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Abstract

Objective To evaluate the impact of multiple comorbidities/complications on health-related quality of life (HRQoL) and
health utilities in insulin-treated type 2 diabetes (T2DM).

Methods In a non-interventional, epidemiological study, data were collected from medical records and via interviews for 938
subjects from various geographical areas of Greece. HRQoL and health utilities were explored with the EQ-5D-5L. Univariate
associations were evaluated with the Mann—Whitney and Kruskal-Wallis tests for continuous and Chi-squared tests for nominal
variables, and binary logistic regressions were employed to obtain marginal effects. Employing a split sample approach, various
specifications of ordinary least squares regression models were evaluated in terms of goodness of fit, model specification, shrink-
age and predictive and discriminative performance, to select the best model for mapping health utilities using the whole dataset.
Results Overall, the most important factors of impaired HRQoL and health utilities were higher age, female gender, obesity,
poor glycemic control and increased duration of insulin treatment. History and increasing concurrence of all complications
assessed were associated with exacerbated HRQoL problems, decreased health utilities and diminished health state, although
it was not always statistically significant. The highest disutilities were associated with stroke (— 0.082), diabetic retinopathy
(—0.066), diabetic neuropathy (—0.051) and severe hypoglycemia (—0.050).

Conclusions The deleterious impact of comorbidities on insulin-dependent T2DM subjects’ HRQoL has been confirmed
and clinicians should adapt the priorities of disease management accordingly. The derived health utility estimates may be
valuable for conducting economic evaluations of interventions in the area of T2DM when data are not available.
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Introduction prevalence (~8.3% worldwide) is projected to rise to 9.9%,

i.e. 592 million afflicted people, by the year 2030 [1]. Type 2

Diabetes mellitus (DM) is a chronic condition character-
ised by raised levels of blood glucose. DM is vested with
an increasing public health interest, as its already epidemic
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DM (T2DM) accounts for 90-95% of all cases, with its ther-
apy being intensified along with the disease progression [2].
T2DM is a major cause of morbidity and mortality, as its
lifelong health impact is further augmented by concurrent
complications that are pathophysiologically related or unre-
lated to DM [3-5]. Diabetics are correlated with increased risk
of a wide range of macrovascular and microvascular condi-
tions, such as heart failure, visual impairment, kidney failure,
nerve damage (including amputation) and depression [3, 6].
Health-related quality of life (HRQoL) in T2DM is greatly
impaired by the combined effect of related comorbidities in vari-
ous domains of functioning and well-being [3, 7]. HRQoL in
T2DM encompasses the effect of health, illness and treatment on
patients’ physical, psychological and social domains of quality
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of life (QoL) [8]. There is a plethora of generic (e.g. the EuroQol
five-dimensional questionnaire [EQ-5D]) and disease-specific
(e.g. the Audit of Diabetes Dependent Quality of Life) instru-
ments to evaluate HRQoL in diabetics. Though diabetes-specific
measures are more sensitive and responsive to changes in dis-
ease severity, they fall short of providing an overall assessment
of the additional negative impact of common comorbidities [9].
The relevance of HRQoL as a major endpoint is not only
clinical, but patient-reported outcomes are also employed in
health technology assessment and economic evaluations [10].
Preference-based tools are used to measure patient preferences
for certain health states, known as utilities [11]. This approach
enables the estimation of quality-adjusted life years (QALYYs)
that incorporate survival (or duration) and HRQoL into a single
index providing a major source of guidance to decision makers
in many countries [12]. In studies where utility values have not
been directly elicited, empirical mapping techniques are a popu-
lar remedy. Mapping is defined as “the development and use
of a model or algorithm to predict health-related utility values
by using data from other measures of health outcomes™ [13].
Though there have been many published studies examin-
ing HRQoL in T2DM, only a few of them have focused on
insulin-dependent T2DM subjects, while also investigating
a wide spectrum of comorbidities/complications, in Greece
in particular. The primary objective of the present study was
to evaluate the impact of comorbidities/complications on
HRQoL and health utilities in insulin-treated T2DM.

Subjects, materials and methods
Study design and data collection

This was a non-interventional, epidemiological study. Insu-
lin-treated T2DM patients were recruited from one hospi-
tal centre, as the principal investigator site, and 57 private
practice centres from various geographical areas of Greece.
Adult subjects (> 18 years) were enrolled into the study, pro-
vided they had given written informed consent. Patients who
were not able to participate in the study procedures due to
cognitive impairment or had participated in a similar epide-
miological study within the previous year were excluded.

No treatment protocol was imposed and patients were
treated according to the local summary of product character-
istics and routine medical practice. The design was prospec-
tive to accomplish all objectives of the study, but HRQoL
was evaluated only at the first visit. Data were collected by
the physicians primarily from the medical records concern-
ing patient demographics, clinical characteristics and comor-
bidities/complications and via interviews with the patients
for information not documented in the archives.

Patients were required to complete the EQ-5D-5L ques-
tionnaire, which is a preference-based generic measure of
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HRQoL. The EQ-5D is the most commonly used instru-
ment of measuring HRQoL, due to its simplicity and ease
of administration [12]. It consists of two components: the
EQ-5D-5L descriptive system and the EQ VAS [14]. The
EQ-5D-5L descriptive system includes five dimensions of
health (mobility, self-care, usual activities, pain/discom-
fort and anxiety/depression). Each dimension is measured
across a five-level (5L) scale, with higher levels reflecting
more problems, ultimately classifying respondents into 1
of 3.125 distinct health states [14]. The 5L version of EQ-
5D-5L was developed in 2005 to improve the instrument’s
sensitivity and to reduce the ceiling effects [14—16]. The
new questionnaire retained the five-dimensional structure of
the original three-level version (3L), however, each dimen-
sion now has 5 levels of severity, i.e. no problems, slight
problems, moderate problems, severe problems and extreme
problems [14, 15]. The EQ VAS measures the respondent’s
self-rated health on a 20 cm visual analogue scale with end-
points labelled as “the worst imaginable health” (0) and “the
best imaginable health” (100), and it records health status
specifically at the time of interviewing [14].

