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Obesity and type 2 diabetes are major risk factors for cardio-
vascular disease (CVD), and this is due, in part, to adverse 
effects on cardiac structure and function.1–4 Several stud-
ies demonstrate that both obesity and diabetes are inde-
pendent predictors of increased left ventricular (LV) mass, 
and having both conditions may increase the odds of LV 
hypertrophy (LVH) by up to 3-fold.4–6 LVH can be readily 
assessed using standard 12-lead electrocardiography (ECG), 

from which a number of voltage-based criteria have been 
proposed.7 ECG-LVH is a strong predictor of future CVD 
events,8,9 and regression of ECG-LVH is associated with a 
reduced risk of cardiovascular morbidity and mortality.10,11 
Thus, ECG-LVH may be a useful surrogate endpoint for 
studies assessing changes in CVD risk over time.

Exercise and weight loss are recommended to lower risk 
of CVD events in individuals with type 2 diabetes.12 There 
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BACKGROUND
Left ventricular hypertrophy assessed by electrocardiography (ECG-
LVH) is a marker of subclinical cardiac damage and a strong predictor 
of cardiovascular disease (CVD) events. The prevalence of ECG-LVH is 
increased in obesity and type 2 diabetes; however, there are no data 
on the long-term effects of weight loss on ECG-LVH. The purpose of 
this study was to determine whether an intensive lifestyle interven-
tion (ILI) reduces ECG-LVH in overweight and obese adults with type 
2 diabetes.

METHODS
Data from 4,790 Look AHEAD participants (mean age: 58.8 ± 6.8 years, 
63.2% White) who were randomized to a 10-year ILI (n = 2,406) or dia-
betes support and education (DSE, n  =  2,384) were included. ECG-
LVH defined by Cornell voltage criteria was assessed every 2  years. 
Longitudinal logistic regression analysis with generalized estimation 
equations and linear mixed models were used to compare the preva-
lence of ECG-LVH and changes in absolute Cornell voltage over time 
between intervention groups, with tests of interactions by sex, race/
ethnicity, and baseline CVD status.

RESULTS
The prevalence of ECG-LVH at baseline was 5.2% in the DSE group and 
5.0% in the ILI group (P = 0.74). Over a median 9.5 years of follow-up, 
prevalent ECG-LVH increased similarly in both groups (odds ratio: 1.02, 
95% confidence interval: 0.83–1.25; group × time interaction, P = 0.49). 
Increases in Cornell voltage during follow-up were also similar between 
intervention groups (group × time interaction, P = 0.57). Intervention 
effects were generally similar between subgroups of interest.

CONCLUSIONS
The Look AHEAD long-term lifestyle intervention does not significantly 
lower ECG-LVH in overweight and obese adults with type 2 diabetes. 
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is some evidence that improvements in LV mass with life-
style intervention may be related to favorable changes in 
body weight, glycemic control, and cardiorespiratory fit-
ness; however, a more rigorous investigation is needed.13 
To our knowledge, there are currently no randomized clin-
ical trials on the long-term effects of weight loss on ECG-
LVH. Thus, the purpose of this study was to determine 
whether a structured weight loss intervention reduces 
ECG-LVH in overweight and obese individuals with type 
2 diabetes from the Action for Health in Diabetes (Look 
AHEAD) trial.

METHODS

Study design

Look AHEAD was a multicenter randomized clinical trial 
designed to examine the effects of an intensive lifestyle inter-
vention (ILI) compared with a diabetes support and education 
(DSE) control on cardiovascular morbidity and mortality. 
A total of 5,145 individuals were recruited from 16 centers 
throughout the United States between 2001 and 2004. The 
study design and baseline characteristics of the randomized 
participants were published previously.14,15 Individuals with 
type 2 diabetes were eligible if they were 45–76  years old, 
overweight or obese based on BMI ≥25 kg/m2 (>27 kg/m2 
if currently taking insulin), and able to complete a maximal 
exercise test. Major exclusion criteria included hemoglobin 
A1c >11%, blood pressure ≥160/100 mm Hg, triglycerides 
≥600  mg/dl, weight >350 lbs, CVD events in the previous 
3  months, or recent weight loss. The study was approved 
by the institutional review board at each center and was 
registered at ClinicalTrials.gov (NCT00017953).

