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Abstract: This study was part of monitoring an intervention aimed at developing a general practitioner
cluster (GPC) model of primary healthcare (PHC) and testing its effectiveness in delivering preventive
services integrated into the PHC system. The aim was to demonstrate whether GPC operation
could increase the percentage of drugs actually dispensed. Using national reference data of the
National Health Insurance Fund for each anatomical-therapeutic chemical classification ATC group
of drugs, dispensed-to-prescribed ratios standardized (sDPR) for age, sex, and exemption certificate
were calculated during the first quarter of 2012 (before-intervention) and the third quarter of 2015
(post-intervention). The after-to-before ratios of the sDPR as the relative dispensing ratio (RDR) were
calculated to describe the impact of the intervention program. The general medication adherence
increased significantly in the intervention area (RDR = 1.064; 95% confidence interval (CI): 1.054-1.073).
The most significant changes were observed for cardiovascular system drugs (RDR = 1.062; 95%
CI: 1.048-1.077) and for alimentary tract and metabolism-specific drugs (RDR = 1.072; 95% CI:
1.049-1.097). The integration of preventive services into a PHC without any specific medication
adherence-increasing activities is beneficial for medication adherence, especially among patients
with cardiovascular, alimentary tract, and metabolic disorders. Monitoring the percentage of drugs
actually dispensed is a useful element of PHC-oriented intervention evaluation frames.

Keywords: medication adherence; relative dispensing ratio; primary healthcare; health status
assessment; patient-physician cooperation

1. Introduction

Adherence to medications can be defined as taking medications as prescribed by healthcare
providers [1,2]. Nonadherence to medications can occur when patients delay or do not fill medication
prescriptions, do not take the desired dosage, or decide to discontinue their medications [3].
Nonadherence has been described as a global epidemic [4]. It affects various patient groups,
particularly those with chronic health conditions [5-7]. Approximately one-third of written
prescriptions are not dispensed, and approximately 50% of dispensed medications are not taken
as recommended [8-12].
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Nonadherence has a complex, multifactorial etiology [13-15]. The World Health Organization
(WHO) classifies the factors affecting medication adherence [16] as socioeconomic status (e.g., poverty,
low level of literacy, lack of social support) [17,18], medical conditions (e.g., symptom severity and
disability) [14,19], therapy-related factors (e.g., regimen complexity, duration, and side effects) [8,20],
and healthcare system specialties (e.g., patient—physician relationship, provision of services) [21,22].
The weight of this issue is reflected in the recommendation of the WHO to use the percentage of drugs
actually dispensed as a basic indicator of patient care [23].

The consequences of nonadherence are numerous. It results in accelerated progression
of the disease, avoidable complications, increased hospitalization and disability [24-26],
reduced productivity [4], a lower quality of life, and elevated mortality [13]. Evidently, it increases
healthcare costs enormously [27-33].

Several simple and complex interventions have been tried to improve adherence. Some of the
interventions that have been examined have entailed reducing the number of prescribed drugs and
adjusting the dose [27,34], giving medication reminders and improving medication schedules [35],
and employing educational strategies [8,36,37]. More complex and comprehensive strategies have
also been implemented and tested. Such strategies have included improving the patient-physician
relationship, communication, and trust; expanding and emphasizing the pharmacist role in primary
healthcare [9,27,38]; increasing awareness of the patient regarding his/her disease and medications
[39,40]; controlling medication-related side effects and performing patient habit analyses [26,41];
examining patient motivation, support, and follow-up [8,13,14,42]; and keeping the patient in the core
of the healthcare process and considering his/her feedback [43].

Since adherence is a multifactorial issue, experiences with the limited effectiveness of
unimodal interventions, which target one aspect of nonadherence, are not surprising [40,44].
Multifaceted, comprehensive approaches with strategies designed and tailored to suit individual
patients or groups have been found to be the most effective [12,13,45]. Interventions delivered by
anumber of health professionals, including physicians, pharmacists, nurses, and community healthcare
workers, have been proven to be effective in increasing adherence [46—49].

Additionally, strategies must be simple enough to put into daily practice [50]. Approaches that
focused on patient follow-up have been found to be very effective [51,52]. A key issue is the integration
of approaches that encourage adherence into a healthcare system and services [53].

Unfortunately, there is no gold standard for a comprehensive approach that can be used to
enhance adherence [54]. One meta-analysis of many interventions indicated an increase in adherence
magnitude from 4% to 11% [10].

Objectives

Our investigation was part of monitoring the “Public Health-Focused Model Program for
Organizing Primary Care Services Backed by a Virtual Care Service Center” [55], which is aimed at
developing a general practitioner cluster (GPC) model of primary healthcare (PHC) and testing its
effectiveness in delivering preventive services integrated into the PHC system. The goal of this model,
in line with the recommendations of the WHO [56], was to complete a traditional core PHC team of
one GP and one nurse with other health professionals who were formerly not available at the PHC
level [57,58]. The GPC is a multimodal PHC intervention based on (1) organized, population-level
general health checks implemented by public health experts and nurses to explore unmet needs,
(2) follow-ups of at-risk patients by providing care via the extended PHC team, (3) new services and
nonmedical activities (counseling by a dietitian and psychologist, treatment by a physiotherapist,
supporting patient-GP cooperation with mediators), and (4) supervision by a GP.

Our study aimed to demonstrate whether the GPC operation, which aims to improve the general
effectiveness of a PHC, could increase primary adherence (the percentage of drugs actually dispensed),
thereby reflecting improvement in the quality of patient-GP collaboration.
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2. Methods

2.1. Setting

Typical Hungarian primary healthcare teams (composed of one general practitioner and one
practice nurse) were invited to form GPCs in 2012. The core team was completed with other health
professionals. The GPCs were designed to offer preventive services and health promotion interventions
in addition to the traditionally given curative, acute, and emergency services. GPC composition
and operation rules are summarized elsewhere in detail [57]. Briefly, six core primary healthcare
teams formed one GPC. Each GPC employed 1 dietician, 1 physiotherapist, 1 health psychologist,
1 community nurse, 2 public health specialists, and 12 health mediators. Finally, 4 GPCs were established.
New services of the program were launched in 2014 after elaboration on care protocols, the training of
staff, and the creation of new infrastructures. All adults over 18 years of age whose GPs were involved in
the program were called to participate in an organized health status assessment performed by a public
health specialist and a community nurse. Details of the assessment have been described earlier [59,60].
The importance of the risk factors and/or conditions identified by the health status assessment was
evaluated in a medical risk assessment carried out by a GP. Further, new services of the program
that were not available formerly at the level of PHC included the following: GPs referred patients to
lifestyle counseling and treatment sections provided by physiotherapists, dieticians, psychologists,
and public health specialists to address risk factors and conditions and improve health knowledge and
adherence to medical and health professionals’ advice [61].

2.2. Data Sources

Data on the number of drugs prescribed by the GPs and dispensed to patients during the first
quarter of 2012 (2012Q1, representing the before-intervention status) and the third quarter of 2015
(2015Q3, representing the post-intervention status) were provided by the National Health Insurance
Fund, which is the national institution that contracts with each general medical practice (GMP) of
Hungary. The number of prescriptions and the number of dispensed prescriptions were the subjects
of the analysis. GMP-specific data were stratified by sex, age group (18-19, 20-24, 25-29, ..., 75-79,
80-84, 85-X years), and eligibility for an exemption certificate (through which socioeconomically
disadvantaged patients who require long-term care can get drugs and medical devices free of charge).
This kind of database was prepared for each anatomical-therapeutic chemical classification (ATC) group
of drugs [62]. Groups of “antineoplastic and immunomodulating agents” and “antiparasitic products,
insecticides, and repellents” were not analyzed because these drugs are not typically prescribed by
GPs according to Hungarian rules.

