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The methodological issues of using a food frequency
questionnaire as an alternative to a weighed record to assess
dietary habits have been investigated using the observed
dietary differences between smokers, ex-smokers and never .
smokers as a model. A food frequency questionnaire has been <
compared with a 10 day weighed record in 301 smokers. A good
agreement between the dietary methods was obtained using
conventional calibration methods but a graphical method that
looked at the agreement between the methods over the range of
intakes showed that the agreement was not the same across all
intakes for energy, fat and types of fat in men and vitamin C
in women. The comparison revealed some differences in
agreement between the methods by method of recruitment of
subjects, in particular for vitamin C and alcohol in men. A
'correction' method based upon the graphical calibration
method has been employed so that the corrected absolute
nutrient intakes derived by the food frequency questionnaire
were similar to those estimated using a weighed record.

Using the food frequency questionnaire in its corrected
form a comparison was made between cigarette smokers, ex-
cigarette smokers and never smokers and showed that the
smokers consumed more beverages (with added sugar), spread on
bread and fat in cooking than non-smokers. Whereas non-
smokers consumed a diet higher in breakfast cereal, cakes and
biscuits, and bread than smokers. These differences in food
patterns lead to different nutrient intakes with smokers
consuming more energy, fat, saturated fat and sugar than non-
smokers. Non-smokers consumed more polyunsaturated fat,
carbohydrate, fibre and vitamins than smokers.

The cigarette smokers were encouraged to stop smoking and
dietary changes in those who quit were compared with those
who continued to smoke. The results showed that although
food and nutrient intakes had increased by 11 weeks after
cessation, by 46 weeks the diet of the quitters was not
substantially different from their baseline diet despite
gaining 3 to 6 kg in body weight. Hence, long term dietary
change after smoking cessation does not appear to occur
within one year.
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Definitions and abbreviations

Listed below are terms which have been used to describe
smoking habits in published literature. Precise definitions
differ between studies and this is discussed in more detail

in chapter one.

Definitions

Ex~smoker

Never smoker
Non-smoker

Quitter

Smoker

Abbreviations

not currently smoking but smoked
cigarettes daily in the past

has never smoked regularly

not currently smoking (includes never
and ex-smokers)

Ex-smoker with baseline data as a smoker
and follow-up data as an ex-smoker
currently smoking cigarettes

body mass index

carbohydrate

food frequency questionnaire
monounsaturated fat
polyunsaturated fat
saturated fat
eilcosapentaenoic acid
vitamin

weighed record

xvi



1. INTRODUCTION

There are several dietary assessment methods available for
use in epidemiological studies. The choice of the method
depends on the objective of the study and the projected
population, as well as the constraints of time, finance and
personnel. Alternative short-cut methods to the weighed
record have been sought for use in large-scale
epidemiological studies. Burke in 1947, developed the diet
history questionnaire which comprised of three sections, one
of which was a checklist of foods consumed over the previous
month. From this checklist has evolved the structured food
frequency questionnaire (FFQ) which is often used in
epidemiological studies today to assess and compare the diets
of groups of individuals.

The relative validity/calibration of food frequency
questionnaires is often compared with weighed records. The
subjects used to calibrate FFQs are often volunteers, or
subjects who may differ in gender, age, occupation group,
lifestyle characteristics and region of residence from the
projected study population. It is therefore unclear whether
questionnaires are valid when used in different sample
populations. In theory, calibration studies can be carried
out for both foods and nutrients, however, they are often
only assessed for nutrients. The calibration of foods is
important to determine the sources of error so that the
performance of the FFQ can be improved.

There have been no studies validating/calibrating a food
frequency questionnaire in a group of smokers. Differences
in dietary habits by smoking status have been observed but it
is possible that these differences in diet may arise at least
partially from differential bias in the measurement of diet
between smokers and non-smokers.



At present there have been only a few studies, largely using
volunteers, looking at the effects of smoking cessation on
diet. More prospective data are needed to determine whether
in fact smoking does influence diet or whether smokers who
quit have different diets to those who continue to smoke.

The work presented here has been carried out within Professor
David Wood's group at the University of Southampton as part
of a larger study funded by the Medical Research Council
investigating the effect of stopping smoking on diet and
clotting factors. This study has been used as a model to
investigate the methodological issues of using a food
frequency questionnaire in place of weighed records in cross-
sectional design studies and to determine whether the
agreement between the methods is affected by subject
recruitment method. To obtain further evidence that
cigarette smoking affects dietary habits a prospective study
of dietary changes after smoking cessation has been carried
out with the aid of a research nurse, Elizabeth Scott, who
ran smoking cessation classes.



1.1 AIMS AND OBJECTIVES

Hypotheses

Food frequency questionnaires can be as reliable as weighed
records in determining differences between food and nutrient
intakes between groups/populations.

The hypothesis has been tested using differences in dietary
habits between smokers and non-smokers as a model. The
hypothesis relating to cigarette smoking and diet was that:

Smoking cigarettes alters both food pattern and nutrient
intake in such a way as to increase the risk of coronary
heart disease and consequently after stopping smoking dietary
habits revert to pre-smoking habits hence reducing coronary
risk.

The aims of this thesis were:

1. To investigate the methodological issues of using a food
frequency questionnaire compared with a weighed record.

2. To determine whether source of recruitment of subjects
affects the agreement between the food frequency
questionnaire and weighed record.

3. To examine the effect of confounding variables on the
relationship between cigarette smoking and dietary
habits.

4. To carry out a prospective study of cigarette smokers as

they quit to determine whether smokers' diets do change
after smoking cessation and if so over what time period
this occurs.

The primary aim of this thesis was to investigate dietary
methodological issues using cigarette smoking and diet as a



model. Although it is acknowledged that cigarette smoking
has been described as the largest preventable cause of
mortality (Secretary of State, 1991) the mechanisms by which
cigarette smoking causes disease and the affect of diet on
these were only of secondary interest in this thesis.

The layout of the thesis is as follows; chapter one describes
the dietary assessment methodologies and definitions of
smoking status used in published studies. It reviews the
published literature from observational and experimental
dietary studies of relationships between diet and smoking.
These are followed by a discussion of the effect of smoking
on body weight both in observational and experimental
studies; and lastly comments on the relationship between
diet, smoking and coronary heart disease. Chapter two
describes the study design, sample size calculations and
relevant methodologies. Chapter three reports the
recruitment of subjects and response rates for attendance at
baseline and follow-up, and participation in the dietary
assessment survey. Chapter four describes the comparison of
nutrient intakes derived using the food frequency
questionnaire with those derived using a 10 day weighed
record. It also gives details of a method by which the
nutrient estimates from the FFQ can be 'corrected' to those
of the WR. This is followed by the calibration of the FFQ
with the WR between randomly recruited subjects and
volunteers for both food and nutrient intakes. Chapter five
investigates whether there are differences in nutrient intake
between the randomly recruited subjects and volunteers.
Chapters six and seven report the dietary results from the
observational study of cigarette smokers, ex-cigarette
smokers and never smokers of food and nutrient intakes. The
effect of occupation group on the relationship between diet
and smoking is also discussed. Chapters eight and nine
report results from the prospective study of smoking



cessation and lastly chapter ten presents the final
discussion and future work.

1.2 INTERPRETATION OF STUDIES

Before reviewing the published data on cigarette smoking and
dietary habits it is important to consider methodological
igsues such as assessment of diet, the design of studies and
definition and confirmation of smoking status.

1.2.1 Dietary Assessment Methodology

Dietary surveys have been conducted to compare mean nutrient
intakes between groupg or to rank individuals within a group.
The strengths and weaknesses of different dietary survey
methods commonly used are discussed. These can be divided
into two groups, those requiring current daily recording of
diet (record techniques) and those using interview techniques
to assess recent or distant past diet (Nelson et al, 1993).
Methods in which data are not collected from individuals but
from groups/families such as the household survey are
excluded. Other issues involved in the choice of a dietary
method are discussed along with problems related to
cross-sectional studies and experimental studies. Studies in
which one dietary method is compared against another have
been referred to as calibration studies and not validation
studies. This is because measurement of true diet is not
possible at present and validation studies tend to assume one
method is correct.

1.2.11 Record techniques

This group includes the estimated and weighed record methods.
These require the subject to record all items of food and



drink consumed over a specified time period, normally one to
seven days. Data may be collected to determine nutrient
intake at a certain time. For example, a 7 day dietary
assessment might be carried out four weeks after smoking
cessation to look at the effect of not smoking after four
weeks. Data may also be collected to get a picture of the
average diet over a time period of several months or a year.
This has been referred to as the 'usual diet'.

The estimated record methods eliminate weighing and portion
sizes can be estimated by either household measurements (eg.
cups, spoons etc), with the use of food models or photographs
or to eliminate any judgement by the subject average/standard
portions can be used. Careful coding and calibrating of
household measures/ models/ photographs is then necessary to
estimate portion size. Whereas, with the weighed record all
food and drink items consumed at home are weighed
individually and items consumed outside the home are usually
estimated. The estimated and weighed record methods demand a
high degree of co-operation from the subject, especially if
they are required to keep the record for several days. There
are certain subjects, however, for which these methods would
not be suitable, these include people who are illiterate,
poor sighted or physically handicapped (unless the record is
completed with the help of another person). Subjects who
consume most of their meals away from home will find the
weighed record difficult to complete but should be able to
keep an estimated record.

It is possible that due to the intrusive nature of estimated
and weighed records subjects may alter their usual diet
whilst keeping the record. Subjects might choose items that
are easy to record. They might also consume less snacks
between meals. This results in a true record of the diet
that is eaten but not a true record of the subject's usual
diet. Alternatively, subjects may not record food items they
have eaten, give insufficient information about composite



dishes for correct coding, incorrectly record the weight of
food items which will give rise to an incorrect measure of
diet. Other subjects may weigh a regularly eaten food once
and assume they have eaten the same weight of food on further
occasions. Thus data from a estimated or weighed food record
may not always represent the usual diet and may not even be a
true record of diet for the recording period. This problem
is not easy to remedy but it should be impressed upon the
participants that a true record of their usual diet is the
aim of the study.

Information on meal pattern and times of meals can also be
obtained from these methods.

Due to problems with the heavy demand on subjects and
problems trying to obtain a true record of usual diet some
workers have tried to modify the record technique. In an
attempt to improve subject compliance and reduce subject
burden and yet not reduce its accuracy various alternatives
have been sought. These methods have included photography, a
food recording electronic device (FRED) and a portable
electronic tape recording automated scale (PETRA) and are
described below.

Photography

This method involves the subject placing their meal on a
table, making sure all foods are visible and pies and
sandwiches are opened up (Bird & Elwood 1983). To ensure the
photograph is taken at the same distance from the plate each
time, a string is placed under the plate and the photograph
is taken when the string is taut. All food items are
photographed along with any leftovers. The film is then
developed as slides and converted to weights by a trained
nutritionist. This task can be made easier by the use of
slides with standard weights of foods with which to compare
the subjects' slides.



Bird & Elwood, (1983) calibrated this method in 17 office
workers against a four day weighed record. The weighed
record and photographs were completed simultaneously. They
found no significant differences in absolute or percent of
energy and nutrient intakes between the methods. However,
the time spent in converting the slides into weights was just
as long as to code the weighed records. Other problems
involved subjects not using the flash on the camera, some
foods being obscured and sandwiches not being opened up. The
authors also recommended that at some stage in a record some
food items should be weighed to enable estimated weights to
be checked. The cost of the equipment is another
disadvantage over conventional weighed records; this involved
the cost of cameras, films and developing of slides.

Food recording electronic device (FRED)

The equipment consists of a pair of electronic scales
connected to a microprocessor with a keyboard (Stockley et
al, 1986a). The keyboard is labelled with six control keys
and 55 food code keys. To use, the subject switches on the
machine places a plate on the scales, presses the start
button, serves a food item onto the plate and presses the
appropriate food code. Waste items can also be weighed. As
there is a limitation to the number of keys available
subjects complete a preliminary questionnaire to determine
their usual food choices. Foods are grouped for the ease of
the subject and practical reasons.

A calibration of FRED against a weighed record was carried
out (Stockley et al, 1986b). Twenty-nine volunteer subjects
recorded their diet for seven days by a weighed record and
FRED simultaneously. Weighed records were coded by the same
food groups as FRED or conventionally by individual foods.
The results showed no difference in energy, protein or fat
intakes by coding the weighed records using food groups or
individual foods but using FRED energy intakes were 628kJ
lower and protein and fat underestimated by about 5g each.



The authors found some technical problems with FRED as it was
slow to accept items. Subjects attempted to record items but
as FRED was not ready they were not accepted thus resulting
in an underestimation of intake. Subjects were keeping the
weighed record at the same time and sometimes forgot to press
the food code key and hence the food was not recorded.
However, the authors were confident that these problems could
be corrected and as food grouping did not appear to affect
the accuracy of the method it would be useful. Another
advantage is that observer time could be dramatically
reduced; it was envisaged that the weighed record would take
1.5 days to process and FRED took only 1.5 hours. Despite
the equipment being costly this has to be balanced with a
reduction in nutritionists' time in coding and processing the
records.

Both the previous calibration studies were carried out on
small samples which would make statistically significant
differences between the methods less easy to detect. 1In
addition the demand of keeping both methods simultaneously
may have affected the accuracy of both methods.

Portable electronic tape recording automated (PETRA) scale

To use, the subject places a plate (previously recorded) and
food on the scales, presses a button and verbally describes
the item as it is served onto the plate. The scale records
the description and the weight. This is later decoded using
the PETRA master console (Barker et al, 1988).

PETRA was calibrated in 80 subjects, 40 using the PETRA
method and 40 using conventional scales (Barker et al, 1988).
As subjects did not complete both methods the results are
less easy to interpret than for the previous two methods.
There were no differences in nutrient intakes between the
methods. Subjects also completed a questionnaire to determine
preference for either method. In general subjects who used
PETRA found it was easier to use, interfered less with their



lives, did not alter their normal eating pattern and was less
time consuming than conventional scales. However, the
cooperation rates were similar for both groups. Therefore
PETRA was more user friendly but achieved the same results as
scales. The method proved expensive both due to the cost of
equipment and in observer time as PETRA took two hours longer
to process than the weighed records. For both FRED and PETRA
the subject is unaware of the actual weight of food.
Therefore they cannot record the weight of a food item
without weighing it. With the WR a subject might not weigh a
food item when it is eaten on further occasions but copy the
weight of the item recorded on the first time it is consumed.
Table 1.1 shows the strengths and weaknesses over the weighed
record of these altermative methods.

Table 1.1: Comparison of modifications to the weighed record
with the weighed record

Subject Observer Cost Accuracy Copy

ease time weight
Photos + +/- - +/- +/~
FRED + + - - (+/-) +
PETRA + . . +/- +

+/- no difference, + advantages over record techniques,
- disadvantages over record techniques

Other workers have tried to simplify the method by using food
groups and not individual codes, and software packages now
enable foods to be coded as they are entered on the computer.
There is a need to make the method simpler to use by a wider
range of subjects but it should also ideally be made time and
cost efficient for the observer without losing accuracy.

1.2.141d Interview techniques

These techniques include the 24 hour recall, diet history and
food frequency questionnaires.
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The 24 hour recall
By this method the subject recalls the actual food and drink
consumed on specific days, usually the immediate past 24

hours but sometimes for longer periods. This method may also
be repeated at various intervals to increase the number of
days of dietary information collected from each subject.

Diet history method

This method was originally developed by Burke in 1947 (Burke,
1947) . This method aims to loock at the usual intake of the
subject over a relatively long period of time and can also be
used to look at past dietary habits. The diet history method
generally obtains intake of food and drink consumed in terms

of frequency of consumption and quantity eaten. It may also
include questions on cooking methods. This method has often
been modified when used by other workers. In its original
form it consisted of three parts; the overall pattern of
eating which included a 24hour recall coupled with questions
such as 'What do you normally eat for breakfast?' (Portion
sizes were estimated by household measures). The second
part, the 'cross-check' was composed of a detailed list of
foods and the subjects were asked questions on their likes
and dislikes, purchasing and cooking methods of these foods.
This section was used to verify and improve information
received from the first part. The final part consisted of a
three day menu (which did not include portions) recorded by
the subject. Burke used this part for additional checking.

