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.I ietary intake and plasma lipid levels: lessons from a study of the
diet of health conscious groups '/

Margaret jorogood, LianeRoe, KlimjMcPherson, Jim Mann

Abstract
Aim-To re-examine the contentious relation

between diet and plasma lipids within a population.
Design-Cross sectional sample from a large

prospective cohort study of people eating different
diets in Britain. Blood samples and diet records
collected from subjects.
Subjects-Volunteers eating one of four distinct

diets-namely, vegans, vegetarians, fish eaters who
do not eat meat, and meat eaters. 52 Subjects
selected from each group.
Methods-Examination of the relation between

nutritional intake recorded in a four day dietary
record and plasma lipid concentrations of subjects
measured in blood samples collected previously.
Results-After controlling for age, sex, and body

mass index, the correlation between plasma total
cholesterol and the Keys score (which includes
dietary cholesterol and saturated and polyunsatur-
ated fat) was 037 (p<0-001). The mean saturated fat
intake in all groups was low (6-14% of energy), but
polyunsaturated fat intake was high, so mean total
fat intake was generally above that recommended. A
high dietary fibre intake was not associated with high
carbohydrate intake. Plasma high density lipoprotein
values were not associated with any measure of fat
intake, but there was a significant correlation of 0-24
between high density lipoprotein values and alcohol
intake.
Conclusions-The nature rather than quantity of

dietary fat is an important determinant of cholesterol
concentrations. Health conscious individuals select
a fat modified, rather than a low fat-high carbo-
hydrate diet. National cholesterol lowering dietary
advice should be reconsidered.

Department of Public
Health and Primary Care,
Radcliffe Infirmary, Oxford
OX2 6BE
Margaret Thorogood, BSC,
research officer
Liane Roe, MPH, research
nutritionist, IRCF general
practice research group
Klim McPherson, PHD,
university lecturer in medical
statistics

Department ofHuman
Nutrition, University of
Otago, Dunedin, New
Zealand
Jim Mann, DM, professor of
human nutrition

Correspondence to: Ms
Thorogood.

B?rMedM 1990;300:1297-301

Introduction
The relation between plasma cholesterol concentra-

tions and dietary intake within one population remains
a matter of contention. We used data from the Oxford
Vegetarian Study to examine plasma lipid concentra-
tions and dietary intakes in vegans, vegetarians, fish
eaters who do not eat meat, and meat eaters living in
Britain. Analysis of the dietary intake of these four
groups, most of whom were health-conscious indi-
viduals, also allowed us to determine the extent to
which the diet of such people accords with current
dietary recommendations.

Methods
RECRUITMENT

The Oxford Vegetarian Study is a prospective cohort
study of 6000 subjects who do not eat meat and 5000
meat eating controls.' The non-meat eating subjects
were recruited through the Vegetarian Society, through
publicity in national and local media, and by recom-

mendation of those already recruited; they do not
belong to any particular religious or ethnic group. The
control group consists of their friends and relatives
who are meat eaters. All subjects were recruited
between 1980 and 1984. At the time of recruitment
each subject completed a simple questionnaire which
asked about aspects of health, diet, and other lifestyle
factors.

BLOOD SAMPLES

Between 1984 and 1986 all participants under the
age of 60 were sent a kit consisting of a 10 ml
heparinised tube, a syringe, and an explanatory letter
for their general practitioner, who was asked to take a
blood sample and send it to the laboratory in the special
package provided. The collection and analysis of these
samples for plasma lipid and lipoprotein concentra-
tions, and the lipid values in the four diet groups, have
been reported.1

FOUR DAY DIET RECORDS

In 1985-6 all participants were sent a dietary record
which they were asked to complete during two week-
days and two weekend days. These diet records were
A4 size booklets designed to be self explanatory. At the
front were questions about height and weight and
aspects of usual diet. These questions were designed to
test whether the diet recorded reflected the usual diet
and to provide information to help coding of the
records-for example, the amount of sugar and milk
usually taken with tea and the types of fat used in
cooking. There were also careful instructions about
recording estimated portion sizes including photo-
graphs of small, medium, and large portions of many
commonly consumed foods not readily estimated in
household measures. The weights of the portions
photographed were recorded. Comparison of this four
day estimated portion size diet record with a seven d4y
weighed intake record has been described.2

