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Table 4. Characteristics of Subjects Stratified by the Presence or Absence of Prolonged QTc Interval and Cornell Product Left

Ventricular Hypertrophy (n=10643)

ECG-LVH Absence

Prolonged QTc Interval Absence

Prolonged QTc Interval Presence ECG-LVH Presence

Variables n=9841 n=131 n=671 PValue
Age, ¥ 55.1+11.3 60.6+9.1* 58.6+9.7% <0.001
Men, % 376 53.4 346 <0.001
Body mass index, kg/m? 23.1£3.1 22.5+3.0 23.9+3.4%t <0.001
Current smokers, % 22.7 28.1 19.9 0.086
Alcohol drinking, >20 g/d, % 32.0 277 321 0.624
Hypertension, % 321 45.0 58.4 <0.001
Antihypertensive medication use, % 10.2 111 24.4 <0.001

Systolic blood pressure, mmHg 128.5+20.6 138.7+25.3* 140.5x21.7% <0.001

Diastolic blood pressure, mmHg 77.0£12.1 81.3£14.0* 83.4+12.5* <0.001
Hyperlipidemia, % 35.3 31.0 44.8 <0.001

Total cholesterol, mg/dL 192.4+34.9 188.6+35.3 196.6+34.9* 0.005

Triglyceride, mg/dL 116.3+£76.3 116.3+73.7 132.0+77.9* <0.001
Diabetes mellitus, % 37 2.4 5.5 0.058

Blood glucose, mg/dL 102.5+25.9 104.3+25.2 111.1£31.2% <0.001
Heart rate, bpm 66.7+10.6 79.9+15.6* 69.1+11.8* <0.001
Bazett QTc interval, ms 38625 47327 400+£28*1 <0.001
Cornell product, mVxms 141.4+46.0 152.9+48.3* 286.0£52.3*t <0.001
Sokolow-Lyon voltage, mV 2.6+0.8 3111 3.1+0.9* <0.001

CP-LVH indicates left ventricular hypertrophy diagnosed by Cornell product 2244 mVxms; prolonged QTc interval, Bazett QTc interval 2440 ms in men or 2460 ms
in women. Data are shown as mean=SD or percentage. P values were calculated using an ANCOVA test. Intergroup differences were calculated using Tukey honestly
significant test. Values of P<0.05 were considered statistically significant. QTc, corrected QT.

*P<0.05 vs the subjects with neither CP-LVH or prolonged QTc interval presence.

TP<0.05 vs the subjects with CP-LVH absence and prolonged QTc interval presence.

subjects without ECG-LVH, which was diagnosed based on
the Cornell product. The subjects with prolonged QTc inter-
vals but not ECG-LVH exhibited an increased stroke risk
compared with the subjects who had neither prolonged QTc
intervals nor ECG-LVH, and the hazard risk was greater than
that in the subjects with ECG-LVH. These results suggest that

the prolonged QTc interval was associated with stroke risk
even among patients without ECG-LVH.

Three previous studies have demonstrated that prolonged
QTec intervals are associated with an increased risk of stroke:
(1) Cardoso et al' detected this association in a Brazilian dia-
betic population, (2) Maebuchi et al® observed it in the general

Prolonged QTc interval (+}

Figure 2. Kaplan-Meier plots of the cumulative
incidence of stroke events among subjects
stratified according to the presence of prolonged
corrected QT (QTc) intervals and ECG-diagnosed
left ventricular hypertrophy (LVH).
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Table 5. Cox Regression Analysis for Stroke Among the Subjects Stratified by Prolonged QTc Interval and CP-LVH

Unadjusted Model Multivariate-Adjusted Model

Models No. of events Incidence, % HR 95% Cl PValue HR 95% Cl PValue
Total stroke events

Prolonged QTc interval (—) and ECG-LVH (=) 308 3.1 1.00 . 1.00

Prolonged QTc interval (+) and ECG-LVH (-) 14 10.7 413 2.31 7.38  <0.001 270 148 494  <0.001

ECG-LVH (+) 53 7.9 274 197 382  <0.001 183  1.31 257  <0.001
Cerebral hemorrhage

Prolonged QTc interval () and ECG-LVH (-) 69 0.7 1.00 . 1.00

Prolonged QTc interval (+) and ECG-LVH (-) 3 2.3 478 149 1529  <0.001 386 1.16 1282 0.028

ECG-LVH (+) 13 1.9 279 137 565  <0.001 185 090 3.82 0.095
Ischemic stroke

Prolonged QTc interval () and ECG-LVH (-) 200 20 1.00 1.00

Prolonged QTc interval (+) and ECG-LVH (-) 10 7.6 4.25 2.09 8.64  <0.001 2.53 1.20 5.35 0.015

ECG-LVH (+) 32 4.8 249 162 3.83  <0.001 165 1.07 2.56 0.024
Subarachnoid hemorrhage

Prolonged QTc interval (—) and ECG-LVH (-) 39 0.4 1.00 1.00

Prolonged QTc interval (+) and ECG-LVH (-) 1 0.8 2.55 035 18.63 0.357 1.90 025 14.30 0.535

ECG-LVH (+) 7 1.0 338 149 7.65 0.003 238 1.03 5.53 0.043

HR and 95% Cl were calculated using Cox hazard models. Age, sex, body mass index, alcohol drinking habit, smoking status, systolic blood pressure, antihypertensive
medication use, presence of diabetes mellitus, and presence of hyperlipidemia were also entered in the multivariate-adjusted model. Cl, confidence interval; CP-LVH
indicates left ventricular hypertrophy diagnosed by Cornell product, >244 mVxms; HR, hazard ratio; and QTc, corrected QT.

