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The relationship between serum total cholesterol, measured at randomization, and
mortality was investigated in 822 patients, who were followed for an average of 3.1
years in a double-blind trial, conducted by the European Working Party on High
Blood Pressure in the Elderly. Serum cholesterol, measured at randomization, was
0.54mmol/l higher in women than in men, and declined with increasing age in both
men (0.028 mmol/l per year) and women (0.036 mmolll per year). During follow-up on
randomized treatment, cholesterol fell by a similar amount with placebo (0.11 mmol/l
per year) and with active treatment (0.14 mmolll per year). Active treatment consisted
of hydrochlorothiazide (25-50 mg/day) plus triamterene (50-100 mg/day) with the
addition of a-methyldopa (0.5-2.OgIday) in one-third of the patients. Serum total
cholesterol, measured at randomization, was independently and inversely correlated
with total (P = 0.031, non-cardiovascular (P = 0.03) and cancer (P = 0.04) mortality
during follow-up on double-blind treatment. Total and non-cardiovascular mortality
were also negatively correlated with haemoglobin and body weight at randomization.
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All factors being equal, an increase in serum total cholesterol by 2.3rnmol/l was
associated with a 1-year prolongation of survival. However, after adjustment for gender,
age, cardiovascular complications and systolic blood pressure at randomization, the
correlations between serum cholesterol and cardiovascular and cardiac mortality were
not significant. In conclusion, a high serum total cholesterol level is associated with
longer survival in elderly hypertensives. This can be explained by the association of
lower non-cardiovascular mortality with high serum cholesterol, and by the absence
of a positive relationship in this population between cholesterol and cardiovascular
mortality. However, recommendations for disease prevention must not be changed in
the light of the present findings.
Journal of Hypertension 1990, 8:755-761
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Introduction

In both normotensive [I-31 and hypertensive [4-61
middle-aged subjects, serum total cholesterol is a major
risk factor for cardiovascular disease, in particular coronary heart disease. However, in older people cardiovascular disease is the most frequently recorded single cause of
death [7]. In a cohort of hypertensive patients with an average age of 50 years at entry, Bulpitt et al. [8] found that
serum total cholesterol was not related to cardiovascular
death when age, impairment of renal hnction, smoking
habit and systolic blood pressure before treatment were
accounted for.
The present article is based on the results of the trial conducted by the European Working Party on High Blood
Pressure in the Elderly (EWPHE) [ e l l ] , and examines
whether serum total cholesterol in elderly hypertensives
is associated with elevated risk, and therefore with a
poorer prognosis.

Methods
Study protocol

The entry criteria for subjects included: (1) age of
at least 60 years and (2) sitting blood pressure of
160-239/9&119mmHg on placebo during a run-in period. After stratification by gender, age and the presence
or absence of cardiovascular complications, the patients
(n = 840) were randomized to active treatment (hydrochlorothiazide plus triamterene) o r the placebo. If blood
pressure remained elevated, a-methyldopa was added to
the active regimen and a matching placebo was given in
the control group. Full details of the trial protocol have
been published elsewhere [ 101.
Quality control

Blood samples for the determination of serum total
cholesterol were taken at randomization and thereafter at

yearly intervals. Serum total cholesterol was measured in
20 different laboratories. Nine centres, which recruited a
total of 432 patients, participated in a quality-control programme. They received two lyophilized control sera, containing a known low o r high concentration of cholesterol
(Precilip E.L.;Boehringer Pharma, Brussels, Belgium),
from the central laboratory in Ghent, Belgium (Professor De Schaepdryver). In each of the nine centres the
two sera were included three times, at weekly intervals,
in routine cholesterol measurements, and on each occasion the control determinations were repeated four times.
Thus, for each of the nine laboratories, and for each of
the two control sera, a total of 12 measurements were
available for comparison with the standard.
For the control serum with the low cholesterol concentration (3.5mmofl), the deviations from the standard value averaged - 1% in the nine laboratories, and
ranged from - 8 to + 8%. For the control serum with
the high cholesterol level (7.5 mmofl), the deviations averaged +6% with a range from - 16 to + 12%. However, in seven of the nine centres, the average deviations
for the high cholesterol control sera were within 5% of
the standard. In view of the small deviations from the
standard in the laboratories which took part in the quality control programme, cholesterol measurements in the
present analysis were not adjusted for possible differences between centres.
Statistical methods