The diet history method is relatively time consuming for the
nutritionist but in some studies lay persons have been
trained in the procedure. Problems may arise due to errors
in estimating portions and omissions of foods eaten. Good
correlations with a weighed food record have been achieved
although estimates are generally 5% higher using the diet
history method, (Bingham, 1987). Borrelli et al, (1989) in a
study of elderly subjects found intakes to be 15% higher with
the diet history method compared with a three day diary.
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Jain et al, (1980) compared their diet history method with
seven and 30 day diet diaries with estimated portion sizes.
Rank order correlation coefficients were better for the 30
day records with the diet history than for the seven day
records with the diet history.

Food frequency questionnaires

In recent years food frequency questionnaires (FFQ) have
become popular methods of dietary assessment for
epidemiological studies. FFQs permit the assessment of
present and retrospective dietary habits and can be

relatively short and inexpensive. They can be tailored to
meet the objectives of the study. If the aim is to measure
intake of one specific nutrient, for example iron; the
questionnaire can be relatively short and only foods that
contribute to iron intake need to be included. Altermatively
the FFQ can be used to assess overall diet. FFQs may be
administered by the interviewer or completed by the subject
at an appointment or by post. Food fregquency questionnaires
if administered in a clinic situation are likely to obtain
dietary information from nearly 100% of subjects (Jergensen,
1992). Both 24hour recalls and FFQs can be conducted over
the telephone or by post. Compared with the WR the FFQ is
less demanding for both subject and observer and therefore
relatively more FFQs than WRs can be collected over the same
time period. In designing a study careful consideration is
needed to choose between data collection from a large sample
using the FFQ, more precise data collected from a smaller
sample using the WR.

The FFQ consists of a food list and a frequency of
consunption section varying from never to number of times per
day. Food lists can be compiled by using data collected by a
recording method or diet history questionnaire. In theory
the ultimate aim is for the food list to contain 100% of
foods that contribute to a particular nutrient. However, in
practice this may not be possible as weighed records permit
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composite dishes to be broken down into individual
ingredients, such as, eggs, flour, margarine and sugar for
cake; whereas, the FFQ relies on composite dishes and
therefore a direct comparison between the methods cannot be
made (flour is unlikely to be included as an individual food
on the FFQ). There are different methods for selecting food
groups for inclusion in the FFQ and these depend on the
objective of the study. The method used by Overvad et al,
(1991) was as follows; contributions to total nutrient intake
were calculated for each of 247 foods and recipes. A
stepwise nmultiple regression was used to predict individual
nutrient intake; foods that contributed 90% of the between
person variability were included in the FFQ (although some
contributed very little to the actual nutrient intake). These
foods contributed on average 55% of the total nutrient
intake. Foods that had a major contribution to nutrient
intake but were not important discriminators were also
included so that finally 81% of total nutrient intake was
accounted for. This method of food selection will be unable
to give precise absolute intakes as it on average only
accounted for 85% of nutrient intake, however, it has been
designed to be able to discriminate between subjects with
different intakes. Other workers Block et al, (1986) and
Cade & Margetts (1988) ranked foods in order of contribution
to nutrient intakes and included those foods that contributed
approximately 90% of the total intake for each nutrient. It
is possible that some foods that discriminated between groups
but contributed little to nutrient intake were omitted which
may reduce the ability to detect differences between groups.
There is a trade off between the length of the questionnaire
and subject acceptability. If all possible foods were
included the FFQ would be extensive and this might affect the
numbers of subjects willing to complete it. It might also
affect the quality of the answers and thus reduce some of the
benefits over the weighed record. In summary if the aim is
to determine precise nutrient estimates extended
questionnaires may be necessary but if the aim is to rank
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individuals and discriminate between groups shorter

questionnaires can be used.

To calculate nutrient intake from an FFQ, frequency of
consumption of each food item/group is multiplied by a
portion size to determine a gramme amount eaten. Portion
sizes can be estimated using food models or photographs.
Alternatively standard portions may be calculated from mean
portion sizes of foods eaten by the same population or a
similar one. Alternatively published tables of portion sizes
could be used. Bnother method is for the subject to record
the frequency of consumption of a predefined portion of food.
This method is easily used for foods which come in natural
units for example, one potato, two slices of bread etc. Some
workers use a combination method in which foods that are easy
to quantify such as slices of bread, eggs, fruits, and milk
are recording by number of slices per day, number of eggs per
week etc and foods such as meat, fish and vegetables that are
less easy to quantify are converted to weights by average
portion weights. This type of FFQ is referred to as a semi-
quantitative FFQ.

The FFQ can be administered by an interviewer using standard
forms or may be completed by the subject. If the FFQ is
self-administered careful checking is required to ensure
subjects have understood and completed all questions
correctly. Subjects with regular eating habits will find the
food frequency question easier to complete than those who
have irregular eating patterms. Some subjects not involved
in shopping and cooking at home may have some difficulty in
knowing types of fats used for spreading on bread and
cooking. Both this method and the diet history aim to show
usual nutrient intakes and therefore do not have the problems
of food records which may be kept over an unrepresentative
selection of days.

14



There are several assumptions using FFQs. If a standard
portion size is assumed this may not be applicable for the
study population especially if the mean portion size used was
calculated for a different population. If portion size does
not vary between subjects the effect of using mean portion
sizes on ranking will be minimal. If portion size does vary
between subjects the estimate of portion size will be
incorrect on an individual basis but may still be correct for
the whole group. For some subjects the portion size will be
underestimated and for others it will be overestimated. If a
comparison were to be made between populations at the
extremes of the range of portion size the FFQ using mean
portion size would not be able to detect any difference
whereas one that incorporated a range of portion sizes (say
small, medium and large) might be able to detect the
difference. It may also be true that portion size varies
within individuals so that even if a variety of portion sizes
were available, if only one could be chosen it might be
incorrect. It is also assumed that all commonly eaten foods
by the population being investigated are included in the
questionnaire. For a group classification of food items eg.
beef this will include roast, mince, stewing steak etc. The
nutrient composition and portion size may be calculated from
a predominant food or weighted by each constituent. This
predominant food or weighting may not be the same in all
populations. Unless the questionnaire is designed for use on
specific groups such as smokers or various ethnic groups it
may contain inappropriate foods and omit other commonly eaten
foods. Therefore before use or if the FFQ is to be used in a
different population it should be calibrated in the projected
population.

As there is no perfect measure of diet FFQs are usually
calibrated against another dietary survey method. As no
dietary method is without errors, the method for comparison
should be subject to different errors to the method being
calibrated. Otherwise, incorrectly high estimates of
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agreement might be observed. The errors associated with FFQ
are a fixed list of foods (foods may have been omitted),
grouping of foods (food groups are commonly used in FFQg and
nutrient intakes are based on the contribution of each food
group, which may not be correct), reliance on memory,
estimated portion sizes (portions may be under or over-
estimated) and interpretation of the questions, these are
minimized by the weighed record. Therefore the actual
validity of the FFQ may be underestimated rather than
overestimated. It is possible that the true estimate of diet
lies somewhere between the two methods. Calibration studies
are usually carried out in selected groups of subjects, often
volunteers who may differ in gender, age, occupation group,
lifestyle characteristics and region of habitation from the
study population. It is therefore unclear whether the
results of such calibration studies are equally valid in a
wider study sample. FFQs tend to measure average diet and
therefore to make the comparison valid the weighed record
should be kept for sufficient days to estimate usual diet
(see number of days of recording page 32). If the
calibration is to be carried out with two software programmes
each with a nutrient database it is necessary to check to see
whether the databases are identical. Otherwise differences
between the methods might be observed which are really just
differences between the databases.

Agreement between the methods is generally determined by mean
differences (absolute and percent) between the methods. If
the objective of the study for which the FFQ is to be used is
ranking of individuals and absolute measurements are not
required mean differences between the methods may not be
important if there is a constant bias across all groups and
range of intakes. If the FFQ has been constructed based upon
foods that contribute 90% or less of nutrient intake
expectation of an exact agreement between methods is not
realistic. In fact if an exact agreement is found it is
likely that the FFQ overestimates intakes of some foods and
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food groups. Subjects can be classified into thirds or
fifths of the distribution with those of most interest being
those who are grossly misclassified that is classified in the
highest proportion by one method but in the lowest by the
other method. Correlation coefficients such as the Pearson
correlation coefficient are used although these tend to
indicate association and not agreement and are often used
inappropriately on non-normally distributed data. It is
assumed that the relationship between the two normally
distributed variables is linear. Non-normally distributed
data should be transformed or a non-parametric test such as
Spearman rank correlation coefficient can be used. The Bland
Altman technique (Bland & Altman, 1986) although described
several years ago is not yet commonly used. The method
assumes that the average of the dietary methods gives a
better indication of the truth than the weighed record alone.
This graphical technique in which the difference between the
two methods is plotted against the mean of the two methods
for each subject has advantages over other comparison methods
as agreement can be assessed across the range of intakes and
will determine whether there is any differential
misclassification. Agreement between the methods may be
better in one range and poor in another. One disadvantage is
that plots need to be constructed for each nutrient being
calibrated. Also the plots are subject to individual
interpretation and cannot be given a single numerical
estimate like a correlation coefficient. Calibration studies
are often carried out and most studies show some deviations
from the comparison method, however, in general, there
appears to be no attempt to correct for this difference which
may or may not lead to bias if used in an epidemiological
study. To be able to correct for measurement error one would
need to assume one dietary method is more accurate than the
other. This would depend on the exposure being measured, for
example if the exposure was energy intake a weighed record
may be nearer the truth as it does not have a fixed list of
foods. Alternmatively, for nutrients with a large day to day
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variation such as vitamin A an FFQ may be better than a 3 day
weighed record.

Some workers have looked at the importance of the method of
determining portion sizes. There appears to be large within
person variance in portion sizes compared to between person
variance (Hunter et al, 1988) hence usual portions for
individuals are difficult to ascertain. In addition subjects
find describing their portions extremely difficult (Guthrie,
1984). Samet et al, (1984) looked at the contribution of
portion size questions to the ranking of individuals and
found that portion questions provided little extra
information. Willett, (1990) found that common portion sizes
(standard weights of foods where the subject indicated the
number of standard servings of the food he/she consumes) and
portion sizes derived from an interview using food models
were highly correlated (r z 0.90). Block et al, (1986) used
a slightly different method of portion size determination.
Portion sizes from a large data set (11658 adults) were
ranked and the median portion size was determined. The
median was used in preference to the mean as it is not
affected by some individuals with excessively small or large
portions. Portion sizes were then calculated separately for
men and women and for different age groups deriving age and
gender specific portion sizes. When answering the
questionnaire respondents indicated whether their usual
portion size was small, medium or large. Hence much more
information of portion size was gained for these subjects but
without the time constraints of using food models. Samet et
al (1984) and Pickle & Hartman (1985) showed that for most
foods, portion sizes vary less among individuals than do
frequencies of use and therefore most of the variation in
intake is explained by frequency of use.

The influence of various variables on the agreement between

food frequency questionnaires and weighed records in the
assessment of overall diet has been investigated using
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published data (Yarmell et al, 1983; Willett et al, 1985;
Flegal et al, 1988; Pietinen et al, 1988a & 1988b; Margetts
et al, 1989; Block et al, 1990; Engle et al, 1990; Bolton-
Smith & Milne 1991; Tjenneland et al, 1991; Posner et al,
1992; Rimm et al, 1992). The variables that have been
examined are gender, number of items on FFQ (divided into
three groups 0-90, 91-200, > 200), the number of days the WR
was kept for (divided into three groups < 7, 7-14, > 14
days), portion sizes (using food models or photographs, semi-
quantitative, average portions) and whether the FFQ was
completed before or after the WR.

Agreement was measured as percent mean difference between FFQ
and weighed record estimates for energy, fat and vitamin C.
The smallest sample size was 50. Table 1.2 shows the results
using analysis of variance with gender, portion size, number
of items, number of days and order of administration as
factors. The table shows that agreement between the methods
by gender was better in men for vitamin C, no difference for
fat, and better in women for energy. As the number of items
in the FFQ increased the differences between the methods
decreased for energy and fat but there appears little
advantage in including more than 100 items. For vitamin C as
the number increases so does the difference between the
methods. One possible explanation is that most vitamin C
containing foods might be overestimated and inclusion of more
foods would then lead to further overestimation. For portion
size, the use of food models and semi-quantitative portions
produced a better agreement than average portions; in fact,
for fat and vitamin C the semi-quantitative method appeared
to be the best. There were no statistically significant
differences for order of administration of the methods
although for vitamin C agreement was improved when the WR was
administered first. For number of days the WR was kept for
there did not appear to be any trends except that the longest
period of WR achieved the best agreement for energy. For
enerqgy; gender, number of items included in the FFQ and
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Table 1.2: The effect of different variables on the
agreement between food frequency questionnaires and weighed
records

Variable Percent mean differences FFQ compared
with WRft

Gender Men Women

Energy -9.4 0.1"

Fat -12.6 -11.9

Vitamin C 4.9 39.8

No. Items < 70 70-100 > 100

Energy -26.7 6.9 6.6""

Fat -24.8 -2.6 -2.9

Vitamin C -16.9 21.7 45.9

No. days WR < 7 7-14 > 14

Energy 15.4 -19.3 1.5

Fat 3.5 -21.8 -5.1"

Vitamin C - 11.1 19.9

Portion size Models/ Semi - Average

photographs quantitative

Energy -4.2 -5.3 ~-16.8

Fat -13.7 ~-8.9 -27.3

Vitamin C 26.1 3.3 38.4

Order of WR first FFQ first

administration

Energy -8.8 4.1

Fat -17.0 -9.6

Vitamin C 5.2 22.1

t Analysis of variance, means adjusted for gender, number of
items, number of days, portion size and order of
administration where appropriate.

P < 0.05, P < 0.01 for difference between categories
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number of days of recording the WR had the greatest influence
on the percent mean differences between the methods. The
agreement for fat did not appear to be affected by gender,
but was affected by number of items on the FFQ and number of
days of WR. These factors did not appear to explain the
differences between the methods for vitamin C.

In summary, the best combination to assess overall diet
appears to be a semi-quantitative questionnaire with between
70 and 100 items.

Table 1.3: Strengths and weaknesses of different dietary
survey methods

Weighed Diet 24hr Diet FFQ
record diary recall history
Groups & + + - - -
individuals
Reliant on ~ ~ + + +
memory
Specific - - + + +
nutrients
only
Prospective + + - - -
Retrospective ~ - + + +
Trained + + + + +/-
interviewers
High subject + + - + +/-
burden
Affects + + - - -
eating habits
Response + + - - -
affected
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Methods which measure average dietary habits depend on the
memory of the subject; the advantages and disadvantages of
survey methods are summarized in table 1.3.

1.2.1iid Issues in the choice of a dietary method

One such issue is response rate. Bingham, (1987) suggested a
response rate of 80% would be necessary to ensure a
representative sample from a randomly selected population.
However, even with a high response rate (80-90%) no
information is obtained from at least 10% of subjects. To
help attain a high response rate consideration should be made
in the design of studies. The study should appear
interesting to the subjects, this may involve financial
rewards or informing subjects of their results. Blood
cholesterol levels may be of particular interest to the
population and a reflotron measurement gives an instant
result and could be built into the design of the study.
Another consideration is timing and location of appointments
if the subject is required to attend a clinic. The subject
is likely to be put off attending if there is a long distance
to travel, or inadequate parking facilities. Daytime
appointments maybe difficult for subjects who work and the
possibility of weekend and evening appointments should be
considered.

It is largely believed that response rates tend to decrease
with increasing complexity of the survey method. Despite
this response rates in excess of 80% have been achieved using
weighed records (Fehily et al, 1984). Response rates for
dietary studies of smokers and non-smokers using a weighed
record ranged between 68% and 88% for those eligible. There
is some evidence that as the food record progresses towards
one week that bias is introduced because of drop-puts and
decreased quality of records (Gersovitz et al, 1978).
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Therefore three days of recording is likely to achieve a
greater number of completed records than 28 days.

