References

-

&

~

10.

12.

13.

14,

15,

16.

. Warld Health Organization (2008) The Global Burden of Disease: 2004

Update. Geneva, World Health Organization.

Conen D, Adam M, Rache F, Barthelemy JC, Felber Dietrich D et al.
(2012) Premature Atrial Contractions in the General Population:
Frequency and Risk Factors. Circulation 126: 2302-2308. doi:10.1161/
CIRCULATIONAHA.112,112300. PubMed: 23048073..

. Cheriyath P, He F, Peters |, Li X, Alagona P Jr. et al. (2011) Relation of

atrial and/or ventricular premature complexes an a two-minute rhythm
strip to the risk of sudden cardiac death (the Atherosclerosis Risk in
Communities [ARIC] study). Am J Cardiol 107: 151-155. doi:10.1016/
j.amjcard.2010.09.002. PubMed: 21211594,

Binici Z, Intzilakis T, Nielsen OW, Keber L, Sajadien A (2010)
Excessive supraventricular ectopic activity and increased risk of atrial
fibrillation and stroke. Circulation 121: 1904-1911. doi:10.1161/
CIRCULATIONAHA.109.874982. PubMed: 20404258.

Engstrém G, Hedblad B, Juul-Méller 8, Tydén P, Janzon L (2000)
Cardiac arrhythmias and stroke: increased risk in men with high
frequency of atrial ectopic beats. Stroke 31: 2925-2929. doi:
10.1161/01.8TR.31.12.2925. PubMed: 11108750.

Chong BH, Pong V, Lam KF, Liu S, Zuo ML et al. (2012) Frequent
premature atrial complexes predict new occurrence of atrial fibrillation
and adverse cardiovascular events. Europace 14: 942-947. doi
10.1083/europace/eur3d9, PubMed: 22183750.

Nakamura Y, Okamura T, Higashiyama A, Watanabe M, Kadota A et
al. (2012) Prognostic values of clockwise and counterclockwise rotation
for cardiovascular mortality in Japanese subjects: a 24-year follow-up
of the National Integrated Project for Prospective Observation of
Noncommunicable Disease and s Trends in the Aged, 1980-2004
(NIPPON  DATA80). Circulation 125: 1226-1233. doi10.1161/
CIRCULATIONAHA.111.070045. PubMed: 22308300.

. Rumana N, Turin TC, Miura K, Nakamura Y, Kita Y et al. (2011)

Prognostic value of ST-T abnormalities and left high R waves with
cardiovascular mortality in Japanese (24-year follow-up of NIPPON
DATA80). Am J Cardiol 107 1718-1724. doi:10.1016/.amjcard.
2011.02.335, PubMed: 21497783.

. Nakamura K, Okamura T, Hayakawa T, Kadowaki T, Kita Y, et al.

(2006) Electrocardiogram screening for left high R-wave predicts
cardiovascular death in a Japanese community-based population:
NIPPON DATAS0. Hypertens Res 29: 353-360.

Kadota A, Miura K, Okamura T, Hozawa A, Murakami Y, et al. (2011)
Relationship of moderate metabolic risk factor clustering to
cardiovascular disease mortality in non-lean Japanese: a 15-year
follow-up of NIPPON DATASO. Atherosclerosis 215: 209-213.

. Higashiyama A, Watanabe M, Kokubo Y, Ono Y, Okayama A, et al.

(2010) Relationships between protein intake and renal function in a
Japanese general population: NIPPON DATAS0. J Epidemiol 20 Suppl
3: 8537-543,

Horibe H, Kasagi F, Kagaya M, Matsutani Y, Okayama A, et al. (2005)
A nineteen-year cohort study on the relationship of electrocardiographic
findings to all cause mortality among subjects in the national survey on
circulatory disorders, NIPPON DATA80. J Epidemiol 15: 125-134.
Ueshima H, Choudhury SR, Okayama A, Hayakawa T, Kita Y, et al.
(2004) Cigarette smoking as a risk factor for stroke death in Japan:
NIPPON DATABO. Stroke 35: 1836-1841.

Okayama A, Kadowaki T, Okamura T, Hayakawa T, Ueshima H (2006)
Age-specific effects of systolic and diastolic blood pressures on
mortality due to cardiovascular diseases among Japanese men
(NIPPON DATA80). J Hypertens 24: 459-462. Available online at: doi:
10.1097/01.hjh.0000209981.43983.cf. PubMed: 16467648,

Okamura T, Tanaka H, Miyamatsu N, Hayakawa T, Kadowaki T et al.
{2007) The relationship between serum total cholesterol and all-cause
or cause-specific mortality in a 17.3-year study of a Japanese cohort.
Atherasclerosis 190: 216-223. doi:10.1016/j.atherosclerosis.
2006.01.024. PubMed: 16529754,

Kadowaki S, Okamura T, Hozawa A, Kadowaki T, Kadota A, et al.
(2008) Relationship of elevated casual blood glucose level with
coronary heart disease, cardiovascular disease and all-cause mortality

PLOS ONE | www.plosone.org

17.

18.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

3

e

32.

— 170 —

Atrial Premature Complexes and Long-Term Qutcome

in a representative sample of the Japanese population. NIPPON
DATA8O. Diabetologia 51: 575-582.

Ohsawa M, Okayama A, Okamura T, ltai K, Nakamura M, et al. (2007)
Mortality risk attributable to atrial fibrillation in middie-aged and elderly
people in the Japanese general population: nineteen-year follow-up in
NIPPQON DATAB8Q. Circ J 71: 814-819.

. Okamura T, Hayakawa T, Kadowaki T, Kita Y, Okayama A et al. (2004)

Resting heart rate and cause-specific death in a 16.5-year cohort study
of the Japanese general population. Am Heart J 147: 1024-1032. doi:
10.1016/}.ahj.2003.12.020. PubMed: 15199351,

Okamura T, Hayakawa T, Kadowaki T, Kita Y, Okayama A et al. (2008)
The inverse relationship between serum high-density lipoprotein
cholesterol level and all-cause mortality in a 9.6-year follow-up study in
the Japanese general population. Atherosclerosis 184: 143-150. doi:
10.1016/j.atherosclerosis.2005.03.042. PubMed: 15913635,

Wallmann D, Tuller D, Wustmann K, Meier P, Isenegger J et al. (2007)
Frequent atrial premature beats predict paroxysmal atrial fibrillation in
stroke patients: an opportunity for a new diagnostic strategy. Stroke 38:
2292-2294. doi:10.1161/STROKEAHA 107.485110. PubMed:
17585078.

Abhayaratna WP, Seward JB, Appleton CP, Douglas PS8, Oh JK et al.
(2006) Left atrial size: physiologic determinants and clinical
applications. J Am Coll Cardiol 47: 2357-2363. doi:10.1016/.jacc.
2006.02.048. PubMed: 16781359.

Redfield MM, Jacobsen SJ, Bumnett JJ, Mahoney DW, Bailey KR et al.
{2003) Burden of systolic and diastolic ventricular dysfunction in the
community; appreciating the scope of the heart failure epidemic. JAMA
289: 194-202. doi:10.1001/jama.289.2.194. PubMed: 12517230.
Diamond JA, Phiflips RA (2005) Hypertensive heart disease. Hypertens
Res 28: 191-202. doi:10.1291/hypres.28.191. PubMed: 16097361.
Wallmann D, Tualler D, Kucher N, Fuhrer J, Arnold M et al. (2003)
Frequent atrial premature contractions as a surrogate marker for
paroxysmal atrial fibrillation in patients with acute ischaemic stroke.
Heart 89: 1247-1248. doi:10.1136/heart.89.10.1247. PubMed:
12975433

Healey JS, Connolly SJ, Gold MR, Israel CW, Van Gelder IC et al.
(2012) Subclinical atrial fibrillation and the risk of stroke. N Engl J Med
366: 120-128. doi:10.1056/NEJMoa1105575. PubMed: 22236222,

Wolf PA, Abbott RD, Kannel WB (1991) Atrial fibrillation as an
independent risk factor for stroke: the Framingham Study. Siroke 22:
883-988. doi:10.1161/01.STR.22.8.983, PubMed: 1866765.

Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ et al.
(2010) 2010 ACCF/AHA guideline for assessment of cardiovascular
risk in asymptomatic adults: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines. Circulation 122: e584-e636. doi:10.1161/CIR.
0b013e3182051b4c. PubMed: 21098428.

U.S. Preventive Services Task Force (2004) Screening for coronary
heart disease: recommendation statement. Ann Intern Med 140
569-572.