Study interventions

The ILI involved a combination of group and individual 
sessions during a 4-year period with the most intensive 
application during year 1 and less frequent attention dur-
ing years 2–4.16 During an extended follow-up period, 
ILI participants were encouraged to continue having one 
individual contact per month and were offered at least 2 
group classes and courses each year to help maintain eat-
ing and physical activity behaviors that promote weight 
loss. Participants were instructed to reduce their energy 
intake to 1,200–1,800 kcal/day depending on body weight 
and increase their physical activity to ≥175 min/week (with 
intensity prescribed as moderate to vigorous, e.g., brisk 
walking) in order to achieve and maintain 5–10% weight 
loss. Participants randomized to DSE were invited to attend 
3 group sessions per year during the active phase of the 
intervention and one session per year during the follow-up 
phase.17 These sessions provided general information on 
topics related to diet, physical activity, and social support, 
but not specific behavioral strategies that would result in 
weight or fitness changes. Although the active intervention 
ended in September 2012, the ILI produced significantly 
greater weight losses relative to DSE, which were main-
tained across the entire study period (average of 9.6 years 
of follow-up).18

Assessment of ECG-LVH

Standard 12-lead ECGs were recorded with the partici-
pant resting in the supine position after an overnight fast 
at baseline and every other year thereafter using MAC elec-
trocardiographs (Marquette Electronics, Milwaukee, WI). 
Digitized tracings were transmitted to the Look AHEAD 
ECG Reading Center at Wake Forest School of Medicine for 
centralized reading and data processing. All ECGs were visu-
ally inspected for technical errors and inadequate quality. 
Using the Cornell voltage criteria, ECG-LVH was defined as 
RaVL + SV3 >2,800 µV in men and >2,000 µV in women 
based on the sum of the R-wave amplitude in lead aVL and 
the S-wave amplitude in lead V3.7,19

Other variables of interest

Standardized interviewer-administered questionnaires 
were used to obtain information on demographics, socioeco-
nomic status, medical history, and medication use. Weight 
and height were measured in duplicate using a digital scale 
and a standard, wall-mounted stadiometer. History of CVD 
at baseline was defined by self-report as a history of myo-
cardial infarction, coronary artery bypass, angioplasty/stent 
procedures, peripheral vascular disease, stroke, stable angina, 
and congestive heart failure. Standard procedures were used 
to measure waist circumference, blood pressure, and blood 
chemistries, as previously described.15 A  graded exercise 
treadmill test was used to assess cardiorespiratory fitness.20

Statistical analysis

All analyses were performed according to the intention-
to-treat principle and all available follow-up data were 
included. Data were restricted to those obtained prior to 
September 14, 2012 (i.e., the intervention phase of Look 
AHEAD), when the median follow-up was 9.5  years. 
Baseline CVD risk factors were compared between groups 
using t-tests for continuous variables and chi-square tests 
for categorical variables. Longitudinal logistic regression 
analysis with generalized estimation equations was used 
to compare the prevalence of ECG-LVH during follow-up, 
adjusting for baseline ECG-LVH status and study visit. 
Linear mixed models were used to assess the impact of 
intervention assignment on the absolute Cornell voltage 
over time, including the baseline value and study visit as 
covariates. Secondary models included time-varying BMI to 
account for the potentially confounding effects of changes in 
chest size and body fat on the ECG signal, as well as baseline 
systolic blood pressure, time-varying systolic blood pres-
sure, and time-varying antihypertensive medication use to 
account for the potentially confounding effect of hyperten-
sion on LV mass. Tests of interaction were examined by sex, 
race/ethnicity, and baseline CVD status. Sensitivity analyses 
were conducted by removing participants with evidence of 
interventricular conduction defects at baseline, defined as 
a QRS duration ≥120  ms. We also examined whether the 
magnitude of weight loss (≥10% vs. <10% weight loss at 
each visit, included as a time-varying covariate in the fully 
adjusted model), influenced the outcomes.

