
Diabetologia (2005) 48: 1980–1987
DOI 10.1007/s00125-005-1893-1

ARTICLE

G. Boner . M. E. Cooper . K. McCarroll .
B. M. Brenner . D. de Zeeuw . P. R. Kowey .
S. Shahinfar . T. Dickson . R. S. Crow . H.-H. Parving .
RENAAL Investigators

Adverse effects of left ventricular hypertrophy in the reduction
of endpoints in NIDDM with the angiotensin II antagonist losartan
(RENAAL) study
Received: 10 February 2005 / Accepted: 1 May 2005 / Published online: 5 August 2005
# Springer-Verlag 2005

Abstract Aims/hypothesis: We explored the impact of
baseline left ventricular hypertrophy (LVH) and losartan
treatment on renal and cardiovascular (CV) events in 1,513

patients from the Reduction of Endpoints in NIDDM with
the Angiotensin II Antagonist Losartan (RENAAL) trial,
which studied the effects of losartan on the progression of
renal disease and/or death in patients with type 2 diabetes
and nephropathy. Materials and methods: LVH was
assessed using ECG criteria (Cornell product and/or
Sokolow–Lyon voltage). The risk of renal or CV events
was determined by a proportional hazards model fit with
treatment allocation and presence of LVH. Covariates at
baseline included age, sex, systolic BP, mean arterial
pressure, pulse, proteinuria, serum creatinine, albumin and
haemoglobin. Results: A total of 187 subjects (12%) had
LVH at baseline. Treatment with losartan resulted in a
significant decrease in the Cornell product (−6.2%) and
Sokolow–Lyon voltage (−6.3%). LVH was shown to be
significantly associated with the primary endpoint, which
was a composite of doubling of serum creatinine (DSCR),
endstage renal disease (ESRD) or death (hazard ratio [HR]=
1.44, p=0.011), as well as with the composite renal end-
point of DSCR/ESRD (HR=1.42, p=0.031) and CV events
(HR=1.68, p=0.001). Losartan treatment of patients with
LVH decreased the CV as well as renal risk to a level
similar to that of patients without LVH. Conclusions/
interpretation: In patients with type 2 diabetes and ne-
phropathy, LVH is associated with significantly increased
risk of CV events and the progression of kidney disease.
Importantly, in patients with LVH, losartan reduced the
CVas well as the renal risk to a level similar to that seen in
subjects without LVH.
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Introduction

Left ventricular hypertrophy (LVH) has consistently been
linked to the increased prevalence of cardiovascular (CV)
events in a variety of patient populations [1–4]. In addition,
the risk of death or non-fatal complications is increased
two- to four-fold in the presence of LVH even when age,
sex and other risk factors are taken into account [1–5].
Furthermore, there is evidence that this risk may be en-
hanced by the presence of diabetes mellitus [3, 6–10].
Patients with impaired renal function are also at high risk of
CVevents and this risk is further increased in patients with
diabetic renal disease [11]. While diabetic nephropathy has
been linked to CV events [12], the role of LVH as an
additional CV risk factor has not been determined in this
patient population. Although LVH is common in patients
with impaired renal function, no studies to date have ex-
amined the impact of LVH on renal disease progression in
patients without overt CV disease [13].

The Reduction of Endpoints in NIDDM with the
Angiotensin II Antagonist Losartan (RENAAL) trial was
designed primarily to study the effects of losartan on
progression of renal disease and/or death in patients with
type 2 diabetes and nephropathy. The major finding was
that losartan had a significant beneficial effect on renal
endpoints and was associated with a significant reduction
in hospitalisations for heart failure, but not for CV events
[14]. The present analysis investigates the impact of LVH
(based on previously validated ECG criteria) [15] on the
renal and CV outcomes in these patients. In addition, the
effects of losartan treatment on LVH, renal and CV
endpoints in patients with or without LVH were also
determined.