Higashiyama A, Hozawa A, Murakami Y, Okamura T, Watanabe M et
al. (2009) Prognostic value of q wave for cardiovascular death in a 18-
year prospective study of the Japanese general population. J
Atheroscler Thromb 161 40-50. doi:10.5651/jat.E606. PubMed:
19261999,

Santos-Gallego CG, Badimén JJ (2012) Risk factors: Ethnicity and
cardiovascular risk-are all men created equal? Nat Rev Cardiol 9:
10-12. doi:10.1038/nchembio. 1143, PubMed:; 22105672.

. Kohsaka 8, Kimura T, Gote M, Lee VV, Elayda M et al. (2010)

Difference in patient profiles and outcomes in Japanese versus
American patients undergoing coronary revascularization (collaborative
study by CREDOQO-Kyoto and the Texas Heart Institute Research
Database). Am J Cardiol 105: 1698-1704. doi:10.1016/.amjcard.
2010.01.349. PubMed: 20538117.

Ueshima H, Sekikawa A, Miura K, Turin TC, Takashima N et al. (2008)
Cardiovascular disease and risk factors in Asia: a selected review.
Circulation  118:  2702-2709.  doi:10.1161/CIRCULATIONAHA.
108.790048. PubMed: 19106393,

November 2013 | Volume 8 | Issue 11 | 80853



European Journat of

5. xHEAEESUCOWLTIE TNIPPON DATAR0/90/20101c 351 2 DyEF DI O H
VTl O “3) BMRLERFTEOSM L EEEREOEE” 2CBRIEE, P I’EV@ ntive
Cardiolo gY g

Original scientific paper CARDIOLOGY®

European Journal of Preventive
Cardiology

Cumulative impact of axial, structural, o0 19

© The European Society of
Cardiology 2013

and I"GPOI arizati On E c G ﬁ nd i ngs 0 n Reprints and permissions:
sagepub.co.uljournalsPermissions.nav

long-term cardiovascular mortality DO 10.11777204748731 3500563

ejpc.sagepub.com

among healthy individuals in Japan: ©SAGE
National Integrated Project for

Prospective Observation of

Non-Communicable Disease and

its Trends in the Aged, 1980 and 1990

Taku Inohara', Shun Kohsaka', Tomonori Okamura’,

Makoto Watanabe?, Yasuyuki Nakamura®, Aya Higashiyama®,
Aya Kadota®, Nagako Okuda®, Yoshitaka Murakami’,
Takayoshi Ohkubo®, Katsuyuki Miura’, Akira Okayama’,
Hirotsugu Ueshima’; for the NIPPON DATA 80/90

Research Group

Abstract

Aims: Various cohort studies have shown a close association between long-term cardiovascular disease (CVD)
outcomes and individual electrocardiographic (ECG) abnormalities such as axial, structural, and repolarization changes.
The combined effect of these ECG abnormalities, each assumed to be benign, has not been thoroughly investigated.
Methods and Results: Community-dwelling Japanese residents from the National Integrated Project for Perspective
Observation of Non-Communicable Disease and its Trends in the Aged, 1980-2004 and 1990-2005 (NIPPON DATA80
and 90), were included in this study. Baseline ECG findings were classified using the Minnesota Code and categorized into
axial (left axis deviation, clockwise rotation), structural (left ventricular hypertrophy, atrial enlargement), and repolariza-
tion (minor and major ST-T changes) abnormalities. The hazard ratios of the cumulative impacts of ECG findings on
long-term CVD death were estimated by stratified Cox proportional hazard models, including adjustments for cohort
strata. In all, 16,816 participants were evaluated. The average age was 51.2 4 13.5 years; 42.7% participants were male.
The duration of follow up was 300,924 person-years (mean 17.9 £ 5.8 years); there were 1218 CVD deaths during that
time. Overall, 4203 participants (25.0%) had one or more categorical ECG abnormalities: 3648 (21.7%) had a single
abnormality, and 555 (3.3%) had two or more. The risk of CVD mortality increased as the number of abnormalities
accumulated (single abnormality HR 1.29, 95% CI |.13~1.48; >2 abnormalities HR 2.10, 95% CI 1.73-2.53).
Conclusions: Individual ECG abnormalities had an additive effect in predicting CVD outcome risk in our large-scale
cohort study.
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Introduction

The use of screening electrocardiography (ECG) in
healthy individuals is controversial. The US
Preventive Services Task Force (USPSTF) does not
recommend the use of screening ECGs because of
insufficient evidence of any benefit.! Similarly, the
American Heart Association guidelines consider
screening ECGs for cardiovascular disease (CVD)
risk  assessments in asymptomatic individuals
reasonable only in those with risk factors, such as
hypertension and diabetes.” In Japan, various recom-
mendations coexist. Screening ECGs are recom-
mended as part of the worksite annual health check
up, but in community-based medical examinations,
they are only recommended for individuals with a
high-risk profile.> The reason for this inconsistency is
partly due to a lack of studies that have assessed the
impact of frequently seen, but nonspecific, ECG
findings.

The performance of screening ECGs have been stu-
died previously in various situations, but their obvious
prognostic implications remains limited to rarely
encountered, significant BECG findings in healthy
individuals. These finding include ST elevations/
depressions, abnormal Q-waves, high-degree atrioven-
tricular blocks, or arrhythmias such as atrial fibrilla-
tion, atrial flutter, and Wolff-Parkinson-White (WPW)
syndrome. Large-scale cohort studies, including ours,
have demonstrated statistically significant but clinic-
ally negligible associations between long-term CVD
outcomes and nonspecific ECG findings, including
major and minor ST-T segment abnormalities, left
ventricular  hypertrophy, left axis deviations,
and clockwise rotations.*'> Despite this statistical
association, the additional benefit that screening
ECGs provide to asymptomatic individuals and
whether they reclassify a patient’s CVD risk remain
controversial.

We hypothesized that the presence of these non-
specific, but highly frequent, ECG findings has an
additive and clinically meaningful impact on long-
term CVD outcomes. To assess the cumulative
impact of nonspecific ECG abnormalities, we ana-
lysed data from the National Integrated Project for
Prospective  Observation of Non-Communicable
Disease and its Trends in the Aged, 1980-2004 and
1990-2005 (NIPPON DATAS80 and 90). These were
cohort studies, with large sample sizes, of healthy
Japanese individuals. Assessing the cumulative risk
of screening ECG abnormalities was thought to pos-
sibly help identify the individuals who are at higher
risk of CVD events; this would help establish the
potential benefit of screening ECGs in asymptomatic
individuals.

Dovnloaded from ¢pr.

Methods
Participants

NIPPON DATARS0Q and 90 were studies conducted by
the National Survey on Circulatory Disorders, Japan.
The two cohort studies performed baseline surveys in
1980 and 1990, respectively. The details of these cohort
studies have been previously reported.*!¢27 Approval
for the present study was obtained from the institu-
tional review board of Shiga University of Medical
Science (no. 12-18, 2000).

In this study, we analysed integrated data
from NIPPON DATAR0 and 90; a total of 18,929
healthy participants (10,546 from NIPPON DATAS0
and 8383 from NIPPON DATA90) were included.
There were 8143 men and 10,786 women, all aged 30
years or more, from 300 randomly selected districts
throughout Japan. Participants were followed from
1980 through 2004 in NIPPON DATAS80, and from
1990 through 2005 in NIPPON DATA90. The
data consisted of patient histories, physical examin-
ation results, blood test results, standard 12-lead
ECG recordings, and self-administered lifestyle
questionnaires.

We excluded 2113 of the 18,929 participants for the
following reasons: absence of a permanent address
that was needed to link to vital statistical records
(n=1388; 1104 from WNIPPON DATAS80 and 284
from NIPPON DATA90); missing information in the
baseline survey (n=118; 2 from NIPPON DATAS0
and 116 from NIPPON DATA90); history of known
myocardial infarction or stroke (n=392; 153 from
NIPPON DATA80 and 239 from NIPPON
DATA90); and specific ECG findings, including a
moderate or severe Q-wave abnormality (Minnesota
Code, MC, 1-1, 1-2), complete atrioventricular block
(MC 6-1), WPW syndrome (MC 6-4), or atrial fibril-
lation or flutter MC 8-3-1 or 8-3-2) (n=215; 122
from NIPPON DATA80 and 93 from NIPPON
DATAS90). The final sample comprised 16,816 partici-
pants (Figure 1).

Baseline examination

At the time of the baseline survey (1980 for NIPPON
DATAS80 and 1990 for NIPPON DATA90), a standard
12-lead ECG was recorded, with each patient in the
supine position. A Working Group of ECG Coding
for the National Survey on Circulatory Disorders eval-
uated the electrocardiograms; two independently
trained coders in accordance with the MC guide-
lines.!>1617:20.25 15 cases of discordant results, the
final judgment was made by a panel of study epidemi-
ologists and cardiologists.
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18929 participants from NIPPON DATA 80, 90 l

v

Participants were excluded for the following reasons;
1388 participants for absence of a permanent address
118 participants for missing baseline data
392 participants for prior history of myocardial infarction or stroke
215 participants for significant ECG findings

v

| 16816 participants in this study cohort |

Axial abnormality (N = 1441)
Structural abnormality (N = 2270}
Repolarization abnormality (N = 1655)

v v v
12613 participants (75%) 3648 participants (21.7%) 555 participants (3.3%)
No ECG abnormality Single abnormality = 2 abnormalities

Figure 1. Study cohort creation.
ECG, electrocardiogram.

