[MC, 8-3], Q-wave evidence of myocardial infarction [MC, 1-1], ventricular tachycardia
[MC, 8-2], supraventricular tachycardia [MC, 8-4], and AV nodal delay [MC, 8-6] were
also excluded. Consequently, the remaining 8,572 participants (3,808 men and 4,764
women) were included in the analysis (figure 1).

Information on a history of CVD, diabetes, the baseline use of antihypertensive
medications, and smoking and drinking habits were obtained from interviews by public
health nurses. Non-fasting blood samples were drawn and centrifuged within 60 minutes of
collection. Casual glucose concentration was measured by the cupric-neocuproine method!>.
The glucose concentration obtained by the cupric-neocuproine method was corrected by an
equation to the value that would have been measured by the glucose-oxidase method, which
is the correct standard'*. Serum total cholesterol was measured by an auto analyzer (SMA
12/60; Technicon, Tarrytown) in one specific laboratory (Osaka Medical Center for Health
Science and Promotion, Osaka, Japan). Since 1975, the laboratory has been certified by the
CDC-NHLBI Lipid Standardization Program by Center for Disease Control and Prevention
(CDC, Atlanta, GA)'?, for precision and accuracy of cholesterol measurements. Baseline
blood pressure was measured in each subject after 5 minutes of rest in a seated position.
The measurement was performed by trained public health nurses at each public health
center using a standard mercury sphygmomanometer placed on the right arm. Hypertension
was defined as systolic blood pressure >140mm Hg, diastolic blood pressure >90mm Hg,
use of antihypertensive agents or any combination of these'®, Body height in stocking feet
and body weight in light clothing were measured and body mass index (BMI) was
calculated as body weight (kg) divided by square of body height (m). The frequency of
drinking per week and average number of cigarettes per day were assessed using
questionnaires.

During the baseline survey, a standard 12-lead ECG was recorded in the supine
position. Each ECG was read twice by two different researchers according to the MC
criteria, which was developed to document significant ECG pattern changes using objective
criteria'’. Codes in agreement were accepted, whereas inconsistent codes were decided by a
panel of study epidemiologists and cardiologists''. The participants were categorized into
four groups according to the ECG findings: (a) isolated left high R-waves [MC 3.1, 3.3],
(b) isolated ST-T abnormalities [MC 4-1 to 4-3 and/ MC 5-1 to 5-3], (¢) ST-T
abnormalities with left high R-waves [MC 3.1, 3.3 with MC 4-1 to 4-3 and/ MC 5-1 to 5-3]
and (d) normal ECG findings. The ECG was classified as normal in the absence of left high
R-waves and ST-T abnormalities.

During the 24-years follow-up, we used the National Vital statistics database of
Japan to identify the underlying causes of deaths of the participants who died during the
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follow-up by date of birth, sex, date of death and area code of the place of death with
permission from the Management and Coordination Agency, Government of Japan. The
underlying causes of death were coded according to the 9™ International Classification of
Disease (ICD-9) through the end of 1994 and the 10™ International Classification of
Disease (ICD-10) from the beginning of 1995. The details of the classification used in the
present study are described elsewhere'"'%, CVD (ICD-9 code: 393 to 459 and ICD-10 code:
100 to 199), CHD (ICD-9 code: 410 to 414 and ICD-10 code: 120 to 125) and stroke (ICD-9
code: 430 to 438 and ICD-10 code: 160 to 169) were identified. Approval for the study was
obtained from the Institutional review Board of Shiga University of Medical Science (No.
12-18, 2000).

We used analysis of variance (ANOVA) for continuous variables and a y2-test for
categorical variables to compare baseline characteristics among the four participant groups.
The outcome events studied were CVD, CHD, and stroke mortality. We used Cox
proportional hazards models to estimate the hazard ratios (HR) with 95% confidence
intervals (CIs) of mortality for the presence of ‘isolated left high R-waves’, ‘isolated ST-T
abnormalities’, and ‘ST-T abnormalities with left high R-waves’ in comparison to ‘normal
ECG’ findings which served as the reference category. Separate analyses were carried out
for CVD, CHD, and stroke. In multivariable models, we included traditional cardiovascular
risk factors as potential confounding factors, namely age at study entry, body mass index
(BMI), systolic blood pressure, serum total cholesterol, blood glucose, history of smoking
(never, current , ex-smoker) and alcohol drinking (never, current , ex-drinker) and
antihypertensive medication (yes, no) as confounding factors. These covariates were
considered in the multivariable models based on clinical judgment and statistical
significance based on univariate analysis. The models in which gender was combined were
also adjusted for sex. The performance of the multivariable models was quantified by
Harrell's concordance statistics (c-index), a generalization of the area under the receiver-
operating characteristic curve that allows for censored data'®. Calibration was assessed
graphically by plotting the predicted probability (using the full model) against actual
probability (observed in our cohort) across ten decile categories based on predicted risk'®.