Means were compared by Student's t-test. Death rates
were age- and sex-adjusted using the direct method [12],
and compared with two-tailed tests by computing the
standardized normal deviate. Mortality was correlated
with serum total cholesterol and other risk factors by
Cox's regression. A stratified Cox's model [13] was used
to account for the differences between placebo and active
treatment. Both the Cox's regression I131 and the multiple linear regression [14] were effected by a stepwise
procedure, terminating when all regression coetficients
included in the model were statistically signiscant at the
5% level. However, in the first step of Cox's regression,
cholesterol was forced into the model.
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Results

Cholesterol during the follow-up period

Patient characteristics at randomization

Follow-up measurements of serum cholesterol were
available from 300 patients on placebo and 313 patients
on active treatment.

At randomization, measurements of serum total choles-

terol were not available in 10 of the 424 patients subsequently treated with the placebo and in eight of the
416 patients allocated to active treatment, leaving a total of 822 subjects for analysis. The patient-years of observation in the placebo and active treatment groups
were 1228 and 1347, respectively. The two treatment
groups were similar at randomization in sex distribution
(70% women), age (72 f 8 years, mean f s.d.), sitting
blood pressure (182 f 17/101 f 7 mmHg), body weight
(67 f 12 kg), serum total cholesterol (6.36 f 1.34 mmoV1;
246 f 52 mgldl), and in the percentage of patients with
cardiovascular complications (36%).

During the first 3 years of follow-up, serum total cholesterol fell significantly in the two treatment groups (Fig.
2). However, the rates of decline, 0.11 f 0.08mmoVI
per year on placebo and 0.14 f 0.09mmoVl per year
on active treatment, were similar, so that throughout the
follow-up period cholesterol lwels were not significantly
different in the two groups.

Cholesterol at randomization

Serum cholesterol at randomization was higher in women
than in men (6.46 versus 6.07 rnmoV1; P < 0.001). In the
two sexes, serum cholesterol was inversely correlated
with age in single regression (Fig. I), but was not related
to body weight, body mass index, fasting blood glucose,
or serum uric acid. However, in the multiple regression
analysis, 6% of the variance in serum total cholesterol was
independently explained by gender, age and a significant
positive partial correlation with serum uric acid.

FOLLOW-UP (years)
Fig. 2. Changes in serum total cholesterol after randomization in
.
are
patients on placebo (0)and on active treatment ( 0 )Values
means f s.d.
Cholesterol as a risk indicator

Of the 822 patients included in the present analysis, 160
died while being followed on double-blind treatment.
The cause of death was cardiovascular in 103 patients
and non-cardiovascular in 57. Cardiovascular mortality
included 46 deaths from cardiac causes (International
Classification of Diseases, 8th revision, pp 410-414 and
425-429) and 31 cerebrovascular events. Non-cardiovascular mortality included swen deaths from gastrointestinal cancer (four deaths from stomach cancer), five deaths
from lung cancer, five from urogenital neoplasms, and
one from a malignant eye tumour.
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Fig. 1. Relationship between serum total cholesterol at randomization and age in 250 male and 572 female patients. Males: y
(mmol/l) = 8.07 - 0.028x (years), r = -0.14,P = 0.03;females:
y = 9.10 - 0.036 x, r = - 0.23,P < 0.001.The shaded area represents the 95% confidence interval for the prediction of the population mean along the regression line.

Age- and sex-adjusted mortality in quintiles of serum
cholesterol

On a first analysis, the total study population was stratified
by quintiles of serum total cholesterol at randomization.
The characteristics of the patients by quintiles of serum
cholesterol are presented in Table 1. As shown in Fig.
3, total ( P < 0.001), cardiovascular ( P < 0.01), non-cardiovascular ( P < 0.001) and cardiac (P < 0.01) mortality, adjusted for age and gender, decreased with increasing serum total cholesterol. A similar trend was also ob-
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Table 1. Characteristics of patients in quintiles of serum cholesterol at randomization.

