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Background: The drug-dispensing channel is a scarcely explored determinant of medication
adherence, which is considered as a key indicator for the quality of care among patients with
diabetes mellitus. In this study, we investigated the difference in adherence between diabetes
patients who obtained their medication directly from a prescribing physician (physician
dispensing [PD]) or via a pharmacy.

Methods: A retrospective cohort study was conducted using a large health care claims database
from 2011 to 2014. Patients with diabetes of all ages and receiving at least one oral antidiabetic
drug (OAD) prescription were included. We calculated patients’ individual adherence to OADs
defined as the proportion of days covered (PDC), which was measured over 1 year after patient
identification. Good adherence was defined as PDC =80%. Multivariate logistic regression
analysis was performed to assess the relationship between the PDC and the dispensing channel
(PD, pharmacy).

Results: We identified a total of 10,430 patients prescribed drugs by a dispensing physician
and 16,292 patients receiving drugs from a pharmacy. Medication adherence was poor in both
patient groups: ~40% of the study population attained good adherence to OADs. We found
no significant impact of PD on the adherence level in diabetes patients. Covariates associated
significantly with good adherence were older age groups, male sex, occurrence of comorbidity
and combined diabetes drug therapy.

Conclusion: In conclusion, adherence to antihyperglycemic medication is suboptimal among
patients with diabetes. The results of this study provide evidence that the dispensing channel
does not have an impact on adherence in Switzerland. Certainly, medication adherence needs
to be improved in both supply settings. Physicians as well as pharmacists are encouraged to
develop and implement useful tools to increase patients’ adherence behavior.

Keywords: diabetes, medication adherence, dispensing channel, physician dispensing,
pharmacy

Background

In view of the growing evidence of the prevalence of nonadherence to prescribed drugs
in patients with chronic diseases, medication adherence is becoming a rising concern
among physicians, policymakers and other stakeholders such as health insurers.! For
patients with diabetes mellitus, medication adherence is a fundamental necessity for
successful treatment and results in better intermediate outcomes such as hemoglobin
A1C (HbAlc) values, lower risk of hospitalization, and mortality as well as lower health
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care costs.*'* Assessments of adherence rates to antidiabetic
drugs showed variable results, but indicated a strong tendency
toward poor medication adherence.!'? A recent review by
Krass et al systematically evaluated a total of 27 studies on
adherence to diabetes medication and reported a prevalence
of adherence ranging from 39% to 93%, but only a minority
of studies showed an adherence level of =80%, which is seen
as the recommended cut-off point for determining adherent
patients.'>** But even though there is strong evidence of poor
adherence to diabetes medication, the determining factors of
nonadherence remain relatively less explored. For example,
Kirkman et al examined a wide range of determinants of
noninsulin antidiabetic adherence and found several patient
factors (eg, higher educational level) and prescription factors
(eg, higher total daily pill burden) that were associated with
higher odds of adherence.'> Moreover, little evidence exists
on system-related factors such as the dispensing channel. This
could be explained by the fact that only a few comparable
health care systems with variable drug-dispensing channels
exist. In the previous literature, the investigated dispensing
channels were limited to mail-order pharmacy and home
delivery, which were compared with retail pharmacy and, fur-
thermore, solely examined in the US health care settings.
Switzerland is subdivided into 26 regions, so-called
cantons, and characterized by a large traditional cultural
diversity, which consequently leads to a decentralized
regulation of the health care system such as the existence
of the different drug dispensing settings.'!” Thus, since the
Swiss health care system has its own cantonal regulation
of drug dispensing, namely by the physicians in private
practice, it is ideally suited for the investigation of the
effect of different supply channels on medication adherence.
Some cantons allow physicians to dispense drugs (physician
dispensing [PD]), but in other cantons, PD is not allowed.
This difference can be explained by existing concerns in some
cantons that physicians could be misled to induce demand
or prescribe unnecessary drugs. In the cantons that allow
PD, physicians have gained considerable income from this
activity. Previous national research has already suggested an
effect of PD on health care expenditures, but evidence on
the quality of care between PD and the pharmacy channel
is very scarce.'®!” Medication adherence can be seen as
a useful indicator to capture quality in diabetes care and
furthermore to assess potential quality differences between
these two drug supply settings. However, so far, no study
has examined the impact of different dispensing channels on
medication adherence among diabetes patients in Europe,
specifically in Switzerland. Therefore, the aim of this study
was twofold: 1) to examine whether PD is associated with

better adherence among patients with diabetes (versus phar-
macy); and 2) to assess the determinants of good medication
adherence in this patient population.

