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Background: This study evaluated factors independently associated with electrocardiographic left ventricular hy-
pertrophy (ECG-LVH) in subjects who were normotensive on clinical measurement and had no prior history of hy-
pertension.
Methods: This cross-sectional study analyzed cases and controls in the Comprehensive Medical Examination Cen-
ter of Hallym University Sacred Heart Hospital. Eligible case participants presented ECG-LVH according to the So-
kolow-Lyon or Cornell criteria, were normotensive on clinical measurement, and had never received a diagnosis of 
hypertension. The control group comprised subjects with normal sinus rhythm who were normotensive on clinical 
measurement with no history of hypertension.
Results: A multiple logistic regression model showed male sex, age and systolic blood pressure to be positively re-
lated to the presence of ECG-LVH. A positive relation of smoking and regular exercise; an inverse relation of pulse 
rate to the presence of ECG-LVH were found only in men. An inverse relation of uric acid level was found only in 
women. Detailed analyses of relatively healthy and young men according to whether or not to exercise regularly 
showed that positive relations of age and systolic blood pressure; an inverse relation of obesity to the presence of 
ECG-LVH were apparent in the non-regular exercise group but not in the regular exercise group. In the regular ex-
ercise group, only pulse rate showed significant (inverse) association with the presence of ECG-LVH.
Conclusion: The varying risk factor profiles associated with ECG-LVH according to sex and the participation in reg-
ular exercise may help to elucidate the ECG-LVH in clinical normotensives with no prior history of hypertension.
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INTRODUCTION

The presence of left ventricular hypertrophy (LVH) is associated with 

an increased risk of sequelae from cardiovascular disease.1) Reports 

have documented risk factors for the development of LVH such as age, 

elevated blood pressure (BP), obesity, stature, and glucose intolerance. 

Cardiac valve disease and chronic heart disease also cause LVH.2) Re-

gression or prevention of LVH are known to be associated with the re-

versal of an adverse cardiovascular prognosis;1) thus, understanding of 

the development of LVH and suggesting individualized strategies are 

important. In this regard, LVH in hypertensive patients is relatively 

easy to interpret as it is evidence of hypertensive target organ dam-

age,3) but the clinical significance or interpretation of LVH found inci-

dentally in normotensives is uncertain.4) Furthermore, to investigate 

determinants of LVH, most studies,1,3,5-7) except for a few,4,8) have been 

performed in hypertensive patient populations.

 On the other hand, although LVH can be diagnosed either by elec-

trocardiography (ECG) or by echocardiography (ECHO), owing to its 

low cost and non-invasiveness, ECG is more available in primary 

health care assessment and for the health screening of asymptomatic 

visitors. Thus, the issue of a correct interpretation of LVH found inci-

dentally in normotensives will arise mainly after the observation of 

electrocardiographic LVH (ECG-LVH) rather than by echocardio-

graphic LVH (ECHO-LVH).

 Therefore, we investigated factors independently associated with 

ECG-LVH determined by commonly used Sokolow-Lyon or Cornell 

criteria9) in participants who were normotensives on clinical measure-

ment and who had never received a diagnosis of hypertension, in the 

context of exploring the clinical implications of ECG-LVH in such pop-

ulation.

METHODS

1. Subjects
A cross-sectional study was carried out at the Comprehensive Medical 

Examination Center of Hallym University Sacred Heart Hospital. Ini-

tially 11,713 participants visited the center from 2013 to 2014 as as-

ymptomatic health screening subjects. Among the 11,713 participants, 

we subsequently excluded individuals whose ECG findings were nei-

ther ECG-LVH without other findings including ST-T changes/arrhyth-

mias nor normal sinus rhythm (NSR) (n=5,827); individuals who were 

19 years old or younger (n=45); individuals whose information on BP 

was missing (n=130); individuals with systolic blood pressure (SBP) 

≥140/90 mm Hg or who had a prior diagnosis of hypertension 

(n=3,128). A total of 1,203 men and 1,380 women were ultimately in-

cluded in this study (Figure 1) and divided into two groups (cases and 

controls). Eligible case participants included individuals with ECG-

LVH with no other ECG findings including ST-T changes and arrhyth-

mias. The case participants were those with both SBP <140 mm Hg 

and diastolic BP (DBP) <90 mm Hg on clinical measurement and had 

no previous history of a diagnosis of hypertension. The control group 

consisted of subjects with NSR who were normotensives on clinical 

measurement with no history of hypertension. Of those, the number 

of subjects with information on clinical variables is shown in Table 1. 

The subjects provided informed consent before participating in this 

study. All study protocols were approved by the Hallym University Sa-

cred Heart Hospital institutional review board (IRB approval no., 2016-

I083).

2. Measurements
Standard 12-lead ECGs were recorded for all subjects at 25 mm/s and 

1-mV/cm calibration. ECGs were retrieved from the ECG database (GE 

Muse; GE Healthcare, Waukesha, WI, USA), and were all reviewed by 

trained administrative staff and physicians. The ECG-LVH was deter-

mined according to the Sokolow-Lyon criteria (SV1+RV5 or RV6 ≥3.5 

mV)10) and/or by the Cornell criteria (SV3+RaVL ≥2.8 mV in men and 

≥2.0 mV in women).11) BP and pulse rate (PR) were measured using a 

DINAMAP DPC100X-EN automated BP monitor (GE Medical System 

Information Technologies, Milwaukee, WI, USA). If the automatically 

measured BP was beyond the normal range, a trained nurse manually 

measured the BP with a sphygmomanometer, and the manually mea-

sured level was used for analysis.

9,130 Participants were excluded

5,827 Whose ECG finding were neither ECG-LVH without other findings

including ST-T changes/arrhythmias nor NSR

45 ere <19 years of age

130 ere missing BP data

3,128 BP>140/90 or ever had a diagnosis of hypertensionere

W

W

W

11,713 Participants initially visited the

Comprehensive Medical Examination Center of

Hallym University Sacred Heart Hospital from

2013 to 2014

2,583 Eligible case and control participants

Figure 1. Flowchart describing the selection 
of the study population. ECG, electrocardiog-
raphy; ECG-LVH, electrocardiographic left 
ventricular hypertrophy; NSR, normal sinus 
rhythm; BP, blood pressure.
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 We obtained data describing medical history and lifestyle from 

structured self-questionnaires. Education level was categorized into: 

<college education or ≥college education. Monthly household income 

was categorized into: <2,000,000 won/mo or ≥2,000,000 won/mo.12) 

Marital status was defined as single or married. The widowed and di-

vorced were considered as single. Smoking status was classified into 

three groups: never-smokers, ex-smokers, or current smokers. Regular 

exercise was defined as at least 150 minutes of moderate-intensity aer-

obic physical activity weekly or at least 75 minutes of vigorous-intensi-

ty aerobic physical activity weekly.13) Men up to 65 years of age who 

consumed >4 standard drinks in a day (or >14 per week) and women 

and adults over 65 years who consumed >3 standard drinks per day (or 

>7 per week) were classified as ‘problem drinkers’ according to the 

National Institute of Alcohol Abuse and Alcoholism criteria.14) Family 

histories of stroke, cardiac disease including ischemic heart disease, 

hypertension, diabetes, etc. were collected. The diagnosis histories of 

stroke, cardiac disease including ischemic heart disease, diabetes, dys-

lipidemia, tuberculosis, etc., were also collected. In addition, female 

participants completed a questionnaire on gynecological history. 