After exclusion of the above-mentioned, significant
ECG findings that required medical attention, the
remaining ECG findings were classified into three cat-
egorical abnormalities based on their electrophysio-
logical perspectives: axial (left axis deviation or
clockwise rotation; MC 2-1 or 9-4-2), structural (left
ventricular hypertrophy or atrial enlargement; MC
3-1, 3-3, 9-3-1, or 9-3-2), and repolarization (minor
and major ST-T changes; MC 4-1, 4-2, 4-3, 4-4, 5-1,
5-2, 5-3, or 5-4). Patients were classified into three
groups: no ECG abnormality, a single categorical
abnormality, and >2 categorical abnormalities.

Baseline blood pressures were measured in the right
arm of seated participants in both cohorts by a trained
public health nurse, using a standard mercury sphyg-
momanometer. Hypertension was defined as a systolic
blood pressure of >140mmHg, a diastolic blood pres-
sure >90mmHg, use of antihypertensive agents, or any
combination of these. Nonfasting blood samples were
drawn, centrifuged within 60 minutes of collection, and
stored at —70°C until analysis. Serum total cholesterol
was measured by the Liebermann-Burchard direct
method in NIPPON DATAS80% and enzymically in
NIPPON DATA90.?7 Serum glucose was measured
by the neocuproine method in NIPPON DATAS80.%*
Because the current standard method of blood glucose
levels is the hexokinase method, the neocuproine serum
glucose levels were adjusted by the following formula:
0.047 x (glucose concentration in mg/dl) — 0.541.24
Plasma glucose was measured enzymically in
NIPPON DATA90."® Diabetes mellitus was defined
as a plasma or serum glucose level of >11.1mmol/l,
the use of medications for diabetes mellitus, or both.

Serum creatinine was measured using the alkaline picric
acid method (Jaffe’s method) in both cohorts. Body
mass indexes were calculated as the patient’s weight
in kg divided by the square of his/her height in
metres. Public health nurses obtained medical histories,
including each patient’s smoking and alcohol consump-
tion status.

Follow-up survey

The National Vital Statistics Database of Japan was
used to obtain the underlying causes of death for
patients who died during the study period, with permis-
sion from the Management and Coordination Agency,
Government of Japan. The causes of death were coded
in accordance with the International Classification of
Diseases ninth revision (ICD-9) through to the end of
1994 and the ICD tenth revision (ICD-10) from the
beginning of 1995. The details of the cause-of-death
classification in the present study are described
elsewhere.'*1627

Statistical analysis

We compared the hazard ratios among the three groups
(no ECG abnormality, a single categorical abnormality,
and >2 categorical abnormalities). To compare base-
line characteristics, the chi-squared test or Fisher’s
exact test was used for categorical variables and one-
way analysis of variance (ANOVA) was used for con-
tinuous variables. Event-free survival was estimated by
the Kaplan—Meier method and statistical differences
were evaluated using a Log-rank test. Cox proportional
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hazards models were used to examine the cumulative
effects of ECG categorical abnormalities on CVD out-
comes. We analysed the integrated data of the
NIPPON DATAS80 and 90 cohorts to ensure sufficient
numbers of events. Baseline hazards between the study
cohorts were allowed to be different by including an
adjustment for cohort strata in the Cox models.?®

The covariates included in the model were age,
gender, body mass index, smoking status (never or
past versus current smoker), diabetes mellitus, systolic
blood pressure, total cholesterol, and serum creatinine.
These covariates were clinically related to CVD events
and significantly associated with CVD deaths in
our univariate analysis (p <0.05). All p-values were
2-sided, and the significance level was set at p=0.05
for all analyses. All statistical analyses were performed
using Statistical Package for the Social Sciences version
20 (SPSS, Chicago, IL, USA).

Resulits

A total of 16,816 participants were analysed. The age
of the participants was (mean + SD) 51.24+13.5 years,
and 42.7% were male. The total duration of follow up
was 300,924 person-years (mean 17.94:5.8 years).
There were 1218 CVD deaths during the follow-up
period: 248 due to coronary artery disease, 239 due
to heart failure, and 548 due to stroke events. Overall,
4203 participants (25.0%) had one or more categorical
ECG abnormalities: 3648 (21.7%) had a single cat-
egorical abnormality (1127 axis abnormalities, 1808
structural abnormalities, 713 repolarization abnormal-
ities) and 555 (3.3%) had two or more categorical
abnormalities (Figure 1).

Table 1 shows the baseline characteristics of the par-
ticipants, according to the number of categorical ECG
abnormalities. The comparison of the baseline charac-
teristics of NIPPON DATABO and 90 are described in
Supplementary Table 1 (available online). The number
of abnormalities increased with increasing age, systolic
and diastolic blood pressure values, fasting blood glu-
cose levels, and creatinine levels. Furthermore, the
number of abnormalities was also correlated with the
prevalence of hypertension, diabetes mellitus, and cur-
rent smoking.

Figure 2 shows Kaplan—Meier survival curves for
CVD deaths, according to the numbers of categorical
BECG abnormalities. As indicated in the curve, partici-
pants with single or more categorical ECG abnormal-
ities at baseline had a significantly lower survival rate
during the follow-up period, and individual ECG cat-
egorical abnormalities had an additive effect on CVD
mortality (Log-rank test; p < 0.001).

Table 2 shows the adjusted hazard ratios for each
outcome. After adjusting for confounding factors, the
risk of CVD mortality increased as the number of cat-
egorical ECG abnormalities accumulated (HR 1.29,
95% CI 1.13-1.48 in patients with a single abnormality;
HR 2.10, 95% CI 1.73-2.53 in patients with >2
abnormalities). The prognostic impact of the accumu-
lated categorical ECG abnormalities was significant in
all types of CVD deaths. Each study cohort (NIPPON
DATARB0 versus 90) demonstrated the same tendencies
seen in the overall analysis (Supplementary Table 2),
although there were insufficient event numbers to
draw conclusive results from the individual cohorts.

Figure 3 shows the adjusted hazard ratios for CVD
mortality in each group. The presence of axial,

Table 1. Baseline demographics according to the numbers of electrocardiogram categorical abnormality

No abnormality

Single abnormality >2 abnormalities

(n=12613) (n=13648) {n=>555) p-value
Male 4895 (38.8) 1995 (54.7) 283 (51.0) <0.001
Age (years) 50.1 4132 53.5+13.5 61.0+13.1 <0.001
Body mass index (kg/m?) 228431 228433 22.9+£35 0.696
Hypertension 2097 (16.6) 1054 (28.9) 285 (51.4) <0.001
Diabetes mellitus 442 (3.5) 166 (4.6) 34 (6.1) <0.001
Current smoking 3575 (28.4) 1399 (38.4) 206 (37.1) <0.001
Systolic blood pressure (mmHg) 133419 141£22 158426 <0.001
Diastolic blood pressure (mmHg) 80+ 11 84+12 89415 <0.001
Laboratory tests
Total cholesterol (mg/dl) 195436 19537 196 +38 0.732
Nonfasting blood glucose (mg/dl) 10029 103433 113443 <0.001
Creatinine (mg/dl) 0.87+0.28 091028 0.95+0.25 <0.001
Values are mean 8D or n (%).
Dovnloaded from cpr.segepub.com at KEIO UNIV MEDIA CENTER on January 21, 2014
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structural, and repolarization abnormalities was inde-
pendently associated with adverse CVD events (HR
1.30, 95% CI 1.05-1.61 for axial abnormalities; HR
1.25, 95% CI 1.04-1.50 for structural abnormalities;
HR 1.37, 95% CI 1.11-1.70 for repolarization abnorm-
alities). A cumulative effect of ECG abnormalities on
increasing CVD mortality was also identified (HR 2.10,
95% CI 1.73-2.53 for >2 categorical abnormalities).

Discussion

Individual, nonspecific ECG abnormalities were shown
to have a cumulative impact on predicting the risk of
CVD outcomes in a Japanese population without a his-
tory of myocardial infarction or stroke. This impact
was applicable to all types of CVD mortalities, includ-
ing coronary heart disease, heart failure, and stroke.

The cumulative effect of individual ECG abnormalities
may be useful for risk stratification in healthy
individuals.

