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ABSTRACT

Introduction Adherence to treatment and hypoglycemia
awareness are strongly linked to glycemic control

and hypoglycemia risk in people with type 2 diabetes
mellitus (T2DM). Community pharmacies are suitable
facilities to detect these conditions, and should be
involved in the strategies to minimize the associated
risks and burden.

Research design and methods This cross-sectional
study conducted at community pharmacies across
Spain assessed the prevalence of low adherence to
antidiabetic treatments, the frequency of impaired
hypoglycemia awareness, and their predictive

factors. Adherence was measured with the 8-item
Morisky Medication Adherence Scale (MMAS-8) and
electronic records of dispensed treatments. The

Clarke questionnaire was used to assess impaired
hypoglycemia awareness. Healthcare counseling
provided in the pharmacy was collected.

Results Seventy-nine pharmacists and 618 subjects
with T2DM participated in the study. Mean age in the
overall T2DM population was 67 years, being the majority
(69%) pensioners. Adherence was high in 41% of
participants, medium in 35%, and low in 24% according
to the MMAS-8. Impaired hypoglycemia awareness was
observed in 25% of participants. Main determinants of
low adherence were the level of education, the number
of treatments per patient, hypoglycemia awareness,

and the type of pharmacy. Predictive factors of impaired
hypoglycemia awareness were the level of education,
information on diabetes-related complications, adherence
levels, and the type of pharmacy. The proportion of
participants who had healthcare counseling was 71% in
the overall population and 100% in subjects with impaired
hypoglycemia awareness and low adherence. Healthcare
counseling comprised diabetes education (69%),
pharmacotherapeutic assessment (20%), and physician
referrals (11%).

Conclusion Lack of adherence to antidiabetic treatments
and impaired hypoglycemia awareness are frequent and
correlate in T2DM. Community pharmacies can detect
these conditions and should have an active role in the
design of strategies to minimize them.

Significance of this study

What is already known about this subject?

» Low adherence and impaired hypoglycemia aware-
ness are the main barriers to achieve good meta-
bolic control and prevent long-term complications in
people with type 2 diabetes mellitus (T2DM).

» Community pharmacists are key professionals to
help manage T2DM because of their high acces-
sibility and vast expertise on dose regimens and
treatment-related adverse events.

» Community pharmacies can be crucial facilities
to promote initiatives aiming to increase adher-
ence to antidiabetic treatments and hypoglycemia
awareness.

What are the new findings?

» This large cross-sectional study confirmed the
low antidiabetic treatment adherence and signifi-
cant prevalence (25%) of impaired hypoglycemia
awareness in T2DM people attended at community
pharmacies.

» Main determinants of low adherence were a lower
education level, the number of treatments per pa-
tient, hypoglycemia unawareness, and the type of
pharmacy.

» Predictive factors of impaired hypoglycemia aware-
ness were a lower education level, the presence of
other diabetes-related complications, low adher-
ence levels, and the type of pharmacy.

How might these results change the focus of

research or clinical practice?

» Further efforts should be made to mitigate low ad-
herence and impaired hypoglycemia awareness,
considering predictive factors identified in the T2DM
population.

» As adherence and hypoglycemia awareness were
effectively evaluated in community pharmacies, ac-
tions to improve these conditions may be conducted
at these facilities.
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INTRODUCTION

Diabetes mellitus is a complex chronic disease and a
major public health problem, imposing a substantial
burden on patients and healthcare systems.' The prev-
alence of diabetes mellitus worldwide was 451 million
people in 2017 and is expected to increase to 693 million
by 2045. The most common form is type 2 diabetes
mellitus (T2DM), accounting for 90%-95% of cases.” In
Spain, it was estimated that 13.8% of people have T2DM,*
with a high proportion (51.4%) poorly controlling the
disease.”

