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Serum lipids and coronary heart disease in British elderly

D.M. Mangion and S.S. Roy

Department ofMedicinefor the Elderly, Barnsley District General Hospital, Gawber Road, Barnsley S75
2EP, UK

Summary: To assess the relationship between serum lipids and coronary heart disease (CHD) in an
elderly population (mean age = 77.4; SEM ± 0.4; range 70-92 years), serum total cholesterol (TC), high
density lipoprotein cholesterol (HDL-C) and low density lipoprotein cholesterol (LDL-C) were measured
in 84 (males = 52) subjects with evidence of definite myocardial infarction and 125 (males = 77) age- and
sex-matched controls free of CHD on Rose questionnaire and resting electrocardiogram.
On multivariate logistic regression analysis, CHD showed inverse association with HDL-C (odds ratio

for decrease by 1 s.d. = 1.6, P = 0.02) in males and positive association with TC (odds ratio for increase
by 1 s.d. = 1.8, P = 0.03) and LDL-C (odds ratio for increase by 1 s.d. = 1.8, P = 0.04) in females. Of
the other variables only diabetes in males (odds ratio 2.4, P = 0.05) and left ventricular hypertrophy in
females (odds ratio 8.8, P = 0.03) were associated with CHD.
The results suggest that further prospective studies to further evaluate the relation of serum lipids with

CHD in this age group are indicated.

Introduction

Coronary heart disease (CHD) is the main cause of
death in adults 65 years and older in the UK.' In
middle aged and younger populations, serum total
cholesterol'-6 and low density lipoprotein chol-
esterol7'8 are well-recognized risk factors for CHD
while high density lipoprotein cholesterol has a
protective effect.9'12 The association ofserum lipids
with CHD in the elderly is less well defined. In this
age group, total serum cholesterol was a risk factor
for CHD in some"-"7 but not all studies.'8-22 Most
studies1-151,71 8 20-22 relate to American popula-
tions, and data in British elderly is limited and
conflicting.'6"9 Moreover, while high density and
low density lipoprotein cholesterol may be better
predictors of CHD than total cholesterol in sub-
jects 50 years and older,'0"' few data exist on their
relationship with CHD in elderly subjects.23 The
relation of lipoprotein cholesterol with CHD in
British elderly has not been examined previously.
A rational approach to any preventative care

requires data on the population at risk. This study
examines the association of serum total cholesterol
and serum lipoprotein cholesterol with CHD in an
elderly (70 years and older) British population.

Methods

Subjects and age (± 2 years) and sex-matched
controls were consecutive attenders at a general
medical outpatient clinic. Subjects were patients
with a recorded history of the first-ever definite
myocardial infarction onWHO criteria (sequential
electrocardiographic pathological Q/QS wave
changes and/or typical chest pain with sequential
rise in serum aspartate aminotransferase, creatine
phosphokinase and lactate dehydrogenase)24 oc-
curring at age 70 years or older. All controls were
free of coronary heart disease by Rose question-
naire and resting electrocardiogram (ECG) (Min-
nesota code 1-1-1 and 1-3-6 and 4-1 to 5-4
inclusive).25 All subjects and controls consenting to
the study had a full clinical history and examina-
tion, a standard 12 lead electrocardiogram, chest
X-ray, haemoglobin estimation and biochemical
estimation of renal and hepatic function.

Subjects and controls were excluded if: (a) they
were on a low fat diet or lipid-lowering agent
(subjects = 3, controls = 1); (b) were within 3
months of myocardial infarction or other acute
illness or had known or suspected malignancy or
chronic inflammatory condition or recent weight
loss (subjects = 4, controls = 13); (c) had abnormal
renal (serum creatinine> 120 mmol/l) or liver func-
tion (serum bilirubin>23 gtmol/I and/or aspar-
tate transferase >45 IU/l) or anaemia (S 10 g/l)
(subjects = 8, controls = 14); (d) were on medica-
tion possibly affecting glucose tolerance (sub-
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jects = 5, controls = 9); and (e) refused consent for
the investigation (subjects = 3, controls = 7). In
addition, controls were excluded if they were
immobile unaided (n = 9).
A total of 84 (78%) (males = 52, 62%) subjects

and 125 controls (71%) (males = 77, 62%) were
studied. All were white Caucasian. Mean age of
subjects was 77.1 (± 0.3) years (range 70-91 years)
and of controls 77.7 (± 0.4) years (range 70-92
years) (P> 0.05). In cases, mean time post myocar-
dial infarction was 7.4 (± 0.3) months.

