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In the Losartan Intervention for Endpoint Reduction 
in Hypertension (LIFE) study, there was a 25% 
risk reduction for stroke with angiotensin receptor 
blocker-based therapy (losartan) as compared with β-
blocker-based therapy (atenolol) despite comparable 
blood pressure reductions. This substudy examines 
treatment effects on the amount and density of ath-
erosclerotic lesions in the common carotid arteries 
and the carotid bulb in 81 patients during 3 years 
of treatment. There were no statistically significant 
changes in the amount of carotid plaque in patients 
treated with losartan compared with an atenolol-
based treatment program. A statistically nonsignifi-

cant increase in plaque density and index (average of 
plaque amount and density) was seen in the atenolol 
group compared with those treated with losartan. 
The small number of patients evaluated may have 
limited the power to detect a difference in outcome. 
The difference in carotid plaque index increase 
between the treatment groups during 3 years of treat-
ment could not be statistically linked to specific treat-
ments in the present substudy.  (J Clin Hypertens. 
2006;8:169–173) ©2006 Le Jacq Ltd.

Hypertension is a major risk factor for morbidity 
and mortality.1,2 Until 2002, no drug or drug 

class had shown superiority over another in reducing 
cardiovascular end points; i.e., all antihypertensive 
drugs reduced cardiovascular risk comparably.3 In 
the Losartan Intervention for Endpoint Reduction in 
Hypertension (LIFE) study,4 however, therapy based 
on the angiotensin receptor blocker (ARB) losartan 
reduced cardiovascular end points significantly bet-
ter than therapy based on the β blocker atenolol 
despite similar blood pressure (BP) reductions in the 
treatment arms in 9193 patients with hypertension 
and left ventricular hypertrophy. More than 70% 
of patients in each group received a diuretic. One of 
the striking findings in the LIFE study was a 25% 
risk reduction for stroke in the losartan group. 
Because this difference appeared to be independent 
of BP, other mechanisms were considered. We have 
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previously investigated possible mechanisms that 
could explain this difference in stroke risk, such as 
hyperinsulinemia and intima–media thickness of the 
carotid arteries.5–7

Atherosclerotic plaques in carotid arteries are 
associated with an increased risk of stroke, proba-
bly because they are markers of generalized athero-
sclerosis as well as sources of thromboembolism.8 
Angiotensin II is likely to be involved in atherogen-
esis by enhancement of endothelial dysfunction, 
vascular low-density lipoprotein oxidation, adhe-
sion molecule expression, and up-regulation of 
cytokine expression.9 Losartan, an angiotensin II 
type 1 receptor antagonist, may prevent atheroscle-
rosis in animal models,10 and has been shown to 
correct small artery structural changes and normal-
ize endothelial function in humans, while atenolol 
had no such effects in humans despite similar low-
ering of BP.11 On the other hand, β blockers may 
also have antiatherosclerotic effects.12 There are, 
however, only limited observations on the effects of 
antihypertensive drugs on carotid atherosclerotic 
plaque formation in humans. In the present analy-
ses from the LIFE Insulin Carotids US Scandinavia 
(ICARUS) substudy, we tested the hypothesis that 
losartan is superior to atenolol in inhibition of 
carotid artery plaque formation.

METHODS
Subjects
According to a prespecified protocol in the LIFE 
study,4 99 patients with essential hypertension and 
left ventricular hypertrophy were included in the 
ICARUS substudy.5 They met the LIFE inclusion 
and exclusion criteria,4 and were evaluated at study 
baseline (after 2 weeks of placebo treatment), and 
after 1, 2, and 3 years of study treatment. Baseline 
characteristics of ICARUS substudy patients have 
been published previously.5 In the present analy-
ses, four patients had no or inadequate ultrasound 
readings at baseline, and 14 patients had no read-
ings during follow-up, leaving 81 patients in the 
present study. Similar numbers of patients were 
randomized to the two study drugs, and baseline 
characteristics were similar in the groups (Table I). 
Patients included in the present study were from 
the centers at Glostrup, Copenhagen, and Ullevaal, 
Oslo. All patients provided written informed con-
sent, and the substudy protocol was approved by 
all relevant ethics committees.

