomplete response o this
question, the subjects were senl another eguest 1o pro-
vide the relevant inlormation. Inasmuch as only 7% of
the respondents helonged 10 categories @ or 4, alterna-
tives a, &, and ¢ were combined in (he present analysis;
the Tevels of use were assigned scores as [ollows: 9) 2 or
Tess cups/day, 1) 8-4 cups/day, 2) 5-6 cups/day, and 3) 7
QY 1more l'll]).‘)/(l'rl}’.

The vespondents were not asked abow duration of
colfee drinking habits or type of coffee consumed. 1 the
Norwegian coborts considered here, adult coffee con-
sumption habits woueld normally be established by the
age of 20 years; we would not expeat the duration of tis
habit 1o vary much among individuals of the same age
in our study. Decallcinated cotfee is seldom consumed in
Norway, and wse of instant coffee was rater unconmmon
in most of the follow-up period.

The analyses were conlined o the 16,555 vespondents
who had provided information about coflee consump-
tion. Seme analyses were further restricted 1o the 10,5317
men who responded in both the 1964 (smoking habits)
and 1967 (dictary habits) surveys. The official binh
numnber made # possible to link infermation abow col-
fee consumption with data on cancer cases collected by
the Cancer Registry of Norway and with information on
deaths from the Cenval Burean of Swatistics. Yor cach
individual the [ollow-up period started with the month
after the one in which the questionaaire on dietary bab-
its had been received and lasted untdl December 31, 1978,
Lo, on the average, 11% years.

The swatistical analyses were based on maodels for
stratificd Togistic regresston, Through staficadon the

Anmviartoxs vsen: 10T Internatdonal Classilicuion of Discases;
= dschemic et disease
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results were adjusted for age ac start of follow-up (10-yr
inzervals), for sex, and for region and whan or roral
place of residence, Many calculations were also carried
out witl: additional adjustment {or cigareue smoking
status {never smoked; ex-smokers; or current smokers of
1-9, 10-19, ar 20 cigarcuies/day). In the models, the
interest was centered on the probability of developing
cancer or dying at the four given levels of collee drink-
ing. The logit of this probabiiity could be expressed as a
linear Tungtion of the score for colfee, with the slope
having a common value 8, but with the inzercept
allowed to vary over sizata. The hypothesis §=0 corre-
sponded 0 the situation where collee consumption had
no cllect. The odds ratio lor any score d of cotfee drink-
ing relative o the next lower score d-1 can be wrinen as
exp{f). This value also approximated the conresponding
ative risk.

Caleulations aceording 1o this model were done by
using i computer program wrinen by Thomas and Garl
(&) This program applics & test for wend in proportions
to the hypothesis 8=0 and caleulales a maximum lke-
Iihood estimate b of f§, with a corresponding standard
error. This estimate in wrn produces an estimawe R of
the odds rutice exp(B), as well as an esdmae B of the
odds ratio for Jevel § relative o the lowest fevel 0 (&7
cups of colfeesday vs, 58). This odds ratio 23 s the rela-
tive risk given in the ables.

The program also linds the expeoed number of
cancer cases al the various levels of collee drinking,
given no associaion with disease. When computing
these values, the program incorporawes the inlonmation
ahout deaths ocowring in the follow-up period {93, Sim-
itar adjustmens e included in the ealenlation of
Pevalues, which are two-sided throughout, The program
was also used 1o st Tor firstorder Hocar Hueractions

- Pereent disteibntion aof coffer con

Tatlr

Category of respondents

Total series
Sex
Made
Female
Age, v

Hrban 4,443
Rural 1062
Oslo

Other southern
Northers Norway
Cigaretre smoking
NG men

Percent distribution aecording lo coffoe conaumpton, No, of eoj

Never 4,219
Formerly 2,311
Ciwrrently
T-tiday 1.69% 2008
1/day it 1%t
0/day BRt R

;N(‘I. VOE T, NOL G MAY Bk

beoween coffee consumption and one of the soatficuion
vavizhles, age or cigaretie smoking.