Total and current cigarette smoking was ex-

pressed in cigarette pack years (one pack = 20
cigarettes). Subjects were classified as current
smokers if they had smoked within 5 years of
myocardial infarction and controls within 5 years

of the investigation; otherwise they were classified
as past smokers. Sitting systolic and diastolic
(Korotkoff phase 5) blood pressure (BP) was

recorded in both arms, the mean of three readings
in the arm with the higher reading being used for
analysis. Hypertension was defined as a recorded
systolic blood pressure > 160 mmHg and/or a dias-
tolic blood pressure > 95 mmHg26 and/or a record-
ed history of anti-hypertensive treatment, criteria
similar to those in the Framingham study.27 Body
mass index (BMI) was expressed as weight (kilo-
grams)/height (metres)2.28 Waist circumference was
measured at the level of the umbilicus and hip
circumference at the level of the iliac crest.29 Left
ventricular hypertrophy (LVH) was assessed by
ECG voltage criteria.25
Venous blood was taken for blood glucose,

serum lipid and plasma fibrinogen estimation after
a 16 hour overnight fast. In all subjects without a

previous diagnosis of diabetes mellitus, venous

blood was obtained at 1 and 2 hours following an
oral 75 g glucose load (Fortical, Nutrica, Belgium).
Diabetes mellitus and impaired glucose tolerance
were diagnosed on WHO criteria.30
Venous blood glucose was estimated by the

glucose oxidase method. Serum lipids were

measured by automated enzymatic colorimetric
methods using standard enzyme kits. High density
lipoprotein cholesterol (HDL-C) was measured
after precipitation of low density (LDL-C) and
very low density lipoprotein cholesterol with phos-
photungstic acid/MgCl2 (Sigma Diagnostics, St
Louis, USA).31 Cholesterol was measured by
the cholesterol oxidase/peroxidase-aminoanti-
pyrin method (Bio-Stat, USA) and triglycerides by
the glycerol phosphate oxidase/peroxidase-amino-
antipyrin method (Human mbH, Germany). Low
density lipoprotein cholesterol was calculated by
the Friedwald equation.32 Plasma fibrinogen was

measured by a modification of the Claus method.33
The between batch coefficients of variation were:

total cholesterol (TC) 2.0%, HDL-C 3.7%, tri-
glycerides 1.1% (n = 105) and fibrinogen 7.4%

(n= 17).
Statistical analysis was by chi square, Student's t

test, linear regression and multivariate logistical
regression analyses34 using the SAS programme.35
Total cholesterol and LDL-C were analysed in
separate models, since these were strongly cor-
related (r = 0.81, P<0.0001). Separate models
were also analysed for diabetes only and glucose
intolerance (diabetes and impaired glucose tol-
erance together) and for current and total cigarette
pack years as independent variables. Other
independent variables common to all models were:
age, sex, HDL-C, log triglycerides, systolic BP,
hypertension, body mass index (BMI), waist/hip
ratio, serum fibrinogen and LVH. Log triglycerides
were used for analysis because serum triglycerides
were non-normally distributed. Multivariate logis-
tic regression was by a maximum likelihood back-
ward elimination method. Age, TC and HDL-C
and LDL-C were retained in all models and the
least significant of the other variables was dis-
carded in successive models. A P value < 0.05 was
taken as the criterion for retention in the model.
The significance level was taken as P < 0.05
throughout. Odds ratios and 95% confidence limits
were calculated from the beta coefficient and its
standard error.34 Odds ratios for continuous
variables were standardized for 1 standard devia-
tion change in the variable. Means are quoted as
± SEM.
The study had ethical committee approval and

all subjects gave informed consent.

