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The association between blood pressure and serum
cholesterol in healthy men: the Oslo study
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SUMMARY The association between serum cholesterol and blood pressure (BP) has been studied
in 16 525 men. The study reveals that these Oslo men in their forties present with a serum cholesterol
value which is on average 0.71 mmol/1 (27.4 mg/100 ml) higher at diastolic BP > 110 mmHg than at
BP<70 mmHg. According to earlier studies in Oslo, this cholesterol difference alone imparts a
10-year myocardial infarction morbidity difference of 25-30%. These findings might be of practical
importance for epidemiological studies and for preventive measures against the two factors.
The influence of other variables on the association between blood pressure and cholesterol has
been studied in a multivariate analysis. Of these variables, only body mass index and serum
triglycerides significantly influence the relationship between blood pressure and cholesterol, whereas
age, cigarette smoking, non-fasting blood sugar, season, socioeconomic status, and physical activity
at work and leisure do not influence the correlation.

Introduction

Studies of the association between serum cholesterol
and blood pressure have resulted in different
conclusions (Carlsson and Lindstedt, 1968; Natvig
et al., 1968; Hagerup, 1973; Wilhelmsen et al., 1973;
Pincherle and Robinson, 1974; Stamler et al., 1975;
Bulpitt et al., 1976; Ostrander, 1976). This may be
due to differences in the design of these studies and
to differences in age, sex, risk factor levels,and
geographical areas. In previous papers, the associa-
tions between serum cholesterol and cigarette
smoking (Hjermann et al., 1976) and risk variables
and socioeconomic status (Holme et al., 1976) have
been reported. In the present study the relationship
between serum cholesterol and blood pressure is
discussed.

Material and methods

In the Oslo study all men aged 40 to 49, and a 7%
random sample of men aged 20 to 39, were asked
to attend a screening examination of coronary risk
factors in 1972-73. Approximately 18 000 men were
examined, of whom 16 525, aged 20 to 49, were
defined as 'healthy'; that is, free of symptoms and
signs of cardiovascular disease and diabetes. The

variables recorded were: body weight and height,
blood pressure, non-fasting serum cholesterol,
triglycerides and glucose, degree of physical activity
at work and at leisure, smoking habits, and subjective
feeling of mental stress. The screening procedure,
attendance rate, laboratory methods, and main
results have previously been reported (Leren
et al., 1976). Blood pressure was measured
according to methods recommended by the World
Health Organisation (Rose and Blackburn, 1968).

Statistics

Differences between means have been tested by a
modified Student's t test, using crude non-adjusted
means. In a more detailed statistical analysis of the
association between blood pressure and cholesterol
in more than 14 000 men aged 40 to 49, a multi-
variate analysis was performed, calculating correla-
tion coefficients adjusted for eight variables.

Initially a multiple linear regression model without
interaction effects was constructed to analyse the
relationship between serum cholesterol and the
following nine risk factors: systolic blood pressure
(S.BP), diastolic blood pressure (D.BP), serum
triglycerides (TRI), serum glucose (Gluc), age, daily
number of cigarettes (Cig), body mass index (W/H2),
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seasonal variation (S.V.), socioeconomic status
(SES), physical activity (P.A.) at work and at
leisure combined. The relations can be written:
(a) Chol=al +a2TRI+a3S.BP+a4Gluc+asAge+a6Cig+a7W/H2+

asSES+a9S.V. +aioP.A.
(b) Chol =bl +b2TRI+b3D.BP+b4Gluc+b5Age+b6Cig+b7W/H2+

b8SES+b9S.V. +b1oP.A.
The (a)s and (b)s are the regression coefficients

representing the impact of each factor on cholesterol.
Partial correlation coefficients were computed by
the method of Ralston and Wilks (1960).
To obtain adjusted curves for the relationship

between serum cholesterol and blood pressure,
the following method was used: a linear regression
model was constructed without interaction effects
between serum cholesterol and all risk factors
mentioned above, except blood pressure. Thus it was
possible to estimate serum cholesterol by means of
all risk factors other than blood pressure.
Within each decile of the blood pressure distribu-

tions, the estimation equation of serum cholesterol
was used to determine the level of serum cholesterol,
taking into account the mean level of all risk factors
other than blood pressure.
When this estimated mean cholesterol is cv', the

total mean cholesterol c, and the crude mean
cholesterol within each decile Cb, the adjusted mean
serum cholesterol (cadj) is:

Cb * C
Cadj =

cws

Results

Figures 1 and 2 show a close correlation between
blood pressure and cholesterol (P<0 -01) in three
different age groups. Table 1 lists the simple
correlation coefficients, which are highly significant.
Blood pressure-specific age trend curves for

serum cholesterol are shown in Figures 3 and 4.