A low response rate, a high drop-out rate or a high
proportion of exclusions may result in an unrepresentative
study sample and hence the results may not give a true
picture of the diet of the original population. Those taking
part may have different dietary habits to those refusing,
perhaps due to different lifestyles. This was considered by
Jorgensen (1992) in a Danish study. The authors stated of
the most likely participant in a weighed record study with a
response rate of 49% that "She is middle-aged, has been to
school for up to 10 years and may have had vocational
training. She is married, a non-smoker and consumes only a
few glasses of wine per week. Her food habits are generally
good with daily intakes of vegetables, fruit and cheese".
They measured diet in all subjects using a food frequency
questionnaire and found no major differences in diet between
the groups. Therefore although lifestyle differences were
found no differences in dietary habits were detected. This
study however was unable to evaluate the 21% of the initial
subjects that failed to participate in the study and these
may have differed from those participating. It is often
considered that those who take part will be more motivated,
and perhaps have more 'healthy diets' and therefore give a
biased picture of usual diet. The problem of different
response rates between smokers and non-smokers is important
in studies of smoking and diet. Haste et al, (1990)
calculated response rates for the smokers and non-smokers in
her study and found the response rate for smokers was lower
at 68% compared with 75% for non-smokers.

The effect of non-responders consuming a different diet from
responders is considered. The following tables are based on
a theoretical daily fat intake in responders of 100g for
smokers and 90g for non-smokers. Therefore, if there is a
100% response from both smokers and non-smokers their
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respective mean fat intakes would be 100g and 90g. The
effect of dietary differences in fat intake between
responders and non-responders is shown in table 1.4. Table
1.41 shows calculated fat intakes for smokers at different
response rates, table 1.4ii shows the same results but for
non-smokers. For example, if the response rate for smokers
is 60% and 40% are non-responders and if the non-responders
consume 10% more fat than the responders then calculated the
fat intake from attenders would be 100g and that of the non-
responders 110.

Therefore the true mean is:-

(response rate of attenders x 100g fat) - (response rate of
non-responders x 110)

or

(60/100 x 100) + (40/100 x 110) = 104g compared with the
estimated mean of 100g.
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Table 1.4: The effect of different response rates

i) Smokers

Response Difference in fat intakes of non-responders
rate (%)
-10 10 ~-20 20
60% 96 104 92 108
70% 97 103 94 106
80% 98 102 96 104
90% 99 101 98 102

ii) Non-smokers

Response Difference in fat intakes of non-responders
rates (%)

~-10 10 -20 20
60% 86.4 93.6 82.8 97.2
70% 87.3 92.7 84.6 95.4
80% 88.2 91.8 86.4 93.6
90% 89.1 90.9 88.2 91.8

These data have been presented in graphical form and to
illustrate the point two situations are shown (figure 1.1).
The first is that the smokers who do not attend have higher
fat intakes than those who do attend and conversely the non-
smokers who do attend have lower fat intakes than the
responders. The second situation is the reverse with non-
responding smokers having lower fat intakes than the
responders and non-responding non-smokers having higher
intakes than those who attend. The data were based on the
same response rate for smcokers and non-smokers and an
observed difference between smokers and non-smokers of 10g of
fat. For ease the differences in fat intakes between
responding and non-responding smokers and responding and non-
responding non-smokers were the same percentage (but in the
opposite direction).
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Figure 1.11i) Non-responding smokers with higher fat intakes
than responders and non-responding non-smokers with lower fat
intakes than responders.

The effect of differing response rates on mean nutrient intakes
Differenca for N8 (Smokers lower % non-smokers higher)
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Therefore in case 1.1i if the response for both groups is 60%
and the real fat intake of smokers (responders 10% higher
intakes) is 104 and that for non-smokers (non-responders 10%
less than responders) is 86.4. Then the real difference is
104 - 86.4 = 17.6. As a percent of the estimated difference
is 17.6 / 10 x 100 = 176%.

o\

The graphs show the nutrient differences between the smoking
categories at different response rates as percent of the
detected difference (shown as 100%). It appears that
deviation from the true mean increases with decreasing
response rate in a linear fashion. In figure 1.11) the
difference seen is smaller than the real difference making
differences in fat intakes between the groups difficult to
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Figure 1.1ii) Non-responding smokers with lower fat intakes
and non-responding non-smokers with higher intakes than
corresponding responding groups.
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detect. 1In figure 1.1ii) the opposite is true with the
observed difference being greater than the true difference
thus making differences easier to detect. Even at 90% the
difference that should have been observed was 1.5 times that
was seen if non-responders consumed 20% more fat this rises
to 2.5 times with a 60% response rate. However in the real
situation the results are not likely to be so extreme but
differences in non-responders can be important. Therefore as
much information as possible must be gained from subjects not
completing the survey method. This could include age, sex,
body mass index, occupation group and any other factors
relevant to the study question. It may be possible to use a
less invasive method such as a one day record or food
frequency questionnaire for which information will be
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collected from everyone in addition the method of choice. It
would then be possible to see if the non-responders differed
from those co-operating. This would not help with subjects
who did not attend their appointment. It is necessary to see
if these subjects can be excluded, for example, if they have
moved away or died. The post office may return some letters
that are incorrectly addressed or if subjects have moved.
Further invitations can be sent as the time may have not been
convenient. To obtain some information from the non-
attenders a random sample could be contacted by telephone or
home visit and questions relating to factors that might
influence the results can be asked. Such factors could
include age, occupation group or smoking status. In addition
it might be possible to obtain some dietary information in
the form of a short questionnaire.

Another issue is wvalidity which can be divided into internal
and external validity. The validity of a method is the
extent to which it measures what is true.

Internal validity is the validity within a study and refers
to whether the method actually measures what it is supposed
to measure accurately. For example whether a food frequency
questionnaire used to measure fat intake measures it
accurately.

To determine whether a study is externally valid is more
difficult and will depend on the objective of the study. If
the aim is to determine actual nutrient intake of a
population then the study sample should be representative of
the wider population. However, as the true situation may not
be known this can only be inferred by judgement. If the aim
is to determine the effect of an intervention, say smoking
cessation, one would have to show that the effect of smoking
cessation on diet differed in different groups of subjects
for the study not to be generalisable. Studies of smoking
cessation are often carried out in subjects who volunteer to
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stop smoking and not randomly recruited subjects. For these
studies to be shown not to be generalisable one would have to
show that the changes observed in those who volunteer to quit
differ from those who quit after being advised to stop
smoking. To be extermally valid the study must be internally
valid. Problems of calibration of dietary studies have been
considered in the context of calibrating a FFQ (page 15).

Estimating food and nutrient intakes from dietary assessments
is not without error. These errors may be random or
systematic. Below is a description of the error, how it
affects the results and what can be done to correct it.

Within person error

If first we consider random within person errors, these arise
due to daily variation in the diet of individuals and
measurement error on any one day. One day of recording is
unlikely to give a truly representative dietary intake and in
addition this estimate will be confounded by measurement
error. To correct for this error the number of measurements
per subject needs to be increased. In theory the amount of
random within person error can be measured in a
reproducibility study in which the measurement is repeated in
the same sample of subjects. This point is further discussed
on page 40.

Alternatively there may be within person systematic error in
which the same error occurs in repeated measurements in the
same subject. For example, for a subject to underestimate
the number of cups of tea consumed per day by three each time
the method is repeated. Another example is if an FFQ with a
fixed list of foods is used. If an important food item is
missing this error will be repeated each time the
questionnaire is administered but only for those subjects who
consume the food item. These within person systematic errors
may not apply to all subjects and are randomly distributed.
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As a result of within person errors the individual mean
estimates for each subject may not reflect true intake. If
there is no systematic bias within person and the error is
purely random the bias can be reduced by increasing the
number of measurements per subject.

Between person error

Random error exists between persons (variability in diet
between subjects) and can result from too few measurements
per subject. However, if sufficient subjects are included
the population mean may represent true diet. As the range of
intake is greater than in the real situation (due to some
subjects underestimating and others overestimating intake)
the standard deviation estimate will be increased.

Finally, there is systematic bias between persons which
results from systematic within person error that affects
subjects non-randomly. If the same error affects all
subjects equally then the group mean will be incorrect but
the observed standard deviation will be correct. However, if
all subjects are not affected equally then the standard
deviation will be incorrect as well as the group mean
estimate. This might be the result of omission of an item
from a FFQ or under-reporting of food items constantly on a
food record.

Random errors tend to decrease correlation coefficients so
the likelihood of finding an association is reduced but this
can be remedied by increasing the number of measurements on
each person or by increasing the number of subjects in the
study. The choice depends on the study, in principal it is
relatively easy to increase the number of days of recording
for weighed records although seven or more days may result in
a decline in the number of satisfactory records. However,
dietary questionnaires are rarely repeated more than once,
there may be problems with learning effect and remembering
previous responses and it may be more appropriate to increase
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the number of individuals. Systematic bias is not easily
remedied and therefore has serious consequences on
relationships between diet and disease.

Measurement and observer errors are often considered as
random errors. In dietary studies division of between and
within subject variability into measurement error and true
variability is not easy. This is because of daily variation
in nutrient intake and therefore within and between subject
variances include measurement error. Described below are
errors that are involved in the collecting and processing of
dietary survey methods. All methods require coding of foods
either in the development stage or when data are processed to
enable computer analysis of the data. Errors could arise due
to incorrect coding by the observer and/or problems in coding
foods not included in the database. If more than one
observer codes the data all records should then be checked by
only one observer to ensure that coding is consistent between
all the records and that any differences found are not due to
observer bias. For example, if coder 1 codes all the records
for the control population and coder 2 those of an
intervention group then differences in the results between
the groups might be due to observer bias, this is in fact
between person systematic bias. A further error often
forgotten is the nutrient data in the database. These values
are averages of a selection of different brands of a
particular food item, therefore estimates of individual
intakes may not be as accurate as group estimates. Although
new food composition tables have recently been published
(Holland et al, 1991) it takes some time before computer
software programmes incorporate the new data and none of the
UK based studies reviewed have used these data. The analysis
is based upon food composition data published in 1978 (Paul &
Southgate, 1978) although some updates may have been included
for individual studies. There do appear to be nutrient
differences for some foods (for example, fruit, breakfast
cereals and bread) between the two editions which may result

31



from different practices in animal feeding and improvements
in recipe development and analytical techniques. Also a
larger number of foods has been included in the recent
version thus making coding easier and possibly more accurate.
Another problem is errors in data punching which can be
reduced by checking the data.

Another issue in the planning of a study is which days and
how many days diet should be recorded on. It is essential to
know how many days the subject is required to complete to
estimate a nutrient with sufficient accuracy for the purposes
of the study. The number of days depends on the ratio of
within- to between-subject variances and the unknown
correlation between the observed and true mean nutrient
intakes of individuals over the period of observation (Nelson
et al, 1989).

A high proportion of records from one particular day of the
week could affect the results as nutrient consumption appears
to vary with day of week (Thomson et al, 1988). Thomson et
al, (1988) in their study of 164 men found that mean intake
of energy and selected other nutrients varied by day of the
week. At weekends the men on average consumed more energy,
alcohol and had a lower ratio of polyunsaturated fats to
saturated fats (P:S ratio), than on weekdays. To overcome
this problem of variation in dietary intake by day of the
week, subjects could keep records for one week or at least
include some weekdays and weekend days in each record.
Another solution would be to collect one day records from a
larger sample ensuring that the proportion of records kept
for each day of the week is the same. Thomson et al, (1988)
showed within- person variances to be greater than between
person- variances. Therefore a one day record would be
unlikely to estimate individual nutrient intake accurately
but can be used to estimate group means. Hartman et al
(1990) showed that correlations between consecutive days of
recording were larger than non-consecutive and advocated
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using non-consecutive days. Also if data are only collected
over a few months say April to June it could be subject to
seasonal variation. This would be more important in
countries which rely on home-produced food and less important
for countries with large imports. If a comparison between
different groups was being made and difference between the
groups rather than usual intake was the objective as long as
all the groups were surveyed over the same period seasonal
variation would be less important. The exception would be if
difference between the groups was subject to seasonal
variation.

There is consensus amongst workers that seven days are
sufficient for most nutrients but that more days are required
for fatty acids and some vitamins (Bingham et al, 1987;
Thomson et al, 1988; Nelson et al, 1989).

The coefficient of wvariation (sd / mean x 100) gives an
overall measure of the variability of a nutrient. Table 1.5
shows the coefficient of variation for polyunsaturated fats,
a variable with a relatively high variance, calculated for
different methods. It can be seen that the coefficient of
variation tends to decrease with number of days of recording
and that FFQs appear to have a similar variability to three
day weighed records and therefore a higher variability than
seven day weighed records. As the coefficient of variation
for food items is greater than that for nutrients, if food
consumption patterns are required consideration of the
appropriate method should be made at the design stage. For
example if the consumption of oily fish is of interest and
this is not eaten on a weekly basis a longer term assessment
method such as an FFQ might be more appropriate.
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Table 1.5: Coefficients of variation for polyunsaturated fats
by survey method

Study Sex 1 day 3/4 day 7 day > 7day @ FFQ
record records record record

Willett et F 19.9 35.0

al, (1985)

Posner et al, F 50.0 29.7 32.9

(1992)

Posner et al, M 34.5 31.8 31.2

(1992)

Pietinen et M 20.7 27.8

al, (1988)

Stuff et al, F 29.6 21.6 17.6 21.7

(1983)

Yarnell et F 22.3 28.1

al, (1983)

Tjenneland et M 20.4 21.5

al, (1991)

Tjenneland et F 36.9 36.5

al (1991)

Jain et al M 21.7 19.1

(1980)

Morgan et al, F 54.5 30.3

(1978)

* includes 24hr recall

The degree of error that 1s acceptable will depend upon the
study its objectives and likely results. For example, if the
likely difference to be detected is large more error will be
acceptable than if the difference is small. It will depend
on whether associations, ranking or absolute intakes are
required. Absolute intakes tolerate the least amount of
error.
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1.2.1iv Issues relating to cross-sectional studies

Cross-sectional studies are carried out at one point in time
and are relatively cheap and easy. They are often used to
assess the usual diet of groups of individuals. They can be
used to determine group mean intakes and differences between
groups and are able to rank individuals according to intake.
Let us consider the relationship between nutrient variance,
power, sample size and detectable nutrient difference. The
following equation was used to calculate sample size for
figure 1.2:-

n=2qg? <Za/2+Zﬁ) :

Where ¢ is the standard deviation of the variable, « and 8
the type I and type II error levels and d° the difference
between the groups to be detected. The power of a study can
be defined as the probability of accepting the alternative
hypothesis if it is true.

5,2

02:Sb2+

¢ also varies with the number of days of recording a weighed
record as above, where k is the number of days of recording,
S, the between person standard deviation and s, the within
person standard deviation.

Using means and within person and between person standard
deviations for energy and polyunsaturated fat from Nelson et
al, (1989) (Energy, mean 2815 kcal, s, = 662 and s, = 607;
Polyunsaturated fats, mean = 10.7g, s, = 6.8 and s, = 2.4),
variance was computed for weighed records kept for 1, 3, 7

I
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Figure 1.2: Relationship between variance, percent nutrient
difference detected and sample size
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and 10 days using the equation above. These nutrients were
chosen to illustrate the effects on sample sizes for
nutrients with high and low variance (polyunsaturated fats,
high variance) .

Using the sample size equation with power set at 90% power
and &« set at 0.05, sample sizes for each group were
calculated for percent differences between means of 5 to 15%
for different lengths of weighed records. The results are
shown in figure 1.2.

Firstly for energy, to detect a difference of 10% between
means there seems to be no advantage gained by increasing the
number of days of collection beyond seven days. A small
reduction in sample size is achieved by using seven days
compared with three days. However, if a one day record is
used the sample size necessary to detect a 10% difference is
approximately twice that of a seven day record. As percent
differences decrease then the difference in sample sizes
between the number of days of weighed record increases. To
detect a difference of 5% a one day record requires in excess
of 600 subjects (850) in each group whereas less than 500
subjects in each group are needed with records of seven or
more days.