SELECTION OF SUBJECTS FOR CURRENT STUDY

Blood samples were received from 114 vegans, 1550
lacto-ovovegetarians, 415 fish eaters who did not eat
meat, and 1198 meat eaters. Subjects were assigned to
these diet groups on the basis of their replies to
questions about their usual diet at initial recruitment to
the study.
Completed four day diet records were received from

244 vegans, 2856 vegetarians, 335 fish eaters, and 2116
meat eaters. Subjects were reassigned to these diet
groups on the basis of their replies to similar questions
to those described above at the front of the diet records.
Of the 208 subjects in the present study, 200 were
assigned to the same group on both occasions. Eight
subjects who had said they ate milk and eggs but not
meat or fish when recruited to the study said that they
ate fish when completing the diet record and were
reassigned to the fish eating group.
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This study was restricted to those respondents for
whom both a blood sample and a completed dietary
record were available. There were 26 vegan men in this
category, and they formed the smallest of the groups.
We therefore included all the available vegan men and
selected 26 vegan women randomly from the 55 for
whom there was both a blood sample and a diet record.
We then randomly selected age and sex matched
comparison groups of 52 vegetarians, fish eaters, and
meat eaters (age matched within three years) from
among those who fitted all the criteria.

DIETARY ANALYSIS

The diaries were coded by a nutritionist using food
codes from McCance and Widdowson's food composi-
tion tables supplemented by other published food
composition tables96 and, for some brands of food,
nutrient analyses supplied by the manufacturers. For
foods which contained added fat, such as pastries,
cakes, and fried food, an additional code was used to
indicate the nature of the added fat-for example,
whether a cake was made with polyunsaturated
margarine or butter. This permitted more accurate
calculation of the ratio of polyunsaturated to saturated
fatty acids.
A nutrient analysis computer program, the Nibbles

package, was used to calculate total energy, protein,
fat, carbohydrate, cholesterol, minerals, and vitamins,
together with the quantities of saturated, polyunsatur-
ated, and monounsaturated fatty acids and the poly-
unsaturated to saturated fatty acid ratio. The intakes
for the two weekdays were multiplied by 2 - 5 to give an
appropriate weekly weighting (five weekdays to two
weekend days), and the total intake was then divided
by seven to provide an estimate of average daily intake.

ESTIMATION OF COMPLETENESS OF DIETARY RECORDS

One possible measure of the completeness of a diet
record is a comparison of the total energy intake
recorded by a subject with the subject's predicted basal
metabolic rate. This was calculated using the formula
provided by Schofield. Healthy women have been
shown to expend in energy a minimum of 1-2 basal
metabolic rate,8 and we therefore considered that any
subject reporting an average energy intake of less than
1 2 basal metabolic rate had not achieved a satisfactory
level of recording.

STATISTICAL ANALYSIS

The data were analysed using the SPSSX package9 '°
on a Vax mainframe. The Keys dietary score was
calculated by the expression:

1 26 (2S-P)+ 1-5V/(C)

where S= percentage of energy from saturated fat, P=
percentage of energy from polyunsaturated fat, and
C=dietary cholesterol in mg/lOOOkcals." Significance
testing of the mean values of variables in the four
groups was done by one way analysis of variance, while
testing the significance of the difference between any

TABLE I- Mean (SD) and range ofage, mean (SD) bodv mass index, and proportions overweight and obese
in four age matched diet groups by gender

Age (years)
Mean (SD) body No (%3 ovcrweight No j0zO) obese

Diet group No Mean (SD) Ranige mass index (kg/m) (25<BMI<30) (BMI>30)

Mien
V'egan 26 40)(075) 25-70 22 30 10 41(I 0)
\'egetarian 26 407(0-5) 24-70 23-1(0 1) 28) 1 (4)
Fisheater 26 406)(0 4) 28-69 23-4()0-1) 5 (19) 0
Meateater 26 406(04) 26-67 231 0(( 1) 3(12) 0