Table 1 Simple correlation coefficients (r) and their
t-values for significance between cholesterol and blood
pressure in healthy men aged 40 to 44 and 45 to 49.
Age group Chol/systolic BP Chol/diastolic BP
40-44 n 6910 6910

r 0-16 0-16
t 13-5 13*5

45-49 n 7906 7906
r 0-12 0-11
t 10-7 9-8

Again, it is demonstrated that the level of cholesterol
is generally higher for the high blood pressure
groups than for the lower. This finding is most
pronounced for the diastolic blood pressure groups.

Analysis of partial correlation coefficients for
the relationship between serum cholesterol and
blood pressure at the ages of 40 to 49 is shown in
Table 2. Relative body weight (body mass index)
and non-fasting serum triglycerides strongly modify
the positive correlation between blood pressure and
cholesterol (P<0-01). When simultaneously adjusted
for these variables, an additional but insignificant
reduction in the correlation coefficient takes place.
The addition of six other variables in the analysis
(age, cigarette smoking, casual blood sugar, seasonal
variation, five classes of socioeconomic status, and
an index for physical activity at work or at leisure)
makes no significant change in the cholesterol/blood
pressure correlation coefficient.
The regression equations for cholesterol versus

systolic and diastolic blood pressure were estimated
as follows:
(a) Chol= 121-76+ 12-32 TRI+0-234 S.BP-0-047 Gluc+ 1-175 Age

+0-314Cig+0-546W/H2+1-817 SES+9-453 S.V+
0-164 P.A.

(b) Chol= 123-16+12-35 TRI+0-329 D.BP-0-025 Gluc+ 1-186 Age
+0-319 Cig+0-481 W/H2+1-817 SES+9-453 S.V.+
0-164P.A.

The significant explaining variables for cholesterol
are systolic/diastolic blood pressure, triglycerides,
age, body mass index, and seasonal variation.
However, the explaining power is rather weak,
resulting in a multiple correlation coefficient of
0-42, owing to the wide biological variation of the
explaining variables.

Within each decile of systolic and diastolic
blood pressure distribution, non-adjusted and
adjusted cholesterol means are presented in Figures 5
and 6. It is shown that the blood pressure/cholesterol
relationship is strongly modified by these eight
variables (P<0 -0l).However, a significant positive
correlation still remains after adjustment for the
eight variables, expressed also by the adjusted
correlation coefficients in Table 2.

Discussion

The study presents a significant and almost linear
correlation between blood pressure and serum

Table 2 Simple andpartial correlation coefficients between bloodpressure and cholesterol at ages 40 to 49 (n=14815)
Partial correlation coefficients, adjusted

Simple
correlation

Body mass Triglycerides
index (BMI) (TRI)

BMI + TRI BMI + TRI
+ 6 other

coewlJ5scifnls varwgaesT
Cholesterol/systolic BP 0-14 0 101* 0 100* 0-089* 0 077*
Cholesterol/diastolic BP 0-14 0-089* 0 096* 0-080* 0 074*
*Significant change from simple to adjusted correlation coefficient (P <0-01).
:Age. daily number of cigarettes, serum glucose, seasonal variations, socioeconomic status, physical activity at work and at leisure.
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cholesterol. Thus, those with the highest blood
pressure have a cholesterol level corresponding to
that of low pressure men 10 to 15 years older.
At the ages of 40 to 49 the cholestreol difference
between diastolic pressure <70 mmHg and 9110
(mean: 116) is 0'71 mmol/l (27'4 mg/100ml).
Such a difference in the cholesterol level imparts a
10-year difference in myocardial infarction incidence
of 25-30%, according to a previous study in Oslo
(Westlund and Nicolaysen, 1972). Further, the
combination of raised cholesterol and blood pressure
has proved to be a powerful predictor of cardio-
vascular disease, carrying an almost multiplicative
effect on coronary risk.
The lack of correlation between blood pressure

and cholesterol past the age of 50 reported in the
Tecumseh study (Ostrander, 1976) and in the
Norwegian oil experiment, covering men aged 55
to 60 (Natvig et al., 1968), may be due to age
factors. In the Danish study of men and women
(Hagerup, 1973), no significant relationship was
found between blood pressure and cholesterol at the
age of 50. In that study, however, mean pressure was
used in the analysis.
Two Swedish studies (Carlsson and Lindstedt,