For polyunsaturated fats there is nmuch more variation in
sample sizes required according to the length of weighed
records. At the higher end to detect a difference of 15%
there seems little benefit in using more than seven days. If
a one day record was used to detect a difference of 15% then
the sample size required would be three times that needed for
a seven day record. To detect differences of 10% or less
there appears to be some advantage in increasing the length
of the records. At 5% approximately 500 subjects in each
group would be required compared using 28 days and 750 would
be needed using a seven day weighed record.
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In summary, for a nutrient with less variability such as
energy there is no benefit in recording diet for more than
seven days, and three days are sufficient for differences of
greater than 10%. For polyunsaturated fat with a greater
variability advantage is gained by increasing the number of
days to detect a difference of 10% or less but for
differences between 10 and 15% seven days are sufficient.

Once the power is decided and the difference to be detected
known, the choice of dietary method can be made in terms of
required sample size. If the nutrient of interest is
polyunsaturated fat which has a high variance it is necessary
to decide between an increased sample size used with a one
day method, a reduced sample size with a FFQ or a three day
record or an even smaller sample size with an extended WR.
This choice depends on expected response rate, available
number of subjects and cost of increasing the number of
subjects compared with increasing the number of days of
recording. Diet may only be one component that is being
measured and sample sizes for other analyses (which may be
expensive) maybe smaller, and therefore it may be preferable
to use a smaller sample size and use a food frequency
questionnaire or weighed records kept for extended periods.

1.2.1v Issues relating to experimental studies

The term experimental studies refers here to studies in which
an intervention takes place such as smoking cessation.
Subjects are seen at baseline, intervention takes place in
one sample and all subjects are seen at follow-up. These
studies enable changes in dietary habits to be measured over
time and the changes that occur in one group are compared
with those in other groups. These studies may not require
estimation of usual diets in the context of long term dietary
habits but aim to measure diet over a specified period. For
example, in a smoking cessation it may be important to look
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at dietary changes that occur after one month of stopping
smoking.

Response rates of the baseline sample in these studies may
not be so important as differences over time are being
investigated. Generalisability will depend on whether
differences in baseline characteristics between the subjects
taking part and those not participating affect the
differences observed after follow-up. Loss to follow-up at
any stage is a more important consideration and could
introduce bias. The changes in those subjects not followed
up may differ from those attending. Those attending are more
likely to cooperate with the study, for example give up
smoking. They may have also changed their diets for other
reasons. It should be possible to see if the subjects who
failed to returm at follow up differed by dietary habit or
lifestyle characteristics at their baseline appointment from
the subjects who returned. 1In a smoking cessation study it
is likely that those who are successful in stopping smoking
return, but the non-attenders should also be contacted to see
if they are still smoking. The same methods as for cross-
sectional studies can be employed to discover whether non-
attenders have died or moved and to gain some information
from them.

Experimental studies are often carried out on a smaller
sample size than cross-sectional studies and therefore it may
be necessary to reduce the variance of the measure of dietary
intake by increasing the number of days of recording or by
using a more accurate method. Thus experimental studies may
require a greater cooperation from subjects especially if
they are to be followed-up for a long period of time.

Another problem may be that the act of observing diet may
produce changes in dietary habits that would not have
happened otherwise. Subjects will be more aware of their
dietary habits as well as changes in other parameters
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measured at clinic appointments such as body weight and blood
cholesterol and this awareness may cause the subjects to
change their diets. Hence the any observed changes may occur
as a result of being in the study and not due to the
intervention. Although it is impossible to avoid this kind
of bias, if a control population which undergoes the same
protocol as the intervention group is used, changes due to
taking part in the project will occur in both groups and
therefore changes as a result of intervention can be
measured.

The repeatability of dietary assessment methods is another
concern. Repeatability is the level of agreement between
replicate measurements and it represents the degree of
stability of both subject and the observer (or measurement
technique). To ensure that the results of prospective
studies are true the method of assessment must be repeatable.
There are problems in determining the repeatability of a
dietary assessment method. To assess repeatability at least
two measures of diet are required. In theory these should be
far enough apart so that the subject cannot recall their diet
in the previous assessment but also not so far apart that
changes in the diet have occurred. In practice even a short
interval between the repeated measures may involve dietary
change. There may also be a learning effect after the
subject has completed one assessment whether it is a food
frequency questionnaire or weighed record they are now
familiar with the tool and therefore subsequent measures may
be affected.

If the aim is to detect differences that occur over time and
not to measure absolute intakes in a group of subjects
undergoing some intervention such as smoking cessation a
control population which is subject to the same measurements
with the exception of the intervention as the intervention
group could be used. It is then assumed that the effect of
repeating the dietary assessment is the same in both groups
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and that any differences that occur between the groups are a
result of the intervention.

In planning a study, the choice of dietary method is
important and will not only depend on the objective of the
study but also on personnel, time, finance, nutrients to be
studied and their variance, expected response rates, sample
size and power.

1.2.2 Concurrent and Past Smoking Habits

Ideally, to investigate the relationships between smoking and
dietary habits, a group of life-long non-smokers would need
to be studied and the effect of commencing smoking on diet
measured. This would require a study of children or young
adults that would raise both practical and ethical problems.
An altermative approach is to study the changes consequent on
giving up smoking. These data are limited to observational
studies in which smokers volunteer to stop smoking. There is
no information, as yet, on random samples of smokers as they
quit smoking. It is therefore, not possible to determine
whether the differences in dietary patterns between different
categories of smoker represent lifetime differences or change
associated with smoking. Friedman et al, (1979) compared
baseline characteristics of smokers who became ex-smokers
with those who continued to smoke. They found that those who
quit had a higher body weight, consumed less alcohol and
smoked fewer cigarettes. 1In fact, those who quit appeared to
be more like non-smokers than smokers in the above criteria.

1.2.3 Definition of Smoking Habit
Smoking categories in general are defined as smokers, ex-

smokers, never smokers and non-smokers; although, precise
definitions vary between studies. Groups of smokers maybe
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made up of those currently smoking cigarettes but may also
include pipe and cigar smokers. Some authors have specified
regular smokers as those smoking a minimum number of
cigarettes per day (eg. at least one cigarette a day
(Whichelow et al, 1988). Never smokers are life-long
non-smokers and ex-smokers are those who smoked in the past.
The term non-smokers refers to subjects not currently
smoking. However, these may include never and/or ex-smokers
and also pipe, cigar and infrequent smokers in some studies.

In general, little consideration has been given to time since
quitting. Larkin et al, (1990), Armellini et al, (1993) and
Hebert & Kabat, (1990) defined ex-smokers as those who had
stopped smoking for at least one year. It is possible that
the length of time since quitting is associated with
different dietary habits. An additional piece of useful
descriptive information sometimes given is the mean (range)
time since quitting of subjects (Cade & Margetts, 1991).
Groups containing small numbers such as pipe and cigar
smokers and infrequent smokers could be excluded from the
analysis or analysed separately.

A weakness in most studies is that smoking status and number
of cigarettes smoked per day are generally reported by the
subject, although, a few studies have used smoking validation
techniques (Bolton-Smith et al, 1991a; Strickland et al,
1992; and Armellini et al 1993). There may have been
incorrect classification of some subjects as they may have
been reluctant to admit that they smoked and hence were
recorded as non-smokers. Defining someone as a non-smoker
when they are a smoker clearly gives a conservative bias to
any comparisons between these groups. Table 1.6 gives
details of biochemical markers commonly used to validate
reported smoking status. Carbon monoxide (CO), a product of
tobacco smoke can be assessed by measuring percent
carboxyhaemoglobin (%COHb). Alternatively CO levels can be
measured in expired breath samples giving instant readings.
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Other sources of CO are workplace exposures and car exhaust.
Readings are dependent on pulmonary ventilation and cardiac
activity and hence the presence of respiratory diseases may
reduce the estimate.

Table 1.6: Validation methods of smoking status

Method Measured in Half- Normal serum

life levels/ smoking
Saliva Blood Breath Urine Yes No

Carbon - + + - 1-4 0.52.0 >2.0%

monoxide hrs %

Thio- + + - + 6-14 3.5 156

cyanate days  pmol/L  umol/L

Cotinine + + - + 7-37 1 300
hrs ng/ml ng/ml

from Lee, 1988

Thiocyanate can be used as a marker but its level is affected
by many exogenous sources such as diet, and workplace
exposure (eg. steel and gas industries).

Nicotine, a major component of tobacco smoke, is not entirely
specific to tobacco but has been detected in foods such as
tomatoes, peppers and aubergines although not in significant
amounts. Nicotine has a half life of only 2 hours and is
only useful as an indicator of recent smoking status,
however, cotinine, which is a metabolite of nicotine has a
longer half life of between 7 and 37 hours. The average
smoker will still have a cotinine concentration above that of
a non-smoker for up to four days after cessation. Other
sources of cotinine include nicotine chewing gum and foods
which have been exposed to nicotine insecticide. Thus if an
ex-smoker is taking nicorette chewing gum they may have
readings similar to smokers. The same may apply if non-
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smokers consume large quantities of foods exposed to nicotine
insecticide. The use of two methods to confirm reported
smoking status will help to reduce bias introduced this way.
Cotinine can be measured in saliva, plasma or urine (24hour
collection). CO and thiocyanate were popular in the 1970's
but more recently cotinine has become the preferred method.
There is concern over the detrimental effects of passive
smoking on health therefore it is important to be able to
detect passive smoking by these methods; cotinine has been
shown to be able to discriminate between non-smoking subjects
not exposed to cigarette smoke and those who are exposed
(Jarvis et al, 1991; Woodward et al, 1991).

Pérez-Stable et al, (1992), compared the criteria used for
cutoffs for non-smokers and percent of smokers misclassified
as non-smokers in ten studies using cotinine as the
biochemical marker. Misclassification ranged from 0 to 10%
with a mean of 4% in these ten studies. Misclassification
for the six studies with a cut off for non-smokers of
<30ng/ml was 6% on average.

Half-life is an important consideration with choice of marker
to be used. A marker with a short half-life will only give
an indication of smoking within the last few hours. At best
these markers can detect smoking in the last few days, as yet
there is no marker suitable for long-term validation. This
is also a problem in smoking cessation studies as the time
since smoking the last cigarette cannot be validated. The
marker needs to be specific to tobacco to avoid false
positives. (False positive results occur when true
non-smokers are classified as smokers). To reduce detection
of false positives questions should be asked regarding other
potential sources. The marker should also be reliable and
accurate. Other considerations are cost and ease of sample
collections. For example 24-hour urine collections necessary
for urinary cotinine estimates put an extra burden on the
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subject, and extra costs include collection of samples and
storage space.

When looking at a dose response relationship between smoking
and diet, subjects are usually classified as light, moderate
or heavy smokers. However, the number of cigarettes smoked
in each category varies between studies, for example Fulton
et al, (1988) used the following categories for light,
moderate and heavy smokers; one to ten, eleven to twenty and
greater than twenty cigarettes per day. Whereas Fehily et
al, (1984) and Subar et al, (1990) used one to fourteen,
fifteen to twenty-four and twenty-five or more cigarettes as
their categories.

Sutton et al, (1982), however, showed that total volume of
smoke puffed from a cigarette was a more important
determinant of peak blood nicotine, than tar yield of
cigarettes, length of cigarette smoked or reported number
smoked. Therefore, when investigating a dose response effect
it may not be appropriate to use number of cigarettes smoked
as a method of categorising dose but better to use a
biochemical method or questions on smoking habit including
those on inhalation and length of cigarette smoked.

Woodward et al, (1991), with cross-sectional data from 10,359
randomly selected Scottish men and women showed that
Spearman's rank correlation coefficients for CO, thiocyanate
and cotinine with reported number of cigarettes smoked were
0.60, 0.41, 0.49 for men respectively and 0.47, 0.47, 0.46
for women. The authors also grouped the reported number of
cigarettes smoked into intervals whose centres were exact
multiples of five and plotted the median of each biochemical
marker against these intervals of reported number of
cigarettes smoked and found a curvilinear relationship with
an apparent levelling out at 25 cigarettes per day for
cotinine and thiocyanate and 40 cigarettes per day for CO.
Therefore it appears that heavy smokers do not receive the
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same nicotine intake from each cigarette as do light smokers.
This may be a result of differences in smoking methods as
suggested by Sutton et al (1982) or inaccurate reporting.

The use of biochemical markers in studies of smoking
cessation is particularly important as misclassification of a
smoker as an ex-smoker may be as high as 20% (Lee, 1988). If
they are to be used in smoking cessation studies it is
essential that the biochemical markers are sensitive enough
to be able to discriminate between current smokers and those
who have stopped smoking.

Richmond & Webster, (1986) measured blood concentrations of
cotinine, carboxyhaemoglobin and thiocyanate in 188 smokers
and 198 non-smokers (Table 1.7). At six months, smokers only
were required to undergo a second test. The results revealed
that blood concentrations of all three analytes were
significantly lower in non-smokers compared with smokers.

Table 1.7: Blood cotinine, carboxyhaemoglobin and thiocyanate
concentrations and cigarette consumption

Cotinine Carboxyhaemoglobin Thiocyanate
(nmol/1) (%) (pmol/1)
NO. Mean SD Mean SD Mean SD
Non- 198 23 76 0.93 0.5 33 15
smoker
Light 56 1430 1090 3.47 1.8 98 40
smoker
Heavy 132 2107 1304 4.85 2.1 114 47
smoker
Quitter 34 60 181 1.03 0.5 44 18

from Richmond & Webster, 1986.
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The concentrations were related to cigarette consumption with
heavier smokers recording higher values than light or
moderate smokers. Those smokers who had abstained for three
months had lower concentrations than those who continued to
smoke. Measurements of continuing smokers remained
unchanged. The authors also found that time of blood
sampling since last cigarette made minimal contribution to
the blood concentrations (13% for carboxyhaemoglobin, 1% for
thiocyanate, 10% for cotinine). Validation of smoking habit
is particularly important in studies of smoking cessation.
Cotinine estimates are the preferred method but at best will
only detect smoking in the last few days; as yet there is no
marker suitable for long-term validation. Therefore, markers
are useful for determining regular smokers but may not detect
intermittent smokers or distinguish between a subject who has
never smoked and an ex-smoker.

Without use of a biochemical measurement or specific
questions on smoking, (such as those on inhalation and amount
of the cigarette that is smoked, as used by Troisi et al,
(1991)) the dose response effect of cigarette smoking may be
difficult to interpret.

1.3 PUBLISHED OBSERVATIONAL STUDIES

The following sections report the results from published
studies of diet and smoking. This section reports data from
observational (largely cross-sectional) studies. The
possibility that the relationship between diet and smoking
habit varies between occupation groups and between different
regions of the UK is also discussed. When discussing food
and nutrient intake, several confounding factors should be
taken into account. These factors include occupation group,
age, height, weight and alcohol consumption.
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Mortality from coronary heart disease has been reported to be
higher in the manual occupation groups III (manual), IV, and
V than non-manual groups I, II and III (non-manual) (Khosla,
1972, Rose & Marmot, 1981 and Cox et al, 1987). A higher
prevalence of smoking, which is a major risk factor for
coronary heart disease, in the lower socio-economic groups
compared with non-manual groups could partially account for
this. Manual occupation groups generally have poorer living
conditions, suffer more unemployment and may be less
responsive to preventive medicine. They may also have less
time and money to take up some leisure pursuits such as
sports. In addition higher socio-economic groups are thought
to consume a diet more in line with the national nutritional
recommendations (NACNE, 1983; COMA, 1984) (Fulton et al,
1988, Bolton-Smith et al, 1991b; Haste et al, 1990) than
lower socio-economic groups. Therefore if a poor diet
contributes to coronary risk this could explain some of the
excess risk in the manual occupation groups. Food and
nutrient intakes may also vary by age (Bingham et al, 1981;
Bolton-Smith et al, 1990) and therefore age should be taken
into account. Other important variables are height, weight
as these may affect energy and nutrient intakes. Early life
factors may also affect the risk of coronary heart disease in
later life. Nutrition during prenatal and early postnatal
life may predispose to adult heart disease (Barker and
Osmond, 1986). Height is an inmportant as an indicator of
early life experience. Alcohol is another important factor
as smoking and drinking alcohol tend to be associated. Also
drinking alcohol may be associated with different dietary
habits (La Vecchia et al, 1992). In particular heavy alcohol
drinkers consumed less fruit than non-drinkers. Physical
activity also has an effect on weight and energy intake.

