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Abstract

Objective: There is elevatedmorbidity associatedwith asthma, particularly in developing countries, and failure to

comply with inhaled corticosteroid treatment contributes to this morbidity. The objective of this study is to compare

rates of compliancewithbeclomethasone treatment reportedbyparents or guardianswith thosemeasuredbypharmacy

dispensing records.

Methods: A concurrent cohort study of 12months’ duration was carried out, enrolling 106 asthmatic children and

adolescents, selected at random. Linear regression was used to compare rates of compliance reported by parents or

guardians with the pharmacy dispensing records at the service, every 4 months after enrollment on the study.

Results: Compliance rates reported by parents and/or guardians were always higher (p < 0.001) and exhibited a

weak correlation with pharmacy records during the period studied; fourth (r = 0.37) and twelfth (r = 0.31) months of

follow-up.

Conclusions: The rates of compliance reported by parents were overestimated during all study periods. The

compliance rates of children with asthma should also be monitored by other methods and, in this case, pharmacy

records effectively revealed compliance failures. Given its low cost, this method is indicated for verification of these

compliance rates.
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Introduction

The safety and efficacy of inhaled corticosteroid for the

control of the asthmatic inflammatory process is fully recog-

nized.1,2 However, low rates of compliance with treatment

using thesemedications has beenassociatedwith anelevated

frequency of hospital admissions and visits to emergency ser-

vices.3

There aremanymethods for evaluating whether patients

are using their inhaled corticosteroid, including electronic
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measuring devices, periodic weighing of metered dose inhal-

ers on electronic balances, review of the dispensing records

of pharmacies at health services and the reports of patients

or their parents or guardians.4

Despite the low sensitivity and specificity of rates of com-

pliance reported by parents and/or guardians, this is the

methodmost often used in clinical practice to verify patients’

compliance. In contrast, studies recommend thatmethods be

employed which are objective and of low cost, with emphasis

on the use of records of drug consumption over a period of

time (generally days) that corresponds to thenumber of shots

in an unused inhaler.5,6

We performed a bibliographic search and did not identify

any research into compliance in thepediatric agegroup inBra-

zil.

The objective of this study was to compare rates of com-

pliance with beclomethasone treatment reported by parents

and/or guardians with those measured by the pharmacy at

the service where the study was carried out over 12 months.

Methods

This was a concurrent cohort study of 106 patients diag-

nosed and selected at random at the pediatric pulmonology

clinic at the Campos Sales Healthcare Center (HC), a second-

ary care service affiliated to theMunicipal HealthDepartment

(Secretaria Municipal de Saúde) of Belo Horizonte. This clinic

is a referral center for patients with moderate and severe

asthma and is part of the “Wheezing Child” asthma control

program run in this state capital.

All patients were followed without interruption for 12

months after prescription of beclomethasone. Diagnosis of

asthma and classification of severity was based on the crite-

ria proposed by the Global Initiative for Asthma (GINA).7

Patients

The study enrolled asthmatic children and adolescents

aged 3 to 12 years, who had not previously received inhaled

prophylactic treatment andwho agreed to have theirmedica-

tion exclusively dispensed by the pharmacy at Campos Sales

HC, while the presence of other subjacent diseases or opting

for dispensation at a different pharmacy on the programwere

exclusion criteria.

Procedures

The inhaled corticosteroid chosen as the standard medi-

cation for the “Wheezing Child” was beclomethasone dipropi-

onate, in a 200-dose canister, each shot containing 250 μg of

thedrug. Themedicationwasadministeredusingvalved spac-

ingdevices (Flumax®, FlumaxMedical Equipments, Brazil) fit-

ted to a face mask or mouthpiece, depending on the age of

the patient. Both medication and spacer were provided to

patients free of charge.

Since each canister contained 200 doses and the mean

daily dosewas two shots per day, each inhaler would be emp-

tied, on average, in 3 months and 10 days and, for this rea-

son, it was decided to check compliance after the period

needed to use up all of the doses. All of the patients enrolled

were followed up for 12 months. Two medical consultations

and one assessment by the pharmacist were scheduled in

each four-month period.