Range of serum total cholesterol (mrnoM

Number
Age (years)'
Systolic pressure (mmHg)'
Diastolic pressure (mmHg)'
Body weight (kg)'
Body mass index (kgtrn2)'
Haemoglobin (mmol/l)t

Men (%)
Cardiovascular complications (%I
Current smokers (YO)

27
25
22

21
17
17

19
22
22

'Values are means f s.d. t~aemoglobinwas measured in all subjects (number of measurements is given in parentheses).

served for cancer mortality, but not for cerebrovascular
death (Fig. 3).

haemoglobin measured at randomization (Table 2). In
addition, total mortality was higher in men and in patients with cardiovascular complications at randomization, and increased with age and with systolic blood pressure. The relative hazard rate shown in Table 2 indicates
that, independent of other risk factors and treatment, total mortality was 14%lower [95%confidence interval (CI)
1-25%] for each 1mrnoVl (39 mg/dl) increase in serum
total cholesterol at randomization. Alternatively, all factors being equal, an increase in serum total cholesterol
by 2.3 rnmoVl (90 mg/dl) was associated with a prolongation of survival by approximately 1 year.
Non-cardiovascular (P = 0.02) and cancer (P = 0.04)
mortality were inversely correlated with serum total
cholesterol at randomization, while a similar tendency
(P= 0.08) was also observed for cardiovascular mortality (Table 2). In contrast, the relationships between
serum cholesterol and cardiac and cerebrovascular mortality (Table 2), and the incidence of fatal and non-fatal
myocardial infarction combined (54 events) were not statistically significant. For myocardial infarction, the 95% CI
of the relative hazard rate was 0.855-1.279.

--

mmol/L 4.65

6.45

8.25

4.65

6.45

8.25

mg/dl

250

320

180

250

320

180

CHOLESTEROL A T RANDOMISATION

The following risk factors determined at randomization
were not signilicantlyrelated to mortality or the incidence
of myocardial infarction: diastolic blood pressure, smoking habits, fasting blood glucose, and serum uric acid,
potassium and creatinine. Changes in cholesterol and in
other biochemical measurements during the first year of
follow-up also did not improve the prediction of mortality by serum total cholesterol measured at randomization.

Fig. 3. Age- and sex-adjusted mortality rates in quintiles of the
cholesterol distribution at randomization. For each quintile, the
number of deaths is given along the plotted line.

Discussion
The relationship between mortality and serum cholesterol
adjusted for multiple risk factors

Independently of the effects of active versus placebo
treatment, total mortality was inversely correlated with
serum cholesterol, and also with body weight and

This article reports on the prognostic si@cance of
serum total cholesterol in a selected population of elderly
hypertensive patients. Cholesterol subfractions were not
measured 20 years ago since, when the present trial was
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Table 2. relations hi^ between serum cholesterol and other risk indicators at randomization with subswuent mortalitv.

Cause of death
Total'

Cardiovascular

Cerebrovascular

Cardiac*

Non-cardiovascular

Cancer'

Included in analysis
Patients (n)
Events (n)
Relative hazard rates
Cholesterol (mmolll)
Hazard rate
95% confidence interval
P

Other risk indicators
Being male
Age (years)
Presence of cardiovascular
complications
Systolic blood pressure (mmHg)
Body weight (kg)
Haemoglobin (mmolll)
'Models include all subjects for whom body weight andfor haemoglobin data were available. NS, not significant (P value given in parentheses).

