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Introduccion
Arterial hypertension (AH) is the most prevalent cardiovascular risk factor in Primary Care (PC),
which is the most appropriate and efficient healthcare setting for its detection, diagnosis, treatment,
monitoring and control [1]. Around 20–30% of the population suffers from AH [2]. This is considered
to be a major issue in public health [3] because of the large demand for healthcare that it generates
and the number of visits to the clinic that it involves, resulting in extremely high healthcare costs of
over €318,536  (53,000 million Spanish pesetas in 1997) from prescription of antihypertensive
agents (AHTA) alone [4].
	The single parameter used to diagnose AH is clinical blood pressure (CBP), which is measured in
the doctor’s office with a mercury sphygmomanometer. However, it is known that at least 20% of the
hypertensive patients diagnosed this way are false positives [5]. This is mainly due to the alert
reaction (AR) or white-coat effect in more than 80% of normotensive and hypertensive individuals,
and results in higher CBP values than measurements made outside the healthcare environment
[6,7]. Similarly, during blood-pressure (BP) monitoring, AR means that a large proportion of patients
present falsely elevated BP measurements and are thus classified as having poor hypertension
control. The physician often responds to this by recommending an unnecessary increased frequency
of visits, complementary analytical tests, or even an increase in the number or doses of AHTA,  with
the result that the patient’s quality of life deteriorates [8,9].
	The isolated clinical hypertension (ICH) or white-coat hypertension –poor control of AH with CBP,
but good control with ABPM– can result in a considerable increase in healthcare costs [10,11], and
its detection can reduce drug treatment of mild HBP by up to 75% by avoiding false high blood
pressure measurements that result in increased dosage and/or the association of new AHTA [12].
	These drawbacks of conventional BP monitoring can be reduced by using ABPM, which measures
BP in the individual’s own environment, without the influence of healthcare professionals or setting,
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and does not usually produce AR [6,7,13]. The decision to use 24-hour ABPM to monitor
mild-to-moderate AH should be based on criteria of maximising effectiveness for patients and
minimising costs for the healthcare system [14]. Therefore, this technique can now be described as
clearly advantageous compared with conventional BP measurements, since there is solid evidence
that ABPM is a more sensitive predictor of cardiovascular effects than CBP [15]. In spite of the clear
indications for its use, and for a number of reasons, one of which is cost, it is not currently used
widely enough by healthcare professionals in the PC setting.
	On the basis of the situation described above, a study was designed to compare the cost of an AH
follow-up in PC using the conventional CBP method and 24-hour ABPM (considered gold standard),
and to perform the cost-effectiveness analysis (CEA) of both methods.

Objetivo
To study the cost of the follow-up of hypertension in Primary Care (PC) using clinical blood pressure
(CBP) and ambulatory blood pressure monitoring (ABPM), and to analyze the cost-effectiveness
(CE) of both methods.

Metodos
	Patients
	The study was carried out from November 15, 1999 to April 28, 2003 in a medical doctor\'s office of
the Teaching Medical Centre of La Puebla de Montalban (Toledo, Spain), which serves a population
of 1,776 individuals aged over 17 years (873 males and 903 females), of whom 337 were known
hypertensive patients.
The diagnosis of the AH and the good or bad BP control was based on repeated measurements of
CBP, following the criteria of the sixth report of the Joint National Committee [18].
The inclusion criteria for the study were: a previous diagnosis of AH by repeated measurements of
CBP, age over 17 and under 91 years in both sexes (18-90 years), absence of AHTA, or AHTA
prescribed more than three months before and not modified during the three months prior to
inclusion, and the patient’s consent to participate in the study (verbal informed consent). The
exclusion criteria were: a known diagnosis of malignant or secondary AH, a CBP equal to or higher
than 210 and/or 120 mmHg, onset or modification of antihypertensive treatment during the previous
three months, patient institutionalisation or immobilisation, use of drugs that can affect BP (oral
contraceptives, tricyclic antidepressants, non-steroidal anti-inflammatory agents, sympathomimetics,
nitrates, cyclosporine, erythropoietin etc.), serious concomitant diseases (cancer, organ transplants,
immune deficiencies etc), any acute illness, work shifts that could affect the sleep-wakefulness
rhythm, admission to hospital during the three months prior to the study, atrial fibrillation or others
severe arrhythmias, chronic alcoholism or drug abuse, severe mental or social disorders
incompatible with the performance of ABPM and, finally, the patient’s decision not to participate in
the study [20].