Women
Vegan 26 4440 04) 27-67 21 70 1) 1(4) 1(4)
Vegetarian 26 447(04) 27-67 21 )(0-1) 1 4 0
Fisheater 26 43-9)0 4) 27-65 2() (06 1) 1 (4) 0
Meateater 26 43-9 0 4) 27-66 22-7)0-1) 4(15) 1(4)

pair of means was done by the Scheffe multiple
comparison procedure for significance at the 0 05 level.
The Scheffe procedure adjusts for the effect of examin-
ing a number of different pairs ofmeans and produces a
conservative estimate of statistical significance. Simple
Pearson correlation coefficients with a two tailed test of
significance, together with partial correlation coef-
ficients adjusting for the effect of additional variables,
were calculated to test for relations between two
continuous variables.
The four diet groups were matched for gender and

age, both of which are strongly related to plasma lipid
values. The matching would therefore have masked
some of the relation between dietary factors and plasma
lipid values. To examine the extent of this effect
coefficients of correlation which allowed for the effect
of matching were calculated using the formula:

>{Ex Ey (-.I}
r

\I/z (>x)

where i= 1 to 4 represents the diet groups, and j 1 to
52 represents the sets of four matched subjects.

Results
Table I shows the mean age and body mass index in

the four diet groups by gender. The groups were age
matched and there was no significant difference in
mean body mass index. Table II shows the mean daily
intake of total energy; the percentage of total energy
(including that derived from alcohol) provided by
protein, carbohydrate, total fat, and saturated fat; the
mean polyunsaturated to saturated fatty acid ratio; and
the mean daily intakes of dietary fibre and cholesterol
in the four diet groups.
The mean total, low density lipoprotein, and high

density lipoprotein cholesterol values of the 208 sub-
jects are shown in table III. The mean values showed
the same trends as were apparent in the whole cohort,'
although few of the differences in this smaller group
achieved statistical significance. We previously
reported a small but significant increase in the con-
centration of high density lipoprotein cholesterol in
fish eaters over that in the other three groups.' The
same relation was apparent in these data but did not
achieve statistical significance. After controlling for the
effects of sex and alcohol intake the adjusted mean level
of high density lipoprotein in the fish eaters was
175 mmoll compared with 162,1 63, and 164 mmol/I
in the vegans, vegetarians, and meat eaters respectively.
This difference was still not significant.

Table IV shows the simple Pearson coefficients of
correlation between the same variables together with
partial correlations adjusting, firstly, for the effect of
age, sex, and body mass index and then for the same
three variables plus the Keys dietary score. The
relation between total plasma cholesterol and dietary
fibre was no longer apparent when a partial correlation
coefficient was calculated controlling for the Keys
dietary score. Table V shows the correlation coeffi-
cients adjusting for the effects of matching (calculated
by the formula described in the methods section) for
the relation between plasma total and high density
lipoprotein cholesterol values and dietary variables.
For all the relations that were statistically significant in
table IV the coefficients of correlation were greater
when this adjustment was made. There was no relation
between high density lipoprotein cholesterol values
and any measure of dietary fat intake but there was a
significant relationship between high density lipopro-
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TABLE II Mean (SDI) daily intakes of nutrients bN four diet groups by gender

Protein as Carbohvdrate as
l)iet group Total energy t.MJ) 00, energy "o energy

Saturated fat as Pols unsaturated:
Fat as "¼, cnergy ¼ energy saturatcd ratio Cholesterol (nolg) Dietary fibre (g

Vegats (Vg)
Vegetarian Vt
Fish eater (F)
AMeat eater thN)

V'egan (Vg)
Vegetariai (Vt)
Fish eater (F)
Meat eater (Ml)

Men:
Significance (p)
Scheffe multiple comparison

(significant differences)
Women:

Significance (p)
Scheffe multiple comparison

(significant diff'erenccs)

10-8 (0- I
11 -0(0- 1
10-5 (0-1)
10 7 (0 1)

80(0- 11
8-2 (0- 1)
8X9(0-1)
8-2(0-1)

11 -3(0- 1)
12-2 0-1)
13-6(0-1)
146 (0 1

12-2(0-1)
12-4(0-1
12-1 (0- 1)
15 5 (0- 1)