http://ClinicalTrials.gov


American Journal of Hypertension  31(5)  May 2018  543

ECG-LVH in the Look AHEAD Trial

RESULTS

The present analysis included 4,790 Look AHEAD par-
ticipants who completed a baseline ECG assessment and at 
least 1 ECG assessment during the 10-year follow-up period 
(Figure 1). This sample included 805 (33.8%) and 812 (33.8%) 
with 5 follow-up ECG measures, 1,159 (48.6%) and 1,201 
(49.9%) with 4 follow-up ECG measures, 228 (9.6%) and 227 
(9.4%) with 3 follow-up ECG measures, 104 (4.4%) and 88 
(3.7%) with 2 follow-up ECG measures, and 88 (3.7%) and 
78 (3.2%) with 1 follow-up ECG measure, in the DSE and 
ILI groups, respectively. Baseline demographics were similar 
between intervention groups (Table 1), with the exception of 
systolic blood pressure, which was slightly higher in the DSE 
group (P = 0.01). Participants who were excluded from this 
analysis were slightly younger than those who were included 
(57.4 vs. 58.8 years), but were otherwise similar.

The prevalence of ECG-LVH at baseline was similar be-
tween intervention groups (ILI: 5.0%, DSE: 5.2%, P = 0.74; 
Table  1), but differed between subgroups of interest. The 
baseline prevalence of ECG-LVH was substantially higher 
in women vs. men (7.7% vs. 1.1%; P < 0.0001) and slightly 
higher in individuals with vs. without a history of CVD 
(6.4% vs. 4.8%; P = 0.09). In addition, there were differences 
by race/ethnicity (P < 0.0001) with African Americans hav-
ing the highest prevalence of ECG-LVH at baseline (10.5%), 
followed by Hispanics (6.1%); non-Hispanic Whites had the 
lowest prevalence (3.1%). The observed subgroup differ-
ences were similar across intervention groups.

As previously reported, the ILI produced sustained reduc-
tions in body weight across the intervention period.18 In the 
present analysis, mean weight losses at years 2, 4, 6, 8, and 
10 were −6.4%, −4.7%, −4.7%, −5.3%, and −5.9%, respect-
ively, in the ILI group compared to weight losses of −1.0%, 
−1.2%, −1.9%, −2.7%, and −3.4%, respectively, in the DSE 
group. Changes in body weight, cardiorespiratory fitness, 
systolic blood pressure, and antihypertensive medication 

use across follow-up are shown by intervention group in 
Supplementary Table 1.

As shown in Figure  2, the prevalence of ECG-LVH 
increased to ~6.9% in both intervention groups by year 10. 
Overall, the prevalence of ECG-LVH during follow-up was 
similar between groups: odds ratio for DSE vs. ILI: 1.02, 95% 
confidence interval: 0.83–1.25; group × time interaction, 
P  =  0.49. There were no significant interactions with sex 
or race/ethnicity; however, the interaction between base-
line CVD  status and intervention group was significant 
(P  =  0.045). Among participants with a history of CVD, 
those randomized to the DSE group were more likely to have 
ECG-LVH during follow-up compared to those randomized 
to ILI (odds ratio for DSE vs. ILI: 1.67, 95% confidence 
interval: 0.96–2.91; P  =  0.07), which was not observed in 
those without a history of CVD (odds ratio for DSE vs. ILI: 
0.96, 95% confidence interval: 0.77–1.21; P = 0.76). Results 
were essentially the same when models were adjusted for 
time-varying BMI, systolic blood pressure, and antihyper-
tensive medication use (Table 2) and after removing 172 par-
ticipants with a baseline QRS duration ≥120 ms (although 
the intervention effect in those with a history of CVD was 
weakened, P = 0.13). Results from the fully adjusted mod-
els indicate that higher systolic blood pressure across 
follow-up was associated with greater prevalence of ECG-
LVH (Supplementary Table  2). The magnitude of weight 
loss, however, was not associated with ECG-LVH prevalence 
(odds ratio for ≥10% vs. <10% weight loss: 1.08, 95% confi-
dence interval: 0.87–1.33; P = 0.49).