Menopause was defined as the stopping of the menstrual cycles. Post-

menopausal women who had used hormone replacement therapy 

(HRT) to alleviate climacteric symptoms were classified as ‘ever users 

of HRT.’

 Height, weight, and waist circumference were measured. Weight 

and height were measured by trained nurses using calibrated equip-

ment. The body mass index (BMI) was calculated as weight (kg)/

height (m)2. Waist circumference was measured to the nearest 0.1 cm 

during exhalation, using a measuring tape at the horizontal plane 

midway between the inferior costal margin and iliac crest at the mid-

axillary line. A participant with a BMI of ≥25 kg/m2 was considered 

‘obese.’15)

 Blood samples were obtained for routine blood chemistry tests. 

Samples were collected from the brachial vein after the subjects had 

fasted for at least 12 hours. The hemoglobin level was checked by cyto-

chemical reaction using ADVIA 2120i (Siemens Healthcare Diagnos-

tics Inc., Erlangen, Germany). The hemoglobin A1c level was checked 

by high performance liquid chromatography using Variant II Bio-Rad 

(Bio-Rad Laboratories, Hercules, CA, USA). The fasting blood glucose 

(FBS) level was measured using the hexokinase method; the levels of 

total cholesterol and low-density lipoprotein were measured via enzy-

matic assay; high-density lipoprotein level was measured using the 

polyethylene glycol method; the triglyceride level was measured using 

enzymatic with glycerol blank method; the levels of aspartate amino-

transferase (AST) and alanine transaminase were measured via UV 

with P5P method; uric acid was measured using the uricase method 

(Auto-analyzer Model 7600 II; Hitachi, Tokyo, Japan). The high-sensi-

tivity C-reactive protein level was checked by turbidimetry using the 

Toshiba TBA 120FR Chemistry analyzer (Toshiba, Tokyo, Japan). The 

estimated glomerular filtration rate (eGFR) was determined by the 

Modification of Diet in Renal Disease standardized serum creatinine 

(e G F R  [ m L / m i n / 1 . 7 3  m 2] = 1 7 5 × s e r u m  c re a t i n i n e  [ m g /

dL]−1.154×age−0.203×0.742 [if female]).

3. Statistical Analysis
All data were analyzed using IBM SPSS ver. 22.0 (IBM Corp., Armonk, 

NY, USA). Because sex differences were expected,3) all analyses were 

stratified by sex unless specified. The assumption of normality of the 

data was tested using the Kolmogorov-Smirnov test and the Shapiro-

Wilk test. The independent sample t-test and the Mann–Whitney U-

test were used to analyze continuous variables. Categorical variables 

were analyzed by the chi-square test or Fisher’s exact test. Univariable 

and multivariable analyses were performed by means of binary logis-

tic regression. Most parameters significant at P<0.05 in the univariable 

model were entered into the multivariable model. We also adjusted 

the multivariable model for variables that were not significant but 

could have a significant association with ECG-LVH. All tests were two 

sided, and the level of significance was set at P<0.05.

 In the detailed analysis, we examined factors associated with ECG-

LVH comparing those who did regular exercise (regular exercise 

group) with those who did not (non-regular exercise group). Subjects 

<60 years of age without a history of stroke, cardiac disease including 

ischemic heart disease, diabetes, and dyslipidemia as well as hyper-

tension were investigated further in the regular exercise-stratified 

analyses.

RESULTS

1. Characteristics of Study Participants
The baseline characteristics of men and women with ECG-LVH or 

NSR are presented in Table 1. The prevalence of ECG-LVH was 2.9% 

(5.0% in men, 1.2% in women) in participants who were normoten-

sives on clinical measurement and never had a diagnosis of hyperten-

sion. In both sexes, participants with ECG-LVH had a significantly 

higher SBP (men: median [interquartile range], 123.0 [117.0–130.0] 

mm Hg versus 119.0 [111.0–128.0] mm Hg; P=0.004; women: median 

[interquartile range], 117.5 [106.8–129.5] mm Hg versus 109.0 [102.0–

118.0] mm Hg; P=0.007) than those with NSR. Men with ECG-LVH 

were more likely to do regular exercise (43.3% versus 21.1%, P=0.004) 

and to have lower PR (median [interquartile range]: 66.0 [62.0–72.8] 

versus 70.0 [65.0–76.0], P=0.014) than those with NSR. Women with 

ECG-LVH were more likely to be older (median [interquartile range]: 

52.0 [44.8–55.8] versus 42.0 [37.0–49.0], P<0.001), have a higher FBS 

(median [interquartile range]: 90.0 [85.0–99.5] versus 86.0 [82.0–92.0], 

P=0.047) and higher hemoglobin level (median [interquartile range]: 

13.7 [13.4–14.1] versus 13.3 [12.7–13.8], P=0.007), to have a history of 

dyslipidemia (18.8% versus 3.7%, P=0.022), and to be post-menopaus-

al (69.2% versus 17.6%, P<0.001) than those with NSR.

2. Factors Associated with Electrocardiographic Left 
Ventricular Hypertrophy

In univariable logistic regression analysis, the factors associated with 

increased risk of ECG-LVH were as follows (Supplementary Table 1): 
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higher SBP in both sexes; smoking (ex-smoker versus never smoker) 

and regular exercise in men; older age, a history of stroke, a history of 

dyslipidemia, higher hemoglobin and AST levels, and menopause in 

women. Whereas higher PR in men, monthly household income 

(≥2,000,000 won/mo versus <2,000,000 won/mo) and higher uric acid 

level in women were significantly associated with a decreased risk of 

ECG-LVH. Meanwhile, obesity was not a significant variable at the sig-

nificance level P<0.05 in the univariable analysis. Because previous 

studies have reported significant relationships found between obesity 

and ECG-LVH,1,6) we also included this variable in the multivariable 

logistic regression model.

 A sex-combined multivariable logistic analysis showed male sex 

(adjusted odds ratios [OR], 3.39; 95% confidence interval [CI], 1.90–

6.03), age (adjusted OR, 1.03; 95% CI, 1.00–1.05), and SBP (adjusted 

OR, 1.05; 95% CI, 1.02–1.07) to be positively associated with the pres-

ence of ECG-LVH. Obesity (adjusted OR, 0.58; 95% CI, 0.34–1.01) was 

not significantly associated with the presence of ECG-LVH (Table 2). 

After introducing monthly household income, regular exercise, a his-

tory of stroke, a history of dyslipidemia, FBS, uric acid or hemoglobin 

levels (Supplementary Table 2, models A, C–E, and G–I) into the mod-

el, these relations of male sex, age and SBP to the presence of ECG-

LVH remained unchanged in terms of statistical significance and di-

rection. In addition, adjustments for monthly household income or a 

history of stroke showed a statistically significant inverse relationship 

with regard to obesity and the presence of ECG-LVH. The effects of 

monthly household income, regular exercise, a history of stroke, a his-

tory of dyslipidemia, FBS, uric acid, and hemoglobin levels were not 

statistically significant. Adjustment for smoking (Supplementary Table 

2, model B) attenuated the relations of sex to the presence of ECG-

LVH. Adjustments for PR or AST (Supplementary Table 2, models F 

and J) attenuated the relations of age, while a significant inverse rela-

tion of obesity to the presence of ECG-LVH was observed. The effects 

of smoking, PR and AST were not statistically significant.