In addition to the clinical medical records, a pharmaceu-

tical record was also designed, containing identification data,

information on medication, number of canisters dispensed,

posology, dates of dispensation and return date to collect the

new inhaler. The health center pharmacy would only provide

a new canister when the patient returned the previous one

completely empty.

Rates of compliance were calculated by twomethods and

formulae, as follows:

1) Percentage rate according to the pharmaceutical medical

record, calculated using the following formula: number of

doses dispensed/number of doses that should have been

used between the date the medication was provided and

the actual date of return x 100.8

2) According to the informationprovidedbyparents or guard-

ians: the difference between the number of days onwhich

medication should have been given and the number of

days that the parent or guardian reported it had not been

administered/number of days between the date themedi-

cation was provided and the actual date of return x 100.6

Statistical considerations

Sample size

Estimating a prevalence of reported compliance rate of

90%,6 an alpha error of 5% and a margin of error of ± 3%,

the sample size was calculated as 100 patients. In order to

compensate for possible losses anddropouts, the final sample

included 106 patients, who were selected by simple random

sampling.

Statistical analysis

The dependent variable was the rate of compliance

reported by parents and/or guardians at the fourth, eighth

and twelfth months.

Meanswere calculated togetherwith their respective 95%

confidence intervals. Comparisons between means were

made using Student’s t test for paired samples.

We also employed: 1) Pearson’s correlation coefficient to

evaluate a correlation between the two variables. This coeffi-

cient tells us the degree of association between the two vari-

ables and varies from -1 to +1; 2) simple linear regression,

where the response variable was the rate of compliance

reported by parents and/or guardians, and the independent

variable the rate of compliance measured by pharmacy
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records, providing the angular coefficient and coefficients of

determination. The level of significance was p < 0.05.

Ethical considerations

The study protocol and the informed consent form were

approved by the Research Ethics Committee at the Univer-

sidade Federal de Minas Gerais.

Results

Themajority of the childrenweremale and84.9%of them

presented with the persistent severe form of asthma. The

median age was 70months. At the start of the study the per-

son responsible for 60.4% of the children was the mother

and/or father and passive smoking was present in 62.3% of

homes. Morbidity was elevated, with 83% of the children

reporting exacerbations once or twice amonth before enroll-

ment on the study.

Table 1 contains descriptive characteristics of the patients

at enrollment.

Figures 1 and 2 illustrate the reported compliance and

compliance measure by pharmacy records during the 12

months of follow-up.

Figures 1 and2 illustrate the positive, althoughweak, cor-

relation between the reported compliance rates and those

measured by the pharmacy, demonstrated by the value of

Pearson's correlation coefficient at the fourth (r = 0.37) and

twelfth months (r = 0.31).

It will also be observed, in the adjusted linear regression,

by the angular coefficient, that it is expected that reported

compliance is 0.316 and 0.204 times compliance recorded by

the pharmacy at the fourth and twelfthmonths, respectively,

which confirms that reported compliance is greater than that

measured by the pharmacy.

We observed, by means of the coefficients of determina-

tion (R2), that the variability in compliance in the data from

the pharmacy explains just 14 and 10% of the variation in

reported complianceat the fourthand twelfthmonths, respec-

tively.

Table 2 lists the distribution of compliance rates over the

12 months of follow-up.

There was a statistically significant difference when the

rates obtained from the pharmacy data were compared with

those obtained from parents and/or guardians’ reports for all

periods.

Discussion

This study has demonstrated that rates of compliance, as

measured by pharmacy dispensing records, declined over the

12-month follow-up period and that during this period the

rates reported by parents and/or guardians were always

higher than those recorded by the pharmacist.

The ratesof compliance reportedbyparents and/or guard-

ians began with a mean proportion of 92.4% (95%CI 91.9-

92.8), in the fourth month of the study, remaining high

(93.2%; 95%CI 92.8-93.6) in the twelfth month. In con-

trast, the compliance rates obtained frompharmacy dispens-

ing data began at a mean of 75.4% (95%CI 74.9-75.8) and

reduced to 61.0% (95%CI 60.4-61.6) in the twelfthmonth of

the study.