The mean (SD) absolute Cornell voltage was similar 
in the DSE and ILI groups at baseline: 1,397 (487) µV vs. 
1,384 (485) µV, respectively (P  =  0.33). During follow-up 
there were similar increases in Cornell voltage between 
groups overall (Figure 3; group × time interaction, P = 0.57), 
with a marginal mean (SE) difference of 19.4 (12.7) µV be-
tween groups (P = 0.13, Table 3). While the magnitude of 
the intervention effect differed across subgroups of interest 
(Table  3), similar effects were observed when stratified by 
sex, race/ethnicity, and history of CVD. These results were 
unchanged after adjusting for time-varying BMI, systolic 
blood pressure, and antihypertensive medication use and 
after removing participants with a baseline QRS duration 
≥120 ms. Higher systolic blood pressure at baseline and dur-
ing follow-up and not using antihypertensive medications 
were associated with higher Cornell voltage (Supplementary 
Table  2). Greater weight loss was also modestly associated 
with Cornell voltage, such that participants who achieved 
≥10% weight loss had a Cornell voltage that was about 15 µV 
lower than those who achieved <10% weight loss: β = −14.8 
(7.4) µV; P = 0.046.

DISCUSSION

We determined the effects of weight loss on ECG-LVH in 
overweight and obese adults with type 2 diabetes from the Look 
AHEAD trial. Obesity causes notable changes in the ECG that 
reflect alterations in cardiac structure and function, as well as 
abdominal enlargement and heart displacement. Accordingly, 
reductions in body weight may help restore normal ECG 

Figure 1.  CONSORT diagram. Abbreviations: DSE, diabetes support and 
education; ECG, electrocardiography; ILI, intensive lifestyle intervention.
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patterns through favorable changes in cardiac geometry (e.g., 
reduced LVH) and orientation. We hypothesized that weight 
loss induced by caloric restriction and increased physical activ-
ity would reduce ECG-LVH in Look AHEAD participants. In 
contrast to our hypothesis, we found that the Look AHEAD 
long-term lifestyle intervention did not significantly lower the 
prevalence of ECG-LVH in this population.

Several studies show that weight loss leads to reductions in 
LV mass, as assessed by echocardiography or magnetic res-
onance imaging.13,21–24 One study by Hammer et al., which 
specifically examined the effects of weight loss on LV mass 
in obese individuals with type 2 diabetes, found that a very 
low-calorie diet (plus an exercise program in half the partici-
pants) reduced LV mass by 16%.25 However, the sample size 
was small (n = 12), the duration of the intervention was rela-
tively short (16 weeks), and there was no control group. Few 
studies have reported the effects of weight loss on ECG mark-
ers of LVH.26,27 Alpert et  al. found that surgically induced 
weight loss in normotensive morbidly obese subjects led to 
a significant reduction in ECG-LVH, as assessed by a variety 
of different criteria.26 Although they did not look specific-
ally at Cornell voltage, they did observe a significant reduc-
tion in RaVL amplitude, suggesting that fewer participants 
met Cornell voltage criteria for ECG-LVH after weight loss. 
Pontiroli et al. reported a reduction in SV3 (but not RaVL) 
amplitude 1  year after bariatric surgery in obese individu-
als; however, this improvement was observed in subjects 
whose blood pressure normalized during the follow-up 
period, but not in those who remained hypertensive.28 To our 

Table 1.  Cardiovascular disease risk factors at baseline by 
randomization arm (N = 4,790)

DSE ILI P value

N 2,384 2,406

Age (years) 58.9 (6.9) 58.6 (6.8) 0.14

Sex

  Women 1,433 (60.1) 1,429 (59.4) 0.61

  Men 951 (39.9) 977 (40.6)

Race/ethnicity 0.97

  Non-Hispanic White 1,505 (63.1) 1,521 (63.2)

  African American 379 (15.9) 376 (15.6)

  Hispanic 307 (12.9) 305 (12.7)

  Other 193 (8.1) 203 (8.4)

Education

  Less than high school 154 (6.6) 152 (6.4) 0.79

  High school graduate 433 (18.7) 424 (18.0)

  College graduate 1,733 (74.7) 1,782 (75.6)

History of CVD 0.31

  Yes 315 (13.2) 342 (14.2)

  No 2,069 (86.8) 2,064 (85.8)