Subjects, materials and methods

The study design and inclusion/exclusion criteria for
RENAAL have been reported in detail previously [14, 16].
Briefly, RENAAL was a multinational, double-blind, ran-
domised, placebo-controlled study in 1,513 patients with
type 2 diabetes and proven nephropathy in 250 centres in
28 countries. The investigational review board at each of
the centres approved the study, and all patients gave written
informed consent. An independent Endpoints Committee
whose members were unaware of the patients’ treatment
assignments reviewed the data to determine which patients
had reached the endpoints. In addition all renal and CV
events, including death and its cause, were adjudicated.
Patients were stratified according to baseline urinary al-
bumin : creatinine ratio (<226.2 mg/mmol [<2,000 mg/g]
or >226.2 mg/mmol [>2,000 mg/g]), and randomised to
either losartan-based therapy (50 mg titrated to 100 mg
once daily) or placebo-based therapy. Other antihyperten-
sive medications, except for ACE inhibitors and angioten-
sin receptor blockers, could be added if the trough sitting
BP did not reach the goal of <140/90 mmHg. Patients were
followed for an average duration of 3.4 years.

Patient population

The study population included both men and women aged
between 31 and 70 years. The patients were diagnosed with
type 2 diabetes and clinical nephropathy (albuminuria
>300 mg/g creatinine from a first morning specimen, or
proteinuria of>0.5 g/day and serum creatinine of 115–
265 μmol/l (1.3–3.0 mg/dl) with or without hypertension.
Patients with a history of a CV event or intervention 1–12
months prior to study enrolment were excluded.

Endpoints

The primary endpoint of the RENAAL study was a com-
posite of doubling of serum creatinine (DSCR), endstage
renal disease (ESRD) or death. In addition, the pre-spec-
ified renal composite endpoint of DSCR/ESRD was also
included. The secondary CV endpoint comprised myocar-
dial infarction, stroke, hospitalisation for heart failure or
unstable angina, coronary or peripheral revascularisation or
death due to CV causes.

Detection of LVH

ECGs were obtained at baseline and annually from all
subjects using a standard supine 12-lead ECG protocol and
a standardised method for electrode placement. ECGs were
then assessed centrally, using the Cornell product and
Sokolow–Lyon voltage criteria, which had been used in the
LIFE (Losartan Intervention for Endpoint Reduction in
Hypertension) study and validated [17–21] in a large
number of patients. Furthermore, the Cornell product cri-
teria have been shown to be more sensitive in diagnosing
LVH in obese patients and were thus considered to be more
robust in assessing the presence or absence of LVH in this
study [22].

The Minnesota Code rules [23] were used for visual
measurement of amplitude and duration of the QRS wave,
each measurement being repeated independently. The fol-
lowing criteria for LVH were used: Cornell product greater
than 2,440 mm×ms [19, 24] or Sokolow–Lyon voltage
greater that 38 mm [18].

The Cornell product was calculated using an adjustment
for sex as: Cornell product=(QRS duration [ms])×(R in
AVL+S in V3 [mm]+k), where k=0 for men and k=6 for
women.

The Sokolow–Lyon voltage was calculated as: Soko-
low–Lyon voltage=S in V1+R in V5 or V6.

Statistical analysis

Treatment groups, defined according to intent-to-treat,
were compared with respect to the change in the Cornell
product and Sokolow–Lyon voltage from baseline to the
end of follow-up (either study end or patient drop-out)

1981



using a Wilcoxon analysis. Baseline characteristics were
compared using chi-square tests for categorical variables
and a Wilcoxon test for continuous variables. The effect of
LVH on outcomes was analysed by calculating Kaplan–
Meier estimates for time-to-event data.