T2DM requires complex pharmacological interven-
tions to manage hyperglycemia and diabetes-associated
complications.” Because of treatment complexity and the
required lifetime self-management, adherence continues
to be a challenge and a leading barrier to treatment
success. Significant efforts have been made to identify
factors associated with non-adherence and implement
interventions to prevent its consequences.7 The main
determinants of low adherence to antidiabetic treatments
found in previous studies are socioeconomic factors, the
complexity of treatments, and fear of hypoglycemia.8 9

Hypoglycemia, and fear of hypoglycemia, are yet other
important barriers to achieve good metabolic control,"
representing a considerable human and economic
burden.'" Avoiding hypoglycemia can prevent treatment
discontinuations and quality-of-life impairment and is,
therefore, one of the main goals of treatment interven-
tions.'”” As disease advances, recurrent hypoglycemic
episodes may lead to a progressive impairment in the
ability to recognize symptoms associated with low blood
glucose.” Unrecognized hypoglycemic events can ulti-
mately result in severe hypoglycemia,'* a clinical chal-
lenge with devastating consequences (including seizures,
loss of consciousness, and hospital admissions).15 There-
fore, strategies to promote the recognition and inter-
pretation of symptoms associated with hypoglycemia are
highly advisable.

Given the complex and multifactorial nature of T2DM,
involving multidisciplinary teams in patient care is
crucial. Among this team, community pharmacists are
key professionals with high accessibility, close contact
with the patient, and vast expertise on dose regimens
and treatment-related adverse events. Community phar-
macies are natural locations for prevention, education,
and disease monitoring that can improve adherence to
antidiabetic treatments, reduce unrecognized hypogly-
cemic episodes, and minimize treatmentrelated adverse
events.'®

To implement these strategies, it is necessary to gain
knowledge on the prevalence of non-adherence and
impaired awareness of hypoglycemia (IAH) and iden-
tify their predictive factors. However, no previous study
evaluated these aspects at community pharmacies across
Spain. For this reason, the Spanish Society of Clin-
ical, Family and Community Pharmacy (SEFAC),"” the
Spanish Diabetes Society (SED),'" the Spanish Society

of Primary Care Physicians (SEMERGEN),"” and the
Spanish Society of Family and Community Medicine
(semFYC)® proposed to investigate the prevalence of low
adherence to antidiabetic treatments and the frequency
of unrecognized hypoglycemic events in people with
T2DM attended at community pharmacies.

METHODS

Study design

This observational, cross-sectional, multicenter study
was conducted at 79 community pharmacies in Spain.
The study adhered to the tenets of the Declaration of
Helsinki. After classification by the Spanish Agency for
Medicines and Health Products (AEMPS), the study was
approved by the Clinical Research Ethics Committee of
Fundacié Sant Joan de Déu. All participants provided
written informed consent before starting any assessment
associated with the study.

The protocol of the study has been previously
published.”’ In brief, data were obtained from inter-
views conducted at community pharmacies across the
country. Information collected included demographic
and clinical characteristics of study participants, data on
previous follow-ups, and comorbidities. To evaluate treat-
ment adherence to antidiabetic treatments, participants
completed the Spanish validated version of the 8-item
Morisky Medication Adherence Scale (MMAS-8) %%
and the electronic records of dispensed treatments were
reviewed. The Spanish validated version of the Clarke test
was also administered to participants treated with hypo-
glycemic antidiabetic treatments (sulfonylureas, glinides,
and insulin) to evaluate the level of hypoglycemia aware-
ness.”® Pharmacists who agreed to participate received a
1-day training (on-site or online) session by the Scientific
Steering Committee. The training covered the rationale
of the study, protocol details, and instructions on how to
administer the questionnaires to standardize the imple-
mentation of study procedures and avoid bias.

Study population
The investigators consecutively recruited adult partici-
pants receiving pharmacologic antidiabetic treatment,
following the same therapeutic regimen for at least 12
months, with an e-prescription in the previous 6 months
and who agreed to participate in the study.”’ Hypogly-
cemia awareness was evaluated in eligible participants
treated with sulfonylureas, glinides or insulin.
Participants who were unable to understand the proce-
dures of the study or complete the questionnaires were
excluded from the study. Participating pharmacists were
members of the SEFAC professional association.

Study outcomes

The aim of this study was to evaluate the feasibility of
measuring and initiating actions for improving T2DM
treatment adherence in community pharmacies.
Secondary objectives were to assess the frequency of IAH
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and to identify predictive factors of low adherence to
antidiabetic treatments and IAH.