On the other hand, 24-hour ABPM was considered to be valid if at least 70% of the readings were
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correct, at least 50 BP readings were taken, and one per hour while the patient was awake. The
maximum interval between BP readings made by ABPM was two hours. Systolic readings lower
than 70 mmHg or higher than 240 mmHg were considered incorrect. Diastolic readings lower than
40 mmHg or higher than 150 mmHg, pulse pressure above 150 mmHg or lower than 20 mmHg, or a
heart rate greater than 200 beats per minute or slower than 20 beats per minute were not taken into
account [20,21].
Assuming that the hypertensive population is 337 individuals, it was estimated that a minimum
number of 266 patients was required to detect a difference in costs equal to or above €0.4 per
patient/month, with an alpha risk of 0.05 and a beta risk of 0.20 in a one-sided contrast, assuming a
standard deviation of €6.59/month and a reinstatement rate of 16%.
Methodology
The conventional evaluation of the degree of control of AH is by CBP, a method that has also been
used for the previous diagnosis of AH. Therefore, initially, all the patients are diagnosed with AH and
follow an individualized treatment. The strategies analyzed were:
-	Follow-up of CBP every three months. Depending on the results, the treatment is readjusted.
-	As per CBP with ABPM once a year, readjusting the treatment according to the results.
The flow-chart of the different alternatives (the hypertensive patients in both cases were the same)
is shown in Figure 1. Therefore, the differences between the alternatives are in the number of
patients well controlled by both strategies. The difference in resources is due to an annual ABPM in
the second alternative, since the first alternative is also performed in the second strategy to be
indicated in the follow-up of the Prevention Programme for Cardiovascular Diseases of the Toledo
Health Area [22]. 
The CBP measured in the doctor’s office is defined as the average of two blood pressure readings
taken 3-5 minutes apart with a mercury sphygmomanometer, by identifying the systolic and diastolic
BP with the Phase I and Phase V Korotkoff sounds, respectively [17,18].
24-hour ABPM is performed with an automatic oscillometric SpaceLabs 90207 (Ambulatory Blood
Pressure Monitor Model 90207, SpaceLabs Inc., Redmond, Washington, USA), a validated monitor
that fulfils the quality criteria of the relevant United States and British regulatory agencies [21,23-25].
The monitor was programmed in the physician’s office to take a reading every 15 minutes during the
daytime, defined as the period from 07:00 to 23:00 hours and every 30 minutes at night, established
as the period from 23:00 to 07:00 hours. These periods were considered as those that best
represented the daily habits of the population included in the study. 
All the information about the patients included in the study was entered in the database of the
computer programme SPSS 11.5.1 for Windows, which was then used for data analysis. The values
representing the degree of control of CBP or ambulatory BP were presented as percentages with a
95% confidence interval (CI).
Effectiveness
To assess the effectiveness of the treatments, good control of AH was defined as a CBP reading
lower than 140/90 mmHg (<130/85 mmHg in patients with diabetes mellitus, damage of target
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organs or cardiovascular disease) or a daytime average 24-hour ABPM lower than 135/85 mmHg,
according to guidelines [18].
Therefore, the measurement of effectiveness was, by both methods, the well controlled cases. As
the same patients are involved, the absolute number is sufficient, since in both strategies they have
the same total number of analyzed individuals.
Cost analysis
The influence of 24-hour ABPM in the follow-up of hypertensive patients initially diagnosed by CBP
was studied in financial terms by CEA in both methods. Given that the health system is public, the
payer perspective is used, whereby only costs that affect the funder are considered relevant.   
All costs were calculated using the conversion to euro from the peseta rate (166.386 pesetas/€),
with all monetary values expressed in euro from the year 2002 onward, which were used to update
the costs of previous years by means of the Spanish consumer price index.
The estimated costs included for CBP were:
&#61607;	Mercury sphygmomanometer with a muff for obese patients: the calculation of the unit
cost of an examination (€0.03528) is obtained by dividing the value of the equipment in the year
2002 (information facilitated by the Toledo Management of PC) by the number of examinations
carried out in one year (160 monitoring sessions). The amortization period was five years.