To determine the risk of renal or CV events the total
cohort was analysed using a proportional hazards model
that was fitted with treatment allocation and presence of
LVH. The following baseline covariates were included in
the model: age, sex, systolic BP, mean arterial pressure,
pulse, proteinuria, serum creatinine, albumin and haemo-
globin. In addition, mean arterial pressure at the time of the
specific endpoint was also included in the model (not a
baseline endpoint). A model-fitting strategy was used that
consisted of the following steps: (1) test each covariate
independently in a model with LVH and treatment; (2)
include all potentially significant covariates (p<0.10) in a
model with LVH and treatment; and (3) remove those co-
variates that were non-significant (p>0.05).

Thus, the final model for each endpoint contained LVH
and treatment and those covariates that were statistically
significant at the 0.05 level.

Results

Baseline characteristics

Of the 1,513 patients randomised to treatment, 187 (12%)
fulfilled the criteria for LVH at baseline, whereas 1,240
patients did not have LVH and 86 patients with insufficient
data were excluded. Of the patients diagnosed as having
LVH, 73.8% had an elevated Cornell product, 33.2% an
increased Sokolow–Lyon voltage and 6.0% an increase in
both criteria. Nine per cent of the patients with an elevated
Cornell product had an increased Sokolow–Lyon voltage
as well, while 81% had a normal Sokolow–Lyon voltage
and in 10% there were insufficient data. Of the patients
with an increased Sokolow–Lyon voltage, 21% had an
elevated Cornell product and in 79% the product was not
elevated. Table 1 summarises and compares the baseline
characteristics of those with or without LVH. The patients
with LVH were characterised by: female sex, higher sys-
tolic BP, higher mean arterial pressure, a greater percentage
of patients receiving antihypertensive therapy, higher heart
rate, increased urinary albumin: creatinine ratio, increased
glomerular filtration rate and a history of slightly more
myocardial infarction. There were no differences in serum
lipid values, glycaemic control, use of insulin and smoking
between the two groups. Serum creatinine levels were high-
er in the placebo group (mean±SD 176.8±44.2 vs 159.1±
35.4 μmol/l, p=0.004) and there was a higher percentage of
smokers in the losartan group (27 vs 15%, p=0.042) in
patients with LVH. In the patients without LVH there was a
slightly higher BMI in the losartan group (mean±SD 30.1±
6.5 vs 29.5±6.3, p=0.048).

Reduction of LVH

The Cornell product decreased significantly more in the
losartan group (1,432.8±61.3 to 1,344.2±802.5) than in the
placebo group (1,482.3±771.6 to 1,478±883.9) (p=0.007).
The respective values for Sokolow–Lyon voltage were
22.3±8.2 to 20.8±8.6 and 22.9±8.0 to 22.8±8.5, the de-
crease being greater in the losartan group (p<0.001). In
patients with LVH, losartan was also associated with a
greater decrease in Cornell product (losartan−12.5% vs
placebo—6.2%) and Sokolow–Lyon voltage (losartan−
16.6% vs placebo−11.7%), an effect that was also observed
in patients without LVH.

All four groups showed a significant decrease in both
systolic and diastolic BP from baseline measurement to last
measurement (patients with LVH receiving losartan−10.3/
8.1 mmHg, with LVH receiving placebo−13.4/7.8 mmHg,

Table 1 Baseline characteristics by presence or absence of LVH

Characteristic Without LVH
(n=1240)

With LVH
(n=187)