NS <0-001
Vg<F, Ml
Vt<MNi

NS <0-001

52-5 (0- 3)
47 7(0-2)
43-8 (0-3)
43-0 (0-2)

5 1-4 (0-3)
46-4 (0-22
42-9 (0-3)
43-2 (0-2)

<0-001
V'g>F, M

<(0-001

Vrg, Vt, , <M Ng>F, M

Aten
33- 5 (I0- 3
36 4(0 2)
38-2 (0-2)
38 1 03)

W,I'omen
36-2 (0(3)
39-6 (0-2)
40-5 (0-2)
38-7 (0-2)

,4nalvsts of variance

6-2(0-4)
12-1 (0-6
12 5 <,0-7)
13-2 (0-6)

7-4 ((-5'
14-3 (0-6)
13 3 (0-8)
14 2 (0-8)

1 85 (0-03
0-73 (112)
0-73 (0-02)
0- 56 (0-01)

1-77(003)
0)63 (0-01
0 75 (1-01,
0-49 (0-01)

7 (0-6!
267 t6)
260 (4)
3(6 (5)

4 (0-2)
201 (3)
250 6)
266 (4)

55- 3 (08)
41-8 (0-4)
7-4 0 5)

35 05(05)

42-7 (0-5
31-3(0-4)
29-4 (0-4)
26-8 (0-3)

0-045 <0-001 <0-001 <0-001 <0-001
None Vg<\Vt, F, Al V g>\Vt, F, Ml Vg<Vt, FM Vg>-Vt, F, A

0-045 <0-001 <0-001

None Vg<Vt, F M Vg>Vt, F,E

0-001 0-001

V'g<Vt, F, Al Vg>Vt, F, MN

Low density lipoprotcin
Total cholesterol (mmol/l) cholesterol (mmol/l)

High densits lipoprotein
cholesterol (mmolUI)

and controlling for the effect of age, sex, and body mass
index yielded a slightly increased coefficient of correla-
tion of 0-42 (p<0-001).

Men
5-00(0-15) 2 89 (0-11)
5-30(0-15) 3-14(0-15)
5-59 (0-20) 3 36 (0-19)
590(018) 352(021)

Women
4-84(0-16) 2-72(0-13)
5-38(0-16) 3 19 (0-15)
5-71 (0-19) 3-56(0-21)
5-95 (0-20) 3-79 (0-18)

A nalvsts of variance
0-003 0-047
Vg<M None
<0-001 p<0-OO1
!g<-F, M Vg<F, INl

1-56 (0-05)
1-57 (0-115)
1-64 (0-09)
1-56 (0-07)

1-62 (0-06)
1-68 (0-06)
1-85 (0-13)
1-73 (0-08)

NS
None
NS

Noine

tein values and alcohol as a percentage of energy
intake.
According to the criteria for estimating the com-

pleteness of a dietary record described in the methods
section 790%v of the records were adquately completed.
When those records that were not adequate (21 men
and 18 women, of whom 11 were vegan, 5 vegetarian,
11 fish eaters, and 12 meat eaters) were excluded from
the analysis there were no changes in the levels of
significance ofrelations that had been observed. Among
those records considered adequate, however, the mean
body mass index was lower in all diet and sex groups.
Overall, the mean body mass index in women who
returned adequate records was 213kg/M2, and in
women who did not return such records it was 24-0
kg/M2, which was a significant difference (p<0-001).
In men returning adequate records the mean body
mass index was 22 6 kg/M2, and in men who did not it
was 24-2 kg/M2, but this difference was not significant.
In addition, the mean total energy intake recorded in
the adequate records was higher: 10 3 MJ compared
with 6 8MJ in the inadequate records (p<0 001). A
recalculation of the partial correlation between total
plasma cholesterol concentration and the Keys dietarv
score after excluding the inadequate dietary records