Japanese population, and (3) Soliman et al® found it in the it possible to compare our results with those of a previous
general US population. In addition to supporting the findings study involving a Japanese population.? Compared with other
of these previous studies, our results also suggest that a pro- QTc interval formulas, such as the Fridericia and Framingham
longed QTc interval is a predictor of future stroke events even formulas, the Bazett formula is considered to be markedly
in individuals without ECG-LVH. affected by heart rate.'S However, it was reported that the

In the analysis of NRI, adding the QTc interval as a con- stroke risk associated with a prolonged QTc interval was not
tinuous variable to the traditional cardiovascular risk factors influenced by the formula used to calculate the interval,® and
that included ECG-LVH in the model improved the predic- in this study, the relationship between prolonged QTc inter-
tive value of stroke events; however, adding the prolonged vals and stroke events remained significant after adjusting for
QTec interval as a categorical variable did not increase the heart rate.

predictive value. There were no statistical differences in
the propensity stroke risk score between the subjects with
prolonged QTc interval but not ECG-LVH and those with
ECG-LVH; therefore, the predictive value of prolonged
QTc interval and ECG-LVH for stroke events did not differ
significantly.

The mechanisms responsible for the association between
prolonged QTc intervals and a greater risk of stroke events
might involve increased arterial stiffness™ because pro-
longed QTc intervals have also been reported to be a marker
of increased carotid intima media thickness.!” Therefore, the
risk of subarachoid hemorrhage, which is susceptible to ele-
vated blood pressure rather than atherosclerosis, might not be
increased by prolonged QTc intervals, but it was increased by

The QTec interval has also been reported to be associated
with the incidence of atrial fibrillation,'”'® a well-known
risk factor for stroke events, and we previously reported
that subjects who exhibited atrial fibrillation on ECG at the
baseline were at an increased risk of stroke.'® Therefore,
we excluded subjects who displayed atrial fibrillation at
the baseline from the present analysis. In addition, the inci-
dence of atrial fibrillation during the follow-up period was
not evaluated in this study.

This study had the following limitations: (1) we measured
the subjects’ QTc intervals manually using lead II (or lead I or
III if it was difficult to measure using lead II). Although the
mean QTc interval obtained in this study was shorter than that

ECG-LVH. The QTc interval represents the time required for reported in previous studies involving Japanese patients who
ventricular excitation and repolarization in the heart, but it were referred to a university hospital”® or a general Japanese
was found to be related to stroke events rather than myocardial population,” the Bazett QTc interval cutoff level that was
infarction in this study, probably because of the small number found to be associated with a significantly increased risk of
of myocardial infarction events experienced by our subjects stroke was comparable to that described in a previous report.?
(data not shown). (2) The QTc interval could be affected by drug use and elec-

The relationship between prolonged QTc intervals and trolyte levels; however, these factors were not evaluated in this
stroke events might be affected by heart rate. We used the study. (3) We did not obtain the incidence of atrial fibrillation
Bazett formula to calculate QTc intervals in this study to make during the follow-up period.
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Perspectives

In the general Japanese population, a prolonged QTc inter-
val is associated with an increased risk of future stroke events
even in subjects without ECG-LVH, as diagnosed using the
Cornell product. The presence of a prolonged QTc interval on
ECG could be a risk marker of future stroke events in subjects
without ECG-LVH.

Sources of Funding
This study was supported by a Grant-in-Aid from the Ministry of
Education, Culture, Sports, Science and Technology, Japan, and
grants from the Foundation for the Development of the Community,
Tochigi, Japan.

Disclosures
None.

References
. Cardoso CRL, Salles GF, Deccache W. QTc interval prolongation is a pre-
dictor of future strokes in patients with type 2 diabetes mellitus. Stroke.
2003;34:2187-2194.

2. Maebuchi D, Arima H, Doi Y, Ninomiya T, Yonemoto K, Tanizaki Y, Kubo
M, Hata J, Matsumura K, Iida M, Kiyohara Y. QT interval prolongation
and the risks of stroke and coronary heart disease in a general Japanese
population: the Hisayama study. Hypertens Res. 2010;33:916-921. doi:
10.1038/hr.2010.88.

3. Soliman EZ, Howard G, Cushman M, Kissela B, Kleindorfer D, Le
A, Judd S, McClure LA, Howard VJ. Prolongation of QTc and risk of
stroke: the REGARDS (REasons for Geographic and Racial Differences
in Stroke) study. J Am Coll Cardiol. 2012;59:1460-1467. doi: 10.1016/j.
jacc.2012.01.025.

4. Ishikawa J, Ishikawa S, Kabutoya T, Gotoh T, Kayaba K, Schwartz JE,
Pickering TG, Shimada K, Kario K; Jichi Medical School Cohort Study
Investigators Group. Cornell product left ventricular hypertrophy in elec-
trocardiogram and the risk of stroke in a general population. Hypertension.
2009;53:28-34. doi: 10.1161/HYPERTENSIONAHA.108.118026.

5. Ishikawa S, Gotoh T, Nago N, Kayaba K; Jichi Medical School (JMS)
Cohort Study Group. The Jichi Medical School (JMS) Cohort Study:
design, baseline data and standardized mortality ratios. J Epidemiol.
2002;12:408-417.

6. Ishikawa J, Ishikawa S, Kario K. Relationships between the QTc interval and
cardiovascular, stroke, or sudden cardiac mortality in the general Japanese
population [published online ahead of print July 24, 2014]. J Cardiol. doi:
10.1016/j.jjcc.2014.05.008.  http://www.journal-of-cardiology.com/article/
S0914-5087(14)00160-9/abstract. Accessed December 16, 2014.

7. Al-Khatib SM, LaPointe NMA, Kramer JM, Califf RM. What clinicians
should know about the QT interval. JAMA. 2003;289:2120-2127.

—

15.

16.

17.

19.

. Lepeschkin E, Surawicz B. The measurement of the Q-T interval of the

electrocardiogram. Circulation. 1952;6:378-388.

. Algra A, Tijssen JG, Roelandt JR, Pool J, Lubsen J. QTc prolonga-

tion measured by standard 12-lead electrocardiography is an inde-
pendent risk factor for sudden death due to cardiac arrest. Circulation.
1991;83:1888-1894.

. Bazett H. An analysis of time relations of the electrocardiogram. Hearr.

1920,7:353-370.

