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Abstract

Purpose The purpose was to evaluate the association between medication adherence and health-related quality of life
(HRQoL) of patients with diabetes.

Methods In this cross-sectional study, a total of 518 patients were recruited from the outpatient departments of different
general public and private hospitals in Greece during the COVID-19 pandemic using a consecutive sampling method. HRQoL
was assessed with the EQ-5D-5L instrument and medication adherence with the corresponding subscale of the Adherence
Starts with Knowledge 20 questionnaire. The relationship between HRQoL and adherence was explored by employing Spear-
man’s correlations and multiple binary logistic and linear stepwise regressions using robust standard errors.

Results A total of 15.1 and 1.9% of the patients reported that they had taken a medicine either more or less often than pre-
scribed in the last month and week, respectively. Statistically significant but modest correlations of medication non-adherence
with the EQ-5D index (rho= —0.223), EQ-VAS (rho= —0.230), and all the HRQoL domains (rho ranging from 0.211, for
pain/discomfort, to 0.136, for mobility issues) were found. These significant associations persisted even after controlling for
several other known potential factors of HRQoL in the multivariable analyses, except for the mobility and anxiety/depres-
sion dimensions.

Conclusion Medication non-adherence appears to be independently associated with lower HRQoL and health levels in
patients with diabetes. It is crucial to plan interventions to enhance medication adherence not only to obtain greater value
from the available resources, but also to improve HRQoL of patients with diabetes.
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Introduction substantial. DM-related healthcare spending in Greece was

estimated at USD 3.9 billion in 2010, i.e., approximately 9%

Diabetes mellitus (DM) is a chronic disorder characterized
by hyperglycemia, i.e., raised levels of blood glucose [1].
DM and its associated health complications pose a consid-
erable challenge to healthcare service providers in Greece,
with a national prevalence of approximately 7% [2]. Despite
the advances in its treatment over the past few decades, DM
continues to impose a significant clinical burden, while the
economic consequences to the health care system are also
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of the total healthcare expenditure, and it is projected to rise
to USD 4.6 billion by 2030 [3].

DM is a complex condition that requires self-care activi-
ties and continuous long-term attention to self-monitoring
of blood glucose, food intake, emotional stress, physical
activity, and medication taking [4]. Optimal glycemic con-
trol and long-term disease management in DM depends
largely on the patient’s overall adherence to treatment
behavior, which includes lifestyle and behavioral changes,
keeping medical appointments, and taking medication as
prescribed [5]. However, medication non-adherence is quite
a common problem in patients with chronic conditions,
the rate having been estimated at only 50% on average in
developed countries and even lower in the developing world
[4]. In particular, medication non-adherence constitutes a
major challenge in the treatment of DM, with a number of
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studies showing high rates of discontinuation and incorrect
administration and medicine dosages [6—8]. Good medi-
cation adherence can improve glycemic control, whereas
suboptimal adherence can lead to poor treatment responses,
progression of disease symptoms, and development of sev-
eral diabetes-related complications (e.g., neuropathy, kid-
ney failure, and cardiovascular events) [7, 9]. Furthermore,
as a consequence of deteriorating health outcomes and
related adverse events, medication non-adherence results
in increased consumption of healthcare resources (e.g.,
unnecessary hospital admissions). A study has estimated
that improving medication adherence could result in annual
cost savings ranging from $661 million to $1.16 billion in
the USA alone [10].

Health-related quality of life (HRQoL) represents peo-
ple’s subjective appraisal of their sense of well-being and
ability to perform social roles and how are these influenced
by their illness or its treatment [11]. Interestingly, although
there appears to be a consensus concerning the substantial
HRQoL burden associated with the majority of non-com-
municable diseases (NCDs), their impact differs depending
on the type of chronic condition [12]. In recent decades,
interest in improving the HRQoL of patients with chronic
illnesses has been growing, as the lack of an adequate cure
has shifted the care for these NCDs from problem-oriented
to goal-oriented [13, 14]. Understanding the association
between patients’ HRQoL and their chronic conditions is
important as it provides the tools to develop better manage-
ment strategies for these diseases.