Methods
Study population

According to the national ethical and legal regulation (the
Swiss Federal Law of data protection), an ethical approval and
patient consent were not needed. We conducted a retrospec-
tive cohort study using a large anonymized health insurance
claims database (Helsana Group) from January 30, 2011 to
December 31, 2014. The study population included patients
of all ages, who were diagnosed with a “glucose metabolism
disorder (diabetes mellitus)” or had at least one prescription
of an antihyperglycemic medication, excluding insulin, in
the year before index date. The index date was the first pre-
scription of an oral antihyperglycemic medication during the
recruiting period, which extended to the first 3 years of the
total study period (until December 31, 2013). The last year of
the interval was excluded from the recruiting period in order
to ensure the assessment of 1-year medication adherence to
oral antidiabetic drugs (OADs). The detailed study design
has been described elsewhere.® Patients who received more
than 50% of the drugs per year directly from a physician in
private practice were assigned to the PD group. A physician
was considered as PD when he/she fulfilled the following
two conditions: 1) the total medication turnover was at least
25,000 Swiss Francs per year; 2) at least 50% of the total
medication turnover per year was dispensed by the physician
himself. The remaining patients were defined as patients who
were not treated by PD and, thus, received their medication
from retail pharmacies (pharmacy group). Further, patient
characteristics included in this study were age, sex, canton of
residence, health insurance status, number of comorbidities,
preceding hospitalization and diabetes drug therapy.
Whereas patients’ age, sex, canton of residence and
health insurance status (defined as managed care enrollment
and deductible class of =500 vs >500 Swiss Francs) were
recorded at index date, the preceding hospitalization and the
comorbidities were assessed in the year before the individual
index date. A total of 20 comorbidities were identified using
medical proxy-diagnoses. According to the World Health
Organization (WHO) Anatomical Therapeutic Chemical
(ATC) classification system, we used prescription data to iden-
tify patients with chronic diseases.?*?! According to patients’
drug treatment, we additionally classified the intensity of
diabetes drug therapy (over 1 year after index prescription)
into three different treatment intensifications: metformin-
only therapy, therapy with metformin and another oral
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antihyperglycemic drug, and therapy with other combinations
of oral antihyperglycemic drugs.

Medication adherence

The medication adherence to oral antihyperglycemic
medication was defined according to the WHO ATC Clas-
sification System, including the Defined Daily Dose Clas-
sification, and finally provided by the proportion of days
covered (PDC) with an observation period of 12 months.
In the literature, PDC is the recommended measure that
provided rather conservative, but precise estimates and
was calculated as follows: the number of days of oral
antihyperglycemic medication supplied between the first
prescription (defined as index date) and the last date of the
l-year observation period following the index date was
divided by the total days of the interval (365 days) for each
patient.?>? The defined daily doses for diabetes drug classes
recommended by the WHO were used to determine the
number of days supplied for each oral antihyperglycemic
drug class.?® According to the WHO ATC code system,
the following oral antihyperglycemic drug classes were
included: biguanides “ATC-code: A10BA”; sulfonamides
(urea derivatives) “A10BB”; sulfonamides (heterocyclic)
“A10BC”; combinations of oral blood glucose-lowering
drugs “A10BD”; alpha glucosidase inhibitors “A10BF”’; thi-
azolidinediones “A10BG”; dipeptidyl peptidase 4 inhibitors
“A10BH”; other blood glucose lowering drugs, excluding
insulins “A10BX”. We excluded glucagon-like peptide-1
receptor agonists. Patients were considered adherent to
oral antihyperglycemic drug treatment if their individual
PDC was =80%, which is a recommended cut-off point in
literature.!*!* The PDC was calculated for both the PD and
pharmacy group and determined as both a continuous and
categorical variable, respectively.

