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Abstract
Objective-To investigate long term changes

in total cholesterol, high density lipoprotein
cholesterol, and low density lipoprotein cholesterol
concentrations and in measures of other risk factors
for coronary heart disease and to assess their
importance for the development of coronary heart
disease in Scottish men.
Design-Longitudinal study entailing follow up in

1988-9 of men investigated during a study in 1976.
Setting-Edinburgh, Scotland.
Subjects- 107 men from Edinburgh who had taken

part in a comparative study of risk factors for heart
disease with Swedish men in 1976 when aged 40.
Intervention-The men were invited to attend a

follow up clinic in 1988-9 for measurement of
cholesterol concentrations and other risk factor
measurements. Eighty three attended and 24 refused
to or could not attend.
Main outcome measures-Changes in total choles-

terol, high density lipoprotein cholesterol, and low
density lipoprotein cholesterol concentrations, body
weight, weight to height index, prevalence of
smoking, and alcohol intake; number of coronary
artery disease events.
Results-Mean serum total cholesterol concen-

tration increased over the 12 years mainly due to an
increase in the low density lipoprotein cholesterol
fraction (from 3-53 (SD 0.09) to 4-56 (0-11) mmolI1)
despite a reduction in high density lipoprotein
cholesterol concentration. Body weight and weight
to height index increased. Fewer men smoked more
than 15 cigarettes/day in 1988-9 than in 1976. Blood
pressure remained stable and fasting triglyceride
concentrations did not change. The frequency of
corneal arcus doubled. Alcohol consumption
decreased significantly. Eleven men developed
clinical coronary heart disease. High low density
lipoprotein and low high density lipoprotein
cholesterol concentrations in 1976, but not
total cholesterol concentration, significantly pre-
dicted coronary heart disease (p=0 05). Almost all of
the men who developed coronary heart disease were
smokers (91% v 53%, p<0 05).
Conclusion-Over 12 years the lipid profile

deteriorated significantly in this healthy cohort of
young men. Smoking, a low high density lipoprotein
concentration and a raised low density lipoprotein
concentration were all associated with coronary
heart disease in middle aged Scottish men, whereas

there was no association for total cholesterol
concentration. The findings have implications for
screening programmes.

Introduction
Mortality from coronary heart disease is not uniform

in Europe, either between countries or even within a
single country. In Britain,'2 Scotland and Northern
Ireland have the highest mortality from coronary heart
disease in middle aged men. The factors causing this
geographic variation are not fully understood. Regional
differences in standardised mortality ratios for coronary
heart disease in Scotland3 and in Britain4 cannot be
explained by variations in the average total cholesterol
or high density lipoprotein cholesterol concentration,
although variations in smoking and blood pressure
provide a partial explanation.

In 1976 a study in Edinburgh and Stockholm
gathered cross sectional data and explored reasons for
the threefold excess of mortality from coronary heart
disease in men aged 40 from Edinburgh.' The men
from Edinburgh smoked more cigarettes, had slightly
higher blood pressure, were more obese, had a greater
insulin response to an oral glucose tolerance test, and
had significantly lower adipose linoleic acid concen-
trations than men aged 40 from Stockholm. In addition
they had higher fasting triglyceride and lower high
density lipoprotein concentrations.' Serum total
cholesterol and low density lipoprotein cholesterol
concentrations did not differ between men from the
two cities. This cross sectional study suggested, there-
fore, that raised cholesterol concentration may not be a
major contributor to the high mortality from coronary
heart disease in Scotland.

In assessing coronary risk factors it is also important
to collect longitudinal data. Prospective studies have
identified the increased risk of coronary disease
associated with raised cholesterol concentration.67 The
importance ofa low high density lipoprotein cholesterol
concentration has been controversial.8'0 In Britain, the
regional heart study initially reported the lack of an
independent association between a low high density
lipoprotein cholesterol and mortality from coronary
heart disease," but subsequent reports suggest a
different interpretation.'2
We examined whether total cholesterol, high density

lipoprotein cholesterol, and low density lipoprotein
cholesterol concentrations measured in the 1976 study
proved to be significant factors in predicting those men
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from Edinburgh who subsequently developed coronary
heart disease. We also recorded the changes in lipid
concentrations and clinical measurements in the
Scottish cohort of the 1976 study after 12 years.