Results

The baseline characteristics of the participants (men and women) that had ST-T
abnormalities with left high R-waves, isolated ST-T abnormalities, isolated left high R-
waves, and a normal ECG are shown in Table 1. Age, systolic and diastolic blood pressure,
blood glucose, serum cholesterol, drinking habit and the use of antihypertensive medication
were significantly different among the four groups for both sexes.
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During a total follow-up period of 181,545 person years (average: 21.2 years), there
were 2,244 deaths among the participants, including 750 deaths due to all CVD, 149 deaths
due to CHD and 353 deaths due to stroke.

Table 2 shows age-adjusted and multivariable-adjusted HRs for deaths from all CVD
in the four groups that were stratified based on ECG abnormalities. Participants that had
ST-T abnormalities with left high R-waves and those with isolated ST-T abnormalities had
a higher risk for CVD mortality compared with the normal ECG group in both sexes. In
participants that had ST-T abnormalities with left high R-waves, the multivariable-
adjusted HR for CVD mortality was 1.95 in men and 2.68 in women. In participants that
had isolated ST-T abnormalities, the multivariable-adjusted HRs for deaths due to CVD
were 1.66 in men and 1.62 in women.

For all participants, the multivariable-adjusted HRs of CHD mortality for the
presence of ST-T abnormalities with left high R-waves and of isolated ST-T abnormalities
were significantly higher compared with the normal ECG group (Table 3). In men, the age-
adjusted HR of CHD mortality was significantly higher in participants that had ST-T
abnormalities with left high R-waves and in those that had isolated ST-T abnormalities;
however multivariable- adjustment attenuated the significance. In women, the
multivariable-adjusted HR of CHD mortality for ST-T abnormalities with left high R-waves
was 2.62 and that for isolated ST-T abnormalities was 2.39.

For stroke mortality, the multivariable-adjusted HRs for ST-T abnormalities with left high
R-waves was significantly higher compared with the normal ECG group in all participants
(Table 4). Similar results were also observed for the risk of stroke mortality in men and in
women. Isolated ST-T abnormalities did not show any higher risk of stroke death in either
sex. Isolated left high R-waves were not associated with a significant risk of CVD, CHD or
stroke mortality in either sex.

The discriminative performances of the final models for CVD, CHD and stroke were
¢=0.89, c=89, and ¢=0.90, respectively. The final models also showed good calibration.
The final model for the effect of ST-T abnormalities on CVD showed significantly better
fit than model that only included standard cardiovascular risk factors when assessed by the
likelihood ratio test to evaluate whether the global model fit improved after the addition of
the ECG measurements. Also the Akaike Information Criterion (AIC) and Bayesian
Information Criterion (BIC) were lower in the full models. On the other hand, the
discriminative performance was similar among the two models (c = 0.89 and 0.88,

respectively). Similar was observed across the models for CHD as well as stroke.
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Discussion

There have been insufficient data of ST-T abnormalities with a long follow up
period from the Asian populations which has low CHD events and high stroke incidence
feature. The few studies done in the Japanese populations were predominantly for stroke
events, but ST-T abnormalities along with or without left high R-waves did not show
adequate results for CVD or CHD mortality '° . In the present study, we observed that ST-T
abnormalities with left high R-waves were associated with an increased risk for CVD, CHD
and stroke mortality in men and women. There was also an increased risk for CVD and
CHD mortality when isolated ST-T abnormalities were present.

The ECG changes of ST-T abnormality are often transient and not specific, together
with a strong relation with high blood pressure, makes it difficult to determine their precise
pathophysiologic mechanism'. Hypertension affects the heart by inducing LVH. LVH
increases the risk for cardiovascular events through its effects on ventricular function®, the

coronary circulation?'??

and arrthythmogenesis®>. LVH is also associated with carotid
structural changes®* and asymptomatic cerebrovascular damage?’. These changes all
increase the risk of events from CVD. Our findings points towards the predictive suitability
of the ST-T abnormalities with left high R-waves for mortality from CVD, CHD, and stroke
in general Japanese population as well.