p

Age (years, mean±SD) 60±7.5 61±7.2 0.038
Sex (n)
Female 447 (36%) 88 (47%) 0.004
Male 793 (64%) 99 (53%)
Race
Asian 205 (17%) 36 (19%)
Black 182 (15%) 34 (18%)
Hispanic 228 (18%) 34 (18%)
White 608 (49%) 82 (44%)
Other 17 (1%) 1 (1%)
BMI (mean±SD) 29.8±6.4 29.1±5.9 0.282
BP (mmHg, mean±SD)
Systolic 151.7±19.4 159.1±17.7 <0.001
Diastolic 82.3±10.4 83.4±10.7 0.166
Mean arterial 105.4±11.2 108.7±11.2 <0.001
Heart rate (mean±SD) 69.4±17.9 75.7±15.8 <0.001
Laboratory variables
(mean±SD)
Creatinine (μmol/l) 164.4±42.3 170.5±45.2 0.068
Total cholesterol (mmol/l) 5.88±1.39 6.09±1.58 0.144
LDL-cholesterol (mmol/l) 3.66±1.16 3.81±1.28 0.208
HDL-cholesterol (mmol/l) 1.16±0.9 1.16±0.39 0.861
Triglycerides (mmol/l) 2.47±2.21 2.59±2.03 0.589
Haemoglobin (g/l) 124.8±18.4 125.1±17.5 0.915
HbA1c (%) 8.5±1.6 8.4±1.6 0.394
Serum uric acid (μmol/l) 398.5±101.1 404.5±89.2 0.421
Urinary albumin: creatinine
ratio (mg/mmol)

135.75 176.3 0.009

Insulin use (%) 751 (61) 109 (58) 0.553
Smokers (%) 223 (18) 39 (21) 0.355
Antihypertensive use (%) 1,154 (93) 182 (97) 0.026
Prior myocardial
infarction (%)

143 (12) 380(20) <0.001
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no LVH receiving losartan−9/6.1 mmHg, and no LVH re-
ceiving placebo−6.0/4.8 mmHg). Patients with LVH had
significantly higher baseline BP values compared with
patients who did not have LVH (Table 1). In patients with
LVH the reduction in systolic BP over the course of the
study was greater in the placebo-based therapy patients
than the losartan-based therapy patients (losartan−10.3±
20.6 mmHg vs placebo−13.4±21.0 mmHg, p<0.05).

Risk associated with LVH

Multivariate analysis of the total cohort demonstrated that
LVH at baseline was significantly associated with an in-

creased risk for the primary composite endpoint (Table 2).
Of the 187 patients with LVH, 114 (61%) experienced the
primary endpoint compared with 568 (46%) of the 1,240
patients without LVH (hazard ratio [HR]=1.41, p=0.001).
Consistent with prior findings from the RENAAL study,
elevated serum creatinine, increased proteinuria, reduced
serum albumin and decreased haemoglobin were also
strong positive predictors of the primary composite end-
point. LVH also increased the risk of the composite renal
endpoint of DSCR/ESRD and the risk of a CV event
(Table 2). In addition, LVH was associated with an in-
creased risk for DSCR (HR=1.38, p=0.03).

Table 2 Baseline risk factors
for renal and cardiovascular
events

Age age per 10 year increase,
Albumin serum albumin per unit
decrease, CV events myocardial
infarction, stroke, hospitalisa-
tion for heart failure or unstable
angina, coronary or peripheral
revascularisation or death due to
cardiovascular causes, DSCR/
ESRD doubling of serum creat-
inine or endstage renal disease,
Hbg blood haemoglobin per unit
decrease, Losartan treatment
with losartan vs placebo, LVH
left ventricular hypertrophy,
Primary DSCR/ESRD or death,
SCr serum creatinine per unit
increase, UACr urinary albumin/
creatinine per 500 mg/g increase

Endpoint Variable p Hazard ratio Lower 95% CI Upper 95% CI

Primary LVH 0.001 1.41 1.15 1.74
Losartan <0.001 0.74 0.63 0.87
SCr <0.001 1.94 1.65 2.28
UACr <0.001 1.14 1.11 1.17
Albumin <0.001 1.85 1.46 2.35
Hbg 0.002 1.08 1.03 1.13

DSCR/ESRD LVH 0.007 1.40 1.10 1.79
Losartan <0.001 0.69 0.57 0.84
SCr <0.001 2.13 1.76 2.57
UACr <0.001 1.17 1.14 1.21
Albumin <0.001 1.9 1.44 2.52
Hbg <0.001 1.12 1.06 1.19
Age 0.019 0.86 0.077 0.98