. Ogihara T, Kikuchi K, Matsuoka H, et al. The Japanese Society of

Hypertension Guidelines for the Management of Hypertension (JSH
2009). Hypertens Res. 2009;32:3-107.

. Okin PM, Devereux RB, Gerdts E, Snapinn SM, Harris KE, Jern S,

Kjeldsen SE, Julius S, Edelman JM, Lindholm LH, Dahlof B; LIFE Study
Investigators. Impact of diabetes mellitus on regression of electrocardio-
graphic left ventricular hypertrophy and the prediction of outcome during
antihypertensive therapy: the Losartan Intervention For Endpoint (LIFE)
Reduction in Hypertension Study. Circulation. 2006;113:1588-1596. doi:
10.1161/CIRCULATIONAHA.105.574822.

. Pencina MJ, D’ Agostino RB Sr, D’ Agostino RB Jr, Vasan RS. Evaluating

the added predictive ability of a new marker: from area under the ROC
curve to reclassification and beyond. Stat Med. 2008;27:157-172.

. Maebuchi D, Arima H, Ninomiya T, Yonemoto K, Kubo M, Doi Y,

Tanizaki Y, Matsumura K, Tida M, Kiyohara Y. Arterial stiffness and
QT interval prolongation in a general population: the Hisayama study.
Hypertens Res. 2008;31:1339-1345. doi: 10.1291/hypres.31.1339.

Festa A, D’Agostino R Jr, Rautaharju P, O’Leary DH, Rewers M,
Mykkénen L, Haffner SM. Is QT interval a marker of subclinical athero-
sclerosis in nondiabetic subjects? The Insulin Resistance Atherosclerosis
Study (IRAS). Stroke. 1999;30:1566-1571.

Rautaharju PM, Surawicz B, Gettes LS, et al. AHA/ACCF/HRS rec-
ommendations for the standardization and interpretation of the elec-
trocardiogram: part IV: the ST segment, T and U waves, and the QT
interval: a scientific statement from the American Heart Association
Electrocardiography and Arrhythmias Committee, Council on Clinical
Cardiology; the American College of Cardiology Foundation; and
the Heart Rhythm Society. Endorsed by the International Society for
Computerized Electrocardiology. J Am Coll Cardiol. 2009;53:982-991.
Nielsen J, Graff C, Pietersen A, Lind B, Struijk J, Olesen M, Haunsg S,
Gerds T, Svendsen J, Kgber L, Holst A. J-shaped association between
QTc interval duration and the risk of atrial fibrillation: results from the
Copenhagen ECG Study. J Am Coll Cardiol. 2013;61:2557-2564. doi:
10.1016/j.jacc.2013.03.032.

. Iwahana H, Ishikawa S, Ishikawa J, Kabutoya T, Kayaba K, Gotoh T, Kajii

E. Atrial fibrillation is a major risk factor for stroke, especially in women:
the Jichi Medical School cohort study. J Epidemiol. 2011;21:95-101.
Funada A, Hayashi K, Ino H, Fujino N, Uchiyama K, Sakata K, Masuta E,
Sakamoto Y, Tsubokawa T, Yamagishi M. Assessment of QT intervals and
prevalence of short QT syndrome in Japan. Clin Cardiol. 2008;31:270—
274. doi: 10.1002/clc.20208.

What Is New?

We evaluated whether prolonged corrected QT (QTc) interval was associat-
ed with an increased risk of stroke without ECG left ventricular hypertrophy.

°

What Is Relevant?
The prolonged QTc interval is not only a risk marker of fatal arrhythmia
but also a marker of cardiovascular risk accumulation without ECG left
ventricular hypertrophy.

Novelty and Significance

The subjects with prolonged QTc interval had an increased risk
of stroke without ECG left ventricular hypertrophy in the general
population.

Summary
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Methods

Questionnaire and other measurements

Information about each subject’s medical history and lifestyle was obtained at the
baseline using a questionnaire. The questionnaire included questions about past and
present illnesses, as well as any heart conditions suffered by the subjects’ parents. The
age data shown in this study represent baseline values. Smoking status was judged as
current smoker or not. Alcohol drinkers were defined as subjects who drank at least 20 g
alcohol/day. Body mass index was calculated as weight (kg)/height (m)®. Systolic and
diastolic blood pressure were recorded at the baseline using a fully automated
sphygmomanometer (BP203RV-II Nippon Colin, Komaki, Japan). Blood pressure
was measured once after the subject had rested for at least 5 minutes in a sitting position.
Hypertension was defined as systolic blood pressure of >140 mmHg and/or diastolic
blood pressure of >90 mmHg, or medicated hypertension. Diabetes mellitus was defined
as afasting glucose level of >7.0 mmol/L (126 mg/dl), a random non-fasting glucose
level of >11.1 mmol/L (200 mg/dl), or the use of an oral hypoglycemic agent or insulin.
Hyperlipidemia was definedas a total cholesterol level of >5.7 mmol/L (220 mg/dl), a
triglyceride level of > 1.7 mmol/L (150 mg/dl), or the use of an oral lipid-lowering
agent according to the Japan Atherosclerosis Society Guidelines for the Prevention of

Atherosclerotic Cardiovascular Diseases.

Follow-up
The mass screening examination system was used to check the subjects every year for
10 years. During these examinations, we asked the subjects directly whether they had

suffered a stroke or cardiovascular disease after being enrolled in the present study. If a

230



subject did not undergo a scheduled annual screening examination, we éontacted them
or their family by mail or phone to confirm whether they had suffered any
cardiovascular events or died. In cases in which the subject had visited a medical
institution due to a cardiovascular event or died at a medical institution, doctors or
health nurses associated with the JMS Cohort study visited the institution and checked
the subject’s medical records. When an incident case was suspected, we filled out the
appropriate forms and obtained copies of any brain computed tomography or magnetic
resonance images (when a cerebrovascular event was suspected). In cases in which a
subject died and their family could not be contacted during the follow-up period, death
certificates were collected from public health centers with permission of the Agency of
General Affairs and the Ministry of Health Labor and Welfare. Information regarding
any changes in residence that occurred during the study was obtained from each

municipal government annually.