The MMAS-8 is a modified version with eight items
of the MMAS,” a self-reported measure of adherence
(online supplemental figure 1).* The respondent is
required to answer “yes” or “no” to seven items and to rate
the last item on a 5-point Likert scale. Scores can range
between 0 and 8 and are classified into low (score <6),
medium (score 6-7), and high adherence (score of 8).
The Spanish validated version of the MMAS-8 was used
for this study.*

Adherence was also calculated based on electronic
records of medications dispensed at community phar-
macies. High adherence was established when 100% of
the prescribed medication was collected within the last 6
months, medium if 75%-99% of the prescribed medica-
tion was collected, and low when <75% of the prescribed
medication was collected.

The Clarke test evaluates the frequency and severity of
hypoglycemic events. The questionnaire comprises eight
questions characterizing the frequency of hypoglycemic
events, hypoglycemic symptoms, and the correlation with
blood glucose levels. Responses are designated as R or
A. A sum of R responses >4 indicates IAH, R=3 unde-
termined awareness, and R <2 adequate hypoglycemia
awareness (online supplemental figure 2)."* Participants
were categorized into those with IAH (Clarke test 24) or
non-IAH (Clarke test <3).

The investigators recorded the healthcare counseling
initiated at community pharmacies when low adher-
ence or IAH were detected, and results were reported
for patients with impaired hypoglycemia awareness and
low adherence. Diabetes education comprised informa-
tion leaflets on diabetes and hypoglycemia management
for adherent and hypoglycemia aware participants, and
more specific information on the importance of adhering
to prescribed treatments for non-adherent participants.
Information on how to detect and manage hypogly-
cemia was provided to participants with IAH. Following
the protocol,?' participants with low adherence and/or
with IAH were referred to their specialist for appropriate
care via a physician referral form. Pharmacotherapeutic
counseling comprised information on the correct use of
T2DM treatment and posology.

Statistical analyses

Analyses were performed with the software STATA
MP13.0. Logistic regression models were used to assess
predictors of non-adherence to antidiabetic agents and
of IAH. We first performed simple regression models
and those variables reaching statistical significance and
meaningful effect size were included in the multivari-
able logistic regression model. The level of significance
set for variable selection was p<0.20 and the meaningful
effect size as OR >1.1 or <0.9 for categorical variables
and OR >1.01 or <0.99 for continuous variables. In the
multivariable model, a p value <0.05 was considered
significant. Multicollinearity was tested using a variance

inflation factor. Those variables with a variance inflation
factor >5 were removed from the models.

Differences between women and men were analyzed
with the % test for categorical variables and Student’s
t-test for continuous variables. The level of statistical
significance was set at p<0.05.

The sample size was calculated to achieve a 5.0%
accuracy with 95% bilateral correction for finite popu-
lations considering an average 50% adherence reported
in previous studies.”® * Considering a 50% adherence
and a target population of 5 158 754 adults with diabetes
mellitus,’ of whom 8 611 128 would be treated pharmaco-
logically, and a dropout rate <20%), 462 participants were
required from at least 50 pharmacies.”'

A large cohort study™ showed a frequency of hypogly-
cemic episodes of 5%. Considering this prevalence, 319
participants were required for the analysis of hypogly-
cemia awareness.”'

RESULTS

Investigator pharmacists

Seventy-nine pharmacists participated in the study; 77.2%
worked in an urban pharmacy and 22.8% in a rural phar-
macy. Mean working experience was 16.7 years, most
were women (65.8%), and mean age was 44 years. Partic-
ipating pharmacists were distributed across the country
with numbers according to population density (online
supplemental table 1).

Study population

A total of 618 participants with T2DM were consecu-
tively included in the study with a similar proportion of
men and women (50.7% and 49.3%, respectively). Mean
age in the overall population was 66.5 years, being the
majority pensioners (68.6%) and 42.4% had primary
education (table 1).

Among comorbid conditions, hypertension was
reported in 65.5% of participants and dyslipidemia in
53.9%. The proportion of participants who reported
diabetes-related comorbidities was 39.6%, mainly retinal
disease (13.6%) and angina pectoris (13.3%). Within the
previous year, 14.4% of participants reported hospital
admissions, 21.3% because of diabetes decompensation.
In the last 2 years, 63.9% of patients had an ophthalmo-
logic follow-up. Most of the participants (90.3%) collected
their medication within the last 3 months. Participants
received a mean of 1.7 hypoglycemic antidiabetic drugs,
1.5 antihypertensive agents, and 3.4 treatments classified
as “others” (table 1).

