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Antihypertensive Treatment

Based on Conventional or Ambulatory
Blood Pressure Measurement
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and Treatment of Hypertension Investigators

Context.—Ambulatory blood pressure (ABP) monitoring is used increasingly in
clinical practice, but how it affects treatment of blood pressure has not been deter-
mined.

Objective.—To compare conventional blood pressure (CBP) measurement and
ABP measurement in the management of hypertensive patients.

Design.—Multicenter, randomized, parallel-group trial.

Setting.—Family practices and outpatient clinics at regional and university hos-
pitals.

Participants.—A total of 419 patients (=18 years), whose untreated diastolic
blood pressure (DBP) on CBP measurement averaged 95 mm Hg or higher, ran-
domized to CBP or ABP arms.

Interventions.—Antihypertensive drug treatment was adjusted in a stepwise
fashion based on either the average daytime (from 10 AM to 8 PM) ambulatory DBP
(n=213) or the average of 3 sitting DBP readings (n=2086). If the DBP guiding treat-
ment was above (>89 mm Hg), at (80-89 mm Hg), or below (<80 mm Hg) target,
1 physician blinded to the patients’ randomization intensified antihypertensive
treatment, left it unchanged, or reduced it, respectively.

Main Outcome Measures.—The CBP and ABP levels, intensity of drug treat-
ment, electrocardiographic and echocardiographic left ventricular mass, symptoms
reported by questionnaire, and cost.

Results.—At the end of the study (median follow-up, 182 days; 5th to 95th per-
centile interval, 85-258 days), more ABP than CBP patients had stopped antihy-
pertensive drug treatment (26.3% vs 7.3%; P<.001), and fewer ABP patients had
progressed to sustained multiple-drug treatment (27.2% vs 42.7%; P<.001). The
finat CBP and 24-hour ABP averaged 144.1/89.9 mm Hg and 129.4/79.5 mm Hg
in the ABP group and 140.3/89.6 mm Hg and 128.0/79.1 mm Hg in the CBP group.
Left ventricular mass and reported symptoms were similar in the 2 groups. The po-
tential savings in the ABP group in terms of less intensive drug treatment and fewer
physician visits were offset by the costs of ABP monitoring.

Conclusions.—Adjustment of antihypertensive treatment based on ABP moni-
toring instead of CBP measurement led 1o less intensive drug treatment with pres-
ervation of blood pressure control, general well-being, and inhibition of left
ventricular enlargement but did not reduce the overall costs of antihypertensive

treatment.
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AMBULATORY MONITORING makes
it possible to record the blood pressure
(BP) throughout the whole day in pa-
tients engaged in their normal activities
and to provide within 24 hours areliable
estimate of their BP.! To acquire the same
information, conventional measure-
ments must be repeated at intervals of a
few weeks.? Furthermore, ambulatory
monitoring is characterized by high re-
producibility,*is not subject to digit pref-
erence and observer bias,?und avoids the
so-called white coat effect,** ie, the tran-
sient rise of a patient’s BP in response
to the clinic surroundings or the pres-
ence of the observer.”

For editorial comment see p 1110.

The growing consensus on diagnostic
thresholds® and the production of na-
tional guidelines’ have paved the way
for the more frequent use of ambulatory
monitoring in clinical practice, although
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at present there is no evidence that pa-
tient care would be improved. The Am-
bulatory Blood Pressure Monitoring and
Treatment of Hypertension (APTH)
trial,’® a randomized study coordinated
in Belgium, tested the hypothesis that
ambulatory monitoring would lead to
less intensive antihypertensive drug
treatment with fewer adverse effects,
while preserving BP control during the
whole day and, hence, the reduction of
left ventricular mass.

METHODS
General Design

The protocol of the multicenter APTH
trial’ was approved by the Ethics Com-
mittee of the University of Leuven. The
trial was conducted according tothe Hel-
sinki Declaration.'' At 47 family practices
and 9 clinics run by internists, the inves-
tigators screened possible participants
among the treated and untreated hyper-
tensive patients. At an initial screening
visit, informed consent was obtained and
all antihypertensive drugs were gradu-
ally discontinued and replaced by 1 pla-
cebo tablet, prescribed once daily in a
single-blind fashion. Approximately 4
and 8 weeks later, the patients were re-
examined. They were eligible to be ran-
domized if, at these 2 visits, the last of 3
consecutive conventional diastolic blood
pressure (DBP)readingsinthe sitting po-
sition averaged 95 through 114 mm Hg.
Patients withahigher DBP also qualified
but were reexamined at shorterintervals
dependingonthe degree ofelevation. The
other selection criteria were 1 minimum
age of 18 years, effective contraceptionin
women of reproductive age, and the pos-
sibility of regular follow-up during the in-
tended study period.