Stita without cancer cases or in which all the
respondents were cases provided no information, and
such stra were awtomatically delowd. Therefore, the
nuember of relevant cases inchuded in our caleulations
may change from one analysis w he next. Fach osni-
niazed odds rardo was found by applying (he logisuc
maodel (o the complere set ol data comesponding 1o all
levels of the study variable, However, comparing the
observed/expected muos at different levels of use gave
an impression of the relative visks Tor dse individval tev-
cls of colfee consumption,

The distribution of coffee consumption according
demographic variables and smoking habits is given In
table 1. Men ended o drink more colfee than women;
the young peaple, more collfee than old people. Res
dents in northern Novway diank far more collee than
those in the southem regions; and smokers, more than
those who luud never simoked regularly

Table 1 rellects a deerease in collee consumyption with
advancing age, which has alse been obseived e other
studies (J9). B is, however, likely thae this seducuon,
relatively speaking, was the same for most subjecrs,
Therefore, such changes iy cotfee drinking halin did
not nee rily invalidaw the yanking of olfee con.
sumption on the basis of information obained e any
particniar age.

The vepraducibility of the coller ke dhata way
assessed by two smal steveys. The questionnaie was
completed twice by 193 subjects prosidimg informanon
on collee dvinking habits, with an averege antetvald of
S=4 momths benween veplics, The simple oo lanon
coellicient with the use of the originst cading i the
questionpaire was 077 Another 126 subyeas were e

taplronr amony the respundents and o different sobyranps of e respomlepis

B pups

R RCITIES

i3 i]
RithE) 26 B
i) 21y i
SHEH @2

261

182
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TasiLl 2. Ausoeiations between coffee drinking and concenfrafions of some substances in seram®

Conceniration according to coffee consumption;

Serum Nao, of cupsfda Na. of o 4 -
subslances prfday individuals Slope r
52 cups -4 cups B-6 cups =T eups
Polassium, mmol/ller 4.37 447 4.52 4.50 433 0.059 02
Cheleslerol, mg/ 108 mi 275.3 282.2 2907 289.5 438 5.74 A2
Creatinine, mg/100 ml 1.08 1.81 .98 £.94 435 AR < A
{ric acid, mg/300 il 400 4.59 433 4,43 416 - 0.193 om

" loed samples drawn 2 yr after (he dictary survey.
Slope for blosd parameter regressed on score for coffee drinking.
“Twao-sided Pvalue for slope.

sonatly interviewed and also answered the postal ques-
tGonaire. Here the correlation coclficient hewween the
veported coffee intakes was .72 (7), higher (han the cor-
responding values for the other dietary items.

Results [rom w investigation concarning validity ol
the colfee consimmption data are shown in table 2. Coffee
consumption reported in 1967 by a subsawple of men
Hiving in Oslo was compared with some blood parame-
ters determined 2 years hater in a joint study with the
Institie of Clinical Chemisuy, University of Oslo (7).
The biochemical measurements were carried out under a
system of quality contral involving Scandinavian inter-
Jaboratory swrveys. Being a good source of potassiom,
colfee correlated positvely weith the seram value of this
electrolyle. The positive correlation with ol serum
cholesterol, previously discussed in relation to colon
cancer {113, was in accord with resudts from a laogo
study in Norway (72). High coffee consuniption was
also associated with Jow levels of senmn creatinine and
uric acid.

RESULTS
Colfee Drinking and Mortality

During the perind of follow-up, 4,052 deabs occurred
among the 16,555 respondents. As shown in able 3, the

Tan

Observodfexpected No. of deaths

e Ceffer dvinking wand movla

mortality in the first years of follow-up related strongly
1 coflee drinking habits, those with low colfee con-
sumption having higher-than-cxpected mortality. This
finding was true for total mortality as well as lor deaths
{rom cancer. When the 1,2)3 dehs that ocaurred in the
first 4 years of follow-up were excluded, coffee consump-
don showed no association, either in positive or news
tive direction, with any pariicular major cause ol de:
including cancer and [HL (table 4}, For most cavses ol
deadhy, adjustment for cigarente smoking led to a fall in
the relative visk estimates, especiatly mavked for deaths
from cancer, b the small group represented by diseases
of the digestive system, a departnre from Hnear vead
was indicated.