Whether screening ECGs provide benefits to asymp-
tomatic individuals, or whether they aid in reclassifying
their CVD risk, remains controversial.' CVD is the
leading cause of death throughout the world® and is
often asymptomatic before the first cardiac event,
which may consist of sudden cardiac death, myocardial
infarction, or heart failure.*® In Japan, regular health
checkups are widely conducted, particularly among the
working population. Screening ECGs are mandated for
all employees, under legal regulations on industrial
safety and health.? In contrast, no regulations or guide-
lines mandate routine ECG screenings for individuals
who are self-employed, homemakers, or retired. In
2004, the USPSTF recommended against screening

No abnormality
Single abnormality
w2 2 abnormalities

Log rank test P<0.001

1.0 ~pwmmm———cm——
—
0.8
& -
S 06+
g -]
S 044 _
w -
0.2+
0.0 v T
0 5
Patients at risk_
No abnormality 12613 12285
Single abnormality 3648 3471
2 2 abnormalities 555 493

T T T T Y T T

10 16 20 25
Years
11765 11039 5404 5025
3206 2895 1561 1393
414 342 179 149

Figure 2. Kaplan—Meier estimates of cardiovascular disease cumulative hazard in accordance with the numbers of categorical

electrocardiogram abnormalities.

Table 2. Adjusted hazard ratios in accordance with the numbers of categorical abnormalities

Single abnormality p-value >2 abnormalities p-value
All-cause death 1.23 (1.14-1.32) <0.001 1.44 (1.26-1.64) <0.001
Cardiovascular death 1.29 (1.13-1.48) 0.001 2.10 (1.73-2.53) <0.001
Coronary artery disease 1.33 (1.00-1.78) 0.053 2.24 (1.47-3.43) <0.001
Heart failure 1.36 (1.02-1.83) 0.038 1.82 (1.17-2.83) 0.008
Stroke 1.25 (1.02-1.51) 0.028 1.93 (1.45-2.57) <0.001

Values are hazard ratio (95% Cl).; Multivariate analysis adjusted for age, sex, body mass index, smoking habit, diabetes mellitus, systolic
blood pressure, total cholesterol, and serum creatinine. All analyses were stratified by cohort.
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Figure 3. Cardiovascular disease deaths.

Multivariate analysis adjusted for age, gender, body mass index, smoking status, diabetes mellitus, systolic blood pressure, total

cholesterol, and serum creatinine.
ECG, electrocardiogram.

with resting ECGs in asymptomatic individuals.! This
recommendation was based on the lack of clinical trials
evaluating outcomes after ECG screenings and on the
concept that abnormalities in resting ECGs are unlikely
to change management decisions for persons who are
already classified on the basis of traditional risk factor
assessments.’! The results of our study, that a single
ECG abnormality has a minimal impact on CVD out-
comes, would seem to agree with the USPSTF recom-
mendation. However, we also observed that cumulative
ECG abnormalities have a strong impact on CVD out-
comes; this may indicate a potential benefit for screen-
ing ECGs.

Unlike findings in other studies, our findings suggest
that adding up the relatively benign ECG findings of
axial, structural, and repolarization abnormalities to
obtain a cumulative number may be more beneficial
than focusing on the individual ECG findings. Many
previous studies addressed the concept of ‘major’ and
‘minor’ abnormalities in screening ECGs, and the
impact of these abnormalities on CVD out-
comes; »11:143234 powever, these studies had several
limitations. First, the definitions of ‘major’ and
‘minor’ abnormalities varied.>! Second, these studies
did not address some ECG abnormalities, such as
clockwise rotations, which have recently been reported
as important. Third, the same categorical abnormal-
ities, such as ST-T changes or T-wave inversions,
were included in both ‘major’ and ‘minor’ abnormality
classifications. Therefore, the additive effect of ECG
abnormalities was not assessed. As some changes
were assigned to both the ‘major’ and ‘minor’ cate-
gories, adding these categories would have led to dupli-
cation and misrepresentation of the additive effect. Our
new concept of using cumulative ECG abnormalities
may help physicians to understand the clinical

significance of these abnormalities and to stratify their
potential hazards.

Limitations

Our study has several limitations. Although the current
study involved only Japanese participants, previous stu-
dies have shown that the prognostic value of several
ECG findings, proven in the USA and Europe, was
also applicable to Japanese populations.'®2%?* Second,
we used a single, baseline ECG result for analysis. Single
biological measurements are known to be subject to
variability and the observed ECG abnormalities may
have changed over time. Third, although we had inde-
pendently trained ECG readers to code each tracing,
automated measurement systems for ECGs were not
available at the time of the baseline evaluations (1980
and 1990). Therefore, a panel of experts, including epi-
demiologists and cardiologists, confirmed the findings.
Fourth, we did not analyse a single cohort but the inte-
grated data from two cohorts. However, as discussed
above, the two study populations showed the same
trends in individual analyses as in the combined analysis,
and the ECG findings are objective and, therefore,
insensitive to differences between cohorts. Fifth, only a
single underlying cause of death is described in the
National Vital Statistics Database of Japan, which was
used to obtain the causes of death in this study. For this
reason, the mortality statistics for coronary heart disease
may have been underestimated because deaths coded as
‘heart failure’ may have hidden some coronary events.>®
However, we believe this does not affect our results since
we also assessed ‘heart failure’ as an endpoint, and the
present study focused mainly on all cardiovascular mor-
tality. Finally, the present study did not show the actual
reclassification based on the results of screening ECGs,
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according to the previously established risk stratifica-
tions (e.g. Framingham risk scores). However, using
Framingham risk scores is probably not helpful, because
they have been proven to not work well in Japanese
populations, in which the age-adjusted mortality due
to coronary artery disease is the lowest amongst all
developed countries.® The new guidelines of the Japan
Atherosclerosis Society (JAS) do not use Framingham
risk scores for absolute risk assessment;’’ instead, they
use the NIPPON DATA risk chart.*® An assessment of
how accurately the model containing nonspecific ECG
findings classifies subjects into risk categories per the
JAS guidelines may be feasible; however, such an ana-
lysis was not within the scope of the present study.

Conclusions

We found that individual nonspecific ECG abnormal-
ities had an additive effect on predicting the risk of
CVD outcomes in this large-scale Japanese cohort.
This cumulative impact was notable for all types of
CVD mortality, indicating the potential benefit of
screening ECGs in healthy individuals.
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Impact of Metabolic Syndrome on the Risk of Cardiovascular Disease
Mortality in the United States and in Japan

Longjian Liu, MD, PhD, MSc**, Katsuyuki Miura, MD, PhD", Akira Fujiyoshi, MD, PhDP,
Aya Kadota, MD, PhD"¢, Naoko Miyagawa, MSc”, Yasuyuki Nakamura, MD, PhD?,
Takayoshi Ohkubo, MD, PhD*, Akira Okayama, MD, PhD', Tomonori Okamura, MD, PhD®,

and Hirotsugu Ueshima, MD, PhD™

The United States has a higher prevalence of metabolic syndrome (MS) and cardiovascular
disease (CVD) mortality than Japan, but it is unknown how much of the difference in MS
accounts for the mortality difference. The aim of this study was to examine the impact of MS
on the excess CVD mortality in the United States compared with that in Japan. Data from
the United States Third National Health and Nutrition Examination Survey (NHANES I1I;
n = 12,561) and the Japanese National Integrated Project for Prospective Observation of
Noncommunicable Disease and Its Trends in Aged (NIPPON DATA; n = 7,453) were
analyzed. MS was defined as 23 of 5 risk factors (obesity, high blood pressure, decreased
high-density lipoprotein cholesterol, elevated glycosylated hemoglobin, and elevated triglyc-
erides). The results show that afier a median of 13.8 years of follow-up in the United States,
1,683 patients died from CVD (11.75 per 1,000 person-years), and afier a median of 15 years
of follow-up in Japan, 369 patients died from CVD (3.56 per 1,000 person-years). The age-
adjusted prevalence of MS was 26.7% in the United States and 19.3% in Japan. Of 5 MS
factors, obesity, high blood pressure, elevated triglycerides, and glycosylated hemoglobin in
the United States, and high blood pressure and elevated glycosylated hemoglobin in Japan
were significant risk factors for CVD moriality. Estimates of 13.3% and 44% of the excess
CVD mortality for the United States could be explained by the higher prevalence of MS and
MS plus baseline CVD history than in Japan. In conclusion, the present study is the first to
quantitatively demonsirate that MS and MS plus baseline CVD history may significantly
contribute to the explanation of excess CVD mortality in the United States compared with

Japan. © 2014 Elsevier Inc. All righis reserved. (Am J Cardiol 2014;113:84-89)

