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                        ORIGINAL ARTICLE    

 Persistence of left ventricular hypertrophy is associated with 
increased cardiovascular morbidity and mortality in hypertensive 
patients with lower achieved systolic pressure during 
antihypertensive treatment      

    PETER M.     OKIN  1  ,       DARCY A.     HILLE  2  ,       SVERRE E.     KJELDSEN  3  ,       BJ Ö RN     DAHL Ö F  4    
 &         RICHARD B.     DEVEREUX  1    

  1 Greenberg Division of Cardiology, Weill Cornell Medical College, New York, USA,  2 Merck Research Labs, 
West Point, Pennsylvania, USA,  3 University of Oslo, Ullev å l Hospital, Oslo, Norway and 
University of Michigan Medical Center, Ann Arbor, Michigan, USA, and  4  Department of Medicine, 
Sahlgrenska University Hospital/ Ö stra, Gothenburg, Sweden                             

  Abstract 
  Aim . To determine if persistence of electrocardiographic (ECG) left ventricular hypertrophy (LVH) during aggressive 
systolic blood pressure (SBP) lowering would identify patients at increased risk.  Methods and results . Adjudicated outcomes 
were examined in relation to the presence of LVH by mean in-treatment Cornell product (CP) in 463 hypertensive patients 
with mean in-treatment SBP    �    130 mmHg randomly assigned to losartan- or atenolol-based treatment. During mean 
follow-up of 4.4    �    1.3 years, persistence of mean CP    �    2440 mm·ms in 211 patients (45.6%) was associated with sig-
nifi cantly higher 4-year rates of cardiovascular death (8.9% vs 3.4%,  p    �     0.003), myocardial infarction (7.0% vs 3.3%, 
 p    �     0.010), stroke (8.5% vs 2.1%,  p    �     0.002), the composite endpoint of these events (20.0% vs 7.0%,  p    �     0.001) and 
all-cause mortality (14.9% vs 10.0%,  p    �     0.015). In multivariate Cox analyses, adjusting for a propensity score for CP 
LVH, randomized treatment and Framingham risk score entered as standard covariates and in-treatment diastolic BP and 
Sokolow – Lyon voltage LVH entered as time-varying covariates, persistence of CP LVH remained associated with statisti-
cally signifi cant increased risks of cardiovascular death (hazard ratio, HR    �    2.51, 95% CI 1.10 – 5.70), stroke (HR    �    2.63, 
95% CI 1.03 – 6.97) and the composite endpoint (HR    �    2.46, 95% CI 1.36 – 4.45).  Conclusions . These fi ndings suggest that 
persistence of LVH in a subset of these patients may in part explain the lack of benefi t found in hypertensive patients 
despite treatment to lower SBP.  

  Key Words:   Electrocardiogram  ,   hypertension  ,   hypertrophy   

  Introduction 

 It is well established that high blood pressure (BP) is 
strongly associated with increased cardiovascular 
(CV) risk and both CV and all-cause mortality (1) 
and that, in patients with hypertension, reduction of 
BP improves outcomes (2). Based on prior studies, 
current hypertension guidelines recommend treat-
ment to reduce systolic (SBP) and diastolic (DBP) 
pressure to    �    140/90 mmHg and to  �    130/80 in dia-
betic hypertensive patients (3 – 5). However, whether 
to lower BP more aggressively in hypertensive patients 
both with and without diabetes remains unclear (6). 

 Randomized treatment to lower SBP targets in 
diabetic hypertensives has not reduced CV outcomes 
(7,8), and has been associated with higher rates of 
adverse events attributable to antihypertensive treat-
ment (7) and with a 15% higher risk of all-cause 
mortality in extended follow-up (8). In the general 
population of hypertensive patients, fi ndings have 
been mixed (9 – 13). The Italian Study on Cardiovas-
cular Effects of Systolic Blood Pressure Control 
(Cardio-Sis) of 1111 non-diabetic patients (9) found 
a more aggressive SBP target ( �    130 mmHg) was 
superior to a less aggressive target ( �    140 mmHg) in 
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reducing the primary endpoint of the prevalence of 
electrocardiographic (ECG) left ventricular hyper-
trophy (LVH) at 2 years follow-up. In contrast, 
stricter control of SBP was not associated with 
improved outcomes in elderly hypertensive patients 
(10,11), black hypertensive patients with chronic 
kidney disease (12) and in the Losartan Intervention 
For Endpoint reduction (LIFE) study population of 
hypertensive patients with ECG LVH (13). Indeed, 
achievement of SBP  �    130 mmHg among LIFE 
study patients with ECG LVH at baseline was asso-
ciated with a signifi cantly increased risk of death and 
a trend towards higher CV mortality (13). However, 
it remains unclear why treatment to lower SBP has 
not improved outcomes. 