Cotfee Drinking and Risk of Developing Cancer

Table 5 presents refationships benween colfee drinking
and the incidence of cancer of dilferent oigains and
1issy with and without control for cigaretie smoking.
In these analyses no pant of the follow-up period wis
exchided, Flowever, the signilicant negative assoviagdons
reported dater in this paper were npheld when the lis
4 years were excluded.

Fotal cancer ingidence was not adversely influenced
by collee drinking, and this is une whether or not the

{ity by period of fotforw-up

cordings 0 colfee

" o Stratification eonsumplion No. of cupsidny Tl No, Rolative B
Period of sludy group” e o - S af euses risk” !
s el
All deaths
Potal period i LG aad ARG 4203 RH
11 ! 29473110 Al
11 { 465541 Firend Ao
N It 2151985 D61ERE h2/hR.5 HItH AR
t Ty I EYETEHR TAITILD ERRIRELiRY R 36
Deaths with
cancer
Tolat poeried i 216/ 368 104,989 BHG I RE]
I 140/ 130,00 TEIEE M3 0.8%
Tirst 1% yr B 20/ 14 44 014
Next 2% yr I 31/498.) G .63
Newt T yr 1 BO/HEG S14B.8

oI Stradified for sex, age (Hvr proup
ex-smoker; or -4, 10-19 R0 clgarettes por dayd

* Estimated odds ratio, v, 58 enps of coffee per day,

“Pwasided P-valte for |

and residence. 11 Mo only, stratified {or apoe,

residence, and eipnrette smoking (ever;

JNCEL YOI To, NOL 5 MAY 2
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Tatilk 4. Coffee dvinking und mortadity; deaths after fivst § years of follow-up by cause groups

Observed/expected No. of deaths according to

use . " Stratification coffee consumption; No. of cups/da; Tolal No. Relative ;.
Cause of death (ICD-8 Nos) proun® I ps/day of ascs riskh ¥
=8 cups 3-4 cups S-Geups 27 cups

Al eruses 1 TA3TA6.8 L1GY/1 1380 609/633.1  315/302.6 2820 102 .03
u dT4/400.8 TZYTITO 4234388 225/2278 1843 0.4 .36

Infeetive and parasitic diseases (001 1 L6 5/6.5 /3.5 314 16 4.06 .08
008, 0040, 016-136) 1 2/1.9 LTEN 5.2 2r1.2 10 2.05 63
Mulignant neoplosms (150-209) 1 1341525 245/2889  153/14L7  72/688 602 131 09
il BU/H8.Y 147/148.8 102086 15,567 493 1.07 .99

Diseases of the circulstory system i 41374106 647/628.9  3304/344.0 15571616 1,545 093 39
(390-158) H 2612573 40TBST.6 23064 10H1ITT 1,009 091 36
I3 (410-413} 1 2382438.2 8E/374.9 212/2)7.2  103/105.7 941 0.99 &4
11 166/162.0 261/253.2 166/168.7  T2/80.2 G656 0.87 2%

Cerebrovaseular disease (430-438) I 150/153.0 TRTAE 086 361 082 30
1 H0/86.9 45/46.0 231228 216 093 A1

Biseases of the respivatory system 1 /911 31/43.7 206227 219 0.82 42
{469-514) H 6.7 25/30.7 YT 14 074 28
Diseazes of the digestive systom (008 - i T 8/12.5 13/5.5 60 1.25 5gd
0094, 520-57T) 11 4/9.0 54 39 077 B4”
s 5 of the genitaurinary system I 223 9/1i.8 6/5.3 55 '3} 59
(580-628) 1 17/36.2 G/8.0 6/4.3 40 0.75 86
Other causes and ill-defined conditions i 82353 b1/81.7 26/25.6 221 092 79
{rest, 210-706) 1l BB5.5 3HA6.0 207184 148 Loz 88
Accidents, poisenings, and viclenee ] 25/24.8 5/11.7 102 1.17 75
{E800- 999 11 200178 11/8.3 69 107 79¢

r duy),
cups of volfee per day.