Discussion
These data provide important evidence ofan associa-

tion between plasma lipid values and nutrient intake
within one population. Moreover, they show the extent
to which the dietary intake of health conscious in-
dividuals with a wide range of dietary practices accords
with current official dietary guidelines.
The 52 vegans in this study represent one of the

largest such groups for whom dietary information is

available, and, moreover, directly comparable in-
formation is available for groups eating other diets. All
three of the dietary groups who abstained from meat
had made a conscious decision to do so. The partici-
pants in this study were volunteers, who may be more
conscious of their diet than others who adhere to the
same dietary rules, but there is no reason to believe that
their diets will differ substantially from those of other
vegans, vegetarians, and fish eaters. The diets of the
meat eating group, however, are certainly different
from the average British diet, particularly in relation to
the relatively low intake of saturated fat and the
relatively high intake of dietary fibre. The method of
recruiting the meat eating control group from among

TABLE V -Coefficients of correlation for four matched groups (adjust-
ingfor the effect ofmatching) between plasma lipid concentrations and
dietary variables

High density lipoprotein
Total cholestcrol cholesterol

With fat as 0/o of encrgy
With polyunsaturatcd:

I saturated ratio
With dictary cholcstcrol
With Keys dietary scorc
With dictary fibre
With alcohol as % energy

() 17**

0.39***
0.37***
0(42***
-0.30**
0-04

0-06

0-03
0-10
(1-01

-0-05
0-28**

***p<.0.00l, **p<0.Ol.

TABLE IV-Simple coefficients of correlation and partial coefficients controlling Jor possible confounders between cholesterol measurements and
dietarv variables

Partial correlations controlling
Simple correlations tfor age, sex, and body mass index

High density High density
lipoprotein lipoprotein

Partial correlations controlling for agc,
sex, body mass index, and Kcys score

High density
lipoprotein

'I'otal cholestcrol cholesterol Total cholesterol cholesterol oI'otal cholesterol Cholesterol

Fat as ONi,ofenergy 0 13* 0 08 0 15* 0-04 -0-004 0-02
I'olyunsaturated:saturated 0 30*** -0 06 -0 35*** 0 08 -0-06 0 07
Dietarvcholesterol 0 33*** 0 11 0 32*** 0 13* 0-06 () 14*
Kevs dietarv score 0.35*** 0-04 0.37*** 0-05
Dietaryfibre -0.26*** 0 11* 0 26*** -0 10 0-09 0 09
Alcohol as %energy 0 07 0 24*** 0 12* 0.26*** 0 1() 026***

***p<0001, **p<001, *p<005
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TABLII-FinAean (SE) ofplasma lipid values in Jfour diet groups by gender

Dliet group

Vegait (Ng)
Vegetarian (Nt)
Fish eater (F)
Mveat eater (A)

Vegan :Vg)
V'egetarian (Vt)
Fish eater (F)
Meat eater (Ms)

Among men (p)
Significant difference
Among women (p)
Significant difference
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the friends and relatives of the vegetarians was specific-
ally designed to provide a control group who were
similar in age and social class and were conscious of
their health and nutrition, while still eating meat, in
order to provide mortality data that would be com-
parable with that of the non-meat eating groups.

Social class has a strong influence on eating habits."
The entire study cohort had a greatly skewed social
class distribution, with 82% of those in paid employ-
ment at recruitment being in non-manual occupations.
This was reflected in the group chosen for dietary
analysis, where the percentage was 85%. The equiva-
lent percentage for the population of England and
Wales is around 35%. Also, the whole cohort was
slimmer than would be expected from population
figures: 13% were overweight or obese (defined as a
body mass index greater than 25 kg/m2), compared
with 32-39% overweight or obese in a recent British
survey." Similarly, in the group chosen for dietary
analysis only 15% of men and 11% of women were
overweight or obese.
The method of assessment of dietary intake used in

this study has been shown to be satisfactory when
evaluated in comparison with a seven day weighed
record.' It is also encouraging that when the inade-
quately completed records were excluded from the
analysis none of the levels of significance of relation-
ships were changed.
The extent to which dietary variables can explain