 It is well recognized that hypertensive patients 
with ECG LVH are at increased risk of CV morbid-
ity and mortality (14) and that regression of ECG 
LVH confers a decreased risk of CV morbidity and 
CV and all-cause mortality in patients with hyperten-
sion, whereas failure to regress ECG LVH is associ-
ated with increased risk (15 – 19). In part because 
achieved SBP    �    130 mmHg in LIFE was not associ-
ated with greater reduction in ECG LVH than higher 
in-treatment SBP (13), we hypothesized that failure 
to regress ECG LVH despite lower achieved SBP 
would identify a subset of LIFE study patients at 
higher risk of CV morbidity and CV and all-cause 
mortality. Therefore, the purpose of the present study 
was to examine whether persistence of ECG LVH by 
Cornell product criteria was associated with increased 
risk of CV morbidity and CV and all-cause mortality 
in patients with mean SBP  �    130 mmHg during 
antihypertensive treatment.   

 Methods  

 Subjects 

 The LIFE study (20,21) enrolled hypertensive 
patients with ECG LVH by Cornell product (22) 
and/or Sokolow – Lyon voltage criteria (23) on a 
screening ECG in a prospective, double-blind study 
large enough ( n    �     9193) to demonstrate an appre-
ciable reduction in mortality and morbid events with 
use of losartan as opposed to atenolol (20). Eligible 
patients were men and women aged 55 – 80 with pre-
viously untreated or treated essential hypertension 
with mean BP in the range 160 – 200/95 – 115 mmHg 
after 1 and 2 weeks on placebo. The present study 
included the 463 patients with mean in-treatment 
SBP    �    130 mmHg (213 women, 250 men, mean age 
65    �    7 years).   

 Treatment regimens 

 Blinded treatment was begun with losartan 50 mg or 
atenolol 50 mg daily and matching placebo of the 

other agent with a target BP of 140/90 mmHg or 
lower. During clinic visits at frequent intervals for the 
fi rst 6 months and at 6-month intervals thereafter, 
study therapy could be up-titrated by addition of 
hydrochlorothiazide 12.5 mg followed by increase in 
blinded losartan or atenolol to 100 mg per day. In 
patients whose BP was still not controlled, additional 
open-label upward titration of hydrochlorothiazide 
and, if necessary, institution of therapy with a calcium 
channel blocker or additional other medications 
(excluding beta-blockers, angiotensin-converting 
enzyme inhibitors, or AT 1 -receptor antagonists) was 
added to the double-blind treatment regimen (21).   

 Electrocardiography 

 Hard-copy ECGs were interpreted at a core labora-
tory by experienced readers blinded to clinical infor-
mation as previously reported in detail (17 – 21). QRS 
duration was measured to the nearest 4 ms in all 12 
leads and R-wave amplitudes in leads aVL, V5, and 
V6 and S-wave amplitudes in leads V1 and V3 were 
measured to the nearest 0.5 mm (0.05 mV). The 
product of QRS duration times the Cornell voltage 
combination [R aVL �  S V3 , with 6 mm (0.6 mV) added 
in women (17,22)]  �    2440 mm·ms or Sokolow – Lyon 
voltage (S V1    �     RV 5/6 ) �    38 mm (17,23) were used to 
identify ECG LVH. For the present analyses, persis-
tence of Cornell product LVH during treatment was 
defi ned by the mean of all Cornell product determi-
nations during treatment (after baseline) being 
 �    2440 mm·ms.   

 Endpoint determination 

 The LIFE trial used a composite endpoint of CV 
death, non-fatal MI, or non-fatal stroke and the indi-
vidual components according to previously defi ned 
criteria (21). These potential endpoints and all-cause 
mortality were ascertained and then verifi ed by an 
expert endpoint committee as previously described 
(20,21).   

 Statistical methods 

 Data management and analysis were performed with 
SPSS version 19.0 software. Data are presented as 
mean �    SD for continuous variables and proportions 
for categorical variables. Patients were classifi ed into 
two groups according to the presence of LVH by 
mean in-treatment Cornell product criteria  �    2440 
mm·ms. Differences in prevalence between groups 
were compared using  χ  2  analyses and mean values of 
continuous variables were compared using unpaired 
Student ’ s  t -test. 