2.3. Statistical Analysis

The amount of prescribed and dispensed drugs and the percentage of dispensed prescribed drugs
(dispensed-to-prescribed ratio, DPR) were calculated for the aggregated intervention population and
for the whole country by ATC group and by sex, age group, and eligibility for an exemption certificate
for the 2012Q1 and the 2015Q3 periods. We used the DPR as a key indicator of patient care to assess
primary adherence to prescribed medications [23].

The sex-, age-, and exemption certificate-specific number of written prescriptions for the
intervention population and national reference DPRs were used to compute the expected number of
dispensed prescriptions for the intervention population (by summarizing the expected number
of dispensed prescriptions across the strata). The ratio of the observed number of dispensed
prescriptions and the total expected number of dispensed prescriptions was computed as the
intervention population-specific standardized DPR (sDPR) for each ATC group.

The ratio of 2015Q3-specific and 2012Q1-specific sSDPRs as the relative dispensing ratio (RDR)
was calculated for each ATC group to describe the impact of the intervention program on the DPR.
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The statistical evaluation was carried out using a 95% confidence interval (95% CI) of the measures.
SPSS version 20 was used to complete the calculation processes.

2.4. Patient and Public Involvement

Although patients” needs and public health importance were investigated in this study,
the development of the research question and study design was carried out without involvement of
the patients and the public. Because aggregated patient data were processed in the statistical works,
the analyses did not require the active contribution of patients or their representatives.

3. Results

There were 33,101 adults older than 18 years in the intervention population. The age distribution
of the intervention population was similar to the national reference before the intervention, but it
deviated from the national reference in a statistically significant manner by the end of the study period.
There was a statistically significant, but not important, overrepresentation of males and individuals
eligible for an exemption certificate in the intervention population. The reference population of adult
Hungarians totaled 7,886,662 and 7,745,112 in the first quarter of 2012 and in the third quarter of 2015,
respectively (Table 1).

Table 1. Demographic composition of the population in the intervention area and Hungary.

Patient Characteristics Intervention Area % (N) Hungary % (N) p-Value *
First quarter of 2012
18-44 46.1% (15,265) 46.5% (3,667,334)
Age group (years) 45-64 33.2% (10,973) 33.0% (2,602,749)  0.340
65 and above 20.7% (6863) 20.5% (1,616,579)
Male 47.9% (15,855) 46.7% (3,679,137)
Sex Female 52.1% (17,246) 53.3% (4,207,525 <0001
. . Yes 5.8% (1933) 3.2% (251,027)
E t tificat
xempthion certiicate 94.2% (31,168) 96.8% (7,635,635 <0001
All together 100% (33,101) 100% (7,886,662) -
Third quarter of 2015
18-44 45.4% (14,690) 44.6% (3,451,254)
Age group (years) 45-64 32.5% (10,499) 33.3% (2,578,267) <0.001
65 and above 22.1% (7133) 22.2% (1,715,591)
Male 47.8% (15,449) 46.7% (3,619,811)
Sex Female 52.2% (16,873) 533% (4,125301) <0001
. . Yes 5.3% (1718) 2.5% (194,678)
E t tificat
xemption certiicate o 94.7% (30,604) 97.5% (7,550,434) <0001
All together 100% (32,322) 100% (7,745112) -

* Chi-squared test.

More than half of this target community (N = 18,833, 57.9%) participated in an organized health
status assessment by the end of 2015Q3. Most of them (95.0%) were referred to GPC-employed health
professionals. Among participants, females (the proportion of females among health check participants
was 59.0%) and older (the proportions of 18-44-, 45-64-, and 65+-year-old participants were 39.2%,
37.5%, and 23.3%, respectively) subjects were overrepresented.

The DPR in Hungary was 69.3% in the first quarter of 2012 and decreased to 60.8% by the third
quarter of 2015. This reduction was observed in each studied socioeconomic stratum and in each
studied ATC group. All of these reductions proved to be statistically significant using a chi-squared
test. The DPR difference between males and females was negligible in both study periods. Being over
65 proved to positively influence the DPR, while the DPR was minimal among middle-aged patients
and the DPR was higher among patients with exemption certificates than among those without
exemption certificates in the studied periods. The highest DPR was observed for anti-infectives for
systemic use (DPRyp1201 = 80.1%, DPRyg1503 = 76.1%). The minimum DPR was registered for the
group of various drugs in 2012Q1 (DPR = 57.6%) and for cardiovascular system drugs in 2015Q3



Int. |. Environ. Res. Public Health 2019, 16, 3797 50f13

(DPR = 55.3%). Differences between DPRs before and after the intervention were statistically significant
across sociodemographic and ATC groups (Table 2).

Table 2. The proportion of dispensed medications prescribed by general practitioners (GPs) in Hungary
in the first quarter of 2012 (before-intervention) and in the third quarter of 2015 (after the program
implementation) by patient sociodemographic characteristic and anatomical-therapeutic chemical
classification (ATC) drug group.

Patient Characteristics and Prescriptions Before Intervention Prescriptions After Intervention
ATC Groups .
Dispensed Dispensed
Written Dispensed Ratio Written  Dispensed P o p-Value *
%) Ratio (%)

18-44 2,879,000 1,952,263 67.8% 2525076 1,529,643 60.6% <0.001
Age group (years)  45-64 11,732,996 7,889,604 67.2% 10,874,787 6,369,987 58.6% <0.001

gf);r/‘j 15190426 10,822,025 71.2% 14,899,896 9,304,872 62.4% <0.001
S Male 11,689,243 8,051,849 689% 11,158,720 6,711,249 60.1% <0.001

X Female 18,113,179 12,612,043 69.6% 17,141,039 10,493,253 61.2% <0.001

Exemption Yes 3,499,275 2,804,373 80.1% 2,709,909 2,054,121 75.8% <0.001
certificate No 26,303,147 17,859,519 67.9%  25589,850 15,150,381 59.2% <0.001
Alimentary tract and 4,831,608 3,504,498 725% 4,596,768 3,042,485 66.2% <0.001
metabolism
Ei;;’i:“d blood-forming 2,187,096 1,636,426 748% 1970831 1,333,257 67.6% <0.001
Cardiovascular system 15,311,478 10,057,565 65.7% 14,642,073 8,094,617 55.3% <0.001
Dermatologic 289,326 189,229 65.4% 300258 176,043 58.6% <0.001
Genitourinary systemand sex 51 643 152,318 723% 219,692 143,770 65.4% <0.001
hormones
Systemic hormonal 323,519 244,649 75.6% 354554 259,049 73.1% <0.001
preparations
Anti-infectives for systemic use 1,208,603 968,386 80.1% 666,892 507,756 76.1% <0.001
Musculoskeletal system 1,851,092 1,324,670 71.6% 2,093,343 1,389,095 66.4% <0.001
Nervous system 1,921,312 1,419,382 739% 15845835 1,255,821 68.0% <0.001
Respiratory system 1,488,397 1,042,395 70% 1448618 901,644 62.2% <0.001
Sensory organs 128,978 95,371 73.9% 97,004 63,204 65.2% <0.001
Various 50,370 29,003 57.6% 63,891 37,761 59.1% <0.001
All together 29,802,422 20,663,892 69.3% 28,299,759 17,204,502 60.8% <0.001

* Chi-squared test.