Several studies have investigated the impact of DM on
patients” HRQoL. It is clear that HRQoL in patients with
DM is greatly compromised by the chronic burden of the
illness and the combined effect of related complications in
various dimensions of well-being [15]. Diabetes is a com-
plex condition which requires continual attention and control
of blood glucose levels, and, importantly, enhanced medi-
cation adherence has been associated with better glycemic
control and lower healthcare resource utilization [16]. In
this framework, adherence can be considered as an inter-
mediate or process variable, while HRQoL is the ultimate
outcome [17]. Although it is expected that improved medi-
cation adherence has a positive impact on HRQoL in DM
through better clinical outcomes, the findings in the litera-
ture are contradictory. While some past research has demon-
strated a positive relationship between medication adherence
and HRQoL [18], other studies have found no association
between them [19, 20]. Therefore, it is important to provide
some further insight into the HRQoL impact on adherence
to antidiabetic medication treatment. The main purpose of
this study is to evaluate the association between medication
adherence and HRQoL of patients with DM in Greece. The
secondary objectives are to investigate the effect of other
factors that influence HRQoL in diabetic patients.
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Methods
Study design and participants

This was a multicenter, cross-sectional, non-interventional
epidemiological study and no specific treatment protocol,
diagnostic/therapeutic procedure, or visit program was
imposed. The survey was conducted between March 2020
and March 2021 using a consecutive sampling method.
Participants were recruited from patients attending the out-
patient departments of different general public and private
hospitals, community pharmacies, and private practices, and
from patient groups and medical societies in Greece, thus
ensuring the representativeness of the sample.

The study participants were adult patients (> 18 years)
who were medically diagnosed with DM, at various degrees
of severity, and had been receiving antidiabetic treatment for
at least 6 months. Patients who were not mentally capable of
responding to the survey questionnaire or not able or will-
ing to provide written consent, pregnant women, and per-
sons suffering from acute life-threatening conditions were
excluded.

The study was designed according to the principles of
the Declaration of Helsinki. Participation in the survey
was completely anonymous. Eligible and willing partici-
pating patients were fully informed about the aims of the
study, and those who agreed to participate provided written
informed consent. Ethical approval for conducting this study
was obtained from the scientific boards of the respective
institutions.

Data collection

Study participants were interviewed by trained investiga-
tors using a structured questionnaire. The survey question-
naire was developed specifically for this study based on a
comprehensive review of the international literature and in
collaboration with health experts. A pilot study was con-
ducted before the launch of the main fieldwork to assess the
feasibility of the questionnaire in terms of readability, com-
prehensibility, and time to complete the survey, and expert
reviews were also used to evaluate the questionnaire. Data
were collected concerning sociodemographics, clinical char-
acteristics (e.g., time since diagnosis and time since starting
medication treatment), medication adherence, and HRQoL.

HRQol instrument

HRQoL was assessed with the EQ-5D-5L questionnaire,
which is a generic measure of HRQoL and has been
validated in the Greek setting [21]. The EQ-5D-5L is a
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preference-based generic measure of HRQoL which consists
of the following: (a) the EQ-5D descriptive system and (b)
the EQ-VAS. The EQ-5D descriptive system includes five
domains of health, i.e., mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression. Each dimension
is measured on a five-level scale, with higher levels rep-
resenting more health problems. Domain scores were also
dichotomized to identify the presence of problems (level 1
vs. levels 2-5). A single utility score is obtained by applying
societal value sets, derived from population-based valua-
tion studies, to the state of health vectors ranging between
11,111 (full health) and 55,555 (worst health). The pref-
erence-based index typically varies from states worse than
dead (< 0) to full health (1). As the Greek value sets have
not yet been developed, health utilities were obtained based
on time trade-off valuations from a general population study
conducted in the UK which have been found applicable to
the Greek setting [21]. The VAS is used to rate respondents’
current self-rated health on a 20 cm visual analog scale rang-
ing from O (worst imaginable health) to 100 (best imaginable
health) [21].