 Event rates were calculated and plotted accord-
ing to the Kaplan – Meier product limit method 
and statistical signifi cance tested using the log-rank 
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statistic. The relation of outcomes to persistence of 
Cornell product LVH was assessed using Cox pro-
portional hazards models. Partial residuals were 
plotted against survival times and visually examined 
to check the proportional hazards assumption. 
Because the relatively small number of events pre-
cludes using a multivariable Cox model which 
includes all baseline clinical and demographic char-
acteristics that differ between patients with and 
without persistent LVH and may also be potential 
risk markers for the outcomes being assessed, a pro-
pensity score for persistent in-treatment mean Cor-
nell product LVH was calculated using logistic 
regression analysis in which persistent Cornell 
product LVH was the dependent variable and the 
variables listed in Table I and baseline variables in 
Table II were the independent variables. To test the 
independence of the relationship of outcomes to 
persistence of Cornell product LVH, persistence of 
LVH was entered into a multivariable Cox model 
that also included as covariates the propensity score 
for persistent Cornell product LVH, randomized 
treatment allocation and baseline Framingham risk 
score as standard covariates and baseline and sub-
sequent determinations of DBP and Sokolow – Lyon 
voltage as a time-varying covariates. 

 Cox analyses for the prediction of the compos-
ite endpoint were repeated stratifying the popula-
tion by treatment group, sex, age and by the 
presence or absence of LVH by Sokolow – Lyon 
voltage on the baseline ECG. Interaction between 
persistence of mean Cornell product LVH and 
these variables was formally tested by adding cross-
product terms of persistence of LVH and these 

variables into the models of the total population. 
For all tests, a two-tailed  p -value  �    0.05 was 
required for statistical signifi cance.    

 Results 

 There were 211 patients (45.6%) with persistence 
of ECG LVH defi ned by mean in-treatment Cor-
nell product  �    2440 mm·ms and 252 patients 
(54.4%) whose mean Cornell product was  �    2440 
mm·ms. Baseline clinical and demographic charac-
teristics of patients in relationship to mean Cornell 
product during treatment are shown in Table I. 
Patients with persistence of ECG LVH during 
treatment were older, more likely to be female, have 
a history of ischemic heart disease, myocardial 
infarction, stroke and heart failure, and had higher 
baseline body mass indexes, but were similar with 
respect to treatment randomization and other base-
line characteristics. 

 BP and ECG LVH measurements at baseline 
and changes in these measurements between base-
line and last in-study determination in relation to 
in-treatment persistence of Cornell product LVH 
are shown in Table II. Patients with in-treatment 
mean Cornell products  �    2440 mm·ms had similar 
baseline SBP and DBP and similar decreases in 
these measurements between baseline and last in-
study determination. Patients with persistent LVH 
by Cornell product criteria had more severe baseline 
ECG LVH by Cornell product criteria but less severe 
baseline ECG LVH by Sokolow – Lyon voltage, 
whereas regression of both Cornell product and 

  Table I. Demographic and clinical characteristics in relation to persistence of mean Cornell product left 
ventricular hypertrophy during treatment.  

Variables

Cornell product 
 �    2440 mm·ms 

( n    �     252)

Cornell product  
  �    2440 mm·ms 

( n    �     211)  p -value

Age (years) 63.7    �    6.9 65.7    �    7.3 0.003
Sex (% female) 40.1 53.1 0.007
Race (% black) 13.5 7.6 0.059
Diabetes (%) 8.7 14.7 0.063
History of IHD (%) 17.5 25.6 0.043
History of MI (%) 6.7 15.6 0.003
History of Stroke (%) 3.2 8.5 0.022
History of PVD (%) 4.4 7.6 0.203
History of HF (%) 2.0 7.1 0.013
Current smoker (%) 23.0 19.9 0.480
Treatment with losartan (%) 54.0 46.9 0.156
Framingham risk score (points) 20.9    �    9.4 21.5    �    9.6 0.532
Body mass index (kg/m 2 ) 27.3    �    4.6 28.9    �    6.1  �    0.001
Total cholesterol (mM) 5.75    �    1.20 5.74    �    1.26 0.901
HDL-cholesterol (mM) 1.44    �    0.42 1.39    �    0.42 0.265
UACR (mg/mM) 3.1    �    7.0 3.7    �    7.5 0.368
Glucose (mM) 5.79    �    2.26 6.01    �    2.27 0.356
Creatinine ( μ M) 94.9    �    24.1 93.6    �    21.8 0.569

    IHD, ischemic heart disease; MI, myocardial infarction; PVD, peripheral vascular disease; HF, heart 
failure; HDL, high-density lipoprotein; UACR, urine albumin/creatinine ratio.   
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Sokolow – Lyon voltage was signifi cantly lower in 
patients with persistence of Cornell product LVH. 