within population variation in plasma concentrations
of lipids and lipoproteins is much debated. Manipula-
tion of the quantity and nature of dietary fat and
cholesterol can predictably influence levels of total and
low density lipoprotein cholesterol in individuals.
Intake of saturated fatty acids and the ratio of poly-
unsaturated to saturated fatty acids account for much
of the variation in median levels of cholesterol between
countries. Furthermore, we and others have shown
that vegetarians, vegans, and those eating fish but not
meat in Britain have lower cholesterol values than meat
eaters. Most within population studies have not,
however, been able to relate dietary characteristics of
individuals to their plasma lipid values."'I This
finding has been used as evidence that diet does not
play a major role in determining lipid values within a
population. Most studies which have generated such
negative findings have used relatively insensitive
methods for assessing dietary intake and have used
populations with a narrower range of intakes. One
recent study of a small group of 46 vegetarians did find
a strong association between blood cholesterol concen-
trations and the Keys score (r=0-51) as well as other
measures of fat intake."' In our larger study we found
similar, but slightly lower, correlations apart from that
with total fat.
The Keys dietary score, which takes into account

dietary intakes of cholesterol, saturated fat, and poly-
unsaturated fat, proved to be the most powerful
predictor of plasma total cholesterol concentration,
accounting for 13% of the variance in total cholesterol
over the whole study population. In women the Keys
score accounted for 19% of the variance and in men
8%. Exclusion of apparently incomplete records
increased both these figures, to 21% and 9% respect-
ively. It is impossible to determine from this study
whether this difference represents a true difference in
the relation between diet and plasma lipid concentra-
tions in men and women. The method used for
determining whether a diet record had been adequately
completed was fairly crude, and even after apparently
incomplete records had been excluded, there may still
have been some inadequately completed records.
There were 27 records from men but just 18 from
women which were defined as incomplete, and there
may have been more inadequately completed records

among the men than the women. Nevertheless, what-
ever the cause of the different level of relation between
diet and plasma lipid values in men and women, many
of the studies of the relation between diet and plasma
lipid values have concentrated on men and this may
have contributed to the failure to find a correlation
between the two variables.
The negative relation between dietary fibre and

plasma total cholesterol concentration was no longer
apparent after controlling for the Keys dietary score,
suggesting that the initial observation could be
explained by the relation between dietary fibre and the
intake of saturated and unsaturated fats. Failure to
show an association between total fat intake and plasma
lipid values in this study is consistent with the cross
cultural comparisons carried out in the seven countries
study."

All four diet groups in this study consumed similar
amounts of bread, breakfast cereals, cakes, puddings,
and biscuits as that reported in the National Food
Survey," but cakes, puddings, and biscuits were often
either homemade or health food products made with
wholewheat flour and polyunsaturated fats. Partici-
pants ate more fruit and vegetables, other than
potatoes, and substantially more grains, pasta, and
nuts. Consumption of nuts among vegans was over 10
times the national average. Non-vegans ate more
cheese and yoghurt. The study population consumed
less milk (cow, goat, or soya), spreading and cooking
fats, sugars and jams, potatoes, and eggs (in non-
vegans) than the usual British population. Fish eaters
ate the same small amount of fish as the general
population, while meat eaters ate about half as much
meat and fish. The types of food chosen within each
food group differed in the study population. Over 75%0
of the bread eaten was wholemeal, compared with 21%
in the National Food Survey. More than half the study
population used semi-skimmed or skimmed milk and a
spread high in polyunsaturates. Those who did not use
a polyunsaturated spread used butter; very little
ordinary soft or hard margarine was used. These
comparisons of mean intakes should, however, be
interpreted with caution since the National Food
Survey is based solely on food bought for consumption
at home and the social class distribution differs
considerably from that of our study population.
The average percentage of energy derived from total

fat was lower in all the groups than in the British
population, where the average in 1986 was 43%
excluding energy from alcohol." The percentage of
energy from fat shown in table II is calculated including
alcohol, but none of the groups in this study had a high
alcohol intake. In the group with the highest intake
(male meat eaters) a recalculation excluding alcohol
increased the percentage energy from fat from 38-lI%
to 39%.
The government report ofthe Committee on Medical