 Analyzing the data for men and women separately, the associations 

of clinical variables were sustained virtually. In men, except for one 

model that adjusted for regular exercise, there was a significant in-

crease in the risk of the presence of ECG-LVH with increase in SBP 

(Table 3; Supplementary Table 3, models A, B, and D–J). In women, all 

models except for one model that adjusted for menopause, showed a 

positive relation of age to the presence of ECG-LVH (Table 3; Supple-

mentary Table 3, models A–J); and after adjustments for monthly 

household income or smoking, there was a significant increase in the 

risk of the presence of ECG-LVH with an increase in SBP (Supplemen-

tary Table 3, models A and B). However, a statistically significant posi-

tive relation of smoking and regular exercise; an inverse relation of PR 

to the presence of ECG-LVH were found only in men (Supplementary 

Table 3, models B, C, and F), and an inverse association with uric acid 

was found only in women (Supplementary Table 3, model H).

3. Analyses Stratified according to Regular Exercise
Overall, 120 of 784 female participants (15.3%) practiced exercise regu-

larly, but none showed evidence of ECG-LVH. In contrast, men who 

were <60 years of age without a prior history of stroke, with cardiac 

disease including ischemic heart disease, diabetes, and dyslipidemia 

as well as hypertension, nine of 106 participants (8.5%) in the regular 

exercise group and 16 of the 382 participants (4.2%) in the non-regular 

exercise group exhibited ECG-LVH. Therefore, we conducted regular 

exercise-stratified analyses only in men.

 In univariable logistic regression analysis, the factors significantly 

associated with increased risk of ECG-LVH were: higher DBP in the 

non-regular exercise group and none of variables in the regular exer-

cise group respectively (Supplementary Table 4). In addition to DBP, 

all of the significant variables in multiple logistic regression analysis for 

data in men and women (separately) and obesity were also included 

in multivariable logistic regression models.

 Multivariable logistic regression analysis in the non-regular exercise 

group showed that age and SBP were positively associated with the 

presence of ECG-LVH, with an adjusted ORs of 1.08 (95% CI, 1.01–

1.16) and 1.06 (95% CI, 1.01–1.12), respectively, while obesity was neg-

atively associated (adjusted OR, 0.20; 95% CI, 0.04–0.93) (Table 4). Af-

ter introducing smoking, PR, or uric acid (Supplementary Table 5, 

models A, C and D) into the model, these relations remained un-

changed both in statistical significance and direction. The effects of 

Table 2. Multiple logistic regression which included the independent variables of 
sex, age, systolic blood pressure and obesity in clinically normotensive men and 
women (combined) without a history of hypertension according to the presence of 
electrocardiographic left ventricular hypertrophy or normal sinus rhythm (no. of 
subjects with information=2,582)

Variable Adjusted odds ratio (95% CI)

Male sex (ref: female) 3.39 (1.90–6.03)
Age 1.03 (1.00†–1.05)
Systolic blood pressure 1.05 (1.02–1.07)
Obesity* (ref: no obesity) 0.58 (0.34–1.01)

Data describing medical histories and lifestyle were obtained from structured self-
questionnaires.
CI, confidence interval; ref, reference group.
*Body mass index ≥25 kg/m2. †Upper or lower limit of CI=1.00 and P<0.05.

Table 3. Multiple logistic regression which included the independent variables of 
age, systolic blood pressure and obesity in clinically normotensive women and men 
(separately) without a history of hypertension according to the presence of 
electrocardiographic left ventricular hypertrophy or normal sinus rhythm

Variable

Men (no. of subjects with 
information=1,203)

Women (no. of subjects 
with information=1,379)

Adjusted OR (95% CI) Adjusted OR (95% CI)

Age 1.01 (0.98–1.04) 1.08 (1.02–1.13)
Systolic blood pressure 1.04 (1.01–1.07) 1.04 (1.00–1.09)
Obesity* (reference:  

no obesity)
0.65 (0.37–1.16) 0.22 (0.03–1.71)

Data describing medical histories and lifestyle were obtained from structured self-
questionnaires.
OR, odds ratio; CI, confidence interval.
*Body mass index ≥25 kg/m2.
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smoking, PR, and uric acid were not statistically significant. Adjust-

ment for DBP (Supplementary Table 5, model B) attenuated the rela-

tions of age and SBP to the presence of ECG-LVH, and the effect of 

DBP was not statistically significant. When DBP was added into the 

analysis instead of SBP (Supplementary Table 5, model E); the rela-

tions were similar, but age was no longer significantly associated with 

the presence of ECG-LVH, and the effect of DBP was statistically signif-

icant. On the other hand, in the regular exercise group, neither age nor 

SBP was significantly associated with the presence of ECG-LVH (Table 

4). Only PR showed a statistically significant (inverse) relation to the 

presence of ECG-LVH in the regular-exercise group (Supplementary 

Table 5, model C).

DISCUSSION

The presence of LVH is associated with a significantly increased risk of 

cardiovascular complications, irrespective of whether it is determined 

by ECG or ECHO.1,2) In fact, ECHO is the gold standard for assessing 

anatomical LVH. While ECG shows a high specificity in diagnosing an-

atomical LVH, its sensitivity is relatively low.1) However, considering 

that ECG-LVH may predict cardiovascular mortality and morbidity in-

dependently of ECHO-LVH and ECG provides information not avail-

able from ECHO (i.e., ECG-LVH may not depend solely on left ventric-

ular mass suggesting that anatomical ECHO and electrical ECG ver-

sions might reflect different pathogeneses),1) the interpretation of the 

clinical significance of ECG-LVH once discovered, rather than ques-

tioning whether or not to exclude the LVH diagnosis may differ in im-

portance. The present study is, as far as we know, the first to investigate 

factors associated with ECG-LVH in both sexes by targeting only clini-

cal normotensives with no prior history of hypertension from the Ko-

rean population. This information is clinically relevant as it may im-

prove the usefulness of ECG because it facilitates clinical decisions as-

sociated with ECG-LVH.

 For all participants, male sex, age, and SBP were independently and 

positively associated with the presence of ECG-LVH. Although it was 

found attenuated after adjustment for potential confounding factors, 

the association remained significant for most outcomes. These find-

ings are consistent with those of previous studies. The prevalence of 

ECG-LVH increases with age.1,2,5) In ECG-LVH according to Sokolow-

Lyon criteria, there is a male predominance.1,5) Furthermore, the inci-

dence of ECG-LVH is closely associated with BP levels.1,2,5) With respect 

to SBP, there are some possible mechanisms through which BP may 

influence left ventricular growth in our study of clinical normotensives 

with no prior history of hypertension. First, the association of SBP with 

an increased risk of ECG-LVH may be explained by responses to high 

normal BP. SBP levels within the normal limits have been shown to in-

fluence the increasing prevalence of LVH.16) Second, it can be hypoth-

esized that the association of ECG-LVH with male sex, older age, and 

relatively higher clinical SBP is a result of masked hypertension (MH) 

playing a significant role in the genesis of hypertrophy. MH is defined 

as normal BP on measurement in the clinic but a hypertensive BP level 

on ambulatory measurements.17) The risk of cardiovascular morbidity 

and mortality in patients with MH is close to that of patients with un-

controlled hypertension.18) A relatively higher SBP in the clinic is asso-

ciated with MH in several studies,19-21) while other associated factors of 

ECG-LVH in our study, such as male sex and older age have also been 

shown to be factors associated with MH in previous studies.21) More-

over, this explanation is in accordance with a previous report in which 

ECG-LVH was shown to be an independent determinant of MH.22)

