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Purpose: All current recommendations include calcium and vitamin D (Ca–D) as an integrated 

part of osteoporosis treatment. The purpose of this pilot study was to analyze compliance with 

a fixed combination of Ca–D in women persistent with the treatment.

Patients and methods: An observational study was carried out in three osteocenters in the 

Czech Republic. Women with osteoporosis $55 years of age concurrently treated with oral 

ibandronate were eligible. Compliance was evaluated in a period of 3 months by Medication 

Event Monitoring System (MEMS), tablet count, and self-report. Nonpersistence was defined 

as a MEMS-based gap in the use of Ca–D to be 30 days or more.

Results: A total of 73 patients were monitored, of which 49 patients were analyzed (target 

population). Based on MEMS, mean overall compliance was 71%; good compliance ($80%) 

was observed in 59% of the patients. As many as 71% of the patients took drug holidays ($3 

consecutive days without intake); overall compliance of these patients was 59% and was slightly 

lower on Fridays and weekends. Patients without drug holidays were fully compliant (did not 

omit individual doses). Compliance differed according to daily time at which the patients mostly 

used the Ca–D. Afternoon/evening takers showed a mean overall compliance of 82% while 

morning/night takers only 51% (P=0.049). Based on MEMS, tablet count, and self-report, com-

pliance $75% was observed in 59%, 100%, and 87% of the patients, respectively. Outcomes 

obtained by the three methods were not associated with each other. Undesirable concurrent 

ingestion of Ca–D and ibandronate was present only twice.

Conclusion: Despite almost perfect self-reported and tablet count-based compliance, MEMS-

based compliance was relatively poor. Consecutive supplementation-free days were common; 

more than two-thirds of the patients took at least one drug holiday. This pilot study showed 

drug holiday to be the most important type of noncompliance with Ca–D in those who are 

persistent with the treatment.

Keywords: patient compliance, medication adherence, Medication Event Monitoring System 

(MEMS), drug holidays, osteoporosis, calcium supplementation, self-report

Introduction
Osteoporosis is a silent systemic disease characterized by low bone mineral density and 

microarchitectural deterioration of bone tissue with increased fragility of bones. Osteo-

porosis and its consequences are a worldwide concern in the current aged society.1

A variety of treatments are available to prevent and treat osteoporosis. The bisphos-

phonates alendronate, ibandronate, risedronate, and zoledronic acid; raloxifene; agents 

derived from parathyroid hormone; and denosumab and strontium ranelate are most 
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commonly used in Europe.1 All current recommendations 

include calcium and vitamin D (Ca–D) as an integrated part 

of osteoporosis treatment, which determines the success of 

antiresorptive and osteoanabolic therapy. Intakes of at least 

1,000 mg/day of calcium and 800 IU of vitamin D can be 

recommended in the general management of patients with 

osteoporosis.1

Despite ambiguities regarding the most appropriate 

supplementation doses and forms of supplements, com-

bined Ca–D supplements in a daily dose of 0.5–1.2 g and 

400–800 IU, respectively, are generally recommended in 

patients receiving bone protective therapy since the evi-

dence for the efficacy of antiresorptives is mostly based 

on coadministration of Ca–D supplements.1–3 The use of a 

fixed combination of Ca–D in a single tablet should facilitate 

treatment adherence, especially if the patient also receives 

other treatments.3,4

Despite the availability of effective pharmacotherapy, 

approximately 50% patients with osteoporosis do not adhere 

to the treatment regimen and/or discontinue the treatment dur-

ing the first year.1,5,6 There is also a high prevalence of Ca–D 

insufficiency in the elderly.7 Poor adherence to osteoporosis 

medication (compliance and persistence) is associated with 

smaller gains in bone mineral density and a significantly 

greater risk of fracture.1,8 While adherence to bisphosphonates 

has been extensively studied in common clinical practice,5,6 

adherence to supplementation therapy escapes attention.