* Linear interaction with smokbng (J<

R

[irst 4 years of follow-up were excluded. At the 5% level
for two-sided tests, there were no statistically significan
positive associntions. However, relativerisk estimates
above 2.0 were found for cancer of the corvix (9 CS0S),
melanoma (19 cases), and deukemia {57 cases). When
adjustiment was done lov cigareue smoking, the rejative-
risk estimate for lymphocytic leukemia was .8 (8 cises)
and that lor other and unspecified leukemin, 15 (17
cases). In this swady, 31 was not possible 1o adjust for
cigareite smoking among the women. Alter adjustment
for aleohol consumption, however, the very high rela-
tive-risk estimate {ound for cancer of the cervix was
reduced 10 8.7 (P19

Colfee drinking was negatively associated with colon
caneer [or respondents younger than 65 years of age and
posttively associated for diose 65 vears or move at the
startof {oflow-up frable 6). When additional adjustiment
was made for alcohol consemption {a risk lactor for
calon cancer in this stady), a highly significant and
strong endency wward lew collee consumption was
{ound amongg the relatively young colon cancer pratienis,
Liv contrasy, no wegative association was found for cancer
of the rectum.

Respandents with high collve consumgtion had a low
rate of renad cancer {tables 5, 7% The association was
limited o cancers of the renal parenchyma, The odds
ratio estimate was far below 1.0 in all analyses shown in
the table, also when adjusiment was made for cigarene
sMoking.

]I\'(.[. VOL TN S MAY LG

Daga on the association between eoffee drinking and
nonmelanoma skin cancer are given in wble 8, A nega-
tve association was found both [or normally and not
normally sun-exposed pares of the body and both Tor
squamous and basal cell carcinomia. We observed a sta-
tistically significant interaction with cigareue smoking,
the negadive association being stronger among smakers,

Inrhis study, coffee drinking was not associated with
cancer of the bladder or pancreas {1able ).

DISCUSSION

This study provides {urther evidence against any
strong association between coffee drinking and death
from THD or cancer (5). A tendency 1o fower collee con-
sumption among those who died in the follow-up
period diszppeaved when we excluded deaths ocourring
during the first 4 years of {ollow-up. Alter such exclu-
sion, no statistically signilicant association beiween eol-
fer drinking and any mam cause of death remained
{table 4.

Given the strong association observed botween colfee
drinking and serum cholesierol level in several Nor-
wegian populations (12}, it 1s remarkalle thal no associ-
ation is found between coffee consumption and 11D,
The population studied by us consists, however, of
rather old individuals, with 65% of the yespondents
above 54 years of age when the colfee consumpslion data
were colleated. As the daw ave sparse for younger
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TaLE 5. —Caffee drinking and incidence of eaneer