 During a mean follow-up of 4.4    �    1.3 years, CV 
death occurred in 31 patients (6.7%), myocardial 
infarction in 26 (4.3%), stroke in 24 (5.2%), the 
LIFE composite endpoint of CV death, myocardial 
infarction or stroke in 63 (13.6%) and 71 patients 
(15.3%) died from any cause. The relationship of 
all outcomes to persistent LVH by Cornell product 
criteria is shown in Table III and Figures 1 – 5. Per-
sistence of mean Cornell product    �    2440 mm·ms 
was associated with signifi cantly higher 4-year rates 
of CV death (8.9% vs 3.4%,  p    �     0.003), myocardial 
infarction (7.0% vs 3.3%,  p    �     0.010), stroke (8.5% 
vs 2.1%,  p    �     0.002), the composite endpoint of 
these events (20.0% vs 7.0%,  p    �     0.001) and all-
cause mortality (14.9% vs 10.0%,  p    �     0.015). In 
univariate Cox analyses (Table III), compared with 
mean in-treatment Cornell product  �    2440 mm·ms, 
mean in-treatment Cornell product    �    2440 mm·ms 
identifi ed patients with statistically signifi cant 
71 – 281% higher risks of all events. In multivariable 
Cox analyses adjusting for randomized treatment 
allocation, Framingham risk score and the propen-
sity score for persistent Cornell product LVH 
entered as standard covariates and baseline and 

in-treatment DBP and Sokolow – Lyon voltage as 
time-varying covariates, persistence of Cornell 
product LVH during treatment remained associated 
with signifi cantly increased risks of CV death, stroke 
and the LIFE composite endpoint, but was not 
a signifi cant predictor of myocardial infarction or 
all-cause mortality. Of note, replacement of in-
treatment Sokolow – Lyon voltage with change in 
Sokolow – Lyon voltage, also included as a time-
varying covariate, did not change these results (data 
not shown). 

 The predictive value of persistence of mean in-
treatment Cornell product LVH for the composite 
endpoint in relevant subsets of the population is 
examined in Table IV. The association between per-
sistence of Cornell product LVH and increased risk 
of the composite endpoint was similar in both treat-
ment arms, men and women, and in patients with 
and without LVH on their baseline ECG by 
Sokolow – Lyon voltage criteria, with non-signifi cant 
interaction terms for these variables. There was a 
trend towards a signifi cant interaction of persistent 
Cornell product LVH with age, with patients    �    65 
years old having a higher risk of the composite end-
point associated with persistence of LVH than older 
patients (Table IV).   

  Table II. Baseline and change from baseline to last in-study measurement of blood pressure and 
electrocardiographic left ventricular hypertrophy in relation to persistence of mean Cornell product left 
ventricular hypertrophy during treatment.  

Variables

Cornell product 
   �    2440 mm·ms 

( n    �     252)

Cornell product 
 �    2440 mm·ms 

( n    �     211)  p -value

Baseline measurements
Systolic BP (mmHg) 161    �    15 162    �    14 0.527
Diastolic BP (mmHg) 98    �    8 97    �    9 0.084
Cornell product (mm·ms) 2139    �    636 3291    �    937  �    0.001
Sokolow – Lyon voltage (mm) 31.1    �    10.6 27.4    �    9.93  �    0.001

Change from baseline to last 
measurement

Systolic BP (mmHg)  �    36.9    �    19.2  �    37.8    �    19.0 0.608
Diastolic BP (mmHg)  �    21.2    �    9.4  �    20.4    �    10.5 0.338
Cornell product (mm·ms)  �    332    �    592  �    36    �    1193 0.001
Sokolow – Lyon voltage (mm)  �    5.3    �    7.9  �    3.7    �    6.8 0.029

  Table III. Four-year event rates, univariate and multivariable Cox regression analyses to assess the relation of outcomes to persistence of 
mean Cornell product left ventricular hypertrophy during treatment.  