Carotid Plaque Measurements
The amount and density of atherosclerotic lesions 
were semiquantitatively assessed in the common 

carotid arteries and in the carotid bulb based on bilat-
eral ultrasound images; i.e., a total of four segments 
in each patient. We used the ACUSON 128XP/10c 
(Acuson Corporation, Mountain View, CA) and a 
linear 7-MHz transducer (L7). Measurements were 
made in the 1-cm segment proximal to the dilation 
of the carotid bulb as described by Howard et al.,13 
and in the carotid bulb. In the common carotid 
arteries and in the carotid bulb, we semiquantita-
tively assessed the amount of atherosclerotic lesions 
(0 = none, 0.5 = very few, 1 = few, 1.5 = some, 
2 = several) and the density (shadow) of athero-
sclerotic lesions (0 = no, 0.5 = very little, 1 = little, 
1.5 = some, 2 = full). Plaque index was calculated 
as the average of the amount and density scores. All 
assessments were made from digital images by the 
same technician, who was blinded to the patients’ 
treatment allocations.

BP Measurements
According to the LIFE study protocol, sitting BP was 
measured with a manual mercury sphygmomanom-
eter. In this substudy, resting BP was also measured 
at baseline and during follow-up with the patient 
in the supine position using a manual mercury 
sphygmomanometer or a semiautomatic sphygmo-
manometer (Dinamap Model 1846 SX, Critikon, 
Johnson & Johnson Medical, Inc., New Brunswick, 
NJ). BPs measured at Years 1, 2, and 3 were aver-
aged. Sitting and supine BP levels were comparable 
in patients recruited at different centers.

Statistics
Data were analyzed with SPSS version 11.0 for 
Windows (SPSS Inc., Chicago, IL). The mixed mod-
els were analyzed with SAS version 8.2 (SAS Institute 
Inc., Cary, NC). For comparison between treatment 
groups, Student’s independent samples t test was 
used for normally distributed data. The Mann-
Whitney test was used for skewed data. Differences 
in distribution of gender and smoking (Table I) 
were tested with the chi-square test. The annual 
changes in amount/density of plaque were compared 
between the two treatments by analysis of variance. 
Additional analysis of variance models included 
baseline measurement as a covariate. To investigate 
the overall effect of treatment on amount/density 
of plaque over time, a mixed model with repeated 
measures was used. The dataset for this model con-
sisted of multiple measurements of amount/density 
of plaque over time (Years 1–3) for each patient. 
The model was fitted by treatment, and with/with-
out baseline measurements were covariates. Null 
hypotheses were rejected if two-tailed p<0.05.
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RESULTS
Demographic variables, BP, and heart rate were 
comparable in the two groups at baseline (Table 
I). Compared with baseline, systolic and diastolic 
BPs were significantly lower (p<0.0005 for all) 
at Years 1–3 in both groups, but there were no 
significant differences between the groups at any 
time. Compared with baseline, heart rate was 
significantly lower at Years 1–3 in the atenolol 
group (p<0.001 for all), but not in the losartan 
group. Body mass index did not differ significantly 
between the groups during follow-up.

Carotid plaque amount and density in the two 
groups at baseline and during 3 years of treatment 
are shown in Table II. There was a 12% difference 
in plaque amount between the two groups at base-
line. Carotid index (average of amount and density) 
is also shown in Table II. The amount of plaque 
decreased in patients treated with losartan, while it 
increased in those treated with atenolol, but the dif-
ferences were not statistically significant: –0.024 vs. 
0.098; p=0.375 (unadjusted) and p=0.471 (adjusted 
for baseline variables). Patients treated with atenolol 
had a greater increase in plaque index than those 
treated with losartan, (0.123 compared with 0.049). 
To test whether there was a significant treatment 
difference in plaque index over time, a longitudi-
nal mixed model with repeated measures in which 
the dataset consisted of multiple measurements of 
plaque over time (Years 1–3) for each patient was 
applied. The test showed p=0.655 for the unadjust-
ed longitudinal model, and p=0.742 for the longi-
tudinal model adjusted for baseline measurements. 
Thus, the difference in carotid plaque index between 
losartan and atenolol during 3 years of treatment 
was also not statistically significant.