The registered number of prescriptions and dispensed prescriptions in the intervention population
was 134,470 and 98,213, respectively, for 2012Q1. The observed DPR before the intervention was 73.0%.
The influence of sex and age on the DPR was moderate, while the difference between DPRs for patients
eligible and not eligible for an exemption certificate was statistically significant. The ATC-specific
DPR variability by ATC group was also statistically significant. The highest and lowest DPRs were
observed for systemic hormonal preparations (81.8%) and cardiovascular system drugs (68.8%),
respectively (Table 3).
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Table 3. The proportion of dispensed medications prescribed by GPs in the intervention area before and
after the program implementation by patient sociodemographic characteristic and ATC drug group.

Prescriptions Before Change of

Patient Characteristics and ATC Prescriptions After Intervention

G Intervention Dispensed Ratio
roups
Dispensed Dispensed
Written  Dispensed Ratio Written  Dispensed R P o p-Value *
%) atio (%)
18-44 15,808 11,475 72.6% 15,670 10,425 66.5% <0.001

Age group (years) 45-64 55,673 40,197 72.2% 54,909 36,756 66.9% <0.001

215);:: 62,989 46,541 73.9% 63,110 44,700 70.8% <0.001

Male 51,818 37,999 73.3% 51,349 35,103 68.4% <0.001
Sex Female 82,652 60,214 72.9% 82,340 56,778 69.0% <0.001
Exemption certificate Yes 24,372 20,656 84.8% 22,505 18,617 82.7% 0.077

No 110,098 77,557 70.4% 111,184 73,264 65.9% <0.001
Alimentary tract and metabolism 20,238 15,326 75.7% 20,536 15,336 74.7% 0.356
Blood and blood-forming organs 10,498 8209 78.2% 9908 7569 76.4% 0.272
Cardiovascular system 64,495 44,383 68.8% 65,030 40,319 62.0% 0.000
Dermatologic 1524 1141 74.9% 1695 1189 70.1% 0.231
Genitourinary system and sex 835 661 79.2% 1098 834 76.0% 0.552
hormones
Systemic hormonal preparations 1662 1360 81.8% 1796 1459 81.2% 0.886
Anti-infectives for systemic use 6392 5212 81.5% 3616 2906 80.4% 0.641
Musculoskeletal system 10,083 7627 75.6% 11,773 8679 73.7% 0.215
Nervous system 9192 7133 77.6% 9408 7302 77.6% 0.993
Respiratory system 8667 6530 75.3% 8052 5767 71.6% 0.033
Sensory organs 580 445 76.7% 535 369 69.0% 0.249
Various 304 186 61.2% 242 152 62.8% 0.851
All together 134,470 98,213 73.0% 133,689 91,881 68.7% <0.001

* Chi-squared test to compare dispensed ratio before and after the intervention.

The DPR for after the intervention period was 68.7% (133,689 prescriptions; 91,881 dispensed).
The impact of sex and the eligibility for an exemption certificate showed no change. However, the age
group effects widened considerably. The ranges of the ATC-specific DPR variability and the extreme
groups did not change (from the lowest DPR of 62.0% for cardiovascular system drugs to the highest
DPR of 81.2% for systemic hormonal preparations).

According to the sDPRs, medication adherence was slightly higher in the intervention area
than in Hungary in general for each ATC group. The before-intervention sDPR of 1.042 increased
to 1.108 by the 2015Q3 period. This change in sDPR proved to be significant (RDR = 1.064; 95%
CI: 1.054-1.073; p < 0.001) and corresponded to 5033.2 excess dispensed prescriptions. In the ATC
groups, the most significant changes were observed for cardiovascular system drugs (RDR = 1.062;
95% CI: 1.048-1.077; p < 0.001) and for alimentary tract and metabolism-specific drugs (RDR = 1.072;
95% CI: 1.049-1.097; p < 0.001), corresponding to 2143.5 and 1001.2 excess dispensed prescriptions,
respectively. Significant improvement was observed for nervous system drugs (RDR = 1.082; 95%
CI: 1.047-1.118; p < 0.001), blood and blood-forming organ drugs (RDR = 1.077; 95% CI: 1.044-1.111;
p < 0.001), and musculoskeletal (RDR = 1.041; 95% CI: 1.010-1.074; p = 0.010) drugs (Table 4).
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Table 4. Changes in standardized dispensed-to-prescribed ratio (SDPR) in the intervention area and
the number of excess dispensed prescriptions attributable to the program’s implementation (stratified

by ATC drug group).
ATC Group Before Intervention After Intervention Change of sDPR
sDPR (O/E)* _ Excess sDPR (O/E) Excess — pres(os%cn XSS value
Dispensing Dispensing Dispensing
Alimentary tract 1.035 1.11 1.072
and metabolism (15,326/14,809.5) 5165 (15336/13,8183) 77 (1.049-1.097) 10012 <0.001
Blood and
. 1.042 1.122 1.077
zgﬁjormmg (8209/7878.5) 3305 (7569/6745.6) 8234 (1.044-1.111) 492.9 <0.001
Cardiovascular 1.035 1.099 1.062
system (44383/42,8805) 1002 (40,319/36,673) 3646 (1.048-1.077) 21435 <0.001
. 1.134 1.168 1.031
Dermatologic (1141/1006.4) 134.6 (1189/1017.7) 171.3 (0.950-1.118) 36.7 0.468
Genitourinary
1.087 1.154 1.062
system and sex (661/608) 53 (834/722.4) 111.6 (0.959-1.176) 58.6 0.249
hormones
Systemic hormonal 1.081 1.108 1.025
preparations * (1360/1258.1) 1019 (1459/1316.8) 1422 (0.952-1.104) 403 0.513
Anti-infectives for 1.011 1.052 1.041
systemic use (5212/5157.1) 549 (2906/2763.2) 1428 (0.994-1.089) 87.9 0.086
Musculoskeletal 1.042 1.085 1.041
system (7627/7320.2) 3068 (8679/7999.9) 6791 (1.010-1.074) 372.3 0.010
1.045 1.13 1.082
Nervous system (7133/6828.7) 304.3 (7302/6461.4) 840.6 (1.047-1.118) 536.4 <0.001
. 1.147 1.128 0.983
Respiratory system (6530/5693.2) 836.8 (5767/5113.5) 653.5 (0.949-1.019) -183.4 0.351
1.031 1.048 1.017
Sensory organs (445/431.6) 13.4 (369/352.1) 16.9 (0.886-1.167) 3.6 0.817
. 1.057 1.049 0.993
Various (186/176.1) 99 (152/144.9) 71 (0.801-1.230) 29 0.950
1.042 1.108 1.064
All together ©98213/94,275.9) 271 (91881/829107) 703 (1.054-1.073) 5033.2 <0.001

* (O/E): observed and expected number of dispensed drugs. ** RR = sDPRyter/SDPRpefore.