Diabetes duration 0.41

  Less than 5 years 1,063 (44.9) 1,097 (46.0)

  At least 5 years 1,307 (55.1) 1,285 (54.0)

Use of diabetes medications

  None 280 (12.2) 288 (12.4) 0.90

  Oral meds only 1,647 (71.7) 1,678 (72.0)

  Insulin 370 (16.1) 364 (15.6)

Use of lipid-lowering medications

  Yes 1,145 (49.2) 1,179 (49.9) 0.53

  No 1,182 (5.8) 1,173 (50.1)

Use of antihypertensive 
medications

  Yes 1,687 (72.1) 1,735 (72.8) 0.58

  No 652 (27.9) 647 (27.2)

Smoking status

  Never 1,225 (51.5) 1,199 (49.9) 0.52

  Past 1,055 (44.4) 1,098 (45.7)

  Current 97 (4.1) 105 (4.4)

Body mass index (kg/m2)

  Less than 30 336 (14.8) 372 (16.3) 0.38

  30–39 1,398 (61.5) 1,379 (60.3)

  40+ 540 (23.7) 535 (23.4)

Waist circumference (cm)

  Women 111.1 (13.3) 110.4 (13.6) 0.19

  Men 118.3 (13.0) 118.6 (14.0) 0.54

DSE ILI P value

Blood pressure (mm Hg)

  Systolic 129.4 (17.1) 128.1 (17.3) 0.01

  Diastolic 70.2 (9.6) 69.9 (9.5) 0.22

Fitness (METS 80% HR) 5.1 (1.5) 5.2 (1.5) 0.09

Total cholesterol (mg/dl) 190.2 (37.3) 190.9 (38.0) 0.52

HDL-cholesterol (mg/dl) 43.6 (11.7) 43.5 (11.9) 0.76

LDL-cholesterol (mg/dl) 111.7 (32.4) 111.9 (32.0) 0.87

Triglycerides (mg/dl) 179.8 (119.5) 181.5 (112.8) 0.62

Hemoglobin A1c (%) 7.3 (1.2) 7.3 (1.1) 0.38

Renal function

  ACR (mg/g) 0.047 (0.23) 0.046 (0.20) 0.88

  eGFR (ml/min/1.73 m2) 90.0 (15.9) 90.3 (16.3) 0.55

Prevalence of ECG-LVH 123 (5.2) 119 (5.0) 0.74

Data are expressed as frequency (%) or means (SD); P values 
are based on chi-square or t-tests. Abbreviations: ACR, albumin-to-
creatinine ratio; CVD, cardiovascular disease; DSE, diabetes sup-
port and education; ECG-LVH, left ventricular hypertrophy assessed 
by electrocardiography; eGFR, estimated glomerular filtration rate; 
HDL, high-density lipoprotein; ILI, intensive lifestyle intervention; 
LDL, low-density lipoprotein; METS, metabolic equivalents.

Table 1.  Continued
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knowledge, we are the first study to report long-term changes 
in ECG-LVH following caloric restriction and exercise. Our 
results show that randomization to an ILI, which produced, 
on average, less weight loss (~6% at their last measurement 
during the intervention period) compared to the much larger 
weight losses (i.e., >15%) achieved in the bariatric surgery 
studies, did not reduce the overall prevalence of ECG-LVH. 
Interestingly, we found that Cornell voltage was significantly 
lower in those who lost ≥10% body weight; yet, this did not 
translate to a lower prevalence of ECG-LVH, suggesting that a 
substantial amount of weight loss may be necessary to reduce 

ECG-LVH using standard criteria. As reported previously, 
systolic blood pressure and antihypertensive medication use 
were lower in the ILI group across 10 years of follow-up.18 
Although reductions in systolic blood pressure were associ-
ated with lower prevalence of ECG-LVH and reduced Cornell 
voltage, accounting for changes in blood pressure and medi-
cations during follow-up did not alter the results.

While there was no overall intervention effect on ECG-
LVH, we did observe a slight moderating effect of CVD 
status. In fact, our results suggest that individuals with a 
history of CVD were more likely to have ECG-LVH during 

Figure 2.  ECG-LVH by intervention group. Trajectories over time did not differ between intervention groups, P = 0.49. Abbreviations: DSE, diabetes  
support and education; ECG-LVH, left ventricular hypertrophy assessed by electrocardiography; ILI, intensive lifestyle intervention.