planned by EWPHE, the prognostic significance of these
subfractions was still largely unknown.
Figure 3 shows an
negative association between serum total cholesterol and the sex- and age-adjusted death rates for total, cardiovascular and cardiac
mortality. The inverse relationship between total mortality and cholesterol was confirmed in a multivariate model
(Table 2), when, in addition to gender and age, treatment
and other risk factors were also accounted for. All factors being equal, the model showed that a 2.3mmoVI
(90 mg/dl) higher serum cholesterol at randomization
was associated with a 1-yearprolongation of survival. The
longer survival of these selected elderly hypertensive patients can be explained by two mechanisms: the absence
of a positive correlation between serum cholesterol and
cardiovascular and cardiac mortality (Table 2), and the
presence of a significant negative correlation with noncardiovascular and cancer mortality (Table 2).
A positive association between serum cholesterol and

coronary wents has been observed in middle-aged
hypertensive patients in the International Primary Prospective Prevention Study in Hypertension (IPPPSH) and the
Medical Research Council (MRC) trial [4,5], but not in
the Department of Health and Social Security (DHSS)
Hypertension Care Computing Project [8,23], where subjects ranged in age from 13-89 years. On balance, many
studies confirm that in middle-aged normotensive [I-31
and hypertensive [4-6] subjects, serum total cholesterol
is a potent predictor of cardiovascular risk. In contrast,
in those aged over 60 years, serum total cholesterol is
not (16,171 or is only weakly [19,20] kociated with increased cardiovascular morbidity and mortality. In a cohort of patients aged 49-82 years at entry, the incidence
of coronary wents was positively correlated with the
serum concentration of low-density lipoprotein cholesterol, but negativety with the subfraction of high-den-

sity lipoprotein cholesterol (181. Thus, it is possible that
in the elderly, in whom the relationship between serum
total cholesterol and cardiovascular risk becomes weak,
cholesterol subfractions remain associated with cardiovascular risk.
It is unlikely that the present lack of association between
serum cholesterol and total mortality was due to the predominant role of blood pressure as a cardiovascular risk
factor [11,22], or to the known inverse relationship between serum cholesterol and cerebral haemorrhage in
some populations [25]. Whether cholesterol at an older
age is less important in causing atheromatosis has not
been established. A Swedish intervention study showed
that the risk carried by a high serum cholesterol level
in middle-aged hypertensive men is reversible [6], but
no such intervention study has yet been carried out in
the elderly. Furthermore, subjects with a higher serum
cholesterol lwel may have a greater probability of dying
from cardiovascular illness in middle-age, so that an initially positive correlation with serum cholesterol weakens in older populations. Fin*
a low serum cholesterol may be an expression of poor health, as suggested
in the present study by the higher non-cardiovascular
and cancer mortalities (Fig. 3), and the lower average
haemoglobin and body weight (Table 1) in the two lowest fifths of the cholesterol distribution at randomization.
A low serum cholesterol lwel in subjects in ill health
has been suggested to explain the J-shaped relationship
between total mortality and serum cholesterol observed
in some studies in middle-aged men [24], and more recently in very old women [21].
In agreement with previous studies, which were mainly
of middle-aged subjects [26-311, the present analysis in
elderly hypertensives confirmed the inverse correlation
between serum total cholesterol and non-cardiovascular and cancer mortality. The negative association between serum cholesterol and cancer has been attributed

759

760

Journal of Hypertension 1990, Vol 8 No 8

occurrence of colorectal neoplasms, although lung cancer and leukaemia have also been incriminated [ 3 2 ] .Several speculative mechanisms [33,34] have also been proposed to explain the negative correlation with cancer
mortality, such as confounding by the primary anticarcinogenic effects of liposoluble vitamins. Furthermore, in
subjects whose liver excretes cholesterol at a faster rate,
changes in the intestinal microflora may occur and lead
to metaplasia of the epithelium [33,34].It has also been
suggested that the negative correlation between serum
cholesterol and cancer mortality is due to the presence
of the cancer at the time of the cholesterol measurement
[ 3 0 ] .However, the negative correlation between serum
cholesterol and cancer mortality may persist for up to 18
years after the cholesterol measurements, and when cases
occurring during early follow-up are excluded [31,32].
In the present study, serum total cholesterol decreased
with age. In the cross-sectional analysis of the data at
randomization, serum cholesterol levels were higher in
women than in men. However, the rate of decline with
age was similar in both sexes, both in the cross-sectional
analysis of all patients (Fig. 1) and in the longitudinal
follow-up of the patients on placebo (Fig. 2).
In conclusion, in the elderly hypertensives under study, a
longer period of survival was observed with higher serum
cholesterol levels. These findings could be explained by
the lower non-cardiovascular, and, in particular, cancer
mortality in the patients with a high serum cholesterol level, and by the absence of a positive correlation between
serum cholesterol and cardiovascular mortality. However,
recommendations on the prevention of cardiovascular
and non-cardiovascular illness should be based on findings from prospective intervention studies, and must not
be changed as a result of the present p t - h o c analysis in
selected patients with hypertension.