Patients were excludedifstopping an-
tihypertensive drug treatment was con-
traindicated; for example, if patients had
overt heart failure, unstable angina pec-
toris, hypertensive retinopathy stage
111 or IV, orifthey had a history of myo-
cardial infarction or cerebrovascular ac-
cident within 1 year, severe noncardio-
vascular diseases such as cancer or liver
cirrhosis, a serum creatinine concentra-
tion exceeding 133 pmol/L (1.5 mg/dL.),
mental disorders, or addiction to nar-
cotic agents or alcohol. Patients working
night shifts also were not enrolled.

After stratification by center, eligible
patients were randomized at the coordi-
nating office by means of a computerized
random number function. Treatment al-
location was balanced per block of 10 pa-
tients followed at the same center. Pa-
tients were randomized to be treated
based on the average daytime (from 10
AM to 8 PM) ambulatory blood pressure
(ABP group) or the average of 3 sitting
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readings obtained by conventional
sphygmomanometry (CBP group). At
randomization, all patients were started
on 10 mg per day of lisinopril (step 1).
Follow-up visits after randomization
were schednled at 1,2, 4, and 6 months.
At each visit, all patients had both con-
ventional blood pressure (CBP) and
ABP measured. The clinical investiga-
torsrecorded the CBP readings, current
treatment, symptoms, signs, and new di-
agnoses on the study form and trans-
ferred the ABP readings onto a memory
card. Immediately after each visit, these
paper and electronic documents were
mailed to the coordinating office, where
the CBP readings were averaged and
the memory card was decoded. In both
groups, the same standardized treat-
ment regimen was applied with the goal
to reach the same target range of DBP,
ie, 80 through 89 mm Hg.!" The possible
treatment steps at visits 1 through 4 in-
volved increasing lisinopril to its stan-
dard daily dose of 20 mg (step 2), the
addition of 12.5 mg of hydrochlorothia-
zide in the morning (step 3), and the ad-
dition of 5 mg of amlodipine per day (step
4). In patients with known contraindica-
tions to angiotensin-converting enzyme
inhibitors, 50 mg (step 1) or 100 mg (step
2) of atenolol per day was used instead of
lisinopril. If the DBP guiding treatment
was above target (>89 mm Hyg), medical
treatment was intensified by 1 step. If
the DB was within the target range
(80-89 mm Hg), medical treatment was
left unchanged. If the DBP guiding
treatment was below target (<80
mm Hg), medical treatment wasreduced
by 1 step. Inboth treatment groups, the

. level of the target BP and the treatment

steps were the same. This made it pos-
sible for 1 physician at the coordinating
office to make all treatment decisions in
a blinded fashion.

Clinical and Technical Measurements

The CBP (phase V diastolic) was the
average of 3 consecutive readings taken
after the patients had been seated for 5
minutes.? Three additional standing
readings were obtained to exclude or-
thostatic hypotension. Digit preference
was monitored every 6 months. For the
ambulatory measurements, the clinical
investigators used SpaceLabs (Red-
mond, Wash) equipment, consisting of
validated"" oscillometric 90207 moni-
tors and 90239A data interface units, of
which the printing function was dis-
abled. The ambulatory readings were
programmed at 15-minute intervals
from 8 AM to 10 PM and at 30-minute in-
tervals otherwise. Day and night were
defined using fixed-clocktime'' periods,
ranging from 10 AM to 8 PM and from
midnight to 6 AM. Immediately after

each patient had completed the study,
the clinical investigator received the
printouts of all ambulatory recordings,
the corresponding BP statistics, and
guidelines for their interpretation.®

Using a self-administered question-
naire, the patients expressed their
symptoms on a 5-point scale, using as
qualifiers “never,” “a little,” “moder-
ately,” “fairly,” and “very.” The ques-
tionnaire covered neurosensory symp-
toms, such as dizziness, troubled vision,
sleep disturbances, and headache; circu-
latory symptoms, such as palpitations,
hot flashes, and ankle edema; urogenital
disturbances, including sexual dysfunc-
tion, changes of the menstrual cycle, and
disturbed micturition; various com-
plaints related to the upper and lower
gastrointestinal tracts; and disturbances
of the upper and lower airways, includ-
ing cough. The 32 questions were com-
bined into 1 overall and several organ-
specific symptom scores by averaging
the marks of the individual questions.

The intensity of antihypertensive
drug treatment was evaluated by as-
signing a score of 0.5 to a daily dose of
10 mg of lisinopril, 50 mg of atenolol, or
12.5 mg of hydrochlorothiazide; a score
of 1 to a daily dose of 20 mg of lisinopril,
100 mg of atenolol, or 5mg of amlodipine;
and a score of 0 to untreated patients.
Three larger centers located at an aca-
demic center, a regional hospital, and a
family practice were considered to be
representative for the 3 levels of health
care at which the study was conducted.
These 3 centers assessed patient com-
pliance from tablet counts.

Left ventricular mass was measured
noninvasively at the beginning and end of
follow-up. The R waveinleadaVIand the
Sokolow-Lyon index" were measured
from electrocardiograms. For imaging
and Doppler echocardiography, the phy-
sicians referred their patients to regional
clinics or to the University Hospital in
Leuven, Belgium.'"'" Mean left ventricu-
lar wall thickness, echocardiographic left
ventricular mass, fractional shortening,
and the ratio of the peak left ventricular
inflow velocities in early diastole (E) and
at the atrial contraction (A) were deter-
mined according to established conven-
tions™ and formulae.'""'" For analysis, 3
to 5 heart cycles were averaged.