Statistical analysis

We used the chi-square and Wilcoxon rank-sum tests to
compare the baseline characteristics of patients in the PD
group and patients in the pharmacy group. Furthermore, a
density plot was provided to display the distribution of the
PDC as a continuous variable for both the patient groups.
Additionally, we fit a multivariable logistic regression model
to estimate the effect of patient characteristics on the prob-
ability to be adherent to the diabetes drug treatment. We
included age, sex, canton of residence, managed care health
plan, deductibles, preceding hospitalization, comorbidity,
and drug therapy in the regression modeling to correct for
potential confounding. In addition, a sensitivity analysis
was performed to test whether the effect of the dispensing

channel on medication adherence in patients with diabetes
was stable. We re-analyzed this potential effect on the basis of
two subsamples consisting of patients living in the German-
speaking cantons of Lucerne and Aargau. Both cantons are
similar with respect to social, political and cultural issues,
but differ significantly in the regulation of the permission of
dispensing.'®!” The canton of Lucerne allows dispensing of
drugs by physicians, whereas it is prohibited in the canton of
Aargau. For the purposes of this study, a P-value of <0.05
was considered statistically significant. Analyses were per-
formed using R, version 3.2.0 (R Development Core Team
2015, Vienna, Austria).

Results

The final study population consisted of 10,430 patients who
obtained their medication directly from PD (PD group) and
16,292 patients, who purchased the medication from phar-
macies (pharmacy group). Table 1 describes the population
characteristics of the PD and the pharmacy groups. The
mean age was 69 years (SD £12) in both study samples.
The proportion of females was slightly higher in the phar-
macy group than the PD group. Patients from the pharmacy
group were more frequently in a managed care plan, more
frequently hospitalized in the previous year, and suffered
slightly less often from comorbid conditions. The propor-
tions of patients in the drug therapy groups are quite similar
between the PD group and the pharmacy group. The average
and the median PDC were about 70% in both patient groups.
According to the defined cut-off-point of PDC =80%, ~40%
of the patients were considered adherent, independent of the
dispensing channel. Also shown in Figure 1, the distributions
of patients” PDC did not differ between the PD group and
the pharmacy group.

Table 2 presents the results of the multivariate logistic
regression model estimating the effect of several patient
characteristics on adherence. We could observe that women
were less likely (statistically significant) to be adherent to
their oral antihyperglycemic medication than men. Except
for patients aged =85 years, all age groups showed a sig-
nificant effect of medication adherence. Patients were more
likely to be adherent with increasing age up to the age group
65-74 years. The strongest age effect was observed for the
age group 65—74 years; these patients were almost twice as
likely to be adherent to their medication when compared with
patients in the 18—44 age group. The cantons of residence
did not show differences in medication adherence (results
not shown). There was no statistically significant difference
in adherence between patients who obtained the OADs
from PD and those who purchased them from pharmacies.

Patient Preference and Adherence 2016:10

submit your manuscript

1805

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Huber and Reich

Dove

Table | Patient characteristics by dispensing channel

Variable Pharmacy, Physician dispensing, P-value
n=16,292 n=10,430

Sex (female) 7,746 (47.5%) 4,636 (44.4%) <0.001
Mean age (SD; years) 68.9 (12.1) 69.2 (11.5) 0.297
Age in groups (years) <0.001

044 524 (3.2%) 236 (2.3%)

45-54 1,511 (9.3%) 910 (8.7%)

55-64 3,404 (20.9%) 2,229 (21.4%)

65-74 5,033 (30.9%) 3,348 (32.1%)

75-84 4,498 (27.6%) 2,898 (27.8%)

=85 1,322 (8.1%) 809 (7.8%)
Managed care plan 4,624 (28.4%) 3,391 (32.5%) <0.001
High deductible class 864 (5.3%) 575 (5.5%) 0.476
(>500 Swiss Francs)
Preceding 1,444 (8.9%) 1,105 (10.6%) <0.001
hospitalization
Number of <0.001
comorbidities

0 1,144 (7.0%) 857 (8.2%)

| 2,732 (16.8%) 2,093 (20.1%)