Acknowledgements
The authors particularly wish to thank the many elderly hypertensive patients who freely consented to rake pan in the trial. They
also gratehlly acknowledge the clerical and technical assistance of
Mrs V. Marien, Mrs Y. Toremans and Mrs S. Van Hulle.

References
1.

SHAPER
AG, POCOCK
SJ, WAMR M, PHUUPS
AN, WHT~EHWD
TP, MACFARLANEPW: Risk factors for ischaemic heart disease:

2.

3.
4.

the prospective phase of the British Regional Heart Study.
J Epidemiol Commun Health 1985, 39:197-209.
MARTV'I MJ, HUUEY
SB, BROWNER
WS, KUUER LH, WEWORTH
D: Serum cholesterol, blood pressure and mortality: implications from a cohort of 361 662 men. Lancet 1986, ti:933-936.
SIMONS
IA Interrelations of lipids and lipoproteins with
coronary heart disease mortality in 19 countries. Am J Cap
did 1986, 57:5GlOG.
THE IPPPSH COWORA~VE
GROUP:
Cardiovascular risk and
risk factors in a randomized trial of treatment based on the
beta-blocker oxprenolol: the International Prospective Pri-

mary Prevention Study in Hypertension (IPPPSH). J Hypertens 1985, 3:379-392.
MWL WE, GREENRERG
G: Biochemical characteristics, their
changes due to antihypertensive treatment, and their prognostic value. In Mild Hypertension: Is 7here Pressure to Treat?
Cambridge: Cambridge University Press, 1986, pp 145-152.
SAMUEISSON
0 , WIIHELMSEN ANDERSON OK, PENNERT
K,
BERGLUND
G: Cardiovascular morbidity in relation to change
in blood pressure and serum cholesterol levels in treated
hypertension. Results from the Primary Prevention Trial in
Gateborg, Sweden. JAMA 1987, 258:1768-1776.
SMER T (ED):Cardiovascular Care of fbe EEMerly. Geneva:
World Health Organization, 1987.
~ P, ET
N U: Risk factors for
Buwm CJ, BEIUNLJ, C
report from the
death in treated hypertensive patients
DHSS Hypertension Care Computing Project. Lancet 1979,
ii:134-137.
AMERY A, BIRKENHXGER
W, BRIXKO
P, f
T AL: Mortality and
morbidity results from the European Working Party on
High Blood Pressure in the Elderly Tdal. Lancet 1985,
i:134'+1354.
EUROPEAN
WORKING
P m ON HJGHBLOOD
PRESSURE
IN THE
EU)ERLY:
An international trial of antihypertensive therapy
In elderly patients. Objectives, protocol and organisation.
Arch Int Pharmacodyn %r 1985, 275300-334.
AMERY A, B I R K E ~ GW,
ER
B m o P, ~ 7 A:
- Efficacy of antihypertensive drug treatment according to age, sex, blood
pressure and previous cardiovascular disease in patients
over the age of 60. Lancet 1986, ii:590-592.
KAHN HA: Adjustment of data without use of multivariate
models. In An Introduction to @i&miologic Methak Oxford:
Oxford University Press, 1983, pp 63-99.
SAS USER'SGROUPI P S I E R N A ~ O N AThe
~
Phgrm procedure. In
SUGI St@etnental Library User? Guide, 5th edn. C a y SAS
InstiNte, 1983, pp 437466.
DG, KUPPER U, MUUER KE: Selecting the best
KIEINBAUM
regression equation. In m l i e d Regresion Anulysi3 and other
Multivariate M e t M , 2nd edn. Boston: PWS-Kent Publishing
Company, 1987, pp 314340.
lschaemic heart disease,
G ~ F MJW,YOUNGW, T ~ R: Y
atherosclerosis and longevity. Circulation 1966, 34:67%97.
RD, ANDGR, C m F1: Ischaemic heart disease
KENNEDY
in the elderly. Br Heart J 1977, 391121-1127.
X, GOLMARD
JI, HENRY
JF,HERW
FOREITEF, DE IA FUEN~E
MP: The prognostic sigdlicance of isolated systolic hypertension in the elderly. Results of a ten year longitudinal
survey. Clin E.xp Hvperlenc [A] 1982, 4:llT-1191.
Gom~
T, C m w WP, H J O ~ MC,
D KANNELWB,DAWBER
TR: Predicting coronary heart disease in middle-aged and
older persons. JAMA 1977, 238:497499.
LERNER DJ, KANNEL WB: Patterns of coronary heart disease
morbidity and mortality in the sexes: a 26-year follow-up of
the Framingham population. Am Heart J 1986, 111:383390.
HARRls T, COOKEF, KANNEL WB, GOLDMANL: Proportiond
hazards analysis of risk factors for coronary heart disease
in individuals aged 65 or older. The Framingham Heart
Study. J Am Geriatr Soc 1988, 36:1023-1028.
FOREITE
F, T O ~ D,TWOW Y: Cholesterol as risk factor
for mortality in elderly women. Lancer 1989, i:%%869.
O ' M m K, MCCORMACK
P, O'BIUENET: Isolated systolic
hypertension: data from the European Working Party on
High Blood Pressure in the Elderly. J Hypefens 1988, 6
(suppl 1):S105-s108.
DG, BWR A, ET U: The s u d of
Buwm CJ, BEEVERS
treated hypertensive patients and their causes of death:
a report from the DHSS Hypertensive Care Computing
Project (DHCCP). J H
m 1986, 493-99.
ROSE G, SHIPIEY
MJ:Plasma lipids and mortality: a source
of error. Lancet 1980, i:523-526.
SWOTO
J, KOMACHl Y, LNADA H, EI. AL: Trends for COrOnary heart disease and stroke and their risk factors in Japan.
Circulation 1989, 79509515.