Supplementation with Ca–D was associated with a 12% 

reduction in the risk of fracture and 24% reduction in the 

risk of fracture in a population with a better adherence to 

the treatment.3 However, adherence to supplementation 

therapy is low even in clinical trials.9 Studies on adherence to 

Ca–D therapy in common practice are rare and are limited to 

persistence,10 simple assessment by patient’s self-report,11,12 

or database-based analysis of administrative data which 

rather reflect co-prescription rate.13 In self-reported studies, 

patient compliance ranges between 30% and 75%.11,12,14 

Determinant factors of adherence to calcium and/or vitamin D 

treatment were patient’s attitude to the treatment, tolerability 

problems with the treatment, and the number of concurrent 

drugs.12 Only one study14 used both objective and subjective 

methods, but it is limited to women initiating antiresorp-

tive therapy. However, the character of noncompliance has 

not been studied in detail. Poor timing compliance such as 

concurrent ingestion of oral bisphosphonate and calcium 

can lead to adverse interaction resulting in significantly 

decreased absorption of the bisphosphonate.1 We have pre-

viously pointed out that compliance with a postdose fasting 

interval could be a particular problem in patients treated 

with ibandronate15 in which the interval of 60 minutes is 

twice as long as in other oral bisphosphonates, alendronate 

and risedronate. Further, taking into account the moderate 

overestimation of adherence by self-report,16 it is important 

to study if self-reported adherence can be used in common 

practice to estimate compliance since it is practical, cheap, 

and suitable to realize in most settings.

The aim of the present analysis was therefore to study 

compliance with a fixed combination of Ca–D in women 

at risk of fracture who are persistent with such treatment. 

The primary objective was to study the character of non-

compliance. The secondary objectives were to compare 

compliance obtained from the three methods, Medication 

Event Monitoring System (MEMS), tablet count, and self-

report, and to study undesirable concurrent ingestion with 

oral ibandronate.

Methods
Study design
An observational pilot study was performed in consecutive 

secondary care female patients at risk of osteoporosis-related 

fracture.

Setting
Study participants were recruited from three outpatient osteo-

centers providing specialized care to patients with osteoporo-

sis in the Czech Republic from May 2013 to October 2014. 

The osteoporosis centers were units of the following hospitals: 

University Hospital in Hradec Kralove, Institute of Rheuma-

tology Prague, and Pardubice Regional Hospital.

Duration of the study
Patients were monitored for 3 months.

Participants
All patients fulfilling the eligibility criteria were asked to par-

ticipate in the study. The inclusion criteria were as follows:

•	 postmenopausal woman older than 55 years;

•	 diagnosis of osteoporosis (measured by dual energy X-ray 

absorptiometry, bone mineral density measurement, 

T-score #-2.5 in the lumbar spine and/or hip region);

•	 current treatment of osteoporosis with oral ibandronate;

•	 treatment with oral bisphosphonate in an osteocenter for 

at least 2 years;

•	 supplementation with a fixed combination of Ca–D, prepa-

ration Caltrate 600 mg/400 IU of vitamin D3 (start or con-

tinuation with the preparation). Only patients indicated for 

the calcium supplementation at the dose contained in one 

tablet, that is, 600 mg of calcium a day, were eligible.
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Exclusion criteria were as follows:

•	 use of a drug dispenser;

•	 failure to adhere to the study protocol;

•	 noninitiation with the Ca–D treatment;

•	 nonpersistence with the Ca–D treatment.

These patients were not the target population of the study 

and were intended to be excluded from the analysis.

Outcome measures
In osteoporosis field, the term adherence is understood as 

both compliance (proximity to treatment recommendation 

often simplified as the number of doses taken divided by the 

number of prescribed doses) and persistence (how long the 

medication is taken).1,17 Based on this concept, we studied 

compliance-related outcomes in persistent patients. Based 

on MEMS data, nonpersistence was defined as a gap in the 

use of Ca–D to be 30 days or more.18,19

Primary outcome
The primary outcome was the character of noncompliance 

which was studied using MEMS. The MEMS is an electronic 

monitoring device intended for providing records on dosing 

history of drugs. The MEMS container consists of a bottle 

and a cap with a microprocessor. The cap registers the date 

and time of each opening of the container. The MEMS-

based measures were adopted from literature and (if needed) 

adjusted to our scenario.20–23

•	 Overall compliance: ratio of the number of container 

openings to the number of prescribed doses. The overall 

compliance can exceed 100%.