A single utility score can be obtained ranging from
—0.594 to 1.0, with higher scores representing better over-
all health status [14]. 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 con-
ducted at the United Kingdom [17], which have been gener-
ally found to be applicable to the Greek general population
and patient groups [14, 18]. Since studies that directly elicit
preference-based values from general population samples for
the SL were under development at the time of the analysis,
5L index values were calculated using the indirect method
of the crosswalk function provided by the EuroQol Group
[19]. Furthermore, there is currently a dispute with health
technology assessment agencies concerning the use of the
new English 5L value set in economic evaluation [20].

Statistical analysis

Descriptive measures (mean, standard deviation [SD],
median, interquartile range [IQR], absolute and relative fre-
quencies) were used to present the demographic, clinical and
HRQoL characteristics of the sample.

The univariate associations between health utility (EQ-
5D-5L index) and health status (VAS) scores and demo-
graphic/clinical factors and comorbidities/complications
were assessed using non-parametric Mann—Whitney and
Kruskal-Wallis tests, as scores were not normally distrib-
uted. The level of severity for each domain of the EQ-5D-5L
descriptive system was dichotomized as “no problems” (i.e.
level 1) and “problems” (i.e. levels 2-5) to estimate the
prevalence of problems in different groups. Differences in
the prevalence of problems (proportion of patients) between
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categories of the covariates were assessed with Chi-squared
tests.

Modelling problems in HRQoL descriptive system

Binary logistic regressions were employed to obtain (aver-
age) marginal effects as well as odds ratios (ORs) and their
95% bias-corrected and accelerated bootstrap confidence
intervals (95% BCA ClIs; based on 1000 bootstrap samples)
for comorbidities/complications, after adjustment for covari-
ates, with the prevalence of problems in the EQ-5D-5L
descriptive system for each HRQoL dimension as depend-
ent variable. The Hosmer-Lemeshow test was used to assess
goodness of fit for logistic models, which evaluates whether
predicted probabilities agree with observed ones; it should
be non-significant for an accurate predictive model [21].

Modelling health utilities
Preliminary analysis

The Spearman’s rank correlation coefficient was applied to
covariates to identify possible highly correlated independent
variables, which, for this reason, is not recommended to be
included simultaneously into the model. A correlation coef-
ficient>10.7! was considered to signify a high correlation
between predictors [22]. Independent variables included:
gender, age (years), BMI (kg/m?), duration of diagnosed
T2DM (years), duration of insulin treatment (years), HbAlc
(%) and history of comorbidities/complications as binary
outcomes, i.e. arterial hypertension, coronary artery disease/
myocardial infraction, dyslipidemia/hyperlipidemia, stroke,
congestive heart failure, peripheral vascular disease/diabetic
foot, diabetic neuropathy, diabetic nephropathy, diabetic
retinopathy and severe hypoglycemia. Severe hypoglycemic
patients were considered to be all subjects with at least one
hypoglycemic event requiring hospitalisation or assistance
from another person during the previous year. No high corre-
lation between covariates was found, hence, all independent
variables could be inserted simultaneously into the models.

Missing data were not imputed, as this introduces an
additional source of error related to the imputation method
and differences in missing cells are not expected to affect the
comparison of randomly split models [23, 24].

Model specification

This mapping analysis aimed to evaluate the relationship
between the EQ-5D index and concurrent complications
related to insulin-dependent T2DM using regression tech-
niques, ultimately estimating the respective disutilities (i.e.
utility decrements). We assumed a simple additive specifica-
tion for all covariates, including comorbidities, as a previous

study has demonstrated the existence of a generally additive
rather than a synergistic effect of related to DM conditions
on HRQoL [25].

The most common modelling technique used in the
literature for mapping health utilities and comorbidities/
complications in T2DM is the ordinary least squares (OLS)
regression model, which assumes a linear function between
EQ-5D index and its predictors [10]. It has been contended
that OLS regression analysis is inappropriate for mapping
HRQoL for many reasons, especially because OLS has poor
predictive ability in both health state extremes (poor and
full health), and it does not restrict the predicted value to be
always below 1 [22]. Other methods have been proposed,
including Tobit and CLAD models, which assume a latent
variable that can extend beyond 1, but has been censored at
1. However, these methods inherently do not model health
utility, rather the latent construct of HRQoL [26-28]. Fur-
thermore, it has been argued that the assumptions of the
Tobit model are unattainable (constant variance and nor-
mality of the error term, especially at the upper end of the
uncensored measure), while the CLAD estimator models
the medians instead of the means, and, in most cases, the
marginal Tobit and CLAD coefficients are associated with
a high degree of bias [26-28].

Continuous variables were centred to their sample mean,
so that the constant coefficient could have a meaningful
interpretation. However, a graphical investigation of the
relationship between health utilities and covariates revealed
a possibly non-linear association. Therefore, we considered
examining continuous covariates also as categorical vari-
ables and we sought to generate meaningful categories with
sufficient number of patients [29]. Eventually, five different
specifications were investigated with OLS and were com-
pared to select the best model:

1. OLS1=Full model (all continuous mean-centred covari-
ates + comorbidities/complications).

2. OLS2 =Significant continuous mean-centred covari-
ates + comorbidities/complications.

3. OLS3=Full model (categorical covariates 4+ comorbidi-
ties/complications).

4. OLS4 =Significant categorical covariates + comorbidi-
ties/complications.

5. OLSS5 =Significant covariates (specified both as con-
tinuous mean-centred and categorical + comorbidities/
complications).