4-year event rates (%) Univariate Cox Multivariate Cox a 

Outcome
CPLVH �  
( n    �     252)

CPLVH �  
( n    �     211)  p -value Hazard ratio 95% CI  p -value Hazard ratio 95% CI  p -value

CV death 3.4 8.9 0.003 3.05 1.41 – 6.63 0.005 2.51 1.10 – 5.70 0.028
MI 3.3 7.0 0.010 2.84 1.24 – 6.54 0.014 1.81 0.71 – 4.58 0.214
Stroke 2.1 8.5 0.002 3.81 1.51 – 9.59 0.005 2.63 1.03 – 6.97 0.047
Composite endpoint 7.0 20.0  �    0.001 3.26 1.89 – 5.64  �    0.001 2.46 1.36 – 4.45 0.003
All-cause mortality 10.0 14.9 0.015 1.71 1.07 – 2.74 0.026 1.46 0.87 – 2.45 0.154

     a Adjusted for the randomized treatment allocation, Framingham risk score and the propensity score for persistent mean in-treatment 
Cornell product left ventricular hypertrophy entered as standard covariates and baseline and in-treatment diastolic blood pressure and 
Sokolow – Lyon voltage entered as time-varying covariates. CPLVH, mean Cornell product left ventricular hypertrophy; CV, cardiovascular; 
MI, myocardial infarction.   
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 Discussion 

 Among hypertensive patients with ECG LVH 
at baseline who achieve mean in-treatment SBP 
 �    130 mmHg during antihypertensive treatment, 
persistence of Cornell product LVH was associated 
with signifi cantly higher rates of CV death, myocar-
dial infarction, stroke, the composite endpoint of 
these three outcomes and all-cause mortality. After 
controlling for randomized treatment to losartan vs 
atenolol, baseline Framingham risk score, a propen-
sity score for the presence of mean Cornell product 
LVH during treatment that takes into account 
 differences in risk factors between patients with and 
without persistence of LVH, in-treatment DBP 
and Sokolow – Lyon voltage, persistence of Cornell 

 product LVH remained associated with statistically 
signifi cant increased adjusted risks of CV mortality, 
stroke and the LIFE study composite endpoint. 
These fi ndings suggest that the previously demon-
strated lack of benefi t and potential hazard observed 
in hypertensive patients despite treatment to lower 
SBP (13) may be in part explained by the greater CV 
risk associated with failure to regress LVH in a sub-
set of these patients with lower achieved SBP during 
antihypertensive treatment. 

 Previous studies have clearly demonstrated the 
strong association between higher BP and increased 
risk and that BP reduction can reduce this risk in 
patients with hypertension (1 – 4). However, the target 
level BP to which patients should be treated remains 

  Figure 2.     Kaplan – Meier survival curves illustrating the rate of cardiovascular mortality according to the presence of left ventricular 
hypertrophy (LVH) by mean in-treatment Cornell product  �    2440 mm·ms.  

  Figure 1.     Kaplan – Meier survival curves illustrating the rate of myocardial infarction according to the presence of left ventricular hypertrophy 
(LVH) by mean in-treatment Cornell product  �    2440 mm·ms.  
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unclear. Current hypertension guidelines recommend 
treatment to reduce BP to  �    130/80 in hypertensive 
patients with diabetes (3,4) to further reduce risk, but 
studies examining treating to lower SBP targets in 
diabetic hypertensive patients have not supported 
these recommendations (7,8). In the ACCORD BP 
trial (7), randomized treatment to achieve a SBP 
 �    120 mmHg, compared with  �    140 mmHg, failed 
to reduce the composite outcome of fatal and non-
fatal CV events and was associated with a greater risk 
of serious adverse events from antihypertensive treat-
ment. Similarly, tight SBP control did not improve 
CV outcomes in diabetic, hypertensive patients with 
coronary disease in the INVEST study and, in extended 
follow-up, was associated with a 15% increased risk of 
all-cause mortality (8). 

