Predictive Value of the Double Product at Rest

For nonparametric analyses, HRs of the fifth quintiles
(higher than 9,488 mm Hg x beats/min) of the DP for total,
CVD, stroke, cardiac, and non-CVD mortalities were all signif-
icantly higher than those of the reference quintiles (Figure 1a).
In the analysis excluding subjects treated with antihyperten-
sive medications, the HR of the fifth quintile of the DP for car-
diac mortality was higher than that in the analysis including
all subjects (Figure 1b).

According these results, we defined DP 29,500 mmHg X
beats/min as “high DP” and SBP 2135mm Hg as “home
systolic hypertension”!® and compared mortality risks among
four groups. The mortality risks of those with high DP and
high SBP were significantly higher than those of subjects with
normal DP and normal SBP. The risks of those with high DP
and normal SBP tended to be higher than those of subjects
with normal DP and high SBP (Supplementary Table S1
online).

For the parametric analyses, the adjusted HRs and percent-
age increase in risk in the DP are shown in Figure 2a. HRs for
total, CVD, stroke, cardiac, and non-CVD mortalities were
positively and significantly associated with elevated DP. When
47 subjects who died of suicide and injury were censored, the
results of analyses of total and non-CVD mortality did not
change (data not shown). The adjusted HRs and percentage
increase in risk in the SBP are shown in Figure 2b. HRs for
total, CVD, and stroke mortalities were positively and sig-
nificantly associated with increased SBP. The adjusted HRs
and percentage increase in risk in PR are shown in Figure 2¢.
Significant associations between mortalities and increased PR
were observed in the analyses for total and non-CVD mortali-
ties. When evening DP, SBP, or PR were used for HBP data,
overall HRs were similar to those obtained using morning
measurements (Supplementary Figures $§1 and S2 online).
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Figure 1| Adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) for the double product. HRs and 95% Cls adjusted for age, sex, smoking status, use

of antihypertensive medication, and history of diabetes mellitus or hypercholesterolemia. (a) HRs for the analysis with all subjects; (b) HRs for the analysis with
subjects who did not take antihypertensive medication. The double product quintiles are as follows: Q1: <7,231 mm Hg x beats/min; Q2: 7,231-7,925 mm Hg

% beats/min; Q3: 7,926-8,565 mm Hg x beats/min; Q4: 8,566-9,447 mm Hg X beats/min; Q5: 29,488 mm Hg x beats/min for a, Q1: <7,120 mm Hg x beats/min;
Q2:7,120-7,764mm Hg x beats/min; Q3: 7,765-8,371 mm Hg x beats/min; Q4: 8,372-9,145 mm Hg x beats/min; Q5: 29,145 mm Hg x beats/min for b. *P < 0.05.

CVD, cardiovascular disease.
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Figure 2 | Adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) for the double product {DP), systolic blood pressure (SBP), and pulse rate (PR). The
boxes represent the HRs and horizontal lines represent 95% Cls. (a) HRs expressed as an increase in the risk of death per 1,000mm Hg x beats/min elevation
of the DP; (b) HRs expressed as an increase in the risk of death per 10mm Hg elevation of SBP; (¢) HRs expressed as an increase in the risk of death per 10
beats/min elevation of PR. All analyses were adjusted for age, sex, smoking status, use of antihypertensive medication, and history of diabetes mellitus or

hypercholesterolemia. CVD, cardiovascular disease.

In the analyses among untreated subjects, the HRs of DP,
SBP, and PR were higher than those in the analyses including
all subjects, especially HRs for cardiac mortality (Figure 3).

In the subgroup analysis including 1,243 subjects with data
on serum creatinine, serum creatinine levels were significantly
associated with total, CVD, cardiac, and non-CVD mortality.
However, DP was still significantly associated with total, CVD,
and cardiac mortality (Supplementary Table S2 online).

In the secondary analyses (Table 2), in the analysis for total
mortality, the LR x? value of DP significantly improved when
the DP was added to the model including SBP or PR. On the
other hand, the LR x? values of SBP or PR did not change when
they were added to the model including the DP. In the analy-
sis of CVD mortality, the LR x? value of the DP significantly
improved when the DP was added to the model with PR and
slightly improved when added to the model with SBP. In the
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analysis of cardiac mortality and non-CVD mortality, the LR
x? value of the DP significantly improved when added to the
models with SBP. However, in the analysis of stroke mortality,
the LR y? value of the DP did not significantly change when
added to the model with SBP.

In the analyses among untreated subjects, the improvement
of the LR 2 value of the DP became more marked (Table 2).
In the analysis of CVD mortality, the LR ¥? value of the DP
significantly improved when added to the model includ-
ing SBP. The improvement of LR ¥? value of the DP for car-
diac mortality became significant when added to the model
including PR.

When SBP, PR, and the DP were simultaneously included
in the Cox models, the DP was not significantly associated
with mortality risk, and there was no significant interaction
between SBP and PR (Supplementary Table S3 online).
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Figure 3 | Adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) for the double product (DP), systolic blood pressure (SBP), and pulse rate (PR) (HRs for
the analyses with subjects who did not take antihypertensive medication) The boxes represent the HRs and horizontal lines represent 95% Cls. (a) HRs expressed
as an increase in the risk of death per 1,000 mm Hg X beats/min elevation of the DP; (b) HRs expressed as an increase in the risk of death per 10mm Hg elevation
of SBP; {c) HRs expressed as an increase in the risk of death per 10 beats/min elevation of PR. All analyses were adjusted for age, sex, smoking status, and history

of diabetes mellitus or hypercholesterolemia. CVD, cardiovascular disease.

DISCUSSION
The present study was based on longitudinal observation of
a representative sample of the general population living in a
rural Japanese community. The main findings from this study
were: (i) the DP measured at rest based on home BP measure-
ment significantly predicted mortality; and (ii) the LR x* value
of the DP improved significantly when the DP was added to
the models including SBP or PR, especially in the analysis of
total mortality, although there was no significant interaction
between SBP and PR and the DP did not add any meaning-
ful information to models including both SBP and PR. These
associations were essentially similar in a subgroup of untreated
participants.

It is well known that high SBP is a strong CVD risk."? In
addition, it was reported that high PR is a risk factor for CVD
and non-CVD.3-7 Although the DP is the product of SBP and
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PR, it has not been previously investigated whether the DP
measured at rest has predictive power for mortality in the
general population. In the present study, the DP derived from
HBP measurement was shown to have significant predictive
powers for all of total, CVD, cardiac, stroke, and non-CVD
mortalities. HRs for the DP significantly increased when the
DP was higher than 9,488 mm Hg x beats/min. Thus, around
9,500 mm Hg x beats/min would be the cut-off value.

The DP is known as a marker of myocardial oxygen
requirement,? and elevation of the DP coexists with silent
myocardial ischemia.!! Elevation of the DP at rest may reflect
a consistent cardiac load even in a stable condition, which may
inversely cause cardiac impairment. Therefore, the DP at rest
may be a marker of cardiac dysfunction rather than of systemic
arterial load and may be more strongly associated with cardiac
disease than other diseases, including stroke.
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Table 2| Increases in goodness of fit adding the double product, systolic blood pressure, or pulse rate to the Cox model

Total death CVD death Cardiac disease Stroke Non-CVD death
LRy? P LRy? P LRy2 P LRy? P " LRy? P
All subjects
Adding DP to a model with SBP 15.6 <0.0001 3.0 0.09 3.9 0.05 0.1 0.7 13.3 0.0003
Adding SBP to a model with DP 04 0.6 13 03 0.1 0.7 46 0.03 26 0.1
Adding DP to a model with PR 6.0 0.01 8.1 0.004 1.7 0.2 8.1 0.004 1.0 03
Adding PRto a model with DP 0.6 04 1.0 03 0.06 0.8 33 0.07 2.7 0.1
Adding SBP to a model with PR 6.2 0.01 8.5 0.004 14 0.2 9.4 0.002 1.0 03
Adding PR to a model with SBP 16.0 <0.0001 3.2 0.07 36 0.06 03 0.6 133 0.0003
Subjects who did not take
antihypertensive medication
Adding DP to a model with SBP 10.1 0.002 40 0.05 338 0.05 0.7 04 6.2 0.01
Adding SBP to a model with DP 0.3 0.6 0.2 0.7 0.05 0.8 0.2 0.7 0.8 04
Adding DP to a model with PR 6.0 0.01 58 0.02 44 0.04 18 0.2 1.7 0.2
Adding PR to a model with DP 0.2 0.7 0.04 0.8 0.00 1 0.1 0.8 0.5 0.5
Adding SBP to a model with PR 57 0.01 6.4 0.01 48 0.03 20 0.2 1.3 03
Adding PR to a model with SBP 9.7 0.002 4.5 0.03 42 0.04 038 04 5.4 0.02

This table shows increases in goodness of fit from adding one of double product (DP), systolic blood pressure (SBP), and pulse rate (PR) to a model inciuding another index (and
confounding variables) and vice versa. The greater the likelihood ratio (LR) 2, the greater the increase in goodness of fit with the additional value. An LR 2 of 3.8 corresponds to a P value
of 0.05,6.6-0.01,and 10.8-0.001. Each model was adjusted for all confounding variables (age, sex, smoking status, use of antihypertensive medication, and history of diabetes mellitus,

or hypercholesterolemia). CVD, cardiovascular disease.

The association between the DP and stroke was relatively
weak compared with that between the DP and cardiac disease,
while the DP was significantly associated with stroke mortality.
The DP measured in the acute phase of stroke was reported to
be associated with poor outcome.!?1? Severe acute stroke may
increase cardiac burden. Thus, the cardiac function of subjects
with a high DP before stroke might have been aggravated by
the stroke, and strokes that occurred in subjects with a high
DP might be fatal.

The DP strongly predicted not only CVD mortality but also
non-CVD mortality. DP may reflect poor general health, poor
respiratory function, or hypoxia, which may explain why PR is
related to non-CVD mortality.# In addition, it was reported that
CVD risk factors were associated with non-CVD mortality.2®
Thus, the DP would be strongly associated with total mortality.

Predictive values of the DP were more remarkable among
subjects who did not take antihypertensive medications.
Antihypertensive drugs variously affect BP and PR. Thus, the
significance of DP could have been underestimated among
those who took antihypertensive medications.