Based on data from the Chicago Heart Association Detection Project in Industry®,
Liao et al. found a gender difference in the relationship between ST-T abnormalities and
the risk of death from CHD over 11.5 years of follow-up. In their multivariable analysis,
which included 9,203 men and 7,818 women aged 40 to 64 years and free of CHD at
baseline, the sex difference in risk ratios was of borderline significance (p=0.09). In
contrast to this finding, other studies that analyzed ECG data in men and women reported
that changes in the initial ECG had similar prognostic value in both sexes for events from
CVD or CHD"*'°. De Bacquer et al. followed participants (5208 men and 4746 women) for
13 years and found that ischemic changes with ST depression or T wave abnormalities in
the baseline ECG or ECG changes indicative LVH were associated with CVD mortality’. In
that study, the predictive value was similar in both men and women and was independent of
major ECG abnormalities and traditional cardiovascular risk factors. Previous studies
conducted in Asian populations, especially Japanese, did not examine whether gender
influenced the relationship between these ECG abnormalities and CVD mortality'®. As in
Western populations, in the current study, we observed that ST-T abnormalities with left
high R-waves as well as isolated ST-T abnormalities had similar prognostic value for all
deaths from CVD as well as deaths from CHD in both men and women. Although the risk

associated with these ECG abnormalities was independent of established cardiovascular
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risk factors for women, but the multivariate adjusted higher risk for death due to CHD did
not reach significance for men, which to some extent might be attributed to the limited
statistical power.

It has been reported that ST-T abnormalities are associated with an increased risk of
stroke incidence and mortality'® **. Both men and women with major ST-T abnormalities
had approximately a 3-fold higher age-adjusted relative risk and a 2-fold higher
multivariable- adjusted relative risk for total stroke incidence'®. In our study, though we
found that isolated ST-T abnormalities did not show any association with future stroke
death risk, an elevated risk of stroke mortality in participants with ST-T abnormalities with
left high R-waves was observed. This might be attributed to the fact that left high R-wave,

the ECG manifestation of LVH, is associated with prolonged severe hypertension which is
strongly related to stroke death.?’

Regarding the isolated left high R-wave, similar to our results, Larsen et al. reported
that voltage-only LVH was not associated with excess future CVD mortality or events due
to ischemic heart disease’>. Though voltage-only LVH was initially described in the
Framingham study as carrying half the prognostic information of ECG LVH with ST
depression and negative T wave with respect to CVD, but later information from the
Framingham study indicates that adjustment for coexistent hypertension eliminates the
excess risk.®

The participants in this study were from a nation-wide cohort study and were
selected by a stratified random sampling method. Accordingly, the results of the present
study are applicable to general Japanese population. Furthermore, the participants in our
study were followed for 24 years, and this long follow-up period increases the
extrapolative value of the study. Additionally, the final models showed reasonably well
discriminative ability and calibration. These models showed better fit than simple
corresponding models those only consisted conventional cardiovascular risk factors.

The characteristics and clinical significance of ST-T abnormalities and/or left high
R-wave was poorly characterized among the asymptomatic general population in Japan. In
our study we observed significant relation of ST-T abnormalities and/or left high R-wave
with increased future risk for CVD and CHD death. The association was independent of
major conventional cardiovascular risk factors. ECGs obtained for any clinical reason or
incorporated in any routine health service in adults should be examined carefully for the
presence of ST-T abnormalities and/or left high R-wave. Thus physicians and patients
could consider more intensive management of modifiable risk factors in those with ST-T

abnormalities and/or left high R-wave to prevent adverse outcomes.
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There are some limitations of the current study. We analyzed the relationship
between ST-T abnormalities, left high R-waves and CVD mortality using a single 12-lead
ECG at baseline. It is well recognized that single biologic measurements are subject to
variability, and it is possible that the observed ECG abnormalities could have changed over
time. This might have led to underestimation of the strength of the HR due to
misclassification. Second, the ECGs were coded by visual reading in our study.
Computerized ECG analysis is thought to be more reliable than visual reading®®; however,
the ECG reading in this study was performed under the best standardized quality control by
well-trained physicians. The ECG itself has some limitations for detecting LVH, as
compared with the echocardiogram®’, although the ECG is simpler and less expensive. We
used nonfasting blood samples in our study. The pathophysiological meanings of the blood
glucose levels ought to be different among the participants depending on the time from last
meal. Although we adjusted for a number of conventional cardiovascular risk factors, we
could not adjust for the effect of some potential confounding factors, such as type of
antihypertensive treatment, their dosage, adherence and pharmacological changes over time.
We also did not adjust for competing risk of non-cardiovascular death while estimating the
risk across the ECG categories, rather we used conventional survival analysis. In the
NIPPON DATA, the cause of death was examined using the National Vital Statistics
databases. The cause of death, identified based on the death certificate, was determined by
the attending doctors and the diagnosis was not validated by independent investigators.
Finally, the end point in this study was CVD mortality. Our study findings need to be
further extended using CVD incidence capturing cohort.
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Figure legend
Figure 1.