Methods
POPULATION SAMPLE

For the initial study names of 210 men aged 40 from
Edinburgh had been obtained at random from the
General Register Office in 1975. Of these, 33 had not
been identifiable on NHS registers in the city, 25 had
left the city, four were working on night shifts, and one
was ill. The general practitioners of the remaining
147 patients, who were asked if the men could take part
in the study, considered nine men unsuitable because
of pre-existing cardiovascular disease (one had had a
myocardial infarction) and for psychological reasons.
Of the 138 asked to participate, 30 did not reply. One
asthmatic man who was receiving prednisolone was
excluded. The men were first examined between
January and June 1976, and 107 (73%) completed the
initial study.'
At the end of the study the men had been given

general advice concerning prevention ofcoronary heart
disease and their general practitioners were given the
principal data-for example, lipid and blood sugar
concentrations and blood p'ressure measurements. The
men were unaware of any plans for a follow up study.
No active intervention programme was instituted.

FOLLOW UP IN 1988
For the follow up study we identified 102 (95%) of

the men directly through their general practitioner or
from records at Lothian Health Board. We established
from the electoral register that five men had moved
away. Their new addresses were identified from the
house sale transaction register (General Register Office
of Scotland). Two men could still not be found and it
was necessary to trace the spouse or a first degree
relative by a similar process. In this way all men were
traced.
Two men had died (one of myocardial infarction and

one of pulmonary embolism) and five had moved away
from Edinburgh-four to England and one to the
USA. The remaining 100 men were invited to attend
for clinical and laboratory investigations. Seventeen
refused or did not attend, giving an overall response
rate of 78% (fig 1).

MEDICAL HISTORY

A full medical history was obtained from all men
attending the follow up clinic. Any events related to
coronary heart disease were identified and their validity
confirmed by contacting the men's general practitioners.
For the men who did not attend this information was
gathered by telephone or letter and again confirmed by
the general practitioner if a coronary heart disease

FIG 1 -Protocolforfollow up study ofmenfrom Edinburgh. Numbers
of men who had a coronary heart disease event between June 1976
and June 1988 are given in brackets

event was reported. An event was defined as angina
(eight had a previous clinical diagnosis and one had a
positive result to a self administered chest pain
questionnaire), clinical diagnosis of myocardial in-
farction (n= 6), or coronary artery bypass graft surgery
(n=3) (ICD codes 410-413). Some patients fell into
more than one category. In all, 11 of the 107 men had
had a coronary heart disease event.

CLINICAL PROCEDURES

All the clinical investigations carried out in 1976
except intravenous fat tolerance and exercise tolerance
tests were repeated for the follow up study. The 83 men
attended at 8 am on a Tuesday or Wednesday after an
overnight fast and were asked not to smoke before their
clinic visit. Most men (n=75) attended in June 1988
and eight came in May-June 1989. After their height
and weight had been recorded the men relaxed in a
semirecumbent position and blood pressure was
measured in the right arm after 10 minutes' rest. A
sphygmomanometer incorporating a zero muddler had
been used to minimise inaccuracies in the original
1976 study but was not used in the follow up study. An
intravenous cannula was inserted into an antecubital
vein and blood was obtained for serum lipid and
lipoprotein analysis. A clinical assessment was then
carried out and the London School of Hygiene and
Tropical Medicine questionnaire on smoking and
angina'3 was completed. Finally, the subjects were
instructed to weigh their food and record what they ate
and drank, including alcohol, over seven days.'4 The
data on alcohol is presented here and the full dietary
analysis will be the subject of another paper.

LABORATORY PROCEDURES

Lipid and lipoprotein analyses were carried out
within 48 hours of venepuncture by preparative ultra-
centrifugation. Concentrations of the very low density,
low density, and high density lipoprotein fractions
of cholesterol and triglyceride were determined by
enzymatic analysis with a Cobas Bio centrifugal
analyser. ' Similar methods had been used in 1976.5
The laboratory is standardised according to the World
Health Organisation's lipid reference laboratory,
Prague, as was the analysing laboratory in Stockholm
in 1976.