When we compared mortality risks among four groups
divided according to DP and SBP, the risks of subjects with
high DP and normal SBP tended to be higher than those of
subjects with normal DP and high SBP. The mortality risk of
patients with high PR and normal SBP appears to be underes-
timated. Estimation of the DP can provide the mortality risk of
both SBP and PR easily, and the DP might be useful to evaluate
mortality risk.

Our observational study was unable to resolve the issue of
whether DP-lowering treatments such as B-blockers should
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be implemented for patients with a high DP, or whether there
would be more effective treatment for DP than conventional
treatments for SBP or PR. Further studies including rand-
omized, controlled trials using DP-lowering therapies are
needed to resolve this issue.

The present study also had some limitations. The analyses
were based on data obtained from HBP measurement. No data
on the DP, BP, and PR based on conventional BP measurement
were available. Thus, we cannot investigate the predictive power
of the DP based on conventional BP. Second, we did not have
detailed data of antihypertensive medication use, including use
of B-blockers. Third, although the DP reflects cardiac function,
we did not have any data of left ventricular function measured
with ultrasonic cardiography. However, participants with history
of CVD including symptomatic systolic dysfunction or heart
failure were excluded from the study. Furthermore, the sensitiv-
ity analysis that excluded subjects treated with antihypertensive
medication revealed consistent results. Thus, the study results
would unlikely be affected by absence of data on 8-blocker use
or left ventricular function. Lastly, because the study population
was all Japanese, the present results might not be representative
of non-Japanese populations.

In conclusion, the present study provides new evidence from
an observational study that, in Japanese populations, the DP at
rest based on HBP measurement was significantly associated
with not only CVD mortality but also non-CVD mortality. The
LR 2 value of the DP improved significantly when the DP was
added to the models including SBP or PR. These findings are
preliminary, and further study is needed to confirm the useful-
ness of the DP in risk stratification.
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Supplementary material is linked to the online version of the paper at http:/
www.nature.com/ajh

Acknowledgments: This study was supported in part by Grants for
Scientific Research (18390192, 18590587, 19590929, 19790423, 20590629,
21390201, 21591016, 22590767, 22790556, 22890017, 23249036, and
23790242) from the Ministry of Education, Culture, Sports, Science, and
Technology, Japan; Grant-in-Aid (H18-Junkankitou[Seishuu]-lppan-012,
H20-Junkankitou[Seishuul-ippan-009, 013 and H23-Junkankitou[Seishuul-
Ippan-005) from the Ministry of Health, Labour and Welfare, Health and
Labour Sciences Research Grants, Japan; Grant-in-Aid for Japan Society

for the Promotion of Science (JSPS) fellows (18.54042,19.7152,20.7198,
20.7477, and 20.54043); Health Science Research Grants and Medical
Technology Evaluation Research Grants from the Ministry of Health, Labour
and Welfare, Japan; Japan Arteriosclerosis Prevention Fund; Biomedical
Innovation Grants; a Grant from the Miso Central Institute, Tokyo, Japan; and
a Grant from the Sendai Knowledge Cluster Initiative, Sendai, Japan.

Disclosure: The authors declared no conflict of interest.

1. Prospective Studies Collaboration. Age-specific relevance of usual blood pressure
tovascular mortality: a meta-analysis of individual data for one milfion adultsin
61 prospective studies. Lancet 2002;360:1903-1913.

2. Williams 8, Lindholm LH, Sever P. Systolic pressure is all that matters. Lancet 2008;
371:2219-2221.

3. Palatini P. Elevated heart rate as a predictor of increased cardiovascular morbidity.
JHypertens Supp! 1999; 17:53-10.

4. Palatini P Thijs L, Staessen JA, Fagard RH, Bulpitt CJ, Clement DL, de Leeuw PW,
Jaaskivi M, Leonetti G, Nachev C, O'Brien ET, Parati G, Rodicio JL, Roman E, Sarti
C, Tuomilehto J; Systolic Hypertension in Europe (Syst-Eur) Trial Investigators.
Predictive value of clinic and ambulatory heart rate for mortality in elderly
subjects with systolic hypertension. Arch Intern Med 2002; 162:

2313-2321.

5. Palatini P, Benetos A, Grassi G, Julius S, Kjeldsen SE, Mancia G, Narkiewicz K, Parati G,
Pessina AC, Ruilope LM, Zanchetti A; European Society of Hypertension.
Identification and management of the hypertensive patient with elevated heart
rate: statement of a European Society of Hypertension Consensus Meeting.
JHypertens 2006; 24:603-610.

6. Hozawa A, Ohkubo T, Kikuya M, UgajinT, Yamaguchi J, Asayama K, Metoki H,
Ohmori K, Hoshi H, Hashimoto J, Satoh H, Tsuijil, Imai Y. Prognostic value of home
heart rate for cardiovascular mortality in the general population: the Ohasama
study. Am J Hypertens 2004; 17:1005-1010.

7. HozawaA, Inoue R, Ohkubo T, Kikuya M, Metoki H, Asayama K, Hara A, Hirose T,
Kanno A, Obara T, Hoshi H, Hashimoto J, Totsune K, Satoh H, Imai Y. Predictive
value of ambulatory heart rate in the Japanese general population: the Ohasama
study.J Hypertens 2008; 26:1571-1576.

8 Gobel FL, Norstrom LA, Nelson RR, Jorgensen CR, Wang Y. The rate-pressure
product as an index of myocardial oxygen consumption during exercise in
patients with angina pectoris. Circulation 1978;57:549-556.

9, White W8, Lacourciere Y, GanaT, Pascual MG, Smith DH, Albert KS. Effects of
graded-release diltiazem versus ramipril, dosed at bedtime, on early morning
blood pressure, heart rate, and rate-pressure product. Am heart J 2004; 148:
628-634.

10. Villella M, Villella A, Barlera S, Franzosi MG, Maggioni AP. Prognostic significance of
double product and inadequate double product response to maximal symptom-
limited exercise stress testing after myocardial infarction in 6296 patients treated
with thrombolytic agents. GISSI-2 Investigators. Grupo Italiano per lo Studio della
Soprawvivenza nell-Infarto Miocardico. Am Heart J 1999; 137:443-452.

11. Deedwania PC, Nelson JR. Pathophysiology of silent myocardial ischemia during
daily life. Hemodynamic evaluation by simultaneous electrocardiographic and
blood pressure monitoring. Circulation 1990; 82:1296~1304.

AMERICAN JOURNAL OF HYPERTENSION | VOLUME 25 NUMBER 5 | MAY 2012

— 264 —

20.

21

22.

23.

24,

25.

26.
. Woodward M. Epidemiology: Study Design and Data Analysis (texts in statistical

28

Sprigg N, Gray LJ, Bath PM, Boysen G, De Deyn PP, Friis P, Leys D, Marttila R, Olsson JE,
O'Neill D, Ringelstein B, van der Sande JJ, Lindenstrem E; TAIST Investigators.
Relationship between outcome and baseline blood pressure and other
haemodynamic measures in acute ischaemic stroke: data from the TAIST trial.
JHypertens 2006; 24:1413-1417.

Sare GM, Ali M, Shuaib A, Bath PM; VISTA Collaboration. Relationship between
hyperacute blood pressure and outcome after ischemic stroke: data from the
VISTA collaboration. Stroke 2009; 40:2098-2103.

. OhkuboT, ImaiY, Tsujil, Nagai K, Kato J, Kikuchi N, Nishiyama A, Aihara A, Sekino M,

Kikuya M, Ito S, Satoh H, Hisamichi S. Home blood pressure measurement has
astronger predictive power for mortality than does screening blood pressure
measurement: a population-based observation in Ohasama, Japan.J Hypertens
1998;16:971-975.

. Ohkubo T, Prognostic significance of variability in ambulatory and home blood

pressure from the Ohasama study. J Epidemiol 2007;17:109-113.

. OhkuboT, Asayama K, Kikuya M, Metoki H, Hoshi H, Hashimoto J, Totsune K,

Satoh H, Imai Y. How many times should blood pressure be measured at home
for better prediction of stroke risk? Ten-year follow-up results from the Ohasama
study. J Hypertens 2004; 22:1099-1104.

Imat, Satoh H, Nagai K, Sakuma M, Sakumna H, Minami N, Munakata M,
Hashimoto J, YamagishiT, Watanabe N. Characteristics of a community-based
distribution of home blood pressure in Ohasama in northern Japan.J Hypertens
1993;11:1441-1449.

. Tsuji], ImaiY, Nagai K, Ohkubo T, Watanabe N, Minami N, Itoh O, Bando

T, Sakuma M, Fukao A, Satoh H, Hisamichi S, Abe K. Proposal of reference
values for home blood pressure measurement: prognostic criteria based
on a prospective observation of the general population in Ohasama, Japan.
AmJ Hypertens 1997;10:409-418.

. Asayama K, Ohkubo T, Kikuya M, Metoki H, Hoshi H, Hashimoto J, Totsune K,

Satoh H, Imai Y. Prediction of stroke by self-measurement of blood pressure at
home versus casual screening blood pressure measurement in relation to the
Joint National Committee 7 classification: the Ohasama study. Stroke 2004;
35:2356-2361.

Hozawa A, Ohkubo T, Nagai K, Kikuya M, Matsubara M, Tsujil, Ito S, Satoh H,
Hisamichi'S, Imai Y. Prognosis of isolated systolic and isofated diastolic
hypertension as assessed by self-measurement of blood pressure at home: the
Ohasama study. Arch Intern Med 2000; 160:3301-3306.

Kikuya M, Ohkubo T, Metoki H, Asayama K, Hara A, ObaraT, Inoue R, Hoshi H,
Hashimoto J, Totsune K, Satoh H, Imai Y, Day-by-day variability of blood pressure
and heart rate at home as a novel predictor of prognosis: the Ohasama study.
Hypertension 2008; 52:1045-1050.

Asayama K, OhkuboT, Sato A, Hara A, ObaraT, Yasui D, MetokiH, Inoue R, Kikuya M,
Hashimoto J, Hoshi H, Satoh H, ImaiY. Proposal of a risk-stratification system for

the Japanese population based on blood pressure levels: the Ohasama study.
Hypertens Res 2008;31:1315-1322.