Observed/expeeted No. of cancers according o

. |‘ atifi 2t i o q ton: N q g T ¥ JETEL .
Primary site (ICD-7 NoJs.) Sl";?‘f\'ﬁ;\ﬂ“ﬂ" coffee consumption; No. of cups/day lﬂ‘}‘i::}j:;’- Rll_li;;‘i’}C P
“=2eaps B-deups BeGeups 2T cups
Al persons wilh cancer (140-205) 1 HB4/384.3  G19/003.2  JIH/34TE 16001627 1,498 1.00
B 254/230.3  3THMATIO 0 23%/240.7 10571281 970 (.78
Pirst 4 v i1 SW/h8.7 109/94.4 5568 .4 17/31.1 243 .54
Next Tl yr il 193170, 268/275.1 17471809 BE/OTO 723 0.80
Ruceal cavily and pharvex (140-148) 1 T/9.6 21141 7184 349 RE 0.3
11 6/6.8 14/11.3 1.8 EIEN 30 0.84
Lip (140} I 1417 14/1.3 3o 2/2.9 20 1.01
11 1/3.3 H0/6.0 3.8 en 16 123
Other buecal cavity and pharyns i 6748 T76.9 q/4.3 /2.0 18 0.49
(143-148) H B3 4753 d,’ﬂ G 1716 14 054
Digestive organs (150-157) I 11085 180/168.4 b : 411 301
1l (6/57.9 a5/491.4 234 071
Esophagus (150) 1 4/4.1 7760 1 118
11 114 3/2.8 7 0148
Stomaeh (151 1 s2/a8.0 $1/59.1 147 L4
11 24/20.8 35/33.1 87 0.64
Colon (153} {including 1 268 43/41.3 100 4,59
reclosigimoid) H 16/13.2 22/220 &b .62
Reelum (154) {excluding 1 14/16.5 30/25.8 G3 1.07
rectosigmoid) 1 9/0.2 15/14.0 35 1.07
Pancreas (157)
Al cases 1 17/17.0 .!2!&[: d 9138 G3 0.70 a7
il 11/10.0 5 B0 38 071 A8
Histologicully conlirmed eases 1 ‘l,t‘l(l O 478, 9 3 099 Ris3
I 22 088 .78
Respiralory system (60-164) H 50/ ;g 200 1.62 kil
i 3?}'2? 7 4305 1id 104 87
Laryux (161} I Af2 448.1 12 .32 23
H 323 4/2.8 1t 050 Al
Trachea, bronchus, and lung 1 RITLER.] B3/66.3 al}/-iz 8 177 182 kb
(162-163) i1 220227 AGH43.7 347340 123 109 B4
Breast and genitourinary argans ] 1431209 1881847 5‘!/1(!.’ q 47 0.78 07
(170-181) 1} 84/76.3 TN/ 1198 62721 3 [UN33 .03
Female hresst (170) 1 13/8.0 it 7649 32 0.81 13
Cervix (171} I O/16 4740 32 9
forpus (172) 1 ; 0/2.4 11
Ovarvy (175) 1 5548 124 12
Prostate shand (17 1 10471070 52451 260
H TU8YT K
Kidney {18 1 25/17.9 44
] ']HE 2 31
PHadder (181) I 94
11 }i»flix & i3]
Skin (190193} 1 B30 127240 A
il 592 4T/ 0T 160
Melanoma (190) 1 10/7.8 1717 19
il 9/5.8 {M? iz
Nonmelanoma (101) I B2/82.4 307
13 56/ 54.8 150
Lymphatic and homalopniotic tissues i ! ks
{200-205) H 7 (I 3?:/1; b 71
Lymphoma (200-202, 205) i S H0LG l‘l, 16. ‘i 31000 12
n 6/7.0 13115 YIR] 30
Muttiple myeloms (203) 1 1109 /5.6 24
11 TN A/8.8 6
Leukemia (24) I 18/15.1 37
1 11795 23
Other and unspeeified (182-199) 1 96
it

1 Stratifivd for wl‘l nge (!(] yE greups), and residence, 11 Men only, stratified fer age, residence, and cigareite smoking {nover:
vigraretles per dayh
2 eaps of coffes per dayv,

" Bstimated odds

< Two sided Pvalue for trend.

A Depariare from linear trend (72 .:)
' Linesr interaetion with age { P«

S Linear interaction with smoking (I’/ 5).
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Takilz G Coffee drin

ing and tncidence of coler can

Ohserved/expected No. of colon cancers according Lo ooff,
consimption: No. of cups/day

Case category

Total No. Relative ”

=2 cups 3-4 cups

5-G eups

of cases risk

cups

All eases of colon cancer 30/25.8 43/41.3
All eases of colon cancer alse 20/25.3 41/38.6
adjusted for alechot
consunption
Age 35-G4 yr al follow-up entry 19118 20/14.0
Age =85 yr at follow-up entry 10/13.4 21/19.6

g

217225 G/10.5 .

21/22.8 G105 @7 054 Bl
12/14.2 2840 hi .22 02
/8.6 4724 44 196 RE

“Men and women, stratified for sex, age (18-yr groups), and residence.