Flow chart of the study participants. The exclusion of the participants and assignment of
participants to the electrocardiography groups are shown in this flow chart.
N, number of participants; ECG, electrocardiography; CVD, cardiovascular disease.
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Figure 1.
Participants aged >30 at baseline in 300 areas
N=10,546
N=913 lack of baseline information
»| or lost of follow-up
=280 history of CVD at baseline
Participants with
ECG
N=9353
.| N=781 excluded due to having major ECG
abnormalities or minor ST-T change
Eligible participants
N=8572
¥ A \
Participants with ST- Participants with Participants with Participants
T abnormalities with isolated ST-T isolated left high with normal
left high R-waves abnormalities, R-waves ECG
N=128 N=292 N=1142 N=7010
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(7) TR & E LB OBRIBEBIET U R 7 ;NIPPONDATA9O
MESHEE TR ER FLEENKEEZTNEZE RE  #

A BFREEW

EE, PRAETIIHERREECTREREESWIIEML TS, MEEEEIX

BRFICER L TV WMEREBEEICD » L BRBEROBREF L 25 Z L4
bhTwWg, £/, BLERERBEBOZERXOBRETTHY, BMESICIIMELE
REDEHPEL, FRESIDIELLTAZERNA»OBESATWS, LELR
Ko, DbAET, ME—BREREZNRICEERE (IGT) OF# %2 MERRBIICHE
it LB 22,

% 2 THBR T, 1990 FEICER SN - BRBEBEBRENSROBHFEDORK
Bpo~EZa ey Ale(HbALOIZ X ¥ HE U= R B ORI 38K A5 T (R h &
REEL, RRAED) L, MEERE OMLERER DBERSEKBET OIEREY
B L 2B ERT LT,

B. &5k

NIPPON DATA 90 7— % & v MIEMEXAHH X7z £E 300 4 FTD# 10,000 A%
REZFHL LT, #HRERFICL M2, OEHE, BLARESNFHEEEIN
FECThRAECEREEIREEINZ LD TH S, RMIZEBRMHZEH L, BALIZT
H#ARD 54TV, HbAle I3HIEEREH (EDTA— 2K) AV EZRME GRAYMmE—
BEBIVO~NESREY Y Ale A), MBEiX NaF AV BEZEHRMFIC L VERLE, #
i, BXSHT A7 -z A Tfrhbil, HbAle DRIEIIRXT v 7 7 ARELBEE .,
mEEIEEREE AV,

AFEHTTIT 1990 FEERBMEBEBRFERE D O R IEE, BRBRBICNZ T
HbAlc fE&MBk L CIERERE 2HE Lz, Thbb@iragix, OBRBIERR
DEEERH B, H 5V IXFERMEE = 200me/dl, & 5V it HbAle=5.6%) DA EH | E
Eh, 2000 FETD 10 ERICBIT 2 4AEFEOH B EERPRESRIELOL 2B,
HbAlc EHEMEIT 1997 £ X8 2007 FEDEANHE EROERFERRE CRA &
hic TERFOFEEEZREETERVWAI 2¥ET 2y A T7HAL U b
HbA1lc=5.6% & LT, AROHEIHLCZHEORRICLVEE L, LEOO%ZH
To TR BT 7,721 A(KHE 4,498 A B4 3,223 N)TH 5, E7oxtS a4 NHEHMLE
BER (MHEHME 130mmHg R, 130~139mmHg . 140~149mmHg, 150~
159mmHg. 160mmHg LA EDHEBEICHE L7, . Fi, BMI, MEE, 2L X
Ta—\E, 7VTFE, BE GERED) oFEREEEL LTAVWE, Ut
SV MERERE OFE TOREBIEAILT % endpoint 1T LIzBIT 21T o 72,
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WIS MLE LB TMEEER % OF | TAEAERE R, HETF% Cox DHHI A F—
FEFIIC L O R LI,

C. R

10 FRIDMIETIL 8104, BRBERAFETEILU4TLATHY RN ThIBRIZED S
FRI29.9%L 3.0% TH V BRBEBECRRFEL D 30%HR%E 5. BEDBAAD
FEUHE L —BT D, MFERNR 7,721 £ OMERER OB BN OREREELR 110
RY. TR ER TIIBMOLRARE <, £, Y - RS M EM, BML
MIAVATa—NE, 7 L7 F o R R R CTERCEE ChHo -,

