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Ambulatory blood pressure measurement as a predictor of
outcome in an Irish population: methodology for ascertaining

mortality outcome
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Background Ambulatory blood pressure monitoring
(ABPM) has proven to be a superior predictor of morbid
events when compared to clinic or office blood pressure
measurement (CBPM). The purpose of this study was to
evaluate the predictive value of ABPM in a sample of

14 414 people referred for management of cardiovascular
risk.

Methods In this paper we describe the methodology
required to examine mortality outcome in the absence
of a national unique identifier.

Results Using a computerized database of deaths we were
able to establish that 1348 people had died by the end of
the follow-up period (30 September 2002). Sixty-four
percent of deaths were cardiovascular and in 207
subjects who had post-mortem examinations, 78%

were cardiovascular.

Introduction

The higher the blood pressure according to clinic or office
blood pressure measurement (CBPM), the greater the
morbidity and mortality from coronary heart disease,
stroke, heart failure, and renal disease. This positive
continuous relationship between blood pressure and
cardiovascular events has been identified in both men
and women, in younger and older adults, in different
racial and ethnic groups, and in those with and without
coronary heart disease [1]. There is an ongoing debate
concerning the relative value of systolic and diastolic
pressures as prognostic indicators. In subjects older than
50 years, at any given level of systolic blood pressure,
Framingham investigators have reported an inverse
association between diastolic blood pressure and cardio-
vascular risk [2]. However, in the most recent largest
meta-analysis, both systolic and diastolic blood pressures
were found to be independently predictive of stroke and
coronary mortality [3].

There is now evidence that ambulatory blood pressure
monitoring (ABPM) may be a better predictor of outcome
than CBPM. However, despite considerable supportive
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data the role of ABPM is often restricted to certain
clinical situations such as suspected white-coat hyperten-
sion or resistant hypertension [4]. Several outcome
studies on the prognostic value of ABPM have been
published [5-19], all of which indicate that ABPM may
further enhance the assessment of cardiovascular disease.
The objective of this study is to further examine the
relative predictive value of different measures of blood
pressure by accurately defining outcome mortality.

Methods

The Blood Pressure Unit (formerly located at the
Charitable Infirmary and now based at Beaumont
Hospital, Dublin) has been in operation for over 20
years. Using dabl™ software (ECF Medical Ltd, Black-
rock, Co. Dublin, Ireland; www.ecfmedical.com) ABPM
recordings are available on 14414 people referred for
assessment and management of cardiovascular risks. Clinic
or office blood pressure measurement was measured
prior to ABPM by a nurse in accordance with current
recommendations [20]. Ambulatory blood pressure was

measured using validated devices, mostly the Spacel.abs
90207. In addition to ABPM, electrocardiography (ECG),
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urinalysis, biochemistry and measures of target organ
damage were also performed. This information together
with detailed analysis of ABPM parameters is recorded in
the dabl™ program.

In Ireland there is no unique identifier to permit ready
identification of subjects on the death register. To
overcome this deficiency, the following approach was
used. The recently completed computerized database of
the General Register Office, from the Department of
Health and Children which includes names, age at time
of death, date of death and also a copy of the death
certificate of the deceased person, was used to calculate
an approximate date of birth for each person who had
died in Ireland over the past 23 years. Patients on the
dabl™ database were matched with potential matches on
the death registry database using name and similar dates
of birth. A number of further measures were introduced
to increase accuracy; when a first name had different
versions, each name was entered and matches with a
calculated date of birth within one year cither side of a
patient on the dab/™ database were also entered.

This search generated 2813 people from the original
14424 patients on the Zab/® database, who could be
matched to 7225 death certificates. People not matched
to any death certificate were considered to be still alive at
the end of the follow-up period (30 September 2002).
People matched to death certificates were further
examined by including information from hospital records
and family doctors to confirm that death was not
attributed to somebody else of the same name and
similar date of birth.

The cause of death was available on each death certificate
and for those subjects confirmed as dead, the cause of
death was classified in accordance with the International
Classification of Diseases. Where there was doubt as to
the cause, two physicians (A.S. and PMcC.) indepen-
dently reviewed the death certificates and agreed how
death should be classified.

Results

Of the 2813 people matched to death certificates 1348
were confirmed as dead, 1387 were confirmed as alive and
78 people were excluded because of insufficient informa-
tion to ascertain their status. Overall cause of death was
cardiovascular in 64% of cases. Two hundred and seven
people (15%) had post-mortem examinations of which
78% were deemed to be a cardiovascular death. The
causes of death are illustrated in Figure 1.

Discussion

The large number of deaths in this study will allow
powerful detection of associations with blood pressure
parameters and mortality outcome. However, the study
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Causes of death. IHD, ischaemic heart disease; SAH, subarachnoid
haemorrhage; CVS, cardiovascular.

has its limitations. First, the difficulties in determining
the predictive value of investigative variables on a clinical
database with mortality outcome, in the absence of a
national identifier, are considerable. However, a metho-
dology permitting extraction of mortality data for analysis
alongside a clinical database in the absence of a national
unique identifier is described. Though we are certain that
1348 people died, there is probably some error in the
classification of cause of death; for example, 78 subjects
were excluded because of insufficient information and it
is likely that some deaths were not recorded because of
emigration or changes of name through marriage.