Cost-benefit Analysis

The rates of the Belgian health insur-
ance system were used to estimate the
cost-effectiveness of ABI” monitoring in
comparison with CBP measurement.
Costs and charges are given in US dol-
lars using a conversionrate of 35 Belgian
francs to US $1. Physicians’ [ces aver-
aged $25 per visit. One month of daily
treatment with 20 mg of lisinopril, 100
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Figure 1.—Flowchart of the patients. The Ambula-
tory Blood Pressure Monitoring and Treatment of
Hypertension trial was a biinded randomized com-
parison of antihypertensive drug treatment based
on conventional blood pressure (CBP) or ambula-
tory blood pressure (ABP) measurement. Asterisk
indicates that 1 patient experienced a nonfatal
myocardial infarction, and 1 patient underwent ab-
dominal surgery because of persistent urachus
complicated by paraiytic ileus. Dagger indicates
that 3 ABP patients withdrew because of heart fail-
ure from uncantrolled hypentension, acute myocar-
dial infarction, or depression.

mg of atenolol, 12.5 mg of hydrochloro-
thiazide, or 5 mg of amlodipine were
priced at $38, $21, $2, and $32, respec-
tively. The ABP monitoring, not yet re-
imbursed by the Belgian health insur-
ance system, was budgeted at $30 per
recording, ie, the average charge in
Western European countries.’

Because only at the first follow-up
visit treatments could start to diverge,
the calculations disregarded all earlier
expenses. The other trial visits and the
ABP recordings, in contrast with usual
clinical care, were scheduled regardless
of whether BP was well controlled or not.
Therefore, 2 assumptions were made.
First, if at any visit a patient’s BP re-
mained well controlled sothat no further
treatment adjustment was necessary,
the last treatment adjustment was as-
sumed to be continued for 6 months with-
out further reassessment. Second, the
calculations presumed that patients
whose BP at the end of the trial still ex-
ceeded the target range would be reex-
amined 2 months later. These intervals
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Table 1.—Baseline Characteristics of Patients Randomized to Antihypertensive Drug Treatment Based on
Conventional Blood Pressure (CBP) or Ambutatory Blood Pressure (ABP) Measurements

CBP Group ABP Group

Characteristics {n=206) (n=213) P

Age, mean (SD), y 51.3 (11.9) 53.8 (10.8) .03
Body mass index, mean (SD), kg/m? 28.5(4.8) 28.2 (4.4) .39
Women, No. (%) 102 (49.5) 124 (58.2) .07
Receiving oral contraceptives, No. (%)* 14 (13.7) 10 (8.1) A7
Receiving hormonai substitution, No. (%)* 19 (18.6) 19 (15.3) .51
Previous antihypertensive treatment, No. (%)t 134 (65.0) 139 (65.3) .95
Diuretics, No. (%)* 47 (35.1) 59 (42.4) .26
B-Blackers, No. (%)* 65 (48.5) 80 (57.6) 17
Calcium channel blockers, No. (%)* 45 (33.6) 38 (27.3) .32
Angiotensin-converting enzyme inhibitors, No. (%)* 50 (37.3) 48 (34.5) 72
Muttiple-drug treatment, No. (%)* 62 (46.3) 65 (46.8) .97
Smokers, No. (%) 42 (20.5) 35 (16.4) .29
Alcohol use, Na. (%) 115 (55.8) 102 (47.9) .10
Serum creatinine, mean (SD), ymol/iLt - 85.75 (15.91) 88.4 (16.80) .25
Serum total cholesterol, mean (SD}, mmol/LE 6.00 (1.03) 6.10 (1.19) .32

*Percentages and values of Pcomputed considering only women receiving antihyperiensive drug treatment before

their enroliment.

tDefined as antihypertensive drug treatment within 6 months before the screening visit.
1Divide creatinine by 88.4 and cholesterol by 0.02586 to convert milligrams per deciliter.

were chosenbecause they areinline with
current practice at the University Hos-
pital in Leuven as well as with the me-
dian follow-up in the trial (6 months) and
the median interval between visits
(2 months), respectively.

Statistical Analysis

Database management and statistical
analyses were performed with SAS soft-
ware, version 6.11 (SAS Institute Ine,
Cary, NC). Serial measurements were ana-
lyzed using the difference between the en-
try and the last available measurement as
the main outcome variable.” The between-
group differences in continuous measure-
ments were calculated by subtracting the
mean changes from baseline in the CBP
group from those in the ABP group. Be-
tween-group comparisons involved the
Mann-Whitney rank-sum test for nonnor-
mally distributed data and a ¢ test and
analysis of covariance for normally dis-
tributed variables. Proportions were com-
pared using the x* statistic and longitudi-
nal changes in treatment status by Kaplan-
Meier survival function estimates? and the
log-rank test. The probability that treat-
ment could be stopped was correlated with
several explanatory variables using mul-
tiple logistic regression. Stopping treat-
ment was defined as the discontinuation
of drug treatment at 1, 2, or 4 inonths un-
til the end of the study, because the con-
ventional (CBP group) or the daytime
(ABP group) DBP was less than 80 mm Hg
and thereufter remained at or below the
target level (80-89 min Hg).