Table 1.8 lists most of the studies that have been reviewed
here and gives details of sample population, smoking
categories and method of dietary assessment. The main
dietary assessment methods used were the food frequency

48



questionnaire and weighed record (usually seven days). Most
studies were carried out on population samples although some
studies used volunteers or hospital databases. Data analyses
were often carried out adjusted for covariates but these
tended to vary between studies. Adjustment for age was used
in all studies except for some UK studies (Haste et al, 1990;
Fehily et al, 1984; Cade & Margetts, 1990/1991) and also one
from America (Klesges et al, 1990). Occupation group/poverty
index ratio/years of education was used by all except for
Fisher & Gordon, (1985); Kato et al, (1989); Klesges et al,
(1990) ; Morabia & Wynder, (1990); Troisi et al, (1991); la
Vecchia et al, (1992); and Armellini et al, (1993). In
addition some workers have adjusted for alcohol consumption
(Nuttens et al, 1992; Midgette et al, 1993; Armellini et al,
1993) or physical activity, (Larkin et al, 1990 and Armellini
et al 1993). Some studies have adjusted for anthropometric
measurements. Haste et al, (1990) included height; Larkin et
al, (1990) self-reported weight, and Morabia & Wynder,

(1990) ; Nuttens et al (1992) and Armellini et al, (1993) BMI.
If BMI is included as a covariate no information is obtained
as to whether any effect is due to either height or weight
and therefore it may be more appropriate to include height
and weight separately.
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Table 1.8: Details of studies on diet and cigarette smoking

Study Country No. Age Method™  Smokingt  Sample

Armellini et al, Italy 601 20-60 FFQ 3 Popn

(1993) (M/W)

Bolton-Smith et af, UK 9692 40-59 FFQ 2 Popn

(1991a) (M/W)

Cade & Margetts, UK 2340 35-54 1D DR 2 Popn

(1990/1991) (M/W)

Fehily et al, (1984) UK 493 45-59 7D WR 1 Popn
M)

Fisher & Gordon, USA 4374 20-59 24hr 1 Popn

(1985) (M/W)

Fulton et al, (1988) UK 164 45-54 7D WR 1 Popn
M)

Gregory et al, UK 2197 16-64 7D WR 1 Popn

(1990)% (M/W)

Haste et al, (1990) UK 184 pregnant 7D WR 3 Popn
(W)

Hebert & Kabat, USA 2191 - FFQ 2 Hosp

(1990) (M/W)

Kato et al, Japan 30,916 =240 FFQ 2 Popn

(1989) (M/W)

Klesges et al, USA 210 23-53 FFQ 1 Vol

(1990) (M)

Larkin ef al, (1990) USA 1338 19-50 24hr 2 Popn
W)

La Vecchia ef al, Italy 1774 21-74 FFQ 2 Hosp

(1992) (M/W)

Midgette et al, Australia 451 20-74 FFQ 2 Popn

(1993) (W)

Morabia & Wynder USA 7860 < 74 FFQr 2 Hosp

(1990) (M/W)

Nuttens et al, France 1126 45-64 3D DR 1 Popn

(1992) (M)

Strain et al, (1991) UK 590 16-64 7D WR 1 Popn
(M/W)
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Cont USA 3495 2475 FFQ 2 Popn

M/W)
Strickland ef al,
(1992)
Subar et al, USA 11260 19-74 24hr 2 Popn
(1990) (M/W)
Troisi et al, (1991) USA 765 43-85 FFQ 1 Vol
M)
Whichelow ef al, UK 9003 1899 FFQ 1 Popn
(1988 - 1991) (M/W)

* 1D, 1 day; FFQr, retrospective FFQ; 24hr, 24hr recall, DR, diet record (estimated portion
sizes); popn, population sample; vol, volunteers; hosp, sample from hospital database.

T Smoking categories 1, smokers and non-smokers; 2, smokers, ex-smokers and never
smokers; 3, smokers and never smokers.

% Also further analysis of these data by Margetts & Jackson (unpublished)
used, how the sample was recruited and dietary assessment methods.

If any of these adjustments have a large effect on the data,
comparisons between studies including a covariate in the
analysis and those not including the covariate are difficult
to make.

Most studies have used log transformed data as nutrient
intakes do not usually conform to a normal distribution
although this is not clear for all studies.

Most of the studies were carried out in 1980's with the
exception of Fisher & Gordon (1985) whose study was carried
out between 1972 and 1976 and Subar et al, (1990) whose study
was between 1976 and 1980. The range of the length of survey
period ranges from a few months (Larkin et al, 1990) to 10
years (Morabia & Wynder, 1990), with most studies carried out
over 2 years. None of the studies with a long survey period
mentioned any adjustment that was made for the length of the
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study. This could lead to a bias if the different smoking
categories were not recruited at the same rate and dietary
changes have occurred. If the smokers were seen in the early
stages of the study and non-smokers predominately at the end
and if the quality of diets have improved over the survey
period this may lead to differences being detected
erronecusly. Also patterns between smoking categories may
have changed over a number of years, and this in a lengthy
study may affect results.

There have been few studies on the effect of passive smoking
or living with a smoker on dietary habits. Sidney et al,
(1989) found that non-smokers exposed to passive smoking at
home had a lower dietary intake of P carotene than non-
smokers not exposed to passive smoking at home. One possible
explanation is that the diet of non-smokers who live with
smokers is influenced by the diet of the smokers. If this is
true, and there is a large proportion of non-smokers living
with a smoker and thus altering their diet towards that of a
smoker, then differences between smokers and non-smokers may
be smaller and therefore not so easy to detect.

1.3.1 Food patterns
Information on meal patterns and on the frequency of

consumption of foods was collected in the Health and
Lifestyle Survey (Whichelow et al, 1988, Whichelow &

Erzinglioglu, 1990). Food frequencies of consunption were
described as frequently (at least once a day and most days)
and infrequently (twice a week or less). The results are

shown in Table 1.9. After logistic regression analysis to
allow for age and occupation, non-smokers (never and ex-
smokers combined) of both sexes were significantly more
likely to consume fruit in winter, fruit juice and salad in
summer and winter, breakfast cereals, brown bread (included
all bread except white), biscuits, cakes, puddings, light
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desserts, jam and low fat milks frequently than smokers.
Non-smokers also had a greater preference for polyunsaturated
or low fat margarines than butter or ordinary margarines than
smokers. Smokers were more likely to eat chips and processed
meats frequently and to consume more alcohol and more cups of
tea and coffee with more sugar in these beverages than
non-smokers.

Table 1.9: Differences between current smokers and non-
smokers in the frequency of consumption of selected foods

Consumed more frequently by Consumed more frequently by

smokers non-smokers

Alcohol Biscuits and cakes

Butter Breakfast cereals

Chips 'Brown bread'

Fried foods Fruit and fruit juice

Processed meats Low fat milk

Tea & coffee Jam

Sugar in drinks Polyunsaturated and low fat
margarines
Puddings and light desserts
Salads

Whichelow et al, 1988
Whichelow, 1989
Whichelow & Erzinglioglu, 1990

Whichelow et al, (1991) re-examined these data using
different smoking categories; heavy smokers (: 16 cigarettes
per day), light smokers (1-15 cigarettes per day), ex-smokers
and never smokers. Odds ratios for frequent consumption of
food groups for heavy smokers, light smokers and ex-smokers
compared with never smokers were calculated for men and women
separately. These data were adjusted for age and occupation
group. There appeared to be a trend of increasing likelihood
of frequent consumption of some food groups from heavy
smokers to light smokers to ex-smokers. This was observed in
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both men and women for fruit, fruit juice, salad in winter,
'brown' bread, breakfast cereals, cakes, biscuits, puddings,
light desserts, skimmed milk, jam and fat spread
(polyunsaturated margarines, low fat margarines or no
spread) . The same trend was also observed for the frequent
consunption of breakfast.

A trend for decreasing likelihood of frequent consumption of
food groups from heavy smokers to ex-smokers was observed for
chips, greater than six cups of tea and/or coffee daily,
greater than eight teaspoons of sugar used daily and for
moderate/heavy alcohol consumption ( > 10 units a week for
men and > 5 units a week for women). Heavy smokers compared
with never smokers also were more likely to frequently
consume processed meats but less likely to frequently consume
poultry. For fried foods the heavy smokers were more likely
and the ex-smokers less likely than never smokers to
frequently eat fried foods. For most food groups there were
no differences between never and ex-smokers with the
exception of breakfast cereal, cakes and puddings in men and
cakes in women. The ex-smokers were less likely to consume
these items frequently compared with never smokers. In
addition ex-smokers were more likely to consume frequently
skimmed milk and nuts.

Portion sizes were not evaluated, hence nutrient intakes
could not be determined and it is unclear whether there were
any differences in overall nutrient intakes. For example,
smokers consumed more sugar in drinks but less in the form of
cakes and biscuits than non-smokers.

Kato et al, (1989) also used rate ratios but between past
smokers (by duration of abstinence from smoking) and current
smokers. Without any adjustment in men, compared with
current smokers past smokers consumed less rice, miso soup,
pickles, instant noodles and coffee, and conversely past
smokers consumed more bread, fish, milk, vegetables, fruit
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and black tea than current smokers. In women, past smokers
compared with current smokers consumed less rice, pickles and
coffee, but differences were not influenced by duration of
smoking cessation. Past women smokers consumed more bread,
eggs, milk, vegetables and black tea than current women
smokers. In men and women daily alcohol drinking was more
common in smokers compared with ex-smokers. After adjustment
for age, occupation group and number of cigarettes smoked
before cessation, in men the most important differences by
duration of smoking cessation were for coffee and pickles,
fruit and milk and in women they were for coffee, fruit, milk
and black tea

Perrin et al, (1961) looked at fat intakes between smokers
and non-smokers using a diet history method and found that
although fat intakes did not differ between the groups the
sources of the fat did. Smokers consumed more fat in the
form of eggs and meat but less in the form of cakes, sweets
and chocolate.

Subar et al, (1990) reported that after adjusting for poverty
index ratio, age, energy intake and sex, more smokers than
non-smokers over a 24hour period consumed whole milk and
processed meats. There was no difference between smoking
categories in red meat consumption, although non-smokers ate
more vegetables, fruit, poultry/fish, skimmed milk and
vitamin supplements than smokers.

La Vecchia et al, (1992) estimated average intake of selected
foods in relation to smoking habit adjusted for age. In men,
smokers more frequently consumed processed meats and drank
more coffee and alcohol. Intakes of green vegetables and
fruit were inversely related to smoking with the highest
intakes of fruit and vegetables in non-smokers. In women,
smoking was positively associated with eating pastries,
processed meat, coffee and alcohol and negatively associated
with eating milk and apples. There was evidence that female
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ex-smokers consumed more fruit and vegetables than never
smokers.

Bennett et al, (1970) in a sample composed of mainly male
hospital patients found that there was a positive association
between cigarette smoking and sugar intake. Smokers consumed
more hot drinks daily and were more likely to use sugar in
their drinks than non-smokers. Morabia & Wynder, (1990) and
Hebert & Kabat, (1990) both used data collected from hospital
patients in which a food frequency questionnaire related to
dietary habits before their illness was used. Both studies
found diets of ex-smokers to be similar to never smokers and
that smokers ate significantly less fruit than non-smokers.
Morabia & Wynder, (1990) also reported that smoking was
positively related to meat consumption and negatively related
to cereal consumption in males. Both male and female smokers
consumed fewer vegetables but more alcohol and coffee than
people who had never smoked. It is possible that current
illness affected recall of past diet and that diets changed
as a result of illness biasing the results.

The only study to calculate amounts of food eaten was by
Larkin et al, (1990) who found that smokers ate more eggs,
sugar and beverages (both alcoholic and non-alcoholic, with
the exception of diet drinks) and less fruit and vegetables.

Information from daily documentation methods is limited.
Although, Nuttens et al, (1992) using a three day record
(with estimated portion sizes) found that after adjusting for
age, body mass index, centre, level of education, family size
and alcohol consumption, smoking cigarettes was negatively
associated with dairy products (milk, yoghurt, cream), cheese
and vegetables, and positively associated with sucrose.
Strain et al, (1991) and Fulton et al, (1988) using weighed
records reported that smokers consumed less cereal products
and, cakes and puddings than non-smokers. Fulton et al,
(1988) also reported a higher consumption of polyunsaturated
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margarines by non-smokers compared with smokers. Gregory et
al, (1990) found that a 'traditional' meat and vegetable diet
was associated with smoking cigarettes. A 'traditional' diet
included the following food items; white bread, bacon, ham,
sausage, meat pies, vegetables and potatoes (in any form).
Margetts & Jackson, (1993) carried out a further analysis of
these data and shows that smokers consumed more white bread,
sugar, cooked meat dishes, butter and whole milk compared
with non-smokers. Non-smokers consumed more wholemeal bread,
high fibre breakfast cereal, fruit and carrots than smokers.
Similar to Whichelow et al, (1991) they also looked at the
effect of heavy (> 20 cigarettes per day) versus light (< 20
cigarettes per day) smoking and found a graded relationship
in the order heavy smokers, light smokers, non-smokers.

Despite difference in methodology results from these studies
show that both men and women smokers eat less fruit and
vegetables, sweet products and polyunsaturated margarines
than non-smokers; but more processed meats, white bread and
beverages including alcohol, tea and coffee, and are more
likely to use sugar than non-smokers.

1.3.11 Occupation group

Whichelow, (1989) looked at amount and choice of spread used
by smokers and non-smokers of differing social class as
assessed by occupation (Table 1.10). Smokers showed a
preference for butter compared with non-smokers with the
smallest difference being for men with manual occupations.
Smokers tended to use ordinary margarine rather than low-fat
or polyunsaturated margarine compared with non-smokers. For
men differences between manual and non-manual occupation
groups were small. Women smokers of non-manual occupation
groups tended to use more polyunsaturated margarine, although
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Table 1.10: Percent differences between smokers and non-smokers
for amounts and type of spreads used by gender and occupation
group (Non-smoker = 100%)

MEN WOMEN

Non-manual Manual Non-manual Manual
Butter 124 110 119 120
Margarine 114 116 107 105
Pufa margarine 54 59 88 64
Low-fat 63 56 58 48
margarine
None 170 96 92 154
Amount 122 131 135 134

Whichelow, 1989

still less than for non-manual non-smokers. The greatest
difference was in those who used no spread; among men with
non-manual occupations more smokers than non-smokers used no
spread. However, in women it was the manual group in which
smokers were more likely to use no spread. Smokers,
irrespective of occupation group used more spread than
non-smokers. This appeared to be the result of using more
spread per slice of bread rather than consuming greater
quantities of bread. It is possible as smokers preferred
butter, that their intakes were increased as butter is
generally spread more thickly than margarines, especially
polyunsaturated margarines (Wise et al, 1990). The amount of
spread was calculated from the subject's answer to number of
slices of bread or rolls per day and thickness of spread used
categorised; as 'thick', 'medium', 'thin' or 'just a scrape'.
These categories may have been difficult for the subjects to
answer as one subject's idea of a medium spread of fat would
be another's thin.

There is little information on dietary differences between
smoking categories by occupation group. There are some data
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on choice of fat spreads. For men more non-manual smokers
than non-smokers used no spread on bread. In women, smokers
of non-manual occupations were more likely to use
polyunsaturated fats and those from manual group more likely
to use no spread than non-smokers in their respective groups
(Whichelow, 1989).

These data demonstrate that the whole dietary pattern of
smokers is different from that of non-smokers.

1.3.2 Nutrient intakes

Dietary studies investigating differences in nutrient intake
(macronutrient and micronutrient) between smoking categories
are reported. The effects of occupation group and region of
residence are discussed. As the relationship between
nutrient intake and smoking is being discussed in relation to
coronary heart disease the literature review has been
restricted to energy, protein, fat (types of fat),
carbohydrate, sugar, fibre, alcohol, vitamin A (also B
carotene), vitamin C and vitamin E.