Table 2.  Odds ratios and 95% CI for prevalent ECG-LVH in DSE vs. ILI overall and in subgroups of interesta

Model 1 Model 2 Model 3

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Overall 1.02 0.83–1.25 0.87 1.01 0.82–1.25 0.92 0.99 0.81–1.23 0.96

Sex

  Men 0.99 0.55–1.77 0.96 1.06 0.58–1.93 0.85 1.08 0.58–2.00 0.82

  Women 1.00 0.80–1.25 0.99 1.00 0.79–1.25 0.97 0.97 0.77–1.21 0.78

Race/ethnicity

  Non-Hispanic White 0.92 0.68–1.23 0.56 0.93 0.69–1.26 0.66 0.93 0.68–1.26 0.65

  African American 1.11 0.75–1.64 0.61 1.11 0.75–1.65 0.59 1.06 0.72–1.56 0.78

  Hispanic 1.14 0.59–2.18 0.70 1.11 0.58–2.12 0.76 0.89 0.48–1.65 0.72

  Other 1.37 0.76–2.45 0.29 1.22 0.66–2.24 0.53 1.15 0.62–2.13 0.65

History of CVD

  Yes 1.67 0.96–2.91 0.07 1.72 0.98–3.01 0.06 1.74 0.95–3.17 0.07

  No 0.96 0.77–1.21 0.76 0.95 0.76–0.19 0.66 0.91 0.73–1.15 0.44

Model 1 adjusts for visit and baseline ECG-LVH status. Model 2 adjusts for visit, baseline ECG-LVH status, and time-varying BMI. Model 3 
adjusts for visit, baseline ECG-LVH status, time-varying BMI, baseline systolic blood pressure, time-varying systolic blood pressure, and time-
varying antihypertensive medication use. Abbreviations: CI, confidence interval; CVD, cardiovascular disease; DSE, diabetes support and edu-
cation; ECG-LVH, left ventricular hypertrophy assessed by electrocardiography; ILI, intensive lifestyle intervention; OR, odds ratio.

aTests of interactions with intervention group were significant for baseline CVD status (P = 0.045), but not sex (P = 0.85) or race/ethnicity 
(P = 0.79).
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the intervention period if they were randomized to the 
DSE group, although the association did not reach statis-
tical significance and was further attenuated after removing 
individuals with interventricular conduction defects (e.g., 
left or right bundle branch block).18 We also observed sig-
nificant differences in the prevalence of ECG-LVH across 
sex and racial/ethnic subgroups at baseline; however, the 
intervention response did not differ between these groups. 
Notably, in our study women and minorities had a higher 
prevalence of ECG-LVH compared to men and non-
Hispanic Whites, respectively. Sex differences have been 

reported previously using Cornell voltage criteria in pop-
ulation-based studies.29–31 Although we had limited power 
for the subgroup analyses, the observed differences were 
greater in our cohort (i.e., 7-fold vs. 3-fold). Racial/ethnic 
differences in ECG-LVH have also been reported in prior 
studies and are consistent with our findings of more preva-
lent ECG-LVH in African Americans vs. non-Hispanic 
Whites, with intermediate prevalence in Hispanics.29,32,33

Despite its widespread availability, relatively low cost, 
ease of use, and high specificity, the clinical utility of ECG 
is limited by its low sensitivity for detecting LVH. This is 

Table 3.  Linear regression results for the effect of randomization to DSE vs. ILI on absolute Cornell voltage overall and in subgroups of 
interesta