•	 Correct dosing (days with correct number of doses, 

ie,  one a day): percentage of the treatment days with 

one container opening. The correct dosing can reach a 

maximum of 100%.

•	 Variability in time of drug intake: Ca–D was used in a 

regular time interval if 75% or more doses were used 

in the same time period, that is, regular takers. Among 

regular takers, we defined four categories. Morning takers 

took more than 75% of doses between 6 am and 12 am, 

afternoon takers between 12 am and 6 pm, evening tak-

ers between 6 pm and 12 pm, and night takers between 

12 pm and 6 am. Participants who could not be classified 

as regular takers were referred to as variable takers.

•	 Single or sequentially missed multiple doses21 were classi-

fied as omissions of a dose on a single day, 2 consecutive 

days, and drug holidays. We defined the omission of a 

dose on a single day (24 hours) as Ca–D-free interval 

from 3 am to 3 pm. A similar rule was used to define the 

omission of more than 1 day (Figure 1).

•	 Drug holidays were defined as a sequence of at least 3 

consecutive days without taking the drug.

Secondary outcomes
We compared compliance (proportion of doses taken) using 

MEMS, tablet count, and patient’s self-report. Further, we 

examined potential concurrent ingestion of ibandronate 

and Ca–D.

Tablet count
After returning the MEMS container, the remaining tablets 

were counted by the researchers. Tablet count was defined 

as the number of tablets taken (not present in the container) 

expressed as the percentage of the correct number of tablets 

advised by the physician for the study period, that is, 

90 tablets.24,25

Figure 1 Medication Event Monitoring System-based record of drug use in a particular patient covering a period of 3 months.
Note: Dots indicate container openings, and columns indicate days without container opening.
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Self-report
Patients responded the following questions in a one-page 

questionnaire:

•	 How often did you take the Caltrate formula in the last 

3 months? Response alternatives were: very often (more 

than 75% of the days), often (51%–75% of the days), 

sometimes (25%–50% of the days), and rarely or not at 

all (less than 25% of the days).

•	 How many times did you miss a dose of Caltrate in the 

last month? (Open question).

Besides the questions on adherence, the questionnaire 

included also questions on the handling of the MEMS con-

tainer, calcium-related gastrointestinal disorders, and the 

knowledge of the recommended daily intake of calcium.

Concurrent ingestion of Ca–D with 
ibandronate
Oral ibandronate should be taken after an overnight fast and 

1 hour before the first food or drink (other than water) of the 

day or any other oral drugs or supplementation (including 

calcium). Calcium supplements are likely to interfere with 

the absorption of ibandronate. Therefore, patients should 

not take other oral drugs for 1 hour following the intake 

of ibandronate. The evaluation of concurrent ingestion of 

ibandronate and Ca–D was based on MEMS time of the use 

of Ca–D and self-reported time of ibandronate use recorded 

in the calendar. The concurrent ingestion was defined as use 

of Ca–D within 1 hour after the use of ibandronate.

Procedure
At baseline, each patient got a MEMS bottle containing 

90 tablets of Ca–D (amount for 3 month-treatment) and a 

simple calendar for recording the use of oral ibandronate 

(the date and time of each use). All patients were instructed 

to take one tablet each day directly from the package and 

to bring the container with the rest of the tablets at the next 

visit. The day after the baseline visit, the patients started to 

be monitored.

At the check-up 3 months later, the patients returned 

the MEMS container, the calendar, and completed the short 

questionnaire. One day before the check-up visit, researchers 

sent a telephone reminder.

Data processing and statistical analysis
Data from the MEMS were transferred into a computer at the 

end of the study periods and processed using the PowerView 

3.5.1 program (Aardex, Zug, Switzerland). All recorded 

container openings were considered to represent a single 

dose event.26

Most variables did not follow a normal distribution 

and therefore nonparametric statistics were applied. The 

associations between variables were assessed using the fol-

lowing tests:

1.	 Kendall correlations for two continuous (ordinal) 

variables.

2.	 Mann–Whitney test for dichotomous and continuous 

(ordinal) variables.

Statistical analyses were calculated using PASW 

software (version 18.0). P,0.05 was considered statistically 

significant.