 In men, ex-smokers were associated with increased risk of ECG-

LVH compared with never-smokers. Although the relationship was not 

statistically significant, current-smokers were also associated with in-

creased risk of ECG-LVH. In agreement with our observation, hyper-

tensive patients with ECG-LVH according to the Sokolow-Lyon criteria 

in other studies were more likely to be current smokers than partici-

pants without ECG-LVH;6) and ever smokers in men.1) Meanwhile, a 

significant effect of smoking on ECG-LVH was observed exclusively in 

men, but not in women. The fewer number of ex-smokers and current-

smokers in women compared to men might hinder an accurate esti-

mation of the effects of smoking on ECG-LVH in women.

 In women, uric acid was inversely associated with the presence of 

ECG-LVH. Unlike our results, previous studies have found that uric 

acid is independently and positively associated with ECG-LVH.6,23) 

These contradictory results could be a result of confounders. Consid-

ering that the complex metabolic changes associated with menopause 

have been found to be linked to serum uric acid levels, and women 

taking HRT have been shown to have significantly lower serum uric 

acid concentration than those who did not take HRT;24) we also as-

sessed the relationship between uric acid levels and ECG-LVH after 

adjustments for menopause or HRT (Supplementary Table 6). Adjust-

ment for HRT attenuated the association between uric acid and the 

presence of ECG-LVH (Supplementary Table 6, models B and D). 

However, information on HRT in the present study was available for 

only about one tenth of the female participants. The analysis with HRT 

as covariate was limited by the small sample size and was not ade-

Table 4. Regular exercise-stratified multiple logistic regression which included the 
independent variables of age, systolic blood pressure and obesity in clinically 
normotensive men without a history of hypertension according to the presence of 
electrocardiographic left ventricular hypertrophy or normal sinus rhythm

Variable

Regular exercise*

No (no. of subjects with 
information=382)

Yes (no. of subjects with 
information=106)

Adjusted OR (95% CI) Adjusted OR (95% CI)

Age 1.08 (1.01–1.16) 0.95 (0.86–1.04)
Systolic blood pressure 1.06 (1.01–1.12) 1.00 (0.94–1.06)
Obesity† (reference: no obesity) 0.20 (0.04–0.93) 0.85 (0.20–3.61)

Values are presented as adjusted odds ratio (95% confidence interval). Data 
describing medical histories and lifestyle were obtained from structured self-ques-
tionnaires.
OR, odds ratio; CI, confidence interval.
*At least 150 min of moderate-intensity aerobic physical activity throughout the 
week or at least 75 min of vigorous-intensity aerobic physical activity throughout the 
week. †Body mass index ≥25 kg/m2.
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quately powered to definitely determine whether HRT may moderate 

the effects of uric acid on ECG-LVH. On the other hand, we identified 

an association between uric acid levels and ECG-LVH status in wom-

en, but not in men. The association of uric acid with menopause and 

HRT outlined above might also explain sex differences.

 With respect to physiologic LVH which is a functional and structural 

adaptation of the heart to vigorous physical training and differs funda-

mentally from pathologic LVH,25) we further examined factors associ-

ated with ECG-LVH in regular exercise-stratified analyses setting a 

limit to age and diagnosis histories. Analyses were performed only in 

relatively healthy young men, because among women who exercised 

regularly, none exhibited ECG-LVH, which might be related to previ-

ous report that in comparison to men, athletic training in women ath-

letes was not a stimulus for substantial increase in left ventricular wall 

thickness.26) In the non-regular exercise group, older age and higher 

SBP were associated with an increased risk of ECG-LVH, while obesity 

was associated with a decreased risk of ECG-LVH. In the regular exer-

cise group, only PR showed a statistically significant (inverse) associa-

tion with the presence of ECG-LVH. Neither age nor SBP was signifi-

cantly associated with the presence of ECG-LVH. In that specific car-

diovascular risk factors such as higher BP and older age were not asso-

ciated - in terms of direction, even showing inverse relations of age 

and SBP to the presence of ECG-LVH – ECG-LVH in the regular exer-

cise group might be fundamentally different from ECG-LVH in the 

non-regular group in the context of physiological versus pathological 

LVH. The inverse relationship of PR with the presence of ECG-LVH in 

the regular exercise group is in accordance with other studies which 

revealed that resting sinus bradycardia was the most frequent ECG 

finding of well-conditioned athletes.27)

 On the other hand, ECG-LVH according to the Cornell criteria has 

been found to be positively related to obesity, consistent with the 

known relationship of anatomic LVH to obesity.2,6,8) In contrast, ECG-

LVH according to the Sokolow–Lyon criteria has been found to be neg-

atively associated with obesity in hypertensive patients as previously 

described in the literature. This suggests that the Sokolow–Lyon crite-

ria identifies ECG-LVH in which obesity does not play a significant role 

in the genesis of hypertrophy and, in addition, reflects the negative in-

fluence of obesity on precordial voltage amplitudes in hypertensives 

and subsequent a lower sensitivity of the Sokolow-Lyon criteria for 

LVH in obese patients.1,6) In this study, to increase the sensitivity for 

detecting ECG-LVH, both the Cornell and the Sokolow-Lyon criteria 

were accepted for defining ECG-LVH, because the Cornell criteria 

have been shown to be less dependent on body status also in the Ko-

rean population.11) However, of the total 76 participants with ECG-LVH 

who were normotensives on clinical measurement and did not have a 

prior diagnosis of hypertension, only three participants fulfilled both 

the Sokolow–Lyon criteria and the Cornell criteria, and only one par-

ticipant fulfilled the Cornell criteria alone. Consequently, the presence 

of ECG-LVH in our study was defined mostly by the Sokolow–Lyon cri-

teria, and although not statistically significant except for the four mod-

els that adjusted for monthly household income, a history of stroke, 

PR, or AST in all participants, the inverse effects of obesity in our study 

were in accordance with the results of other studies on hypertensive 

patients.1,6) Regarding statistical significance, men with ECG-LVH were 

more likely to do regular exercise than those with NSR (Table 1), and 

this might attenuate the association of obesity with the presence of 

ECG-LVH. Because the relationship between obesity and ECG-LVH in 

past investigations was observed in hypertensive patients,1,6) the ECG-

LVH in hypertensive patients was a manifestation of heart disease, and 

physiologic LVH is different from pathologic LVH in nature;25) includ-

ing men who did regular exercise – who were more likely to have phys-

iologic LVH rather than pathologic LVH compared with those who did 

not regular exercise - in analyses might attenuate the effects of obesity 

on ECG-LVH. Further regular exercise-stratified multivariable logistic 

regression analyses suggested that in the non-regular exercise group, 

obesity was independently and negatively associated with the pres-

ence of ECG-LVH, while in the regular exercise group, obesity showed 

no statistical significance, possibly providing an explanation for the 

non-significant association found on multivariable analyses in all par-

ticipants. Meanwhile, in the non-regular exercise group, the presence 

of ECG-LVH was also defined mostly by the Sokolow-Lyon criteria (n 

for total ECG-LVH=16; n for fulfilling the Sokolow–Lyon criteria 

alone=15; n for fulfilling both the Sokolow–Lyon criteria and the Cor-

nell criteria=1; n for fulfilling the Cornell criteria alone=0). As indicated 

above, it must be admitted that the inverse relationship of obesity with 

the presence of ECG-LVH in the non-regular exercise group may be an 

artifact of the ECG-LVH measurement by the Sokolow-Lyon criteria, 

since obesity of the chest wall will have a negative influence on precor-

dial voltage amplitudes. Moreover, previous investigators have found a 

positive association of obesity with ECHO-LVH2,6,8) or the ECG-LVH 

defined by the Cornell criteria,1,6) as described above.