4. Discussion

4.1. Main Findings

In this study, we estimated the impact of a PHC-level, multifaceted intervention on the
enhancement of primary adherence to prescribed medications. The overall increase in the age-,
sex-, and exemption certificate eligibility-standardized dispensed percentage of prescribed medications
was 6%. Indeed, we observed that the percentage of drugs actually dispensed declined over time
in both the intervention area and in Hungary. However, the decline was sharper in Hungary in
general compared to that in the intervention area. This improvement was a secondary impact of
activities conducted within the project, which aimed primarily to improve health outcomes through
the integration of new primary, secondary, and tertiary preventive services into the PHC system.
The achieved improvement of 6% was somewhat modest, but it fit within the range of 4% to 11%
reported in other studies [10,63]. It seems probable that completing the GPC intervention with the
targeted training modalities would further enhance these achievements.

The most important impacts were observed for cardiovascular system drugs (42.6% excess of
dispensed prescriptions) and alimentary tract and metabolism-specific drugs (19.9% excess of dispensed
prescriptions), which showed that individuals with diseases of higher prevalence and demand on
the PHC workforce were the most responsive to the intervention. This finding suggests that more
intensive care for patients plays a key role in improving primary adherence. The nonspecific nature
of the intervention with respect to medication adherence is supported by the fact that significant
improvements with smaller impacts were also observed in the case of nervous system drugs (10.7%
of excess dispensed prescriptions), blood and blood-forming organ drugs (9.8% of excess dispensed
prescriptions), and musculoskeletal drugs (7.4% of excess dispensed prescriptions).
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These findings are in good concordance with the well-known fact that the patient—provider
relationship is an important predictor of adherence [64,65]. Improved collaboration entails mutual
understanding and creates trust [66-69] that affects patients” beliefs about medications and enhances
adherence [70-72]. In addition, this improved patient-physician relationship may give patients a more
active role in the therapeutic process and in decision-making, taking into account patient perspectives
and eventually leading to enhanced adherence [73].

An important condition of the study was that the DPRs from 2012Q1 and those from the last
available period of 2015Q3 showed remarkable differences in Hungary. The causes of the national
reference data change—controlled for by the study design—were not investigated, but they may be
attributable to seasonal effects, taking into consideration that 2012Q1 included January, February,
and March while 2015Q3 included July, August, and September. They may also be attributable to
a reduced number of patients with an exemption certificate.

4.2. Implications

In fact, there was no training in the GPC intervention to improve the healthcare professionals’
ability to educate patients, support patients psychologically, or organize family support in order to
improve patients’ medication adherence. Our results confirm that an improvement in client-physician
cooperation (e.g., by integrating missing preventive services into a PHC) leads to improved medication
adherence without intentionally targeting this change. Therefore (not debating the importance of
targeted programs to medication adherence [63]), our observations suggest that medication adherence
should be systematically checked by DPR-like indicators in the case of any PHC development project,
since a positive impact on medication adherence can be a secondary effect of any intervention that
influences cooperation between patients and health professionals [74]. It seems that DPR-like measures
can be used as indicators for the effectiveness of cooperation between clients and health professionals.

Exploitation of this opportunity seems to be especially important, since medical doctors have no
proper information on medication nonadherence, and they underestimate the frequency of it [75,76].
Additionally, medical doctors express their need for feedback, and they would like to know whether
their practice needs to be modified or not [77].

Furthermore, currently available information technology (IT) could produce indicators for routine
monitoring without exceptional costs, as demonstrated by our investigation. This could support
general benchmarking activities.

4.3. Strengths and Limitations

This study was a before-after analysis. Therefore, potential confounding factors (socioeconomic
status of participants, symptom severity and disability among participants, available therapeutic tools)
that were not taken into account in the statistical analysis could be considered constants. Using national
reference data, the design of the study made it possible to control for factors that could potentially
influence the DPR and change throughout the country without identifying and quantifying them.
Without this design element, the study could not have been informative regarding the effect of GPCs
on medication adherence.

Although dispensing medications is an initial step in the therapeutic process, it cannot fully
determine whether the patient really uses the medication and follows physician instructions properly.

A person-level linkage between the actually used extra services of a GPC, drug consumption, and
data on prescribed and dispensed medications was not feasible in our investigation. Considering that
more than half of the target population participated in the health status assessment by the end of the
study period and that practically all of these participants were involved in GPC-specific extra care,
approximately half of the target population produced improvement in the intervention area-specific
DPR. The observed impact on medication adherence was an underestimation of the real influence
of a GPC. Consequently, this validity issue did not jeopardize the conclusion on the effectiveness of
the intervention.
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Because we carried out indirect standardization according to the sociodemographic status of
subjects, where the demographic strata-specific redemption could not be quantified, our analysis
could not identify the strata, which were responsible for the 6% increase in the redemption intention.
Furthermore, mechanisms eliciting the reported enhancement of adherence were not studied in our
investigation, since adherence enhancement was not among the program’s objectives and the monitoring
did not cover this question. Additional investigations are needed to identify the beneficial changes.

5. Conclusions

Altogether, our observations demonstrate that the integration of preventive services into
a PHC (by ensuring the necessary capacity and elaborating on new protocols) is beneficial for
medication adherence, especially among patients with cardiovascular, alimentary tract, and metabolic
disorders. The 6% enhancement in the percentage of drugs actually dispensed that was achieved
in our GPC-based intervention without any specific medication adherence-increasing activities
corresponded to, but did not exceed, the published range of achievements of targeted and multifaceted
adherence-increasing interventions.

Considering the high impact and the multifactorial (but not properly explored) nature of medication
adherence, monitoring the percentage of drugs actually dispensed seems to be a rational element of
PHC-oriented intervention evaluation frames. Moreover, this indicator should be used in general
monitoring of PHCs to support benchmarking. Our findings emphasize that the WHO recommendation
for applying the percentage of drugs actually dispensed as a routine indicator should be considered
more seriously: the measure of “percentage of drugs actually dispensed” could be a useful indicator of
the effectiveness of client-PHC provider collaboration.

Author Contributions: N.H. prepared the literature review, analyzed and interpreted the data, and prepared the
paper; LK. and M.P. prepared the primary database; A.C. interpreted the results and finalized the manuscript;
and R.A. and J.S. elaborated on the design, conceived and interpreted the results, and finalized the manuscript.
All authors read and approved the final manuscript.

Funding: The reported study was carried out in the framework of the “Public Health-Focused Model Program
for Organizing Primary Care Services Backed by a Virtual Care Service Center” (SH/8/1). The Model Program is
funded by the Swiss Government via the Swiss Contribution Program (SH/8/1) in agreement with the government
of Hungary. An additional source of funding was from the GINOP-2.3.2-15-2016-00005 project, which was
cofinanced by the European Union and the European Regional Development Fund, and from the Stipendium
Hungaricum Scholarship Program (grant 124219 to NH).

Conflicts of Interest: The authors declare no conflicts of interest.

Ethics Approval and Consent to Participate: According to Hungarian legislation, there was no need for ethical
approval to implement the secondary analysis of the study.

Data Availability: The datasets used and/or analyzed during the current study are available from the corresponding
author upon reasonable request.

List of Abbreviations

95% CI: 95% confidence interval; ATC: anatomical therapeutic chemical; DPR: dispensed-to-prescr ibed ratio;
GMP: general medical practice; GP: general practitioner; GPC: general medical practice cluster; PHC: primary
healthcare; RDR: relative dispensing ratio; sDPR: standardized dispensed-to-prescribed ratio; WHO: World
Health Organization.