DISCUSSION
In the present study, the amount and density of 
carotid plaques and carotid plaque index (the aver-
age of plaque amount and density) were assessed 
at baseline and during three years of treatment 
in a cohort of LIFE participants treated with a 
regimen based on the ARB losartan compared with 
the β blocker atenolol. BP was significantly and 
comparably reduced in the two groups. A nonsig-
nificant change in the amount of plaque between 
patients receiving the ARB and the β blocker was 
noted. There was a numeric increase in plaque 
index in both groups during 3 years of treatment. 
No statistically significant difference was noted on 
the different treatment regimens.

The 25% reduction of stroke incidence in the 
losartan arm of the LIFE trial appeared to have been 

achieved independently of BP changes. Thus, other 
mechanisms may be involved. From a pathophysi-
ologic point of view, it is reasonable to investigate 
possible treatment effects on the carotid arteries. 
Antihypertensive treatment with losartan has been 
shown to improve vascular structure by reduction 
of the media-lumen ratio of resistance vessels,11 
and to improve arterial function in hypertensives.14 
This medication may also prevent atherosclerosis 
in animal models.10 Such effects may possibly be 
explained by inhibition of the production and release 
of inflammatory mediators.15,16 There are, however,  
limited observations of the effects on carotid athero-
sclerotic plaque formation in humans. On the other 
hand, it has also been reported that β blockers may 
have an antiatherosclerotic effect in carotid arter-
ies.12 The carotid plaque index increased 0.049 and 
0.123 from baseline to Year 3 in the losartan and 
atenolol groups, respectively, but the difference was 
not significant. If the difference in plaque index is a 
real one, one would probably need at least a 10-fold 
sample size compared with the present study to have 
the power to show a significant difference. When 
this study was designed, there were no relevant 
data to suggest the magnitude of effect and thus an 
accurate sample size. Thus, it is difficult to judge 
whether there is a type 2 error, or whether there 
were truly no clinically relevant differences between 
the drugs regarding plaque development.

In the present study, we used a semiquantitative 
method to assess plaque amount and density. As 
atherosclerosis is a focal phenomenon, assessment 
of plaque amount and density may offer advan-
tages compared with assessment of intima-media 

Table I. Baseline Characteristics

VARIABLE
LOSARTAN

(N=39)
ATENOLOL

(N=42)
Age (yr) 67 (7) 67 (6)
Men/women (n) 27/12 31/11
Smoker/ex-smoker/never smoked (n)* 7/16/14 3/18/16
Body mass index (kg/m2) 28.3 (3.1) 27.3 (3.4)
Total cholesterol (mmol/L) 6.0 (1.1) 6.2 (1.1)
HDL cholesterol (mmol/L) 1.4 (0.4) 1.5 (0.4)
Glucose (mmol/L) 5.9 (1.4) 5.8 (1.4)
Insulin (pmol/L) 48 (26) 48 (21)
Systolic blood pressure (mm Hg) 173 (18) 169 (16)
Diastolic blood pressure (mm Hg) 97 (12) 93 (8)
Heart rate (bpm) 68 (10) 69 (11)
Values are mean (SD) unless otherwise indicated. No significant 
differences were found between the two groups. HDL=high-
density lipoprotein; *smoking data missing for two subjects in 
the losartan group and five subjects in the atenolol group
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thickness, as discussed by Spence.17 All readings 
were assessed by one single technician who was 
blinded to the patients’ treatment allocations. The 
12% difference between the groups in plaque 
amount at baseline was not statistically significant 
and could not be linked to differences in the baseline 
variables measured i.e., BP, age, smoking, or lipids. 
To correct for this difference, baseline measurements 
were included as a covariate in the analyses.

CONCLUSION
There was no significant difference between an 
ARB- and a β-blocker-based treatment regimen in 
carotid plaque index in hypertensive patients with 
left ventricular hypertrophy during 3 years of anti-
hypertensive treatment with equivalent and sig-
nificant reductions in BP. The findings in this study 
suggest a trend for a numeric increase in plaque 
index in the atenolol-treated patients. Further 
investigation of carotid plaque differences with 
various antihypertensive agents is indicated.
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