ImaiY, Otsuka K, Kawano Y, Shimada K, Hayashi H, Tochikubo O, Miyakawa M,
Fukiyama K; Japanese Society of Hypertension. Japanese saciety of hypertension
(JSH) guidelines for self-monitoring of blood pressure at home. Hypertens Res
2003;26:771-782.

ImaiY, Abe K, Sasaki S, Minami N, Munakata M, Sakurma H, Hashimoto J, Sekino H,
Imai K, Yoshinaga K. Clinical evaluation of semiautomatic and automatic devices
for home blood pressure measurement: comparison between cuff-oscillometric
and microphone methods.J Hypertens 1989; 7:983-990.

Association for the Advancement of Medical Instrumentation. American National
Standard for Electronic or Automated Sphygmomanometers. Association for the
Advancement of Medical Instrumentation: Washington DC, 1987.

Cox DR. Regression models and life tables. JR Stat Soc B 1972; 34:187-220.

science), 2nd edn. Chapman and Hall/CRC: London, UK, 2005.

Lloyd-Jones DM, Dyer AR, Wang R, Daviglus ML, Greenland P Risk factor burden
in middle age and lifetime risks for cardiovascular and non-cardiovascular death
(Chicago Heart Association Detection Project in Industry). Am.J Cardiol 2007,
99:535-540.

575



Nephrol Dial Transplant (2012) 27: 3218-3223
doi: 10.1093/ndt/gfs054
Advance Access publication 17 April 2012

Pre-hypertension as a significant predictor of chronic kidney disease
in a general population: the Ohasama Study

Atsuhiro Kamno1 2 Masahlro Kikuya®, Takayosh1 Ohkubo™*, Takanao Hashlmoto Michihiro Satoh3
Takuo Hirose®, Taku Obara’, leohlto Metoki®, Ryusuke Inoue Kei Asa g/ama Yoh Sh1sh1do

Haruhisa Hosh1 Masaaki Nakayama Kazuh1to Totsune’, leoshx Satoh®,

Yutaka Imai’

Hiroshi Sato® and

"Department of Clinical Pharmacology and Therapeutics, Tohoku University Graduate School of Medicine and Pharmaceutical
Sciences, Sendai, Japan, “Department of Internal Medicine, Midorinosato Clinic, Iwanuma City, Japan, *Department of Planning
for Drug Development and Clinical Evaluation, Tohoku University Graduate School of Medicine and Pharmaceutical Sciences,
Sendai, Japan, *Department of Health Science, Shiga University of Medical Science, Otsu City, Japan, ° Department of Internal
Medicine, Ohasama Hospital, Iwate, Japan, *Department of Nephrology and Hypertension, Fukushima Medical University,
Fukushima, Japan, "Department of Social Welfare, Faculty of Synthetic Welfare, Tohoku Fukushi University, Sendai, Japan and
®Department of Environmental Health Sciences, Tohoku University Graduate School of Medicine, Sendai, Japan

Correspondence and offprint requests to: Yutaka Imai; E-mail: rinsyo@mail.pharm.tohoku.ac.jp

Abstract

- Background. Hypertension is associated with an in-
creased risk of development of chronic kidney disease
(CKD). However, it is unclear whether pre-hypertension
is related to the incidence of CKD.

Metheds. The incidence of CKD defined as positive pro-
teinuria or estlmated glomerular filtration rate (eGFR)<
60 mL/min/1.73 m” was examined in 2150 inhabitants
without pre-existing CKD from the general Japanese
population. The association of blood pressure and CKD
incidence was examined using a Cox regression model
adjusted for age, sex, habitual smoking and drinking,
obesity, history of cardiovascular disease, diabetes melli-
tus or hypercholesterolemia, eGFR at baseline, number of
follow-up examinations and year of baseline examination.
Participants were categorized according to the Seventh
Report of the Joint National Committee on Prevention,
Detection, Evaluation and Treatment of High Blood
Pressure.

Results. Participants were categorized into normotension
(n=1586, 27.3 %), pre-hypertension (n=2815, 37.9%),
Stage 1 hypertension (n=386, 18.0%) and Stage 2 hy-
pertension (7 =363, 16.9 % ). During a mean follow-up of
6.5 years (14 023 person-years), 461 incidences of CKD
were recorded. Compared to normotension, adjusted
hazard ratios of CKD were significantly higher for pre-hy-
pertension (1.49, P<0.003), Stage 1 (1.83, P<0.001)
and Stage 2 (2.55, P <0.001) hypertension. The popu-
lation-attributable fraction of pre-hypertension (12.1%)
was considered to be compatible to that of Stage 1 (8.6
%) and Stage 2 (14.9 % ) hypertension.

Conclusion. This was the first study to demonstrate that
pre-hypertension was significantly associated with an in-
creased risk of CKD and was one of the considerable
causes of CKD in the general population.

Keywords: chronic kidney disease; epidemiology; population-
attributable fraction; pre-hypertension; risk factors

Introduction

Pre-hypertension, defined in the Seventh Report of the
Joint National Committee on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure (JNC7)
[1], is reported to be associated with a risk for developing
hypertension [2] and is related to the morbidity and mor-
tality of cardiovascular disease (CVD) [2, 3]. Therefore,
identification of individuals with pre-hypertension is an
important strategy to inhibit progression to hypertension
and thereby reduce the risk of CVD in the general
population.

The high prevalence of chronic kidney disease (CKD)
is now considered a major public health issue. In fact, the
number of patients with end-stage renal disease (ESRD)
on chronic hemodialysis in 2008 exceeded 283421 in
Japan [4]. Both early detection and appropriate interven-
tion during the initial stages of CKD are necessary for
prevention of a further increase in the number of patients
with ESRD. Hypertension is a critical risk factor for pro-
gression of CKD [3, 5, 6] and a predictor of development
to ESRD [7]. On the other hand, in previous studies, it
has not been definitely shown that pre-hypertension based
on the JNC7 criteria is significantly associated with pro-
gression to CKD [8-10]; therefore, its relationship
remains controversial.

In the present study, the risk of CKD was investigated
among people with pre-hypertension, and the impact of
the burden of pre-hypertension in the general population
was examined.

© The Author 2012. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
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Materials and methods

Design

The present study was based on longitudinal observation of individuals
who had been participating in a survey on CVD in Ohasama, Iwate Pre-
fecture, Japan. This project was approved by the Institutional Review
Board of Tohoku University School of Medicine and by the Department
of Health of the Ohasama Town Government. All of the participants pro-
vided written informed consent. The socioeconomic and demographic
characteristics of this region and the details of this project have been
previously described [11].

Study cohort

In Japan, annual heaith check-ups are available for farmers, the self-em-
ployed, pensioners and dependents aged at least 40 years. Ohasama, a
rural community, in 1992 had a total population of 7496, and 3076 resi-

dents were eligible for annual health check-ups. Among them, subjects’

who did not undergo the examinations at all from 1993 to 2007 (n=
549), those who did not provide an informed consent (n=55) and those
diagnosed with CKD including each of positive proteinuria (n=91) and
estimated glomerular filtration rate (eGFR)<60 mL/min/1.73 m® (n=
231) at baseline were excluded. Thus, the number of subjects who were
included in the present statistical analysis totaled 2150.

Measurement of eGFR and proteinuria

Serum creatinine (Scr) was measured using the Jaffé method during
annual check-ups before 2002 and by the enzymatic method sub-
sequently. Renal function was estimated by calculated glomerular fil-
tration rate (GFR) using a modified Japanese equation based on inulin
clearance as follows: eGFR (mL/min/1.73 m?) = 194 x (Scr in enzymatic
method) ™ %% x age ~O?%7 (x 0,739, if female) [12]. The following
equation was used to convert the level of Scr from the Jaffé method to
that for the enzymatic method (Scr in enzymatic method = Scr in Jaffé
method — 0.2) [13]. Diagnosis of proteinuria was made using a urine dip-
stick test (Urohemabonbix 5G08C; Bayer Medical, Tokyo, Japan). Posi-
tive proteinuria was considered to be present for a dipstick result of > 1
+, corresponding to a urinary protein level >30 mg/dL [14;. CKD was
defined as positive proteinuria or eGFR < 60 mL/min/1.73 m”.

Blood pressure measurement

Blood pressure (BP) was measured twice by nurses at local medical
centers using a semi-automatic BP-measuring device (USM-700F;
UEDA Electronic Works, Tokyo, Japan) based on the microphone
method with subjects in a seated position after resting for at least 2 min.
The average of the two readings was used in this analysis. The devices
have been validated previously [15] and meet the criteria of the Associ-
ation for the Advancement of Medical Instrumentation [16].

Diagnostic criteria for hypertension and BP category

Participants were categorized according to the JNC7 [1] as having nor-
motension (systolic BP <120 mmHg and diastolic BP <80 mmHg), pre-
hypertension (systolic BP 120-139 mmHg or diastolic BP 80-89
mmHg), Stage 1 hypertension (systolic BP 140-159 mmHg or diastolic
BP 90-99 mmHg) and Stage 2 hypertension (systolic BP > 160 mmHg
or diastolic BP > 100 mmHg). Treated participants were categorized as
having Stage 2 hypertension.

Data collection and diagnostic criteria on other variables

Information on smoking status, habitual drinking, use of anti-hyperten-
sive medications at baseline, as well as a history of CVD, diabetes melli-
tus or hypercholesterolemia were verified on the basis of information
recorded in medical charts at the Ohasama Hospital and a questionnaire
administrated during annual health check-ups as we described previously
[17]. The history of CVD was derived from a disease of the circulatory
system (ICD-10: 100-199) or transient ischemia attack. Subjects treated
with lipid-lowering drugs or displaying serum cholesterol levels > 220
mg/dL were considered to have hypercholesterolemia. Subjects with
fasting serum glucose levels > 126 mg/dL or non-fasting glucose
levels > 200 mg/dL or who used insulin or oral anti-hyperglycemic
agents were defined as having diabetes mellitus. Body mass index (BMI)
was calculated as weight (kg) divided by height squared (m?). The pres-
ence of obesity was diagnosed with BMI levels > 25 kg/m™.
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Follow-up and outcomes

Primary outcomes were defined as the onset of CKD at the time of the
annual check-up from 2002 to 2010. If a participant experienced more
than one CKD event during follow-up, only the first outcome for the
individual contributed to the outcome analysis. The date of onset of
CKD was defined as the midpoint between the last date when the sub-
jects did not have CKD and the first date when the subject was diag-
nosed with CKD. The follow-up period was defined as the number of
days from the date of observation to the date of CKD diagnosis or to the
date of the final check-up. Similarly, an eGFR <60 mL/min/1.73 m? or
an isolated positive proteinuria were analyzed as individual primary out-
comes. Secondary outcomes were defined as a composite of CKD or
death from all causes.