Medication adherence assessment

Medication adherence was assessed with the Adherence
Starts with Knowledge 20 (ASK-20) questionnaire, which
was developed to identify barriers to treatment adherence
[22, 23]. It comprises 20 items, which are rated on a 5-point
scale that can be classified into the following domains:
lifestyle (items Q1—Q6), attitude and behavior (Q7—Q8),
support from others or communication with the healthcare
team (Q9—Q12), barriers to medicine use (Q13—Q15), and
adherence to medicines (Q16—Q20). We specifically used
the medication adherence subscale, which ranges from 5 to
25, with higher scores indicating a greater degree of medica-
tion non-adherence. The derived Likert subscale was found
to have good internal consistency (standardized Cronbach
alpha: 0.77).

Statistical analysis

Descriptive statistics were performed to characterize the
sample. Chi-square (and Fisher’s exact) tests were con-
ducted to identify significant associations between categori-
cal variables. Group differences with respect to continuous
variables were investigated using the independent sample
t-test and the Mann—Whitney U-test for normally and non-
normally distributed variables, respectively. For variables
with three or more groups, the ANOVA and Kruskal-Wal-
lis tests were used, respectively. Normality of the distribu-
tion was explored with the Shapiro—Wilk normality test.
Spearman’s rank correlation coefficient was employed to
assess the association between HRQoL and medication

adherence variables. Multiple binary logistic and linear
stepwise regressions using robust standard errors were car-
ried out to identify the independent predictors of the pres-
ence of problems in each HRQoL domain and the EQ-5D
index and VAS, respectively. The factors that were used in
the univariate analysis were entered into each model with a
p-value < 0.05 and were removed with a p-value >0.1.

The level of significance was set at  =0.05. Statistical
analysis was conducted using the SPSS® v.26 and STATA®
v.16.

Results

A total of 518 patients with DM were recruited for this
study. The sociodemographic and clinical characteristics
of the subjects are presented in Table 1. The mean age of
the sample was 47.4 (+41.8) years and 331 (63.9%) of the
participants were females. Two-thirds (66%) of the sample
had been diagnosed with type 1 diabetes and the mean dura-
tion of the disease was 17.94 (£ 11) years. Furthermore, the
HbAc last reading was equal to or greater than 7% for more
than half of the patients (57.3%) and 60.4% of the partici-
pants reported having at least one comorbidity.

The distribution of the responses for the EQ-5D descrip-
tive system is summarized in Table 2. Overall, the dimension
with the highest prevalence of problems was anxiety/depres-
sion (72.6%), followed by pain/discomfort (38.6%), while
self-care was the least frequently reported limitation (8.5%).
The mean value of the EQ-5D index was 0.78 (+0.2) and the
mean EQ-VAS score was 71.31 (+16.74). The mean ASK-
20 medication non-adherence score was 8.07 (+3.37). Fur-
thermore, 15.1 and 1.9% of the patients stated that they had
taken a medicine more or less often than prescribed in the
last month and week, respectively, preceding the interview.

The correlation analysis showed a significant negative
correlation of medication non-adherence with the EQ-5D
index and VAS, though the magnitude of the associations
was small (tho= —0.223 and rho= —0.230, respectively,
p-value <0.01 for both) (Table 3). Significant but weak
positive correlations were also found between medication
non-adherence and all the EQ-5D domains; the strong-
est relation was detected with pain/discomfort problems
(tho=0.211, p-value <0.01) and the weakest with mobil-
ity issues (tho=0.136, p-value <0.01). The strength of the
association between medication non-adherence and HRQoL
varied across the individual items of the medication non-
adherence scale.