References

1. Vrijens, B.; De Geest, S.; Hughes, D.A.; Przemyslaw, K.; Demonceau, J.; Ruppar, T.; Dobbels, F; Fargher, E.;
Morrison, V.; Lewek, P; et al. A new taxonomy for describing and defining adherence to medications. Br. J.
Clin. Pharmacol. 2012, 73, 691-705. [CrossRef] [PubMed]

2. Gwadry-Sridhar, FH.; Manias, E.; Lal, L.; Salas, M.; Hughes, D.A.; Ratzki-Leewing, A.; Grubisic, M.
Impact of Interventions on Medication Adherence and Blood Pressure Control in Patients with Essential
Hypertension: A Systematic Review by the ISPOR Medication Adherence and Persistence Special Interest
Group. Value Health 2013, 16, 863-871. [CrossRef] [PubMed]


http://dx.doi.org/10.1111/j.1365-2125.2012.04167.x
http://www.ncbi.nlm.nih.gov/pubmed/22486599
http://dx.doi.org/10.1016/j.jval.2013.03.1631
http://www.ncbi.nlm.nih.gov/pubmed/23947982

Int. |. Environ. Res. Public Health 2019, 16, 3797 10 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bidwal, M,; Lor, K;; Yu, J.; Ip, E. Evaluation of asthma medication adherence rates and strategies to improve
adherence in the underserved population at a Federally Qualified Health Center. Res. Soc. Adm. Pharm.
2017, 13, 759-766. [CrossRef] [PubMed]

Conn, V.S.; Ruppar, T.M.; Enriquez, M.; Cooper, P. Medication adherence interventions that target subjects
with adherence problems: Systematic review and meta-analysis. Res. Soc. Adm. Pharm. 2016, 12, 218-246.
[CrossRef] [PubMed]

Nair, K.V.; Belletti, D.A.; Doyle, J.J.; Allen, R.R.; McQueen, R.B.; Saseen, J.J.; Griend, J.V.; Patel, ].V,;
McQueen, A.; Jan, S. Understanding barriers to medication adherence in the hypertensive population by
evaluating responses to a telephone survey. Patient Prefer. Adherence 2011, 5, 195-206. [CrossRef] [PubMed]
Tamblyn, R; Eguale, T.; Huang, A.; Winslade, N.; Doran, P. The incidence and determinants of primary nonadherence
with prescribed medication in primary care: A cohort study. Ann. Intern. Med. 2014, 160, 441-450. [CrossRef]
[PubMed]

Vervloet, M.; Van Dijk, L.; Santen-Reestman, J.; Van Vlijmen, B.; Bouvy, M.L.; De Bakker, D.H. Improving
medication adherence in diabetes type 2 patients through Real Time Medication Monitoring: A Randomised
Controlled Trial to evaluate the effect of monitoring patients” medication use combined with short message
service (SMS) reminders. BMC Health Serv. Res. 2011, 11, 5. [CrossRef] [PubMed]

Kuntz, J.L.; Safford, M.M.; Singh, J.A.; Phansalkar, S.; Slight, S.P.; Her, Q.L.; Lapointe, N.A.; Mathews, R.;
O’Brien, E.; Brinkman, W.B.; et al. Patient-centered interventions to improve medication management and
adherence: A qualitative review of research findings. Patient Educ. Couns. 2014, 97, 310-326. [CrossRef]
Banning, M. A review of interventions used to improve adherence to medication in older people. Int. |.
Nurs. Stud. 2009, 46, 1505-1515. [CrossRef]

Peterson, A.M.; Takiya, L.; Finley, R. Meta-analysis of trials of interventions to improve medication adherence.
Am. ]. Health Pharm. 2003, 60, 657-665. [CrossRef]

Brown, M.T.; Bussell, ].K. Medication adherence: WHO cares? Mayo Clin. Proc. 2011, 86, 304-314. [CrossRef]
[PubMed]

Viswanathan, M.; Golin, C.E.; Jones, C.D.; Ashok, M.; Blalock, S.J.; Wines, R.C.; Coker-Schwimmer, E.].L.;
Rosen, D.L.; Sista, P.; Lohr, K.N. Interventions to improve adherence to self-administered medications for
chronic diseases in the United States: A systematic review. Ann. Intern. Med. 2012, 157, 785-795. [CrossRef]
[PubMed]

Varshney, U. Smart medication management system and multiple interventions for medication adherence.
Decis. Support Syst. 2013, 55, 538-551. [CrossRef]

Ferdinand, K.C.; Senatore, EE,; Clayton-Jeter, H.; Cryer, D.R.; Lewin, ].C.; Nasser, S.A.; Fiuzat, M.; Califf, R M.
Improving Medication Adherence in Cardiometabolic Disease: Practical and Regulatory Implications. J. Am.
Coll. Cardiol. 2017, 69, 437-451. [CrossRef] [PubMed]

Gupta, V.; Hincapie, A.L.; Frausto, S.; Bhutada, N.S.; Information, PE.K.F.C. Impact of a web-based
intervention on the awareness of medication adherence. Res. Soc. Adm. Pharm. 2016, 12, 926-936. [CrossRef]
[PubMed]

WHO. Adherence to Long-Term Therapies: Evidence for Action; World Health Organization: Geneva, Switzerland, 2003.
Laba, T.-L.; Bleasel, J.; Brien, J.-A.; Cass, A.; Howard, K.; Peiris, D.; Redfern, J.; Salam, A.; Usherwood, T.;
Jan, S. Strategies to improve adherence to medications for cardiovascular diseases in socioeconomically
disadvantaged populations: A systematic review. Int. ]. Cardiol. 2013, 167, 2430-2440. [CrossRef] [PubMed]
Phatak, HM.; Thomas, J., 3rd. Relationships between beliefs about medications and nonadherence to
prescribed chronic medications. Ann. Pharmacother. 2006, 40, 1737-1742. [CrossRef] [PubMed]

Kardas, P.; Lewek, P.; Matyjaszczyk, M. Determinants of patient adherence: A review of systematic reviews.
Front. Pharmacol. 2013, 4, 91. [CrossRef] [PubMed]

Aronson, J.K. Compliance, concordance, adherence. Br. . Clin. Pharmacol. 2007, 63, 383-384. [CrossRef]
[PubMed]

Hsu, C.; Lemon, ].M.; Wong, E.S.; Carson-Cheng, E.; Perkins, M.; Nordstrom, M.S.; Liu, C.-E; Sprague, C.;
Bryson, C.L. Factors affecting medication adherence: Patient perspectives from five veterans affairs facilities.
BMC Health Serv. Res. 2014, 14, 533. [CrossRef]