When analyzing demographic characteristics by sex,
we observed that women were older, a lower proportion
had tertiary studies (university), received less antihyper-
tensive treatments (1.6 vs 1.4), and a higher proportion
underwent ophthalmologic follow-ups (table 1).

Adherence to antidiabetic treatments
According to the MMAS-8, 40.6% of participants
presented high adherence, 35.1% medium adherence,
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Table 1 Demographic and clinical characteristics of study participants

Men Women
N=618 N=313 N=305
Sex, n (%)
Men 313 (50.7) - -
Women 305 (49.3) - -
Age (years), mean (SE) 66.5 (0.6) 65.1 (0.8) 68.0 (0.8)*
Education level, n (%)
Unschooled or not reported 150 (24.2) 62 (19.8) 88 (28.9)
Primary education 262 (42.4) 140 (44.7) 122 (40.0)*
Secondary education 134 (21.7) 68 (21.7) 66 (21.6)
Tertiary education 72 (11.7) 43 (13.7) 29 (9.5)
Employment status, n (%)
Employed 140 (22.7) 83 (26.5) 57 (18.7)
Unemployed 54 (8.7) 27 (8.6) 27 (8.9)
Pensioner 424 (68.6) 203 (64.9) 221 (72.5)
Hypertension, n (%) 405 (65.5) 210 (67.1) 195 (63.9)
Dyslipidemia, n (%) 333 (53.9) 176 (56.2) 157 (51.5)
Reported diabetes-related comorbidities, n (%) 245 (39.6) 133 (42.5) 112 (36.7)
Angina pectoris 82 (13.3) 43 (13.7) 39 (12.8)
Myocardial infarction 73 (11.8) 40 (12.8) 33(10.8)
Heart failure 69 (11.2) 39 (12.5) 30 (9.8)
Kidney disease 76 (12.3) 41 (13.1) 35 (11.5)
Retinal disease 84 (13.6) 40 (12.8) 844 (14.4)
Sensitive neuropathy 62 (10.0) 31 (9.9 31 (10.1)
Peripheral arterial disease 64 (10.4) 29 (9.3) 35 (11.5)
Diabetes duration (years), mean (SE) (N=515)1 13.6 (0.5) 13.3(0.7) 14.0 (0.7)
Hospital admission (last year), n (%) 89 (14.4) 46 (14.7) 43 (14.1)
Diabetes decompensation 19 (3.0) 9 (2.9) 10 (8.3)
Ophthalmological follow-up (last 2 years), n (%) 395 (63.9) 184 (58.8) 211 (69.1)*
Recent laboratory tests (last year), n (%) 324 (52.4) 160 (51.1) 164 (53.8)
Collected the medication (last 3 months), n (%) (N=574)t 558 (90.3) 281 (89.9) 277 (90.8)
No of treatments per patient, mean (SE)
Antidiabetic 1.7 (0.03) 1.7 (0.05) 1.8 (0.05)
Insulin 101 (16.3) 39 (17.0) 62 (16.0)
Oral 517 (83.7) 191 (83.0) 326 (84.0)
Antihypertensive in patients with hypertension 1.5 (0.04) 1.6 (0.07) 1.4 (0.05)
Other 3.4 (0.13) 3.4 (0.17) 3.4 (0.19)
Adherence (MMAS-8)%, n (%)
Low (<6) 150 (24.3) 80 (25.6) 70 (23.0)
Medium (6-7) 217 (35.1) 116 (37.1) 101 (33.1)
High (=8) 251 (40.6) 117 (37.4) 134 (43.9)
Hypoglycemia awareness (Clarke test), n (%) (N=378)t
Impaired (>4) 94 (24.9) 44 (23.8) 50 (25.9)
Undetermined (=3) 82 (21.7) 38 (20.5) 44 (22.8)
Adequate (<2) 202 (53.4) 103 (55.7) 99 (51.3)

The Clarke test was administered to patients treated with hypoglycemic antidiabetic treatments.

*Significant differences (95% Cl) calculated with the 2 test for categorical variables or the Student t-test for continuous variables.

TNumber of patients with available data. For the stratified analysis by sex: number of treatments per patient (men N=289; women N=285), hypoglycemia awareness
(men N=185; women N=193), diabetes duration (men N=269; women N=246).

12006 Donald E. Morisky.

MMAS-8, 8-item Morisky Medication Adherence Scale.
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and 24.3% low adherence (table 1). No significant differ-
ences in adherence rates were observed between men
and women neither in the MMAS-8 (p=0.253), nor in
dispensed adherence (p=0.786).