CV events LVH 0.006 1.4 1.10 1.78
Losartan 0.256 0.90 0.75 1.08
SCr 0.012 1.26 1.05 1.51
UACr <0.001 1.07 1.05 1.10
Age <0.001 1.37 1.21 1.56

Table 3 Risk associated with LVH and the effect of losartan-based therapy on this risk

Risk Without LVH With LVH

Placebo (n=623) Losartan (n=617) Placebo (n=99) Losartan (n=88)

Primary
Number of events 281 (45%) 257 (42%) 64 (65%) 50 (57%)
HR (95% CI) 1.00 0.75 (0.63–0.89) 1.44 (1.09–1.89) 1.04 (0.76–1.42)
p 0.001 0.011 0.813
DSCR/ESRD
Number of events 205 (33%) 180 (29%) 49 (49%) 35 (40%)
HR (95% CI) 1.00 0.70 (0.57–0.86) 1.42 (1.03–1.97) 0.95 (0.66–1.39)
p <0.001 0.031 0.805
CV events
Number of events 203 (33%) 199 (32%) 50 (51%) 32 (36%)
HR (95% CI) 1.00 0.97 (0.79-1.17) 1.68 (1.23–2.30) 1.07 (0.74–1.56)
p 0.726 0.001 0.714

Placebo without LVH is the reference group against which the other three groups are compared. Comparisons are made using a proportional
hazards model adjusting for covariates such as age, proteinuria, albumin, haemoglobin and serum creatinine
CVevents myocardial infarction, stroke, hospitalisation for heart failure or unstable angina, coronary or peripheral revascularisation or death
due to cardiovascular causes, DSCR/ESRD doubling of serum creatinine or endstage renal disease, LVH left ventricular hypertrophy,
Primary doubling of serum creatinine, end-stage renal disease or death
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Interaction of treatment and LVH on renal outcomes

Table 3 summarises the risk associated with LVH by
treatment group. Patients without LVH on placebo-based
therapy were used as the comparison group (HR=1). Pa-
tients with LVH at baseline, receiving placebo, were at
highest risk for all endpoints (Table 3 and Fig. 1, open
circles). These patients had an increased risk for the pri-
mary composite endpoint (HR=1.44, p=0.011) and for the
composite renal endpoint (HR=1.42, p= 0.031) (Table 3).
Losartan treatment reduced the risk of the primary com-
posite endpoint and the renal composite endpoint in pa-
tients with LVH to that of patients without LVH and
receiving placebo (Fig. 1, closed circles). Losartan reduced
the risk of these endpoints in those patients without LVH
(Fig. 1, closed triangles). Figure 2a,b show the Kaplan–
Meier plots for the effect of losartan-based therapy vs
placebo-based therapy on the primary composite endpoint
and the renal composite endpoint.

Interaction of treatment and LVH on CV outcomes

The presence of LVH at baseline was associated with a
68% increased risk of CV events in patients with type 2
diabetes and nephropathy (p=0.001, Table 3, Fig. 1, open
circles). Similarly to the reduction in risk for renal events,
losartan-based therapy reduced the level of risk for CV
events in patients with LVH (Fig. 1, closed circles) to the
level observed in patients without LVH. By contrast, in
subjects without LVH, losartan did not change the risk for
CV events (Fig. 1, closed triangles). The Kaplan–Meier
plot for this parameter is shown in Fig. 2c.