1.3.21 Macronutrient intakes

Two UK studies have shown lower energy intakes in men who had
never smoked compared with men who smoked (Bolton-Smith et
al, 1991a; Cade & Margetts, 1991). 1In these two studies
daily energy intakes in the male smokers were 10.54 and 11.0
MJ and in never smokers 9.28 and 10.2MJ respectively with
intakes of ex-smokers intermediate. Strickland et al (1992)
found that smokers had a significantly higher energy intake
than ex or never smokers. Other workers in the USA found
similar trends although not statistically significant for
energy (Klesges et al, 1990; Subar et al, 1990; Troisi et
al, 1991). La Vecchia et al, (1992) compared never smokers
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and heavy smokers (2 15 cigarettes) and found energy intake
was highest in the smokers (9.1 and 9.4 MJ in men and in
women 7.2 and 7.4 MJ respectively). Nuttens et al (1992)
found that for unadjusted energy intakes in men increasing
tobacco consumption was associated with increasing energy
intake. However, when energy from food was used, the
relationship was not significant, implying that alcohol
contributed to the higher energy intakes associated with
smoking.

Gregory et al, (1990) showed that women who smoked consumed
less energy than non-smokers. Similar trends although not
statistically significant were found by Strain et al, (1991)
(6.9 & 7.29MJ for smokers and non- smokers). However, both
Bolton-Smith et al, (1991a) and Cade & Margetts, (1991) found
marginally higher intakes in women smokers compared with
never smokers, with lowest intakes in ex-smokers. It is
possible that the low intakes in ex-smokers were a result of
dieting.

Several studies have looked at both men and women which gives
the opportunity to look at differences between men and women
in the same populations, at the same time, using identical
methods. Men who smoke have been shown in some studies to
consume a diet higher in energy than non-smokers
(Bolton-Smith et al, 1991a; Cade & Margetts, 1991) with
ex-smokers intermediate but the pattern is less clear in
womeni. This may be a result of some women using cigarette
smoking to control their weight and energy intakes (Rodin,
1987) .

Protein, expressed as percent of energy (alcohol included),
derived from food frequency questionnaires, has been shown to
be lower in men smokers compared with non-smokers (Klesges et
al, 1990; Bolton-Smith et al, 1991a). Absolute intakes
assessed using a weighed intake have also been statistically
significantly lower (Gregory et al, 1990 and Strain et al,
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(1991). In women, Bolton-Smith et al, (1991a) found
significantly lower protein intakes expressed as percent of
energy in smokers compared with never and ex-smokers.
Armellini et al (1993) showed that in women, smokers had a
lower protein intake than never smokers but found no
differences between smokers and never smokers for other
nutrients.

Total carbohydrate consumption does not seem to differ
between smoking categories (Fehily et al, 1984; Fulton et al,
1988; Cade & Margetts, 1990; Gregory et al, 1990), although
when Margetts & Jackson, (1993) using the same data as
Gregory et al, (1990) compared non-smokers, light smokers and
heavy smokers, the smokers appeared to have a lower
carbohydrate intake than non-smokers after adjusting for
covariates not including energy. However, sugar intake in
men was statistically significantly higher in smokers
compared with non-smokers both when expressed as absolute
values and as % energy (Bolton-Smith et al, 1991a; Gregory et
al, 1990; Cade unpublished data). In women, sugar intake (g)
was lower in smokers compared with non-smokers (Strain et al,
(1991) but higher as %energy (Bolton-Smith et al, 1991a).
Bolton-Smith et al, (1991a) also showed that men who smoked
consumed a higher %energy as sugar than women (17.7 and 16.4
respectively) .

Data from two studies showed that women smokers consumed a
diet higher in fat as %energy (39.9 and 38 %) than men (34.3
and 36 %) (Bolton-Smith et al, 1991a; Cade & Margetts, 1991
respectively) with alcohol energy counted. These differences
between men and women may be as a result of higher alcohol
intakes in men. In general differences in fat intakes
between smoking categories are limited to quality of fat
consumed. However, Fisher & Gordon, (1985) showed that
subjects who reported smoking consumed more fat than non-
smokers (130g/day compared with 117g/day). Some workers have
looked at %energy contribution from saturated fatty acids
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using questionnaire methods (Bolton-Smith et al, 1991a;
Troisi et al, (1991) and weighed intakes (Gregory et al,
1990) and found higher intakes in men smokers compared with
never smokers and ex-smokers. However, there were large
differences in saturated fat intakes as $%energy for smokers
between the studies (15.2% and 26.2% for Bolton-Smith et al,
1991a and Troisi et al, 1991 respectively). Other studies
(Fulton et al, 1988 & Cade unpublished) found no difference
in absolute intake of saturated fatty acids expressed between
men non-smokers and smokers with the exception of Gregory et
al, (1990) who found higher intakes in smokers compared with
non-smokers.

Nuttens et al (1992) found no difference in saturated fat
intake, but after adjusting for BMI, age, alcochol, education
and family size, smoking was negatively associated with
polyunsaturated fat intake. Fulton et al, (1988) found both
linoleic acid and total polyunsaturated fat intakes were
lower in smokers compared with non-smokers. This was
confirmed by lower percent linoleic acid in adipose tissue
(an indication of long term dietary intake of this fatty
acid, Beynon et al, 1980) of smokers compared with
non-smokers (8.4% & 9.3% respectively). In fact, those men
smoking more than twenty cigarettes daily had the lowest
proportion of adipose tissue linoleic acid (7.9%) compared
with those smoking between eleven and twenty per day (8.8%)
and ten or less (8.6%). Polyunsaturated fat intake was also
lower in both men and women smokers (Wood et al, 1984)
compared with never smokers. Lower polyunsaturated fat
intakes in smokers compared with non-smokers have also been
found by Bolton-Smith et al, (1991a) for polyunsaturated fat
as percent of energy, and by Margetts & Jackson, (1993) for
polyunsaturated fat both unadjusted and adjusted for energy.
Mean polyunsaturated to saturated (P:S) ratios have been
calculated for several studies and were in the range of 0.22
to 0.30 for men and women smokers and 0.26 to 0.35 for
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non-smokers in the UK (Fulton et al, 1988; Bolton-Smith et
al, 1991a & Cade & Margetts, 1991).

Gregory et al, (1990) and Bolton-Smith et al, (1991a) found
men and women smokers consumed more alcohol as %energy than
non-smokers (7.1 and 5.0 % for men and 3.0 and 1.9 % for
women; Bolton-Smith et al, 1991a). Strain et al, (1991) also
found a higher alcohol intake in men and women who smoked
compared with non-smokers. Fehily et al, (1984) found male
smokers consumed slightly more alcohol than non-smokers,
although this was not statistically significant. A recent
study of 17 year old adolescents showed that more smokers
than non-smokers regularly drank 8g or more of alcohol a day
(Townsend et al, 1991).

Dietary fibre intakes have been shown to be lower in smokers
than non-smokers both for absolute amounts (Fehily et al,
1984; Fulton et al, 1988; Gregory et al, 1990; Klesges et al,
1990; Subar et al, 1990; Strain et al, 1991; Cade & Margetts,
1991; Troisi et al, 1991; Nuttens et al, 1992) and nutrient
densities (grammes/1000kcal) (Haste et al, 1990; Larkin et
al, 1990; Bolton-Smith et al, 1991a). As yet there is no
information on non-starch polysaccharide intakes by smoking
category.

Table 1.11 summarises data from six studies carried out in
The United Kingdom (five studies with men, four with women)
using food diary methods (Fehily et al, 1984; Fulton et al,
1988; Gregory et al, 1990; Haste et al, 1990; Cade &
Margetts, 1991 & Cade unpublished; Strain et al, 1991).
Studies showing statistically significant differences(SD) are
shown together with studies finding similar results for
smokers and non-smokers. Plus and minus signs indicate the
direction of differences between smokers and non-smokers.
Table 1.11 shows that for P:S ratio and fibre there is
consistent agreement between studies with smokers consuming
lower intakes than non-smokers.
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Table 1.11: Comparison of nutrient intakes between smokers
and non-smokers from five UK studies for men and four for
women using food dairy methods

Numbers of studies showing no statistically significant
differences (NS) and those showing statistically significant
differences (SD)

MEN WOMEN
Nutrient NS SD NS SD
Energy 1,2,3, 5 (++)*  4,5,6 3 (--)
(Kcal/MJ) 6
Protein (g) 1,2,5 3,6 (--) ALL -
Fat (g) ALL - ALL -
Pufa (g) 5 2 (--) 5 -
Sfa (g9) 5,2 - 5 -
P:S - 2,3,5 (--) 3 5 (-)
Cho (qg) 1,2,5 6 (---) 4,5 6 (-)
Sugar (g) 1,6 3,5 (+) 3,5 6 (-)
Fibre (g) - ALL (---) - ALL (---)
Alcohol (g) 1,2,3 6 (+++) ~ 3,6 (++)
Retinol (ug) 3,5 1 (-) 3,4 5 (-)
B carotene - 1,5 (--) - 4,5 (--)
(ug)
Vitamin C 5 1,3 (--) - 3,4,5  (--)
(mg)
Vitamin E ~ 5,6 (--) - 4,5,6  (--)
(mg)

%

(+) higher intakes in smokers compared with non-smokers
(-) lower intakes in smokers compared with non-smokers

Sources:

1. Fehily et al, 1984;

2. Fulton et al, 1988;

3. Gregory et al, 1990;

4. Haste et al, 1990;

5. Cade & Margetts, 1990/1991 & unpublished
6. Strain et al, 1991;
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Differences in macronutrients between smokers and non-smokers
are relatively small, except for alcohol which is higher in
smokers compared with non-smokers.

1.3.2131 Micronutrient intakes

Lower intakes of micronutrients have been found in smokers
compared with non-smokers, expressed both in absolute amounts
(Fehily et al, 1984, Strain et al, 1991; Subar et al, 1990;
Cade & Margetts, 1991; Margetts & Jackson, 1993) and as
nutrient density (per 4.18MJ) (Haste et al, 1990; Larkin

et al, 1990; Bolton-Smith et al, 1991a). In particular,
amounts of antioxidant vitamins, vitamin C, vitamin E and f
carotene were lower in smokers than non-smokers. Amounts of
vitamin C consumed by women who smoke were between 65 and 80%
of those consumed by non-smokers (Haste et al, 1990; Larkin
et al, 1990; Bolton-Smith et al, 1991a). Women appear to
consume a diet which has a higher micronutrient density
(Bolton-Smith et al, 1991a) than men, although absolute
intakes are less as a result of lower energy intakes in
women. Table 1.11 shows that for most micronutrients there
is consistent agreement between studies, with smokers
consuming less than non-smokers. There is general agreement
between studies that smokers consume a diet which is lower in
micronutrients than non-smokers. However, intakes are not
considered low in comparison with dietary recommendations
(DH, 1991). Requirements for micronutrients may, however, be
higher in smokers than non-smokers, and the goals may
therefore not be an appropriate frame of reference in this
group. This point will be further discussed in section 1.6.

1.3.21ii1  Regional variation

Table 1.12 looks at differences in diets of male smokers and
non-smokers between different regions in the United Kingdom.
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Studies included in the table used the weighed inventory
method of dietary assessment, except a study carried out in
three towns in England (Ipswich, Stoke and Wakefield) in
which a one day record with estimated portion sizes was used
(Cade & Margetts, 1991). Smokers were classified into non-
smokers (never for one study (Cade & Margetts, 1991)) and
current smokers. In the Scottish study, Fulton et al, (1988)
manual and non-manual occupation groups are presented
separately. There was little difference in energy intakes

Table 1.12: Regional comparison of levels of nutrients for
male smokers compared with non-smokers

Percentage difference of smokers compared with non-smokers
(non-smokers = 100%)

1 2 3 4
Regions England Wales Northern Scotland
Ireland

Manual Non-manual

Age (years) 35-54 45-59 16-64 45-54 45-54
Number 512 77 111 52 25
Energy 108 100 96 99 100
Protein 104 99 93 94 101
Fat 103 97 94 98 97
Cho 106 100 88 94 100
Fibre 85 86 84 90 86
Alcohol - 120 289 155 124
Sources:

1. Cade & Margetts, 1990/1991
2. Fehily et al, 1984.
3. Strain et al, 1991.
4. Fulton et al, 1988.

between the regions. Energy intake of smokers as percent of
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non-smokers was similar for men in Scotland and Wales, but
smokers in Northern Ireland consumed less energy than
non-smokers, the opposite being reported in the English
study. Differences in protein, fat and carbohydrate intakes
were similar between the regions although somewhat larger in
Northern Ireland. This could possibly be explained by a
lower energy intake in smokers compared with non-smokers.
Intakes of fibre were lower in smokers compared with
non-smokers with no apparent regional variation. The largest
variation between regions was in alcohol consumption, with
smokers in Northern Ireland consuming nearly three times as
much alcohol as non-smokers. In Wales and non-manual Scots,
the difference in alcohol consumption between smokers and
non-smokers was smaller. Comparison of diets of women
smokers and of micronutrient intakes in men could not be made
due to insufficient data.

Similar trends in macro- and micronutrient intakes between
smoking categories were seen in American studies (mainly 24
hour recall and questionnaire methods) and UK studies
(weighed inventories). However, there does appear to be a
difference in quality of fat consumed. UK studies show
non-smokers consume a diet with a higher P:S ratio resulting
from a higher polyunsaturated intake in non-smokers and
possibly a higher saturated fat intake in smokers.

American studies by Subar et al, (1990) using a 24 hour
recall method found no differences in linoleic acid content
of the diet of men and women smokers and non-smokers in
different age bands although they showed a higher saturated
fat intake in the older age bands 30-74 years for smokers
compared with non-smokers. Troisi et al, (1991) using a
questionnaire found higher saturated fat intakes in smokers
compared with never and ex smokers. Klesges et al, (1990)
using the Willett Food Frequency Questionnaire found no
differences in polyunsaturated and saturated fats as percent
of energy between smoking categories. P:S ratiog were not
measured in the American studies but are likely to be in the
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same direction as in the UK studies, although differences in
saturated fat instead of polyunsaturated fat intake appear to
account for differences between smokers and non-smokers in
the P:S ratio. If percentage differences of smokers compared
with non-smokers are calculated for linoleic acid between a
Scottish study (manual workers (Fulton et al, 1988) and an
American study, (Subar et al, unpublished), Scottish smokers
consume 65% of the linoleic acid of non-smokers compared with
107% in the American study.

Regional differences in diets of smokers are small but
further work needs to be carried out using the same dietary
assessment method on a national sample of the population
before any clear conclusions can be made. Within the UK
there are differences in the consumption of alcohol by
region. In comparison with the USA, the main difference in
the diet of smokers is the consumption of linoleic acid with
American smokers consuming higher intakes than smokers in the
UK but having similar intakes to American non-smokers.
However, P:S ratios are probably similar to UK.

1.3.21iv Occupation group

Fulton et al, (1988) found little difference in dietary
habits between men smokers of manual and non-manual
occupations (Table 1.12), although, manual workers who smoked
appeared to consume less carbohydrate and more alcohol than
manual workers who did not smoke. However, if a different
comparison is made between non-manual and manual workers who
smoke, non-manual workers who smoke consumed a diet higher in
fibre, lower in alcohol and P:S ratio than manual workers who
smoke (106%, 76% and 92% respectively). When non-manual and
manual workers who do not smoke were compared non-manual
workers consumed more fibre (110%) and had a higher P:S ratio
(109%) than manual workers. Alcohol intakes were similar
(95%) between the occupation groups.
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The study carried out by Haste et al, (1990) of pregnant
women in London looked at differences between non-smokers and
smokers of differing occupation groups. Women whose husbands
were employed in non-manual occupations consumed more energy,
protein and fat than women whose husbands were employed in
manual occupations for both non-smokers and smokers. Among
women whose husbands were employed in manual occupations
fibre intakes were not statistically different across smoking
groups (15.4g non-smokers and 12.9g smokers) but larger
differences were seen in women whose husbands were employed
in non-manual occupations (22.9 and 13.1 respectively).
Similar trends were seen for vitamin C, vitamin E and B
carotene.