Diagnostic criteria

Diagnoses were determined independently by a diagnosis committee composed of
radiologists, neurologists, and cardiologists. Questionnaire responses and copies of the
subjects’ medical records were used to assess whether any of the following events had
occurred: cardiac death, vascular death, stroke death, sudden death, non-fatal
myocardial infarction, or non-fatal stroke events. The details of the definitions of stroke

events have been reported previously'.
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Table S1: Net reclassification improvement in the model with and without QTc
interval (as a continuous variable)

Stroke event

Model without QTc interval Model with QTc interval

Ere‘iggﬁ{‘acgye <25%  2550%  >50% Total

<2.5% 41 2 0 43
91.1 3.4 0.0

2.5-5.0% 4 51 11 66
8.9 87.9 5.7

>5.0% 0 5 183 188
0.0 8.6 94.3

Total 45 58 194 297

No stroke event

Model without QTc interval Model with QTc interval
g;ﬁgg‘st”a‘ge <25%  2550%  >5.0% Total
<2.5% 4401 162 2 4565
95.5 9.2 0.1
2.5-5.0% 205 1384 165 1754
4.5 78.2 9.3
>5.0% 0 224 1613 1837
: , 0.0 12.7 90.6
Total 4606 1770 1780 8156

Categorical net reclassification improvement (NRI) = 0.026, P<0.001
Integrated discrimination improvement (IDI) = 0.292, P=0.80
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Table S2: Net reclassification improvement in the model with and without ECG-LVH

Model without ECG-LVH

Stroke event
Model with ECG-LVH

Pardontas <25%  2550%  >5.0% Total
<2.5% 41 2 0 43
95.3 3.2 0.0 145
2.5-5.0% 2 56 8 66
4.7 88.9 42 222
>5.0% 0 5 183 188
0.0 7.9 958 63.3
Total 43 63 191 297
‘ No stroke event
Model without ECG-LVH Model with ECG-LVH
ggﬁgg{‘:&’e <25%  2550%  >50% Total
<2.5% 4495 70 0 4565
97.6 4.0 0.0 56.0
2.5-5.0% 110 1551 93 1754
2.4 88.3 52 215
>5.0% 0 135 1702 1837
0.0 7.7 948 225
Total 4605 1756 1795 8156

Categorical net reclassification improvement (NRI) = 0.020, P<0.001
Integrated discrimination improvement (IDI) = 0.004, P=0.75
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Table S3: Net reclassification improvement in the model with and without ECG-LVH

and/or QTc interval

Stroke event

Model without ECG-LVH or QTc interval

Model with ECG-LVH and QTc

interval
E,;erg‘éﬁf;ge <2.5% 2.5-5.0% >5.0% Total
<2.5% 40 3 0 43
87.0 5.5 00 145
2.5-5.0% 6 44 16 66
13.0 80.0 82 222
>5.0% 0 8 180 188
0.0 14.5 91.8 633
Total 46 55 196 297
No stroke event
Model without ECG-LVH or QTc interval ~ Model with ECG-LVH and QTc
interval
Eﬁggi?acgye <25%  2550%  >50% Total
<2.5% 4403 157 5 4565
94.8 9.0 03  56.0
2.5-5.0% 242 1316 196 1754
5.2 75.9 110 215
>5.0% 0 262 1575 1837
0.0 15.1 887 22,5
Total 4645 1735 1776 8156

Categorical net reclassification improvement (NRI) = 0.035, P<0.001
Integrated discrimination improvement (IDI) = 0.006, P=0.63



- ,  American

| Heart
Associatione

Hypertension

'\1,301* n:s Ave R;czN IH ART <'1.\110c

Prolonged Corrected QT Interval Is Predictive of Future Stroke Events Even in Subjects
Without ECG-Diagnosed Left Ventricular Hypertrophy
Joji Ishikawa, Shizukiyo Ishikawa and Kazuomi Kario

Hypertension. 2015;65:554-560; originally published online December 22, 2014;

doi: 10.1161/HYPERTENSIONAHA.114.04722
Hypertension is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2014 American Heart Association, Inc. All rights reserved.
Print ISSN: 0194-911X. Online ISSN: 1524-4563

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://hyper.ahajournals.org/content/65/3/554

Data Supplement (unedited) at:
http://hyper.ahajournals.org/content/suppl/2014/12/22/HYPERTENSIONAHA. 114.04722.DC1 .html

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Hypertension can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints

Subscriptions: Information about subscribing to Hypertension is online at:
http://hyper.ahajournals.org//subscriptions/

Downloaded from http://hyper.ahajournals.org/ at Jichi Medical School on February 14, 2015

236




Original Article

Hypertension and lifetime risk of stroke

Tanvir Chowdhury Turin®®, Tomonori Okamura®, Arfan Raheen Afzal?, Nahzd Rumana®,

Makoto Watanabe®, Aya H:gashtyama Yoko Nakao

Kunihiro Nishimura®f

INTRODUCTION

since the 1960s [1-3], stroke remains the third most
common cause of death in Japan [4]. With the aging of
the population and in the backdrop of major dietary
changes and worsening some cardiovascular risk factors
[1,2], stroke is likely to be still important health burden in
Japan. Thus, prevention activities require urgent attention.

I n spite of the declining trend in the stroke mortality

116 www.jhypertension.com

Michikazu Nakaif, Misa Takegam|

, Yoshihiro KokuboP®, Akira Okayamag and Yoshihiro Miyamoto®®f

One of the major modifiable risk factor for stroke is high
blood pressure (BP) or hypertension. The impact of hyper-
tension on the burden of stroke needs to be presented in an
easily understandable way to the lay audience, including at-
risk population, patient population, health policy makers,
and health educators. For example, clinical and scientific
bodies are using this index in their knowledge translation
materials [5]. Traditionally, measures of disease burden or
risk estimates have primarily focused on the concepts of
prevalence, incidence, or relative risk. Estimation of the
lifetime risk (LTR) of stroke, which provides an absolute
risk assessment, can be an important tool for knowledge
translation because it would be more easily comprehen-
sible by lay audience who are not that numerically savvy to
apprehend the conventional measures of disease burden.
This index would be helpful for public health education in
motivating beneficial changes in lifestyle or health-related
behaviors as well as social security policy such as health
planning. In this study, we estimated the impact of hyper-
tension on the short, intermediate-term risk and LTR of
stroke in an urban population in central Japan.