RESULTS
Flow of Patients

Of 544 patients enrolied at 56 centers,
419 (77.0%) met the entry criteria and
were randomized (Figure 1). The CBP

patients (n=206) were on average 2.5
years younger (£=.03) than the ABP pa-
tients (n=213) and tended to include
fewer women (49.5% vs 58.2%; P=.07),
but otherwise the 2 gronps had similar
characteristics (Table 1) and BP values
at entry (Table 2). Of the 2029 ambula-
tory registrations, 80.5% were recorded
on weekdays, 9.0% on Saturdays, and
1.5% on Sundays.

Sixteen CBP patients (7.8%) and 14
ARBP patients (6.6%) did not complete
the study because they dropped out
(n=9), experienced an adverse event
(n=5, Figure 1), or missed 1 or more fol-
low-up visits (n=16). In the 419 random-
ized patients, the median follow-up was
182 days (bth to 95th percentile interval,
85-258 days).

Treatment Intensity and BP Control

More ABP patients than CBP patients
could stop antihypertensive drug treat-
ment for the duration of the trial (FFigure
2) because their DBP was less than 80
mm Hg and thereafter stabilized below
orat the target range (26.3% vs 7.3%; 4.7
vs 1.3 patients per 100 followed for
1 month; P<.001). The opposite trend
was observed for palients proceeding
to sustained multiple-drug treatment
(27.2% vs 42.7%; 4.8 vs 8.3 patients per
100 followed for 1 montly;, P<.001). Frrom
the second follow-up visit on, drug treat-
ment became more intense (P<.001) in
the CBP group than the ABP group, al-
thougl patients who continued to re-
ceive antihypertensive drug treatment
received similar daily doses (Table 3). At
the 3 centers that recorded tablet counts,
the CBP patients (n=53) and ARBP pa-
tients (n=50) took the same fraction of
the prescribed doses (89.3% vs 90.1%;
P=.90).
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Table 2.—Blood Pressure at Randomization and at End of Follow-up in the 2 Treatment Groups*
]

CBP Group ABP Group
Blood Pressure {n=206) {n=213) Difference P
Conventional pressure
Systolic, mm Hg
Randomization 164.4 (20.3) 164.9 (20.3) 0.5(-341044) 79
Adjusted changes ~24.1 (1.2) -20.8 (1.2) 33(-0.1106.7) .06
Diastolic, mm Hg
Randomization 104.0 (9.4) 102.9 (8.9) -1.1(-28100.7) .24
Adjusted changes ~14.4 (0.7) -13.0 (0.7) 1.4 (-0.5103.3) 16
24-h pressure
Systolic, mm Hg
Randomization 143.9 (16.3) 142.5 (15.5) ~1.4(-45101.6) .36
Adjusted changes ~15.9 (0.8) ~13.1(0.8) 28(0.6t05.1) 02
Diastolic, mm Hg
Randomization 89.7 (11.1) 88.5(10.4) -1.2(-3.3100.8) 24
Adjusted changes -10.6 (0.5) -9.0 (0.5) 1.6 (0210 3.0) 03
Daytime pressure
Systofic, mm Hg
Randomization 150.7 (16.4) 1489 (15.9) -18( 4910 13) 25
Adjusted changes ~15.6 (0.9) -13.0(0.9) 2.6 {0.2105.0) 04
Diastolic, mm Hg
Randomization 95.6 (11.5) 93.8 (11.1) -1.9(-4.0100.3) 10
Adjusted changes -10.3 (0.6) ~8.8 (0.6) 1.5(-00103.0 .06
Nighttime pressure
Systolic, mm Hg
Randomization 131.4 (18.5) 129.9 (17.1), -15(-4.9102.0) a1
Adjusted changes ~16.7 (1.0) -13.2 (1.0) 3.5(0.8106.3) .01
Diastolic, mm Hg )
Randomization 79.1 (12.5) 78.5(11.8) -06(-29101.7) .62
Adjusted changes -11.3(0.8) —-9.4(0.6) 1.9 (0.210 3.6) .03

*CBP and ABP indicate conventional and ambulatory blood pressure measurement. Mean between-group
differences are given with a 95% confidence interval and a P vaiue. Adjusted change refers to the mean changes
from randomization {SE} to the last follow-up visit adjusted for baseline value, sex, and age. All within-group changes
were significant (P=<.001).