STATISTICAL METHODS

Comparisons between corresponding variables in
1976 and in 1988-9 were made by Wilcoxon signed
rank or McNemar tests. Comparisons between
attenders and non-attenders at the follow up clinic and
between subjects with and without coronary heart
disease were made by Wilcoxon rank sum tests or XI
tests with Yates's correction. Confidence intervals for
odds ratios were calculated by the method ofThomas. 6
Cut off points were taken at approximate median
values.

Results
Bias in follow up study-There was no significant

difference between attenders and non-attenders at the
follow up clinic in concentration of any lipid fraction.
Those who attended, however, were more likely to
have been non-smokers in 1976 than those who did not
attend (table I). The mean alcohol consumption in
1976 of attenders tended to be less, but this was not
significant. There were no other biases.

Changing patterns-The mean (SEM) total serum
cholesterol concentration increased from 5-47 (0-09)
mmol/l to 6-34 (0 012) mmol/l (p<0001) over the 12
years, and this was mainly attributable to a 30%
increase in low density lipoprotein cholesterol con-
centration. A significant reduction in the high density

BMJ VOLUME 303 21 SEPTEMBER 1991 679

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.303.6804.678 on 21 S
eptem

ber 1991. D
ow

nloaded from
 

http://www.bmj.com/


lipoprotein cholesterol concentration occurred. Mean
triglyceride concentrations remained the same (table
II). The increase in low density lipoprotein cholesterol
concentration was similar in smokers and non-smokers
(p=0 80). Smoking habit also did not influence the
decrease in high density lipoprotein cholesterol con-
centration (p=056). The men became more obese
over the 12 years of follow up; both mean weight and
mean weight to height index increased (table III).
Mean blood pressure did not change. The prevalence
of heavy smokir
41% to 30% (p.
alcohol consum

Lipid conceni
disease-The 11
over the 12 y
significantly hi
trations in 197
coronary heart
density lipopro
higher (3 96 (I
p=005) and
concentrations I
mmol/l; p=O0O
heart disease. 1
heart disease f
cholesterol con4
compared to ti
median value M
concentration ii
was slightly but

Other risk fi
developed heart

Total cholesterol

High density
lipoprotein cholesterol
Low density
lipoprotein cholesterol

FIG 2-Odds ratios
heart disease assocu2
cholesterol, and higi
off points were tai
1-25 mmol/l, and 3

TABLE I-Assessment of selection bias ofattenders at folk
clinical and biochemical measurements

Attend
(n=8

Total cholesterol (mmolUl) 5 47
Low density lipoprotein cholesterol (mmolUl) 3-53
High density lipoprotein cholesterol (mmolUl) 1-23
Triglycerides (mmol/l) 1-82
Weight (kg) 75 5 (,
Height (cm) 173-6
Weight to height index (kg/rn2) 25 0
Systolic blood pressure (mm Hg) 137
Diastolic blood pressure (mm Hg) 88
Alcohol intake (g/day) 38
Prevalence of smoking (%) 50

*Includes those who had died, those who refused to attend, th(
for other reasons.

TABLE II-Mean (SEM) serum lipid and lipoprotein
Edinburgh (n=83) who attendedfollow up clinic

Serum concentration (mmol/l) 197

Total cholesterol 5-47 ((
Very low density lipoprotein cholesterol 0-71 ((
Low density lipoprotein cholesterol 3-53 (C
High density lipoprotein cholesterol 1 -23 (C
Total triglyceride 1-82 (C
Very low density lipoprotein triglyceride 1-20 ((

**pcO-OI; ***p<0O001.

who developed coronary heart disease were more obese
(according to the weight to height index or thickness of
abdominal skinfolds) in 1976 than the 96 men who
remained free of coronary heart disease. Diastolic
blood pressure was on average 5 mm Hg higher in those
who had a coronary event, but this was not significant;
systolic blood pressure differed even less (results not
shown).

ng (> 15 cigarettes/day) decreased from Discussion
<0 05). There was a decrease in daily LONGITUDINAL SURVEY
ption. The changes that occurred over the 12 years in this
trations and subsequent coronary heart study should be considered relative to two facts. One is
I men who had had a coronary event that the men were initially healthy and all were aged 40,
ear follow up period did not have and the other is that no intervention programme was
gher mean total cholesterol concen- initiated. There was an increase of 29% in mean low
6 than the 96 who remained free of density lipoprotein cholesterol concentration. Total
disease (table IV). However, low cholesterol concentration also increased, despite a