POPULATION AND METHOD

Study sample

The Suita study, a cohort study for cardiovascular diseases
among urban residents, was established in 1989. The details
of this study have been described elsewhere [6-9]. Briefly,
the cohort was formed from randomly sampled Suita city
residents aged 30-79 years, stratified by sex and age class
(10-year increments). From this sample, 6483 participated
in a baseline survey at the National Cardiovascular Center
between September 1989 and March 1994. After excluding
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participants with a previous history of stroke (7 =98) and
those lost to follow-up (7 =0602), data from the remaining
5783 participants (2722 men and 3061 women) were
included in the analysis (Fig. 1). This cohort study was
approved by the Institutional Review Board of the National
Cardiovascular Center, Suita, Osaka, Japan.

Measurement of blood pressure and categories
Measurement of BP has been described elsewhere [10]. In
brief, well trained physicians measured the BP of each
individual three times in a seated position using a mercury
column sphygmomanometer, an appropriately sized cuff,
and a standard protocol. Before the initial BP reading was
obtained, participants were seated at rest for at least 5 min.
SBP and DBP were recorded as the average of the second
and third measurements, which were taken more than
1 min apart. Hypertension was defined as SBP of at least
140 mmHg and/or DBP of at least 90 mmHg and/or on
antihypertensive medication. Participants with SBP below
140 mmHg and DBP below 90mmHg were defined as
normotensive. We further categorized the hypertensive
patients without regard to the use of antihypertensive
medication according to the classification by the seventh
report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pres-
sure [11] as follows: stage 1 hypertension, SBP 140-—
159 mmHg and/or DBP 90-99 mmHg; and stage 2 hyper-
tension, SBP of at least 160 mmHg and/or DBP of at least
100 mmHg. We decided not to consider treatment of hy-
pertension in this categorization in our analyses because we
wanted to evaluate the effect of increased BP levels, which
can also arise in hypertensive patients under treatment.

Suita study participants aged 30 to 79 years
N =6483

N =602 lack of baseline
information or lost to follow up
N = 98 history of stroke at baseline

Analysis cohort
N=5783

No hypertension
N =4030

Hypertension
N=1753

Stage 1 hypertension
N=1026

Stage 2 hypertension
N =579

FIGURE 1 Cohort creation.
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When SBP and DBP fell into different categories, the higher
category was selected for the purposes of classification.

Endpoint ascertainment

The endpoints of the present study were the first stroke;
death; or December 31, 2007. The first step in the survey
involved checking the health status of all participants by
repeated clinical visits every 2 years and yearly question-
naires by mail or telephone. In the second step, registered
hospital physicians or research physicians reviewed in-
hospital medical records of participants who were sus-
pected of having a stroke. The reviewers were blinded
to the baseline information. The criteria for stroke were
defined according to the US National Survey of Stroke
criteria [12). For each stroke subtype (i.e. cerebral infarction,
cerebral hemorrhage, and subarachnoid hemorrhagic), a
definite diagnosis was established based on the computed
tomography, MRI, or autopsy.

Statistical analysis

Age (in years) was used as the time scale [13,14]. Follow-up
began at baseline or study entry age. Participants who were
below 40 years of age at the beginning of the study period
entered the sample on attainment of 40 years of age. The
age categories began at the age of 40 years and the highest
age category was set at age 90 years and over. The like-
lihood of failing from a particular cause at a given time is
simply the product of the overall survival to that time. The
follow-up ended either at stroke occurrence, on death, or
on 31 December 2007, whichever came first.

We estimated cumulative stroke incidence conditional
on survival to ages of 45, 55, 65, and 75 years. The
estimation of cumulative incidence (the outcome of inter-
est) is affected by the competing risk of death (death
because of other causes). Participants who die of other
causes of death during the observation period are treated
as censored in traditional survival analytic technique, and
their potential contribution to the outcome of interest is
distributed among patients still at risk. Cause-specific sur-
vival is traditionally a net survival measure representing
survival of a specified cause of eventin the absence of other
causes of death. However, the potential contribution of a
participant who has died should not be zero, because to be
at risk of event occurrence at a particular time, one must
first survive from all causes until that time. Treating such
participants as censored inflates the estimates of cumulat-
ive incidence. Therefore, to examine the actual risk during
one’s lifetime, we estimated cumulative stroke incidence
conditional on survival to ages of 45, 55, 65, and 75 by
executing double decrement taking into consideration
both occurrence of outcome of interest and all-cause death
[13-171.

Sex-specific 10, 20, 30, and 40-year risks and the LTR
were estimated for stroke-free participants at different
index ages for all stroke, cerebral infarction, and cerebral
hemorrhage. The estimates were calculated using a modi-
fied technique of survival analysis from previously reported
analyses methods [13,18]. All statistical analyses were done
using SAS version 9.4 (SAS Institute, Cary, North Carolina,
USA).
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RESULTS

We had 74932.7 person-years of observation. During the
follow-up period, 276 (149 men and 127 women) partici-
pants had incident stroke. The majority of them were cerebral
infarction; 166 (102 men and 64 women). There were only 52
cerebral hemorrhage (27 men and 25 women) and 58 sub-
arachnoid hemorrhage (25 men and 33 women). Owing to
the very small number of cerebral hemorrhage and subar-
achnoid hemorrhage events, we could not estimate the short,
intermediate, and LTR for these stroke subtypes.

Table 1 shows the basic characteristics of the participants
with different hypertension statuses at the baseline. The
proportion of hypertensive participants inthe baseline survey
was33.36%formen and 27.61%forwomen. Inmen, 60.02% of
the participants had stage 1 hypertension and 33.26% of the
participants had stage 2 hypertension. In women, the respect-
iveproportionswere 56.92and 32.78%. Hypertensive patients
were generally older and had higher mean plasma glucose
and higher total blood cholesterol levels. This difference was
observed in both men and women.