No Medication Multiple-Drug Treatment

75- -
CBP (n-206) ©
50 1
2 i
1%
C
3
£ ABP (n=213)
L
25 p
ABP (n=213)
.
—
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Foliow-up, d

Figure 2.—Kaplan-Meier estimates?' modeling the probability that during follow-up patients would perma-
nently stop antihypertensive drug treatment or would proceed to sustained multiple-drug treatment. The dif-
ferences between the patients randomized to conventional blood pressure (CBP) or ambulatory blood pres-
sure (ABP) measurement were significant {(P<.001).

for the CBP at baseline, sex, and age, the
odds ratio was still 1.8 (95% CI, 1.5-2.3;
P<.001). Inthe latter regression model,
female sex was also associated witha2.6
times (95% CI, 1.2-5.6; P=.02) higher
probability of stopping treatment, but
age and the CBP did not significantly
predict the cessation of antihyperten-
sive drug treatment. [n the CBP group,
the odds ratio associated witha5mm Hg

Further analyses explored whether
sex, age, or the CBP or ABP at random-
ization could predict the permanent dis-
continuation of antihypertensive drug
treatment. In the ABP patients, the
probability of stopping drug treatment
increased 1.9 times for each 5 mm Hg
that the daytime DBP was lower at ran-
domization (95% confidence interval
[CI], 1.6-2.4; P<.001). After accounting
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lower conventional DBP atentry was1.0
(95% CI, 0.7-1.4; P=.99), regardless of
whether the model accounted for the
daytime DBP, sex, and age, Of the latter
3 covariates, none reached statistical
significance. Thus, only daytime ABY
and female sex independently predicted
the cessation of antihypertensive drug
treatment in the ABP group.

The CBPand ABP decreased (P<.001
after randomization(Table 2). At the firs!
follow-up visit, the decreases were the
same in the 2 treatment groups, averag
ing 16.5/10.2 mm Hg for the CBPand 11.2
7.5 mm Hg for the ABP. Thereafter, the
BP reduction tended to be slightly
greater in CBP patients thanin ABP pa
tients (Figure 3). After adjustment for
the baseline BP, sex, and age, the fina
average differences between the 2 treat
ment groups ranged from 2.6 to 3.
mm Hg for systolic blood pressure (SBF
and from 1.4 to 1.9 mm Hg for DBP (Tabl
2). Of the 56 ABP patients in whom dru:
treatment was stopped, 33 (58.9%) main
tained a daytime DBP below 85 mm Hy

Complaints, Adverse Events, and
Left Ventricular Mass

During the follow-up, the averag
{SD) symptom score fell (P<.001) on
5-point scale from 1.62 (0.42) to 1.42(0.3¢
in the CBP group and from 1.61 (0.43) 1
1.43 (0.35) in the ABP group. The b«
tween-group differences were small, a
eraging 0.01 (95% CI, -0.04 to 0.06) :
the last visit. The scores for dizzines
headache, palpitations, ankle edema, an
organ-specific symptoms (see “Met!
ods”) also showed similar trends in the
treatment groups. Major adverse even
occurred in 7 CBP patients and 9 AB
patients (P=.66). Three patients (CP
vs ABP,1vs2)sustained anonfatal my
cardial infarction, 2 patients (1 vs 1) d
veloped heart failure, 6 patients (4 vs
underwent noncardiovascular surger
and 3 patients (1 vs 2) suffered from r
lapsing depression. In the ABP group
patient developed a rash and anoth:
suffered from peptic ulcerations.

Electrocardiograms and imaging a:
Doppler echocardiograms of sufficie
quality were available at the beginni
and end of the study in 353, 309, and 2
patients, respectively (Table 4). At ba:
line, the R amplitude in lead aVI and t
E:Aratio were slightly larger in the Al
group than in the CBP group. Howev:
after adjustment for the baseline valu:
sex, and age, the between-group diffc
ences in the changes in the electrocard
graphic and echocardiographic variab’
were smal! and statistically insignific:
(Table 4). The echocardiographic resu
were not materially altered when t
analyses were confined tothe24 ABP |
tients and the 25 CBP patients who |*
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Table 3.—Antihypertensive Medications in the 2 Treatment Groups*

Score and First Second Third Last
Medications Visit Visit Visit Visit
Trealment score
CBP 0.54 (0.14) 0.77 (0.34) 1.00 (0.48) 1.18 (0.75)
ABP 0.53 (0.16) 0.62 (0.40)t 0.75{0.55)1 0.84 (0.76)1
Lisinopril, mg/d (%)
CcBP 10.0 (95.1) 20.0 (88.9) 20.0(81.9) 20.0(79.1)
ABP 10.0 (95.3) 10.0 (74.2)t 20.0 (68.9)% 20.0 (61.0)t
Atenolol, mg/d (%)
CBP 50.0 (3.4) 50.0 (7.0) 50.0 {12.4) 100.0 (14.1)
ABP 50.0 (4.7) 100.0 (7.7) 50.0 (12.1) 50.0 (14.1)
HCTZ,§ mg/d (%)
cBP 25.0 (0.5) 12.5 {5.0) 12.5(33.7) 12.5 (40.8)
ABP 12.5(1.4) 12.5(2.9) 12.5(22.3)% 12.5 (25.8)t
Amiodipine, mg/d (%)
CBP 5.0 (1.0) 5.0 (1.0 5.0 (3.6) 5.0(17.5)
ABP 0.0 (0.0 5.0 (0.5) 5.0(1.9) 5.0 (9.9}

*CBP and ABP indicate the groups randomized to antihypertensive drug treatment based on conventional or
ambulatory blood pressure measurement. The intensity of antihypertensive treatment was scored by assigning a
value of 1 to equipotent daily doses of various drugs. Values for treatment scores are mean (SD).