Model 1 Model 2 Model 3

â SE P value â SE P value â SE P value

Overall 19.4 12.7 0.13 20.9 127 0.10 16.0 12.6 0.21

Sex

  Men 29.8 21.9 0.17 31.6 21.9 0.15 26.7 21.7 0.22

  Women 16.4 14.7 0.27 16.0 14.9 0.28 12.7 14.7 0.39

Race/ethnicity

  Non-Hispanic White 13.5 16.3 0.41 15.3 16.3 0.35 11.9 16.2 0.46

  African American 45.0 32.2 0.16 46.5 32.4 0.15 31.4 32.0 0.33

  Hispanic 33.0 33.3 0.32 34.5 33.5 0.30 22.2 33.2 0.50

  Other 3.2 41.3 0.94 -0.60 42.1 >0.99 4.0 42.0 0.92

History of CVD

  Yes 57.3 39.6 0.15 58.8 39.5 0.14 52.5 39.2 0.18

  No 14.4 13.4 0.28 15.5 13.5 0.25 10.6 13.3 0.42

Model 1 adjusts for visit and baseline Cornell voltage. Model 2 adjusts for visit, baseline Cornell voltage, and time-varying BMI. Model 3 
adjusts for visit, baseline Cornell voltage, time-varying BMI, baseline systolic blood pressure, time-varying systolic blood pressure, and time-
varying antihypertensive medication use. Abbreviations: BMI, body mass index; CVD, cardiovascular disease; DSE, diabetes support and edu-
cation; ILI, intensive lifestyle intervention.

aTests of interactions between intervention group and sex (P = 0.37), race/ethnicity (P = 0.95), and baseline CVD status (P = 0.23) were all 
nonsignificant.

Figure 3.  Mean Cornell voltage and 95% confidence intervals by intervention group. Trajectories over time did not differ between intervention groups, 
P = 0.57. Abbreviations: DSE, diabetes support and education; ILI, intensive lifestyle intervention.
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due, in part, to the increased amount of thoracic adipose 
tissue (i.e., chest wall fat and/or epicardial fat) in over-
weight and obese patients, which increases the distance 
between the myocardium and thoracic electrodes and 
effectively reduces precordial ECG voltages.34 At the same 
time, obesity-related increases in the LV mass-to-volume 
ratio in the absence of LVH (i.e., concentric LV remod-
eling) can result in increased ECG values, thereby reduc-
ing the specificity of ECG in some obese individuals.35 
Although many of the ECG criteria are highly dependent 
on body habitus,36,37 Cornell voltage may have superior 
diagnostic performance for the detection of LVH in over-
weight and obese individuals compared to other criteria 
likely because it is partially independent of precordial 
voltages and better reflects the posterior-horizontal dir-
ection of electrical forces associated with LVH.31,36–38 As 
such, our finding that absolute Cornell voltage increased 
during follow-up, as did the prevalence of ECG-LVH 
using corresponding criteria, suggests that anatomic LV 
mass likely increased in both groups during the 10-year 
period. Moreover, recent data suggest that accounting for 
the effects of BMI on ECG voltages may improve the sen-
sitivity of ECG-LVH criteria.39,40 In secondary analyses, 
we adjusted for time-varying BMI to account for potential 
changes in thoracic adipose tissue with weight loss. Our 
results were unchanged, suggesting that changes in body 
weight had no major effect on the ability of Cornell voltage 
criteria to assess changes in the prevalence of ECG-LVH 
during follow-up.

The strengths of this analysis include the large, well-
characterized cohort with good retention and many years 
of follow-up; however, there are several limitations. We 
used ECG to assess LVH which, as described above, is an 
indirect measure that presents some diagnostic challenges 
in overweight and obese individuals. Although our use of 
Cornell voltage criteria, along with models adjusted for pro-
spective changes in BMI, may have minimized major biases 
related to body size, the true effect of the ILI on changes 
in LV mass cannot be determined. It is also possible that 
defining ECG-LVH based on other criteria such as Cornell 
product, Sokolow-Lyon, or Romhilt-Estes, could lead to dif-
ferent results and alter the conclusions. Another limitation is 
the relatively small number of racial/ethnic minorities and 
participants with a prior history of CVD, which may have 
limited our ability to detect associations in these subgroups. 
Furthermore, as with all randomized clinical trials, the 
study results may not be widely generalizable given the spe-
cific patient population, trial design, and selection of study 
measures.

In conclusion, our study showed that a long-term lifestyle 
intervention did not significantly lower ECG-LVH, as com-
pared with a diabetes education control, among overweight 
and obese adults with type 2 diabetes.

SUPPLEMENTARY MATERIAL

Supplementary data are available at American Journal of 
Hypertension online.
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