Figure 2 (and Supplementary Table 1, http://links.lww.
com/HJH/A530) presents the 10, 20, 30, and 40-year risks

and LTR of stroke by presence of hypertension in men and
women of various index ages. The LTR of stroke,
accounted for competing risk of death, for 45-year-old
men without hypertension was 17.21% and was 32.79%
for hypertensive men of the same index age. There was a
graded increase in stroke risk with increasing time span.
For stroke, 10-year risk at the age of 45 for normotensive
patients was 0.34% and this increased across 20, 30, and 40-
year risk categories as 1.74, 5.34, and 11.62%, respectively.
This phenomenon was observed in both sexes and all
index ages. Figure 3 (and Supplementary Table 2, http://
links.lww.com/HJH/A530) presents the short, intermedi-
ate, and LTR of stroke by level of hypertension among
hypertensive men and women. The LTR of stroke,
accounted for competing risk of death, at 45 years of
age for men with stage 1 hypertension was 20.21%,
whereas the LTR of stroke for stage 2 hypertensive men
of 45 years age was 48.33%. The graded increase in stroke
risk with increasing time span was observed for both sexes
and all index ages.

Table 2 presents the short, intermediate, and LTR of
cerebral infarction by presence of hypertension in men
and women of various index ages. The LTR of cerebral

TABLE 1. Baseline charactenstlcs of Suita study partlapants with dlfferent hypertension status

No hypertension

Blood pressure categorles

Hypertension _ Hypertension

63.1 (10.1) 63.5 (10,

88 . 1038(23 | 1038(17.0)
Tota! cholesterol (mg/dl) (s d . 199.6 (3375) - 204 9(35.2) ) ,205 5 (36 4) - 204 5(34.2)
*Serum creatinine (mg/d) (5.d) . 00902 0902 0 0903 0902
Smoking, n (%) , e e
Never smoker 338(186) 69(18.6) 58(19.2)
. Current r 96934 386 (425) 121.(40.1)
 Exsmoker © 485(267) . 334(368) - . 116(38.4)
Unknown o 22 (1 2) N ) 19 (2 1) 7 (2. 3)
CDrinking, n (%) " e e L s
~ Never drinker 401 (221) ; o 170 (18 7),, B 49 16. 2)
. Current drinker ~© 1328(73.2) . 683(75.2) 406 (74 5 . 236(782)
Ex-drinker 64 (3 5 4044 2240 10 33
o ~ Unknown 2 s an 703
Women Age (years) (s. d) 51 2 (12. 6)‘,  626(9.6) - 61 .8 (9 6)
o BMI (kg/m?) (s.d) e 23535 23233 L
~ Height (cm) (s.d) 1534 (5.7) 1505(.7)  150.7(57) i 1505(5 5)
Weight (kg) (s.d) . 512(78 5330000 . 528(85 1 539(98)
Plasma g|ucose (mg/dl) (s. d) ) ) 94.4 (14.7) 101.6 (20. 6) 100.8 (19.7) 1027 (22, Q)
Total cholesterol (ma/d) (s.d). 2083 (37.6) 2251(37.0) . 2266(364). . 2246(388)
Serum creatinine (mg/dl) (s d) O 7 (O 2) ) ~07(3 0.7 (0.4) 0.7(0.3)
Smoking, n (%) ' e . e .
Never smoker ) 1794 (81 O) o 705 (83.4) ) ; 408 (84.8) 231 (83.4)
Current smoker - 296 (134) . eg81) . 3267 . .25(9.0)
_ Ex-smoker 7835 35 (4.1) ) 23 (4.8) 7 (2.5)
CUnknown 4822 3744 8@ 14(5.1)
Drlnkmg n (%) ) ) )
~ Never drinker - 1392(62.8) 571.(67:6) 316(657) - 194(70.0)
Current drinker 740 (334) 232 (27.5) 139 (28, 9) 71 (25.6)
. Exdrinker o380 14(1.7) Co10@ L4019
Unknown 46 (2.1) 28 (3.3) 16 (3.3) 8(2.9)
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Lifetime risk (%) for men

Lifetime risk (%) for women

Index age: 45 years

Hypertension ~
No hypertension

15 20 25 30 35

10

5

0

10 15 20 25 30 35

5

0

Index age: 55 years

30

25
L

15 20

10

5

25 30

15 20

10

5

Attained age (years)

Attained age (years)

Hypertension and lifetime risk of stroke

Index age: 65 years

15 20 25 30

10

5

0

15 20 25

10

Attained age (years)

Index age:75 years

Attained age (years)

FIGURE 2 Lifetime risk estimates for stroke by presence of hypertension (adjusted for competing risk of death) across different index ages for men and women. The black

line represents hypertension and the dotted line represents no hypertension.

infarction, accounted for competing risk of death, at
45 years of age for men without hypertension was
8.25%, whereas the LTR of cerebral infarction for hyper-
tensive men aged 45 years was 19.01%. Table 3 presents the
short, intermediate, and LTR of cerebral infarction by level
of hypertension among hypertensive men and women. The
LTR of cerebral infarction, accounting for competing risk of
death, at 45 years of age for men with stage 1 hypertension
was 14.75%, whereas the LTR of stroke for stage 2 hyper-
tensive men of 45 years of age was 25.43%.