The British Regional Heart Study showed pronounced
differences in the prevalence of smoking and alcohol
consumption between occupation groups (Cummins et al, 1981).
Men with manual occupations were more likely to smoke and to
drink moderate to heavily than men with non-manual
occupations. In addition, men with a high daily consumption
of alcohol were more likely to smoke than those who were
weekend drinkers. Heavy drinkers also consumed more energy,
saturated fats, total fat as percent energy, and folate, but
less fibre, sugar and protein than light drinkers (Gregory
et al, 1990).

Information is limited but smoking appears to have a greater

effect on diet particularly on micronutrients than occupation
group. However, occupation group does have an effect within

smoking groups especially in higher socio-economic groups.

Summary

While there were differences in the dietary methodology used
in the different studies, a number of general patterns emerge
on the basis of comparisons within studies. There appear to
be differences between smokers and non-smokers in the
consumption of a wide range of foods leading to differences
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in many nutrients and particularly types of fat, dietary
fibre and micronutrients. The diet of smokers compared with
non-smokers tends to be less like those currently being
recommended to reduce risk of disease.

1.4 PUBLISHED EXPERIMENTAL STUDIES

Some prospective studies on the diet of smokers as they quit
have been carried out. There are no data on differences by
occupation group or regional variation.

Studies reviewed here include those in which smokers quit for
a number of weeks and do not include those investigating
differences in taste perception by smoking category.

Subjects participating have generally been volunteers and not
randomly selected from the general population as in the
observational studies.

There are few data on changes in food patterns after
cessation with the exception of those reported by Stubbe

et al, (1982) who found that extra snacks were eaten between
meals.

1.4.1 Nutrient intakes

With the exception of Stubbe et al, (1982) who used a dietary
questionnaire, the dietary method chosen has been a
prospective food record in which portions were recorded as
household measures (Stamford et al, 1986; Rodin, 1987;
Moffatt & Owens, 1991) or as a weighed food diary (Robinson &
York, 1986); Hall et al, 1989). Changes in macronutrient and
micronutrient intakes following smoking cessation are
reviewed.
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1.4.13 Macronutrient intakes

Stamford et al, (1986) found an increase of 950kJ per day
from 7.4MJ in the baseline period to 8.3MJ per day after
cessation. During the baseline period, the average
percentages of energy derived from protein, carbohydrate, fat
and alcohol were 16, 43, 41 and 3.4 respectively. During
cessation, the percentages were 15, 44, 41 and 2.7 for
senergy derived from protein, carbohydrate, fat and alcohol
respectively. The constituents did not change even though
the subjects reported a perceived increase in the consumption
of sweets. Stubbe et al, (1982) also showed increased energy
and fat intake 4 to 6 weeks after smoking cessation. Rodin,
(1987) showed that quitters who maintained weight or lost
weight reduced energy intake, but weight gain was associated
with decreased protein and increased carbohydrate consumption
following smoking cessation. Robinson & York, (1986) found
that after seven days of not smoking energy intake increased
by 11% (881kJ). Moffatt & Owens, (1991) showed that after 30
days of non-smoking ex-smokers energy intake had increased by
5.7% (500kJ). Hall et al, (1989) found energy, fat and
sucrose intakes had increased by four weeks after the quit
date. Energy intake rose by 13% (1054kJ) by four weeks.
However, by 26 weeks of abstinence, subjects' mean energy
intake was lower than that at baseline even though abstainers
had gained 4.1kg in weight. These studies tend to show
increases in energy intake in the short-term after stopping
smoking, but they may not last beyond a few months after
cessation.

Small studies with close monitoring of diet may affect the
subjects' eating patterns leading to lower weight gains, and
therefore these data may not be representative of the pattern
in the general population.

There are some changes in macronutrient intakes after giving
up smoking. There is an increase in energy intake in some
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quitters whilst others reduced energy intake. The excess
energy consumed appears to come from fat and carbohydrate and
may be due to extra snacks between meals. Weight gain
immediately after cessation may result in lower energy
intakes to reduce the excess weight gained.

1.4.1411 Micronutrient intakes

Micronutrient intakes differ between smoking categories in
observational studies so it might be expected that on
quitting smoking, micronutrient intakes would rise. In the
short-term cessation studies only Rodin (1987) measured
micronutrient intakes, but found no changes in the intake of
vitamin A or vitamin C after cessation.

Further work is required to assess change in nutrient intakes
upon stopping smoking.

1.4.2 Experimental v. cross-sectional studies

Cross-sectional studies report that smokers compared with ex-
smokers consume less polyunsaturated fat, more energy and
saturated fat and have lower antioxidant vitamin and fibre
intakes. Hence, if upon smoking cessation the diets of
smokers do change to that observed in long term ex-smokers
(from cross-sectional studies) the results from experimental
studies would be expected to show increases in
polyunsaturated fats, fibre and vitamins and decreasesg in
energy and saturated fat. The results from the short-term
cessation studies appear to be contrary to this with
increases in energy and fat after smoking cessation. It is
possible that this is a result of the withdrawal of smoking
and that in the short term subjects replace cigarettes with
food. There is some evidence to suggest that it may take
four years of smoking cessation before the pattern of ex-
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smokers is similar to never smokers and that differences
between smokers and ex-smokers are not detected until after
six months for some nutrients (fibre in women) and up to
three years for others (energy, fat, carbohydrate and P:S
ratio in men) (Bolton-Smith et al, 1993). Therefore these
short-term changes do not reflect long term changes and
longer cessation studies would be required to determine if in
fact these changes do occur, and whether subjects who quit
smoking have different diets to those who continue to smoke.
In addition not all the smokers in these short-term cessation
studies will remain ex-smokers and it is possible that
smokers who quit and then restart smoking differ from long
term ex-smokers and so confound the results.

1.5 ANTHROPOMETRY

This section firstly compares measures between smokers and
non-smokers from cross-sectional studies, then examines
changes in weight that occur after smoking cessation and
finally discusses potential causes for weight differences.

1.5.1 Anthropometry and cross-sectional studies

Mean body mass index (BMI) has been shown to be lower in male
smokers compared with non-smokers (Fehily et al, 1984;
Gregory et al, 1990; Cade & Margetts, 1991 & Troisi et al,
1991 (for former smokers only)). When smokers were divided
into light, moderate and heavy smokers Fehily et al, (1984)
showed that moderate smokers had the lowest mean BMI with
light smokers a higher BMI than heavy smokers (25.8, 25.3
25.6kg/m* for light to heavy smokers). Similar results were
shown by Gregory et al, (1990), 25.2, 24.2 & 24.6 kg/m?, for
mean BMI for non-smokers, those smoking less than twenty
cigarettes daily and those smoking more than twenty.
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Larkin et al, (1990), using self-reported body weights found
that in women aged between 41 and 50 years, smokers weighed
less than never-smokers but had similar weights to
ex-smokers. Within smoking categories moderate smokers were
the lightest and light smokers the heaviest as found in men
(means 67.6 62.8, 65.7kg in those women who smoked 1-10,
11-20 and more than 20 cigarettes per day respectively) .
Also, in women, Cade & Margetts, (1991) but not Gregory

et al, (1990), found a lower BMI in smokers compared with
non-smokers (26.2 in non-smokers and ex-smokers, and

24 .9kg/m? in smokers) .

A recent study of 17-year-old adolescents showed regular
smokers had a statistically significantly higher BMI than
those who had never smoked regularly (Townsend et al, 1991).

The possible relation between obesity and cardiovascular
disease has been the subject of great controversy. BMI is
generally the measure used for defining obesity and a level
of 30kg/m? or greater is considered to constitute cbesity.

In a cohort of Swedish men and women the incidence of heart
disease was compared according to baseline measures of
obesity during a 13 year follow up period (Larsson et al,
1984) . BMI was positively associated with coronary disease
and the relationship was independent of smoking, blood
pressure and age. Manson et al, (1990) also found that after
controlling for smoking, a BMI of 23kg/m?> or more was
associated with an increased risk of heart disease in
middle-aged women. They also showed that current smokers who
were obese had an excess risk of heart disease. The
relationship between body weight or adiposity and smoking is
further confounded by alcohol consumption. Alcohol consumers
generally weigh less than non-drinkers at similar or higher
energy intakes (Hellerstedt et al, 1990).

The relationship between diet, smoking and coronary heart
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disease is complicated by associations between diet, alcohol
and body mass index.

1.5.2 Smoking cessation and body weight

Changes in body weight from cessation studies are reviewed.
Not all studies used a control population and therefore the
weight increases shown are not necessarily attributable to
smoking cessation in all cases.

Table 1.13 shows a summary of some studies that recorded
weight changes at different times after cessation. The
studies measuring weight within days of stopping smoking
detected little change (Robinson & York, 1986; Feher et al,
1990) . Rodin, (1987) found that smokers who quit gained an
average of 1.4kg over six to eight weeks but that some lost
weight. In those who gained, weight increased by 2.6kg and
in those who lost or maintained weight an average weight loss
of 0.6kg was found. The weight gain attributable to smoking
cessation was 1.3kg. Bosse et al, (1980) in a review
article, looked at the relationship between smoking and
weight gain over a five year period in a large cohort of
adult men. They found that 36% of gquitters either lost
weight or maintained the same weight after quitting.
Characteristics associated with weight gain were heavier tar
consumption, younger age and leanness of body build.
Dallosso & James, (1984) found a mean weight gain of 1.8kg
attributable to smoking cessation in subjects who had quit
for six weeks. They also showed a 4% drop in resting
metabolic rate and an increase in energy intake of 6.5%.
Stamford et al, (1986) found a weight gain in women subjects
who had quit for 48 days of 2.2kg; of which 96% was fat and
4% lean tissue and water, but they used no control
population. They found no change in resting metabolic rate
over the 48 days. Moffatt & Owens, (1991) showed that 12
adult women smokers significantly increased their mean body
weight within the first 30 days of smoking cessation by
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1.8kg. This increased a further 1.8kg by day 60. Nine
subjects continued to smoke over the duration of the study
These subjects were found to have similar increases in weight
at day 30, but by day 60 their weight had decreased to
baseline level.

Table 1.13: Weight gain after stopping smoking by time since
quitting

Subjects
Number Mean age % Weight Time Quit
(M/W) (years) gain (%) (weeks)
Robinson & York, 3/8 24 0.6 1
1986"
Feher et al, 1990 12/18 38
Moffatt & Owens, 0/12 37 0 4
1991”
Stubbe et al, 10/0 38 2.3 4-6
1982
Dallosso & James, 9" 47 2.7 6
1984"
Stamford et al, 0/13 45 3.6 7
1986
Moffatt & Owens, 0/12 37 6.0 8
1991°
Hall et al, 1989 27 38 3.7 8-12
Hall et al, 1989 27 38 6.5 22-26
Stamford et al 0/3 45 22.0 52
1986
Shimokata et al, 2680 19-102 2.5 156
19897

*

Studies using control group and therefore weight gain
attributable to smoking cessation is shown
™ Total number of subjects men and women

Therefore weight increases attributable to smoking cessation
were approximately zero at day 30 and 3.6kg at day 60. 1In
addition body fat increased from 28.4% at baseline to 31.1%
at day 60. No body weight or body fat changes were observed
for non-smokers.
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Williamson et al, (1991) related changes in body weight to
changes in smoking habit in adults aged 25 to 74 years who
were weighed between 1971-1975 and followed up between 1982-
1984. Regardless of smoking status women tended to gain 1 to
2 kg more than men during the follow-up period. The mean
weight gain attributable to the cessation of smoking (the
difference between sustained quitters and continuing smokers)
was 3.8kg in women and 2.8kg in the men. Weight of quitters
increased and was comparable to that of non-smokers at the
follow-up appointment. Major weight gain (>13kg) occurred in
9.8 % of men and 13.4% of women who quit smoking. The
relative risk of major weight gain in quitters compared with
smokers was 8.1 in men and 5.8 in women and it remained high
regardless of the duration of cessation.

None of these studies took into account baseline weight, and
it is possible that baseline weight may affect subsequent
weight gain after smoking cessation.

Weight gain appears to increase with time since quitting for
up to one year, but may level out thereafter, perhaps
suggesting that initial weight gain is followed by reduction
and then reaches equilibrium.

1.5.3 Other potential causes of weight gain

Dietary changes do not seem to account for the increase in
weight upon cessation or differences in weight between
non-smokers and smokers. It is possible that smoking
decreases nutrient absorption or increases metabolic rate.
Hofstetter et al, (1986) found an increased energy
expenditure in smokers after 24 hours in a metabolic chamber
but no changes in physical activity or mean basal metabolic
rate. Perkins et al, (1989) reported an excess energy
expenditure during light exercise attributable to smoking.
Perkins et al, (1990) showed smoking had no greater effect on
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metabolic rate than meal consumption. Robinson & York,

(1988) found a greater magnitude of diet induced
thermogenesis in smokers who were allowed to smoke than
non-smokers after a 12 hour abstention from smoking. Moffatt
& Owens, (1991) found that smoking cessation was associated
with a decrease in metabolic rate of 16% by the sixtieth day
after quitting. The drop in metabolic rate found here and
not by Stamford et al, (1986) was attributed to the higher
nicotine content of the cigarettes smoked by the women.
Therefore, it is possible that smoking increases energy
expenditure in the short-term and that regular smoking leads
to a larger energy expenditure which declines when smoking
ceases. However, these effects are small and the extent to
which they could influence body weight is not clear and needs
closer examination.

There appear to be changes in weight and dietary habits
(although much of the work has concentrated on energy
intakes) after smoking cessation. Weight gain appears to
result partly from increases in energy intakes immediately on
quitting and partly from decreases in resting metabolic rate,
but further work needs to be carried out to examine other
possible causes. Perkins et al, (1992) in a review paper put
forward the hypothesis that smoking alters body weight set
point. It is possible that nicotine alters body weight in
the following way; smoking decreases the set point for body
weight so that smoking cessation leads to an increase in
weight up to the level of non-smokers. Increased eating in
the short-term may be necessary to obtain this increased
weight. If this were true it would mean that prevention of
weight increase after smoking cessation would be particularly
difficult. However, not all smokers gain weight after
quitting and some even lose weight (Rodin, 1987). More
information is necessary from smokers as they quit to see if
all smokers change their diet on quitting or whether large
differences in a select group of smokers account for overall
differences in the sample mean. There is a need for studies
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in which control populations of smokers are measured
alongside smokers who quit to determine whether the observed
changes are a result of smoking cessation.

1.6 DIET, SMOKING AND CORONARY HEART DISEASE

In this section possible relationships between nutrient
intake, cigarette smoking and coronary heart disease are
discussed. Blood lipid and lipoprotein concentrations have
been measured in smokers and non-smokers. Craig et al,

(1989) collated information from fifty-four published studies
and showed smokers had significantly higher serum
concentrations of cholesterol (3%), triglycerides (9.1%), low
density lipoprotein cholesterol (1.7%) and significantly
lower serum levels of high density lipoprotein cholesterol
[HDLchol] (5.7%) compared with non-smokers. This gives
smokers a more atherogenic lipid profile than non-smokers.
The reviewed literature suggests that smokers consume more
fat and saturated fat, but less polyunsaturated fat than non-
smokers. These differences in fat intakes between smokers
and non-smokers may partially explain the different lipid
profiles of smokers and non-smokers (Cade & Margetts, 1989).

The literature also suggests that antioxidant vitamin intake
in smokers is less than non-smokers. This is also confirmed
by lower serum levels of antioxidant vitamins in smokers
compared with non-smokers. Lower serum levels of vitamin C
in smokers compared with non-smokers have been documented
(Smith & Hodges, 1987; Kallner et al, 1981; Duthie et al,
1989a; Bridges et al, 1990; Riemersma et al, 1991; Margetts &
Jackson 1993).