Comparative analysis of adherence: MMAS-8 versus
dispensed medications

Among participants with low adherence by dispensed
medications, 57% presented low adherence with the
MMAS-8 test, 14% medium adherence, and 29% high
adherence. Participants with medium adherence by
dispensed medications showed medium adherence with
the MMAS-8 in 28% of participants, low in 44%, and
high in 28%. Among participants with high adherence
by dispensed medications, 43% showed high adherence
with the MMAS-8, 35% medium adherence, and 22%
low adherence. The comparison between adherence
measured with the MMAS-8 test and dispensed medica-
tions categorized by sex is shown in online supplemental
table 2.

Hypoglycemia awareness

Participants treated with hypoglycemic antidiabetic treat-
ments (sulfonylureas, glinides, and insulin; n=378, 61%)
completed the Clarke questionnaire. Among them, 53.4%
showed adequate hypoglycemia awareness (R responses
<2), 21.7% undetermined awareness (R responses=3),
and 24.9% TAH (R responses 24) (table 1). The propor-
tion of participants with severe hypoglycemia episodes
without loss of consciousness in the last 6 months was
39.1%, whereas 15.6% had severe hypoglycemia episodes
with loss of consciousness in the last 12 months.

Healthcare counseling

The proportion of subjects who had some healthcare
counseling was 70.9%; 69.0% corresponded to diabetes
education, 19.9% to pharmacotherapeutic assessment,
and 11.2% to physician referral (table 2).

Participants with IAH showed higher physician referrals
and lower diabetes education. Those with low adherence
were more frequently subjected to pharmacotherapeutic
assessments and physician referrals. All the subjects with

both IAH and low adherence received some professional
counseling, mainly diabetes education (50.0%) and
physician referral (41.2%). In participants with neither
IAH nor low adherence, the most common intervention
was diabetes education (79.2%) (table 2).

Determinants of adherence to antidiabetic treatment

In the simple model, longer diabetes duration (OR 0.98;
95% CI 0.96 to 0.99), receiving other treatments (OR
0.91;95% CI 0.84 to 0.99), adequate hypoglycemia aware-
ness (OR 0.34; 95% CI 0.20 to 0.60), and being attended
at urban pharmacies (OR 0.54; 95% CI 0.37 to 0.79) were
significant predictors of better adherence to antidia-
betic treatments. In contrast, participants unschooled or
without reported education were less likely to be adherent
to antidiabetic treatments (OR 1.79; 95% CI 1.13 to 2.83)
(table 3). In the multivariable model, only hypoglycemia
awareness remained significant (OR 0.40; 95% CI 0.20 to
0.80) (table 3). Online supplemental table 3 shows the
determinants of low adherence to antidiabetic treatment
stratified by participant sex.

In the simple model, the type of treatment (hypogly-
cemic vs non-hypoglycemic agents) did not correlate with
treatment adherence (OR 0.76; 95% CI 0.37 to 1.54).
However, participants receiving non-hypoglycemic anti-
diabetic agents with longer diabetes duration were more
likely to be adherent (OR 0.92; 95% CI 0.87 to 0.97)
and those with tertiary education were less likely to be
adherent (OR 2.80; 95% CI 1.16 to 6.75). In the multi-
variable model, participants treated with sulfonylureas,
glinides, or insulin attended at urban pharmacies were
more likely to be adherent to antidiabetic treatments
(OR 0.23; 95% CI 0.12 to 0.44) (online supplemental
table 4).

Determinants of impaired hypoglycemia awareness

Hypoglycemia unawareness did not depend on partici-
pants’ sex (OR 1.12; 95% CI 0.70 to 1.79). In the simple
model, being unschooled or without reported education
(OR 2.37; 95% CI 1.36 to 4.13) and reporting diabetes-
related comorbidities (OR 1.60; 95% CI 1.00 to 2.55)