Index age: 45 years
48.3

Index age: 55 years
48.5

Stage 2 HT
----- Stage 1 HT

Lifetime risk (%) for men

Lifetime risk (%) for women

45 55 65 75 8 95 55 65 75 85 95

Attained age (years) Attained age (years)

FIGURE 3 Lifetime risk estimates for stroke by level hypertension (adjusted for competing

represents stage 2 hypertension and the dotted line represents stage 1 hypertension.
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DISCUSSION

In this urban community-based population, we observed
that hypertension has significant effect on the residual LTR of
stroke among both men and women of middle age. Individ-
uals with normal BP have significantly lower LTR for stroke in
comparison with the individuals with hypertension. Among
the hypertensive patients, though the differences were not
that large, the individuals with stage 1 hypertension had a
Iower LTR of stroke in comparison with the individuals with

Index age: 65 years Index age:75 years

34.4
40.6

65 75 85 95 75 85 95
Attained age (years) Attained age (years)

risk of death) across different index ages for men and women. The black line
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TABLE 2. Age and sex-specific 10, 20, 30, and 40-year and lifetime risk estimates for cerebral infarction by presence of hypertension

(adjusted for competing risk of death)

) e v(years)f

_ Short, intermediate term

No hypertension Hypertension 7

457 (2.5- 664)
13.6(9.86-17.34)
;1475 (10.44- 1906)
1045 (6.7-142)
11.78 (7.27- 1629)
10.00(0.00--0.00)
0.83(0.00-1.97)
337(151-522)

9.94 (6.76-13.12)
. 1532(7.59-23.06)
~ 0.83 (0.00-1.98)

339(152-525)

10.00 (6.8-13.2)
1542 (7.64-23.19)
. 262(1.09-415)
- 942(632-1252)
~ 14.98 (7.06-22.9)

7.19(42721011)

13.08 (4.81-21.34)

:"'754 (4.5-1057)
. 430Q16-643)
5.52 (234-8.71)

 048(0.01-0.94)
1340512218
433 (2.38-6.28)

3270133521
5.26 (1.94-8.58)

LTR, lifetime risk.

stage 2 hypertension. These were observed across all the
studied index ages as well as on both sexes.

Our estimates of LTR of stroke in the Suita study are
also consistent with the reported LTR of stroke from the
Netherlands [19], United States [20], United Kingdom [21],
as well as another study from Japan [22]. The LTRs of stroke
for middle-aged men and women were substantial. The

observed probabilities from the Rotterdam [19], Framingham

[20], Radiation Effects Research Foundation Adult Health [22],
and Cardiovascular research using linked bespoke studies
and electronic health records [21] studies illustrate that
approximately one in five men and women of middle age
will experience stroke in their remaining lifetime.
Although there are a number of reports regarding the
LTR of cardiovascular diseases, including stroke [16,17,
23-20), only a few prior reports have presented the effect
of hypertension on the LTR of stroke [20—-22,27]. A recent
publication from the UK, based on an analysis on electronic
records of 1.25 million people during 1997 to 2010,
reported that people aged 30 years or older with hyper-
tension have a LTR for strokes compared with those with
normal BP [21]. For ischemic stroke, the LTR was 7.6%
among the hypertensive patients whereas the normotensive
patients had a LTR of 6.5%. For intracerebral hemorrhage,
the LTR was 1.3% among the hypertensive patients whereas
the normotensive patients had a LTR of 0.9%. Another study
from seven US cohorts pooled together estimated that
increase or decrease in BP in middle age was associated
with higher and lower remaining LTR of stroke [27]. Study-
ing 61585 men and women for 700000 person-years,
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itwas reported that LTR of stroke increased with increasing
baseline BP categories for both men and women (normal
BP, prehypertension, stage 1 hypertension, and stage 2
hypertension) [27]. Also, it was observed that individuals
who maintained or decreased their BP to normal levels
had the lowest remaining LTR for stroke, compared with
individuals who had or developed hypertension by
55 years of age [27]. Authors from Japan, studying the
Radiation Effects Research Foundation Adult Health Study
cohort, showed that the LTR of stroke and its subtypes
differed across the categories in BP among men and
women of index age of 55 years [22]. The LTR of stroke
for normotensive men and women was 13.8 and 16.0%,
respectively, whereas the LTR of stroke for stage 2 hyper-
tensive men and women were 25.8 and 30.5%, respectively
[22]. Seshadri et ail. [20], using Framingham study, reported
that participants with a normal BP had a significantly lower
LTR of stroke than participants with a high BP [20]. In men,
these risks were 10 and 21%, respectively, whereas in
women, these were 15 and 26% [20].

In our study, similar to other studies, the LTR for stroke
was higher for the younger index ages (e.g. 45 years) in
comparison to the older index ages (e.g. 65 years). This
phenomenon was observed for both participants with and
without hypertension. This finding is of very much import-
ance because this points to the fact that the population-level
stroke prevention activities need to be initiated early,
especially among the patients with hypertension. This
definitely provides supports for efforts to identify hyper-
tension early and start treatment as early as possible.
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TABLE 3. Age and sex-specific 10, 20, 30, and 40-year and lifetime risk estimates for cerebral infarction among the hypertensive patients
by stages of hypertension (adjusted for competing risk of death)

Short, intérme:d'é}te” term

_ Index age (years) _ and lifetime risk (years) . Stage 1 hypertensi Stage 2 hypertension

0.00.(0.00-0.00)

0.00 (0.00-0.00)

20

30

40

: : LTR

55 10
‘ 20

30

i LTR

65 10
g i 20

LTR

75 i 10
LTR

Women 45 , 10
20

30

40

: LTR

55 10
20

30

! LTR

65 10
' 20

LTR

750 10
LTR

4.65 (1.47-7.84)
7.65 (3.95-11.36)
14.75 (9.73-19.77)
14.75 (9.73-19.77)
4.88 (1.52-8.24)
8.02 (4.11=11.93)
15.47 (10.19-20.75)
15.47 (10.19-20.75)
3.31 (1.05-5.56)
11.14 (6.62—15.67)
11.14 (6.62-15.67)
9.09 (4.45-13.74)
9.09 (4.45-13.74)
0.00 (0.00-0.00)
0.00 (0.00-0.00)
2.41 (0.5-4.31)
4.92 (2.05-7.79)
13.00 (0.00-26.32)
0.00 (0.00-0.00)
2.43 (0.51-4.35)
4.96 (2.07-7.86)
13.12 (0.00-26.56)
2.45 (0.51-4.39)
5,01 (2.09-7.93)
13.25 (0.00-26.82)

7.42 (1.54-13.3)
12.69 (5.97-19.4)
21.88 (13.88-29.88)
25.43 (15.26-35.61)