These results are consistent with the international litera-

ture, which has demonstrated that compliance reported by

parents overestimates compliance rates, and that rates

obtained by more objective methods decline over time. Nev-

ertheless, both suffer certain variations resulting frommethod

of compliance measurement, study design and follow-up

period.

Celano et al. studied 34 African American children for 3

months and did not find agreement between rates measured

Table 1 - Descriptive characteristics of the study sample (n = 106)

Variables n % 95%CI

Median

(amplitude)

Sex

Male 73 68.9

Female 33 31.1

Age group (years) 70 (37-147)

3 to 6 57 53.8

7 to 12 49 46.2

Maternal age (years) 31 (17-48)

17-30 51 48.1

31-48 55 51.9

Child’s guardian

Mother/father 64 60.4

Other 42 39.6

Guardian changed during study?

No 67 63.2

Yes 39 36.8

Passive smoking

Yes 66 62.3

No 40 37.4

Asthma-related variables*

Severe persistent

asthma 90 84.9

Moderate persistent

asthma 16 13.1

Number of exacerbations/month† 2 (1-8)

Once/month 51 48.1

Twice/month 37 34.9

Three or more

times /month 18 17.0

* On enrollment.
† During the 12 months prior to enrollment on the study
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by weighing canisters (44%) and those reported by parents

and guardians (96%).9

Milgromet al. compared data from24 children in the form

of data from diaries and data measured electronically. These

authors found that more than 90% of the patients overesti-

mated their compliance rates during the 4months of study.10

Bender et al., in a prospective study lasting 6months and

involving 27 children, found an electronically measured rate

of compliance of 58%, while rates reported by mothers var-

ied from 70 to 100%.11

Coutts et al. studied 14 children for periods of 2 to 6

months. They found a 52% rate of compliance via electronic

monitoring and, despite the symptoms, parents reported

rates of 90.12

The reported compliance rates that we observed are con-

sistentwith the literaturewith variation between90and96%.

We employed data generated by the pharmacy system in

order to calculate compliance rates. This is amethod that has

been widely used in the literature, providing a good estimate

of true compliance.Nevertheless, it has its limitationsbecause

it assumes administration of the prescribed medication and

that themetered dose aerosolwill be exclusively activated for

the purposes of inhaling the medication and is not applicable

to patients who use dry powder inhalers. Since the method

provides data on the period between the date medication is

provided and the date patients return for more, it does not

inform on the way in which the patient has used the medica-

tion.4

Despite these limitations, the use of data generated by

pharmacy systems is a useful method for detecting patients

with partial compliance and has great potential for assess-

ment of compliance rates in public health. Its limitations are

minimized when the rates of compliance calculated by the

pharmacy system are analyzed in conjunction with clinical

assessment.
4,5

The possibility that patients will acquire their medication

outside of the “ProgramWheezing Child” pharmacy system is

small.3 The children in this study have insufficient family

income to purchase the medication and the inhaled corticos-

teroid dispensation registration system does not allow regis-

tration at more than one pharmacy.

Pearson’s correlation coefficient (r = 0.37).
R2 = 0.14;
R2 adjusted = 13%.

Figure1 - Compliance reportedbyguardians andmeasuredby the
pharmacy after 4 months
Reported compliance (%) = 68.61+ 0.3159 pharmacy
compliance
Pharmacy compliance (%)
Reported compliance (%)

Pearson’s correlation coefficient (r = 0.31).
R2 = 0.10;
R2 adjusted = 8.6%.
R2 = coefficient of determination;
R2 adjusted (coefficient of determination adjusted).