Cardiovascular disease (CVD) has been established as
a clear threat to human health. A number of studies have
reported that metabolic risk factors, a group of cofactors,
increase the risk for CVD.! © The United States has higher
CVD mortality than most developed countries, including
Japan, However, few internationally comparative studies
have been conducted to examine the impact of metabolic
factors on the risk for CVD mortality across countries.”
Given the differences in the burden of CVD and potential
differences in the risk factors, a comparative study of the
outcome and risk factors, using nationally representative
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The National Integrated Project for Prospective Observation of Non-
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samples, may add new insights into the studies of CVD. In
the present study, we hypothesized that the prevalence of
metabolic risk factors was significantly higher in the United
States and that the difference is a significant contributor to
the excess CVD mortality for the United States compared
with Japan. To test these hypotheses, we used data from the
United States Third National Health and Nutrition Exami-
nation Survey (NHANES 1D and the Japanese National
Integrated Project for Prospective Observation of Non-
communicable Disease and Its Trends in Aged (NIPPON
DAT, A).a.g 12
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Table 1

Baseline characteristics of participants aged >30 years in the Third National Health and Nutrition Examination Survey (1988 to 1994) and in the National
Integrated Project for Prospective Observation of Noncominunicable Disease and Its Trends in Aged (1990)

Variable Men Women
United States (n = 5,896} Japan (n = 3,129) p Value* United States (n = 6,665) Japan (n = 4,324) p Value*
Continuous varisbles
Age (yrs) 4048 +0.36 5336 + 0.24 <(L001 5132 % 0.52 5248 £ 0.21 0.03
BMI (kg/m®} 27.00 £ 0.11 2296 + 0.05 <0.001 26.98 & 0.17 22.86 + 0.05 <0.001
Systolic BP (mm Hg) 126.83 + 043 138.01 £ 0.36 <0001 123.86 + 0.34 13372 £ 0.32 <0.001
Diastolic BP (mm Hg) 78.01 £0.22 83.78 + 0.21 <0.001 7327 £ 0.2 79.62 £ 0.18 <0.001
Total cholesterol (mg/dl) 208.83 £ 1.03 198.58 + (.66 <0.001 21264 + 0.94 206.82 + 0.59 <0.001
HDL cholesterol (mg/dly 4532 4+ 0.38 50.37 + 0.27 <0.001 55.34 &£ 0.42 36,73 £ 0.23 0.002
TG (mg/dly’ 165.73 £ 3.10 147.62 + 1.88 <0.001 139.33 £+ 3.09 12012 +£ 1.20 <0.001
HbAy (%) 549 £ 0.02 537 = 0.01 <0.001 545 + 0.03 525 +0.01 <0.001
Categorical variables
Smoking status <0.001 <0.001
Never 53.77% 20.29% 71.63% 88.32%
Former 8.76% 24.32% 4.77% 2.52%
Current 37.47% 55.39% 23.60% 9.16%
Current alcohol ase! 62.00% 65.10% <0.001 39.16% 7.54% <0.001
Hypertension® 37.47% 53.563% <0.001 37.15% 46.21% <0.001
Hypercholesterolemial 35.31% 17.034% <0.001 36.92% 22.94% <0.001
Diabetes meltitus™ 9.14% 8.69% 0.35 9.57% 5.206% <0.001
Coronary heart disease® 6.13% 3.10% <0.001 3.27% 2.61% 0.10
Stroke® 2.49% 2.524% 0.13 2.49% 1.36% <0.001

Data are expressed as mean & SEM or percentages. To convert total and HDL cholesterol from milligrams per deciliter to millimoles per liter, divide by
38.61. To convert TG from milligrams per deciliter 1o miflimoles per liter, divide by 89.
* Por age-adjusted tests using analysis of covariance for continuous variables and chi-sguare tests for categorical variables, expect for testing difference in

age between countries.
* Nonfasting in Japanese data,

 Defined by self-report, if a subject had consumed >1 drink of any type (beer, wine, or liquor) per month.

¥ Defined as sell-report of physician diagnosis of hypertension, systolic BP > 140 mm Hg or diastolic BP >90 mm Hg, or use of antihypertensive medication.
U Defined as self-report of physician disgnosis of hyperdipidemia or total cholesterol >240 mg/d] (6.2 mmol/L),

¥ Defined as self-report of physician diagnosis of diabetes mellitus or serum HbA). >6.5% or use of medication 1o treat diabetes.

# Defined as self-report of physician diagnosis of each disease.

Methods

NHANES III {1988 to 1994) is a nationwide survey
conducted by the National Center for Health Statistics of the
Centers for Disease Control and Prevention in the United
States, which gathers information representing the health
and nuiritional status of the noninstitutionalized civilian
United States population aged >2 months.® The study
consists of interviews, physical examinations, and data from
blood sample analyses, A detailed description of the survey
and its sampling procedures is available at the NHANES HI
Web site.® The NHANES 11l mortality follow-up study was
conducted and linked with the National Death Index.'” This
linked study provides mortality follow-up from the date of
baseline NHANES I participants (1988 to 1994) through
December 31, 2006." In the study, we included participants
aged 230 years becanse CVD mortality is substantially
lower in those aged <30 years. Of 15,042 participants aged
>30 years, we excluded 22 who had ineligible measure-
ments on their vital statistics and 2,439 who did not
complete all measurements of 5 metabolic factors (body
mass index [BMI], blood pressure |BP], serum high-density
lipoprotein cholesterol, triglyceride [TG), and/or glycemia).
The remaining 12,561 subjects (83.5% of 15,042) were
included in the study sample (5,896 male, 6,605 female).
Data from NIPPON DATA90 used in the present study were

approved by the NIPPON DATA steering committee and
the institutional review board of Shiga University of
Medical Science.

NIPPON DATAS0, supported by the Ministry of Health
and Welfare of Japan, is a cohort study of representative
Japanese subjects aged >30 years at baseline surveys
(1990). Participants in the study were randomly selected
from 300 districts throughout Japan. Data from physical
examinations, blood tests, and a self-administered ques-
tionnaire on lifestyle were collected in person at individual
districts” health care centers. Mortality follow-up was con-
ducted for all participants from baseline to November
2005.%"Y For the purpose of the comparison, we used
NIPPON DATAS0 because it was conducted approximately
in the same time period (1990 to 2005) and had the same
measures and standardizations as NHANES HI (1988 to
2006).51 121017 Of 8 383 baseline participants aged >30
years, we excluded 284 who had invalid follow-up data and
646 who had no measurements of 5 metabolic risk factors.
The remaining 7,453 patients (88.9% of 8383) were
included in the study. NHANES Il was approved by the
institutional review board of the National Center for Health
Statistics.

Several criteria for the definition of metabolic syndrome
(MS) have been proposed.''® 2 In the present study, we

— 181 —



86 The American Journal of Cardiology (wuww.ajeonline.org)

Rate, per 1000 PY

Women

Age-specific mortality for the U.S, and Japan
Figure 1. Age-specific mortality rate (per 1,000 person-years} from CVD for adalt men and women in the United States and in Japan.

aUs
OJapan

Table 2
Multivariaté-adjusted hazard ratios of individual metabolic syndrome factors and metabalic syndrome for cardiovaseular mortality in the United States and
Jupan
MS Relation to CVD Mortality United States Japan
Rate* HR (95% CD p Value Rate* HR (95% Cl) p Value
In total participants
1a BMI >30 kgfm2 (U.S.), BMI >% kg/m® (Japan) 253% 1.27 (1.05~-1.35} 6.017 23.7% 0.80 (0.62-1.04) 0.09
b BMI 330 kpin? (both countries)’ 25.5% 1.27 (1.05—1.55) 0.017 2.4% 0.89 (0.39~2.06) 0.79
2 High BP' 43.9% 151 (1.18—1.93) <0.001 60.5% 2.62 (1.74~3.96) <0.00
3 Low HDL cholesterol® 38.0% 1.18 (1.00—1.40) 0.06 29.1% 1.06 (0.85—1.33) 0.59
4 Elevated nig!ycerides" 35.8% 1.17 (1.02—1.35) 0.028 19. 1% 1.21 (0.95-1.54) 0.13
5 Elevated HbA,, T 25.7% 1.45 (1.25~1.68) <0.001 12.4% 164 (1.31-2.07) <0001
MS (Jupan, >3 of 1ato 5 components)’ 26.7% 143 (1.24-1.64) <0001 19.3% 1.35 (1.08—1.6%9) 0.027
MS (US., >3 of 1b 10 5 components)’ 26.7% 143 (1.24-1.64) <0.001 12.6% 1.53 (1.20—1.94) 0.001
In participants without baseline CVD histories
la BMI >30 kg/m® {U.S.), BMI >25 kem® (Japany' 25.0% 1.37 (1.10~1.69) 0.01 23.6% 0.83 {0.62—1.10) 018
1b BMI >30 kg/m® (both eounmea) 25.0% 137 (1.10—1.69) 001 2.4% 1.04 (0.45-2.39) 094
2 High apt 42.56¢ 166 (1.27-2.16) <0.0M 60.0% 2,58 (1.68—3.97) <0.0M
3 Low HDL cholesterol® 37.2% 1.06 (0.86—1.31) 6.38 29.0% 0.93 (0.72~-1.20) 0.57
4 Elevated wigl yccrxdcs‘ 348% 109 (0.92—1.28) -0.30 18.8% 1.16 (0.88—1.52) 029
5 Elevated Hbf\;c 24.9% 1.38 (L.10—1.73) 2. 12.0% 162 (1.25~2.09) <0.001
MS (apan, >3 of lnt0's wmponenhs) 25.7% 1.39 (1.17~1.66) <0001 18.9% 130 (1LO1-1.67) 0.039
MS (U8, >3 of 1b o 5 components)” 28.7% 1.39 (1.17—1.66) <0.001 12.2% 148 (1.13-1.93) <0.01

Baseline CVD history includes coronary heart disease and stroke. HRs were adjusted for age, gender, smoking status, alcohol eonsumption, and total

cholesterol.