Y Estimated odds ratio, =7 va. 22 cups of coffee per day.
‘ Two-sided P-value {or trend.
4 Sigmificant Interaction with age (5= .003),

respendents, generalizations of our findings 10 these age
groups might be misleading. However, lack of associa-
tion between colfee consumption and 1HEY has also been
observed in other prospecuve stadics [e.g., (5)]

The results 1eported in table 3 suggest that peophe
whao are il and therefore ac a higher risk than e nor-
mal risk for dying during the list years of Tollowap
had already reduced theiv coffee consunipion ar the
time of registration, The alternative explanation that
colfee should in particular improve survival among
debilitated pesons cannot be entirely ruled out, al-
though such an effect could hardly produce conwasts of
the magnitude secn in able 3. It has formerly been
shown (5, 13) thal patients with chronic Hnesses wnd o
have Iower colfee consumption than the general popula-
tion. This represents a problem in the design and iner-
preation of case-control studics using hospital connols
and emphasizes the need, in prospective studies on
coflee consumption and morality, Tor exclusion of
deaths ocourring shotly after the collee consumption is
reported, Otherwise, results from such shndics with shon
dutation of follow-up can be misleading.

Inctdence data should be less inltuenced by discase-
vefated changes in coffee consumption than mortality
data. However, tabie b demonstates that the relative-risk
estimate for a cancer diagiiosis in the course of the Tirsy
4 years of follow-up was lower than in the next 7 years,

Tan

Cuff

Stratifieation

driniug and ineidenve of

:m-nrdimr o w)fj'm consampant;

This result is explained by a vory low coffee consump-
tion wmong those wha developed caneer of the stomach
or the pancreas i the first 4 years afler registration. One
can easily imagine tha stomach aaicer or i1 precursor
conditions are associuted with sympioms (pum in ihe
abdomen) leading 1o reduced colfee drinking, Tt is por-
haps more surprising that pancreatic cancer shoudd
show symptoms, leading o redwced collee consnmpunon,
or & long dme belore the condition is discovered.

The very old age grovps may present particelar prob-
lems in the interpretadion of the analyses, T addinon o
iniccurate registation of ypical cotfee consumprion,
elated 1o changes in colfee-dvinking habis, there are
problems with lower vesponse vates; el the acouracy of
diagnosis may be poor when compared with tut of the
young and middle-aged. Further, theremay be o bias i
risk estimales due 1o deaths lrea othier canses, However,
separate analyses covied out exeluding individvals 75 o
maore years of age at stavi of lollow-up suggested that
these problems did not alfect onr overald resudes 1o 0
signilicant extent, For the group 65-71 years old, thoe
were no indicstions ol any pmrticudin vesults devinong
from those in the younge ctegorios, except for caneens
ol the digestive organs (1ahles b, 6y,

A weak negative association between coflee dhimking
and towd cancer incidence was Tound abier wedjustmen
for cigawrete smoking 1 addition 1o the demogiaphie

nnt runerr”

b ()f l('n.\l RTINS

tRse cakegory P ; ] !
0 trlifis s
All cases af renal cancer | 47112 AL £ 025 tH
Cancers of renal parenchyma 1 1396 k) 014 KL
Cancers of renal parenchyma not fivsl 1 11786 30D 81 Kial
fiagnosed at antopsy
Agre 3564 ¥r .n oy 1 TR 22 15 .
Men, g at start of follow-ny i [HER i 0h .z
Men, age Frat sturt of follow- it HER R 1] 1.0 St
up, also d(hli\li'd for chgaicetie
smoking

residence, and cigaretie smoking fnover;

7k Stratified for sex, age (10- yrogreupsl and residence, T Men only, stratified for ame
c-gmaker; or 1-9, 10-19 m" i} cigrarettes per day).

tmated odds rati cups of eoffee per day,

“TFwaesided Pvalue fi

¥ la'eml.
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Tanry 8-Coffec drinking and fncidence of nowmelanome skin caneer?