Discussion

This analysis shows that in patients with type 2 diabetes
and nephropathy, the presence of LVH, based on ECG
criteria, is a significant risk factor for the composite end-
point of DSCR, ESRD or death and the renal endpoint of
DSCR/ESRD as well as for CV events. The importance of

Fig. 1 Hazards ratios and 95% CIs shown as box and whisker plots
for the primary composite endpoint of DSCR, ESRD or death; the
renal composite endpoint of DSCR/ESRD; and the CV morbidity
and mortality composite endpoint. Comparisons are as follows:
subjects with LVH and losartan treatment vs those without LVH and
receiving placebo (closed circles); subjects without LVH receiving
losartan or placebo (closed triangles); placebo-treated subjects with
LVH vs those without LVH (open circles). A hazard ratio of less
than 1 in each pair indicates a beneficial effect of the first over the
second group, whereas a ratio greater than 1 indicates a deleterious
effect of the first over the second group

Fig. 2 Kaplan–Meier estimates of the influence of LVH and
losartan-based therapy on a the primary composite endpoint of
DSCR, ESRD or death; b the renal composite endpoint of DSCR/
ESRD; and (c) the CV morbidity and mortality composite endpoint
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LVH as a determinant of both renal and CVoutcomes has
not been previously demonstrated in this population of
proteinuric, diabetic subjects. Losartan was associated with
a decrease in the electrocardiographic parameters of left
ventricular size in the total RENAAL population, both in
patients with or without LVH. This effect on LVH by an
angiotensin receptor blocker appeared to be independent of
BP reduction. Of particular relevance was the finding that
losartan treatment reduced the risk of renal and CV events
in patients with LVH (the highest risk group) to a level of
risk similar to that observed in patients without LVH. These
findings suggest that in patients with type 2 diabetes, ne-
phropathy and LVH, who are at increased CV risk, los-
artan-based therapy may provide cardioprotective effects
in addition to the well-demonstrated renoprotective bene-
fits. The proportion of subjects with overt, electrocardio-
graphically diagnosed LVH in the total RENAAL cohort
was only 12%, and this may partly explain why there was
no overall beneficial effect of losartan on CV outcomes,
despite the significant effect in the patients with ECG-
LVH. No attempt was made to assess the effects of treat-
ment on different categories of CV events in view of the
total number of events in patients with LVH being only 82.

The baseline incidence of LVH (12%) in this population
is less than that reported previously for diabetic patients
[25, 26] and patients with chronic kidney disease [11, 27,
28]. Possible reasons for this include the inclusion/ex-
clusion criteria, which resulted in a low prevalence of CV
disease [14] and the reasonably well-controlled BP in many
subjects at baseline. Moreover, the presence of LVH was
assessed using ECG criteria, while echocardiography has
been used in other studies. A recent study has shown the
prevalence of LVH diagnosed on ECG in a large population
of type 2 diabetes to be 17% [29], similar to that observed
in the present study. The data of the LIFE study showed
that the same ECG criteria, as used in the RENAAL anal-
ysis, would identify approximately 70% of the LVH iden-
tified by echocardiography in hypertensive patients, thus
underestimating the incidence of LVH [30]. Of interest is
the fact that in the LIFE study, 65.9% of the subjects had an
elevated Cornell product, 23.1% an elevated Sokolow–
Lyon voltage and 11.2% had an elevation of both values
[20]. These figures are very similar to those presented in
this study. The LIFE investigators also suggested that by
using both criteria for the diagnosis of LVH they were able
to select a study population enriched by a broader spectrum
of risk factors. It has also been reported that echocardi-
ography overestimated the left ventricular mass in patients
on haemodialysis, presumably because of its dependence
on ventricular volume, suggesting that prior studies using
echocardiographic techniques may have overestimated the
incidence of LVH [31]. Indeed, in a recent study it was
shown that electrocardiographic diagnosis of LVH might
be superior to echocardiography in diagnosing patients at
high risk for ischaemic strokes [32].