* Age-adjusted rate using the wurld population as a standard across the 2 countries.
¥ Obesity was defined per the American Heart Association definition (BM1 >30 kg/m?) for the United States population and per the Japan Society for the

Study of Obesity (BM1 >25 kg/m '} for the Japanese population.

£ Defined as self-report of physician diagnosis of hypertension, systolic BP >130 mm Hg or diastolic BP >85 mmHg, or medication use.
§Deﬁm:d as HDL cholesterol <40 mg/dl (<1.0 nimol/L) for male participants and <50 mg/dl (<1.3 mimol/L) for female participants.
I Defined as nonfasting TG >200 mg/dl (2.3 mmol/L) in Japan and as fasting TG >130 mg/di {>1.7 mmoVL} in the United Siates.
?Deﬁnfed a8 HbAy. >5.7% or self-report of physician diagnosis of dinbetes. We did nof use glucose level, because fasting blood samples were nol available

for most participunts in the Japanese data.

# Defiried as huving >3 of the § factors (obesity, high BP, low HDL cholesterv], elevated TG, and elévated HbA;0).

used the World Health Organizafion and the American Heart
Association criteria by including 5 factors: (1) Obeszty was
defined usmg the World Health Organization criteria of BMI
>30 kgfm When doing data 'maly%s for }apanese patients
only, we d}so defined obesity mmg a eut-off point of BMI
>25 kg/m?, according to the criteria of the Japan Society for

the Study of Obesity. 2! (2) High BP was defined as systolic
BP >130 mm Hg or diastolic BP >85 mm Hg or current use
of antihypertensive medication. (3) Decreased high-density
lipoprotein (HDL) cholesterol was defined as HDL choles-
terol <40 mg/dl (< 1.0 mmol/L) for male subjects and HDL
cholesterol <50 mg/dl (< 1.3 mmwol/L) for female subjects.
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Table 3

Hazard ratios and 93% confidence intervals for the likelihood of cardiovascular disease mortality between the United States and Japan

Model Covariates in the Model United States vs Japan % of Excess Mortality
HR (95% CI) p Value Accounted For®

In total participants
M1t Basic model 2.01 (1.84-2.21) <0.001 Base model
M2 Adjusted for M1 - obesity (BMI >30 k’g}mz) 1.90 (1.71-2.11) <{(.001 11.26%
M3 Adjusted for M! -4 high BP 2.12 (1.93~2.32) <0.001 10.28%
M4 Adjusted for M1 + low HDL cholesterol 2.00 (1.82~2.19) <0.001 1.48%
M5 Adjusted for M1 - elevated TG 1.96 (1.79--2.15) <0.001 5.04%
Mb Adjusted for M1 4 elevated HbA,, 1.85 (1.67—-2.06) <(.001 15.81%
M7 Adjusted for M1 - MSF (>3 of 5 factors) 1.88 (1.71-2.06) <0.001 13.34%
M8 Adjusted for M7 - baseline CVD history 1.57 (1.22-2.01) <0.001 44.17%

In participants without baseline

CVD histories

Mt Basic model 1.81 (1.62-2.03) <0001 Base model
M2 Adjusted for M1 - obesity (BMI >30 kg/m?) 1.69 (1.49~1.92) <0.001 15.04%
M3 Adjusted for M1 - high BP 1.92 (1.72-2.15) <0.001 13.69%
M4 Adjusted for M1 - low HDL cholesterol 1.81 (1.62-2.03) <0.001 0.25%
M5 Adjusted for M1 4 elevated TG 1.79 (1.60—2.00) <0.001 2.1%
M6 Adjusted for M1 <+ elevated HbA 1.69 (1.48—1.92) <001 15.17%
M7 Adjusted for M1 -+ ms (>3 of 5 factors) 1.70 (1.52—191) <{.001 13.19%

Percentage of change = (HR, HRXHR,

1} x 100 (keeping model 1 as HRj).

* Percentage of the excess CVD and all-cause mortality in the United States that was accounted for by adding the covariates from model 2 to model 8 (in

addition o eovariates adjusted in model 1).

¥ Model 1, the basic model, was adjusted for age, gender, smoking, alcohol consumption, and total cholesterol Jevel.
¥ Defined as having >3 of the 5 factors (obesity, high BP, low HDL cholesterol, elevated TG, and elevated HbA, ).

(4) Elevated glucose was defined as serum glycosylated
hemoglobin (HbA,.) >5.7%. We used HbA . because it
does not require a fasting blood sample. HbA . level has
been shown to be a highly reliable and correlated marker of
fasting glucose in several studies when fasting sample is not
available.® * Participants with previous diagnoses of dia-
betes or those using antidiabetic medications (insulin or oral
agents) were classified as having elevated glucose.?” (5)
Elevated serum TG was defined as serum TG 2150 mg/d!
(1.7 mmol/L) for a fasting sample or TG >200 mg/dl
(>2.3 mmoV/L) for a nonfasting sample.” Subjects with >3
of 5 MS components were classified having MS.524

The 2 countries” CVD deaths were classified using the
International Classification of Diseases, 10th Revision as
CVD (codes 100 to 199), coronary heart disease (codes 120
to 125), and cerebrovascular disease (codes 160 to 169).

A serial analysis was conducted. First, we described
baseline characteristics of participants by gender and
country. Analysis of covariance and chi-square tests were
used in the descriptive analysis. The age-adjusted preva-
lence of MS was estimated bg the direct method using the
World Standard Population.?' 21 Second, we used a Cox
proportional-hazards regression model to estimate hazard
ratios (HRs) and 95% confidence intervals (Cls) of indi-
vidual MS factors and MS for the risk for CVD mortality.
To verify the Cox proportional-hazards assumptions, we
used plots of the log ( log) survival curves and Schoenfeld
residuals. Third, we examined the impact of MS on the
excess CVD mortality of the United States compared with
Japan by conducting 8 multivariate models. Model 1 esti-
mated the HR of the United States versus Japan for CVD
mortality and was adjusted for 5 covariates (age, gender,

smoking status, alcohol consumption, and total cholesterol).
Model 1 served as the base model. Models 2 to 6 adjusted
for the same 5 covariates used in model | along with each of
5 MS components separately in a step-by-step manner.
Model 7 examined the total impact of MS on CVD
mortality, and model 8 included adjustment for baseline
CVD conditions (coronary heart disease and stroke). The
magnitudes of the impact of each MS component and MS on
the excess CVD montality of the United States compared
with Japan were expressed using the formula (HR; HR,Y/
(HR, 1.0) x 100%, where HR; represents then HR
derived from model I, HR, represents the HR after adjust-
ing for additional covariates (i.e., models 2 to 8), and 1.0
represents the HR when there was no excess risk.?®®
Finally, survival functions of participants who had MS for
the risk for CVD mortality were estimated and depicted by
country and by the number of exposures to MS components.
A repeated data analysis was conducted for participants who
were free of baseline CVD conditions to examine whether
the MS-CVD mortality associations remained observed.

All data analyses were conducted using SAS version 92
(SAS Institute Inc., Cary, North Carolina). We used sampling
weights and accounted for the complex sampling design
using “SAS Procedures for Analysis of Sample Survey
Data.”***" Two-sided p values <0.05 were considered as
having statistical significance,

Results

Table | shows that the United States participants had
significantly higher means of BM], total cholesterol, TG and
HbA. and lower HDL cholesterol than the Japanese
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participants. Differences in smoking and other risk factors
between male and female participants were also observed in
the U.S, and Japan.