Aspects of Food Policy on Diet and Cardiovascular
Disease (the COMA report) recommended a total fat
intake of not more than 35% of energy intake,
excluding energy from alcohol and assuming a poly-
unsaturated to saturated fatty acid ratio of 0o45. 6
All the diet groups had an average polyunsaturated:
saturated ratio which was above the recommended
ratio of 0 45. In vegetarians and fish eaters the average
polyunsaturated to saturated fatty acid ratio was similar
to that observed in Mediterranean countries of around
0-8,I' while among vegans the ratio was more than
twice as high as this. Only 52% of vegans, 29% of
vegetarians, 25% of fish eaters, and 39% of meat eaters
were eating as low a percentage of total fat as that
recommended in the COMA report. Nevertheless,
extrapolating from the method ofcalculating maximum
total fat intake in the COMA report, a polyunsaturated
to saturated fatty acid ratio of 0-7, as eaten by the
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vegetarian and fish eating groups in this study, would
suggest an upper limit of total fat intake of40% of total
energy. The COMA report recommended an absolute
limit of 15% of energy derived from saturated fat. All
the vegans, 71% of the vegetarians, 67% of the fish
eaters, and 71% of the meat eaters were below this
limit.

In this study, there was no significant relation
between total fat intake and plasma total cholesterol
concentrations, but there was a relation between the
polyunsaturated to saturated fatty acid ratio and plasma
total cholesterol values. A reduction in high density
lipoprotein cholesterol in association with a high
polyunsaturated to saturated fatty acid ratio has been
given as a reason for not recommending an increase in
dietary polyunsaturated fatty acids. However, the very
much higher polyunsaturated to saturated fatty acid
ratio in the vegans was not associated with a lower
plasma high density lipoprotein cholesterol.

British dietary recommendations include advice to
increase dietary fibre intake above the typical intake of
around 18-20 g/day. All the diet groups in this study
had a considerably higher mean fibre intake of around
30 g/day or more. The vegans had a particularly high
mean intake of fibre: 55 g/day in men and 43 g/day in
women. The vegans were consuming the highest
average intake of carbohydrate (52% of total energy).
In the other three groups the mean intake of carbo-
hydrate was around 43-48% of total energy, which is
similar to the British population. Increases in carbo-
hydrate consumption are usually recommended either
to replace the energy from saturated fat or to increase
the intake of fibre. The non-vegan participants in this
study appeared to be consuming a diet low in saturated
fat and high in fibre without any great increase in
energy from carbohydrate, by eating wholemeal bread
and substituting whole grains and wholemeal pasta for
potatoes.
The findings of this study show that health conscious

free living people can select a diet which fulfils most of
the current recommendations whether or not they
choose to abstain from meat. It is particularly interest-
ing that the reduction in saturated fat intake was
chiefly compensated for by an increase in unsaturated
fat rather than by an increase in carbohydrate. A
reduction of total fat intake in order to reduce plasma
cholesterol values and hence reduce the risk ofcoronary
heart disease might not be necessary. It appears that
individuals can choose a diet where total fat and total
carbohydrate are similar to that of the general popula-
tion but where a greater percentage of that fat is

polyunsaturated and there is a higher intake of fibre.
This diet may prove more acceptable than a low fat,
high carbohydrate diet and will increase compliance
with dietary advice.

In this study a clear relation has been shown between
dietary fat intake and plasma cholesterol concentra-
tions. This emphasises, once again, the importance of
dietary change in the British population for reducing
the current rates of cardiovascular disease, which are
among the highest in the world. The diet described
here appears to be more palatable than that proposed
by the COMA report, in that fat intake is not so
restricted yet it is associated with desirable plasma lipid
concentrations. The subjects in this study have not
replaced energy derived from fat with energy derived
from carbohydrate but have altered the nature of both
the fat and carbohydrate foods consumed.

We thank Dr Alison Black and Dr Tim Key for their
advice. This study has been supported financially by the
Cancer Research Campaign, the Imperial Cancer Research
Fund, and the Dr Hadwen Trust for Humane Research. The
Nibbles nutrient analysis program is copyright of Dr D
Yeates.

I I horogood M, Carter R, Benfield L, McPherson K, Mlann JI. Plasma lipids
and lipoprotcjit cholesterol concentrations in people with dilferent diets in
Britain. Br Sledj 1987;295:351-3.

2 Edington J, Thorogood Al, (ieekie M, Ball M, Mann J. Assessment of
nutritional initake using dietary records with estimated weights. journal of
Human Nutrition and Dietetics 1989;2:407-14.