Statistical analysis

For statistical analysis, SAS software, version 9.1 (SAS Institute, Cary,
NC) was used. Statistically significant differences were compared by
means of one-way analysis of variance. The association between baseline
BP and the incidence of CKD, eGFR < 60 mL/min/1.73 m? and positive
proteinuria was examined using the Cox proportional hazard regression
model adjusted for age, sex, habitual smoking and drinking, obesity,
CVD, diabetes mellitus, hypercholesterolemia, anti-hypertensive treat-
ment, eéGFR at baseline, the number of follow-up examinations and year
of baseline examination. In subgroup analysis, participants were stratified
according to age (2 60, <60 years), sex, number of follow-up examin-
ations ( > 3, <3) and length of follow-up period ( > 6, < 6 years).

The incidence rates of CKD were examined for participants among
BP groups using Kaplan-Meier survival function estimates and the log-
rank test. To evaluate the impact of pre-hypertension and hypertension
on the onset of CKD, the adjusted population attributable fraction (ad-
justed PAF) was calculated as Pe x [adjusted hazard ratio (HR) - 1], in
which Pe is the proportion of exposed subjects in each BP categories
and adjusted HR is the multiple-adjusted HR for CKD in reference to
normotension. The PAF is an index of how much of the scale of the
disease burden in a population could be eliminated if the effects of
certain causal factors were eliminated from the population [18, 19].

Results

Baseline subject characteristics

The 2150 study participants consisted of 1364 (63.4%)
women, 815 (37.9 %) patients with pre-hypertension, 386
(18.0%) patients with Stage 1 hypertension and 363
(16.9 %) with Stage 2 hypertension which included 274
(12.7 %) patients who were treated with anti-hypertensive
drugs. The overall mean value + SD was 60.3 £9.6 years
for age. Characteristics of the study population across BP
groups are shown in Table 1. After conversion of the level
of Scr from the Jaffe method to that for the enzymatic
method, baseline Ser was 0.65+0.12 mg/dL and eGFR
was 82.3 +14.7 mL/min/1.73 m’.

Follow-up and outcomes

The mean duration of follow-up was 6.5+4.7 years
(maximum 14.9 years). The numbers of follow-up visits
were 1, 2, 3, 4 or 5+in 480, 526, 206, 259 and 679 par-
ticipants, respectively. Of the 2150 participants, the
number of patients with onset of CKD was 461 subjects,
which included solely an eGFR <60 mL/min/1.73 m? in
360 (78.1 % ) subjects, isolated positive proteinuria in 149
(32.3 %) subjects and both criteria in 48 (10.4% ) sub-
jects. Additionally, a total of 290 deaths during the
follow-up period were recorded and consisted of 54 (18.6
%), 96 (33.1%) and 140 (48.3%) subjects with
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Table 1. Clinical characteristics in the three BP groups®

A. Kanno e al.

Variable BP groups
Normal (V= 586) Pre-HT (N=815) HT-1 (N=386) HT-2 (N=363) p®

Age, years 56.8=10.5 59.8£9.4° 62.4£8.6% 64.8 +6.99%° <0.001
Female, % 75.8 61.2° 51.3%¢ 61.4%° <0.001
Current smoker, % 8.2 11.4 12.2 9.9 0.15
Current drinker, % 113 163 20.0° 215° <0.001
BMI, kg/m® 22.5£3.0 23.5+3.1° 24.1+3.1% 242+32% <0.001
History of CVD, % 0.6 1.6 1.0 8.0°%e <0.001
Diabetes mellitus, % 43 6.6 6.0 11.6%%° 0.006
Hypercholesterolemia, % 19.6 25.9 31.3° 38.6%¢ <0.001
Anti-hypertensive treatment, % 0 0 0 75.5%%¢ <0.001
Serum creatinine, mg/dL 0.63+0.11 0.65+0.13 0.67 £0.12%4 0.66+0.12° <0.001
eGFR, mL/min/1.73 m? 82.6+14.6 83.6+226 81.7+13.7 79.4£14.0%¢ <0.001
No. of follow-up exams 3.6+2.2 35+21 2.9£1.9% 33+2.0 <0.001
Follow-up period, years 72£5.0 6.8+4.7 5.5+43% 5.7+4.6%° <0.001
Systolic BP, mmHg 109.4+7.6 129.3£5.9° 146.2+5.5%4 143.1+19.6%%¢ <0.001
Diastolic BP, mmHg 63.3+7.1 73.1£7.1° 81.4+9.1%¢ 783 £12.6%%¢ <0.001

“Values are expressed as percentage or mean + SD. HT, hypertension; Normal, normotension; Pre-HT, pre-hypertension; Scr, serum creatinine.
®Analysis of variance and y” tests were used to compare continuous and categorical variables across BP groups, respectively.
°P <0.05 for comparison used Scheffe’s multiple comparison test between each BP groups and normotension.

4p<0.05 for comparison between each BP groups and pre-hypertension.

P <0.05 for comparison between each BP groups and Stage 1 hypertension.

50%-

n
S
¥

Cumulative incidence {%)

=1
&£

0%
0

Follow-up (years)

Fig. 1. Kaplan-Meier curves for the cumulative incident of CKD for
normotension, pre-hypertension (Pre-HT) and Stage 1 hypertension
(HT-1) and Stage 2 hypertension (HT-2).

normotension, pre-hypertension and  hypertension,
respectively. Kaplan-Meier curves for the cumulative in-
cident of CKD are shown in Figure 1. There was a signifi-
cant difference in the cumulative incidence of CKD
between normal, pre-hypertension and hypertension cat-
egories (Jog-rank test, P <0.001).

Risk factors associated with CKD

Independent association was investigated between the in-
cidence of CKD and confounding factors in a multivariate
model containing systolic and diastolic BP (Table 2). Sig-
nificant determinants for the incidence of CKD were age,
eGFR, systolic BP and diastolic BP. Associations between
the incidence of eGFR <60 mL/min/1.73 m* and con-
founding factors were similar to associations between
confounding factors and the incidence of CKD

(Supplemental Table S1). Significant determinants for the
incidence of eGFR<60 mL/min/1.73 m* were age,
eGFR, smoking, systolic BP and diastolic BP.

Only systolic BP was a significant determinant of the
incidence of proteinuria (HR 1.12 per 10 mmHg increase
in systolic BP, P =0.04) (Supplemental Table S2). On the
other hand, in the model, if diastolic BP was added
instead of systolic BP, age (HR 1.28 per 10 years of age,
P=0.03) and the use of anti-hypertensive medication (HR
1.52, P=0.04) were significantly related to the incidence
of proteinuria (Supplemental Table S2). All subgroup ana-
lyses for age, sex, number of follow-up examinations and
length of follow-up period were confirmatory (Sup-
plemental Table S3). None of the interaction terms
reached significance (P > 0.14).

Adjusted HR and PAF of CKD for pre-hypertension and
hypertension

Adjusted HR and adjusted PAF for CKD incidence in
pre-hypertension and hypertension compared to normo-
tension are demonstrated in Figure 2A. The HR of a com-
posite end point of CKD or death from all causes in pre-
hypertension and hypertension were evaluated and similar
results were revealed (Figure 2B).

Discussion

The present study demonstrated that the risk for CKD in
pre-hypertension was significantly higher compared to
normotension in the general population. The PAF for
CKD in pre-hypertension was comparable to that of Stage
1 and Stage 2 hypertension. In previous studies, whether
pre-hypertension was associated with the onset of ESRD
as a hard outcome has been examined; however, there
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Table 2. HRs for incidence of CKD?
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Variable

Multivariate model with systolic BP

Multivariate model with diastolic BP

Age (per 10 year increase)

Female

Obesity (BMI>25 kg/m?)

Current smoking

Current drinking

Diabetes mellitus
Hypercholesterolemia

History of CVD

Anti-hypertensive therapy

eGFR (per mL/min/1.73 m” decrease)
Systolic BP (per 10 mmHg increase)

Diastolic BP (per 10 mmHg increase)

HR (95%CI) P HR (95 %CI) P
1.30 (1.13-1.48) <0.001 1.36 (1.19-1.55) <0.001
0.88 (0.68-1.13) 0.31 0.87 (0.68-1.12) 0.29
1.02 (0.83-1.25) 0.85 1.03 (0.83-1.26) 0.82
1.36 (0.98-1.88) 0.07 1.34 (0.97-1.85) 0.08
0.81 (0.60-1.08) 0.15 0.81 (0.60-1.08) 0.14
0.80 (0.56-1.14) 0.22 0.83 (0.58-1.19) 0.31
1.08 (0.88-1.33) 0.47 1.08 (0.87-1.33) 0.49
1.22 (0.71-2.09) 0.47 1.20 (0.70-2.05) 0.51
1.24 (0.96-1.60) 0.096 1.31 (1.02-1.68) 0.04
1.06 (1.05-1.07) <0.001 1.06 (1.05-1.07) <0.001
1.12 (1.06-1.19) <0.001

1.15 (1.05-1.26) 0.002

2CI, confidence interval.
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Fig. 2. HRs and 95 % confidence intervals of (A) CKD and (B) a
composite end point of CKD or death from all causes for normotension,
pre-hypertension (Pre-HT), Stage 1 hypertension (HT-1) and Stage 2
hypertension (HT-2) adjusted for confounding factors in reference to
normotension. E/N, number of events/number of participants. P <0.01
versus reference. °P < 0.001 versus reference. °P < 0.03 versus reference.