For models OLS3, OLS4 and OLSS5, we applied a step-
wise backward elimination (p value <0.05 for inclusion and
p value> 0.1 for exclusion were the criteria) of the covari-
ates [26, 28]. All complications/comorbidities were forced
into all models, because, first, these are the investigated
determinants of this paper and, second, it has been suggested
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that inconsistent results regarding the association between
HRQoL and other variables may be attributed to the omis-
sion of this type of predictors, since they are considered to
be confounder factors [3, 7, 30].

The dataset was randomly divided into two samples: an
estimation sample, which was used to estimate the mapping
function, and a validation sample, which examined its pre-
dictive ability.

Assessment of model performance

Overall performance was assessed via measures of good-
ness of fit, tests of model specification and internal model
validation in the estimation sample, and predictive and dis-
criminative ability in the validation sample. Model good-
ness of fit was measured using AIC and BIC, with smaller
values indicating a better fitted model, and R and adjusted
R?, where larger values are preferable. Specification was
tested with the Ramsey’s RESET test, which investigates
whether non-linear combinations of the covariates explain
part of the variability; a significant statistic demonstrates
the appropriateness of a non-linear model specification [31].
The Pregibon’s link test was also applied to check for a link
error in the model; a significant result indicates a misspeci-
fication [32].

Models were internally validated by calculating the
shrinkage factor, which measures the amount of overfitting
generated by the estimated model (similar to the COPAS
test), as well as its out- and in-sample predictive bias, as
defined by Bilger and Manning [33]. Briefly, out-of-sample
shrinkage is caused by both model misspecification and
overfitting, in-sample shrinkage arises by model misspeci-
fication in the estimation sample, and final shrinkage statistic
emerges from overfitting alone. All shrinkage statistics were
estimated using repeated tenfold cross-validation, and their
means (as percentages) are presented together with their
standard errors (SE). A higher shrinkage value indicates
greater overfitting of the data.

Predictive ability in the validation sample was assessed
with summary statistics (mean, median, SD, 25th and 75th
percentiles and range), the mean absolute error (MAE) and
the root mean squared error (RMSE) for the whole dataset
and across subsets of the range of EQ-5D-5L index val-
ues (EQ-5D <0, 0<EQ-5D<0.25, 0.25 <EQ-5D<0.5,
0.5<EQ-5D<0.75,0.75 <EQ-5D <£1) to determine whether
errors were affected by disease severity [13]. Both MAE and
RMSE indicate the error between estimated and observed
health utility values, and smaller values represent better
performance, however, RMSE is more sensitive to extreme
deviations. We also computed the proportions of predic-
tions deviating from observed values by less than 0.05, 0.10
and 0.25, since these estimates can show the distribution of

@ Springer

errors and how often models fail to produce useful predic-
tions [34, 35].

To assess the discriminative performance of the predic-
tive health utilities in the validation sample, the continuous
VAS variable was ranked and categorised into its quartiles.
Discriminative ability across groups of health states was
assessed using the ANOVA F test, while the means, MAEs
and RMSEs were compared between models for each group
separately.

Model selection

Across the mapping and model-fitting literature, there is no
consensus concerning a single criterion for selecting the
best-fitting model [22]. In this analysis, we have opted to
assign equal weighting to all model performance statistics
used to rank models, with the model exhibiting the best
mean ranking being ultimately selected. The best perform-
ing model was then re-estimated using the full dataset to
increase the precision of the coefficients [13].

The best OLS model specification was also used to assess
the determinants of the health state of the sample, as it was
measured with the VAS of the EQ-5D-5L.

While OLS coefficients are (asymptotically) unbiased
regardless of distributional assumptions, this does not apply
also for the statistics derived from the standard errors, such
as p values and confidence intervals [27]. OLS estimates
coupled with standard errors based on non-parametric boot-
strapping are advocated as a valid approach to overcome this
issue [28]. Herein, the normal distribution-assumed p values
and the 95% BCA CIs (for comparison) based on 1000 boot-
strap samples are reported.

Statistical significance level was set at a=0.05 for all
tests, but other levels are reported as well. Analyses were
conducted using SPSS v.23 and STATA v.13 [36, 37].

Results
Patients’ characteristics

A total of 938 eligible subjects ultimately joined the study.
The mean age of the sample was 67.02 years (+10.69),
with 55.2% being females (Table 1). At baseline, par-
ticipants had been diagnosed with T2DM for 15.1 years
(£8.19) and had been under insulin treatment for
4.94 years (+5.35), on average. The vast majority of the
sample (88.7%) was afflicted with at least one comorbid-
ity/complication, with arterial hypertension being the most
frequently encountered (72.3%). Higher prevalence of dif-
ficulties in the EQ-5D descriptive system was observed in
the anxiety/depression domain (70.3%), followed by the
pain/discomfort (52.2%) and mobility (49.1%) dimensions.



Health-related quality of life and health utilities in insulin-treated type 2 diabetes: the...