Lam, W.Y.; Fresco, P. Medication Adherence Measures: An Overview. BioMed Res. Int. 2015, 2015, 1-12.
[CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.sapharm.2016.07.007
http://www.ncbi.nlm.nih.gov/pubmed/27595427
http://dx.doi.org/10.1016/j.sapharm.2015.06.001
http://www.ncbi.nlm.nih.gov/pubmed/26164400
http://dx.doi.org/10.2147/PPA.S18481
http://www.ncbi.nlm.nih.gov/pubmed/21573051
http://dx.doi.org/10.7326/M13-1705
http://www.ncbi.nlm.nih.gov/pubmed/24687067
http://dx.doi.org/10.1186/1472-6963-11-5
http://www.ncbi.nlm.nih.gov/pubmed/21219596
http://dx.doi.org/10.1016/j.pec.2014.08.021
http://dx.doi.org/10.1016/j.ijnurstu.2009.03.011
http://dx.doi.org/10.1093/ajhp/60.7.657
http://dx.doi.org/10.4065/mcp.2010.0575
http://www.ncbi.nlm.nih.gov/pubmed/21389250
http://dx.doi.org/10.7326/0003-4819-157-11-201212040-00538
http://www.ncbi.nlm.nih.gov/pubmed/22964778
http://dx.doi.org/10.1016/j.dss.2012.10.011
http://dx.doi.org/10.1016/j.jacc.2016.11.034
http://www.ncbi.nlm.nih.gov/pubmed/28126162
http://dx.doi.org/10.1016/j.sapharm.2015.11.003
http://www.ncbi.nlm.nih.gov/pubmed/26725001
http://dx.doi.org/10.1016/j.ijcard.2013.01.049
http://www.ncbi.nlm.nih.gov/pubmed/23415168
http://dx.doi.org/10.1345/aph.1H153
http://www.ncbi.nlm.nih.gov/pubmed/16985088
http://dx.doi.org/10.3389/fphar.2013.00091
http://www.ncbi.nlm.nih.gov/pubmed/23898295
http://dx.doi.org/10.1111/j.1365-2125.2007.02893.x
http://www.ncbi.nlm.nih.gov/pubmed/17378797
http://dx.doi.org/10.1186/s12913-014-0533-1
http://dx.doi.org/10.1155/2015/217047
http://www.ncbi.nlm.nih.gov/pubmed/26539470

Int. |. Environ. Res. Public Health 2019, 16, 3797 11 of 13

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

World Health Organization. How to Investigate Drug Use in Health Facilities: Selected Drug Use Indicators;
World Health Organization: Geneva, Switzerland, 1993.

Bartlett Ellis, R.J.; Knisely, M.R.; Boyer, K.; Pike, C. Pillbox intervention fidelity in medication adherence
research: A systematic review. Nurs. Outlook 2017, 65, 464-476. [CrossRef] [PubMed]

Shah, R.B.; Desai, S.V.; Gajjar, B.M.; Shah, A.M. Factors responsible for noncompliance to drug therapy in the elderly
and the impact of patient education on improving compliance. Drugs Ther. Perspect. 2013, 29, 360-366. [CrossRef]
Omran, D.; Guirguis, L.M.; Simpson, S.H. Systematic Review of Pharmacist Interventions to Improve Adherence to
Oral Antidiabetic Medications in People with Type 2 Diabetes. Can. J. Diabetes 2012, 36, 292-299. [CrossRef]
Burke, L.E.; Dunbar-Jacob, ].M.; Hill, M.N. Compliance with cardiovascular disease prevention strategies:
A review of the research. Ann. Behav. Med. 1997, 19, 239-263. [CrossRef] [PubMed]

McGinnis, B.; Kauffman, Y.; Olson, K.L.; Witt, D.M.; Raebel, M.A. Interventions aimed at improving
performance on medication adherence metrics. Int. J. Clin. Pharm. 2014, 36, 20-25. [CrossRef] [PubMed]
Benjamin, R.M. Medication Adherence: Helping Patients Take Their Medicines as Directed. Public Health Rep.
2012, 127, 2-3. [CrossRef]

Iuga, A.O.; McGuire, M.J. Adherence and health care costs. Risk Manag. Healthc. Policy 2014, 7, 35-44.
Laufs, U.; Rettig-Ewen, V.; Bohm, M. Strategies to improve drug adherence. Eur. Heart J. 2011, 32, 264-268.
[CrossRef]

Bosworth, H.B.; Granger, B.B.; Mendys, P.; Brindis, R.; Burkholder, R.; Czajkowski, S.M.; Daniel, J.G.;
Ekman, I.; Ho, M.; Johnson, M.; et al. Medication adherence: A call for action. Am. Heart J. 2011, 162, 412-424.
[CrossRef]

Kardas, P. Prevalence and reasons for non-adherence to hyperlipidemia treatment. Open Med. 2013, 8, 539-547.
[CrossRef]

Schedlbauer, A.; Davies, P.; Fahey, T. Interventions to improve adherence to lipid lowering medication.
Cochrane Database Syst. Rev. 2010, Cd004371. [CrossRef]

Claxton, A.].; Cramer, J.; Pierce, C. A systematic review of the associations between dose regimens and
medication compliance. Clin. Ther. 2001, 23, 1296-1310. [CrossRef]

Wali, H.; Hudani, Z.; Wali, S.; Mercer, K.; Grindrod, K.; Information, PEK.F.C. A systematic review of
interventions to improve medication information for low health literate populations. Res. Soc. Adm. Pharm.
2016, 12, 830-864. [CrossRef] [PubMed]

Torres-Robles, A.; Wiecek, E.; Tonin, FS.; Benrimoj, S.I; Fernandez-Llimos, F.; Garcia-Cardenas, V. Comparison
of Interventions to Improve Long-Term Medication Adherence Across Different Clinical Conditions:
A Systematic Review with Network Meta-Analysis. Front. Pharmacol. 2018, 9, 1454. [CrossRef] [PubMed]
Lu, C.Y; Ross-Degnan, D.; Soumerai, S.B.; Pearson, S.-A. Interventions designed to improve the quality and
efficiency of medication use in managed care: A critical review of the literature—2001-2007. BMC Health
Serv. Res. 2008, 8, 75. [CrossRef] [PubMed]

Huang, C.-Y,; Clinciu, D.L.; Hsu, C.-K,; Yang, H.; Wu, C.-C.; Tsai, W.-C.; Chou, Y.-C.; Kuo, T.B.; Chang, P-L.;
Jian, W.-S.; etal. A personalized medication management platform (PMMP) to improve medication adherence:
A randomized control trial. Comput. Methods Programs Biomed. 2017, 140, 275-281. [CrossRef] [PubMed]
Osterberg, L.; Blaschke, T. Adherence to medication. N. Engl. ]. Med. 2005, 353, 487-497. [CrossRef]

Conn, V.S.; Ruppar, TM. Medication adherence outcomes of 771 intervention trials: Systematic review and
meta-analysis. Prev. Med. 2017, 99, 269-276. [CrossRef]

DiMatteo, M.R.; Haskard-Zolnierek, K.B.; Martin, L.R. Improving patient adherence: A three-factor model to
guide practice. Health Psychol. Rev. 2012, 6, 74-91. [CrossRef]

Farris, K.B.; Salgado, T.M.; Batra, P.; Piette, ].D.; Singh, S.; Guhad, A.; Newman, S.; Marshall, V.D,;
An, L. Confirming the theoretical structure of expert-developed text messages to improve adherence to
anti-hypertensive medications. Res. Social. Adm. Pharm. 2016, 12, 578-591. [CrossRef]

Ho, PM.; Bryson, C.L.; Rumsfeld, ].S. Medication adherence: Its importance in cardiovascular outcomes.
Circulation 2009, 119, 3028-3035. [CrossRef] [PubMed]

Holmes, E.A.; Hughes, D.A.; Morrison, V.L. Predicting Adherence to Medications Using Health Psychology
Theories: A Systematic Review of 20 Years of Empirical Research. Value Health 2014, 17, 863-876. [CrossRef]
[PubMed]