1P=<.001.

$P=.01,

§HCTZ indicates hydrochlorothiazide.
[|1P=.05.

been examined at the University Hospi-
tal in Leuven. In this restricted analysis,
left ventricular mass at the end of follow-
up tended to be 40 g (95% CI, -80 to 1;
P=.06) smaller in the ABP patients with
a concurrent reduction of mean wall
thickness by 1.3 mm (95% CI, -2.5 to —0.1
mm; P=.05). Furthermore,in these 49 pa-
tients, thebetween-group differences av-
eraged ~1.4 mm (95% CI, -4.7 to 2.0 mm;
P= 44)fortheleft ventricularinternal di-
ameter, +3.2% (95% CI, -2.4% to 8.8%;
P=27)for fractional shortening, and 0.01
(95% CI1,-0.28t00.29; P=.97) forthe K:A
ratio. The echocardiographic findings in
the ABP patients in whom antihyperten-
sive drug treatment could be perma-
nently stopped were also similar to those
in the remainder of their group.

Costs of Medications and
Follow-up Visits

The costs of the medications amounted
to $4188 and $3390 (P=.001) per 100 CBP
and ABP patients treated for 1 month
(Table 5). The fees of the physicians aver-
aged respectively $1008 and $898 per 100
patient-months (P=.007). However, the
potential savings in the ABP group asso-
ciated with less intensive drug treatment
and fewer physician visits were offset by
the charges of ambulatory monitoring.
Overall, cost-effectiveness was similar in
the 2 treatment groups (Table 5).

COMMENT

Inthis randomized clinical trial, the fi-
nal BP values were slightly higherin ABP
than in CBP patients. The largest differ-
enee (3.5 mm Hg) was observed for SBP
at night, probably because more CBP pa-
tients than ABP patients were receiv-
ing multiple-drug treatment, thereby di-
viding the intake of their medications
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over the whole day. In spite of less in-
tensive drug treatment, BP did not in-
crease beyond control in the ABP pa-
tients, in whom the 24-hour BP at the last
visit averaged 129.4/79.5 mm Hg.

The changes in electrocardiographic
and echocardiographic left ventricular
mass were small and not different in the
2treatment groups of the trial. Previous
antihypertensive treatment, insufficient
duration of active treatment, between-
center variability, and regression to the
mean in the echocardiographic measure-
ments are unlikely to explain the pre-
sent findings. Indeed, in hypertensive
patients in World Health Organization
stages I and I1, 16 weeks of antihyper-
tensive drug treatment started after 4
weeks of placebo were shown to reduce
left ventricular mass by 20 g (P<.001).%
If, after 1 year of active therapy, antihy-
pertensive drug treatment was inter-
rupted, left ventricular mass rose again
in only 3 weeks’ time.# Furthermore,
the present echocardiographic findings
were reproducible when the analysis
was limited to the 49 patients who were
examined at the University Hospital in
Leuven. Other studies at the latter cen-
ter® also showed that left ventricular
mass index (LVMI) remained on aver-
age unchanged when patients were
receiving placebo treatment if the echo-
cardiographic examinations were re-
peated at an interval of 2 to 3 weeks,
regardless of whether all patients (av-
erage LVMI, 3.05 g/kg) or only those be-
longing to the highest quartile (average
LVMI, 3.99 g/kg) were considered in the
analysis. Furthermore, in the present
study, left ventricular mass and mean
wall thickness at randomization were ap-
proximately 15% smaller than in other
trials run exclusively at hypertension
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Figure 3.—The differences (A) in systolic blood
pressure (SBP, top) and diastolic blood pressure
(DBP, bottom) between patients randomized to
treatment based on conventional blood pressure
(CBP) or ambulatory blood pressure {(ABP) mea-
surement. Values are mean with 95% confidence
interval before (left) or after (right) adjustment for
the baseline value, sex, and age. Positive values
indicate lower biood pressure levels in the CBP
group. N indicates the number of subjects at each
follow-up visit in the 2 treatment groups combined.

clinics.® 1t is well known that left ven-
tricular hypertrophy usually regresses
more under antihypertensive drug
treatment when it is initially more pro-
nounced. Moreover, several investiga-
tors found that the left ventricle is not
hypertrophied if the awake? or day-
time® B is less than 133 mm Hg® to 138
mm Hg* systolic or 86 mm Hg® to 89
mim Hg# diastolie, ie, the levels observed
at entry in approximately 25% of the
present patients.