2 4,172 (25.6%) 2,838 (27.2%)

3 3,076 (18.9%) 1,812 (17.4%)

4 1,982 (12.2%) 1,161 (11.1%)

=5 3,186 (19.6%) 1,669 (16.0%)
Drug therapy <0.050

Metformin only 6,824 (41.9%) 4,219 (40.5%)

Metformin and 5,126 (31.5%) 3,425 (32.8%)

another OAD

Other combination 4,342 (26.7%) 2,786 (26.7%)

of OADs
Mean PDC (SD) 67.9 (27.2) 67.8 (26.5) 0.194
Median PDC (IQR)  72.8 (45.3) 72.5 (43.1)
PDC =80% 6,959 (42.7%) 4,355 (41.8%) 0.125

Abbreviations: IQR, interquartile range; OAD, oral antidiabetic drug; PDC,
proportion of days covered; SD, standard deviation.

The number of comorbid conditions were significantly
associated with adherence to medication. Patients with three
comorbidities had a 43% higher likelihood of being adherent
to their medications than those with no comorbidity. There
was a statistically significant relationship between adher-
ence and drug therapy. Patients with combined drug therapy

4_
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Figure | Distribution of patients’ PDC by dispensing channel.
Abbreviation: PDC, proportion of days covered.

Table 2 Prediction of medication adherence (PDC =80%) by
patient characteristics

Variable Adjusted 95% confidence P-value
odds ratio* interval
Sex (female) 0.89 0.85-0.95 <0.001
Age in groups (years)
45-54 1.56 1.27-1.92 <0.001
55-64 1.78 1.47-2.17 <0.001
65-74 1.97 1.63-2.38 <0.001
75-84 1.65 1.36-2.00 <0.001
=85 1.22 0.99-1.51 0.060
Managed care plan 1.01 0.95-1.07 0.885
High deductible class 0.71 0.63-0.81 <0.001
(>500 Swiss Francs)
Preceding hospitalization ~ 0.67 0.61-0.74 <0.001
Dispensing channel (PD)  0.98 0.91-1.06 0.548
Number of comorbidities
| 1.19 1.05-1.35 <0.010
2 1.30 1.15-1.46 <0.001
3 1.43 1.26-1.62 <0.001
4 1.35 1.18-1.54 <0.001
=5 1.27 1.12—1.44 <0.001
Drug therapy
Metformin and another  9.86 9.21-10.55 <0.001
OAD
Other combination 5.73 5.35-6.14 <0.001
of OADs

Note: *Also controlled for cantons (coefficients not shown).
Abbreviations: OAD, oral antidiabetic drug; PD, physician dispensing; PDC,
proportion of days covered.

had a six- to tenfold increased likelihood of being adherent
when compared with patients with metformin-only therapy
(metformin and another OAD: odds ratio, 9.86 [95% con-
fidence interval, 9.21-10.55]; other combination of OADs:
odds ratio, 5.73 [5.35-6.14]).

After adjusting for the covariates, we re-analyzed the
association between the adherence (PDC =80% vs <80%)
and the dispensing channel only on the basis of the sub-
sample of patients living in the cantons Lucerne and Aargau
(Tables S1 and S2). The results of this sensitivity analysis
were identical to those shown in Tables 1 and 2: there was
no significant difference in patients’ medication adherence
between the PD and pharmacy groups.

Discussion

In this study, we investigated the association between oral
antihyperglycemic medication adherence and the dispensing
channel of medication among adult patients with diabetes.
The main finding of this study was that patients with dia-
betes had poor adherence to oral antidiabetic medication,
independent of the dispensing channel. Among the study
population, ~40% of the patients were considered adherent to
oral antihyperglycemic therapy during the 1-year observation
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period in both patient groups. This finding was similar to
our previously reported finding of an overall adherence rate
of 42.4%.° Moreover, a similar result was found in two sys-
tematic reviews showing adherence rates ranging from about
40% to 90%.'"12 However, in view of the strong differences
in study design, the selected study population (patients with
type 2 diabetes or using insulin), and, especially, the used
measurement of medication adherence, a direct comparison
of adherence rates is quite difficult to ascertain. Whereas
in several studies the adherence rates were based on rather
simple and outdated adherence measures, only a few have
already performed the PDC as a recommended technique to
determine patients’ adherence. In contrast to previous mea-
sures, the PDC is a more conservative estimate and considers
clinical situations when patients switch their drugs or used
different medications concurrently.?