Figure 2 - Compliance reported by guardians and measured by
the pharmacy after 12 months
Reported compliance=80.76+0.2044pharmacy com-
pliance
Pharmacy compliance (%)
Reported compliance (%)

Table 2 - Distribution of mean compliance rates (%) over the 12-month period

Period n Reported compliance (95%CI) Pharmacy compliance (95%CI) p

Fourth month 106 92.4 (91.9-92.8) 75.4 (74.9-75.8) < 0.001

Eighth month 102 91.7 (91.1-92.2) 63.7 (63.1-64.3) < 0.001

Twelfth month 100 93.2 (92.8-93.6) 61.0 (60.4-61.6) < 0.001
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Data provided by parents and/or guardians are recog-

nized in the literature as leading to overestimation of compli-

ance rates. Nevertheless, in routine assessment of children

and adolescents with asthma reported compliance can pro-

vide an idea of patterns of compliance failures, such as for-

getting to administer during weekends or one of the doses

each day, of the number of days on whichmedication has not

been administered andof the reason for not administering it.4

Verification of reported compliance provides an opportu-

nity to encourage compliance individually and strengthen the

doctor-patient relationship. When performed with care it can

provide important information on the pattern of compliance

failures. Furthermore, there is no evidence of compliant

patients who state that they are noncompliant.4

Due to the intense symptomology and the risks associ-

atedwith severeuncontrolledasthma, itmightbe thought that

patients with persistent moderate or severe asthma would

have greater motivation to comply with treatment and not

overestimate their rates. It is possible that, among our

patients, there has been memory bias, however, the overes-

timation by parents of compliance rates cannot be attributed

exclusively to memory bias in view of the large disparity

between the reported rates and thosemeasured by the phar-

macist.

We noticed that a good proportion of the patients classi-

fied as having severe persistent asthma at the start of the

study were controlling their conditions with lower doses than

those prescribed, however, this study was designed to verify

compliance and not the efficacy of dosages with relation to

severity.

In this study, all patients were treated by the same pedi-

atric pulmonologist and by the same nurse. Whenever one of

the children did not attend a consultation, the family was vis-

ited at home in order tomakeanother appointment. Addition-

ally all participants received medication free of charge. Even

so, guardians’ reports overestimated rates of compliance.

Rand et al. stated that reported compliance depends on

the characteristics and attitudes of both physician and

patient.6 It is possible that parents and guardians felt a need

to please the treating team by over estimating compliance

rates. Notwithstanding, the guardians’ reasons for overesti-

mate compliance ratesmust remain in the realms of specula-

tion, since they knew that rates were being monitored by the

pharmacy system. It is probable that research employing

qualitativemethodology can contribute to explaining this phe-

nomenon.

Monitoring compliancewith inhaled corticosteroid therapy

by means of pharmacy records may be an appropriate strat-

egy for increasing rates of compliance and has been recom-

mended by the World Health Organization, since compliance

failures result in elevated social and financial costs, particu-

larly in developing countries.5

This study has practical implications in the context of pub-

lic health inBrazil. For thoseBrazilian citieswhichhaveasthma

control programs and make inhaled corticosteroid available,

pharmacy dispensing records can be used tomonitor compli-

ance, providing the treating team with a more realistic esti-

mate of rates. This measure also makes it possible to detect

patients who do not attend the pharmacy, andwho are there-

fore noncompliant, early on. Pharmacists are the front line in

accessing and monitoring compliance.

In the context of private healthcare, the treating physi-

cian can estimate rates by means of records of the dates on

which medications are bought. The pharmaceutical industry,

in turn, could also contribute to this important task of increas-

ing compliance rates by manufacturing inhalers at an acces-

sible price fittedwith dose counters. This is notmerely in order

to assess the cost benefit-ratio, but primarily to avoid risks

and psychosocial damage to patients with poorly controlled

asthma due to compliance failure.

Measuring compliance rates, particularly when they are

low, is of great importance in the context of the challenge of

raising those rates. However, healthcare professionals must

be aware that the use ofmore objective compliance ratemea-

surement methods will not by itself increase the rates, and

that it is necessary to provide feedback to patients in order

that they have the opportunity to improve their own rates.

In conclusion, data reported by parents and/or guardians

overestimated compliance ratesandmeasurementsbymeans

of the pharmacy systemproved to be easily carried out, effec-

tive, reproducible and of no extra cost. For these reasons this

method should be used tomeasure compliance rates, concur-

rently with clinical assessment of patients.
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