Having determined mortality outcome, the next step is to
evaluate ABPM compared to CBPM in predicting
cardiovascular mortality in a large cohort of patients with
cardiovascular disease.

Acknowledgement

We acknowledge with gratitude the assistance of the
General Register Office, Department of Health and
Children. Dublin. Ireland.

References

1 MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J, et al. Blood
pressure, stroke, and coronary heart disease. Part 1. Prolonged differences
in blood pressure: prospective observational studies corrected for the
regression dilution bias. Lancet 1990; 335:765-774.

2 Franklin S, Larson MG, Khan SA, Wong ND, Leip EP, Kannel WB, et al. Does
the relation of blood pressure to coronary heart disease risk change with
aging? The Framingham Heart Study. Circulation 2001; 103:1245-1249.

3 Prospective Studies Collaboration. Age-specific relevance of usual blood
pressure to vascular mortality: a meta-analysis of individual data for one
million adults in 61 prospective studies. Lancet 2002; 360:1903-1913.

4 Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, lzzo JL, Jr,
et al. The seventh report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7
Report. JAMA 2003; 289:25660-2571.

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



Mallion J-M, Baguet J-P, Siché J-P, Tremel F, De Gaudemaris R. Clinical value
of ambulatory blood pressure monitoring. J Hypertens 1999; 17:585-595.
Perloff D, Sokolow M, Cowan R. The prognostic value of ambulatory blood
pressure. JAMA 1983; 249:2792-2798.

Verdecchia P, Schillaci G, Borgioni C, Ciucci A, Porcellati C. Prognostic
significance of the white-coat effect. Hypertension 1997; 29:1218-1224.
Verdecchia P, Schillaci G, Borgioni C, Ciucci A, Pede S, Porcellati C.
Ambulatory pulse pressure: a potent predictor of total cardiovascular risk
in hypertension. Hypertension 1998; 32:983-988.

Verdecchia P, Schillaci G, Gatteschi C, Zampi |, Battistelli M, Bartoccini C,
et al. Blunted nocturnal fall in blood pressure in hypertensive women

with future cardiovascular morbid events. Circulation 1993; 88:

986-992.

Pickering TG, James GD. Ambulatory blood pressure and prognosis.

J Hypertens 1994; 12(Suppl 8):S29-S33.

Khattar RS, Senior R, Lahiri A. Cardiovascular outcome in white-coat versus
sustained mild hypertension: a 10-year follow-up study. Circulation 1998;
98:1982-1987.

Zweiker R, Eber B, Schumacher M, Toplak H, Klein W. Non-dipping related
to cardiovascular events in essential hypertensive patients. Acta Med
Austriaca 1994; 21:86-89.

Staessen JA, Thijs L, Fagard R, O'Brien ET, Clement D, de Leeuw PW, et al.,
for the Systolic Hypertension in Europe (Syst-Eur) Trial Investigators.
Predicting cardiovascular risk using conventional versus ambulatory blood

20

ABPM as a predictor of outcome Dolan et al. 145

pressure in older patients with systolic hypertension. JAMA 1999;
282:539-546.

Yamamoto Y, Akiguchi I, Oiwa K, Hayashi M, Kimura J. Adverse effect of
night-time blood pressure on the outcome of lacunar infarct patients. Stroke
1998; 29:570-576.

Redon J, Campos C, Narciso ML, Rodicio JL, Pascual JM, Ruilope LM.
Prognostic value of ambulatory blood pressure monitoring in refractory
hypertension: a prospective study. Hypertension 1998; 31:712-718.

Imai Y, Ohkubo T, Tsuji I, Nagai K, Satoh H, Hisamichi S, et al. Prognostic
value of ambulatory and home blood pressure measurements in comparison
to screening blood pressure measurements: a pilot study in Ohasama.
Blood Press Monit 1996; 1 (Suppl 2):S51-S58.

Ohkubo T, Imai Y, Tsuji |, Nagai K, Watanabe N, Minami N, et al. Prediction of
mortality by ambulatory blood pressure monitoring versus screening blood
pressure measurements: a pilot study in Ohasama. J Hypertens 1997;
15:357-364.

Ohkubo T, Imai Y, Tsuji I, Nagai K, Watanabe N, Minami N, et al. Relation
between nocturnal decline in blood pressure and mortality: the Ohasama
study. Am J Hypertens 1997; 10:1201-1207.

Verdecchia P, Schillaci G, Borgioni C, Ciucci A, Porcellati C. White-coat
hypertension. Lancet 1996; 348:1444-1445.

O'Brien ET, Petrie JC, Littler WA, De Sweit M, Padfield PL, Dillon MJ,

et al. Blood pressure measurement: recommendations of the British
Hypertension Society (Third edition). London, UK: BMJ Books; 1997.

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