733

Table 1 Patients’ characteristics

Whole sample

Estimation sample

Validation sample

Patients (n)
Age (years)
Sex (females) [n (%)]
BMI (kg/m?)
Duration of diagnosed T2DM (years)*
HbAlc (%)
Duration of insulin treatment (years)
Comorbidities/complications [n (%)]
Arterial hypertension [n (%)]
Coronary artery disease/myocardial infraction [n (%)]
Dyslipidemia/hyperlipidemia [1 (%)]
Stroke [n (%)]
Congestive heart failure [n (%)]
Peripheral vascular disease/diabetic foot [ (%)]
Diabetic neuropathy [n (%)]
Diabetic nephropathy [n (%)]
Diabetic retinopathy [n (%)]
Severe hypoglycemia® [n (%)]
Without comorbidities/complications [n (%)]
At least one comorbidity/complication [n (%)]
One comorbidity/complication [n (%)]
Two comorbidities/complications [n (%)]
Three comorbidities/complications [n (%)]
Four comorbidities/complications [n (%)]
Five 4+ comorbidities/complications [n (%)]
Mobility® [1 (%)]
Self-care! [ (%)]
Usual activities® [n (%)]
Pain/discomfort [1 (%)]
Anxiety/depression® [n (%)]
EQ-5D index"
VAS! score

938
67.02+10.69
490 (55.2)
30.00+5.22
15.10£8.19
7.78+1.21
4.94+5.35

678 (72.3)
236 (25.2)
563 (60.0)
43 (4.6)

29 (3.1)

46 (4.9)

70 (7.5)

81 (8.6)

79 (8.4)

140 (15.1)
106 (11.3)
832 (88.7)
208 (22.2)
315 (33.6)
182 (19.4)

83 (8.8)

44 (4.7)

453 (48.4)
214 (22.8)
322 (34.5)
490 (52.5)
653 (69.6)
0.713+0.239
67.71£18.39

489

66.96 +10.96
263 (53.8)
30.05+5.19
14.80+8.01
7.71+1.16
4.76+5.02

356 (72.8)
139 (28.4)
301 (61.6)
23 (4.7)

14 (2.9)

24 (4.9)

31 (6.3)

38 (7.8)

38 (7.8)

72 (14.8)

50 (10.2)
439 (89.6)
108 (22.1)
170 (34.8)
92 (18.8)

48 (9.6)

21 (4.3)

240 (49.1)
111 (22.7)
174 (35.8)
254 (52.2)
344 (70.3)
0.717+£0.232
67.83+£18.67

449
67.08+£10.40
227 (50.6)
29.95+5.26
15.44+8.39
7.86+1.26
5.14+5.68

322 (71.7)
97 (21.6)
262 (58.4)
20 (4.5)

15 (3.3)

22 (4.9)

39 (8.7)

43 (9.6)

41 9.1)

68 (15.3)

56 (12.5)
393 (87.5)
100 (22.3)
145 (32.3)
90 (20.0)
35(7.8)

23 (5.1)

213 (47.7)
103 (23.1)
148 (33.0)
236 (52.9)
309 (69.3)
0.709 +0.246
67.59+18.10

Values are mean + SD unless stated otherwise

BMI body mass index, T2DM type 2 diabetes mellitus, VAS visual analogue scale

“Data missing =57
"Data missing=9
‘Data missing=2
4Data missing=>5
®Data missing=6
fData missing=5
£Data missing =3
"Data missing=12

iData missing =5

The mean EQ-5D index for the sample was 0.713 (+0.239)

and the mean VAS was 67.71 (+ 18.39). There appears

to be no significant differences in patient characteristics

between the randomly splitted datasets.

Univariate associations of HRQoL and utilities

The distribution of the EQ-5D index appears to be roughly

trimodal, with one peak at full health, one at around
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upper-moderate and one at more severe, but well over zero,
states being observed (Fig. 1).

Interested readers can find detailed cross-tabulations of
the prevalence of problems in the EQ-5D-5L descriptive
system and the mean EQ-5D-5L index and VAS scores
by demographic and disease-related factors in the Online
Resource file (Supplementary Tables 1 and 2). Overall,
the female gender, obesity, longer duration of diagnosed
T2DM and insulin treatment, poor glycemic control
and the presence, multiple in particular, of comorbidi-
ties/complications were all associated with more prob-
lems (p <0.05) in all of the EQ-5D-5L descriptive sys-
tem domains, except for anxiety/depression, where only
female gender and comorbidities/complications appear
to exhibit a significant negative HRQoL impact. Arterial
hypertension, congestive heart failure and severe hypogly-
cemia were the comorbidities/complications most consist-
ently correlated with higher prevalence of HRQoL prob-
lems across the EQ-5D-5L dimensions. Comorbidities/
complications primarily impaired the mobility domain,
though, notably, the presence of peripheral vascular dis-
ease/diabetic foot did not achieve statistical significance.
Although more HRQoL problems were reported for this
complication, the test was probably not powered enough
(n=26). Again, health utilities and health state were
lower with female gender, higher BMI, more time with
T2DM and lengthier insulin treatment, poorer glycemic
control and the co-existence of other medical conditions
(p value < 0.05). All of the comorbidities/complications
were associated with a significant reduction in the mean
EQ-5D index and VAS scores. However, the decrease did
not establish statistical significance in the case of periph-
eral vascular disease/diabetic foot for both measures.

0,20
Il

Relative frequency

Kernel density curve

Normal density curve

0,15
Il

0,10
Il

0,05
|

T T T
-0,20 0,00 0,20 0,40 0,60 0,80 1,00
EQ-5D-5L index

Fig. 1 Distribution of EQ-5D-5L utility scores
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Multivariable adjustment of determinants of HRQoL

The results of the multivariable logistic regression mod-
els for each of the five domains of the EQ-5D-5L are dis-
played in Tables 2 and 3, where the marginal effects and
their 95% BCA ClIs are reported. The respective estimates
of the adjusted ORs can be found in the Online Resource
file (Supplementary Table 3). Females were associated
with higher probability of reporting at least some prob-
lems in all HRQoL domains compared with males. Older
patients were more likely to report limitations compared
with younger participants in all dimensions except for anxi-
ety/depression, where the increase in the likelihood did not
achieve statistical significance. Obesity was correlated with
impaired HRQoL in the self-care, usual activities and pain/
discomfort domains, in cases with BMI> 35 in particular.
The duration of the condition and the length of the insulin
treatment did not exert a consistent and significant effect
on the prevalence of HRQoL problems. Poorer glycemic
control increased the likelihood of reporting problems in
all dimensions. Regarding comorbidities/complications,
most of them were correlated with more difficulties in all
domains, though this negative impact did not establish sta-
tistical significance in most cases. Nevertheless, history of
severe hypoglycemia was significantly associated with more
limitations in all domains apart from mobility and self-care,
arterial hypertension was significantly correlated with higher
burden in mobility, pain/discomfort and anxiety/depression
dimensions, coronary artery disease/myocardial infraction
significantly limited mobility and generated pain/discom-
fort, and, finally, history of stroke significantly impaired the
mobility and self-care domains.