The mean follow-up period was 12.7 years (median 13.8)
for the NHANES III participants and 13.9 vears (median 15)
for the Japanese participants. Of 12,561 United States
participants, 1,683 died from CVD. Of CVD deaths, 1,038
patients (62.9%) died from coronary heart disease, 315
(18.7%) from cerebrovascular disease, and 310 (18.4%)
from other CVD subtypes, Of 7,453 Japanese participants,
369 died from CVD. Of CVD deaths, 81 patients (22.0%)
died from coronary heart disease, 160 (43.4%) from cere-
brovascular disease, and 128 (34.6%) from other CVD
subtypes. Figure 1 shows that the United States had
significantly higher CVD mortality than Japan (11.75% vs
3.56%, p <0.001).

Table 2 shows that the United States had significantly
higher age-adjusted prevalence rates for individual MS
fuctors, except for having a significantly lower prevalence of
high BP than Japan (p <0.0] or p <0.05). The United States
had significantly higher prevalence of MS than Japan
(26.7% vs 19, 3%, <{.01), when {)beqty was defined as
BMI >30 kg/m® and BMI >25 kg/m? for the United States
and Japanese samples, respectively. Obesity, high BP,
elevated TG, and elevated HbA,, significantly predicted
CVD mortality in the United States population, and high BP
and elevated HbA,, predicted CVD mortality in Japan
(p <0.001 for all). The HR of MS for CVD morntality was
22.9% higher ({143 L35Y[1.35 1]} in the United States
than in hpan {p <0.001) when obesity was defined as BME
>30 kg/m? for the United States and BMI >25 kg/m® for

Japan, However, the HR was 23.3% higher in Japan than in
the United St'xtei {p <0.001) when obesity was classified as
BMI >30 kg/m? for the 2 populations. Similar associations
were observed for participants without baseline CVD
conditions.

Table 3 shows that the HR of the United States versus
Japan for CVD mortality was 2.01 (95% CI 1.84 w 2.21;
model ). After additionally adjusting for obesity (model 2),
the HR was reduced to 1,90 (955 CI 1.71 t0 2.11). However,
the HR increased to 2.12 (95% CI 1.93 to 2.32) when
adjusting for high BP (model 3), The HR was largely
reduced (15.81%) when adjusting for elevated HbA,
(model 6). An overall 13.34% reduction was observed when
adjusting for M8 (model 7). The HR was further reduced to
44.17% when adjusting for MS plus baseline CVD condi-
tions (model 8). Similar findings were observed in
a subsample excluding those who had CVD conditions at
baseline. No significant interaction effects of MS and
country on CVD moriality were observed in the total study
sample (HR 0.99,95% CI10.94 10 1.05,p  0.84) and in the
subsample (HR 0.98,93% C1 092 10 1.06, p  0.66).

Discussion

The present study, using nationally comparable data-
bases, is the first to document and compare the differences
in MS and the impact of MS on CVD mortality between the
United States and Japan. The main findings suggest that the
United States had a significantly higher prevalence of MS
than Japan. An estimated 13% of the excess CVD mortality

could be explained by the differences in MS and 44% by
MS plus baseline CVD conditions in the United States
compared with Japan.

Of the 5 MS components, obesity significantly predicted
CVD mortality in the United States but not in Japan, The
reason for the nonsignificant association in Japan is still
unknown. Two conditions may partly explain this differ-
ence. First, increased BMI as a measure of obesity may be
less sensitive than waist circumference. In the present study,
we did not use waist circumference as the measure of
obesity, because waist circumference was not measured in
the Japanese survey. Second, because increased BMI has
a stronger association with coronary heart disease than with
stroke, the nonsignificant association between obesity and
C¥YD might be due to a significantly different distribution of
the subiypes of CVD, in which coronary heart disease is
dominant in the Umted States, while stroke occurs more
frequently in Japan.'® It should be noted that when obesity is
defined as BMI >30 ke/m” for the Japcmehe sample, the HR
of MS for CVD mortality was higher in Japan than in the

LS. (1.53 vs 1.43; Table 2). We conducted further sensi-
tivity analyses by comparing the prevalence of MS
components in those with MS and with BMIs >30 kg/m®
between the United States and Japanese samples. The results
showed that the prevalence rates of high BP, decreased HDL
cholesterol, and elevated TG were significantly higher in the
Japanese compared with Americans (97.5% vs 82.0% for
high BP, 82.5% vs 71.7% for decreased HDL cholesterol,
and 80.8% vs 74.7% for elevated TG). This difference may

partly contribute to a higher HR of MS for CVD mﬂi’(dllt‘\? in
Japan when obesity is defined as BMI >30 kg/m®. However,
it does not mean that Japanese have a higher risk for CVD,
because the Japanese hm,e a much lower prevalence of
obesity (BMI >30 ke/m®) than Americas (2.4% vs 25.3%, p
<0.001). Certainly the magnitudes of individual MS
components using different cut-off points on the association
between MS and CVD dsk in different populations need to
be further studied. In the study, we also observed that the
HR of high BP for CVD mortality in the Japanese partici-
pants was higher than in the American participants. These
findings may suggest a different impact of risk factors on
CVD mortality across different countries and racial and
ethnic populations.

The present study had several strengths. First, its findings
are derived from nationally representative population
samples. The measurements of exposures and outcomes
were conducted using standardized approaches. Therefore, it
offers a unique opportunity for the study results to be
generalized. Second, the association between MS and CVD
mortality was analyzed prospectively, which makes it
possible to interpret a potentially temporal association.
Third, the findings of the study, by addressing the impacts of
individual components of MS on the risk for CVD mortality
between countries, are informative for health policy deci-
sions and health practice in controlling CVD mortality.

There were also limitations that should be kept in mind,
First, individual MS components that are continuous
measures {i.e., BMI, BP, TG, HDL, and HbA,.)) were
dichotomized on the basis of the cument definition of MS.
This dichotomization approach would lead a reduction in
statistical power and an underestimation of the strengths of
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associations between these factors and CVD mortality.
Second, all risk factors had single measurements at baseline.
Therefore, we are unable to test any time-varying effects of
these variables on CVD mortality, Third, because BMI may
have less sensitivity for the measure of obesity, new
biomarkers should be included in further studies.

Despite these limitations, 2 clear and important conclu-
sions follow from our present study. First, obesity, high BP,
elevated TG, and elevated HbA |, in the United States and
high BP and elevated HbA,, in Japan were the most
significant individual predictors for CVD mortality. Second,
MS and MS plus baseline CVD history are among the
important risk factors that may significantly contribute to the
explanation of excess CVD mortality in the United States
versus Japan,
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ORIGINAL ARTICLE

Interaction between dietary marine-derived n-3 fatty
acids intake and J-point elevation on the risk of
cardiac death: a 24-year follow-up of Japanese men

Takashi Hisamatsu, "% Katsuyuki Miura, "2 Takagoshi Ohkubo,** Takashi Yamamoto,

Akira Fujiyoshi,? Naoko Miyagawa,” Aya Kadota,

Naoyuki Takashima,?

Nagako Okuda,® Yasuhiro Matsumura,” Katsushi Yoshita,® Yoshikuni Kita,
Yoshitaka Murakami,"? Yasuyuki Nakamura,"® Tomonori Okamura,"" Minoru Horie,?
Akira Okayama,"? Hirotsugu Ueshima, ' for the NIPPON DATA80 Research Group

ABSTRACT

Objective Higher marine-derived n-3 fatty acids
{MDn3FAs) intake reduces the risk of sudden cardiac
death via antiarrhythmic effects. The article evaluates
whether MDn3FAs intake attenuates the increased risk
of cardiac death associated with J-point elevation (JPE),
characterised by an elevation of QRS-ST junction
(J-paint) >0.1 mV on electrocardiography.

Design A prospective population-based cohort study.
Setting The National Survey on Circulatory Disorders
and the National Nutrition Survey of Japan.
Participants A total of 4348 community-dwelling men
(mean age 49.3 years), without cardiovascular diseases
at baseline, from randomly selected areas across Japan.
Main outcome measures Cardiac death (200 men)
during the 24-year follow-up.

Results Dietary MDn3FAs intake was assessed using a
dietary method to estimate individual intake of
household-based weighed food records for 3 days. Cox
models were used to calculate HRs and 95% Cls
adjusted for possible confounding factors. JPE was
present in 340 participants (7.8%). The median daily
intake of MDn3FAs was 0.35%kcal (0.92 g/day). The
risk of cardiac death was significantly higher in
participants with JPE than in those without JPE in the
low intake group (<0.35%kcal; adjusted HR 3.51; 95%
Cl 1.84 10 6.73; p<0.001), but not in the high intake
group (>0.35%kcal; adjusted HR 1.09; 95% €l 0.56 to
2.16; p=0.795). The interaction between dietary
MDn3FAs intake and JPE on the risk of cardiac death
was statistically significant (p=0.006).