Tables 4 and 5 present the results of the univariate analy-
sis of HRQoL. Low medication non-adherence, as it was
indicated using the median score of the sample as a cut-
off, was significantly associated with a higher proportion of
patients reporting problems in all EQ-5D domains and lower
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Table 1 Patients’ sociodemographics and clinical characteristics

Variables N % Variables N %
Sex BMI, mean (SD) 28.11 (6.48)
Male 187 36.1  Underweight or normal weight 191 36.9
Female 331 63.9  Overweight 164 31.7
Age, mean (SD) 47.36 (41.78) Obese 163 31.5
<40 years 173 33.4  Smoking status
40-49 years 147 28.4  Not currently smoking 310 59.8
50-59 years 122 23.6  Current smoker 208 40.2
60+ years 76 14.7  Exercise per week (days), mean (SD) 2.51 (1.98)
Education level 0 days 101 19.5
Lower 35 6.8 1-2 days 182 35.1
Middle 207 40.0 3+days 235 454
Upper 276 53.3  Type of diabetes
Employment status Type 1 342 66.0
Employed 284 54.8  Type2 176 34.0
Retired 71 13.7  Time since diagnosis (years), mean (SD) 17.94 (10.99)
Other (inactive or unemployed) 163 31.5 04 years 49 9.5
Making ends meet 5-9 years 95 18.3
With great difficulty or difficulty 170 32.8  10-19 years 162 31.3
With some difficulty 152 29.3  20+years 212 40.9
Fairly easily 133 25.7 Diabetic medication
Very easily or easily 63 12.2 Oral medication only 176 34.0
Health insurance status Insulin with or without oral medication 342 66.0
Public 401 774 HbAlc
Public & private 66 12.7  Less than 7% 221 42.7
No health insurance or only private 51 9.8 Greater than or equal to 7% 297 57.3
Marital status Number of comorbidities categories, mean 1.20 (1.28)

(SD)
Not married 232 448 0 205 39.6
Married (including registered partnership) 286 552 1 117 22.6
Children 2 129 249
No 194 37.5 >3 comorbidities 67 12.9
Yes 324 62.5
Living alone
No 400 77.2
Yes 118 22.8

Values represent N and %, unless stated otherwise

Abbreviation: N, number of patients; SD, standard deviation; BMI, body mass index; HbAIC, hemoglobin A1C

EQ-5D index and VAS scores. The univariate effect of the
other factors varied with respect to the dependent variable.

The results of the multivariable analyses revealed that
patients who were older, inactive, or unemployed, living
alone, obese, less physically active, with type 1 diabetes, and
taking oral only antidiabetic medications and who had two
or more comorbidities were more likely to report mobility
problems (Table 6). A higher likelihood of self-care issues
was associated with older age, inactivity or unemployment,
making ends meet very easily or easily, being married,
not having children, living alone, fewer days exercising
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per week, bad glycemic control, and having two or more
comorbidities and worse medication adherence. Participants
who were female, older, inactive or unemployed, with worse
economic status, living alone, less physically active, and less
adherent to antidiabetic medication were associated with a
higher probability, and those who were overweight with a
lower likelihood of reporting difficulties in the usual activi-
ties’ dimension. Increased risk of pain/discomfort issues
was established for patients who were older, with better
economic status, those with a 5-9-year duration of disease,
two or more comorbidities, and less medication adherence.
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Table 2 Health-related quality of life and medication adherence of the sample

Health-related quality of life Responses
Domain No problems Slight problems Moderate problems Severe problems Extreme problems
Mobility 362 (69.9) 96 (18.5) 34 (6.6) 22 (4.2) 4(0.8)
Self-care 474 (91.5) 23 (4.4) 15(2.9) 6(1.2) 0(0.0)
Usual activities 370 (71.4) 112 (21.6) 20 (3.9) 13 (2.5) 3(0.6)
Pain/discomfort 318 (61.4) 147 (28.4) 35 (6.8) 18 (3.5) 0(0.0)
Anxiety/depression 142 (27.4) 232 (44.8) 111 (21.4) 23 (4.4) 10 (1.9)
EQ-5D index, mean (SD) 0.78 (0.20)
EQ-5D VAS, mean (SD) 71.31 (16.74)
Medication adherence Responses
Item Never More than 3 months ago In the last 3 months In the last month In the last week
Taken a medicine more or less often than 179 (34.6) 181 (34.9) 70 (13.5) 78 (15.1) 10 (1.9)
prescribed
Skipped or stopped taking a medicine 408 (78.8) 65 (12.5) 34 (6.6) 6(1.2) 5(1.0)
because you didn’t think it was working
Skipped or stopped taking medicine 361 (69.7) 105 (20.3) 18 (3.5) 26 (5.0) 8 (1.5)
because it made you feel bad
Skipped, stopped, not refilled, or taken less 419 (80.9) 64 (12.4) 12 (2.3) 15(2.9) 8 (1.5
medicine because of the cost
Not had medicine with you when it was 273 (52.7) 141 (27.2) 59 (11.4) 29 (5.6) 16 (3.1)