 Treatment to lower achieved BP levels has, for 
the most part, also not been associated with 
improved prognosis in the general population of 
hypertensive patients (9 – 13,24). Studies examining 
elderly hypertensive patients (10,11), black hyper-
tensive patients with chronic kidney disease (12) 
and a meta-analysis of over 22,000 patients com-
paring different DBP targets (24) found that stricter 
BP control did not reduce morbidity or mortality. 
Intriguingly, randomized treatment to a more 
aggressive SBP target ( �    130 mmHg) was superior 
to a less aggressive SBP target ( �    140 mmHg) in 
reducing the primary endpoint of the prevalence of 
ECG LVH at 2 years follow-up in 1111 non-dia-
betic hypertensive patients with a baseline SBP 
 	    150 mmHg (hazard ratio, HR    �    0.50, 95% CI 

  Figure 3.     Kaplan – Meier survival curves illustrating the rate of stroke according to the presence of left ventricular hypertrophy (LVH) by 
mean in-treatment Cornell product    �    2440 mm·ms.  

  Figure 4.     Kaplan – Meier survival curves illustrating the rate of the composite endpoint of myocardial infarction, cardiovascular mortality 
or stroke according to the presence of left ventricular hypertrophy (LVH) by mean in-treatment Cornell product    �    2440 mm·ms.  
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0.31 – 0.79,  p    �     0.003) (9). Unfortunately, this study 
was not powered to assess whether treatment to 
lower achieved SBP was associated with reduction 
of hard end-points and, if so, whether differences in 
outcome could be even in part explained by the 
lower prevalence of ECG LVH among the more 
aggressively treated group (9). 

 A recent analysis of the overall LIFE study popu-
lation from which the current study group was drawn 
further supports the general lack of benefi t observed 
with achievement of lower SBP (13). In the total LIFE 
study population of hypertensive patients with ECG 
LVH on a screening ECG prior to study enrollment, 
compared with in-treatment SBP    	    142 mmHg, 
in-treatment achievement of a SBP  �    130 mmHg 
was not associated with a signifi cantly decreased 
risk of CV morbidity or mortality but did identify a 
subgroup of patients who had increased all-cause 

mortality risk. In contrast, patients with in-treatment 
SBP between 131 and 141 mmHg had signifi cantly 
lower risks of myocardial infarction, stroke and the 
LIFE composite endpoint. These fi ndings were inde-
pendent of the possible impact of standard CV risk 
factors, randomized treatment assignment, baseline 
and in-treatment DBP and of the previously demon-
strated prognostic value of in-treatment ECG LVH 
and heart rate in this population (17,25). However, 
both in this and other studies, possible reasons why 
treatment to lower SBP levels has been associated 
with lack of improvement and potential hazard 
remain unclear. 

 Findings from the ACCORD diabetes arm 
(26,27) provide a theoretical framework for examin-
ing this issue. In the ACCORD diabetes arm (26), 
randomized treatment comparing an intensive glyce-
mic treatment strategy with a standard strategy was 

  Table IV. Univariate Cox analyses to assess the predictive value of persistence of mean Cornell product 
left ventricular hypertrophy during treatment for the composite endpoint in relevant subgroups of the 
study population.  

Subgroup
Composite

  endpoint ( n )   χ 2  p -value Hazard ratio 95% CI
 p -value for 
interaction

Treatment 0.244
Atenolol ( n    �     228) 35 10.92 0.001 3.78 1.72 – 8.33
Losartan ( n    �     235) 28 6.47 0.011 2.73 1.26 – 5.92

Sex 0.287
Male ( n    �     250) 40 19.35  �    0.001 4.47 2.37 – 9.52
Female ( n    �     213) 23 2.71 0.100 2.11 0.87 – 5.13

Age (years) 0.054
Less than 65 ( n    �     256) 18 10.82 0.001 8.01 2.32 – 27.66
65 or greater ( n    �     207) 45 4.42 0.036 1.94 1.05 – 3.61

Sokolow – Lyon voltage LVH 
on baseline ECG

0.263

No ( n    �     367) 49 15.35  �    0.001 3.83 1.96 – 7.49
Yes ( n    �     96) 14 2.72 0.061 2.72 0.95 – 7.76

    LVH, left ventricular hypertrophy; ECG, electrocardiogram.   