Mapping health utilities and health state

Table 4 presents the performance of the OLS models map-
ping the EQ-5D-5L index and their mean rankings. The
estimates of the OLS2 model were omitted, as the results
were identical with the OLS1 model. The best-performing
model was the OLS3 model, which used the comorbidi-
ties/complications along with the categorised continuous
covariates. Its R? (0.256) and adjusted R? (0.209) is sec-
ond only to OLSS5 and the model was well specified, as
suggested by both the RESET and link tests. Its predicted
mean (0.725) was higher than in the other estimates, com-
pared with the observed mean (0.713), however, the pre-
dicted 25th, 50th and 75th percentiles were the closest or
among the closest to the observed values. All models failed
to predict full health and negative values, though OLS5
produced the largest range of predictions (0.327-0.993).
Furthermore, OLSS5 was associated with the lowest MAE
(0.172) and the second best RMSE (0.230), also displaying
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Table 2 Marginal effects of predictors of the prevalence of problems in the EQ-5D descriptive domains of mobility, self-care and usual activities

Mobility* Self-care® Usual activities®
Marginal effect 95% CI Marginal effect 95% CI Marginal effect 95% CI
Females (males as ref.) 0.1656%** 0.0977-0.2336 0.0873%%* 0.0281-0.1466 0.1184#%* 0.0537-0.1831
Age (18-49 years as ref.)
50-54 0.1673* —0.0315 to 0.3661 0.1182%* 0.0136-0.2228 0.1031 —0.0577 to 0.2640
55-59 0.1697* —0.0021 to 0.3415 0.0752%* 0.0062-0.1442 0.0733 —0.0679 to 0.2145
60-64 0.1008 —0.0603 to 0.2619 0.1299%3* 0.0658-0.1940 0.1008 —0.0256 to 0.2272
65-69 0.2118%** 0.0510-0.3726 0.1746%** 0.1049-0.2443 0.1430%* 0.0137-0.2724
70-74 0.2494 %% 0.0783-0.4204 0.2320%** 0.1556-0.3083 0.2501#%* 0.1113-0.3889
75-79 0.3989#* 0.2301-0.5676 0.3214%%* 0.2321-0.4107 0.3208%%* 0.1772-0.4643
80+ 0.59227%3 0.4209-0.7636 0.4779%%* 0.3634-0.5923 0.5585%%* 0.4062-0.7107
BMI (<25 as ref.)
BMI: 25.00-29.99 —0.0245 —0.1243 t0 0.0752 0.0390 —0.0435 to 0.1215 0.0715 —0.0201 to 0.1631
BMI: 30.00-34.99 0.0783 —0.0290 to 0.1856 0.0854* —0.0024 to 0.1731 0.0911* —0.0094 to 0.1916
BMI: 35.00-39.99 0.2094%3 0.0841-0.3347 0.1271%* 0.0046-0.2496 0.2221%%* 0.0953-0.3490
BMI: 40.00+ 0.1388* —0.0130 to 0.2906 0.2441%** 0.0841-0.4041 0.2092%* 0.0444-0.3740
Duration of diagnosed T2DM (0-5 years as ref.)
6-10 years —-0.0154 —0.1297 to 0.0989 —0.1251* —0.2559 to 0.0057 0.0024 —0.1235 t0 0.1283
11-15 years —0.0655 —0.1803 to 0.0493 —0.0841 —0.2108 to 0.0426 -0.0123 —0.1330 to 0.1084
16-20 years —0.0939 —0.2212 t0 0.0333 —0.1450%* —0.2756 to —0.0144 —0.1055 —0.2317 to 0.0206
21 +years —0.1332%* —0.2624 to —0.0039 —0.1130* —0.2441 t0 0.0181 —0.0391 —0.1750 to 0.0967
Duration of insulin treatment (0-5 years as ref.)
6-10 years 0.1363%*%* 0.0458-0.2268 0.0539 —0.0273 t0 0.1352 0.0584 —0.0314 to 0.1481
11 +years 0.1003* —0.0023 to 0.2029 0.0274 —0.0566 t0 0.1114 0.0228 —0.0819 to 0.1276
Glycemic control (HbAlc <7 as ref.)
Suboptimal (7<HbAlc<8.5) 0.0839%* 0.0063-0.1615 0.0744%** 0.0098-0.1391 0.0795%* 0.0030-0.1560
Poor (HbAlc>8.5) 0.1075%* 0.0198-0.1952 0.0750* —0.0012 t0 0.1513 0.0712 —0.0178 to 0.1602
Arterial hypertension (no as ref.) 0.1034%%* 0.0259-0.1810 0.0302 —0.0416 to 0.1020 0.0706* —0.0070 to 0.1483
Coronary artery disease/myocar- 0.1175%** 0.0428-0.1923 0.0235 —0.0367 to 0.0837 0.0676* —0.0072 to 0.1424
dial infraction (no as ref.)
Dyslipidemia/hyperlipidemia 0.0356 —0.0333 to 0.1044 0.0186 —0.0425 t0 0.0798 0.0001 —0.0674 to 0.0675
(no as ref.)
Stroke (no as ref.) 0.1713%** 0.0134-0.3292 0.1922%* 0.0418-0.3426 0.1385 —0.0326 to 0.3095
Congestive heart failure (no 0.0653 —0.2094 to 0.3400 0.0130 —0.1571 t0 0.1832 0.0471 —0.1743 t0 0.2686
as ref.)
Peripheral vascular disease/Dia-  —0.0085 —0.1833 to 0.1664 0.0050 —0.1415 t0 0.1515 0.1028 —0.0544 to 0.2600
betic foot (no as ref.)
Diabetic neuropathy (no as ref.) 0.0904 —0.0575 t0 0.2384 0.0744 —0.0588 to 0.2077 0.0592 —0.0767 to 0.1951
Diabetic nephropathy (no as 0.0407 —0.0912 to 0.1725 —0.0704* —0.1539 t0 0.0130 —0.0653 —0.1728 to 0.0422
ref.)
Diabetic retinopathy (no as ref.) 0.0938 —0.0463 to 0.2340 0.0463 —0.0627 to 0.1552 0.0770 —0.0666 to 0.2205
Severe hypoglycemia (no as ref.) 0.0866* —0.0054 to 0.1786 0.0863* —0.0004 to 0.1730 0.1194%* 0.0222-0.2166