Observed/expeeted Mo, of nonmelanoma skin cancers

Jase eategory

according ta coffee consumption; No. of cupsfday

Tatal No. Relative I
)

oups 3-d cup

All eases ri.;h!(:b 56/54.8
Nead 26/ 41/36.7
Rest of Lody 14/4. (} 12/14.2
Sepstimous celt carcinoma 8/5.8 1K}

879,
Basal cell carcinoma BHIEL R 45/414

of eases visk"

= eups

7399 10} H0G*
5/13.5 0t U7
IO k¥ A
0/3.0 2 16
G159 1% K

“ Men only, stratified for lg,o(!(] 1 gtroups), residenc
" istinitoed odds radio, 7 i cups of coffee per day.
worsided Pvaloe for G end.

FHignificant injeraction with smoking (F7=0.04).

variables (able 5. Any restdual confounding  with
smoking will Le nd o give faksely high relatve-risk st
males of associations between coffee drinking and can-
cers in which clgavete smoking is a part of the etiology.
In this study, however, with a large variaton in coffee
conswmption among individuals and a low proportion
of heavy smokers, analyses stratified by live categories of
cigarette simoking should leave Tiole residual confound-
ing. The sinoking habits in Norway have changed dur-
g the pericd of followaap, but this can inlluence the
results only if the tendency 1o stop smaking is related ©
the collee consumption.

There was no statistcally significant posilive associa-
tion between coffee drinking and cancer of any siwe.
Relative-visk estimates above 2,0 were found [or cancer
of the cervix, matignant melanoma, and hymphocyuc
leukemia, These resudts are based on a veladvely small
numher of cases, and information about several poten-
tial <'nnf<nam!im, awviables is not availi l])|(‘ mi 1I\mg, the
interpretation difficelt, However, a pasitive association
between feukemia and coflfee drinking has previously
been veported (14, 73), ahhough Whittemore e al. (13)
found the suongest association for myeloid leukemia,
whereas we observed the highest relative visk Tor the
Iymphoeytic type. The result for cancer of he corvis
may be explained by @ life-siyle of which high coffec
and alcohol constmption is & part. We are not awire of
published results that could give support 10 a causal
refationship between colfee diinking and cancer of the
corviy,

A rather strong negative association between collee
cansumpion and colon cancer was fond among indi-
viduals under 65 years of age at the siart of Tollow.up
{table 6}, Negative associations have previously been
observed 1 some ¢ -control studies (7, 76). However,
colfee drinking was positvely associated with risk of
colon cancer in the last 11 years ol a prospecive study
mvolving a 2{-year foliow-up of Seventh-Day Adventists
(6} The coffee consumption among Seventh-Day Ad-
verdists s considerably lower than that in the general
Norwegian population, which may be one of the re-
sonts for the diserepancy, Further, as suggested by the
authors (27}, Adventists whe drink coffee do not adhere

and cigarette smoking (vever:

xesmoker; -9, 16-19, ar i

20 cigarettes por Gy,

tao strictly 1o the 1eaching of the chareh and o highe
mortality in this group could simply relleer poor adher
ence 10 other feannes of the Adventdses Hifesiyle,

We have 1o obvious explanation {or the sigoifant
inleraction with age for colon cineer m thes study, “fhe
ireraciion was finear over several oage wroups. ) e
repeated lindings of assodatons with cancer of the
colon suggest that coflee comsumprion nan inlliemee
the incidence of s cancer, and more rseareh s con
tainly needed. No association was found herween voffee
drinking and cancer of the recnnm,

Kidney cancer risk showed o stiong newive associa-
ton with collee drinking in this stidy (bbe 7o Three
case-contrel studies have previousty shown no RERSIEER
tion hetween coffee consumpion suuld ik of kidney
cancey (£8-20) Our {inding needs wo be condinned b
athers helore a possible cnsal insoe i can be o
erech. Fven i there is o caesal rebitonsdig e i g
tance should not be exaggerated since rensd caneer 1s b
among the most common Gineers.