)tein cholesterol concentrations were reduction in high density lipoprotein cholesterol
0-21) mmol/l v 3 50 (0 08) mmol/l; concentration of 6%. Thus the mean (SD) ratio of low
high density lipoprotein cholesterol density lipoprotein cholesterol to high density lipo-
lower (1 11 (0 05) mmol/l v 1 27 (0 03) protein cholesterol increased from 3 00 (0 11) to 4 17
15) in those who developed coronary (0- 13) (p<0-001).
rhe odds ratio of developing coronary One longitudinal study showed an increase in total
or men with low density lipoprotein cholesterol and low density lipoprotein cholesterol
centration above the median value as concentrations with time,'7 yet others showed little or
hose with a concentration below the no overall change. 8-20 The increase in serum total
vas 5-6 (fig 2). The serum triglyceride cholesterol concentration and, presumably, in low
n the men who developed heart disease density lipoprotein cholesterol concentration was more
not significantly higher. pronounced than cross sectional data would have
actors-Almost all of the men who predicted for the age range of our subjects.2' The rise in
t disease were smokers (table IV). Men total cholesterol or low density lipoprotein cholesterol

may be secondary to weight gain.'89 Indeed, in our
population the rise in total cholesterol was related to
the increase in body weight (r=0 35, p<001).

lEt l High density lipoprotein cholesterol concentration
is generally assumed either to be stable or to increase in

~nI ZZ| ZJ white males after puberty.2 In Scotland high density
0 1 110 100 lipoprotein cholesterol concentration did not vary with

Oddsratio age over the range 26-64 years.7' But longitudinal
and 95% confidence intervals for risk of coronary studies have shown small decreases in high density
ated with total cholesterol, low density lipoprotein lipoprotein cholesterol concentration with age,'8 20 and
h density lipoprotein cholesterol concentrations. Cut these could be partly explained by a decrease in alcohol
tn at approximate median values: 5-5 mmol/l, consumption and an increase in body weight.'8 In our

cohort there was a significant fall in high density
lipoprotein concentrations. Whether the absolute con-

up clinic by comparison ofmean (SD) baseline centrations were high or low depended on the source of
the data used for comparison.2022 Alcohol consumption

iers Non-attenders decreased over the 12 years, but there was no significant
;3) (n=24)* p Value relation between the fall in high density lipoprotein

cholesterol concentration and fall in alcohol con-
'0-81) 5-79 (1-13) 0-14
0-77) 3-68 (0-87) 0-37 sumption (r=0-06). Nor was the change in high
0-24) 1-33 (0-28) 0-20 density lipoprotein concentration related to that in
1-08) 1-82 (0-99) 0-98 weight (r=0 002).

6-0) 7428 (133) 0-23 The prevalence of smoking was lower after 12
2-5) 25-1 (3-2) 0-91 years. Surprisingly, mean blood pressure did not
141) 138 (18) 0-91 change, but this could be due to the fact that during the
43) 47 (38) 0-39 intervening period some men had received long

79 0-02 term antihypertensive treatment from their general

ose who had moved away, and those who did not attend practitioners.

The pronounced increase in low density lipoprotein
cholesterol concentration and the ratio of low density

concentrations in 1976 and 1988-9 in men from lipoprotein cholesterol to high density lipoprotein
cholesterol took place in men at a time in their lives
when cholesterol concentrations are expected to remain

95% stable. Initially these men may have been healthier
Confidence interval

F6 1988-9 for mean change than the average man from Edinburgh as their initial'
mean total cholesterol concentration was considerably

) 09) 6-34 (0-12)*** +0-70 to + 1-05 lower than expected.2' 23 The increase is therefore of
)-05) 0-70(0-06) -0- 1I to +0-09
)-09) 4-56 (0-1 1)*** +0-88 to + 1-20 particular concern in an era of expanding health
)-03) 1- 16 (0.04)** -0- 12 to -0-02 education. The implication for health screening is that
) 12) 1-83 (0-12) -0-22 to +0-24 a lipoprotein profile not normally associated with

coronary heart disease may deteriorate significantly
over a number of years.
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TABLE iII-Mean (SEM) v?altesfJorclitical vari'ables in 1976 and 1988-9 in men from Edinburgh (n=83)t