Notes: EQ-5D-5L levels were dichotomized as “no problems” (i.e. level 1) and “problems” (i.e. levels 2-5) to estimate the prevalence of prob-
lems in different groups. Normal distribution-based p values were estimated with bootstrapped standard errors from 1000 bootstrap samples

95% ClIs reported are the 95% bias-corrected and accelerated confidence intervals. BMI body mass index, ref. reference, T2DM type 2 diabetes
mellitus

wxxp < 0.01, ¥4 <0.05, ¥p<0.1

Nagelkerke R*>=0.334; model log likelihood=—477.206, 4*(30)=250.63, p value<0.001; Hosmer and Lemeshow test of goodness of
fit: *(8) =9.06, p value =0.337

bNagelkerke R>=0.244; model log likelihood =—387.788, x2(30)=151.21, p value<0.001; Hosmer and Lemeshow test of goodness of fit:
£A(8)=3.55, p value=0.89

“Nagelkerke R>=0.273; model log likelihood =—460.531, x2(30)=190.28, p value<0.001; Hosmer and Lemeshow test of goodness of fit:
77(8)=5.88, p value=0.661
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Table 3 Marginal effects of predictors of the prevalence of problems in the EQ-5D descriptive domains of pain/discomfort and anxiety/depres-
sion

Pain/discomfort® Anxiety/depression”
Marginal effect 95% C1 Marginal effect 95% CI

Females (males as ref.) 0.2167%#** 0.1452-0.2882 0.1362%** 0.0700-0.2024
Age (18-49 years as ref.)

50-54 0.1422 —0.0437 - 0.3281 0.1170 —0.0665 to 0.3005

55-59 0.1402%* —0.0235 t0 0.3039 0.0360 —0.1363 to 0.2082

60-64 0.0755 —0.0749 to 0.2260 0.0358 —0.1212 t0 0.1928

65-69 0.0992 —0.0611 to 0.2595 0.0665 —0.0984 to 0.2314

70-74 0.1752%%* 0.0105-0.3400 0.0410 —0.1235 to 0.2054

75-79 0.2114%* 0.0415-0.3813 0.0689 —0.1025 to 0.2402

80+ 0.2504%** 0.0674-0.4334 0.0667 —0.1145 to 0.2480
BMI (<25 as ref.)

BMI: 25.00-29.99 —0.0442 —0.1477 to 0.0592 -0.0741 —0.1673 t0 0.0191

BMI: 30.00-34.99 0.0062 —0.1029t0 0.1153 —0.0526 —0.1469 to 0.0418

BMI: 35.00-39.99 0.1876%** 0.0537-0.3215 —0.1301* —0.2615 t0 0.0013

BMI: 40.00+ 0.1397* —0.0252 to 0.3046 —0.0637 —0.2183 to 0.0909
Duration of diagnosed T2DM (0-5 years as ref.)

6-10 years —0.0196 —0.1445 t0 0.1053 0.0518 —0.0660 to 0.1695

11-15 years —0.0227 —0.1497 t0 0.1043 —0.0104 —0.1343t0 0.1136

16-20 years 0.0429 —0.0950 to 0.1809 0.0717 —0.0587 to 0.2020

21 +years 0.0031 —0.1430 to 0.1491 0.0114 —0.1310 to 0.1537
Duration of insulin treatment (0-5 years as ref.)

6-10 years 0.0186 —0.0758 to 0.1130 0.0400 —0.0499 to 0.1300

11+ years 0.0079 —0.0994 to 0.1153 —0.0348 —0.1432 t0 0.0736
Glycemic control (HbAlc <7 as ref.)

Suboptimal (7 <HbA1lc<8.5) 0.1134%** 0.0361-0.1907 0.1259%** 0.0505-0.2013

Poor (HbAlc>8.5) 0.1195%** 0.0290-0.2101 0.1467*** 0.0569-0.2365
Arterial hypertension (no as ref.) 0.0950%* 0.0113-0.1786 0.0919%* 0.0157-0.1680
Coronary artery disease/myocardial infraction (no as ref.) 0.0924%* 0.0128-0.1720 —0.0090 —0.0849 to 0.0669
Dyslipidemia/hyperlipidemia (no as ref.) 0.0094 —0.0589 to 0.0777 0.0466 —0.0210to 0.1142
Stroke (no as ref.) —-0.0165 —0.1794 to 0.1464 —-0.0120 —0.1640 to 0.1401
Congestive heart failure (no as ref.) 0.0748 —0.2047 to 0.3543 0.1506 —0.0300 to 0.3311
Peripheral vascular disease/diabetic foot (no as ref.) 0.0764 —0.1170 to 0.2698 0.0656 —0.0975 to 0.2287
Diabetic neuropathy (no as ref.) 0.1421 —0.0302 to 0.3145 0.0394 —0.0916 to 0.1703
Diabetic nephropathy (no as ref.) 0.0018 —0.1301 to 0.1337 0.0208 —0.1014 to 0.1430
Diabetic retinopathy (no as ref.) 0.0968 —0.0521 to 0.2456 —-0.0124 —0.1564 t0 0.1316
Severe hypoglycemia (no as ref.) 0.1053%*%* 0.0106-0.2000 0.1376%** 0.0549-0.2203