Furthermore, the current study intended to determine
several patient- and system-level factors, primarily the dis-
pensing channel, of patients’ adherence to oral antihy-
perglycemic drugs. We found no statistically significant
difference between medication adherence among patients
who received the drugs from a dispensing physician and
those who purchased them from a pharmacy. The nonsig-
nificant effect of the dispensing channel on medication
adherence was also stable in our sensitivity analysis. Since
there are only a small number of existing studies on the
association between medication adherence and dispensing
channel, it is quite difficult to compare our findings with
those of previous work.!342¢ This fact could be explained
by the different types of health care systems, in which
previous studies were conducted. Existing studies focused
on other forms of dispensing channels such as the compari-
son between mail-order pharmacy and retail pharmacy, or
home delivery compared with retail. For example, previous
research indicated a better adherence among Medicare Part
D beneficiaries with diabetes who used home delivery (mail-
order) pharmacies for antidiabetic drugs than patients who
used retail pharmacies.?*? To the best of our knowledge,
this study is the first that has compared the impact of two
fundamental different structures of dispensing channel
on medication adherence, as is given in the Swiss health
care system. Although the dispensing channel showed no
significant effect on medication adherence, our analyses
revealed other meaningful determinants of adherence to
diabetes medication. We found a significant influence on
the adherence of older age groups, male sex, low deductible
class, no preceding hospitalization, the occurrence of comor-
bidity, and the use of combined diabetes drug therapy.

Consistent with previous studies, we could reveal a
strong age effect on the adherence to oral antihyperglycemic
medication.!>? Patients in middle-old age (75-84 years) had
twice as high probability to be adherent compared with those
aged 1844 years. Also, the association between adherence
and male sex was found in our work as well as in previ-
ous work. For example, Kirkman et al reported that male
patients were 14% more likely to be adherent than female
patients.!> Furthermore, a worse health status, in terms of
higher numbers of comorbid conditions and an intensified
diabetes drug therapy, was associated with better adherence.
Patients with three comorbidities had the highest likelihood
to be adherent compared with patients without comorbidity.
Patients with a combined drug therapy, consisting of the use
of metformin and other oral antihyperglycemic drugs, were
more likely to be adherent than those on monotherapy with
metformin. These findings are also in line with prior studies,
suggesting that healthier patients, defined as those newly
treated with diabetes drugs and those with lower number
of comorbidities or taking other medications (eg, antihy-
pertensive drugs), are less likely to be adherent than their
counterparts. We assume that the overall disease severity
has a meaningful influence on patients’ awareness and thus
on their adherence behavior.

Overall, medication adherence can be considered a key
factor in quality of diabetes care and is a growing concern
among physicians, health care systems, and other stakeholders
(eg, health insurer) since increasing evidence from interna-
tional data has shown that nonadherence causes a substantial
medical and also economic burden. The current study intends
to contribute to the ongoing discussion on how to measure
quality of care and gives detailed data on the existing practice
regarding the quality of diabetes care. Furthermore, this study
intends to provide valuable information on the crucial factors
determining good adherence, and thus stress the need for an
improved and more effective care of patients with diabetes.

There are some strengths and limitations of the present
study that need to be mentioned. One strength is that our study
was based on a comprehensive health care claims database
from a large number of patients with diabetes, including infor-
mation about their received diabetes drugs and several further
patient factors. Furthermore, since the Swiss health care sys-
tem is characterized by its own regulation of drug dispensing,
it allows us to evaluate whether dispensing physicians can
positively affect patients’ medication adherence compared
with retail pharmacies. This study has also some limitations.
Although the PDC is generally the recommended measure
of medication adherence, it does not reflect the actual intake
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of medications by the patient. Additionally, our data did
not include information on clinical variables (eg, laboratory
values [eg, HbAlc], blood pressure and the duration of dia-
betes) and therefore potential confounding factors exist. Even
though we used medical proxy diagnoses to identify patients
with comorbid conditions, there may be a bias in the determi-
nation of comorbidities, which were typically associated with
diabetes. Finally, data may be underestimated since ~1.5% of
all claims invoices were not reimbursed by the health insurer
and paid out-of-pocket by the individual patient.