Tithle 8 shows o sirony negatve assoriitoi hets. o
collee comsumption and nomnelmorma skin cower
frradiation is accepted as a sk Gotor T thns asuadih
bemgn Torm ol skin caneer 275 and, 1 coltee dunbees
et sty e indoors, 3 Regative assOcE e oL
resutt, Hoswever, there are oo indications that the assoaor
ation with coflee seen fn our nusertal i due 1o sach con
founding. In pandcudar, @ stronger associztion  wis
ohserved considering onby parts of the body thar e
usteadly notsun exposed. I contase e the other forms
af career, the registraiion of nonmelanoma skin Gines
has been lacking m completeness in Novway, especinlly
for buasal coll carcinoma, However, stiaiBicanon on
demographic variables will reduce any potental bias
inoduced by incomplete registraion; and, i view ol
the tower relative sk observed lor sqquamouns cell carar-
noma, it seems unlikely that such Bacrors coy acvown
for the genered association found with coffee. The sig-
nilicant interaction with ¢i ssmoking, the appa-
ent prowecive effect being sironger among smokers,
needs further evaduation.

Theve have been reports linking coflee consumplion
w inereased visk of cancer of the panereas (33 We cannot
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830 Jacobsen, Bjelke, Kvile, et al.

support this claim, Possible associations between the use
of alcahol, wbacco, and coffee and the risk of pancreatic
cancer in this cohort are discessed in greater detail ina
separate report (22).

Some studies {23, 24) have shown associations belween
coffee drinking and ovarian cancer. However, other stud-
ies, both in the United Siates (25) and Athens (26) where
the assaciation {irst was found by Trichopoulos and co-
workers, have failed 10 show statistically significant
associations. The present study with only 12 cases of
ovarian cancer does not indicate thal colfee drinking
increases the risk.

The question of whether coflee drinking {s associated
with any increased risk of bladder cancer has not been
completely setded (2, 6, 15, 27-29). Morrison and co-
workers (27), who abserved no association of coffee
drinking with bladder cancer in a large case-control
study, emphasized the imporance of deailed adjust
ment for cigarcte smoking. The results in our study,
most likely with minimal vesidual confounding by
smoking, add Turther suppon o the hypothesis that no
relationship exists hetween coffee deinking and bladder
CLICET.
perimental work on effects ol coffee on carcino-
genesis s Not casy 10 inlerpret as regards to the total
clfects of the different constituenis of coffee. Nagao and
co-workers have reported mutagens in colfee (303, huot
activation by coffee of an cnzyme system that catalyres
the binding ol elecirophiles has also been repaorted (31).
Caffeine is metabelized so rapidly in man thal near
lethal doses are required 1o enhance chiromosome dam-
age In vivo {32). In vivo studies on e effect of coffee on
cancer risk are thus cquivocal. In vivo experiments do
not indicate an inoreased cancer rate inorals given large
doses of calfeine (33} or instant coflee {37), and some
experiments actually suggest that addition of green col-
fee Beans 1o the diew may confer a protective elfec (35).
Thos both laboratery and epidemiologic studies indi-
cale that, while a carcinogenie eflect of collce cannot be
exchuded, carcinogenic eflect is not necessarvily the only
action of collee on cancer development.

This study suggests that high intakes of coffee may be
associated with low risk of carcinoma ol the colon, the
venal parenchyma, and the skin, These lindings need,
however, confirmarion by other siadies. The most im-
portant findings reported here are the lack of positive
association between coflee drinking and any major cause
of death and colfee not significanly inoreasing the inci-
dence of any common cancer,
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