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HDL CHOLESTEROL AND P-ADRENOCEPTOR BLOCKING AGENTS
IN A 5 YEAR MULTIFACTORIAL PRIMARY PREVENTION TRIAL
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1 Serum HDL cholesterol measured at the end of a 5 year multifactorial primary prevention trial,
aimed to reduce risk factor levels and incidence of ischaemic heart disease, revealed quite low values
in drug-treated subjects.
2 Analysis of subgroups treated with f-adrenoceptor blocking agents (mainly pindolol) alone or in
different combinations with diuretics showed inconsistent effects of P-adrenoceptors blockers on
serum HDL cholesterol. HDL cholesterol levels in patients treated with pindolol with or without a
diuretic were not different from those of the risk-free control group.
3 Subjects on combined P-adrenoceptor blocker-hypolipidaemic treatments had lower HDL-
cholesterol than those on hypolipidaemic agents alone.
4 Withdrawal of pindolol at the end of the trial caused a small but significant increase in serum
HDL cholesterol in a small subgroup of mildly hypertensive patients. Thus, pindolol appears to have
slightly reduced serum HDL cholesterol but the relevance of this small decrease on the incidence of
ischaemic heart disease is questionable.

Introduction

P-adrenoceptor blocking agents are frequently used
in the treatment of hypertension. Recent studies
(Waal-Manning, 1976; Tanaka et al., 1976; Helge-
land et al., 1978; Streja & Mymin, 1978; Lehtonen &
Viikari, 1979; Leren et al., 1980) have revealed that
these agents frequently increase plasma triglycerides
and decrease HDL cholesterol, two plasma con-
stituents which usually exhibit a negative correlation
with each other. The significance of an increased
triglyceride level as a risk factor of coronary heart
disease is still a controversial question while
epidemiological studies indicate that low HDL
cholesterol is a strong negative risk factor (Miller et
al., 1977; Kannel et al., 1979). It is thus logical to
infer that the unfavourable effect of f-adrenoceptor
blockers on HDL may counteract the beneficial ef-
fect of lowering blood pressure in ischaemic heart
disease especially during long-term treatment. In the
present study serum HDL cholesterol was measured
at the end of a 5 year multifactorial primary preven-
tion trial in different treatment groups in subjects on
3-adrenoceptor blockers alone or in combination

with diuretics and/or hydralazine or hypolipidaemic
drugs.

Methods

All subjects studied were active participants of a 5
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year multifactorial trial aimed at primary prevention
of ischaemic heart disease. The trial was started in
1974 when 1222 men with one or more of the follow-
ing risk factors were randomly allocated to interven-
tion (n = 612) and control (n = 610) groups: blood-
pressure > 160/95 mmHg, serum cholesterol
> 7.1 mmol/l, serum triglycerides > 1.7 mmol/l,
blood glucose 1 h after oral glucose load (1 g/kg body
weight) > 9.0 mmol/l, relative body weight > 120%,
smoking > 10 cigarettes/day.
The intervention group visited us once every 3-5

months. At each visit the participants were advised to
reduce their body weight, consume a diet low in
animal fat and simple carbohydrates, stop smoking
and increase their physical activity. If the participants
were hypertensive or hyperlipidaemic on two con-
secutive visits drug treatment was initiated. Hyper-
tension was treated with P-adrenoceptor blockers
(mainly pindolol or propranolol) alone or in combi-
nation with diuretics (hydrochlorthiazide and
amiloride) and/or hydralazine. Other drugs were
used in occasional cases. Type II hyperlipo-
proteinaemia (cholesterol > 7.0 mmol/l and tri-
glycerides < 1.7 mmol/l) was treated with probucol
(1-2 g/day) and in some cases with clofibrate
(1.5 g/day) alone or in combination with probucol.
Type IV (cholesterol < 7.1 mmol/l and triglycerides
> 1.6 mmol/l) and type IIB hyperlipoproteinaemias
(cholesterol > 7.0 mmol/l and triglycerides
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> 1.6 mmol/l) were treated with clofibrate. In sub-
jects with type IIB abnormality probucol was added
to the drug regimen, if the response of serum choles-
terol to clofibrate was not adequate.
The risk control group and a risk-free control

group of 539 men received no treatment or advice.
For the purpose of the present study the interven-

tion group was divided into subgroups according to
the treatment at the end of the 5 year trial (Table 1).
The concentration of HDL cholesterol was deter-
mined enzymatically after heparin-manganese pre-
cipitation (Lipid Research Clinics Program Manual
of Laboratory Operations, 1974; Roschlau et al.,
1974). Only the values at the end of the 5 year
intervention period were obtained because the deter-
mination of HDL cholesterol from the serum samples
drawn at the start of the study and stored frozen for
4-5 years gave unreliably low values. Total serum
cholesterol and triglycerides were measured both at
the entry and end of the study. HDL cholesterol, total

cholesterol and triglycerides were repeatedly meas-
ured in two mildly hypertensive subgroups on a com-
bined pindolol-diuretic treatment 2-3 months after
the completion of the intervention trial. Pindolol was
withdrawn for this period of time from one of those
subgroups.