-

Hiah serum cholesterol in elderlv hvpertensives Staessen et a/.
26.
27.

28.

29.

KARK JD, S m AH, HAMESCG: The relationship of serum
cholesterol to the incidence of cancer in Evans County,
Ge@a J Chronic Dis 1980, 3331 1-322.
G A R C I A - P ~ I EMR.
R I SORUEPD, COSTASR JR, HAWK RJ: An
apparent inverse relationship between serum cholesterol
and cancer mortality in Puerto Rico. Am J Epidemiol 1981,
114:29-40.
YAANS, GOWBOURTU, EVEN-ZOHAR
S, NEUFEWHN: Association of serum high density Lipoprotein and total cholesterol
with total, cardiovascular, and mortality cancer in a 7-year
prospective study of 10000 men. Lancet 1981, i:1011-1015.
'KAGAN
A, MCGEEDL, YANOK, RHOADS GG, NOMURA
A: Serum
cholesterol and mortality in a Japanese-American population: the Honolulu Heart Program. Am J Epidemiol 1981,
114:ll-20.

30.

31.
32.
33.
34.

hVlXRNAnONAL COUAEORAT~VEGROUP:Circdating cholesterol
level and risk of death from cancer in men aged 40 to 69
years. Experience of an international collaborative group.
JM1982, 248:28552859.
ISLES CG, HOIE DJ, GIIUSCR, HAWIHORNE VM, LEVER AF:
Plasma cholesterol, coronary heart disease, and cancer in
the Renfrew and Paisley survey. Br Med J 1989,298:92&924.
OWERMF: Serum cholesterol - the knave of hearts and
the joker. Lancet 1981, 13:1090-1035.
WIET WC, MACMAHON
B: Diet and cancer - an overview.
First of two parts. N Engl J Med 1984, 310:633-638.
WlUET WC, MACMAHONB: Diet and cancer - an overview.
Second of two parts. N Engl J Med 1984, 310:697-703.

761