 Our study has some limitations. Owing to the relatively small num-

ber of case participants, it is possible that the statistical power for as-

sessment was insufficient especially in analyzing the data in men and 

women separately.

 Indeed, analysing the data in men and women separately, the statis-

tical significance of relation of age to the presence of ECG-LVH was 

observed only in women, and the statistical significance of relation of 

SBP to the presence of ECG-LVH was observed only in men besides 

two models of female analysis. However, when we analyzed partici-

pants who did not exercise regularly in the regular exercise-stratified 

analyses,28) the relations of age and SBP to the presence of ECG-LVH 

remained virtually the same for all participants, as noted. It is possible 

that the sex difference observed when we analyzed the data in men 

and women separately, could be explained by sex-specific, relatively 

close or weak relationships between ECG-LVH and other cardiovascu-

lar risk factors.3)

 The study was cross-sectional in design; therefore, we could not 

identify the causal relationships between ECG-LVH and several fac-

tors. In this context, ECG-LVH in the regular exercise group might not 

have been a consequence of exercise, nor representative of physiologic 

LVH, although our observations showed significant differences be-
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tween the regular exercise group and the non-regular exercise group. 

Further longitudinal studies will be needed in the future.

 In addition, we had intended to apply the two most widely used 

ECG-LVH criteria—the Sokolow-Lyon and the Cornell criteria. In re-

cent guidelines, detection of ECG-LVH defined according to the So-

kolow-Lyon and Cornell criteria appears in the list of routine tests to 

determine target organ damage in hypertension.9) However, the pres-

ence of ECG-LVH in our study was defined mostly by the Sokolow–

Lyon criteria as mentioned above, and thus, we were unable to deter-

mine whether combining the two ECG-LVH criteria would produce 

the same results. Furthermore, eligible case participants included 

those with only ECG-LVH defined according to the Sokolow-Lyon and 

Cornell criteria without other ECG findings including ST-T changes 

and arrhythmias, and although this restriction could reduce any po-

tential confounding factors, participants selected on the basis of isolat-

ed voltage ECG-LVH might not be common patients with ECG-LVH. 

Thus, caution must be exercised when our results are extrapolated and 

applied to the general population and other specific subgroups.

 In conclusion, male sex, older age, and higher SBP were associated 

with ECG-LVH in participants who were normotensives on clinical 

measurement with no prior diagnosis of hypertension. The positive 

relation of smoking and regular exercise; inverse relation of PR to the 

presence of ECG-LVH were found only in men. The inverse relation of 

uric acid level was found only in women. Detailed analyses of relative-

ly healthy young men according to whether or not they exercise regu-

larly showed that in the non-regular exercise group, age and SBP to be 

positively related to the presence of ECG-LVH, while obesity to be neg-

atively related. However, in the regular exercise group, neither age nor 

SBP was significantly associated with the presence of ECG-LVH, and 

only PR showed a statistically significant (inverse) association. The 

varying risk factor profiles associated with ECG-LVH based on sex and 

whether or not to exercise in our study may help to elucidate the ECG-

LVH in clinical normotensives with no prior history of hypertension. 

Further longitudinal studies in general populations will be needed to 

better understand the development of ECG-LVH.
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Supplementary Table 1. Simple logistic regression analysis in clinically normotensive women and men (separately) with no prior history of hypertension according to the 
presence of electrocardiographic left ventricular hypertrophy or normal sinus rhythm

Characteristic

Men Women

No. of subjects with 
information

Crude OR (95% CI)
No. of subjects with 

information
Crude OR (95% CI)

Demographics
   Age (y) 1,203 1.01 (0.98–1.04) 1,380 1.09 (1.04–1.14)
   Level of education 1,028 1,189
      <College education 1.00 1.00
      ≥College education 0.63 (0.35–1.14) 0.66 (0.25–1.79)
   Monthly household income (10,000 won/mo) 1,027 1,146
      <200 1.00 1.00
      ≥200 1.06 (0.25–4.53) 0.26 (0.07–0.96)
   Marital status 1,095 1,256
      Single 1.00 1.00
      Married 2.71 (0.65–11.29) 1.65 (0.22–12.67)
Social/health habits
   Smoking 1,160 1,221
      Never 1.00 1.00
      Ex-smoker 2.52 (1.08–5.89) 0.00 (0.00– )
      Current 2.02 (0.86–4.71) 2.60 (0.33–20.35)
   Problem drinking* 1,172 0.86 (0.49–1.49) 1,364 2.91 (0.82–10.39)
   Regular exercise† 598 2.85 (1.35–6.04) 784 0.00 (0.00– )
Family history
   Stroke 1,102 1.81 (0.95–3.44) 1,300 1.75 (0.49–6.25)
   Cardiac disease including IHD 1,102 1.35 (0.60–3.06) 1,300 0.00 (0.00– )
   Hypertension 1,102 1.50 (0.83–2.69) 1,300 0.90 (0.30–2.64)
   Diabetes 1,102 0.62 (0.30–1.28) 1,300 1.35 (0.46–3.98)
   Other‡ 1,102 0.96 (0.55–1.66) 1,300 1.59 (0.57–4.42)
Diagnosis history
   Stroke 1,203 1.74 (0.22–13.74) 1,380 15.09 (1.71–133.12)
   Cardiac disease including IHD 1,203 0.00 (0.00– ) 1,380 0.00 (0.00– )
   Diabetes 1,203 0.57 (0.17–1.85) 1,380 4.39 (0.97–19.91)
   Dyslipidemia 1,203 0.77 (0.27–2.17) 1,380 5.94 (1.64–21.50)
   Tuberculosis 1,203 0.78 (0.28–2.19) 1,380 2.46 (0.55–11.00)
   Other 1,203 1.15 (0.68–1.95) 1,380 0.71 (0.25–2.06)
Physical characteristics
   Height (cm) 1,203 1.02 (0.97–1.06) 1,379 1.01 (0.92–1.11)
   Weight (kg) 1,203 1.00 (0.97–1.03) 1,379 0.96 (0.89–1.03)
   Body mass index (kg/m2) 1,203 0.98 (0.88–1.08) 1,379 0.86 (0.70–1.05)
   Obesity§,∥ 1,203 0.78 (0.44–1.37) 1,379 0.36 (0.05–2.77)
   Waist circumference (cm) 1,203 0.99 (0.95–1.02) 1,373 0.97 (0.91–1.03)
   Abdominal obesity¶ 1,203 0.62 (0.30–1.28) 1,373 1.08 (0.31–3.82)
   Systolic blood pressure (mm Hg) 1,203 1.04 (1.01–1.06) 1,380 1.06 (1.02–1.10)
   Diastolic blood pressure (mm Hg) 1,203 1.02 (0.98–1.06) 1,380 0.98 (0.92–1.04)
   Pulse rate (beats/min) 1,203 0.96 (0.93–1.00#) 1,380 1.00 (0.95–1.06)
Laboratory characteristics
   Hemoglobin A1c (%) 1,167 0.63 (0.38–1.04) 1,370 1.12 (0.56–2.23)
   Fasting blood glucose (mg/dL) 1,203 0.99 (0.98–1.01) 1,379 1.01 (0.99–1.03)
   Total cholesterol (mg/dL) 1,203 1.00 (0.99–1.01) 1,379 1.00 (0.98–1.01)
   High-density lipoprotein (mg/dL) 1,203 1.00 (0.98–1.02) 1,378 1.00 (0.97–1.04)
   Low-density lipoprotein (mg/dL) 1,203 1.00 (0.99–1.01) 1,379 1.00 (0.98–1.02)
   Triglyceride (mg/dL) 1,203 1.00 (1.00–1.00) 1,379 1.00 (0.99–1.01)
   Uric acid (mg/dL) 1,203 1.10 (0.88–1.36) 1,378 0.54 (0.30–0.96)
   Hemoglobin (g/dL) 1,203 0.81 (0.62–1.06) 1,378 1.80 (1.05–3.10)
   High-sensitivity C-reactive protein (mg/L) 1,102 0.91 (0.74–1.11) 1,271 1.02 (0.91–1.13)
   eGFR 982 1.02 (0.97–1.06) 1,148 0.97 (0.90–1.05)
   Aspartate aminotransferase (IU/L) 1,203 1.00 (0.99–1.02) 1,378 1.03 (1.01–1.06)
   Alanine transaminase (IU/L) 1,203 0.99 (0.97–1.01) 1,378 1.02 (1.00–1.04)