&#61607;	Medical and nursing personnel: the annual number of necessary consultations is four for
nursing and two for medicine. 
SOIKOS Company criteria [26] were used for the estimation of the average unit cost of nursing
consultation (€13.86) and medical consultation (€11.23).
The costs of 24-hour ABPM during the year 2002 (Table 1) were calculated by taking into account
all CBP estimated costs, plus all those generated by the monitor needed to make the test, and the
additional consultations that this test shares. Its cost was obtained by dividing the total cost of the
equipment (monitor and accessories) by the number of examinations made in one year (160
monitoring sessions), amortized over five years. The information on the cost of the four batteries/day
required for 24-hour ABPM was provided by the Toledo Regional Health Authorities for PC and the
information about the SpaceLabs 90207 monitor was provided by their official supplier, following the
methodology used previously in an urban study [15].
The average cost in € per visit to the doctor and nurse was estimated according to the values of
those used for CBP by the SOIKOS Company [26]. We added the cost of the two additional visits to
the doctor and nurse required to correctly out ambulatory monitoring carry, to inform and educate
the patient, to fit and take off the monitor and to assess the results. Only one monitoring session
was held per patient/year, and, in accordance with the Prevention Programme for Cardiovascular
Diseases of the Toledo Health Area [22], CBP was used in the final visits of the follow-up.
Summary: the AH follow-up cost per patient during the year 2002 with both methods was calculated
(Table 1) in the following way:
&#61607;	Cost of the CBP per patient / year = (4 x 0.02343) + (4 x 13.86) + (2 x 11.23) = €78 
&#61607;	Cost of the ABPM per patient / year = 4.39 + (4 x 0.02343) + (6 x 13.86) + (4 x 11.23) =
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€132 
In both cases, four CBP measurements with a mercury sphygmomanometer were made, the
difference between both methods being the unit cost of the monitor and the additional medical and
nursing consultations necessary for ABPM (two more for both professionals). The rest of
consultations were equal in both methods.
In the cost analysis only the direct costs were analyzed, since the indirect costs were not relevant
(pensioner population, without losses of work, or significant costs by displacement).

Resultados
Good control of hypertension was achieved in 8.3% with CBP (95% CI, 4.8-11.8) and in 55.6% with
ABPM (95% CI, 49.3-61.9). The cost of one patient with good control of hypertension is almost four
times higher with CBP than with ABPM (€940 vs €238). Reaching the gold standard (ABPM)
involved an after-cost of €115 per patient. The results for a 5% discount rate showed a saving of
€68,883 if ABPM was performed in all the patients included in the study (n=241, €285 per patient).
An analysis of sensitivity, changing the discount rate and life expectancy indicated that ABPM
provides a better cost-effectiveness ratio and a lower global cost. ABPM is more cost-effective than
CBP. However, if we include the new treatment cost of poorly-monitored patients, it is less
cost-effective. Excellent control of hypertension is still an important challenge for all healthcare
professionals, especially for those working in PC, where most monitoring of hypertensive patients
takes place. 

Conclusiones
DISCUSSION
In our study we perform a consecutive sampling that included 70.5% hypertensive patients of a
medical doctor\'s office subjects (241 of 337 known hypertensive patients). Therefore, the results
must be interpreted with caution before to generalize them to the Spanish hypertensive population.
The characteristics of the rural population we studied could have influenced the results since
subjects had an average age of 65 years with a predominance of women. However, these are
typical features of the communities attended in Spanish rural health centres in PC. AR is known to
be greater the more severe the AH, and also in women and the elderly [28,29]. Similarly, in
populations with this profile, there is an increased frequency and demand for medical consultation
that could result in lower estimated costs per visit to the doctor or nurse.
We must point out that the differences between both methods are very high, since 221 total false
and real positives were found in CBP. Nevertheless, other studies that analyze the degree of control
in hypertensive patients have presented similar results with CBP in a population of high average age
and important prevalence of diabetes mellitus type 2, other established cardiovascular risk factors
(dyslipemia, obesity) and cardiovascular diseases, circumstances which, once they are known,
increase BP and might explain the poor control with the conventional measurement [30,31-33]. In
relation to the high average age of the study population, similar results have been published recently
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for the Spanish hypertensive population aged 65 years or older attended in PC [34].