time to take it

ASK-20: medication non-adherence (5-25 8.07 (3.37)
score) subscale, mean (SD)

Values represent N and %, unless stated otherwise

Abbreviation: SD, standard deviation; ASK-20, Adherence Starts with Knowledge 20

Table 3 Correlations between health-related quality of life and medication non-adherence variables

Items EQ-5D dimensions

EQ-5D index EQ-5D VAS

Mobility Self-care Usual activities Pain/discomfort Anxiety/depression

Taken a medicine more or less often  0.098*  0.136%* 0.117%**
than prescribed

Skipped or stopped taking a medi- —0.041 0.004 -0.012
cine because you didn’t think it
was working

Skipped or stopped taking medicine  0.172*%*  0.169%*  0.183**
because it made you feel bad

Skipped, stopped, not refilled, or 0.049 0.115%*%  0.099*
taken less medicine because of the
cost

Not had medicine with you when it  0.023 0.063 0.028
was time to take it

ASK-20: medication non-adherence  0.136** 0.174%* (.178*%*
subscale

0.131%* 0.127%* —0.144%%* —0.198**
0.041 —0.038 0.026 —0.025
0.235%%* 0.059 —0.178%%* —0.112%
0.029 0.07 -0.076 —0.168**
0.136%* 0.066 —0.108%* —0.195%*
0.2171%* 0.168%* —0.223%* —0.230%*

Values represent Spearman’s rank correlation coefficient; *p-value <0.05; **p-value <0.01

Multivariable regression analysis showed that higher
medication adherence was an independent predictor of
higher EQ-5D index and VAS (Table 7). Furthermore,
female gender, older age, economic inactivity or unemploy-
ment, obesity, and having comorbidities were associated

with lower EQ-5D index, and higher education, better eco-
nomic status, and physical activity with increased EQ-5D
index. On the other hand, female gender, being inactive or
unemployed, obesity, type 2 diabetes, poor glycemic control,
and having two or more comorbidities were independent risk

@ Springer
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Table 5 Univariate analysis
of factors associated with the
EQ-5D index and VAS