(Continued to the next page)



Supplementary Table 1. Continued

Characteristic

Men Women

No. of subjects with 
information

Crude OR (95% CI)
No. of subjects with 

information
Crude OR (95% CI)

Gynecological history
   Menopause** – – 1,164 10.51 (3.20–34.45)
   Ever use of HRT†† – – 191 1.64 (0.31–8.82)

Data describing medical histories and lifestyle were obtained from structured self-questionnaires. eGFR (mL/min/1.73 m2)=175×serum creatinine (mg/dL)–
1.154×age–0.203×0.742 (if female). 
OR, odds ratio; CI, confidence interval; IHD, ischemic heart disease; eGFR, estimated glomerular filtration rate; HRT, hormone replacement therapy.
*In men up to 65 years, >14 standard drinks per week on average or >4 drinks on any day; in women and adults over 65 years, >7 standard drinks per week on average or 
>3 drinks on any day. †At least 150 min of moderate-intensity aerobic physical activity throughout the week or at least 75 min of vigorous-intensity aerobic physical activity 
throughout the week. ‡Liver disease, cancer, gastritis, hemorrhoids, and so on. §Body mass index ≥25 kg/m2. ∥Reference, no obesity. ¶Waist circumference ≥90 cm in men and 
≥85 cm in women. #Upper or lower limit of CI=1.00 and P<0.05. **Stopping of the menstrual cycles. ††Ever use of HRT for alleviating climacteric symptoms in post-
menopausal status.



Supplementary Table 2. Multiple logistic regression in clinically normotensive men 
and women (combined) without a history of hypertension according to the presence 
of electrocardiographic left ventricular hypertrophy or normal sinus rhythm

Variable
No. of subjects with 

information
Adjusted odds ratio 

(95% CI)

Model A 2,173
   Male sex (ref: female) 3.06 (1.67–5.59)
   Age 1.03 (1.00*–1.06)
   SBP 1.05 (1.02–1.07)
   Obesity† (ref: no obesity) 0.54 (0.30–0.97)
   Monthly household income (10,000 won/mo)
      <200 1.00
      ≥200 0.80 (0.30–2.13)
Model B 2,380
   Male sex 1.71 (0.75–3.86)
   Age 1.03 (1.00*–1.06)
   SBP 1.05 (1.03–1.07)
   Obesity 0.59 (0.34–1.01)
   Smoking
      Never 1.00
      Ex-smoker 2.03 (0.93–4.41)
      Current 2.05 (0.94–4.46)
Model C 1,381
   Male sex 4.82 (1.94–11.99)
   Age 1.05 (1.01–1.09)
   SBP 1.05 (1.01–1.08)
   Obesity 0.49 (0.21–1.11)
   Regular exercise‡ 1.74 (0.84–3.60)
Model D 2,582
   Male sex 3.39 (1.91–6.03)
   Age 1.03 (1.00*–1.05)
   SBP 1.05 (1.02–1.07)
   Obesity 0.58 (0.33–1.00*)
   History of stroke 2.41 (0.52–11.16)
Model E 2,582
   Male sex 3.38 (1.90–6.02)
   Age 1.03 (1.00*–1.05)
   SBP 1.05 (1.02–1.07)
   Obesity 0.58 (0.34–1.01)
   History of dyslipidemia 1.07 (0.48–2.42)
Model F 2,582
   Male sex 3.31 (1.86–5.90)
   Age 1.03 (1.00–1.05)
   SBP 1.05 (1.02–1.07)
   Obesity 0.56 (0.33–0.98)
   Pulse rate 0.97 (0.94–1.00)
Model G 2,581
   Male sex 3.45 (1.93–6.15)
   Age 1.03 (1.00*–1.06)
   SBP 1.05 (1.02–1.07)
   Obesity 0.59 (0.34–1.03)
   Fasting blood glucose 1.00 (0.98–1.01)
Model H 2,580
   Male sex 3.27 (1.69–6.30)
   Age 1.03 (1.00*–1.06)
   SBP 1.05 (1.02–1.07)
   Obesity 0.58 (0.33–1.01)
   Uric acid 1.02 (0.83–1.25)

(Continued to the next page)

Supplementary Table 2. Continued

Variable
No. of subjects with 

information
Adjusted odds ratio 

(95% CI)

Model I 2,580
   Male sex 3.53 (1.65–7.56)
   Age 1.03 (1.00*–1.05)
   SBP 1.05 (1.02–1.07)
   Obesity 0.58 (0.34–1.01)
   hemoglobin 0.98 (0.78–1.23)
Model J 2,580

   Male sex 3.33 (1.87–5.93)
   Age 1.03 (1.00–1.05)
   SBP 1.05 (1.02–1.07)
   Obesity 0.57 (0.33–0.98)
   Aspartate aminotransferase 1.01 (0.99–1.02)

Data describing medical histories and life style were obtained from structured self-
questionnaires.
CI, confidence interval; ref, reference; SBP, systolic blood pressure.
*Upper or lower limit of CI=1.00 and P<0.05. †Body mass index ≥25 kg/m2. ‡At least 
150 min of moderate-intensity aerobic physical activity throughout the week or at 
least 75 min of vigorous-intensity aerobic physical activity throughout the week.