Reduction of BP is associated with regression of LVH
[33] and has been linked to a reduction in CVevent rates in
both hypertensive subjects and the general population [34–

36]. In the RENAAL study, losartan-based therapy sig-
nificantly decreased both the Cornell product and Soko-
low–Lyon voltage. In spite of the fact that the reduction in
the systolic BP in subjects with LVH was greater in the
placebo-based therapy, the reduction in LVH was more
prominent in the losartan-treated group. Importantly, in
patients with LVH, the reduction in BP across the study
was greater in the placebo-based therapy group than in the
losartan-based therapy group, yet the effect on LVH was
more prominent in the group receiving the angiotensin II
antagonist. This would suggest that the regression of LVH
associated with losartan-based therapy resulted from ef-
fects above and beyond BP reduction per se. This is con-
sistent with data from LIFE, where losartan was found to
have a greater effect in reducing Cornell product and
Sokolow–Lyon voltage than atenolol despite similarly
achieved BP levels in both the total cohort (15) and, of
direct relevance to the current study, the diabetic sub-
population [37]. RENAAL is the first study to show that in
patients with type 2 diabetes and clinical nephropathy,
blockade of the angiotensin receptor has specific cardiac
effects leading to regression of LVH above and beyond that
which can be attributed to lowering BP.

An increased prevalence of LVH has been described in
patients with diabetic nephropathy [38], including those
with microalbuminuria [39]. Additional associations be-
tween the presence of LVH and the degree of proteinuria
have also been reported [40, 41]. In this study, the presence
of LVH at baseline significantly increased the risk for the
primary composite endpoint and more importantly sig-
nificantly increased the risk for the composite renal
endpoint of DSCR or ESRD. Patients at greatest risk of
renal outcomes were those who had LVH at baseline and
were receiving placebo-based therapy. Patients with the
lowest risk of renal endpoints were those who did not have
LVH and were treated with losartan. Importantly, in pa-
tients with LVH, losartan-based therapy reduced the risk of
renal events to that seen in patients without LVH.

The current analysis demonstrates that LVH, diagnosed
on ECG, significantly increased the risk of developing a
CV event in patients with diabetic nephropathy. Further-
more, losartan-based treatment of these high-risk patients
reduced the level of risk for CVevents to that of patients at
much lower risk without LVH. While RENAAL did not
demonstrate a clear cardioprotective role for losartan in the
total cohort of patients with type 2 diabetes and nephrop-
athy, these results do suggest that losartan could play a role
in reducing CV events in diabetic subjects with LVH, a
setting of increased CV risk. These data are consistent with
those from the LIFE study, where losartan conferred CV
benefits in patients with LVH [37]. In particular, the
findings from the LIFE diabetic sub-study have demon-
strated the utility of angiotensin II receptor antagonism in
conferring CV protection in the setting of concomitant
LVH and diabetes [37].

A recent editorial, based on several studies predomi-
nantly in non-diabetic populations, has suggested that
angiotensin receptor blockade may be associated with an
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increased risk of myocardial infarction [42]. However, in
this analysis we were able to show the efficacy of losartan
in reducing CVevents in diabetic patients at very high risk.
It is thus possible that the major beneficial effects of
angiotensin receptor blockade are primarily seen in patients
at very high CV risk such as those with diabetes, pro-
teinuria and renal impairment.

These data lend further support to the concept of cross-
talk between the renal and CV systems and further high-
light that treatment of diabetic patients should not be
designed to simply address either CVor renal disease pro-
gression, but should in fact encompass treatment that can
reduce both outcomes. The number of patients found to
have LVH at baseline, in this study, may be underestimated
because ECG criteria were used to identify this phenom-
enon. Without the ability to use other techniques such as
echocardiography or magnetic resonance imaging it is not
possible to determine how many of these patients had
anatomical LVH. However, the electrocardiographic ex-
pression of LVH may define a certain group of patients
with a high risk for both cardiac disease and progression of
renal disease.

In summary, LVH appears to confer an additional car-
diorenal disadvantage on an already high-risk group of
subjects, namely those with type II diabetes and nephrop-
athy. Losartan-based therapy not only reduced LVH but
also the risk conferred by LVH on CV and renal outcomes
in this population.
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