was no strong statistical significance [20, 21]. Independent
significance was shown only in a younger population
(mean age 37+ 13 years) [22]. Concerning prospective
studies of pre-hypertension and CKD in the general popu-
lation, there have only been a few studies [8-10], all of
which have failed to clearly demonstrate the prognostic

significance of pre-hypertension for CKD. A study of 17
375 healthy volunteers from the general Viennese popu-
lation showed an increased risk for CKD in pre-hyperten-
sion, but this was not statistically significant (P=0.35)
[8]. In a 12-year follow-up study of 8093 men, a systolic
BP of 120-129 mmHg did not predict CKD [9]. In a pro-
spective study of 23 534 subjects, normal or high-normal
BP was also not significantly associated with the risk of
CKD (P >0.07) [10]. Thus, the present study is the first
report to demonstrate a significant association between
individuals with pre-hypertension and the development of
CKD in a general population. One of the reasons for the
differences in the results of the present study compared to
past studies is that participants in the present study were
mainly elderly (mean age 60 years in this study versus
41-51 years in previous studies [8-10]). Elderly people
are more susceptible to various stresses such as dehy-
dration, chronic inflammation and malnutrition; therefore,
there is a possibility that levels of eGFR in elderly partici-
pants might easily deteriorate. Secondly, the definition of
CKD used in the present study was either positive protei-
nuria or eGFR <60 mL/min/1.73 mz, whereas decreased
eGFR alone was used as the definition of CKD in pre-
vious studies [8, 9]. Thirdly, in statistical analysis, a Cox
proportional hazard regression was used to examine the
association between pre-hypertension and the risk of
CKD. In previous studies, multivariate logistic regressions
were performed [8, 9], but the censored subjects were not
fully considered. These factors could have led to the
novel significant association in the present study.

In the present study, participants were mainly elderly
subjects. In the elderly, CKD is associated with clinical
and subclinical vascular pathology, atherosclerosis [23,
24] and age-related decline in renal function (which may
be a consequence of atherosclerosis). In morphological
analysis, as a result of renal biopsy, pre-hypertension was
associated independently with renal arteriosclerosis and
arteriolar hyalinosis. The association was present even
after adjustment for traditional cardiovascular risk factors
such as total cholesterol, glucose intolerance, BMI, habit-
ual smoking and alcohol intake in Japanese population-
based autopsy samples [25]. In a similar study for IgA
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nephropathy based on renal biopsy, pre-hypertension was
significantly related to the severity of mesangial prolifer-
ation and arteriolar sclerosis, including intimal thickening
and hyalinosis [26]. Prolonged systemic high BP might
induce pathological changes such as atherosclerosis,
which can cause a disturbance in renal perfusion and
renal ischemia, resulting in a subsequent decline in renal
function [27, 28].

The prevalence of subjects with pre-hypertension was
37.9 % in the present study, comparable to results of the
Japanese National Health and Nutrition Examination
Survey in 2006 (39.7 %) [29]. In the present study popu-
lation, due to the high prevalence of pre-hypertension
compared to that of Stage 1 (18.0%) and Stage 2 (16.9
% ) hypertension, the PAF for CKD in pre-hypertension
was considerably high (12.1 %) and comparable to that of
Stage 1 (8.6%) and Stage 2 (14.9%) hypertension.
Therefore, it is preferable to consider earlier interventions
for pre-hypertension in order to prevent the progression of
CKD among the general population. In practice, it is sup-
posed that lifestyle intervention is the mainstay of treat-
ment for pre-hypertension for the general population.
Lifestyle modifications such as weight reduction for main-
taining a normal body weight, improving dietary habits,
reducing sodium intake, increasing physical activity and
restricting alcohol consumption have all been shown both
to lower BP effectively and have a beneficial effect on
cardiovascular risks [30-32]. Such lifestyle changes are
also recommended for patients with pre-hypertension. Es-
sentially, the definition of the pre-hypertension according
to JNC7 was intended to emphasize the importance of
identification of individuals who could lower their BP in
order to prevent progression to hypertension and cardio-
vascular events through adoption of a healthier lifestyle
[1]. Population strategies such as a public health and
social and policy reforms, not high-risk strategies limited
to hypertension, might be necessary in order to attain a
better BP target.

In line with previous studies [33, 34], the present study
confirmed a weak, but significant, relationship between
systolic BP and the development of proteinuria. In relation
to diastolic BP, it remains controversial whether diastolic
BP is an independent predictor of CKD [9, 35, 36]. In the
present study, however, when diastolic BP was added into
the model for prediction of CKD instead of systolic BP,
the results were not statistically different from when systo-
lic BP was used, excluding the onset of proteinuria.

In patients with hypertensive CKD, it was recently re-
ported that intensive BP control had no favorable effect
on the progression of decreased renal function [37].
Additionally, it was suggested that even strict control of
BP is ineffective for the treatment of full-blown hyperten-
sion. Therefore, early intervention for pre-hypertension is
essential to prevent declines in renal function in the
general population.

The present study has some limitations. Firstly, the sub-
jects in the present study were participants of an annual
health check-up. Thus, the present population had a ten-
dency to be health conscious, and, as a result, there is a
possibility that a selection bias exists. However, the preva-
lence of pre-hypertension in the present study is at least
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similar to that of Japan as a whole. Secondly, the diagno-
sis of CKD in the present study depended on the value of
creatinine or positive proteinuria on only one occasion. In
2002, the National Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative (K/DOQI) provided guide-
lines that include a clear definition and classification for
CKD. It defined CKD as the presence of kidney damage
or GFR of <60 mL/min/1.73 m? for >3 months [38]. In
previous epidemiological studies [6, 8, 23, 39], diagnosis
of CKD had been determined in the same manner as in
the present study. Thirdly, the analysis focused exclu-
sively on Japanese residents and therefore might not be
representative of non-Asian or non-Japanese subjects.
There are several reports that have referred to a compari-
son of the epidemiology of CKD between Japanese and
other ethnicities [40, 41], and its interpretation remains
controversial. Thus, further research in other ethnic and
cultural groups is needed to confirm the generalizability
of the present findings. Finally, serum creatinine was
measured in some cases using the Jaffe method and in
those cases, the values were corrected in order to obtain
an equivalent value for the enzymatic method using a
modified equation, which may have altered the results of
the present study.

In conclusion, pre-hypertension was significantly
associated with an increased risk of CKD in a general Ja-
panese population. The PAF for CKD in pre-hypertension
was found to be comparable to that in Stages 1 and 2 hy-
pertension. These results suggest that a public health strat-
egy solely based on hypertension might be inappropriate,
and that it is valuable to pay more attention to pre-hyper-
tension in order to improve primary prevention of CKD.

Supplementary data

Supplementary data is available online at http:/ndt.
oxfordjournals.org.
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Evaluating home blood pressure in treated hypertensives in
comparison with the referential value of casual screening of
blood pressure: the Ohasama study

Daisaku Yasui®, Kei Asayama®®, Noriko Takada®, Takayoshi Ohkubo®",
Masahiro Kikuya®, Azusa Hara', Takuo Hirose®, Taku Obara®®, Hirohito Metoki®,
Ryusuke Inoue', Kazuhito Totsune®, Haruhisa Hoshi, Hiroshi Satoh?,

Jan A. Staessen® and Yutaka Imai®

Objective The target home blood pressure (BP) levels for
antihypertensive treatment have not been fully investigated.
We estimated home BP values that corresponded to the
referential values of casual screening of BP using reduced
major axis (RMA) regression for data from untreated and
treated individuals in a general population.

Methods The study included 2651 participants (778
treated) aged 20 years or above. The relationships between
casual BP and home BP were examined using RMA
regression to consider measurement errors. We calculated
estimated home BP values that corresponded to casual BP
using the regression equations.

Results Although casual BPs and home BPs were
significantly correlated (all: P<0.0001), the coefficients of
determination in multiple regression were higher in
untreated individuals than those in treated ones. When
RMA regression was applied between casual BP (x) and
morning home BP (y), the equations were expressed as
y=0.78x + 26.55 (systolic BP) and y=0.84x+14.34
(diastolic BP) in treated individuals and y=0.79x+19.29
(systolic BP) and y=0.85x + 9.94 (diastolic BP) in unireated
ones. The estimated home BPs corresponded to

140/90 mmHg of casual BP: 135.8/89.8 mmHg (morning),
132.2/86.6 mmHg (evening), and 133.9/87.8 mmHg
(average) in treated individuals and 129.2/86.7 mmHg
(morning), 127.8/84.8 mmHg (evening), and

128.2/85.2 mmHg (average) in untreated individuals.

Introduction

Self-measurement of blood pressure (BP) at home (home
BP) is highly reproducible and reliable and is known to be
a useful clinical tool [1-4]. Home BP of at least 135/
85mmHg as the criterion for hypertension used in the
guidelines [1,2,4-7] is being increasingly recognized,
whereas the target home BP levels for antihypertensive
treatment have not been fully investigated. The Japanese
Society of Hypertension Guidelines for the Management
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appear in the printed text and are provided in the HTML and PDF versions of this
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Conclusion We estimated the referential values of home
BP in treated hypertensives using a regression model;
however, further intervention studies on home BP are
needed to clarify the target treatment goals of home

BP. Blood Press Monit 17:89-95 © 2012 Wolters Kluwer
Health | Lippincott Williams & Wilkins.

Blood Pressure Monitoring 2012, 17:89-95

Keywords: antihypertensive drugs, corresponding criteria, general
population, home blood pressure monitoring, reduced major axis regression

aEmbassg of Japan in Zambia, Ministry of Foreign Affairs of Japan, Lusaka,
Zambia, "Laboratory of Hypertension, Department of Cardiovascular Diseases,
Studies Coordinating Centre, Division of Hypertension and Cardiovascular
Rehabilitation, University of Leuven, Leuven, Belgium, °Department of Planning
for Drug Development and Clinical Evaluation, Tohoku University Graduate
School of Pharmaceutical Sciences, dDepartment of Pharmaceutical Sciences,
Tohoku University Hospital, *Department of Development and Environmental
Medicine, fDepartment of Medical Informatics, ®Department of Environmental
Health Sciences, Tohoku University Graduate School of Medicine, Sendai,
_”Department of Health Science, Shiga University of Medical Science, Otsu,
‘Research Center for Cancer Prevention and Screening National Cancer Center,
Division of Epidemiology and Prevention, Tokyo and !Ohasama Hospital,
Hanamaki, Japan

Correspondence to Kei Asayama, MD, PhD, Laboratory of Hypertension,
Department of Cardiovascular Diseases, Studies Coordinating Centre, Division of
Hypertension and Cardiovascular Rehabilitation, University of Leuven, Campus
Sint Rafaél, Kapucijnenvoer 35, B-3000 Leuven, Belgium

Tel: +32 163 47104; fax: +32 163 47106; e-mail: kei@asayama.org

Part of this work was presented at the 19th European Meeting on Hypertension,
Milan.