@ Springer

Factors EQ-5D index EQ-5D-5L VAS
Mean (SD) p-value Mean (SD) p-value
Sex 0.028 0.014
Male 0.82 (0.17) 73.72 (15.28)
Female 0.77 (0.21) 69.95 (17.38)
Age <0.001 0.769
<40 years 0.82 (0.17) 71.68 (18.59)
4049 years 0.80 (0.17) 71.70 (16.15)
50-59 years 0.75 (0.25) 70.77 (15.99)
60 + years 0.73 (0.19) 70.61 (14.73)
Education level <0.001 <0.001
Lower 0.59 (0.25) 62.14 (14.11)
Middle 0.80 (0.17) 71.08 (16.44)
Upper 0.80 (0.20) 72.65 (16.95)
Employment status <0.001 0.006
Employed 0.83 (0.14) 73.11 (16.10)
Retired 0.76 (0.21) 72.20 (14.47)
Other (inactive or unemployed) 0.72 (0.26) 67.79 (18.22)
Making ends meet 0.005 <0.001
With great difficulty or difficulty 0.73 (0.23) 66.68 (17.36)
With some difficulty 0.81 (0.16) 72.57 (15.51)
Fairly easily 0.80 (0.20) 72.77 (16.60)
Very easily or easily 0.83 (0.15) 77.73 (15.26)
Health insurance status <0.001 0.134
Public 0.79 (0.18) 71.62 (16.31)
Public & private 0.86 (0.16) 72.91 (16.06)
No health insurance or only private 0.68 (0.32) 66.86 (20.25)
Marital status 0.199 0.698
Not married 0.79 (0.21) 71.70 (16.72)
Married 0.78 (0.19) 71.00 (16.78)
Children 0.120 0416
Yes 0.79 (0.18) 71.20 (15.29)
No 0.79 (0.23) 71.49 (18.94)
Living alone 0.235 0.691
Yes 0.76 (0.23) 70.76 (17.34)
No 0.79 (0.19) 71.47 (16.57)
BMI <0.001 <0.001
Underweight or normal weight 0.81 (0.19) 73.77 (15.88)
Overweight 0.82 (0.16) 74.18 (14.42)
Obese 0.72 (0.23) 65.55 (18.45)
Smoking status 0.403 0.124
Not currently smoking 0.79 (0.18) 72.13 (16.73)
Current smoker 0.79 (0.22) 70.10 (16.71)
Exercise per week (days) <0.001 <0.001
0 days 0.68 (0.25) 64.55 (16.03)
1-3 days 0.79 (0.20) 69.37 (17.15)
3 +days 0.83 (0.15) 75.72 (15.47)
Type of diabetes 0.003 <0.001
Type 1 0.80 (0.19) 73.04 (16.82)
Type 2 0.75 (0.21) 67.95 (16.10)
Time since diagnosis (years) 9.978 0.298
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Table 5 (continued)

Factors EQ-5D index EQ-5D-5L VAS
Mean (SD) p-value Mean (SD) p-value
04 years 0.77 (0.20) 72.61 (17.75)
5-9 years 0.83 (0.16) 69.78 (17.18)
10-19 years 0.77 (0.23) 72.88 (16.52)
20+ years 0.78 (0.19) 70.50 (16.46)
Diabetes medication 0.003 <0.001
Oral medication only 0.76 (0.04) 68.19 (262.67)
Insulin with or without oral medication 0.80 (0.04) 72.92 (282.24)
HbAlc 0.314 0.004
Less than 7% 0.80 (0.19) 73.66 (15.76)
Greater than or equal to7% 0.78 (0.21) 69.57 (17.25)
Number of comorbidities <0.001 <0.001
0 0.84 (0.13) 74.56 (15.24)
1 0.81 (0.16) 74.29 (16.12)
2 0.77 (0.23) 69.52 (16.40)
>3 comorbidities 0.61 (0.25) 59.63 (17.46)
ASK-20: level of medication non-adherence <0.001 <0.001
Low adherence (> median) 0.74 (0.22) 68.70 (17.37)
High adherence (< median) 0.84 (0.15) 74.46 (15.40)

Abbreviations: N, number of patients; SD, standard deviation; BMI, body mass index; HbA1C, hemoglobin
A1C; ASK-20, Adherence Starts with Knowledge 20

factors decreasing VAS, whereas better economic status and
physical activity positively influenced VAS.

Discussion

This was a multicenter, cross-sectional, non-interventional
study with a primary aim to investigate the impact of medi-
cation adherence on the HRQoL of patients with DM. Our
results revealed a modest negative correlation between
medication non-adherence and HRQoL and health status,
based on measurements using the EQ-5D index and EQ-
VAS, respectively. However, this association persisted even
after controlling for several other known potential factors of
HRQoL. Furthermore, the positive association of medica-
tion adherence with HRQoL in diabetic patients was found
to be mainly driven by the impact of medication adherence
on the dimensions of pain/discomfort, usual activities, and
self-care, as these were the only domains for which medica-
tion adherence maintained its statistical significance in the
multivariable analysis.