5.60 (0.68-10.52)
10.87 (4.79-16.95)
20.06 (12.33-27.8)
23.61 (13.57-33.66)

5.38 (1.47-9.29)
14.76 (8.24-21.29)
18.39 (9.08-27.7)
10.79 (4.43-17.16)
14.96 (4.94-24.99)

0.00 (0.00-0.00)

2.71 (0.00-6.41)

5.51 (1.00-10.01)
16.94 (9.69-24.19)
20.29 (11.98-28.6)

2.71(0.00-6.41)

5.51 (1.00-10.01)
16.94 (9.69-24.19)
20.29 (11.98-28.6)

2.97 (0.10-5.84)
15.11 (8.22-21.99)
18.66 (10.49-26.83)

(10.2
2.72 (0.35-5.08) 12.73 (5.94-19.52)
11.45 (0.00-25.73) 16.46 (8.21-24.72)

LTR, lifetime risk.

From a methodological standpoint, our study includes
the use of a population-based cohort, the prospective
ascertainment of endpoints using rigorous standardized
and previously validated clinical diagnostic criteria, and
the completeness of stroke event and mortality ascertain-
ment. Thus, our estimates are based on simultaneously
gathered data on both stroke incidence and other-cause
mortality attributable to competing risk of death in the same
cohort. Interpreting our observed estimates, few things
need to be kept in mind. The Suita cohort is based on
urban population, so the estimates might not represent
Japanese population in general. But Japan has a high
urbanization rate and in the urban environment changes
in the lifestyle factors associated with the risk with stroke
would be more prominent. Therefore, we believe that the
LTR of stroke points toward risk in urban setting that itself
also represents a large part of the population. On the
contrary, time period and birth cohort effects could limit
the external validity of our results. Temporal trends in life
expectancy, risk factor prevalence and control among the
study population, disease awareness, and the sensitivity of
diagnostic tests could potentially alter the LTR of stroke. We
also could not, because of the lack of enough number of
outcomes, estimate the effect of hypertension on the LTRs
of cerebral hemorrhage and subarachnoid hemorrhage.

Our findings have important clinical implications.
Recently published clinical practice guidelines from the
United States [28] and the United Kingdom [29] agree
that the primary purpose of assessment of cardiovascular

Journal of Hypertension

risk is to provide the basis of a risk discussion with the
patient. These LTR estimates are specifically useful for
public education because they are easier to comprehend
than measures such as incidence, prevalence, or relative
risk [30]. This will be a more commonsense approach to
health education because problems with numeracy or
low quantitative literacy are common [31]. A recent study
using focus group discussions concluded that patients
preferred health risks to be framed in absolute terms and
lifetime estimate with a scale to x out of 100’ [32]. In
younger individuals with low short-term risks, the high
LTR might be more useful to motivate lifestyle modifi-
cations with appropriate health education efforts aimed at
prevention of stroke, thereby reducing the population
burden of stroke.
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is relatively small (276 patients with a stroke with only 166
with ischemic stroke), whereas the impact of ischemic
stroke is largely the most relevant in western populations.
This limits the potential clinical implications of the study.

Reviewer 2

The main strengths of this paperare its longitudinal follow-up
for close to 20 years and its novel mode of quantifying the
increase in the risk of stroke in people with hypertension.
The main limitations are firstly, that the notion that hyperten-
sionincreasestherisk of stroke is not really new, and secondly
that the number of subjects with stroke was small (276).
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ABSTRACT

Backgrounds: The association between weight gain and the incidence of type 2 diabetes is well known. The aim of
our study was to investigate the relationship between change in waist circumference (WC) and type 2 diabetes
incidence.

Methods: The participants in the Suita Study, a population-based cohort study in an urban area of Japan, underwent
a baseline survey between 1989 and 1994 (Exam 1) and were examined at follow-up every 2 years. We performed a
9.3-year cohort study of 946 men and 1327 women with no history of diabetes who underwent Exam 1 and Exam 2
(between 1997 and 1999). Participants were stratified by sex and median WC at Exam 1, and, in each stratum,
participants were further classified into three categories by tertile of WC change per year between Exam 1 and Exam
2. Hazard ratios (HRs) and 95% confidence intervals (Cls) for type 2 diabetes incidence were calculated by Cox
proportional hazard models. The endpoints were first diagnosis of type 2 diabetes or March 2011.

Results: During follow-up, 287 participants developed type 2 diabetes. In both sexes with median WC or higher,
participants in the highest tertile of WC change had a significantly higher risk of developing type 2 diabetes.
Multivariable adjusted HRs were 1.84 (95% CI, 1.10-3.08) in men and 2.30 (95% CI, 1.31-4.04) in women. No
significant association was observed among participants with WC below median.

Conclusions: Preventing WC gain is important in preventing type 2 diabetes in the Japanese population, especially
among individuals with a relatively high WC.

Key words: waist circumference; type 2 diabetes mellitus; prospective cohort study

INTRODUCTION

has increased by 0.4kg/m? per decade in men and 0.5 kg/m?

The worldwide prevalence of type 2 diabetes is alarmingly
high. The International Diabetes Federation (IDF) has
reported that the global prevalence of diabetes has reached
8.3% (382 million people), and that the prevalence will be
10% by 2035.! In particular, of IDF regions, the Western
pacific region, which includes China, Indonesia, and Japan,
has a high prevalence of diabetes (8.6%) and is home to 36%
of the total number of people with diabetes in the world.?
At the same time, the prevalence of obesity is escalating
worldwide. The mean body mass index (BMI) worldwide

per decade in women.> Although the prevalence of obesity
or overweight in Asia is relatively low compared with other
parts of the world, the drastic increase in BMI in Asia is
similar to that in other regions. Many studies have reported
significant associations between weight gain and the incidence
of type 2 diabetes.*!% Therefore, it is anticipated that this
increase in obesity will lead to increased rates of type 2
diabetes.

It is well known that higher waist circumference (WC), as
well as higher BM], is associated with elevated risks of type 2
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