Received 15 June 2011 Revised 11 January 2012 Accepted 17 January 2012

of Hypertension (JSH 2009) [4] proposed provisional
target control levels on the basis of home BP. The
proposed target level was determined by simply applying
the 5mmHg difference between casual screening BP
(casual BP) and home BP. In other words, the reference
value of hypertension on the basis of casual BP is 140/
90mmHg and that for home BP is 135/85mmHg.
However, we previously reported that the relationships
between casual BP and home BP in treated individuals
were different from those in untreated ones [8]. More-
over, we could not avoid measurement errors of casual BP
as well as home BP per s¢ because BP fluctuates
continuously. Previous reports [8,9] had used the least

DOI: 10.1097/MBP.0b013e328351de34
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square regression to determine home BP, which corre-
sponded to referential casual BP cutoff values; this model
assumed that the independent variable had no errors. It is
important that the analysis incorporates equal weighting
of measurement errors to accurately determine target
home BP values.

In this study, we aimed to identify the relationship
between casual BP and home BP in treated hypertensives
as well as in untreated individuals, and to estimate home
BP values to correspond with the referential values of
casual BP in treated hypertensives using a regression
model that considers measurement errors. Information on
BP was obtained from a general population in northern
Japan.

Methods

Design and study population

The present study was a part of a study of a home BP
measurement program in Ohasama, which is a rural
community in Japan. The socioeconomic and demographic
characteristics of this region [8] and the details of the
selection of the study participants have been previously
described [10]. From 1988 to 1995, we contacted all 5858
participants, 20 years or above, who lived in the four
districts of Ohasama town. Individuals who were not at
home during the normal working hours of the data
collection nurses and those hospitalized or incapacitated
were ineligible. Home BP data were obtained from 3047
individuals who collected their own data more than three
times during the 4-week study period. This criterion was
based on our previous observation that the average BP
value obtained during the first 3 days was not significantly
different from the values obtained for the entire study
period [11]. Casual BPs were not obtained for 396
individuals who did not participate in annual health
checkups. Therefore, the study population comprised
2651 individuals, including 1873 untreated individuals
and 778 treated individuals. The study protocol was
approved by the institutional review board of Tohoku
Univessity School of Medicine and by the Department of
Health of the Ohasama Town Government. Informed
consent was obtained from each individual.

Blood Pressure measurement

Individuals were seated at rest for at least 2 min, and then
casual BP was measured by well-trained nurses or techni-
cians. In Ohasama, BPs were measured twice consecutively
during the health checkup, using a semiautomatic BP
measuring device (USM700F, Ueda Electronic Work
Co. Ltd, Tokyo, Japan) on the basis of the microphone
method [12].

We used the following procedure to determine the
accuracy of home BP Briefly, health education classes
were conducted by physicians and well-trained public
health nurses to inform the population of the significance
of home BP recording and to teach them how to measure

their own BP. Approximately 80% of household members
living in Ohasama town attended the classes; public
health nurses visited all of the remaining households to
provide instructions on home BP measurement. After
their ability to measure home BP was verified, individuals
were asked to measure their own home BP in a sitting
position every morning within 1h after waking and after
at least 2 min of rest, and to record the measurements for
4 weeks. If individuals were taking antihypertensive
drugs, home BP was measured before medication was
taken. Individuals were also asked to measure their BP
every evening just before going to bed. These procedures
have been described in detail in our previous report [13],
and were developed according to the guidelines for self-
monitoring of home BP [2]. Home BP was measured
using a semiautomatic BP measuring device (HEM401G;
Omron Healthcare Co. Ltd, Kyoto, Japan) on the basis of
the cuff-oscillometric principle, which generates a digital
display of systolic and diastolic BP [12].

The devices for the measurement of casual BP and home
BP were calibrated before the start of the study [12,13].
All devices fulfilled the criteria set by the Association for
the Advancement of Medical Instrumentation [14].

Status of the use of antihypertensive medication
Individuals’ characteristics including age, sex, BMI,
smoking status, drinking status, use of antihypertensive
medication, history of cardiovascular disease, diabetes
mellitus, and hypercholesterolemia were obtained from
the initial questionnaire survey and regular checkup
results. We reviewed the medical records of Ohasama
Hospital to confirm the treatment status of antihyper-
tensive medication.

Data analysis

Casual BP of each individual was the average of two
consecutive casual BP readings. Morning home BP of each
individual and evening home BP were separately averaged
to reflect morning and evening home measurements.
The average home BP of each individual was the average
of the entire period of morning and evening home
measurements.

Normotension was defined as casual BP < 140/90 mmHg
and average home BP < 135/85 mmHg. White-coat hy-
pertension was defined as casual BP > 140/90 mmHg and
average home BP < 135/85 mmHg. Masked hypertension
was defined as casual BP < 140/90 mmHg and average
home BP > 135/85 mmHg. Sustained hypertension was
defined as casual BP > 140/90 mmHg and average home
BP > 135/85 mmHg. The definitions were based purely
on individual’s BP levels; we did not consider the
treatment status in these definitions.

The correlations between casual BP and home BP were
analyzed using Pearson’s correlation coefficients. Un-
treated and treated individuals were analyzed separately.
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Table 1 Clinical characteristics of the participants

AHM
Variables All participants Untreated Treated P values
Number of participants (n, %) 2651 1878, 70.7 778, 29.3
Age (years) 57.6+14.1 54.0+14.0 66.4+9.8 <0.0001
Male (%) 1034, 39.0 722, 38.5 312, 40.1 0.5
BMI (kg/m2) 23.5+31 23.2+3.0 24.1+34 <0.0001
Past history of CVD (n, %) 124, 4.7 27, 1.4 97, 125 <0.0001
Diabetes mellitus (n, %) 239, 9.0 136, 7.3 103, 13.2 <0.0001
Hypercholesterolemia (n, %) 700, 26.4 409, 21.8 291, 874 <0.0001
Current smoking (n, %) 538, 20.3 406, 21.7 132, 170 0.006
Current drinking (n, %) 729, 275 520, 27.8 209, 26.8 0.7
Systolic CBP (mmHg) 130.6+18.0 1272£170 138.8+178 <0.0001
Diastolic CBP (mmHg) 743+11.3 73.0+10.8 775+11.9 <0.0001
Morning systolic HBP (mmHg) 123.7+£15.2 119.1+13.3 134.8+13.9 <0.0001
Morning diastolic HBP (mmHg) 74.3+10.0 721+9.2 79.4+99 <0.0001
Evening systolic HBP {mmHg) 121.7%£14.7 117.7%13.4 131.3+13.2 <0.0001
Evening diastolic HBP (mmHg) 72.4+9.6 70.5+9.2 77.0+9.1 <0.0001
Average systolic HBP (mmHg) 122.7£14.6 118.4+18.0 133.0+12.8 <0.0001
Average diastolic HBP (mmHg) 73.3+9.5 71.3£89 78.2+9.2 <0.0001
Normotension {n, %) 1595, 60.2 1361, 72.7 234, 30.1 <0.0001
White coat hypertension (n, %) 373, 14.1 2839, 12.8 134, 17.2
Masked hypertension (n, %) 300, 11.3 118, 8.3 182, 23.4
Sustained hypertension (n, %) 383, 14.4 155, 8.3 228, 29.3

Values are expressed as mean £SD.

P values are calculated using Student's t-test (continuous variables) or Fisher's exact test (categorical variables).
The definitions of normotension, white-coat hypertension, masked hypertension, and sustained hypertension have been provided in the text.
AHM, antihypertensive medication; CBP, casual-screening blood pressure; CVD, cardiovascular disease; HBP, self-measurement of home blood pressure.

To compare the coefficients of determination, multi-
variable linear regression was performed to adjust for
possible confounding factors: age, sex, obesity, smoking
status, drinking status, diabetes mellitus, hypercholester-
olemia, and past history of cardiovascular disease. To
estimate home BP values from the relationships between
casual and home BP using regression equations, the
reduced major axis (RMA) regression, also known as
standardized major axis [15,16], was applied (Web
Appendix and Web Fig. 1, sup:/fwow.cpt.med.tohoku.acjp]
papersupl/MBP200404). RMA was preferred over the
linear regression model because the mean values of both
dependent (y) and independent (x) variables include any
existing error — not only the equation error but also the
measurement error. Consequently, there was no reason to
preferentially weight deviations from the line in either
the y or the x direction. RMA achieved equal weighting of
these deviations because the major axis of the distribu-
tion of x and y variables was calculated using standardized
data and then rescaled to the original axes. To compare
the RMA estimates between treated individuals and
untreated ones, differences in common slope were
determined using a permutation test. Tests for differ-
ences in elevation were carried out using analysis of
variance.

All data were expressed as mean (SD) unless otherwise
stated. P value less than 0.05 (two-sided test) was
considered statistically significant. RMA analysis was
applied using SMATR version 2.0 software (New South
Wales, Australia) [16]. All other regression, variance, and
mean comparison functions were performed using the

SAS system (version 9.2; SAS Institute, Cary, North
Carolina, USA).

Results

The characteristics of individuals including BP informa-
tion are shown in Table 1. For home BP among the
study individuals, the mean number of measurements
was 22.7 (7.3) in the morning and 23.6 (6.7) in the
evening. The distribution of BP values for casual BP
and home BP in treated individuals was significantly
higher than that in untreated individuals. When indivi-
duals were classified into four groups on the basis of their
average home BP and casual BP levels, normotension,
white coat hypertension, masked hypertension, and
sustained hypertension, the proportion in each group
was significantly different between treated and untreated
individuals.