3 Paul AA, Southgate D)AT. MIc(ance and Widdotvson's the composition osfoods.
4th ed. London: HMSO, 1978.

4 Paul AA, Southgate DAT, Russell J. First supplement to McCance and
Widdowsont's the composition oa/foods. London: HIMSO, 1980.

5 l an SP, Wenlock RW, Buss DH. Immigrant ftods. Second supplement so
McCance and Widdo(wson's the compositson ofJJosds. London: HMISO, 1985.

6 Wiles SJ, Nettleton PA, Black AE, Paul AA. The nuLtrient composition of
some cooked dishes eaten in Britain: a supplementary fosd composition
table. ] Hum Nutr 1980;34:189-223.

7 Schofield WN. P'redicting basal metabolic rate, new standards attd review of
prevsious work. Humt Nutr C/lin Nutr 1985;39C (suppll:5-41.

8 Plrentice AMN, Coward WA, [)avies HL, et al. Unexpectedly low levels of
energy cxpcnditurc in healthy wotmen. Lancet 1985;i: 1419-22.

9 Anonvmous .SPSS,\: User's guide. 3rd ed. (ioritochem, The Netherlands:
SPSS Inc, 1988.

11) Norusis M. SP'SSX inttroductornc statistics guide. (Gorintchem, The Netherlands:
SPSS Inc, 1988.

11 Kushi LH, Samnonds K\, Lacey JM, Brown I', Bergat 1i,G Sacks FAM. Ihe
association of dietary fat with serum cholesterol in vegetarians: the effect of
dietary assessmeiti on the correlation coefficient. Am J Epidemiol
1988;128:1054-64.

12 MN1inistry of Agrictilture, Fisheries anid Food. Hosusehold food -oonsumption and
expenditure 1986. Lotndon: HMISO, 1987.

13 Knight 1. The hIeights and zveights ofadults in Great Britain. London: HMiSO,
1984.

14 Jacobs DR, Atodersoto JJ, Blackbtorn H. Diet and serum cholcsterol. Am 7
J.pidetmiol 1979;110:77-87.

15 Keys A. Seven coutnirioes. Cambridge, Mass: Harvard University Press, 1980.
16 Committee on MNledical Aspects of Food Policy. I-iet and cardisovascular disease.

London: HMiSO, 1984. (Report on Health and Social Subjects No 28.)

(Accepted 8 March 1990,)

ONE HUNDRED YEARS AGO

The fact that the prevailing epidemic of influenza prevails in towns serves
to remind us of the insanitary influences of town life. There are sanitary
influences as well; there is shelter from cold winds and tempests often
disastrous to the ill-nourished in the country, and food is nearer at hand to
the multitude. The prevalence of germs, bad odours, and other self-
evident sources of grave disease in cities is well known. It is rather the less
constantly recognised unhealthy habits of townsfolk that are mostly at
fault when the fairly-fed and well-to-do are smitten with colds and with
influenza. Diet is abundant, but taken irregularly. The townsman, as a
rule, is not a good breakfast eater, and he dines too late and too heavily. He
is much addicted to taking alcohol, tea, or coffee between meals. He is a
late riser and goes to bed late, so that a large fraction of his "day" is spent at
night in artificial light. He seldom takes enough exercise, for the
"constitutional" is intolerable to men of a certain temperament, and others

have no time for that form of physical exertion. A hurried race to catch
a train or omnibus is not hygienic. He is gregarious, and his natural
flocking instinct makes him overlook, both in his pleasures as well
as his duties, the fact that he works or plays with his fellow man in
ill-ventilated or overcrowded rooms. Above all, he is out of training,
as he finds out during the first days of a holiday. Many explorers and
fighting men have noted that they catch cold readily in towns after bearing
cold and damp with impunity in the country. The cockney tourist,
on the other hand, is often astonished to discover how he can bear a
wetting or a draught at the seaside or in the fields. All the surroundings
of the townsman predispose him to attacks of disease like the present
epidemic. He can at least rise early and take exercise, and will soon
find that such habits will be to his advantage. (British Medical Journal
1890;i: 195)
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