Lower plasma concentrations of f carotene have been found in
smokers compared with non-smokers (Stryker et al, 1988;
Herbeth et al, 1990; Bridges et al, 1990; Gregory et al,
1990; Margetts & Jackson unpublished) .
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Cigarette smoking itself may cause free radical damage and
promote atherosclerosis. Cigarette smoking is a source of

Figure 1.3: Hypothesised relationships between diet, smoking
and coronary heart disease
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free radicals (Machlin & Bendich, 1987). Regular smokers are

therefore subject to a high load of free radicals which have
been shown to cause tissue damage (Duthie et al, 1989b). A
balance between free radical production and level of
antioxidants is necessary to protect cells. An overload of
free radicals could lead to a chain of lipid peroxidation and
tissue damage. This high free radical load and relatively
low antioxidant status may result in an imbalance between
free radical production and antioxidants which may render
lipoproteins more atherogenic (Duthie et al, 1989b; Steinberg
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et al, 1989; Diplock, 1991; Luc & Fruchart, 1991).
Hypothesized relationships by which smokers increase their
risk of coronary heart disease as a result of their dietary
habits are shown in figure 1.3. Smoking cigarettes is
associated with a different food pattern and altered nutrient
intake, in particular more saturated fat, less
polyunsaturated fat and a lower consumption of antioxidant
vitamins. These dietary changes may increase the risk of
coronary heart disease by increased serum cholesterol and LDL
concentrations. The increased free radical load from
cigarettes and the lower dietary antioxidants may result in
an imbalance of free radical production and antioxidants
which could lead to modification of LDL and atherosclerosis.
It is also possible that cigarette smoking increases the risk
of coronary heart disease by initiating an inflammatory
response. Both increased plasma fibrinogen (Meade et al,
1987) and decreased serum albumin (Phillips et al, 1989) have
been found in smokers compared with non-smokers. Much of
these work relies on information from cross-sectional studies
and this limits the extent to which causal inferences can be
drawn.
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2. STUDY DESIGN AND METHODOLOGIES

The dietary study of cigarette smoking and food and nutrient
intake was carried out as part of a larger study
investigating the relationship between cigarette smoking,
dietary intake and clotting factors. The study design that
follows includes only information that is relevant to the
dietary study.

2.1 STUDY OBJECTIVES

The objectives of this study were largely to investigate
methodological issues of using food frequency questionnaires
compared with weighed records. The dietary differences
between smokers and non-smokers was used as a model for these
investigations. In chapter one, the relationship between
diet, cigarette smoking and coronary heart disease was
discussed, however, as the mechanisms underlying coronary
heart disease are not an objective of this thesis this
discussion will not be continued.

One aim was to establish whether differences in diet do exist
between smoking categories and that observed differences seen
in other studies are not result of bias in either dietary
assessment or in the definition of smoking categories.

The next aim was to establish whether these differences are a
result of smoking cigarettes and not some other lifestyle
factor. Once this has been investigated the next step would
be to look at the reasons for these differences and the
mechanisms by which smoking may affect dietary habits.
However, although the importance of this is recognised, as
the main aim of the thesis is dietary methodologies, it has
not been investigated.
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The main and specific objectives of the study are shown in
sections 2.1.1 and 2.1.2.

2.1.1 Main objectives
The main aims of the dietary study were :-

i) To use a cross-sectional comparison of the diets of
cigarette smokers, life-long non-smokers and ex-
cigarette smokers to look at the methodological issues
of using a FFQ compared with a WR.

ii) To use this cross-sectional study to determine whether
differences in diet between the smoking categories are
due to cigarette smoking and not another lifestyle
factor.

iii) To obtain further evidence that smoking cigarettes
affects diet by using an experimental study in which
smokers who are successful in stopping smoking are
compared with those who continue to smoke.

2.1.2 Specific objectives

Cross-sectional study

i) To calibrate the FFQ with WRs and to look at the effect
of gender and recruitment source on this calibration.

ii) To look at the effect of using the FFQ with and without
'correction' factors on the relationship between diet

and cigarette smoking.

1ii) To explore the role of other confounding factors in the
relationship between diet and smoking, in particular
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occupation group.

Experimental Study

i) To measure the changes in food and nutrient intakes
that occur after smoking cessation compared with
continuing to smoke over one year.

ii) To investigate whether these changes are influenced by
characteristics at baseline such as gender,
occupation group, body weight and reported number of
cigarettes smoked.

2.2 STUDY DESIGN

The design consisted of both a cross-sectional and an
experimental study which are described separately.

2.2.1 Cross-sectional study

This comprised of a cross-sectional analysis of three clearly
defined smoking categories where smoking status was
validated. The definition criteria used to classify subjects
were as follows: -

i) Cigarette smokers reporting that they smoked at least
one cigarette per day and with a breath carbon monoxide
reading of more than 10ppm and a serum cotinine
concentration of at least 1l4ng/ml. The group of smokers
was sub-divided into two approximately equal groups
(cotinine > 265 and < 265 ng/ml) of heavy and light
smokers.

ii) Ex-cigarette smokers reporting that they were currently
not smoking but who had smoked in the past. Present
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smoking status was validated by a carbon monoxide
reading of 10 or less ppm.

iii) Never smokers reporting never having smoked and with a
breath carbon monoxide reading of 10 or less ppm.

Current and ex-smokers of pipes or cigars were to be excluded
as these subjects were likely to form small groups if
analysed separately and if included with the above subjects
would increase the heterogeneity of the sample.

In addition in the larger study, subjects with a previous
history of angina or myocardial infarction were to be
excluded as dietary habits may have changed as a consequence
of disease.

The age range for the study was 40 to 59 years as this age
range would include a large number of subjects who had smoked
for more than 20 years and therefore the effects of smoking
on diet would be more apparent than in those who had only
smoked for a few years.

The subjects participating in the cross-sectional study were
recruited over the duration of the study (2.5 years).
Priority was initially to be given to the recruitment of
smokers as these would enter the experimental study and were
required to be followed up over one year. The recruitment of
the smokers would last about one year to control for seasonal
variation. The ex- and never smokers would be recruited at
the commencement of the study and continue to be recruited
until the end of the study to spread the workload.
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2.2.2 Experimental study

All cigarette smokers from the cross-sectional study were
eligible for inclusion in the experimental study. In an
ideal experimental study subjects are randomly selected to
either the intervention group or the control group after the
baseline appointment. With the exception of the intervention
method all participants are treated in the same way.

Analysis is then carried out comparing differences between
intervention and control groups. For the larger study it was
decided that as not all smokers that are encouraged to stop
smoking will succeed, if the above procedure were carried
out, with smoking cessation as the intervention method, it
might result in very few subjects stopping smoking unless a
large sample was used. In addition some of the control
population might decide to quit smoking themselves. In order
to simplify the study all smokers at baseline appointment
were encouraged to stop smoking and the analysis was carried
out comparing those smokers who were successful in stopping
smoking and those who continued to smoke. Potential biag
might arise due to subjects selecting themselves into control
and intervention groups by stopping or not stopping smoking.
To try to assess this bias estimates of non-dietary and
dietary variables were to be compared at baseline between the
smokers who went on to quit and those who continued to smoke.
Subjects were helped to stop smoking by smoking cessation
classes. These were self help groups run by the research
nurse who was trained in smoking cessation techniques. The
course consisted of a group of 8 to 10 subjects meeting once
a week for five weeks. At the end of the course, follow-up
(reunion) sessions were planned as necessary. Dietary advice
often forms part of these cessation classes, but this was
played down for the purposes of the study. The use of other
methods of smoking cessation such as hypnosis and nicorette
chewing gum was not particularly advocated, but subjects were
allowed to partake of this methods if they desired. The
smokers were followed up at approximately four months and one
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year from baseline irrespective of whether they had stopped
smoking or not.

The study design for the experimental study can be seen in
figure 2.1. The design shows two possibilities at the four
month appointment - that subjects have quit smoking or
continue to smoke. The group of smokers continuing to smoke
will include subjects smoking the same number of cigarettes
as at baseline and those who have reduced or increased the
number of cigarettes smoked. The main analysis will consider
these as one group of subjects currently smoking. It is also
possible that subjects have quit at four months but have
restarted to smoke at the one year appointment. Yet another
possibility is that subjects may not quit until their one
year appointment.

Figure 2.1: Design of the experimental study

Smokers from cross-

sectional study

Baseline Encouraged to stop smoking !
4 month QUIT CONT"
1 year QUIT CONT" QUIT CONT"

"CONT - Continued to smoke
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The final analysis of the experimental study will investigate
dietary changes that occur after smoking cessation firstly in
those subjects with one follow-up dietary assessment and
secondly in those with two follow-up visits compared with
those who continue to smoke over the duration of the study.

\
Figure 2.2: Expected follow up of smokers in the experimental study

Baseline Smokers
(100%)

Encouraged

to give up

One year Attend Do not attend
(80%) 20%)

Quitters Smokers

(20%) (80%)

Figure 2.2 shows the expected follow up of smokers at one
year. This was based on the assumption that 80% of the
smokers would be followed up over one year and that 20% of
these would be successful in stopping smoking (this value was
obtained from rates of smoking cessation from other studies
which ranged from 3% to 43%). It was thought with the aid of
smoking cessation classes a response rate of 20% would be
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possible. Therefore the expected ratio of continuers to
quitters was 4:1.

2.3 SAMPLE SIZE CALCULATION

The sample size estimation was calculated using dietary
polyunsaturated fat measurements as it has a large within and
between person variance (see page 33) and therefore a method
that estimates polyunsaturated fat consumption to the
required accuracy was also likely to be sufficient for other
nutrients. Using seven day weighed records, a study in
Edinburgh (Fulton et al, 1988) found a difference of 3.5g/day
in polyunsaturated fat consumption between men smokers and
non-smokers. Using these data standard deviations for
differing number of days of recording a weighed record were
calculated as follows.

Standard deviations for 1, 3, 10 and 14 days of weighed
record were calculated using:

2

5

sd?=g,2+ 2
k

where sd = overall SD

S, = between person SD

s, = within person SD

k = number of days of diet recorded per subject
(Cole, 1991)

Figures of 2.8 for s, and 7.5 for s, for the difference were
estimated from the Edinburgh study.
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The overall sds ranged from 7.9 for a 1 day record, 5.2 for a
3 day record, 4.0 for a 7 day record, 3.7 for a 10 day
record, to 3.4 for a 14 day record. A FFQ was assumed to
have a similar sd to a three day WR (see section 1.2.1iii).

Data from Edinburgh showed the difference in dietary
polyunsaturated fat consumption between smokers and non-
smokers was 3.5g. It was assumed that the same difference
would be observed in the Southampton study for the cross-
sectional study. However, for the experimental study it was
expected that the reversal from a smoker's diet to a non-
smoker's diet would not be complete after one year and an
estimated change of 2g was used in the calculations.

Calculation was first made for the experimental study:

The following equation was used to calculate sample size (n):

e (r+1)0?(Z,,,+2,)?
rd*?

Where ¢ = standard deviation of the variable

« and B = type I and type II error levels

d" = difference between the groups to be detected
r = ratio of continuing smokers: quitters

The expected ratio of continuing smokers to quitters was
4:1 (see page 89).
Therefore the equation reads:

502 (Zy/,+24) 2

4d*?

n=

Using the above equation the required sample sizes to detect
a difference of 2g in polyunsaturated fat between quitters
and continuing smokers were calculated for one to fourteen
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days of weighed record collection.

Table 2.1 shows the number of quitters needed for each
dietary method. The number of subjects needing to be
followed up was calculated from the ratio of 4 continuing
smokers for each quitter. The expected attendance rate at
one year was 80% and therefore the final column reflects the
number to be seen at baseline after allowing for non-
response. The table shows that as the number of days of
recording increased the sample size decreased. If a FFQ were
to be used 556 smokers would need to be seen at baseline
whereas if a 10 day record were used approximately half that
number (281) would be required to detect the same difference.
There did not appear to be much extra benefit in using 14
days compared

Table 2.1: Calculated sample size required to detect a
difference of 2g of polyunsaturated fat (Calculations based
on 90% power at 5% significance level)

Number of Number of total number
quitters (n) subjects of smokers
followed up seen at
(5n) baseline
1 day 205 1025 1281
3 day/FFQ 89 445 556
7 day 53 265 331
10 day 45 225 281
14 day 38 190 238

with 10 days of weighed record. As a great deal of time
would be required to follow-up 556 subjects it was decided to
use the 10 day weighed record and therefore be able to
concentrate on a smaller sample size. However, a 100%
response to the weighed record for subjects with complete
attendance was unlikely. If the completion rate for the WR
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of those attending were 80% the required number of smokers
seen at baseline would increase to 351 and if this figure
were 70% the sample size would increase to 401. It was
assumed that 75% of subjects would fully complete the weighed
record thus producing a baseline requirement for 375 smokers
if a 10 day weighed record were used.

The aim of the study was to be able to detect dietary
differences as well as to correctly rank individuals.

The following equation was used to determine the number of
subjects that would be misclassified by classification into
thirds using a 7 to 14 days weighed record:

. d
d+sl/ st

where r = correlation between observed and true nutrient
intakes

S, = between person SD

s, = within person SD

d = number of days diet record required per subject

Using values of s, and s, as before for polyunsaturated fat
(2.8 and 7.5 respectively), the calculated corresponding r
values for 7, 10 and 14 day records are 0.70, 0.76, 0.81.
This means that for 10 days (r = 0.76) 69% of subjects will
be classified in extreme thirds of the distribution and 5%
will be misclassified in the opposite third of the
distribution, for 14 days (r = 0.81) the values are 72% and

% respectively (Nelson et al, 1989). It should also be noted
that this estimate was carried out based on data collected in
men only and results might differ in women. However, there
were no data at the development stage of the project to
determine estimates in women. There are data to suggest that
women have higher within to between-subject variances than
men (Nelson et al, 1989) and therefore the accuracy in women
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might be poorer than in men.

A 10 day record was chosen for the experimental study as it
would be able to detect a difference of 2g if at least 75% of
those who completed the dietary assessment and only 5% of
subjects would be misclassified into opposite thirds of the
distribution of intake. There seemed little benefit in using
a longer period of dietary assessment.

It was assumed that a sufficiently large sample to screen 375
smokers would also identify and screen 300 ex-cigarette
smokers and 300 never smokers for the chosen age range (Data
from General Household survey, 1984 ratio of smokers:ex:never
4:3:3). Thus the total number of subjects would equal 975.

The best dietary method for the cross-sectional study was
then determined using the following equation based on a
sample size of n = 300 and a difference to be detected of
3.5.

nd?

o e —
2(2,/,%24) 2

With 90% power and a significance level of 0.05 a method with
a variance (sd) of 13.2 would be able to detect the required
difference. As all methods had variances for polyunsaturated
fat of less than this it was decided to use the FFQ on all
subjects at baseline as this method could easily be completed
at the clinic visit and therefore a 100% response in those
who attended was not unreasonable. The FFQ is relatively
cheap and requires minimal time in processing and as ranking
of subjects was desired and absolute levels of intakes were
not so important, it seemed the best choice.

In summary, 975 subjects were required for the cross-
sectional study and diet was to be assessed using a FFQ. The
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smokers in this sample (375) would also complete a ten day
weighed record. The smokers only would be followed up at
four months and one year. It was assumed that 80% of smokers
would be followed up (300) and that 20% (60) would have quit
smoking. It was also assumed that 75% of these would have a
full dietary assessment using the weighed record (225).

2.4 RECRUITMENT METHODS

The recruitment methods for the cross-sectional and
experimental studies were the same and are not discussed
separately. However, subjects were to be recruited by two
methods - randomly and as volunteers.

The numbers were to be achieved as follows:

i) A postal questionnaire to identify smoking category
would be sent to 3000 subjects.

ii) The expected response rate was 65% which would
yield 2000 replies.

iii) This sample should contain at least 500 cigarette
smokers, 400 ex-cigarette smokers and 400 never
smokers (total of 1300) the remainder being made up
of subjects not fulfilling the recruitment criteria set
out in section 2.2.1i.

iv) The expected attendance rate at the clinic was 75%
vielding 375 smokers, 300 ex-smokers and 300 never
smokers.

The following methods were used to recruit the required
numbers:

i) Postal Questionnaire (Appendix 1)
The questionnaire asked details of current and past smoking
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