We observed a reduction in direct costs of AH follow-up in PC when 24-hour ABPM was used (Table
6). It was also found that, in similar populations, all the additional costs derived from ABPM (such as
monitoring equipment, batteries, visits to the doctor and nurse), compared with the traditional
method for AH follow-up with a mercury sphygmomanometer, would be paid off after the first year of
follow-up. We must explain that, due to the results shown in Table 6 indicating a total cost of ABPM
greater than that of CBP, we were obliged to carry out an incremental analysis. After studying all
costs, we can say that ABMP presents a better cost-effectiveness ratio.
We were also aware that, in poorly-controlled patients, both in CBP and ABPM, medical procedures,
such as raising the doses of AHTA or adding another drug, should be changed. The latter option is
the most common in medical practice, followed by starting therapy in poorly controlled patients
treated with hygienic and dietetic habits. Therefore, we calculated the treatment cost for
poorly-controlled patients who did not receive pharmacological treatments with either of the methods
(CBP and ABPM).
In patients with poor control of AH with CBP, but good control with 24-hour ABPM, and no
pharmacological treatment (ICH or white-coat AH), due to their uncertain prognosis, more frequent
medical consultations are recommended than for normotensive individuals, and often more
aggressive treatment, which has not been demonstrated to be beneficial and can even result in
adverse reactions when an excessive dose is taken [7,15].
In the literature, some studies have reported different results on the cost-effectiveness of these
methods for measuring BP in AH control. Some authors suggest that both methods have a similar
cost-effectiveness and that the increased costs are compensated by a slight reduction in drug
treatment in 24-hour ABPM [35]. Others suggest that the latter method increases the
cost-effectiveness of AH treatment but reduces healthcare costs after the second year of follow-up
[36]. In this study, a greater reduction was observed in the costs of AH drug treatment than that
recorded in a study of similar design carried out on patients with mild AH in an urban environment in
the Basque Country [15]. This difference could possibly have been influenced, in addition to the
previously-mentioned characteristics of the population, by the preference of physicians in the Toledo
Health Area for prescribing new AHTA [27], a trend observed in the rest of Spain, which would
increase the direct costs of AH drug treatment [30,31,34].
Some of the drawbacks that have been previously associated with 24-hour ABPM, apart from the
discomfort derived from pressure of the cuff (occasionally producing petechiae, ecchymosis, allergic
rash etc.), is the need for specially-trained staff to prepare, fit and operate the equipment, and the
cost of the equipment itself, which is still expensive [7,37]. Nevertheless, in this study, if the degree
of AH control is used as a measure of the effectiveness of the method, the control achieved by
ABPM is significantly more cost-effective than traditional control with CBP and considerably reduces
the number of drug treatments required.
Optimum control of AH is still an important challenge for all healthcare professionals, specially those
working in PC, where most monitoring of AH takes place. The results of this study call for a wider
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use of ABPM in PC, since, as well as being the best technique to correctly assess hypertensive
patients with repeatedly poorly controlled AH, it is significantly more cost-effective than conventional
methods for measuring blood pressure.
The use of 24-hour ABPM considerably reduces the costs of AH follow-up and the initial costs are
paid off in a short time. Moreover, the use of 24-hour ABPM can improve the quality of life of these
patients, by avoiding adverse reactions from overdose with AHTA and unnecessary medical visits
and complementary analytical tests.
Similarly, the results of this study demonstrate that, in population samples with similar
characteristics, ABPM not only has the best cost-effectiveness ratio, but, if we include the cost of
new treatments in poorly-controlled patients, it is cheaper than CBP, with the result that an
incremental analysis is not needed. Moreover, by making a sensitivity analysis and changing the
discount rate and life expectancy, the results show that ABPM is still the method that achieves the
best cost-effectiveness ratios and a total smaller follow-up cost in AH.
To conclude, when used as indicated, ABPM is significantly cheaper and more cost-effective than
the conventional measurement of BP, reduces the cost of AH follow up and improves patients’
quality of life. These circumstances, together with the future application of the European rules in
Spain (Royal Decree 414/1996) banning mercury-containing sanitary apparatus [38], mean that
Healthcare Administrations must implement alternative diagnostic methods such as ABPM in PC as
soon as possible. 
Finally, we think that further research is needed about the ABPM CEA in the Spanish general
hypertensive population.
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