Ethics
The study protocol was approved by the ethical committees 

of the respective hospitals. Informed consent was required 

from all participants. Neither physicians nor patients were 

informed about individual study outcomes.

Results
Study population
Five patients refused participation in the study. A total of 

73 patients (94% of the target population) were recruited 

and monitored. As many as 24 patients were excluded due 

to prespecified exclusion criteria (Figure 2), and 49 patients 

were available for the analysis.

Basic characteristics of the studied population are 

summarized in Table 1.

Character of noncompliance
No multiple openings within a period of #15 minutes were 

observed. The overall compliance was 71% and the other 

compliance-related outcomes based on MEMS are sum-

marized in Table 2. Characteristics of dosing omissions are 

presented in Figure 3.

Patients without drug holidays were fully compliant 

(overall compliance was 101%), which means they practi-

cally did not omit doses. Overall compliance in patients with 

drug holidays was 59% and was slightly lower on Fridays 

and on weekends (Figure 4).

Periodic patterns in the execution of a dosing regimen 

were also analyzed. Overall compliance differed according to 

the daily time during which patients mostly used the drug (in 

75% of cases or more). The subgroup of afternoon/evening 

takers (N=4/17) showed a mean overall compliance of 82% 

while the subgroup of morning/night takers (N=10/0) only 
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51% (P=0.049). Mean overall compliance in variable takers 

(N=18) was 70% (Figure 5).

Comparison of compliance using MEMS, 
tablet count, and self-report
Categories of overall compliance based on the three methods 

in the whole study period are compared in Figure 6. Mean 

overall compliance in the last month of the study was 72% 

and 97% when using MEMS and self-report, respectively. 

Compliance-related outcomes derived from the three methods 

were not associated with each other.

Concurrent ingestion of ibandronate and 
Ca–D
The concurrent ingestion was recorded only in two patients, 

once in each patient.

Figure 2 Patients excluded from the study and reasons for their exclusion.
Notes: The white arrow indicates patients who did not initiate the treatment (noninitiation) and the red arrows indicate patients who were nonpersistent with the treatment 
(discontinuation within the study period).

Table 1 Characteristics of the study population (N=49)

Age (years)
Mean; median (minimum–maximum)

N=49
70.5; 70.0 (56–86)

How many prescription drugs do you currently take?
Mean; median (minimum–maximum)

N=40
4.7; 5.0 (0–10)

Do you know what your target recommended daily 
intake of calcium is?
Yes; Yes together with a statement of the correct 
answer (%)
No (%)

N=48

47.9; 29.0

52.1
How many calcium formulas have you tried?
Mean; median (minimum–maximum)

N=47
2.1; 2.0 (0–6)

Do calcium formulas cause gastrointestinal disorders 
in you?
Yes (%)

N=48

8.3

Note: N, Number of valid responses to each item.

Table 2 Compliance-related outcomes based on Medication 
Event Monitoring System (N=49)

Overall compliance (%)
Mean; median (minimum–maximum)

71.0; 84.4 (3–107)

Overall compliance in the first month (%)
Mean; median (minimum–maximum)

74.8; 96.7 (3–117)

Overall compliance in the second month (%)
Mean; median (minimum–maximum)

66.7; 80.0 (3–103)

Overall compliance in the third month (%)
Mean; median (minimum–maximum)

71.6; 86.7 (3–107)

Overall compliance $80%, % of patients 59.2

Overall compliance $75%, % of patients 59.2

Overall compliance $67%, % of patients 69.4
Correct dosing (%)
Mean; median (minimum–maximum)

63.0; 73.0 (3–98)

Presence of drug holidays, % of patients 71.4
Longest drug holidays – number of days
Mean; median (minimum–maximum)

10.7; 8.0 (3–29)

Drug holidays longer than 7 days, % of patients 42.9 

Note: Drug holidays, a sequence of at least 3 consecutive days without taking the 
drug. 

Discussion
This was a 3-month prospective study on electronically 

monitored compliance with osteoporosis supplementation 

therapy with retrospective self-evaluation of the compli-

ance. The study was designed to be very close to common 

clinical practice and was focused on compliance with fixed 

combination of Ca–D in persistent female patients only. 