Casual BPs and home BPs were significantly correlated
(all: P <0.0001), and the correlations (r) with casual BP
in untreated individuals were higher than those in treated
ones (morning systolic BP: 7= 0.554 vs. 0.293, evening
systolic BP: 7=0.536 vs. 0.279, average systolic BP:
r=10.561 vs. 0.303, morning diastolic BP: = 0.497 vs.
0.381, evening diastolic BP: = 0.477 vs. 0.378, average
diastolic BP: 7= 0.504 vs. 0.396). As shown in Table 2,
the coefficients of determination in the multiple regres-
sion model adjusted for possible confounding factors were
also higher in untreated individuals than those in treated
ones, and the strongest coefficient of determination
(\R2=0.435) was observed between the casual systolic
BP and morning home systolic BP.
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Table 2 Relationships between home blood pressure and casual
blood pressure in treated or untreated individuals using multiple
regression analysis

B 95% Cli SE R?
Morning HBP
Systolic
All participants 0.331 0.305-0.357 0.013 0.445
Treated 0.202 0.151-0.253 0.026 0.178
Untreated 0.343 0.314-0.371 0.015 0.435
Diastolic
All participants 0.353 0.325-0.381 0.014 0.355
Treated 0.251 0.198-0.305 0.027 0.248
Untreated 0.350 0.318-0.382 0.016 0.367
Evening HBP
Systolic
All participants 0.320 0.294-0.348 0.013 0.397
Treated 0.194 0.145-0.244 0.025 0.132
Untreated 0.342 0.312-0.372 0.015 0.385
Diastolic
All participants 0.340 0.312~0.368 0.014 0.316
Treated 0.250 0.199-0.301 0.026 0.192
Untreated 0.341 0.308-0.375 0.017 0.314
Average HBP
Systolic
All participants 0.326 0.301-0.351 0.013 0.444
Treated 0.198 0.151-0.246 0.024 0.164
Untreated 0.343 0.315-0.371 0.014 0.433
Diastolic
All participants 0.346 0.320-0.373 0.014 0.358
Treated 0.250 0.201-0.300 0.025 0.236
Untreated 0.345 0.314-0.376 0.016 0.364

Adjusted factors: age, sex, obesity, smoking status, drinking status, diabetes
mellitus, hypercholesterolemia, and past history of cardiovascular disease.
Dependent variables are home blood pressure (BP), independent variables are
casual BP.

Cl, confidence interval; HBP, self-measurement of home BP; R?, coefficient of
determination; f, regression coefficient.

The regression lines among treated individuals on the basis
of (a) the linear regression model using casual BP as an
independent variable, (b) the linear regression model using
morning home BP as an independent variable, and (c) the
RMA model are demonstrated in Figure 1 and the Web in
Figure 2 (huzp:/fwww.cpt.med.tohoku.acjplpapersupl{MBP200404).
Each of the three regression slopes was significantly different
from the others (P <0.0001). These significant differences
(P < 0.0001) were also observed irrespective of BP informa-
tion, that is, systolic and diastolic BP or morning, evening,
and average home BP, and of treatment status.

‘The distributions and results of RMA regression analysis
between casual BP and each home BP in treated
individuals as well as untreated ones are shown
in Table 3 and Figure 2. Regression slopes determined
using the RMA method for the relation between casual
BP and home BP in treated individuals were not
significantly different from the slopes in untreated ones
for systolic and diastolic BP, except for evening diastolic
BP. In the comparison of adjusted intercept, the values
for treated individuals were markedly higher (morning
systolic BP: 6.6 mmHg, evening systolic BP: 4.6 mmHg,
average systolic BP: 5.9 mmHg, morning diastolic BP:
3.4mmHg, average diastolic BP: 3.3 mmHg) than those
for untreated ones.

Fig. 1
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Regression lines for three different methods; relationships between
casual systolic blood pressure (BP) and morning home systolic BP in
778 treated individuals. (1) Linear regression model using casual BP as
an independent variable; (2) linear regression model using home BP as
an independent variable; (3) reduced major axis regression model.
CBP, casual-screening BP; HBP, self-measurement of home BP.

Table 3 Relationships between casual blood pressure and home
blood pressure in treated or untreated individuals using reduced
major axis regression analysis

Untreated Treated
95% ClI 95% Cl P values
Morning HBP
Systolic BP
Slope 0.785 0.756~0.815 0,780 0.729-0.835 0.9
Intercept 19.29 16.48-23.10 26.55 19.17-33.94 <0.001
Diastolic BP
Slope 0.853 0.820-0.887 0.835 0.783-0.891 0.6
Intercept 9.94 746-12.42 1464 10.36-18.93 <0.001
Evening HBP
Systolic BP
Slope 0.787 0.758-0.818  0.744 0.695-0.796 0.2
Intercept 17.58 13.70-21.45 28.07 21.00-35.14 <0.001
Diastolic BP
Slope 0.845 0.812-0.879 0.768 0.720-0.820 0.02

Intercept 8.84 6.34-11.33 1751

Average HBP

13.56-21.46 <0.001

Systalic BP
Slope 0.767 0.738-0.796 0.722 0.678-0.770 0.1
Intercept  20.84 17.15-24,64 3286  26.09-39.64 <0.001
Diastolic BP
Slope 0.821 0.788-0.853 0.771 0.721-0.820 0.09

Intercept 11.39 9.024~13.76  18.47 14.57-22.38 <0.001

Dependent variables are home blood pressure (BP) and independent variables
are casual BP. P values were calculated using the permutation test (slope) or
analysis of variance (intercept).

Cl, confidence interval; HBP, self-measurement of home BP.
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Fig. 2
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Relationships between casual BP and home BP in treated or untreated individuals; results of reduced major axis (RMA) regression analysis.
(1) The solid line indicates the RMA regression line in the treated group; (2) dotted line indicates the RMA regression line in the untreated group.
x-axis: casual BP, y-axis: home BP. CBP, casual-screening BP; HBP, self-measurement of home BP.

On the basis of RMA regression analysis, estimated home
BP values in untreated individuals that corresponded to the
cutoff value of casual BP hypertension (140/90 mmHg)
were 129.2/86.7 [95% confidence interval (95% CI): 128.5/
86.2-129.8/87.1] mmHg for morning home BP, 127.8/84.8
(95% Cl: 127.2/84.4-128.4/85.3) mmHg for evening home
BP, and 128.2/85.2 (95% CI: 127.6/84.8-128.8/85.7) mmHg
for average home BP. Estimated home BP values in treated
hypertensives, which corresponded to the control levels of
casual BP (140/90 mmHg) proposed in ESH-ESC 2007 [3],
were 135.8/89.8 (95% CI: 134.5/88.9-137.1/90.7) mmHg for
morning home BP, 132.2/86.6 (95% CI: 131.0/85.8-133.5/
87.5) mmHg for evening home BP, and 133.9/87.8 (95% CI:
132.6/87.0-135.2/88.7) mmHg for average home BP.

According to the ESH-ESC 2007 Guidelines [3], we
further carried out analyses using home BP values
measured in the initial 7 days (Web Tables 1-3, A#p://
www.cpt.med.tohoku.acjplpapersupl{ MBP200404). The levels
of casual BP and home BP in the initial 7 days are higher
than those in the entire period, although the relationships
between them were essentially the same.

Discussion

In the present study, we estimated home BP values using
casual BP values in treated hypertensives using the RMA
regression model.

The regression slopes between casual BP and home BP
using casual BP for the independent variable are
significantly different from the slopes using home BP
for the independent variable when calculated using the
least square linear regression model as shown in Figure 1
in the current study. BP fluctuates continuously in a 24-h
period, and the variability is influenced by neural,
mechanical, and humoral factors [17]. Casual BP readings
tend to reflect the patient’s status at a particular time
point and may include measurement errors. Moreover,
although home BP has superior reproducibility and
reliability [18,19], home BP measurement is still prone
to measurement errors. We have previously reported [11]
long-term fluctuation in home BP measurements over an
average of 14 times (SD of systolic BP = 8.8 = 3.1 mmHg,
and SD of diastolic BP = 6.6 = 2.3 mmHg). Because both
casual BP and home BP show natural variations and

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

— 275 —



94 Blood Pressure Monitoring 2012, Vol 17 No 3

measurement errors, RMA regression would be appro-
priate for the estimation of home BP values correspond-
ing to casual BP values.

Home BP was significantly related to casual BP
irrespective of treatment status, similar to previous
reports [11,20]. In addition, casual BP and home BP
values in treated individuals were more similar than those
in untreated ones. One of the possible reasons for this is
the duration of action of antihypertensive drugs used in
1992 (< 12 h for a twice-a-day prescription and <24 h fora
once-a-day prescription) [21]. The proportion of masked
hypertension in treated individuals is higher than that in
untreated ones. This factor would also be influential
along with an insufficient duration of action of anti-
hypertensive drugs.

Another possibility is that treated hypertensives are
accustomed to medical settings and may show less
reaction, or in other words, a lower BP in a medical
setting [22].

The increased variability [23,24] in vasomotor activity
because of atherosclerosis and arteriosclerosis and the
diminished baroreflex sensitivity associated with in-
creased arterial stiffness may also be a reasonable
possibility. Antihypertensive treatment per se is a kind
of marker for greater severity of hypertension. Hyperten-
sive patients are exposed to the risk of atherosclerosis for
long periods of time both before and during therapy.

According to several guidelines [1,2,4-7], the home BP
value of 135/85 mmHg is adopted as a criterion for the
diagnosis of hypertension on the basis of worldwide cross-
sectional studies [9,25] and the prospective study in
Ohasama [26]. In contrast, the ESH-ESC 2007 [3]
proposes 130-135/85 mmHg as the criterion for hyperten-
sion on the basis of home BP, with a 5 mmHg range in the
systolic BP. In the present study, home BP values that
corresponded to casual BP values for hypertension (140/
90 mmHg) were lower than 140/90 mmHg irrespective of
antihypertensive treatment status; however, home BP
values that corresponded to casual BP (140/90 mmHg)
were different by their treatment status. The previous
studies cited in guidelines included untreated indivi-
duals [9,26] or both untreated and treated indivi-
duals [25]. The estimated home BP values in untreated
individuals corresponded to the cutoff value of hyperten-
sion in casual BP (140/90 mmHg) in the present study
(morning BP: 129.2/86.7 mmHg, evening BP: 127.8/
84.8 mmHg, and average home BP: 128.2/85.2 mmHg).
These values are similar to those of previous stu-
dies [27-30] and recent guidelines. Moreover, this study
demonstrated that the estimated home BP values in
treated individuals corresponded to the general target BP
values for casual BP in ESH-ESC 2007 [3].