Supplementary Table 3. Multiple logistic regression in clinically normotensive women and men (separately) without a history of hypertension according to the presence of 
electrocardiographic left ventricular hypertrophy or normal sinus rhythm

Variable

Men Women

No. of subjects with 
information

Adjusted OR (95% CI)
No. of subjects with 

information
Adjusted OR (95% CI)

Model A 1,027 1,146
   Age 1.02 (0.98–1.05) 1.07 (1.01–1.13)
   SBP 1.04 (1.01–1.07) 1.05 (1.00*–1.10)
   Obesity† (reference: no obesity) 0.60 (0.32–1.12) 0.21 (0.03–1.64)
   Monthly household income (10,000 won/mo)
      <200 1.00 1.00
      ≥200 1.32 (0.30–5.75) 0.48 (0.12–1.97)
Model B 1,160 1,220
   Age 1.01 (0.97–1.04) 1.08 (1.03–1.14)
   SBP 1.04 (1.02–1.07) 1.05 (1.00*–1.10)
   Obesity 0.66 (0.37–1.18) 0.20 (0.03–1.57)
   Smoking
      Never 1.00 1.00
      Ex 2.42 (1.02–5.75) 0.00 (0.00– )
      Current 2.10 (0.89–4.91) 5.08 (0.59–43.46)
Model C 598 783
   Age 1.02 (0.97–1.06) 1.13 (1.05–1.22)
   SBP 1.04 (1.00–1.07) 1.05 (0.97–1.13)
   Obesity 0.55 (0.23–1.28) 0.00 (0.00– )
   Regular exercise‡ 2.55 (1.17–5.53) 0.00 (0.00– )
Model D 1,203 1,379
   Age 1.01 (0.98–1.04) 1.07 (1.02–1.13)
   SBP 1.04 (1.01–1.07) 1.04 (1.00–1.09)
   Obesity 0.65 (0.36–1.16) 0.20 (0.02–1.62)
   History of stroke 1.52 (0.19–12.22) 6.59 (0.57–75.57)
Model E 1,203 1,379
   Age 1.01 (0.98–1.04) 1.07 (1.01–1.13)
   SBP 1.04 (1.01–1.07) 1.04 (1.00–1.09)
   Obesity 0.65 (0.36–1.16) 0.22 (0.03–1.71)
   History of dyslipidemia 0.72 (0.25–2.03) 2.52 (0.64–9.91)
Model F 1,203 1,379
   Age 1.01 (0.98–1.04) 1.08 (1.03–1.13)
   SBP 1.04 (1.01–1.07) 1.04 (1.00–1.09)
   Obesity 0.62 (0.35–1.11) 0.22 (0.03–1.72)
   Pulse rate 0.96 (0.93–0.99) 1.02 (0.96–1.07)
Model G 1,203 1,378
   Age 1.01 (0.98–1.04) 1.07 (1.02–1.13)
   SBP 1.04 (1.01–1.07) 1.04 (1.00–1.09)
   Obesity 0.67 (0.38–1.20) 0.21 (0.03–1.66)
   Fasting blood glucose 0.99 (0.98–1.01) 1.01 (0.99–1.03)
Model H 1,203 1,377
   Age 1.01 (0.98–1.04) 1.08 (1.03–1.14)
   SBP 1.04 (1.01–1.07) 1.05 (1.00–1.09)
   Obesity 0.62 (0.35–1.12) 0.28 (0.04–2.24)
   Uric acid 1.10 (0.89–1.38) 0.49 (0.26–0.91)
Model I 1,203 1,377
   Age 1.01 (0.98–1.04) 1.07 (1.02–1.13)
   SBP 1.04 (1.02–1.07) 1.04 (1.00–1.09)
   Obesity 0.66 (0.37–1.18) 0.23 (0.03–1.80)
   Hemoglobin 0.81 (0.62–1.06) 1.58 (0.91–2.74)

(Continued to the next page)



Supplementary Table 3. Continued

Variable

Men Women

No. of subjects with 
information

Adjusted OR (95% CI)
No. of subjects with 

information
Adjusted OR (95% CI)

Model J 1,203 1,377
   Age 1.01 (0.98–1.04) 1.07 (1.01–1.12)
   SBP 1.04 (1.01–1.07) 1.04 (1.00–1.09)
   Obesity 0.64 (0.36–1.16) 0.22 (0.03–1.69)
   Aspartate aminotransferase 1.00 (0.99–1.02) 1.02 (0.99–1.05)
Model K – 1,163
   Age – – 1.04 (0.96–1.13)
   SBP – – 1.03 (0.98–1.08)
   Obesity – – 0.00 (0.00– )
   Menopause§ – – 4.97 (0.88–28.01)

Data describing medical histories and life style were obtained from structured self-questionnaires.
OR, odds ratio; CI, confidence interval; SBP, systolic blood pressure.
*Upper or lower limit of CI=1.00 and P<0.05. †Body mass index ≥25 kg/m2. ‡At least 150 min of moderate-intensity aerobic physical activity throughout the week or at least 
75 min of vigorous-intensity aerobic physical activity throughout the week. §Stopping of the menstrual cycles.



Supplementary Table 4. Regular exercise-stratified simple logistic regression in clinically normotensive men without a history of hypertension according to the presence of 
electrocardiographic left ventricular hypertrophy or normal sinus rhythm

Characteristic

Regular exercise*

No Yes

No. of subjects with 
information

Crude OR (95% CI)
No. of subjects with 

information
Crude OR (95% CI)