Results

In both cases and controls, mean TC and log
triglycerides were higher in females (P <0.05)
(Table I). Female cases had a higher LDL-C
(P<0.05) compared to males; levels in controls
were similar (P> 0.05) (Table I). There was no sex
difference (P> 0.05) ofHDL-C in cases or controls
(Table I). Age correlated inversely with TC and
LDL-C both males (TC: r = - 0.053, P = 0.02;
LDL-C: r = - 0.219, P = 0.01) and females (TC:
r = -0.094, P = 0.001; LDL-C: r = -0.36, P =
0.0008). There was no association of age with
HDL-C or log triglycerides in either sex (P> 0.05).

In males, HDL-C was lower and the prevalence
of diabetes was higher in cases compared to
controls (P <0.05) (Table I). In females, LDL-C
was higher and HLD-C was lower in cases com-
pared to controls (P<0.05) (Table I).
On multivariate analysis, CHD in males was

related inversely to HDL-C and positively to
diabetes (Table II). In females, CHD was positively
associated with TC, LDL-C and LVH (Table III).
Standardized odds ratios and 95% confidence
limits, adjusted for age, are presented in Table II
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Table I Distribution of variables in study population

Males Females
Cases Controls Cases Controls

n 52 77 32 48
Age 76.8 (0.7) 77.2 (0.6) 77.6 (1.0) 78.4 (0.7)

(70-88) (70-89) (70-91) (70-92)
SBP 140.9 (2.2) 140.3 (2.4) 139.4 (4.7) 149.6 (4.2)
(mmHg) (105-180) (110-240) (100-230) (110-230)

Hypertension 19 (36) 18 (23) 16 (50) 25 (52)
(n(%))

Diabetes (n(%)) 17 (33)* 13 (17) 10 (31) 16 (33)
TPY 29.3 (4.5) 35.1 (3.5) 16.5 (5.4) 14.8 (3.6)

(0-155) (0-180) (0-150) (0-94)
CPY 20.8 (4.8) 18.7 (3.4) 10.3 (3.3) 9.5 (2.8)

(0-155) (0- 180) (0-57) (0-69)
TC 5.8 (0.2) 5.6 (0.1) 6.8 (0.2) 6.4 (0.3)

(mmol/l) (3.1 -11.8) (2.8-8.4) (4.2- 10.3) (3.5-9.8)
HDL-C 1.0 (0.03)* 1.2 (0.04) 1.1 (0.07)t 1.2 (0.05)

(mmol/l) (0.7-1.6) (0.5-2.1) (0.5-2.4) (1.0-2.2)
LDL-C 4.0 (0.2) 3.7 (0.1) 4.7 (0.3) t 4.1 (0.2)

(mmol/l) (1.4-9.5) (1.5-6.4) (1.1-7.9) (1.5-7.1)
Log triglycerides 0.17 (0.02) 0.15 (0.02) 0.31 (0.04) 0.27 (0.03)

(mmol/l) (- 0.2-0.5) (- 0.3-0.8) (-0.1-1.0) (- 0.1 -1.1)
BMI 25.0 (0.5) 24.3 (0.5) 25.9 (0.9) 26.7 (0.7)
(kg/rM2) (14.9-36.7) (14.4-33.8) (15.7-35.4) (28.2-26.7)
Waist/hip ratio 0.95 (0.01) 0.93 (0.01) 0.85 (0.01) 0.87 (0.01)

(0.8-1.1) (0.7- 1.1) (0.7-1.0) (0.7- 1.0)
Fibrinogen 338.5 (11.7) 347.9 (11.5) 342.6 (14.1) 368.9 (16.5)

(mmol/l) (190-580) (165-720) (210-570) (180-720)
LVH (n(%)) 5 (10) 3 (4) 5 (16) 3 (6)

Values in parenthesis are ranges. Values for continuous variables are means ± SEM. *P< 0.05
male cases compared to male controls; tP<0.05 female cases compared to female controls;
SBP = systolic blood pressure; TPY = total cigarette pack years; CPY = current cigarette pack
years; other abbreviations as in text.