950°%
Confidence interval

1976 1988-9 for mean change

Weight(kg) 75-5 (1-0) 78-0(1 1)*** +1-2 to +±37
Height(cm) 173-6(0 7) 173 3(0-8) -11 to +0-5
Weight to height indcx (kg/nt ) 25-0 (0-3) 26-0 (0 4)*** +0 4 to + 1 6
Systolic blood pressure aomm Hg) 137 (2) 138 (2) -4 to + 5
Diastolic blood pressure mm Hg) 88 (1) 90 (2) -2 to +6
Prevalence of corneal arcus ("o) 26 49*** + 12 to +28
Prevalence of smoking ("'*) 50 39 - 18 to 0
Prevalence of smoking > 15 cigarettes/day ("/o) 41 30* _ 19 to -1
Alcohol initake (g/day) 40 (5) 28 4)** -21 to -3

*p<0()5; **p<0.01; ***p<0.001.
tAnalyrsis performed only on attenders at follow up clinic.

TABLE IV -Comparison ofmean (SEM) baseline lipid contcentratiotns and other nrsk factor measurements in
1976 in metz from Edinburgh who did or did not develop coronary heart disease over 12 years from 1976 to
1988-9

Men without Men with coronary
coronary heart disease heart disease

(n = 96) (n= II) p X'alue

Total cholesterol (mmol/l) 5 50 (0 09) 5-89 (0-22) 0 17
Low density lipoprotein cholestcrol (mmo/l1) 3 50 (/008) 3-96 (0-21) 0-05
High density lipoprotein cholcsterol (mmol/l) 1 27 (0-03) 1-1 1(0-05) 0-05
Total triglyceride (mmol/l) 1-73 (0- 11) 1-99 (0-30) 0-32
Weight to height index (kg/m ) 24-9 (0-3) 26-7 (0-8) 0-02
Diastolic blood pressure (mm Hg) 88 1) 93 (3) 0-11
Prevalence of smoking (%) 53 91 0-04
Alcohol intake (g/day) 37 (4) 48 (17) 0-93

DEVELOPMENT OF CORONARY HEART DISEASE

Over the 12 years, 11 men developed coronary heart
disease, giving an approximate annual incidence of
0-9%. Serum total cholesterol concentration did not
relate to subsequent coronary heart disease, but a low
high density lipoprotein cholesterol concentration was
a risk factor. The predictive role of a low density
lipoprotein cholesterol concentration was confirmed in
this cohort, with an odds ratio of 5-6 (fig 2). The 95%
confidence interval of the odds ratio (1 06 to 55)
emphasises, however, the low power of this study to
estimate accurately the strength ofpossible risk factors.
It is not possible to say whether a low high density
lipoprotein concentration or a high low density lipo-
protein cholesterol concentration is the more important
factor, as neither predicts heart disease when adjusted
for the other; nevertheless, the study confirms the
importance of both in Scotland as risk factors for heart
disease. Neither systolic nor diastolic blood pressure at
baseline discriminated those who subsequently
developed heart disease.

Recent data from the regional heart study'2 suggest
that a low high density lipoprotein cholesterol con-
centration is associated with an increased risk of heart
disease independent of total cholesterol concentration,
in contrast to an earlier report. " The association
between a raised non-high density lipoprotein cholesterol
concentration (reflecting low density lipoprotein
cholesterol concentrations) or a low high density
lipoprotein cholesterol concentration and coronary
heart disease is in agreement with several longitudinal
studies. Thus the cross sectional data52' 23 in which
differences in mortality from coronary heart disease
could not be explained by gradients in average total
cholesterol or low density lipoprotein cholesterol, or
both, may be misleading.
Almost all men who developed coronary heart

disease were smokers and the estimated odds ratio for
heart disease in those who smoked in 1976 as compared
with those who did not was 8 8. The odds ratio for

heart disease in those with a weight to height ratio of
greater than 25 kg/M2 as compared with those whose
ratio was below this cut off was 5-3 (95% confidence
interval I 0 to 52 4).

In conclusion, this 12 year follow up study of a small
cohort of 107, 40 year old men has limited power in
predicting future coronary heart disease but shows that
both a raised low density lipoprotein concentration
and a low high density lipoprotein cholesterol con-
centration are important for the development of
coronary heart disease in Scottish men.
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