EQ-5D-5L levels were dichotomized as “no problems” (i.e. level 1) and “problems” (i.e. levels 2-5) to estimate the prevalence of problems in
different groups. Normal distribution-based p values were estimated with bootstrapped standard errors from 1000 bootstrap samples

95% ClIs reported are the 95% bias-corrected and accelerated confidence intervals. BMI body mass index, ref. reference, T2DM type 2 diabetes
mellitus

w#xp < 0.01, ¥4 <0.05, *p<0.1

“Nagelkerke R?=0.229; model log likelihood =—518.920, )(2(30)= 163.74, p value<0.001; Hosmer and Lemeshow test of goodness of fit:
x2(8)="7.19, p value=0.516

bNagelkerke R>=0.123; model log likelihood =—496.387, )(2(3O)=59.20, p value<0.001; Hosmer and Lemeshow test of goodness of fit:
77(8)=8.78, p value=0.361

more consistent estimates across the ranges of utility sub-  for all models. Finally, all models were able to discriminate
sets and health states, on average. Still, in general, predic-  between health states, with the OLSS5 producing the second
tive accuracy was better for higher utilities and health states ~ highest F statistic value.
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Table 4 (continued)

&

0.174

0.141

OLSS5
0.779

0.172

0.143

OLS4
0.778

0.173

0.140

OLS3
0.781

0.171

OLSI
0.776 0.140

Observed
0.881

Fourth quartile

Springer

(excellent)

ANOVA

8.90, p value <0.001

F(3,398)

F(3, 398)=10.20, p value <0.001

9.94, p value <0.001

F(3,398)

9.35, p value <0.001

F(3,398

=60.26, p

F(3,398)

value <0.001

2.87

2.68

2.04

243

Mean ranking

The estimates of the OLS2 model were omitted, as it yielded the same results as the OLS1. All models were estimated using the estimation dataset (~50% of observations) and with non-para-

metric bootstrap BCa standard errors

Adj. adjusted, SE standard error, ref. reference, Abs. dif. absolute differences, MAE mean absolute error, RMSE root mean squared error, OLS ordinary least squares, VAS visual analogue scale

Full

Significant covariates (specified both as continu-

Significant continuous mean-centred covariates 4+ comorbidities/complications; OLS3

OLS1 =Full model (all continuous mean-centred covariates + comorbidities/complications); OLS2

model (categorical covariates +comorbidities/complications); OLS4
ous mean-centred and categorical 4+ comorbidities/complications)

Significant categorical covariates + comorbidities/complications; OLS5

0.05. Selection of significant variables was carried out using stepwise backward elimination

Statistical significance was set at a

The OLSS5 model, which was identified as the best-per-
forming model in the previous analysis, was re-estimated
using the full dataset and its specification was also used
to evaluate the determinants of the VAS score (Table 5).
Females, older participants (> 70 years in particular) and
poor glycemic control (HbA1lc> 7) were independently asso-
ciated with lower health utilities. Higher BMI and duration
of insulin treatment decreased the EQ-5D-5L index, but not
all categories reached statistical significance. After adjust-
ment for other covariates, only arterial hypertension, coro-
nary artery disease/myocardial infraction and severe hypo-
glycemia established a statistically significant reduction in
health utilities. For male subjects, between 18 and 49 years,
under-to-normal weight (BMI < 25), with 0-5 years of
diagnosed T2DM and 0-5 years of insulin treatment, hav-
ing controlled condition (HbA1lc <7) and with none of the
examined comorbidities/complications, the mean health util-
ity was 0.957. The highest disutility imposed by a comor-
bidity/complication was predicted for stroke (—0.082), fol-
lowed by diabetic retinopathy (— 0.066), diabetic neuropathy
(—0.051), severe hypoglycemia (—0.050), arterial hyperten-
sion (—0.041), coronary artery disease/myocardial infraction
(—0.038), congestive heart failure (— 0.037), peripheral vas-
cular disease/diabetic foot (—0.020), diabetic nephropathy
(—0.018) and dyslipidemia/hyperlipidemia (—0.011).

Finally, regarding the VAS scores, female gender,
increased age, BMI and duration of insulin treatment
(6-10 years group particularly), lack of control of diabe-
tes and the presence of coronary artery disease/myocardial
infraction and diabetic retinopathy compromised signifi-
cantly the health state of participants.

Discussion

This was a non-interventional, epidemiological study, which
aimed to investigate the impact of comorbidities/complica-
tions on HRQoL and on health utilities in insulin-treated
T2DM in Greece using univariate methods and regression-
based adjustments and mapping.