Despite almost perfect self-reported and tablet count-based 

compliance, MEMS-based compliance was relatively poor, 

which stresses the importance of objective methods in the 

measurement of compliance. Compliance better than 80%, 

often referred as cut point of good compliance,5 was achieved 
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more consecutive days without intake) and 43% took drug 

holiday longer than a week. This shows the implementation 

of the dosing regimen, that is, habit of taking once daily one 

tablet is not fixed well in most participants. About half of 

all dose-free days were part of drug holidays. These findings 

made drug holidays a leading problem in compliance with 

Ca–D in persistent patients in our pilot study. Bioavailability 

of oral ibandronate is reduced in the presence of calcium 

which interferes with absorption of ibandronate. Patients 

are probably very well informed and aware of this since 

undesirable concurrent ingestion of ibandronate and Ca–D, 

which can cause an interaction and potentially decrease the 

effect of ibandronate, was rare.

To our knowledge, this is the first study in which patient 

compliance with Ca–D was evaluated by a combination 

of both objective and subjective methods. Electronic 

medication-event monitoring which consists of automatic 

compilation of the time history of each patient’s entry into the 

drug package has been considered to provide the most reliable 

data on compliance.27 However, it is relatively expensive and 

difficult to be used in common clinical practice. Therefore, 

methods that correlate with MEMS and are easier to perform 

can be of great importance for clinical practice.

However, appropriateness of the use of questionnaire 

instruments is sometimes questionable. The differentiation 

between an effect indicator model (all items in an instrument 

measure the same construct) and causal indicator model (the 

items measure unique, additive components of adherence) is 

crucial. Current multi-item tools, that is, validated question-

naires, can raise a question on what is actually measured 

(adherence only or a mixture of adherence, attitudes to 

the treatment, beliefs, preferences, and intentions).28 Our 

particular interest was to formulate simple questions which 
Figure 4 Mean overall compliance according to presence of drug holidays at 
individual weekdays and weekends (%).

Figure 5 Mean overall compliance according to the category of takers at individual 
weekdays and weekends.

Figure 3 Omitted doses within single-day omission, 2-day omission, and drug 
holidays (%); all omitted doses represent 100%.
Note: Drug holidays, a sequence of at least 3 consecutive days without taking the 
drug.

in 60% of participants only. This number seems particularly 

low in the light of the fact that the study focused specifically 

on the implementation component of compliance; noninitia-

tion and early discontinuation which can further decrease 

adherence to the treatment were not studied.20 More than 

two-thirds of patients took at least one drug holiday (3 or 
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express exactly the same measure as MEMS, that is, behavior 

(not intentions or attitudes) and omission of doses in the study 

period. Our questionnaire besides other items contained two 

simple questions on compliance with four response alterna-

tives to avoid central tendency.

Discrepancy between MEMS and the other methods (the 

self-evaluation and tablet count) raises considerations regard-

ing bias. Self-reported questionnaires usually overestimate 

adherence. Based on works of Shi et al,16,29 self-report com-

pared to MEMS overestimates adherence by 10%–20%, but the 

methods are at least moderately correlated with each other.16,24 

The over-reporting is generally attributed to social desirability 

bias and poor recall (for forgotten events). However, our dif-

ference between MEMS and other methods used (self-report 

and tablet count) is even higher, more than 25%. This can be 

explained as follows: 1) social desirability bias regarding self-

report and tablet count is larger than in other similar studies 

and 2) MEMS measurement was free of Hawthorne bias.

1.	 Most studies comparing MEMS and self-report are from 

the USA or focused on the treatment of HIV.16,29 Social 

desirability bias can vary according to the setting, health 

care system, and cultural background. It could be more 

remarkable in post-communist countries and associated 

with perceived paternalism in medical decision making. 

Our present findings are in accordance with former Czech 

studies evaluating patient compliance with chronic condi-

tions directly at clinics. Despite anonymity of the respon-

dent, self-reported quantitative compliance (questions on 

doses used or missed) was almost always very high.15,30–32 

Social desirability is probably the dominant reason why 

our participants not only overrated their compliance by 

the questionnaire, but also spilled tablets out of MEMS 

and returned empty containers in most cases.