Conclusions The increased risk of cardiac death
associated with JPE may be attenuated by higher dietary
MDn3FAs intake.

INTRODUCTION

Overwhelming evidence from epidemiologica
mechanistic® and interventional studies* * indicates
that dietary marine-derived n-3 fatty acids
(MDn3FAs) reduce the risk of cardiovascular dis-
cases,” 7 particularly sudden cardiac death.! *
Experimental data from studies in animals and at
the cellular level suggest that the clinical prevention
of sudden cardiac death by MDn3FAs is due to
their antiarrhythmic properties.® ®

12
L

Early repolarisation, characterised by an eleva-
tion of the QRS-ST junction (J-point) on 12-lead
electrocardiography, was recently proposed as an
independent predictor of sudden cardiac death
from arrhythmia.” ' Therefore, identifying mea-
sures that could prevent cardiac death associated
with J-point elevation (JPE) would be of consider-
able clinical and public health importance. Based
on the results of experimental studies, we hypothe-
sised that a higher dietary intake of MDn3FAs may
attenuate the increased risk of cardiac death asso-
ciated with JPE.

We tested this hypothesis in a 24-year prospect-
ive cohort study of a representative general
Japanese population—individuals who participated
in the National Survey of Circulatory Disorders
and the National Nutrition Survey of Japan. The
community-based Japanese population tends to
have a higher MDn3FAs intake than other popula-
tions worldwide* and is therefore useful for exam-
ining the interaction between dietary MDn3FAs
intake and JPE on the risk of cardiac death.

METHODS

Study participants

Cohort studies of the National Survey on
Circulatory Disorders and the National Nutrition
Survey of Japan are known as NIPPOIN DATA
(National Integrated Project for Prospective
Observation of Non-communicable Disease And its
Trends in the Aged). We analysed data from
NIPPON DATA80 using the baseline survey con-
ducted in 1980. The detailed methods are described
elsewhere,'? ** The present study was approved by
the Institutional Review Board of Shiga University
of Medical Science (No.12-18, 2000; No.17-21-1,
2010).

Members of an overall population (n=13 771)
aged >30 years from 300 randomly selected health
districts throughout Japan were invited to partici-
pate in the study. Among them, 10 546 community-
based individuals (76.6% of 13 771) agreed to join
the study. The survey consisted of a physical exam-
ination, blood test, self-administered questionnaire
on lifestyle, dietary assessment and standard
12-lead electrocardiography recording. For the
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present study, participants were followed up to 2004 (NIPPON
DATAS80, 1980-2004).

In all, 364 individuals in the total cohort had JPE, of which
the majority (93.7%, n=341) were men. Therefore, we
restricted the present analysis to men (n=4639). A total of 291
men were excluded from this analysis for the following reasons:
history of cardiovascular diseases (n=131), major conduction
defects on electrocardiography (QRS duration > 120 ms) or
Brugada-type electrocardiography** (n=108), and missing infor-
mation (electrocardiography or dietary data) at baseline (n=52).
Therefore, 4348 men were finally included in the present ana-
lyses (mean age, 49.3 years; range, 30-95 years).

End point determination
To determine the cause of death during the 24-year follow-up,
the National Vital Statistics database of Japan was used with per-
mission from the Management and Coordination Agency,
Government of Japan. The underlying causes of death in the
National Vital Statistics were coded according to the 9th
International Classification of Disease (ICD9) until the end of
1994 and according to the 10th International Classification of
Disease (ICD10) from 1995 onwards, as described elsewhere.'?
The primary end point was cardiac death, and the secondary
end point was all-cause death during the follow-up period. The
corresponding ICD9 and ICD10 codes on cardiac death were as
follows: 393-429 (ICD9) and 101-109, I11, 113 and 120-152
(ICD10).

Baseline dietary assessment

A dietary survey in each household was based on weighed food
records for three consecutive representative days, avoiding
weekends and holidays, by trained dietary interviewers. Dietary
data were processed centrally to calculate nutrients. The nutri-
ent intake reported for each household in the National
Nutrition Survey of Japan in 1980 was proportionally allocated
to each household member according to the mean consumption
rate by age and sex. Dietary researchers were blinded to the par-
ticipants’ electrocardiographic and outcome status. For energy-
supplying nutrients, the intake was calculated as the percentage
of total energy intake (%kcal). Other nutrients were calculated
relative to total dietary intake (g/1000 kcal).

The detailed calculation procedure and validity of the estima-
tion have been described elsewhere'>™'” and in the online sup-
plementary text. Furthermore, energy and macronutrient intake
among Japanese individuals estimated using the same dietary
assessment as in the present study were highly correlated to the
corresponding values with individual-based weighed food
records (correlation coefficients 0.90-0.92).1%

Baseline electrocardiographic measurement
Electrocardiographic measurements are described in more detail
elsewhere.'? 1 In brief, standard 12-lead electrocardiography
was performed at baseline by trained technicians with the par-
ticipant in the supine position. Electrocardiographic findings
were independently evaluated by two trained researchers
(blinded to participant dietary and outcome status) in each of
12 institutions in accordance with the Minnesota Code, which
was developed to document significant electrocardiographic pat-
terns using objective comparison rules. Codes that showed
agreement between the two researchers’ assessments were
accepted; codes that showed disagreement were adjudicated by a
panel of epidemiologists and cardiologists.

JPE was defined as an elevation of the QRS-ST junction
(J-point) in at least 1-lead according to Minnesota Code 9.2 as

follows: in the inferior (II, I, aVF) and lateral leads (I, aVL,
V), an elevation of the J-point of >0.1 mV from baseline; in
the anterior leads (V; through Vs), an elevation of the J-point
of >0.2mV in leads V;~V; and >0.1mV in lead Vs.
Participants with major conduction defects on electrocardiog-
raphy (QRS duration >120 ms) were not included in this defin-
ition. Additionally, electrocardiographic findings that we
examined were Q wave abnormality (Minnesota Code 1.1-1.3),
left ventricular hypertrophy (Minnesota Code 3.1 or 3.3),
major ST depression (Minnesota Code 4.1-4.3) and major T
abnormality (Minnesota Code 5.1 or 5.2).

Statistical analysis

First, participants were divided into two groups according to
median dietary MDn3FAs intake (0.35%kcal: 0.92 g/day) as low
(<0.35%kcal) or high (>0.35%kcal) intake. Baseline character-
istics and nutritional intake were presented as means and SDs
for continuous variables and as numbers and percentages for
categorical variables. Differences in baseline characteristics and
nutritional parameters between participants with low or high
MDn3FAs intake were evaluated using the unpaired Student
t test, Wilcoxon signed-rank test or 4> test, as appropriate.

Cox proportional hazards models were used to estimate multi-
variable adjusted HRs and their 95% Cls for cardiac and all-cause
death with the presence of JPE compared with the absence of JPE
in both the low and high MDn3FAs intake groups. In model 1, the
analysis was adjusted for age. In model 2, the analysis was adjusted
for conventional risk factors (age, body mass index, smoking
status, drinking habits, medication status, systolic blood pressure,
serum total cholesterol, blood glucose and heart rate) and con-
founding electrocardiographic findings® *° (left ventricular hyper-
trophy classified according to Minnesota Code 3.1 or 3.3, and
suspected coronary heart disease classified according to Minnesota
Code 1.1-1.3, 5.1-5.2 or 4.1-4.3). In model 3, the analysis was
further adjusted for nutritional parameters, including the intake of
polyunsaturated fatty acids, saturated fatty acids, sodium and fibre.
Tests for an interaction between JPE and dietary MDn3FAs intake
were performed by introducing a multiplicative interaction term
into the main models.

We further estimated multivariable adjusted HRs and 95%
ClIs for cardiac death according to four categories cross-classified
by MDn3FAs (high or low intake) and JPE (absence or pres-
ence): high intake group without JPE (as reference); high intake
group with JPE; low intake group without JPE; and low intake
group with JPE.

In secondary analyses, we examined the risk of cardiac and
all-cause death associated with JPE in participants with low and
high intake of eicosapentaenoic acid (EPA) (<0.13 vs >0.13%
keal) or docosahexaenoic acid (DHA) (<0.22 vs > 0.229%kcal).

All analyses were performed with SAS software, V9.1.3 (SAS
Institute, Cary, North Carolina, USA). All p values were two-
sided and p values <0.05 were considered statistically
significant.

RESULTS

The baseline characteristics of the two groups of participants
according to dietary MDn3FAs are presented in table 1. JPE
was present in 6.6% and 8.9% of participants with low and
high MDn3FAs intake, respectively (p=0.005). Compared with
the low intake group, individuals in the high intake group
tended to be older, more commonly alcohol drinkers, had
higher blood glucose levels and had higher systolic blood
pressure.

2
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