Results

Results in Table 1 show that, despite significantly
higher triglycerides, HDL cholesterol in the diet-
treated intervention subgroup of 87 subjects is simi-
lar to that in the risk-free control group at the end of
the 5 year intervention period. With the exception of
initial serum cholesterol, the total lipid levels are
similar in the drug-treated and diet-treated subjects
of the intervention group. Since antihypertensive and
hypolipidaemic agents may have contributed to the
low HDL cholesterol level in the drug-treated sub-

Table 1 Serum total lipids and HDL cholesterol in different groups of patients in a 5 year intervention trial.
Mean ± s.e.mean (mmol/l)

Group or
treatment

Risk-free control
Risk control
Intervention

Dietb
Any drug

ProbucolC
Probucol + j-adrenoceptor blockers

Clofibratec
Clofibrate + f-adrenoceptor blockers

DiureticsC
Diuretics + f-adrenoceptor blockers

I-adrenoceptor blockers aloned
Pindolol alone

Probucol alone
Probucol + pindolol

Clofibrate alone
Clofibrate + pindolol

Diuretics alone
Diuretics + pindolol

Number
of

subjectsa

Total cholesterol

Before Final

437 6.0±0.1 6.3 ±0.1
404 7.0 ± 0.2 7.2 ±0.2

87 6.6±0.1 6.5±0.1
237 7.4±0.1 6.7±0.1

75 7.9±0.01 6.7±0.1
44 7.6±0.1 6.7±0.1

42 7.9±0.1 7.1 ±0.1
43 7.3 0.2 6.9± 0.2

18 7.3±0.2 6.4±0.2
62 6.9± 0.2 6.7 ±0.1

10 6.6±0.2 6.6±0.3
12 6.5 ± 0.2 6.9± 0.3

55 7.8±0.1 6.6±0.1
6 7.9 0.4 6.7 ±0.2

26 7.7 0.2 7.0±0.2
6 7.6±0.6 7.1 ±0.5

11 7.0±0.3 6.6±0.2
20 6.4±0.2 6.6±0.2

Triglycerides
FinalHDL

Before Final cholesterol

1.16±0.06 1.19±0.06 1.22 ±0.01
1.68±0.10 1.67±0.11 1.16±0.02

1.63 ± 0.06 1.44±0.06 1.21 ±0.04
1.56± 0.04 1.49± 0.04 1.02 ±0.02

1.44 ± 0.06 1.35 ± 0.06 0.97 ± 0.05
1.64± 0.10 1.73 ±0.12 0.81±0.04

2.06±0.14 1.62±0.12 0.98±0.04
2.00±0.14 1.98±0.14 0.90±0.05

1.40±0.10 1.38±0.15 0.94±0.08
1.58±0.09 1.69±0.10 1.01±0.04

1.23±0.18 1.19±0.09 1.18±0.06
1.56± 0.17 1.73 ±0.17 1.23 ±0.07

1.32 ± 0.05 1.26± 0.06 1.07 ± 0.05
1.33 ± 0.20 1.02 ±0.07 0.85 ± 0.05

2.16±0.19 1.59±0.18 1.17±0.jU5
1.93 ±0.29 1.57 ±0.15 0.93 ±0.07

1.41 ±0.16 1.30±0.20 1.14±0.07
1.32±0.13 1.51 ±0.13 1.21 ±0.05

aNumber of subjects with final HDL cholesterol available at the moment
bHealth education (see Methods) was continuous to all participants in intervention groups
COther drugs, except P-adrenoceptor blockers, may have been included. Diuretics given were hydrochlorothiazide or
amiloride
dOther than pindolol.
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group of 237 subjects they were further subgrouped
according to the treatment. The 75 subjects on pro-
bucol and 42 on clofibrate (other drugs except 1B-
adrenoceptor blockers were not excluded) had fairly
low HDL cholesterol, the values being even lower
when ,B-adrenoceptor blockers (mainly pindolol)
were combined with the two hypolipidaemic drugs.
However, the hypertensive subjects treated with
diuretics and those treated with diuretics and P-
adrenoceptor blockers had similar though quite low
HDL levels. It should be noted that final triglycerides
were relatively high in the three subgroups on 1B-
adrenoceptor blockers.
To explore more closely the effect of l3-