Mansoor, S.M.; Krass, I.; Aslani, P. Multiprofessional interventions to improve patient adherence to
cardiovascular medications. J. Cardiovasc. Pharmacol. Ther. 2013, 18, 19-30. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.outlook.2016.12.011
http://www.ncbi.nlm.nih.gov/pubmed/28187900
http://dx.doi.org/10.1007/s40267-013-0075-3
http://dx.doi.org/10.1016/j.jcjd.2012.07.002
http://dx.doi.org/10.1007/BF02892289
http://www.ncbi.nlm.nih.gov/pubmed/9603699
http://dx.doi.org/10.1007/s11096-013-9872-y
http://www.ncbi.nlm.nih.gov/pubmed/24287662
http://dx.doi.org/10.1177/003335491212700102
http://dx.doi.org/10.1093/eurheartj/ehq297
http://dx.doi.org/10.1016/j.ahj.2011.06.007
http://dx.doi.org/10.2478/s11536-013-0198-x
http://dx.doi.org/10.1002/14651858.CD004371
http://dx.doi.org/10.1016/S0149-2918(01)80109-0
http://dx.doi.org/10.1016/j.sapharm.2015.12.001
http://www.ncbi.nlm.nih.gov/pubmed/26926671
http://dx.doi.org/10.3389/fphar.2018.01454
http://www.ncbi.nlm.nih.gov/pubmed/30618748
http://dx.doi.org/10.1186/1472-6963-8-75
http://www.ncbi.nlm.nih.gov/pubmed/18394200
http://dx.doi.org/10.1016/j.cmpb.2016.12.012
http://www.ncbi.nlm.nih.gov/pubmed/28254084
http://dx.doi.org/10.1056/NEJMra050100
http://dx.doi.org/10.1016/j.ypmed.2017.03.008
http://dx.doi.org/10.1080/17437199.2010.537592
http://dx.doi.org/10.1016/j.sapharm.2015.09.009
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.768986
http://www.ncbi.nlm.nih.gov/pubmed/19528344
http://dx.doi.org/10.1016/j.jval.2014.08.2671
http://www.ncbi.nlm.nih.gov/pubmed/25498782
http://dx.doi.org/10.1177/1074248412442001
http://www.ncbi.nlm.nih.gov/pubmed/22505149

Int. |. Environ. Res. Public Health 2019, 16, 3797 12 of 13

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Sharma, K.K.; Gupta, R.; Mathur, M.; Natani, V.; Lodha, S.; Roy, S.; Xavier, D. Non-physician health workers
for improving adherence to medications and healthy lifestyle following acute coronary syndrome: 24-month
follow-up study. Indian Hear. ]. 2016, 68, 832-840. [CrossRef] [PubMed]

Chapman, RH.; Kowal, S.L; Cherry, S.B.; Ferrufino, C.P; Roberts, C.S.; Chen, L. The Modeled
Lifetime Cost-Effectiveness of Published Adherence-Improving Interventions for Antihypertensive and
Lipid-Lowering Medications. Value Health 2010, 13, 685-694. [CrossRef] [PubMed]

Lee, ] K,; Grace, K.A,; Taylor, A]. Effect of a pharmacy care program on medication adherence and persistence,
blood pressure, and low-density lipoprotein cholesterol: A randomized controlled trial. JAMA 2006, 296, 2563-2571.
[CrossRef]

van Boven, J.F; Ryan, D.; Eakin, M.N.; Canonica, G.W.; Barot, A ; Foster, ]. M.; Respiratory Effectiveness Group.
Enhancing Respiratory Medication Adherence: The Role of Health Care Professionals and Cost-Effectiveness
Considerations. J. Allergy Clin. Immunol. Pract. 2016, 4, 835-846. [CrossRef]

E Meredith, S.; Jarvis, B.P; Raiff, B.R.; Rojewski, A.M.; Kurti, A.; Cassidy, R.N.; Erb, P.; Sy, ].R.; Dallery, J.
The ABCs of incentive-based treatment in health care: A behavior analytic framework to inform research
and practice. Psychol. Res. Behav. Manag. 2014, 7, 103-114. [CrossRef]

Higgins, S5.T.; Silverman, K.; Sigmon, S.C.; Naito, N.A. Incentives and health: An introduction. Prev. Med.
2012, 55, S2-56. [CrossRef]

Fischer, M.A.; Choudhry, N.K.; Brill, G.; Avorn, J.; Schneeweiss, S.; Hutchins, D.; Liberman, ].N.; Brennan, T.A,;
Shrank, W.H. Trouble Getting Started: Predictors of Primary Medication Nonadherence. Am. J. Med. 2011, 124,
1081.9-1081.€22. [PubMed]

Patton, D.E.; Hughes, C.M.; Cadogan, C.A.; Ryan, C.A. Theory-Based Interventions to Improve Medication
Adherence in Older Adults Prescribed Polypharmacy: A Systematic Review. Drugs Aging 2017, 34, 97-113.
[CrossRef] [PubMed]

Adémy, R.; Késa, K.; Sandor, J.; Papp, M.; Fiirjes, G. General practitioners’ cluster: A model to reorient
primary health care to public health services. Eur. J. Public Health 2013, 23, 529-530. [CrossRef] [PubMed]
World Health Organization. Handbook of Resolutions and Decisions of the World Health Assembly and the Executive
Board; World Health Organization: Geneva, Switzerland, 1985; Volume 2, pp. 1973-1984. Available online:
apps.who.int/iris/handle/10665/79012 (accessed on 29 September 2019).

Operations Manual for GPs Cluster on Public Health Services in Primary Health Care. Version 05, May 31,
2013. Swiss-Hungarian Cooperation Programme/8/1. 2013. Available online: nepegeszseg.hu/Swiss/SH.8.1_
operations_manual_version5.pdf (accessed on 18 April 2017).

Kosa, K.; Sandor, J.; Dobos, E.; Papp, M,; Fiirjes, G,; Adény, R. Human resources development for the
operation of general practitioners’ cluster. Eur. . Public Health 2013, 23, 532-533.

Sandor, J.; Nagy, A.; Foldvari, A.; Szabo, E.; Csenteri, O.; Vincze, F,; Sipos, V.; Kovacs, N.; Palinkas, A.; Papp, M.;
et al. Delivery of cardio-metabolic preventive services to Hungarian Roma of different socio-economic strata.
Fam. Pract. 2017, 34, 83-89. [CrossRef]

Sandor, J.; Nagy, A.; Jenei, T.; Foldvari, A.; Szabd, E.; Csenteri, O.; Vincze, F; Sipos, V.; Kovacs, N.; Palinkas, A.;
et al. Influence of patient characteristics on preventive service delivery and general practitioners’ preventive
performance indicators: A study in patients with hypertension or diabetes mellitus from Hungary. Eur. ].
Gen. Pract. 2018, 24, 183-191. [CrossRef] [PubMed]

Sandor, J.; Késa, K.; Papp, M; Fiirjes, G.; K6rosi, L.; Jakovljevic, M.; Adény, R. Capitation-Based Financing
Hampers the Provision of Preventive Services in Primary Health Care. Front. Public Health 2016, 4, 104.
[CrossRef]

Structure and Principles. WHO Collaborating Center for Drug Statistics Methodology. Available online:
https://www.whocc.no/atc/structure_and_principles/ (accessed on 23 October 2017).