  Figure 5.     Kaplan – Meier survival curves illustrating the rate of all-cause mortality according to the presence of left ventricular hypertrophy 
(LVH) by mean in-treatment Cornell product    �    2440 mm·ms.  
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terminated early due to an unexpected increased 
mortality in the intensive treatment arm, despite 
lower median glycated hemoglobin (HbA 1c ) levels. 
However, subsequent analyses demonstrated that the 
minority subgroup of patients with HbA 1c     �    7% 
accounted for the excess mortality risk associated 
with the intensive treatment arm (27,28). Further 
analyses demonstrated that higher risk in the inten-
sive treatment arm was associated with less reduction 
in HbA 1c  from baseline levels during the fi rst 4 – 12 
months of treatment (27,28). Consistent with this 
construct, additional analyses in the current study 
demonstrate that patients with higher risk as mani-
fested by having one of the composite endpoints had 
signifi cantly lower reductions in Cornell product 
LVH between baseline and year 1 of the study 
( �    35    �    751 vs  �    264    �    649 mm·ms,  p    �     0.021). This 
suggests that it is the lack of improvement in end-
organ damage as manifested by lesser regression and 
persistence of Cornell product LVH in response to 
lower achieved SBP that may be behind the increased 
CV morbidity in this patient subgroup. 

 There are several other potential explanations for 
the current fi ndings. First, it is possible that persis-
tence of LVH identifi es a subset of hypertensive 
patients in whom excessive decreases in BP may be 
associated with an increase in morbidity and mortal-
ity at lower BP levels due to hypoperfusion (29 – 32), 
the so-called J-curve phenomenon. However, a recent 
editorial (33) urges caution with respect to the inter-
pretation of these data and suggests the need for a 
correctly designed randomized trial to better address 
this question. It is interesting to note that the results 
of one of the large meta-analyses regarding this 
topic identifi ed patients with achieved SBP of 131 –
 140 mmHg to have the lowest age- and sex-adjusted 
death rates (30), mirroring subsequent data in the 
overall LIFE study population (13). Second, failure 
to regress LVH despite achievement of lower SBP 
may identify a subgroup of patients with a higher 
burden of risk factors or undetected underlying dis-
ease, which could lead to increased CV risk (29,30). 
Although this concept is partially supported by the 
greater prevalences of ischemic heart disease, prior 
myocardial infarction, stroke and heart failure among 
patients with persistent LVH in the current study 
(Table I), persistent LVH remained associated with 
increased CV risk in this study even after adjusting 
for the propensity score for persistent LVH and other 
risk factors in the multivariate Cox models, making 
this less likely.  

 Study limitations 

 Several limitations of the present study warrant 
review. First, this is a  post hoc  analysis of a previously 
conducted randomized clinical trial that did not 
randomize patients to different levels of ECG LVH 

control. This could lead to possible sources of con-
founding due to differences between the achieved 
ECG LVH groups both at baseline and during the 
trial. Although we control for known, measured dif-
ferences between groups, the propensity score for 
persistent Cornell product LVH and for the possible 
effects of treatment and in-treatment DBP, and 
Sokolow – Lyon LVH on outcome, multivariable anal-
yses may not fully adjust for these differences and 
cannot adjust for other potential factors that were 
not measured. As a consequence, whether persis-
tence of Cornell product LVH may be a marker of 
existing disease as opposed to causative of increased 
mortality risk cannot be defi nitively addressed using 
this approach. Second, use of ECG LVH criteria to 
select patients for LIFE increased the baseline risk 
of the population, suggesting that caution should be 
used in generalizing these fi ndings to hypertensive 
patients at lower risk. However, it has been estimated 
that nearly 8 million patients in the fi rst 15 member 
nations of the EU would meet LIFE entry criteria, 
with similar numbers in the remainder of Europe and 
the USA, indicating that the present results are appli-
cable to a substantial patient population (34).   

 Implications 

 The present fi ndings suggest that persistence of Cor-
nell product LVH during treatment of hypertension 
to an achieved SBP  �    130 mmHg is associated with 
signifi cantly higher risk of CV mortality, stroke and 
the LIFE composite endpoint. These fi ndings sug-
gest a similar failure to regress LVH in subsets of 
patients with lower achieved SBP during treatment 
may in part explain the lack of prognostic benefi t of 
treating to lower SBP goals found in previous studies 
of hypertensive patients (7,8,10 – 13). These results 
suggest that it may be necessary to track hypertensive 
end-organ damage, in this case as manifested by 
ECG LVH, in addition to BP to fully assess response 
to treatment in hypertensive patients. Further study 
will be necessary to determine whether treatment to 
lower SBP goals should be reconsidered in the pres-
ence of persistent ECG LVH and whether treatment 
to specifi cally regress ECG LVH should take prece-
dence over therapy aimed at further lowering BP 
once adequate BP control has been achieved.   
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