adrenoceptor blockers on HDL, different subgroups
treated with one or two defined drugs were separated
(four lowest group pairs in Table 1). Subjects treated
with pindolol or other 1-adrenoceptor blockers alone
had a similar HDL cholesterol level to the diet
treated group. The combination of pindolol with
probucol or with clofibrate was again associated with
lowered HDL cholesterol levels, while the subjects
on diuretics and on diuretics and pindolol had similar,
relatively high HDL cholesterol levels.
The results indicate that according to the cross-

sectional studies long-term ,B-adrenoceptor blocker
treatment had no consistent effect on HDL choles-
terol. The lipid measurements were repeated in two
small subgroups treated with pindolol (1Omg/day)
plus diuretics (Table 2). In the control group which
continued the use of pindolol no consistent change
was observed in the blood pressure or serum lipids.
Withdrawal of pindolol in the other subgroup was

followed by a slight but significant increase in the
systolic blood pressure (+9±2 mmHg) and in the
HDL cholesterol level (+ 0.11 ± 0.04 mmol/l), and
by a significant decrease in triglycerides
(-0.56±0.2mmol/l). The changes in triglycerides

and HDL cholesterol differed significantly between
the two experimental groups. Thus, long-term pin-
dolol treatment had slightly reduced HDL choles-
terol. The changes in triglycerides and HDL choles-
terol caused by the withdrawal of pindolol did not
correlate significantly with each other (r= -0. 172).

Discussion

In a previous cross-sectional study (Kristensen,
1981 ) no significant effect was observed during long-
term antihypertensive therapy with 1-adrenoceptor
blockers (mainly propranolol) on HDL cholesterol
levels. Similar results were obtained in the present
study. The low HDL cholesterol levels found in the
subjects treated with hypolipidaemic agents plus P-
adrenoceptor blockers may be due to the drug combi-
nation or more likely to unmatching of the groups.
Withdrawal of pindolol actually revealed that the
drug had decreased HDL cholesterol, at least in
combination with diuretics, but this effect was so

small (0.1 mmol/l) that it could not be detected by the
cross-sectional analysis technique. The unfavourable
effect of pindolol on HDL cholesterol appears to be
less significant than that of many other 13-

adrenoceptor blockers, especially propranolol
(Leren et al., 1980). Also in our study HDL choles-
terol values appeared to be lower in patients treated
with other ,B-adrenoceptor blocking drugs with and
without diuretics, in comparison with those of the
risk-free control group or those treated with pin-
dolol, with and without a diuretics.

Beneficial effect of the treatment of mild hyperten-
sion on coronary heart disease has not been proved as

yet. In fact in some investigations, as in the Oslo study
(Leren et al., 1980) and our intervention study the
incidence tends to be increased. The exact role of

Table 2 Effects (mean ± s.e.mean) of pindolol withdrawal upon serum lipids in hypertensive subjects treated with a
pindolol-diuretic (hydrochlorothiazide or amiloride) combination during the preceeding 5 year intervention period

Pindolol Total lipids (mmol/l) HDL cholesterol
treatment Cholesterol Triglycerides (mmol/l)

Control, pindolol continued (12)
Measurement 1 6.5 0.2 1.56 0.17 1.23 0.07
Measurement 2 6.8 ±0.3 1.73 ±0.17 1.18 0.05
(how long after?)

Experimental, pindolol withdrawn (10)
Before withdrawal 7.4 0.3 1.85 0.17 1.15 0.06
After withdrawal 7.4 ± 0.3 1.28 ± 0.1 2*t 1.25± 0.06*t
(how long after?)

Number of subjects in Varenthesis
*Significant change or difference of changes (P< 0.05 or less) between the two experiments.
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HDL cholesterol lowering remains to be resolved.
The poor correlation of the incidence of coronary
artery disease with the apparent decrease in HDL
cholesterol suggested that factor(s) other than HDL
cholesterol contributed to the fairly high incidence in

the P-adrenoceptor blocker-treated hypertensive
subjects of our intervention trial.
This study was supported by the National Research Council
for Medical Research, Finland. Liisa Kuhta, Eeva Gustafs-
son, Helena Ahlroos and Marja Aarnio provided technical
and secretarial assistance.
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