Conclusion

Adherence to antihyperglycemic medication was suboptimal
among patients with diabetes. Good medication adherence
was determined by patients’ sociodemographic characteristics
(older age groups, male sex) and health status (high numbers
of comorbid conditions, intensified diabetes drug therapy).
However, the results of this study provide evidence that the
dispensing channel does not have an impact on adherence in
Swiss patients with diabetes. Certainly, medication adherence
needs to be improved in both supply settings. Physicians as
well as pharmacists are encouraged to develop and implement
useful tools to increase patients’ adherence behavior.
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Table SI Patient characteristics by dispensing channel among
patients from the cantons of Lucerne and Aargau

Variable Pharmacy, Physician dispensing,
n=2,401 n=1,001
Sex (female) 1,064 (44.3%) 397 (39.7%)
Mean age (SD; years) 67.8 (11.9) 67.7 (12.0)
Age in groups (years)
044 81 (3.4%) 31 (3.1%)
45-54 240 (10.0%) 109 (10.9%)
55-64 574 (23.9%) 245 (24.5%)
65-74 731 (30.4%) 298 (29.8%)
75-84 620 (25.8%) 248 (24.8%)
=85 155 (6.5%) 70 (7.0%)
Managed care plan 864 (36.0%) 331 (33.1%)
High deductible class 140 (5.8%) 47 (4.7%)
(>500 Swiss Francs)
Preceding hospitalization 238 (9.9%) 67 (6.7%)

Number of comorbidities

0 185 (7.7%) 95 (9.5%)

| 477 (19.9%) 208 (20.8%)
2 670 (27.9%) 268 (26.8%)
3 418 (17.4%) 165 (16.5%)
4 281 (11.7%) 113 (11.3%)
=5 370 (15.4%) 152 (15.2%)

Drug therapy
Metformin only 945 (39.4%) 366 (36.6%)

Metformin and another OAD 785 (32.7%) 353 (35.3%)
Other combination of OADs 671 (27.9%) 282 (28.2%)

Mean PDC (SD) 69.4 (265) 682 (27.2)
Median PDC (IQR) 745 (442)  73.6 (43.4)
PDC =80% 1,079 (44.9%) 438 (43.8%)

Abbreviations: IQR, interquartile range; OAD, oral antidiabetic drug; PDC,
proportion of days covered; SD, standard deviation.
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preference and adherence throughout the therapeutic continuum. Patient
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Table S2 Prediction of medication adherence (PDC =80%)
by patient characteristics among patients from the cantons of
Lucerne and Aargau

Variable Adjusted 95% P-value
odds ratio  confidence
interval
Sex (male) 1.02 0.87-1.19 0.831
Age in groups (years)
45-54 2.04 1.20-3.45 =0.010
55-64 261 1.59-4.28 =0.001
65-74 2.53 1.55—4.14 =0.001
75-84 2.09 1.27-3.43 =0.010
=85 1.87 1.07-3.26 =0.050
Managed care plan 0.97 0.83-1.14 0.697
High deductible class 0.62 0.44-0.88 =0.010
(>500 Swiss Francs)
Preceding hospitalization 0.84 0.64-1.10 0.211
Dispensing channel (PD) 0.88 0.74-1.04 0.122
Number of comorbidities
| 1.20 0.87-1.66 0.263
2 1.38 1.01-1.88 =0.050
3 1.34 0.96-1.87 0.088
4 1.09 0.76—1.56 0.643
=5 1.02 0.72—1.45 0.900
Drug therapy
Metformin and another OAD  8.93 7.40-10.77 =0.001
Other combination of OADs  4.99 4.12-6.04 =0.001

Abbreviations: OAD, oral antidiabetic drug; PD, physician dispensing; PDC,
proportion of days covered.
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