Although one would anticipate that improved medication
adherence would have a positive impact on HRQoL, the find-
ings of the literature are not always consistent. A number of
studies have identified a positive relationship between medi-
cation adherence and HRQoL and improvements in patient-
centered outcomes following medication adherence enhancing

interventions [18, 24-28]. However, other studies have not
arrived at the same conclusion [17. 19, 20]. One reason for
these inconsistent findings may be the different study popula-
tions, settings, and instruments used for measuring HRQoL and
adherence [18]. The choice of the method employed to measure
HRQoL may be quite important. An instrument designed spe-
cifically for a population or a disease may be more responsive
to changes in HRQoL compared with a generic measure [17],
such as the EQ-5D-5L questionnaire that was used in this study.

There are at least two explanations for how better
medication adherence may promote HRQoL. According
to the most plausible interpretation, the full benefit of
most medicines can only be achieved if patients closely
follow their prescribed regimen [29]. As patients become
more adherent, debilitating symptoms decrease and clini-
cal outcomes improve in the short term and disease con-
trol increases in the longer term, thus resulting in better
HRQoL. In contrast, an uncontrolled course of the disease
may impair patients’ well-being [28]. In a more indirect
way, HRQoL, which is a psychosocial construct, may
be positively influenced by patients’ belief that they are
actively contributing to the management of their disease
by following their prescribed treatment [24]. On the other
hand, a more adherent patient may face short-term detri-
mental effects on their HRQoL due to treatment-related
adverse events and daily routine limitations [30, 31]. The
self-regulatory model assumes that patients continually

@ Springer
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TabIe? Multipk.: linear Factors EQ-5D-index?® EQ-5D VAS
stepwise regressions with the
EQ-5D index and VAS as Beta (95%CI) p-value Beta (95%CI) p-value
dependent variables
Sex (ref.: male)
Female —0.05 (-0.08,-0.02) 0.001 —3.84 (-6.50,—-1.19) 0.005
Age (ref.: <40)
40-49 years —0.06 (-0.10,-0.02) 0.005
50-59 years —0.09 (—0.15,-0.03) 0.004
60 + years —0.13 (-0.20,-0.05) 0.001
Education (ref.: lower)
Middle 0.08 (0.01, 0.15) 0.036
Upper 0.05 (—0.03,0.13) 0.236
Employment status (ref.: employed)
Retired —0.01 (-0.08,0.05) 0.672 —1.28 (—5.03, 2.46) 0.502
Other (inactive or unemployed) —0.11 (-0.15,-0.07) <0.001 -5.02(—8.18,—1.85) 0.002
Making ends meet (ref.: with great difficulty or difficulty)
With some difficulty 0.05 (0.01, 0.09) 0.008 2.83 (—0.68, 6.35) 0.114
Fairly easily 0.02 (—=0.02, 0.07) 0.302 2.67 (—1.05, 6.40) 0.159
Very easily or easily 0.07 (0.02, 0.12) 0.005 8.27 (4.21, 12.33) <0.001
Children (ref.: yes)
No —0.04 (-0.07,0.00) 0.064
BMI (ref.: underweight or normal weight)
Overweight 0.03 (-0.01, 0.07) 0.097 247 (-0.93,5.87) 0.155
Obese —0.05 (-0.09,-0.01) 0.014 —4.11 (-8.18,-0.04) 0.048
Number of days exercising per week (ref.: 0 days)
1-2 days 0.06 (0.01, 0.10) 0.023 2.59 (-1.23,6.41) 0.184
3 +days 0.08 (0.04, 0.13) <0.001  7.62(3.95,11.29) <0.001
Time since diagnosis (ref.: 0—4 years)
5-9 years —5.05(-10.39, 0.29) 0.064
10-19 years 0.32 (—4.72,5.35) 0.902
20+ years —4.46 (—9.63, 0.70) 0.090
Type of diabetes (ref.: type 1)
Type 2 —3.90 (-7.37,—0.43) 0.028
HbAlc (ref.: <7%)
>7% —2.87 (—5.66,—0.07) 0.045
Number of comorbidities (ref.: none)
1 —0.02 (-0.05,0.02) 0.39 0.17 (—3.41,3.75) 0.926
>2 —0.08 (—=0.12,-0.04) <0.001 —-6.34(-9.82,—2.86) <0.001
ASK-20 medication non-adherence —0.01 (—0.01,0.00) 0.009 —0.64 (—1.02,-0.25) 0.001
Constant 0.88 (0.77,0.99) <0.001 82.26 (74.88, 89.63) <0.001