Demographics
   Age (y) 382 1.07 (1.00–1.15) 106 0.95 (0.87–1.04)
   Level of education 327 96
      <College education 1.00 1.00
      ≥College education 0.63 (0.19–2.07) 1.00 (0.23–4.29)
   Monthly household income (10,000 won/mo) 324 97
      <200 1.0 1.0
      ≥200 NA (NA) NA (NA)
   Marital status 356 96
      Single 1.00 1.00
      Married NA (NA) NA (NA)
Social/health habits
   Smoking 372 103
      Never 1.00 1.00
      Ex 3.24 (0.66–16.03) 2.36 (0.25–22.41)
      Current 1.82 (0.37–8.95) 2.09 (0.20–21.38)
   Problem drinking† 375 1.32 (0.46–3.79) 105 0.59 (0.14–2.50)
Family history
   Stroke 354 3.06 (0.93–10.11) 100 0.00 (0.00– )
   Cardiac disease including ischemic heart disease 354 2.48 (0.66–9.28) 100 0.00 (0.00– )
   Hypertension 354 0.84 (0.23–3.04) 100 1.13 (0.21–6.00)
   Diabetes 354 0.00 (0.00– ) 100 0.95 (0.11–8.44)
   Other‡ 354 0.52 (0.16–1.66) 100 0.16 (0.02–1.32)
Diagnosis history
   Tuberculosis 382 0.54 (0.07–4.22) 106 1.61 (0.18–14.75)
   Other 382 0.56 (0.18–1.78) 106 0.37 (0.07–1.89)
Physical characteristics
   Height (cm) 382 1.01 (0.93–1.10) 106 1.02 (0.90–1.15)
   Weight (kg) 382 0.98 (0.93–1.03) 106 1.04 (0.97–1.11)
   Body mass index (kg/m2) 382 0.89 (0.73–1.08) 106 1.17 (0.91–1.49)
   Obesity§ (reference: no obesity) 382 0.27 (0.06–1.20) 106 1.05 (0.26–4.14)
   Waist circumference (cm) 382 0.97 (0.91–1.05) 106 1.04 (0.96–1.14)
   Abdominal obesity∥ 382 0.80 (0.22–2.87) 106 1.61 (0.37–6.95)
   Systolic blood pressure (mm Hg) 382 1.05 (1.00–1.10) 106 1.00 (0.95–1.07)
   Diastolic blood pressure (mm Hg) 382 1.09 (1.00¶–1.18) 106 0.97 (0.88–1.06)
   Pulse rate (beats/min) 382 0.98 (0.92–1.04) 106 0.89 (0.79–1.00)
Laboratory characteristics
   Hemoglobin A1c (%) 370 0.95 (0.34–2.66) 103 0.93 (0.15–5.92)
   Fasting blood glucose (mg/dL) 382 1.01 (0.99–1.03) 106 1.04 (0.99–1.10)
   Total cholesterol (mg/dL) 382 1.00 (0.98–1.01) 106 0.98 (0.96–1.01)
   High-density lipoprotein (mg/dL) 382 1.03 (1.00–1.07) 106 0.95 (0.89–1.02)
   Low-density lipoprotein (mg/dL) 382 1.00 (0.98–1.01) 106 0.98 (0.95–1.01)
   Triglyceride (mg/dL) 382 1.00 (0.99–1.00) 106 1.00 (0.99–1.02)
   Uric acid (mg/dL) 382 1.16 (0.75–1.81) 106 0.72 (0.45–1.15)
   Hemoglobin (g/dL) 382 0.84 (0.46–1.54) 106 1.06 (0.45–2.47)
   High-sensitivity C-reactive protein (mg/L) 352 0.71 (0.34–1.47) 100 1.42 (0.97–2.09)
   eGFR 319 0.99 (0.92–1.08) 92 1.11 (0.93–1.33)
   Aspartate aminotransferase (IU/L) 382 1.01 (0.96–1.05) 106 1.03 (0.97–1.09)
   Alanine transaminase (IU/L) 382 0.97 (0.93–1.02) 106 1.02 (0.99–1.05)

Data describing medical histories and lifestyle were obtained from structured self-questionnaires. eGFR (mL/min/1.73 m2)=175×serum creatinine (mg/dL)–
1.154×age–0.203×0.742 (if female).
OR, odds ratio; CI, confidence interval; NA, not applicable; eGFR, estimated glomerular filtration rate.
*At least 150 min of moderate-intensity aerobic physical activity throughout the week or at least 75 min of vigorous-intensity aerobic physical activity throughout the week. †In 
men up to 65 years, >14 standard drinks per week on average or >4 drinks on any day; in women and adults over 65 years, >7 standard drinks per week on average or >3 
drinks on any day. ‡Liver disease, cancer, gastritis, hemorrhoids, and so on. §Body mass index ≥25 kg/m2. ∥Waist circumference ≥90 cm in men and ≥85 cm in women. ¶Upper 
or lower limit of CI=1.00 and P<0.05.



Supplementary Table 5. Regular exercise-stratified multiple logistic regression analysis in clinically normotensive men without a history of hypertension according to the 
presence of electrocardiographic left ventricular hypertrophy or normal sinus rhythm

Variable

Regular exercise*

No Yes

No. of subjects with 
information

Adjusted OR (95% CI)
No. of subjects with 

information
Adjusted OR (95% CI)

Model A 372 103
   Age 1.08 (1.00†–1.16) 0.92 (0.83–1.03)
   SBP 1.06 (1.01–1.12) 1.00 (0.93–1.07)
   Obesity‡ (reference: no obesity) 0.22 (0.05–1.00†) 1.03 (0.22–4.73)
   Smoking
      Never 1.00 1.00
      Ex 2.84 (0.55–14.59) 3.74 (0.34–41.50)
      Current 1.95 (0.38–9.90) 2.50 (0.23–27.73)
Model B 382 106
   Age 1.07 (1.00–1.15) 0.95 (0.87–1.05)
   SBP 1.04 (0.98–1.11) 1.01 (0.94–1.09)
   Obesity 0.19 (0.04–0.87) 0.85 (0.20–3.61)
   DBP 1.06 (0.96–1.17) 0.95 (0.85–1.07)
Model C 382 106
   Age 1.08 (1.01–1.16) 0.91 (0.82–1.01)
   SBP 1.07 (1.01–1.12) 0.98 (0.92–1.05)
   Obesity 0.20 (0.04–0.92) 0.55 (0.12–2.66)
   Pulse rate 0.98 (0.91–1.04) 0.86 (0.75–0.99)
Model D 382 106
   Age 1.09 (1.01–1.17) 0.95 (0.87–1.04)
   SBP 1.06 (1.01–1.12) 0.99 (0.93–1.05)
   Obesity 0.18 (0.04–0.85) 1.02 (0.23–4.50)
   Uric acid 1.29 (0.81–2.07) 0.73 (0.46–1.15)
Model E 382 106
   Age 1.07 (0.99–1.15) 0.95 (0.87–1.04)
   DBP 1.11 (1.01–1.20) 0.97 (0.88–1.06)
   Obesity 0.20 (0.04–0.95) 0.88 (0.21–3.68)

Data describing medical histories and life style were obtained from structured self-questionnaires.
OR, odds ratio; CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure.
*At least 150 min of moderate-intensity aerobic physical activity throughout the week or at least 75 min of vigorous-intensity aerobic physical activity throughout the week. 
†Upper or lower limit of CI=1.00 and P<0.05. ‡Body mass index ≥25 kg/m2.



Supplementary Table 6. Multiple logistic regression analysis in clinically normo-
tensive women without a history of hypertension assessing the relation between uric 
acid and electrocardiographic left ventricular hypertrophy

Variable
No. of subjects 
with information

Adjusted odds ratio (95% 
confidence interval)

Model A 1,162
   Age 1.05 (0.96–1.14)
   SBP 1.03 (0.98–1.08)
   Obesity* (reference: no obesity) 0.00 (0.00– )
   Uric acid 0.46 (0.23–0.92)
   Menopause† 5.28 (0.89–31.31)
Model B 191
   Age 1.02 (0.90–1.16)
   SBP 1.02 (0.96–1.09)
   Obesity 0.00 (0.00– )
   Uric acid 0.41 (0.15–1.10)
   Ever use of HRT‡ 1.86 (0.33–10.50)
Model C 1,163
   Age 1.04 (0.95–1.13)
   SBP 1.03 (0.98–1.08)
   Uric acid 0.43 (0.21–0.85)
   Menopause 5.68 (0.94–34.23)
Model D 191
   Age 1.01 (0.88–1.14)
   SBP 1.02 (0.95–1.09)
   Uric acid 0.39 (0.14–1.04)
   Ever use of HRT 1.86 (0.33–10.42)

Data describing medical histories and life style were obtained from structured self-
questionnaires.
SBP, systolic blood pressure; HRT, hormone replacement therapy.
*Body mass index ≥25 kg/m2. †Stopping of the menstrual cycles. ‡Ever use of HRT 
for alleviating climacteric symptoms in post-menopausal status.