for males and Table III for females.
Since the trends for the association of the

different lipid fractions with CHD were similar in
both sexes and the confidence limits for odds ratios
overlap, analysis was repeated with both sexes

pooled. On multivariate analysis adjusted for age

and sex, CHD showed inverse relationship with
HDL-C (beta = - 1.7898, odds ratio for decrease
by 1 s.d., 0.33 mmol/l = 1.8,95% CL 1.3-2.6, P =
0.0005) and positive association with TC (beta =
0.2226, odds ratio for increase by 1 s.d., 1.42
mmol/l = 1.4,95% CL 1.0- 1.9, P = 0.05), LDL-C
(beta = 0.2786, odds ratio for increase by 1 s.d.,
1.27 mmol/l= 1.3, 95% CL 1.1 - 1.8, P = 0.03) and
LVH (beta 1.4818, OR 4.4, 95% CL 1.4-14.0,
P=0.01).

Discussion

In recent studies, total cholesterol measured in
middle age was a risk factor for CHD in older age
groups.13"'7 Females were included in only two
studies'3 4 and none-assessed lipoprotein cholesterol

fractions. In the present study, on multivariate
analysis CHD was associated inversely with HDL-
C in males and positively with TC and LDL-C in
females. Diabetes in males and LVH in females
were also associated with CHD.

This study is limited by its cross-sectional design
and it may be argued that the associations demon-
strated do not necessarily imply causation. How-
ever, the trends observed are consistent with those
demonstrated in prospective studies.2- 14 The
definition of CHD in this study was restricted to
definite myocardial infarction to allow for a more
accurate diagnosis since the Rose questionnaire
may be an unreliable indicator ofCHD in this age
group.36 Although this was a cross-sectional study,
the age and sex distribution of serum lipids
reflected those found in larger epidemiological
studies.37'38 It is recognized that alteration in serum
lipids may occur as a result of illness, including
myocardial infarction itself, or because of dietary
or drug treatment to lower serum cholesterol.39
However, the exclusion criteria used in this study
minimized this possibility. While subjects and
controls were recruited from an outpatient popula-
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Table II Multivariate results in males

Model I Model 2

TC
Beta 0.1977
odds ratio 1.3
95% CL 0.8- 1.8 -

P 0.19 -

HDL-C
Beta - 1.6298 - 1.5027
odds ratio 1.6 1.6
95% CL 1.1-2.4 1.0-2.3
P 0.02 0.02

LDL-C
Beta - 0.1991
odds ratio - 1.3
95% CL - 0.9- 1.9
P - 0.2

Diabetes
Beta 0.8907 0.8782
odds ratio 2.4 2.4
95% CL 1.0-5.9 1.0-5.9
P 0.05 0.05

Model 1 includes age, TC, HDL-C and diabetes; model
P = 0.004. Model 2 includes age, HDL-C, LDL-C and
diabetes; model P = 0.003. Standardized odds ratio for
continuous variables calculated for increase by 1 s.d. for
TC (1.31 mmol/1) and LDL-C (1.19 mmol/1) and decrease
by 1 s.d. for HDL-C (0.32 mmol/l).

Table III Multivariate results in females

Model I Model 2

TC
Beta 0.4313
odds ratio 1.8
95% CL 1.0-3.2 -

P 0.03 -

HDL-C
Beta - 1.4274 - 1.3468
odds ratio 1.7 1.6
95% CL 0.9-2.9 0.9-2.9
P 0.07 0.1

LDL-C
Beta - 0.4398
odds ratio - 1.8
95% CL - 1.0-3.2
P - 0.04

LVH
Beta 2.1703 2.0131
odds ratio 8.8 7.5
95% CL 1.3-60.8 1.1-50.9
P 0.03 0.04

Model 1 includes age, TC, HDL-C, LVH; model
P = 0.01. Model 2 includes age, HDL-C, LDL-C, LVH;
model P = 0.01. Standardized odds ratio calculated for
increase by 1 s.d. for TC (1.41 mmol/l) and LDL-C
(1.35 mmol/1) and decrease by 1 s.d. for HDL-C
(0.36 mmol/1).