Table 2 Comparison of healthcare counseling received in the overall population and in patients with low adherence and

impaired hypoglycemia awareness

Impaired
hypoglycemia Low
Healthcare counseling, Total awareness adherence Both* None
n (%) N=618 (N=60) (N=116) (N=34) (N=229)
None 180 (29.1) 5(8.3) 7 (6.0) 0 104 (45.4)
Healthcare counselingt 438 (70.9) 55 (91.7) 109 (94.0) 34 (100) 125 (54.6)
Diabetes education 302 (69.0) 29 (52.7) 47 (43.1) 17 (50.0) 99 (79.2)
Pharmacotherapeutic 87 (19.9) 12 (21.9) 47 (43.1) 3(8.8) 20 (16.0)
assessment
Physician referral 49 (11.2) 14 (25.5) 15 (13.7) 14 (41.2) 6 (4.8)

*Number of patients with low adherence and impaired hypoglycemia awareness.
TPercentages are calculated over the total number of patients who received healthcare advice.
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Table 3 Determinants of low adherence to antidiabetic treatment obtained with simple and multivariable regression models

Sociodemographic and clinical variables (N=618) OR (95% CI)

Sex (participants)
Men
Women
Sex (pharmacists)
Men
Women
Type of pharmacy
Rural
Urban
Diabetes duration (years), (0-92)
Age (years), (18-99)
Education level
Unschooled or not reported
Primary
Secondary
Tertiary
Employment situation
Pensioner
Employed
Unemployed
Hypertension (ref. no)
Dyslipidemia (ref. no)

Reported diabetes-related comorbidities (ref. no)
Hospital admission (last year) (ref. no)
Recent laboratory analyses (last year) (ref. no)

Use of hypoglycemic agents

No of treatments per patient
Hypoglycemic (0-5)
Antihypertensive (0-7)
Other (0-20)

Hypoglycemia awareness (Clarke test)

Impaired (>4)
Undetermined (=3)
Adequate (<2)
Non-reported

Simple
Ref.
0.87 (0.60 to 1.25)

Ref.
1.03 (0.70 to 1.51)

Ref.

0.54 (0.37 to 0.79)**
0.98 (0.96 to 0.99)*
1.00 (0.98 to 1.01)

1.79 (1.13 to 2.83)*
Ref.

1.27 (0.77 to 2.09)
1.55 (0.85 to 2.83)

Ref.
1.52
1.37
1.16
1.08
0.85
1.44
0.74
0.76

0.99 to 2.34
0.72 to 2.59
0.78 to 1.71
0.75t0 1.50
0.58 to 1.24
0.88 t0 2.36
0.51 to 1.07
0.37 to 1.54

Py
a2 = ..

0.86 (0.69 to 1.08)
1.10 (0.89 to 1.37)
0.91 (0.84 to 0.99)*

Ref.
0.65 (0.34 to 1.23)

0.34 (0.20 to 0.60)***

0.60 (0.36 to 1.00)

Multivariable

Ref.
0.62 (0.36 to 1.05)
0.99 (0.96 to 1.01)

1.73 (0.99 to 3.03)
Ref.

1.15 (0.64 to 2.06)
1.65 (0.84 to 3.26)

Ref.
1.60 (0.94 to 2.71)
1.26 (0.60 to 2.61)

Ref.

0.88 (0.38 to 1.83)
0.40 (0.20 to 0.80)*
0.80 (0.40 to 1.62)

Diabetes duration was not included in the multivariable model because it presented a high proportion of missing values.
Numbers in bold indicate statistical significance. P value: *p<0.05; **p<0.01;***p<0.001.

were significantly associated with IAH. Factors signifi-
cantly associated with adequate hypoglycemia awareness
were age (OR 0.99; 95% CI 0.97 to 0.99), being attended
in an urban pharmacy (OR 0.54; 95% CI 0.24 to 0.62),
and having high adherence to antidiabetic treatments
(OR 0.24; 95% CI 0.12 to 0.46) (table 4).

In the multivariable model, a lower educational level
(OR 2.04; 95% CI 1.07 to 3.86) and the presence of
comorbidities (OR 1.82; 95% CI 1.08 to 3.08) continued

to be associated with an impaired recognition of hypogly-
cemia, whereas high adherence was a significant factor
of hypoglycemia awareness (OR 0.27; 95% CI 0.13 to
0.54) (table 4). Age was not included in the model due
to collinearity. Specific determinants of hypoglycemia
unawareness in the men’s multivariable model were being
unemployed (OR 3.53;95% CI'1.21 to 10.30), unschooled
or without reported education (OR 3.20; 95% CI 1.10 to
8.49), and reporting diabetes-related comorbidities (OR
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Table 4 Determinants of impaired hypoglycemia awareness obtained with simple and multivariable regression models