#Observations: 518; model’s F-test: F (19, 498)=9, p-value<0.001; adj. R%: 0.283. PObservations: 518;
model’s F-test: F(19,499)=13.14, p-value <0.001; adj. R%0.223

Abbreviation: BMI, body mass index; HbA1C, hemoglobin A1C; ASK-20, Adherence Starts with Knowl-

edge 20; Adj., adjusted

with a previous study conducted in Greece [15]. The
average HRQoL and health status were higher in our
survey, which can be attributed to the lower mean age
of our sample.

In our study, female participants had lower both HRQoL
and health status compared with male patients. It has been
suggested that men may cope better with the chronic character

@ Springer

of the disease [27]. Age and not having children were risk
factors of impaired HRQoL but they did not reach statisti-
cal significance for health status. In line with previous stud-
ies [14, 27], better socioeconomic status, i.e., higher educa-
tion (although not statistically significant for health status)
and economic status and being employed, were associated
with improved HRQoL and health. Furthermore, a healthier
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lifestyle, i.e., lower BMI and more physical activity, led to bet-
ter HRQoL and health, which confirms the value of behavior
adjustments in enhancing the well-being of patients with DM
[27]. Interestingly, lower HbAlc values and type 2 diabetes
were independently associated with higher VAS levels, while
they were not a significant predictor of the EQ-5D index.
Several previous studies have found a negative relationship
between HbAlc levels and HRQoL using either generic or
diabetes-specific measures [43—45]. Finally, based on the lit-
erature [15], a higher number of comorbidities were associ-
ated with impaired HRQoL and health.

There are some limitations of the current study that
need to be acknowledged. First, our findings are based on
survey data, which are susceptible to several biases (i.e.,
report, recall). Second, the survey was conducted during
the pandemic, which may have influenced both the medica-
tion adherence and the HRQoL of patients as well as their
relationship. Third, due to the cross-sectional design of the
study, the possibility of reverse causality between HRQoL
and medication adherence cannot be rejected. Fourth, we
employed a self-reported medication adherence meas-
ure, which may have influenced the observed relationship
between HRQoL and adherence. Fifth, a generic measure
of HRQoL was employed, which may not be as sensitive to
differences as a disease-specific instrument.

Conclusions

Managing a chronic condition such as diabetes requires
long-term treatment, which involves lifelong pharmacother-
apy and lifestyle adjustments. Although clinical outcomes
can provide a valuable insight concerning the level of dis-
ease control, the ultimate goal of diabetes care should be
HRQoL improvement, since diabetes exerts a considerable
impact on key dimensions of patients’ well-being. Medica-
tion non-adherence is an important contributor to morbid-
ity, mortality, and waste of resources throughout the world.
Our study demonstrated that medication non-adherence is
independently associated with lower HRQoL and health
levels in patients with diabetes. While clinicians tend to
talk to their patients about the clinical outcome improve-
ments related to taking medications correctly, greater focus
on patient-centered benefits would likely be a more effec-
tive strategy to promote medication adherence [24]. In the
context of pharmaceutical care, it appears to be crucial
to plan and employ interventions to enhance medication
adherence in order to obtain greater value from the avail-
able resources as well as to improve the HRQoL of patients
with diabetes. For this purpose, adopting patient-centered
and individualized interventions and establishing a partner-
ship between health professionals and patients, along with
pursuing systematic monitoring, are necessary to promote

both medication adherence and HRQoL [46—48]. Treatment
adherence is a multifaceted phenomenon that is influenced
by multiple factors related to the patient, healthcare sys-
tem, condition, therapy, and socioeconomic background
that interact with each other in multiple ways [4]. Future
research should explore more thoroughly the barriers to
medication adherence among Greek diabetic patients and
determine the most cost-effective interventions for improv-
ing medication adherence and HRQoL of patients in the
Greek setting.
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