B 1T REEEFTENORBBEBRBACE I ST <A Y —HBIT TR L, B
RBLABLTIMHEREE T 6.3%, EXTHEET 26% (2 /T RE x “RiE:
44.0 : p<0.0001) TH Y, MHEEEE T 2.52 R ERP LH L, REIZ Cox F
FTMVCL Y BREBERBECOSFRFOHET Y 27 2R L (F2), MEEERIX
ERBRABIECTOMEMNY 22 % 1.710 & L, RBRC, B, £, RE, FEENE
BREF & oz,

M EFERER. MEERERE OFENNIC 10 EFROERISKADHE T L2 RIT S LM
JEFERRE ERTHIRVWETEN R L, THICTEERENMbDS LR ERE L
WWER L, SHIZ Cox UBIEFMT X ik, 4E8, BMI, 27 L7 F ., BEAE
THREE LTz, DUEHILEE 130mmHg REDEFTHELES reference & L4 D
XERE %K 31TR Uiz, DUEHME T2 130 mmHg FMICHE L CERETEET
F& 140~149 mmHg PSR LD ME CRBRB[ABIE T Y 27 LENEEINER, B
BERF TIX 130~139 mmHg VAU LTEHEERY A7 LERAZ LRI,

D. B%

BAECMOBBREAFREHTHILFERLBENT I, TAVID
Framingham %8, I—nr v /30 PROCAM B3t/ ¥ TRENTWS, DHAETYH E
HOOWMETIE, WMEDDSOLHEEREFICOVTRET 2 &L WER, ol X
TRAHEPLDREN S oL L, BILE & OBIRELERE F O FESRE R
DHREREICEZBE5TAREEEZRBLTVS, L, ARALZRATEYOR
B OMEMEE MEERE A2 RN L CEBOMEMEREEH L@ idd i,
Bx DA TS, HbAL ¢ 5.6%LL EOMHEEEE R % CHER B AR A = MLE AT 5
TEMIRENTL, £ LT reference (ZEbEE U CMitEEaE 2 % 8 CIrIMEIME 130
mmHg U ETHFRBICERBEAET Y X7 BN LR LIEEREEOSH TR LY BN
MERERPS Y A7 B ERTHZ ENRENE,

A EOBHTHRERTIL, DURHIME 130~139 mmHg O M E L~ L CEERESEDH
XERREE 0.84 1230 L TMHBERERE TiX 243 TH Y . U LED IV R 7 D LR H 5,
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AEHME 130~139 mmHg W EF BEMEICHEINIEHETH SN, EHEMEMD
FEE—RERTIINEENZ L, REREICHTHIFERBIIREL 2D, EEDL
MEFROPIE 21305 7DI01E, EXEELE THIEERE 220 LEET 34
BERHDHEEZOND, £ 130mmHg © ML FREE T IEETEERE & THERE R T
BRHERBETCY RV ICEBEOERIRD LN T (p=0.164), MEBEHROEIZIL
130mmHg Rim D IFEL M EZ BEE & T HBITOFMEIREIA N5 4 2T
Do

AREHL, MEEORIEMEA S LICHTE LU, TEEREDEELSEL, 70
BROTHREZBELIZAMEHRLTHS, BHEORA XL L RS, FHEEURKEDE
BHRLAEC, HOROEBO LR, 5 ATBEREEEOHBIC S VW TIIERB SR T
Wizl ZOR, BRI ERITER O ECTEAER E O RFE A E/NE L
TWHAREMERH B, E77, AFETIETY FRA L FEFELE LTINS, T FF
AV hERERBREREL LTY Z7 OFELIT O L TEREREDERITS HITAE
KB EBERBNS,

E. &

Ui b, —frfERZXRIT 10 £ O/IH X EXFE D S M EREBHICTEER T O L
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#F+?2 Cox EBRINY—FETIL(BRB{EBETIXY)

B EERE Wald BERE BEEXE Exp(B)
TiFERERE 0536 0.169 10029 1 0.002  1.710
Bt 0.433 0.146 8.839 1 0.003  1.542
F B5 0.114 0.007 274.227 1 0.000 1.121
BM| -0.046  0.022 4.282 1 0.039  0.955
SBP 0.006  0.003 3.090 1 0.079  1.006
JLFFZv 0.178 0.095 3.515 1 0.061  1.194
%3l -0.003 0.002 1.930 1 0.165  0.997
MIYE  0.262 0.098 7.154 1 0.007  1.300
BE{EFE 05808 0193 17497 1 0.000  2.242
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