This study must be interpreted within the context of
potential limitations. First, we measured casual BP and

home BP using the auscultatory USM700F and the
oscillometric HEM401C, respectively [12]. The casual
and home BPs were therefore recorded using different
techniques when consensus on formal and standardized
validation of devices for BP measurement was still
growing [31]. Second, several guidelines proposed treat-
ment target BP values by classifying individuals on the
basis of factors such as age, comorbidities, and past
history; however, the number was not sufficient, espe-
cially among treated individuals in this study, to provide
reliable cutoff values using such a classification. Third,
our results were not based on the evidence of prognosis
such as morbidity of cardiovascular diseases and cardio-
vascular mortality. In our study, the correlations between
casual BP and home BP were comparably low in treated
hypertensives. The results of an intervention study based
on home BP, which will be available in the near future,
should help to establish target control levels of home BP
in treated hypertensives [32]. Fourth, the usage of
antihypertensive medications in 1992 may have influ-
enced our results. Recently, new long-acting calcium
channel blockers and new kinds of antihypertensive drugs
such as angiotensin II receptor blockers and direct renin
inhibitors have been marketed. The relationships be-
tween casual BP and home BP on the basis of these new
antihypertensive agents should be investigated in the
future.

In conclusion, we estimated the reference values of home
BP in treated hypertensives in the present study.
However, the relationships between casual BP and home
BP in treated individuals are lower than those in
untreated individuals according to the statistical analysis
(r-values). Further prospective studies and interventional
trials specifically designed to compare the predictive
power between home BP and casual BP are needed to
clarify the reference values of home BP in treated
individuals.
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BACKGROUND

Aldosterone is thought to have deleterious effects on the
cardiovascular system. The aldosterone-to-renin ratio (ARR) is more
reproducible than aldosterone levels alone and could be an index

for inappropriate aldosterone secretion or activity. We previously
reported the apparent relation between ARRand hypertension in
subjects with high sodium intake. This prospective study investigated
the risk of ARR for a first stroke in a general population stratified by
sodium intake.

METHODS

We obtained plasma renin activity (PRA) and plasma aldosterone
concentrations (PAC) for 883 participants aged =35 years not
receiving antihypertensive treatment in the general population of
Ohasama (mean age: 59.0 + 11.3 years; 65.6% women).

RESULTS

Over a mean of 10.9 follow-up years, 45 strokes occurred. The median
PRA, PAC, and ARR were 1.2ng/ml/h, 6.4 ng/dl, and 5.3 ng/dl per ng/
ml/h, respectively. Using Cox regression, we computed hazard ratios
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adjusted for sex, age, body mass index (BMI), and systolic blood
pressure. No association between logARR and stroke was observed
in subjects overall. However, in subjects with high sodium intake
(zmedian of 4,058 mg/day (salt equivalent, 10.5 g/day)), each 1 s.d.
increase in logARR was associated with an increased hazard ratio
for stroke (hazard ratio: 1.49, P=0.04). No significant association
was observed in subjects with low sodium intake (P=0.7). When
we repeated all the analyses using logPRA or logPAC, no significant
associations were found.

CONCLUSION

These results suggest that high ARR, that is, relative aldosterone
excess, is a predictor for stroke under conditions of high sodium
intake.

Keywords: aldosterone-to-renin ratio; blood pressure; hypertension;
relative aldosterone excess; salt-sensitive hypertension; sodium intake;
stroke
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doi:10.1038/ajh.2012.33

Aldosterone is thought to have deleterious effects on the car-
diovascular system through several mechanisms, including
cardiovascular remodeling, endothelial dysfunction, vas-
cular inflammation, and atherosclerosis.l? In fact, patients
with primary aldosteronism have an increased prevalence
of stroke compared with those with essential hypertension.?
Recently, Tomashitz et al.* showed that, even in the absence
of primary aldosteronism, a higher plasma aldosterone con-
centration (PAC) is strongly associated with an increased risk
for stroke mortality. However, their study* was conducted
only in a special population (patients referred for coronary
angiography).

The aldosterone-to-renin ratio (ARR) is believed to be
more reproducible than aldosterone levels alone and could
be an index for inappropriate aldosterone secretion or activ-
ity and salt sensitivity.> Previously, we reported that not
PAC but ARR was significantly associated with a high preva-
lence of hypertension.” Furthermore, the relation between
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ARR and hypertension was strengthened for subjects with
high sodium intake.” Therefore, it could be hypothesized
that ARR may be a more accurate predictor of stroke than
PAC and that the association between ARR and stroke risk
may be more remarkable under conditions of high sodium
intake. :

The objective of this prospective study was to investigate
the risk of ARR for stroke in a general population stratified by
sodium intake.

METHODS

Design. This investigation was a part of the Ohasama study.
Socioeconomic and demographic characteristics of this
region and details of the study project have been described
previously.®® The institutional review boards of Tohoku
University School of Medicine and the Department of Health
of the Ohasama Municipal Government approved the study.

Study population. In Japan, annual health checkups are avail-
able for farmers, the self-employed, pensioners, and depend-
ents aged >35 years. In 1997, the population of Ohasama
included 7,318 subjects. Of those, 4,992 were =35 years, and
2,719 were eligible for a health checkup that year. Subjects (n =
888) who did not undergo a health checkup were ineligible. Of
the 1,831 eligible individuals, 1,346 subjects (74%, mean age:
61.5 + 11.2 years; 65% women) gave informed consent and
participated in the present study. For the current analysis, we
excluded 34 subjects due to insufficient data on nutrient intake
and 42 subjects due to a previous history of stroke at entry.
Purthermore, we excluded 339 subjects treated with antihy-
pertensive drugs because of the effects of antihypertensive
medications on the renin-angiotensin system.!? To eliminate
patients with primary aldosteronism completely, we further
excluded 48 subjects who had ARR 220ng/dl per ng/ml/h.1!
The remaining 883 subjects were followed.

Data collection. Blood for measurement of PRA (ng/ml/h) and
PAC (ng/dl) was drawn with subjects in a sitting position after
~30min rest, between 9 and 11 AM or between 1 and 3 PM; most
subjects had not fasted. Blood was collected in chilled EDTA
tubes, and measured by radicimmunoassay (SRL, Tokyo, Japan)
with the SPAC-S Aldosterone Kit (TFB, Tokyo, Japan) for PAC
and with the plasma renin activity (PRA) “TFB” (TEB) for PRA.
The interassay coefficients of variation were 10.5% at 1.5ng/
ml/h for PRA and 4.55% at 8.98ng/dl for PAC. The intra-assay
coeflicients of variation were 7.78% at 1.25 ng/ml/h for PRA and
4.81% at 8.95 ng/d! for PAC. The lower limits of detections were
0.1ng/ml/h for PRA and 1.0ng/dl for PAC. If the values were
less than the lower limits, PRA and PAC were considered equal
to 0.1ng/ml/h and 1.0 ng/dl, respectively. Hypercholesterolemia
was defined as total cholesterol 5.68 mmol/l (2220 mg/dl), use
of medication for hypercholesterolemia, and/or a history of
hypercholesterolemia. Diabetes mellitus was defined as a fasting
blood glucose level 27.0mmol/l (2126 mg/dl), random blood
glucose level >11.11mmol/l (2200mg/dl), hemoglobin A,
level 26.5%, use of medication for diabetes, and/or a history of
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diabetes mellitus. Blood pressure was measured twice consecu-
tively during the health checkup. Measurements were taken by
nurses or technicians at local medical centers using an automatic
USM-700F sphygmomanometer'? (UEDA Electronic Works,
Tokyo, Japan) based on the Korotkoff sound technique. All
measurements were taken with subjects in the sitting position,
after a minimum 2-min rest. The mean of the two readings was
defined as the blood pressure. Estimated glomerular filtration
rate was estimated from the serum creatinine using a Japanese
equation.

Sodium and potassium intakes. A standardized method was
used to calculate food consumption and related nutrients from
data obtained in a Japanese version of the food-frequency
questionnaire, which asked about the average frequency of
consumption of each food during the previous year.* We pre-
viously confirmed that the food-frequency questionnaire is
reasonably reproducible and comparable with diet records, tak-
ing into account seasonal variations in food consumption. !>
We then estimated sodium and potassium intakes, which were
adjusted for total energy intake using the residual method.
Sodium or potassium intakes were regressed on total energy,
and residuals from the regression line were defined as sodium
or potassium intakes adjusted by the residual method.!® To
assess the reproducibility of the food-frequency question-
naire in a previous study, we calculated correlation coefficients
between two food-frequency questionnaires completed with a
1-year interval.! The correlation coefficient between the two
assessments of sodium chloride was 0.70 after adjustment for
age, gender, and total energy.!*

Follow-up and outcome. Residence in Ohasama (as of
30 November 2010) was confirmed by the residents’ registra-
tion cards. In Japan, these cards are considered accurate and
reliable, because they are used for pensions and social security
benefits. The incidence of stroke until 30 November 2010, was
determined by reviewing the Stroke Registration System of
Iwate Prefecture, death certificates, National Health Insurance
receipts, and questionnaires sent to each household at the
time of health-checkup. This information was then confirmed
by checking the medical charts of Ohasama Hospital, which
is the only hospital in the town and where 290% of subjects
had regular checkups. Almost all stroke cases were admitted
to Ohasama Hospital, where the diagnosis was confirmed by
computed tomography and/or magnetic resonance imaging
of the brain. The diagnostic criteria of stroke subtypes were
based on the Classification of Cerebrovascular Disease III of
the National Institute of Neurological Disorders and Stroke.}”
We defined “cerebral infarction” as ischemic stroke and defined
“intracerebral hemorrhage” and “subarachnoid hemorrhage”
as hemorrhagic stroke. Transient ischemic attacks were not
included in stroke.

Statistical analysis. To analyze the relationship between tertiles
of ARR and subjects characteristics, we compared means and

proportions using analysis of variance and the 2 test for uni-
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