To facilitate extrapolation of results,
current guidelines®# for the diagnosis
and treatment of hypertension were
used. The study subjects were selected
and antihypertensive drug treatment
was initiated based on CBP rather than
ABP measurement. Most patients were
recruited at family practices, but spe-
cialized hypertension clinics also took
part. The choice of the goal BP was an-
other critical point in the design of the
trial. Antihypertensive treatment was
adjusted according to only DBP because
most outcome trials in hypertension®#*
have implemented this option; until re-
cently, the World Health Organization
defined hypertension exclusively on the
basis of DBP 2" and moreover, had both
SBP and DBP been used, the treatment
strategy should have been more com-
plex. For the 2 types of DBP measure-
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ment on which treatinent was based,
the goal level was set at 80 through 89
mm Hg. For conventional sphygmoma-
nomnetry, this range drop coineides with
the recommendations of several expert
committees™* and 2 meta-analyses™
as well as with the levels achieved in a
number of outcome trials.** A consen-
sus on operational thresholds for ambu-
latory monitoring is still growing.™ In 6
reports,*™ the 95th percentile for the
daytiime DBP in normotensive subjects
ranged rom 83 mm Hg™ to 89 mm Hg.*
IFurthermore, if the daytime DBP was
less than 88 mm Hg™ or 90 mm Hg," in-
tensifying antihypertensive drug treat-

ment based on CBP measurements did
not reduce the ABP.

By using ABP monitoring, antihyper-
tensive drug treatment may be post-
poned in 25% of the hypertensive popu-
lation and 1ultiple-drug treatment
avoided in 15%. These findings do not
imply that white coat hypertensive pa-
tients should be left untreatecl, but that
their initial therapy may consist of hy-
gienic measures and regular follow-up.
From a clinical point of view, it would be
relevant to identify in advance those
liypertensive patients in whom drug
treatment would not be iinmediately re-
quired. In an Italian database on ambu-

Table 4.—Electrocardiographic and Echocardiographic Characteristics at Randomization and at End of

Follow-up in the 2 Treatment Groups*

Characteristics CBP Group ABP Group Difference P
Electrocardiographic voltages, No. 171 182 NA NA
R wave in lead avl, mV
Randomization 0.55 (0.31) 0.62 (0.35) 0.07 (0.00 t0 0.14) 03
Adjusled changes 0.01 (0.03) - 0.03 (0.03) -0.02 (-0.0910 0.06) 67
Sokolow-Lyon index, mVt '
Randomization 2.25 (0.69) 237 (0.79) 0.12( 0.04100.28) 14
Adjusted changes ~0.16 {0.05)1 -0.07 (0.05) 0.09 (-0.06 t0 0.23) .25
Echocardiography of the left veniricle, No. 150 159
Mass, g
Randomization 203 (60) 196 (59} 7(-20.0106.0) 33
Adjusted changes --2(5) -6 (5) 4( 18.0t010.0) .56
Mean wall thickness, mm
Randomization 1.1 (2.1) 10.9 (2.0} -0.2{-0610.3) 42
Adjusted changes -0.1(0.2) -0.3(0.2) -0.2(~0.6100.3) 48
End-diastolic internal diameter, mm
Randomization 48.8 (6.2) 48.5(6.1) -0.3(-1.7101.1) 65
Adjusted changes 0.0 (0.5) —0.1(0.5) -0.2(-1.5t01.2) 83
Fractional shortening, %
Randomization 36.1 (9.4) 36.9 (8.5) 0.8(-1.2102.8) A
Adjusted changes 1.5(0.7)§ 21107t 06(-1.3t102.5) 54
E:A ratiof
Randomization 0.95 (0.31) 1.04 (0.37) 0.09 (0.01100.17) 02
Adjusted changes 0.10(0.03)% 0.03(0.03) -0.07(-0.15100.02) 15

*CBP and ABP indicate conventional and ambulatory blood pressure measurement. Adjusted change refers to the
mean changes from randomization (SE) to the last follow-up visit adjusted for baseline value, sex, and age. Mean
belween-graup diflerences are presented with a 95% confidence interval and a P value. NA indicates not applicable.

+Sum of the S wave in lead V, and the tallests of either the R wave in lead V; or V'S’

tP=.01.
§P<.05.

IIThe ratio of the peak inflow velocities in early diastole (E) and at atrial contraction {A) were available in 146 CBP

patients and 143 ABP patients.

latory blood pressure measurement,®
the probability of white coat hyperten-
sion® rose by 10% for each 10-year in-
crement in age and was 40% to 50%
higher in women than in men. For each
10/56 mm Hg rise in the conventionally
measured systolic/diastolic BP, the
probability of white coat hypertension
decreased by 6%/9%.** More impor-
tantly, if the CBP had been recorded at
only 1 visit or if only 2 CBP readings had
been averaged to diagnose hyperten-
sion, the probability of white coat hyper-
tensionrose2-foldto4-fold.® Inthe pres-
ent study, 90% of the patients were 40 to
70 years old. In all patients, the diagno-
sis of hypertension had been confirmed
at the visits at 4 and 8 weeks after initial
screening. Under these circumstances,
age and the conventionally measured BP
did not help in identifying the patientsin
whom antihypertensive drug treatment
would subsequently be interrupted. In
the ABP group, only a lower daytime
DBP and female sex predicted this con-
dition.