OR (95% CI)

Sociodemographic and clinical variables (N=378) Simple Multivariable
Sex (patients)
Men Ref. -
Women 1.12 (0.70 to 1.79) -
Type of pharmacy
Rural Ref.
Urban 0.54 (0.24 to 0.62)*** 0.53 (0.31 to 0.91)*

Diabetes duration (years), (0-92)
Age (years), (18-99)
Education level
Unschooled or not reported
Primary
Secondary
Tertiary
Employment situation
Pensioner
Employed
Unemployed
Hypertension (ref. no)
Dyslipidemia (ref. no)
Reported diabetes-related comorbidities (ref. no)
Hospital admission (last year) (ref. no)
Recent laboratory analyses (last year) (ref. no)
No of treatments per patient
Hypoglycemic (0-5)
Antihypertensive (0-7)
Other (0-20)

1.01 (0.99 to 1.03)
0.99 (0.97 to 0.99)t

2.37 (1.36 to 4.13)**
Ref.

1.11 (0.57 to 2.16)
0.63 (0.25 to 1.63)

Ref.

1.14 (0.64 to 2.03)
1.72 (0.85 to 3.50)
1.15(0.69 to 1.91)
0.87 (0.54 to 1.39)
1.60 (1.00 to 2.55)*
1.29 (0.70 to 2.37)
1.15 (0.72 to 1.84)

1.07 (0.81 to 1.42)
1.08 (0.82 to 1.42)
1.03 (0.94 to 1.13)

1.86 (0.99 to 3.49)

0.86 (0.43 to 1.75)
0.58 (0.21 to 1.58)

Ref.
1.55 (0.81 t0 2.97)
1.95 (0.89 to 4.27)

1.71 (1.02 to 2.86)*

Adherence (MMAS-8)f
Low (<6) Ref.
Medium (6-7)

0.64 (0.37 to 1.12)
High (>8) 0.24 (0.12 to 0.46)***

0.79 (0.44 to 1.44)
0.29 (0.14 to 0.57)***

Numbers in bold indicate statistical significance. P value: *p<0.05; **p<0.01;**p<0.001.

TNot included in the multivariable analysis because of collinearity.
12006 Donald E. Morisky.
MMAS, Morisky Medication Adherence Scale.

2.64; 95% CI 1.26 to 5.54) in the women’s multivariable
model (online supplemental table 5).

DISCUSSION
This nationwide study conducted in community phar-
macies of Spain assessed the level of adherence to anti-
diabetic treatments and of hypoglycemia awareness in
people with T2DM, and their possible associated factors.
Adherence estimates vary widely between studies
(43%-86%), depending on the target population and
adherence definition.® In a large crosssectional study
conducted in Spain, 65.4% of individuals were adherent
to antidiabetic treatments>’ and, in our study, the MMAS-8

showed a correct adherence in only 41% of the studied
T2DM population.

Given the low adherence to antidiabetic treatments
reported, assessing associated factors can be crucial to
implement preventive strategies. In our models, hypo-
glycemia unawareness was less frequent in participants
with high adherence to T2DM treatment, suggesting a
correlation between both conditions. Another significant
determinant of adherence found in this study is the type
of pharmacy, with urban community pharmacies showing
higher adherence rates. One of the factors that could
explain this result relates to a higher educational level
in urban populations, which agrees with the fact that
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participants treated with sulfonylureas, glinides, or insulin
and attended at urban pharmacies were more likely to
be adherent to antidiabetic treatments, assuming that
adherence to risky or complex treatments partly depends
on how informed patients are. Previous predictors of
non-adherence found in other studies include male sex,
higher education, higher daily total pill burden, use of
mail-order versus retail pharmacies,”’ younger age, and
more frequent hypoglycemia.” Among these factors, the
models presented in this study only identified the educa-
tion level and the number of treatments per patient as
significantly correlated with adherence to antidiabetic
treatments, maybe because of the different sample size
and setting.