Haynes, R.B.; Ackloo, E.; Sahota, N.; McDonald, H.P; Yao, X. Interventions for enhancing medication
adherence. Cochrane Database Syst. Rev. 2008, Cd000011. [CrossRef] [PubMed]

DiMatteo, M.R. Patient adherence to pharmacotherapy: The importance of effective communication.
Formul. (Clevel. Ohio) 1995, 30, 596-598.

van Dulmen, S.; Sluijs, E.; van Dijk, L.; de Ridder, D.; Heerdink, R.; Bensing, ]. Furthering patient adherence: A
position paper of the international expert forum on patient adherence based on an internet forum discussion.
BMC Health Serv. Res. 2008, 8, 47. [CrossRef]


http://dx.doi.org/10.1016/j.ihj.2016.03.027
http://www.ncbi.nlm.nih.gov/pubmed/27931556
http://dx.doi.org/10.1111/j.1524-4733.2010.00774.x
http://www.ncbi.nlm.nih.gov/pubmed/20825627
http://dx.doi.org/10.1001/jama.296.21.joc60162
http://dx.doi.org/10.1016/j.jaip.2016.03.007
http://dx.doi.org/10.2147/PRBM.S59792
http://dx.doi.org/10.1016/j.ypmed.2012.04.008
http://www.ncbi.nlm.nih.gov/pubmed/22017787
http://dx.doi.org/10.1007/s40266-016-0426-6
http://www.ncbi.nlm.nih.gov/pubmed/28025725
http://dx.doi.org/10.1093/eurpub/ckt095
http://www.ncbi.nlm.nih.gov/pubmed/23882116
apps.who.int/iris/handle/10665/79012
nepegeszseg.hu/Swiss/SH.8.1_operations_manual_version5.pdf
nepegeszseg.hu/Swiss/SH.8.1_operations_manual_version5.pdf
http://dx.doi.org/10.1093/fampra/cmw102
http://dx.doi.org/10.1080/13814788.2018.1491545
http://www.ncbi.nlm.nih.gov/pubmed/30070151
http://dx.doi.org/10.3389/fpubh.2016.00200
https://www.whocc.no/atc/structure_and_principles/
http://dx.doi.org/10.1002/14651858.CD000011.pub3
http://www.ncbi.nlm.nih.gov/pubmed/18425859
http://dx.doi.org/10.1186/1472-6963-8-47

Int. |. Environ. Res. Public Health 2019, 16, 3797 13 of 13

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Naik, A.D.; Kallen, M.A.; Walder, A.; Street, R.L. Improving hypertension control in diabetes mellitus: The
effects of collaborative and proactive health communication. Circulation 2008, 117, 1361-1368. [CrossRef]
[PubMed]

Ratanawongsa, N.; Karter, A J.; Parker, M.M,; Lyles, C.R.; Heisler, M.; Moffet, H.H.; Adler, N.; Warton, EM.;
Schillinger, D. Communication and medication refill adherence: The Diabetes Study of Northern California.
JAMA Intern. Med. 2013, 173, 210-218. [CrossRef] [PubMed]

Schoenthaler, A.; Allegrante, J.P.; Chaplin, W.; Ogedegbe, G. The Effect of Patient-Provider Communication
on Medication Adherence in Hypertensive Black Patients: Does Race Concordance Matter? Ann. Behav. Med.
Publ. Soc. Behav. Med. 2012, 43, 372-382. [CrossRef]

Tamblyn, R.; Abrahamowicz, M.; Dauphinee, D.; Wenghofer, E.; Jacques, A.; Klass, D.; Smee, S.; Eguale, T.;
Winslade, N.; Girard, N.; et al. Influence of Physicians’ Management and Communication Ability on Patients’
Persistence with Antihypertensive Medication. Arch. Intern. Med. 2010, 170, 1064. [CrossRef] [PubMed]
Bultman, D.C.; Svarstad, B.L. Effects of physician communication style on client medication beliefs and
adherence with antidepressant treatment. Patient Educ. Couns. 2000, 40, 173-185. [CrossRef]
Pages-Puigdemont, N.; Mangues, M.A.; Masip, M.; Gabriele, G.; Ferndndez-Maldonado, L.; Blancafort, S.;
Tuneu, L. Patients’” Perspective of Medication Adherence in Chronic Conditions: A Qualitative Study.
Adv. Ther. 2016, 33, 1740-1754. [CrossRef] [PubMed]

Krueger, K.P.,; Berger, B.A.; Felkey, B. Medication adherence and persistence: A comprehensive review.
Adv. Ther. 2005, 22, 313-356. [CrossRef] [PubMed]

Jimmy, B.; Jose, J. Patient Medication Adherence: Measures in Daily Practice. Oman Med. J. 2011, 26, 155-159.
[CrossRef] [PubMed]

Clyne, W.; Mshelia, C.; McLachlan, S.; Jones, P.; De Geest, S.; Ruppar, T.; Siebens, K.; Dobbels, E,; Kardas, P.
A multinational cross-sectional survey of the management of patient medication adherence by European
healthcare professionals. BM] Open 2016, 6. [CrossRef] [PubMed]

MacIntyre, C.; Goebel, K.; Brown, G. Patient knows best: Blinded assessment of nonadherence with
antituberculous therapy by physicians, nurses, and patients compared with urine drug levels. Prev. Med.
2005, 40, 41-45. [CrossRef] [PubMed]

Kekile, M.; Talvensaari, K.; Koskenvesa, P.; Porkka, K.; Airaksinen, M. Chronic myeloid leukemia patients’
adherence to peroral tyrosine kinase inhibitors compared with adherence as estimated by their physicians.
Patient Prefer. Adherence 2014, 8, 1619-1627. [CrossRef] [PubMed]

Kvarnstrom, K.; Airaksinen, M.; Liira, H. Barriers and facilitators to medication adherence: A qualitative
study with general practitioners. BMJ Open 2018, 8, €015332. [CrossRef] [PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1161/CIRCULATIONAHA.107.724005
http://www.ncbi.nlm.nih.gov/pubmed/18316489
http://dx.doi.org/10.1001/jamainternmed.2013.1216
http://www.ncbi.nlm.nih.gov/pubmed/23277199
http://dx.doi.org/10.1007/s12160-011-9342-5
http://dx.doi.org/10.1001/archinternmed.2010.167
http://www.ncbi.nlm.nih.gov/pubmed/20585073
http://dx.doi.org/10.1016/S0738-3991(99)00083-X
http://dx.doi.org/10.1007/s12325-016-0394-6
http://www.ncbi.nlm.nih.gov/pubmed/27503082
http://dx.doi.org/10.1007/BF02850081
http://www.ncbi.nlm.nih.gov/pubmed/16418141
http://dx.doi.org/10.5001/omj.2011.38
http://www.ncbi.nlm.nih.gov/pubmed/22043406
http://dx.doi.org/10.1136/bmjopen-2015-009610
http://www.ncbi.nlm.nih.gov/pubmed/26832430
http://dx.doi.org/10.1016/j.ypmed.2004.04.045
http://www.ncbi.nlm.nih.gov/pubmed/15530579
http://dx.doi.org/10.2147/PPA.S70712
http://www.ncbi.nlm.nih.gov/pubmed/25473270
http://dx.doi.org/10.1136/bmjopen-2016-015332
http://www.ncbi.nlm.nih.gov/pubmed/29362241
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Setting 
	Data Sources 
	Statistical Analysis 
	Patient and Public Involvement 

	Results 
	Discussion 
	Main Findings 
	Implications 
	Strengths and Limitations 

	Conclusions 
	References