tion rigorous screening excluded those with serious
non-cardiovascular disease, particularly condi-
tions likely to affect serum lipid levels. In cases,
serum lipids were measured at least 3 months after
myocardial infarction to avoid possible alteration
ofserum lipids as a result ofthe event.39 None ofthe
cases or controls studied was on dietary or drug
treatment designed to alter serum cholesterol; the
relatively few subjects excluded on these criteria
possibly reflects current doubts on the validity of
screening and treatment of elderly subjects for
hyperlipidaemia.23

The sex-specific associations of TC, HDL-C and
LDL-C with CHD demonstrated in the present
study are consistent with recent reports suggesting
that in the elderly TC'4 and LDL-C4' are better
predictors ofCHD in females while low HDL-C is
a better predictor in males.' However, the trends
were similar in both sexes, the confidence limits
overlap and in sex-adjusted pooled analysis all lipid
fractions showed relationship with CHD consistent
with the sex specific analyses. Small numbers may
partly account for failure to demonstrate statistical
significance in sex-specific analysis. Also, the
predictive power of TC declines with the age at
which it is measured and improves with the dura-
tion of follow-up.'6

In middle-aged British males TC was a better
predictor of CHD than HDL-C when both were
included in multivariate analysis,6 but mean TC
levels were higher than in the present study popula-
tion (6.8 mmol/l in cases and 6.3 mmol/l in non-
cases). No similar data exist for British females.
The independent inverse association of HDL-C
with CHD has been demonstrated even at low
levels of TC." The findings are consistent with
those from prospective epidemiological studies
demonstrating a better association ofHDL-C with
CHD than TC in males aged 50 years and older'0l"
and demonstrate that the relationships persist in
subjects aged 70 years and older. The standardized
odds ratio for HDL-C in males in the present study
is similar to that in younger males.6'7" 0 High density
lipoprotein cholesterol has been related to
longevity and in subjects aged 85 years was a better
predictor of mortality than TC over 5 year follow-
up.41

Systolic blood pressure was related to CHD in
some'4"15 but not all studies.'3'2' The majority
(54/78, 69%) of hypertensives in this study were on
anti-hypertensive treatment and myocardial in-
farction may be accompanied by a fall in systolic
blood pressure;42 these factors may account for the
failure to find a relation between measured systolic
blood prerssure and CHD in this study. Left
ventricular mass, determined by echo cardio-
graphy, was an independent risk factor for
development ofCHD in elderly males and females,
although systolic blood pressure was not.27 Left
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ventricular hypertrophy may more closely reflect
long-term influences of hypertension and obesity
than isolated measurements.27 In the present study
the association of LVH with CHD was stronger in
females.
While an increased risk of vascular disease in

diabetics may partly be due to associated metabolic
abnormalities,43 an independent association of
diabetes with CHD was demonstrated in males in
this study. Duration of diabetes was not assessed,
since the prediagnosis duration is difficult to deter-
mine. Previous studies have shown a greater risk of
CHD in females;"4,' the better association with
males in this study may represent poorer survival in
diabetic females. Diabetes has been inconsistently
related to CHD in the elderly.13"4"9'2' However,
these studies' 1"4"19'2' have not assessed glucose
intolerance with glucose challenge, although the
prevalence of glucose intolerance increases with
age.45 Of diabetics in the present study, 13 males
(43%) and 11 females (42%) were newly diagnosed.

Cigarette smoking was associated with CHD in
the elderly in some14,15,19,21 but not all0 t13,46 studies.

However, the relative risk of cigarette smoking
declines with age perhaps reflecting earlier death in
smokers and the stronger association of age itself
with CHD.46 Also, cigarette smoking may be more
closely related to cardiac deaths than non-fatal
events;47 cardiac death was not assessed in this
study. Although previous studies48 have suggested
that plasma fibrinogen is a cardiovascular risk
factor in the older age groups, this has not been
demonstrated in the present study. Waist hip ratio,
a cardiovascular risk factor reflecting truncal
obesity,29 has not previously been assessed in this
age group. Recent analysis suggests that obesity is
not an independent risk factor for atherosclerosis
when other cardiovascular risk factors are included
in analysis.49

This study demonstrates an association between
serum lipids and CHD in British elderly and
suggests that in this age group low HDL-C is a
better predictor in males while TC and LDL-C are
better predictors in females. Prospective studies to
confirm these relationships in this age group are
indicated.
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