The concordance between adherence rates obtained
with electronic records of dispensed medications and
the MMAS-8 was low, with information from dispensed
medications having poor discriminative power. These
results may be explained considering that T2DM treat-
ments are entirely covered for pensioners in the Spanish
healthcare system, representing a minimal out-of-pocket
contribution for the rest of people. Then, adherence
data corroborate that the collection of treatments from
the pharmacy does not assure their administration, as
some people may be collecting the medicines from the
pharmacies because they are almost completely free.
The discrepancy between MMAS-8 data and electronic
records of dispensed medications should prompt educa-
tional interventions in Spain and countries with similar
healthcare systems to increase self-responsible pharma-
cological use and adherence.

The Clarke test results reported a 25% rate of hypo-
glycemia unawareness in people with T2DM treated with
hypoglycemic agents, a similar figure to that described
previously for type 1 DM (T1DM).” The comparison
of this rate with those reported in other studies is chal-
lenged by the scarce data available on the presence of
IAH in people with T2DM. Of the few examples are a
recent Dutch nationwide cohort study (2350 people)
using the same validated test and describing an almost
10% prevalence of IAH in people with T2DM on insulin
therapy™ or the cross-sectional study performed at nine
Primary Care Centers in Spain showing an IAH preva-
lence of 10%-12%.% Since neuroendocrine response
impairment is considered to be similar in people with
advanced T2DM or TIDM,” differences in the reported
hypoglycemia awareness between our study and the Dutch
cohort could be due to the more advanced population
or other sociocultural factors. Of particular importance
in explaining these differences is the setting (commu-
nity pharmacy) where the survey was administered as
it can have a great influence on study outcomes.” In
this regard, the community pharmacy is a remarkably
different setting compared with those in previously
published studies. Overall, the higher IAH prevalence
detected in community pharmacies could point out the
interest in promoting research and therapeutical inter-
ventions in other settings beyond the hospital or primary

care. Moreover, these high rates of IAH in advanced
populations with T2DM should support the investment
in hypoglycemia detection measures, such as continuous
glucose monitoring.*

We found specific risk factors of impaired hypogly-
cemia recognition by sex, such as lower educational level,
the presence of comorbidities, or being unemployed.
Our group recently reported a geographical distribution
of hypoglycemia in the overall Spanish population, which
was conditioned by socioeconomic factors such as unem-
ployment and literacy/education, supporting the present
results and the claimed need to consider those factors to
develop preventive strategies.”

In light of the low adherence and high hypoglycemia
unawareness detected at community pharmacies, phar-
macist-led preventive strategies are critically important.
In this context, these professionals, with appropriate
training, are fully qualified to provide advice and care
on correct medication use, adherence, disease-related
complications, behavioral and lifestyle modifications, self-
monitoring of symptoms, and treatment-related adverse
events,” given their regular interaction with patients
and vast expertise on dosage regimens and treatment-
related side effects.”’ In fact, in our study, a high propor-
tion of participants received healthcare counseling by
pharmacists, particularly those subjects with IAH and
low adherence. Previous studies showed the effective-
ness of pharmaceutical care in improving adherence,* **
glycemic control,* ** and reducing cardiovascular risk**
in people with diabetes mellitus.

The results of this study should be interpreted consid-
ering different limitations. First, given the observational
nature of the study, some variables presented a consider-
able proportion of missing values, such as self-reported
adherence. Second, the observational and cross-sectional
design precludes inferring causal inference. Third,
most of the variables included are subjective and can
be influenced by recall errors, and some results in the
subgroup analysis are challenging to interpret with
available data. Fourth, patient and pharmacist selection
could have biased the results toward more regular phar-
macy users and pharmacists more interested in diabetes
management.

Despite these limitations, this study is one of the
largest conducted in Spanish community pharmacies.
The cohort of patients included is representative of the
Spanish population with advanced T2DM, polypharmacy,
and treated at primary care.*® These data are crucial to
identify non-adherent patient profiles and compare data
with that obtained in other clinical settings to optimize
complementary interventions. Moreover, the MMAS-8 is
a reliable and valid tool to assess adherence, which has a
validated Spanish version.*” *®

CONCLUSIONS
This cross-sectional study confirmed that antidiabetic
treatment adherence is low and identified a significant
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prevalence of IAH in a T2DM cohort. As both conditions
were effectively evaluated in community pharmacies,
actions to improve adherence and hypoglycemia aware-
ness may be conducted in these facilities. Main factors
associated with low adherence and IAH were described,
which may be determinant for future healthcare strate-
gies. Further prospective research is needed to confirm
the effectiveness of the intervention.
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