The present findings spanned a me-
dian follow-up of only 6 months and re-
quire further validation in long-term
prospective studies.**! Reports by Per-
loffetal ** Mann et al** and Verdecchiaet
al* have already shown that the awake*
and 24-hour BPs® predict cardiovascu-
lar morbidity and mortality, even after
adjustment for the CBP. Verdecchia et
al* found that the incidence of cardio-
vascular events was similar in normo-
tensive subjects and in white coat hy-
pertensive men and women whose day-
time ABP was below 136/87 mm Hg and
131/86 mm Hg, respectively. Further
analyses of the same Italian database
(Progetto Ipertensione Umbria Monito-
raggio Ambulatoriale [PIUMA]J) re-
cently confirmed that the difference be-
tween the clinic and the daytime ABP,
taken as a measure of white coat hyper-
tension, did not predict cardiovascular
morbidity and mortality.®

Table 5.-—Cost-effectiveness Analysis of the Adjustment of Antihypertensive Drug Treatment Based on Ambulatory Blood Pressure (ABP) Instead of Conventional
Blood Pressure (CPB) Measurement

Costs,* §
($ per 100 Patients Treated for 1 mo)
rCBP Group ABP Group Dmerem:;,| Mean Cost-benefit Ratio

Analysis Variables (n=206) (n=213) Mean (SE) (95% Confidence Interval) P
Physician fees 1008 (422) 898 (381) 109 (40) 10.8 (3.0t0 18.7) <.001
Antihypertensive drugs 4187 (2102) 3390 (2011) 797 (205) 19.0 (9.41028.7) 001

Lisinopril 2592 (1088) 2238 (1082) 355 (108) 13.7 (5.5 10 22.0) 001

Atenolol 593 (513) 475 (512) 118 (51) 19.9 (3.0t0 37.0) 02

Hydrochlorothiazide 82 (75) 59 (71) 23 (7) 28.3 (11.110 45.5) .002

Amlodipine 918 (973) 618 (828) 300 (90) 32.7 (13.3t0 51.9) .001
Ambulatory monitoring NA 1078 (457) -1078 (32) NA NA
Total 5194 (2371) 5366 (2567) -172 (247) -3.3(-127106.1) .48

*Absolute costs were converied to US dollars, averaged (SD) per group, and standardized to 100 patients followed up for 1 month. The algorithm assumed that if the blood
pressure was wetl controlled, patients would be followed up at 6-month intervals, and that if the diastalic blood pressure level still exceeded the therapeutic target range at the
end of the study, they would be reexamined after 2 months. Values may not sum because of rounding. NA indicales not applicable.
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Ifbacked up by long-term prospective
outcome studies, these results may have
far-reaching implications. In industrial-
ized countries such as the United
States® or Belgium,* the prevalence of
definite hypertension after adolescence
amounts to nearly 15% of the whole
population, increases curvilinearly with
advancing age,*” and may exceed 30% be-
yond 70 years.”” Among the hyperten-
sives, the prevalence of white coat hy-
pertension varies from 20%** to 35%.%
Extrapolating from the present find-
ings, using ambulatory monitoring as an
accessory to conventional sphygmoma-
nometry would make it possible to save
in 15% of the population up to 20% of the
short-terin health care costs spent in
treating hypertension. However, the
present findings also suggest that the
financial gains achieved by postponing
or avoiding drug treatment may in the
short run be offset by the charges asso-
ciated with ABP monitoring. In particu-
lar, the high costs of the monitoring
equipment make it difficult to iinplement
this technique on a wide scale where it
would be mostly needed, ie, in family
practice, the first line in diagnosing and
treating hypertension. However, self-
measurement of BP*™ using strictly
standardized procedures may provide a
valid and less expensive alternative. In
addition to the cost-benefit ratio, expert
committees advising on the clinical ap-
plication of ABP monitoring would also
have to consider other aspects, such as
cost-effectiveness in terms of the pre-
vention of cardiovascular complications,
the potential of ABP monitoring to en-
hance the quality of life of white coat hy-
pertensive patients, and the amount of
training that would be required to famil-
iarize all levels of the medical profession
with analternative technique of BP mea-
surement.

Inconclusion, the present findings sug-
gestthat adjustment of antihypertensive
treatment based on ABP monitoring in-
stead of conventional sphygmomnanom-
etry may lead toless intensive drug treat-
ment with preservation of BP control,
general well-being, and inhibition of left
ventricular enlargement. On the other
hand, ABP monitoring, at the presently
applied rates, doesnot seem toreduce the
short-term costs of antihypertensive
treatment. Whether these conclusions
would still hold true in the long term, es-
pecially after accounting for morbidity
and mortality, remains to be elucidated.
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ing Investigators. In Belgium: Guido Adriaens,
MD (Neerwinden); Margriet Beenaerts, MD, Staf
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