1968; Wilhelmsen et al., 1973) have reported a weak

285

280'

275-

2
U
a! 270
cs

0
E
E
7.4.

7-2

70

265 1

260t1

255 66

1 '

blood pressure/cholesterol correlation. In studies
of larger groups, that is, of about 36 000 men and
women in the USA including four population
groups aged 25 to 64, Stamler et al. (1975) applied
four different types of multivariate analysis. They
concluded that 'the findings with respect to the
relationship of serum cholesterol to blood pressure
were generally negative, except for white males,
where a high proportion of the multivariate analyses
indicated a statistically significant relationship'.

In a study of about 12 000 men in London
(Pincherle and Robinson, 1974), a significant
relationship was found between serum cholesterol
and both systolic and diastolic blood pressure at all
ages under 65. The authors suggest, however, that
this relationship could merely be a reflection of
the joint correlation of these two variables with
relative body weight. In the present study this
hypothesis seems to be confirmed to some extent.
As shown in Figures 5 and 6, not only relative
body weight, but triglycerides, too, strongly modify
the positive intercorrelation between blood pressure
and cholesterol. This finding accords with the
observation that both triglycerides and relative
body weight are interrelated with cholesterol and
blood pressure. The other six variables included in

- Crude means within
deciles

Adjusted means within
deciles according to
8 factors associated
with cholesterol and
systolk blood pressure

110 120 130 140 150
Systolic blood pressure (mmHg)

160 170 180

Fig. 5 Non-adjusted and adjusted correlation between systolic blood pressure and serum
cholesterol (adjustedfor weight/height2, serum triglycerides, glucose, age, cigarette smoking,
seasonal variation, socioeconomic status andphysical activity at work or at leisure); ages
40-49.
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-Crude means withr
deciles

,,Adjusted means within
deciles according to
8 factors associated
with cholesterol and
diastolic blood pressure

2601

255j 66

70 75 80 85

Diastolic blood pressure ( mmHg)
90 95 *100 105 110

Fig. 6 Non-adjusted and adjusted correlation between diastolic bloodpressure and serum
cholesterol (adjustedfor weight/height2, serum triglycerides, glucose, age, cigarette smoking,
seasonal variation, socioeconomic status and physical activity at work or at leisure); ages
40-49.

the analysis, however, do not significantly modify
the correlation further. The correlation coefficient,
after adjustment for all eight variables at the same
time, is still significantly different from zero, as
indicated in Table 2 and Figures 5 and 6.

In the study of Bulpitt et al. (1976) only systolic
and not diastolic pressure was found to be
correlated to serum cholesterol. This observation
is explained by the authors as the possible effect
of reduction of great artery compliance during
'ageing' or atheroma formation, with an accompany-
ing increase in systolic but not in diastolic pressure.

In the present study, both systolic and diastolic
pressure is correlated with serum cholesterol. This
correlation does not increase with age as one might
expect if the process of 'ageing' was involved.

Similar analyses were carried out in the United
States National Health Survey (Florey and Acheson,
1969; Acheson and Baird, 1973). In those data the
simple correlation between cholesterol and blood
pressure was found to be a little higher than in our

study, but as in the Oslo study, the correlation was
reduced when the relationship with physique was
taken into account.
We have shown a correlation between blood

pressure and cholesterol which, though unquestion-
ably real, is small. The trends shown in the graphs
are stable because of the large numbers of men we
have been abie to study in each age group.
The possibility that a selection at the screening

examination could be responsible for the positive

blood pressure/cholesterol correlation can be
rejected, because the same correlation exists
independently of degree of screening attendance
(data not presented but available on request).
Whatever the explanation might be for the

cholesterol/blood pressure correlation, the present
study shows that these two important risk factors
are in fact intercorrelated, and the relationship is
explained only partly by variability in other risk
variables, that is, relative body weight and
triglycerides.
Our findings have the practical, clinical applica-

tion that when one of the two factors, high
blood pressure or high serum cholesterol, is present,
the chance of the presence of the other one is
increased. Also, in epidemiological studies this
correlation should be taken into account when
predicting coronary heart disease.

This study was supported by the City of Oslo, the
Norwegian Council on Cardiovascular Diseases,
and the Norwegian Drug Monopoly.
Reprints from I. Hjermann, Medical Outpatient
Clinic, Ullevaal Hospital, Oslo 1, Norway.
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