2.	 Hawthorne effect refers to those patients who overestimate 

their adherence when they know they are monitored.33 

This is apparent in the study on compliance with car-

diovascular medication; correct dosing was 77% versus 

59% in patients with and without information on the 

purpose of the electronic pillbox, respectively.34 In most 

MEMS-based studies, participants were informed they are 

electronically monitored on medication adherence.23,24,34,35 

MEMS-based adherence in most of these studies was 

relatively close to self-reported adherence.16,23,24 We did 

not arouse the impression of electronically-mediated 

monitoring of compliance, so we believe the Hawthorne 

effect was practically absent in our study. Two studies 

in which monitoring of adherence was not suspected34,35 

also found out larger difference between MEMS-based 

and self-reported adherence; correct dosing of 59% versus 

79%34 and 90% versus 100%,35 respectively.

Our almost perfect self-reported and tablet count-based 

compliance resulted in the uniformity of the respective vari-

ables; therefore, the impact of correlation, which showed no 

relationship among the methods, was weak.

The question remains how to easily and accurately 

estimate quantitative compliance in common practice. Social 

desirability seems to be a leading problem even in anonymous 

questionnaires completed directly at clinics.

In most MEMS-based studies on chronic treatment, 

patient compliance was higher16,23,24,34 than in our study. 

In a few studies, compliance was lower.16,34 Nevertheless, 

our study included persistent patients only.

Figure 6 Categories of overall compliance with calcium/vitamin D supplementation in the cohort of 49 participants in the whole study period (3 months).
Abbreviations: MEMS, Medication Event Monitoring System; TC, tablet count.
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In the study by Vrijens et al,21 almost 5,000 hyper-

tensive patients were monitored for 12 months. As much 

as 43% of doses were omitted within drug holidays. Our 

participants possibly considered their treatment less 

important, like supplementary therapy, and therefore even 

more, half of all doses, were omitted within drug holidays. 

As observed in the study on adherence with mesalazine 

in patients with ulcerative colitis,24 our adherence was 

slightly higher before the check-up visit in the third month 

compared to the second.

In MEMS-based studies, lower adherence to long-

term treatment is observed on weekends and possibly on 

Fridays.21,24,26 In our study, slightly lower overall compliance 

was also observed on Fridays and Saturdays. We suppose that 

Fridays do not fit into the common daily routine, but Sundays 

do, because the patients used Ca–D in the afternoon/evening 

based on their physician’s recommendation.

Patients are usually instructed to use the Ca–D supple-

mentation in the afternoon or evening by a prescribing 

physician. Our MEMS-based data are in accordance with 

the recommendation. Almost a half of patients used the 

supplementation mostly at this daily time; this subgroup, not 

surprisingly, showed better overall compliance. Similarly, 

considering the fact that antihypertensives are mostly recom-

mended to be used in the morning, morning takers were most 

compliant with their treatment in the above mentioned study 

on adherence in patients with hypertension.21

Our pilot study was relatively small, limited by the effort 

to capture as much homogeneous sample of patients as pos-

sible. To limit potential bias, we tried to keep the “natural-

istic” character, that is, to organize the study in a way that is 

as much close to common clinical routine as possible.

Although it is still possible that patients did open the cap 

but did not actually take their medication, the MEMS may 

be less vulnerable to social desirability particularly when 

patients do not suspect they are monitored.

As the participants were recruited directly from the 

osteocenters, they may be more motivated to cooperate with 

physicians. The participants are likely to comply better with 

the treatment regimen than those who refuse participation in 

studies; therefore, patient compliance could be even slightly 

overestimated. Further, the participants were recruited from 

large osteocenters where the most specialized care and inten-

sive counseling is provided.

Conclusion
Good compliance with a fixed combination of Ca–D was 

observed in 60% of persistent participants; consecutive 

supplementation-free days were common making drug 

holidays the most important type of noncompliance in our 

pilot study. In common clinical practice, emphasis should 

be placed on adequate support of compliance and ensuring 

the recommended daily intake of Ca–D in patients at risk 

of osteoporotic fracture. Self-reported evaluation of missed 

doses was highly overestimated and did not provide a real 

picture of patient compliance. A larger study is needed to 

confirm these preliminary findings.
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