Both the descriptive system and the index of the EQ-
5D-5L instrument were able to capture HRQoL decre-
ments associated with typical DM-related concurrent
complications. All of the comorbidities/complications
assessed were correlated with exacerbated HRQoL prob-
lems, decreased health utilities and diminished health
state, although the deterioration was not found always to
be statistically significant, broadly in accordance with pre-
vious findings [7, 38, 39]. Furthermore, not only the type,
but also the increasing number of comorbidities/compli-
cations was negatively correlated with worsen HRQoL,
confirming previous research in both general and diabetic
populations [5, 7, 40].
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The mean difference in health utilities between diabet-
ics with and without a comorbidity/complication (0.669
vs. 0.821) was comparable to most other published studies,
though these surveys did not focus on insulin-treated T2DM
subjects, but instead their sample comprised patients under
all types of treatment [10, 30, 41-43]. The subgroup of
participants without complications were related to a some-
what higher than expected mean health utility, an outcome
encountered in most other studies as well, which may be
attributed to a healthy survivor effect [44]. This may also
indicate that the EQ-5D-5L instrument may not have the
capacity to capture important non-health aspects of QoL, as
it is not diabetes-specific, and lowered scores may reflect the
impact of unrelated comorbidities [30].

History of arterial hypertension, congestive heart fail-
ure, stroke, diabetic retinopathy and severe hypoglycemia
were univariately associated with the highest increase in
the prevalence of problems in the HRQoL domains. After
adjustment, comorbidities/complications were found to be
significantly associated with poorer HRQoL in different
dimensions of the EQ-5D-5L descriptive system: history of
arterial hypertension, coronary artery disease/myocardial
infraction and stroke in mobility, stroke and severe hypogly-
cemia in self-care, severe hypoglycemia in usual activities,
arterial hypertension, coronary artery disease/myocardial
infraction and severe hypoglycemia in pain/discomfort, and
arterial hypertension and severe hypoglycemia in anxiety/
depression.

Similarly, on the one hand, congestive heart failure, dia-
betic retinopathy and diabetic neuropathy, and, on the other,
congestive heart failure, diabetic retinopathy and severe
hypoglycemia exhibited the highest univariate reductions
in the mean EQ-5D-5L index and VAS scores, respectively.
The final regression models revealed that only arterial hyper-
tension, coronary artery disease/myocardial infraction and
severe hypoglycemia for health utilities, and coronary artery
disease/myocardial infraction and diabetic retinopathy for
health state were significant independent predictors, cor-
roborating the findings of other studies [30, 38, 41, 43, 45,
46]. Despite the EQ-5D-5L index being a function of the
score in the dimensions, a significant difference in the mean
values does not necessarily imply a significant difference in
one or more dimensions [30]. Results concerning hyperten-
sion are notable, considering it is mainly an asymptomatic
condition that does not exert a negative influence on HRQoL
to the same degree as other symptomatic diseases [5, 47].
Nevertheless, hypertension and DM are two intertwined dis-
orders with a significant overlap in underlying risk factors
and comorbidities [48].

As expected, all comorbidities/complications exhib-
ited lower utility scores with varying magnitude related to
their type. Disutility outcomes considering comorbidities/

complications may be interpreted as the mean relative dec-
rement associated with the presence of each comorbidity/
complication, in reference to the specific baseline employed
in the final regression model. The highest disutilities were
associated with the presence of stroke, diabetic retinopathy,
diabetic neuropathy and severe hypoglycemia, in decreas-
ing order. The range of the utility reductions varied from
0.011 to 0.082. Values were generally lower than in other
studies, as presented in a relatively recent systematic review
[10]. This may be due to the simultaneous control of many
covariates, as the marginal effect of independent variables
is usually dampened when good predictors are added into
the regression models [49]. Also, it could be the result of
focusing solely on insulin-dependent subjects or it may be
explained by other dissimilarities in the main characteristics
of the participants, the clinical setting, the range of com-
plications considered and the statistical methods used [43].

Our results suggest a negative HRQoL impact of female
gender and increasing age, particularly pronounced among
individuals over 70 years, which is a common finding
among researchers [7, 50, 51]. It is well established that age
is a risk factor for the development of the condition. Also,
it has a deleterious effect on several aspects of HRQoL,
especially those related to physical functioning, a reduced
tolerance to the constraints associated with the condition,
and an increased probability of comorbidities [3, 52]. Fur-
thermore, it is generally accepted that men and women with
DM face different challenges in the management of the dis-
ease and they respond differently to factors related to their
health [43, 53].

Also, we confirmed the health and HRQoL benefits
associated with good glycemic control, which may reduce
the development of major microvascular events, primarily
nephropathy, though it is accompanied by an increased risk
of severe hypoglycemia [54]. The health and HRQoL ben-
efits of good glycemic control are well established and it has
been demonstrated to be crucial in controlling the clinical
and economic burden in DM and its related complications
[54-58]. Tighter glycemic control may not present tangi-
ble immediate improvement in HRQoL and it involves an
additional burden, which is the root of non-adherence to
treatment. Nevertheless, the literature has suggested an asso-
ciation between diabetic microvascular and macrovascular
complications as well as with poor glycemic control, which
may also in part explain the positive association of insulin
use and HRQoL in several studies [3, 59, 60].

An approximately inversed U-shaped association was
found between BMI and health utilities, with the highest
mean values located in the group with a BMI score between
25.00 and 29.99. BMI has both a direct effect on HRQoL in
subjects with T2DM, through impairment of physical func-
tioning and reduction of energy levels, and an indirect effect,

@ Springer
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Table 5 Best OLS model specification with EQ-5D index and VAS score as dependent variables (full dataset)

EQ-5D-5L index VAS score
Coeff. 95% CI Coeff. 95% CI
Ib ub 1b ub

Females (males as ref.) —0.109%** —-0.137 —-0.078 — 5.42%%* —-7.92 -3.04
Age (1849 years as ref.)

50-54 years —0.072% -0.157 0.005 -4.67 -12.76 2.50

55-59 years —0.050 -0.109 0.014 —4.89% -10.59 1.09

60-64 years -0.026 -0.079 0.033 -1.35 -6.77 3.87

65-69 years —0.043 —0.095 0.024 —5.13* —10.65 1.12

70-74 years —0.075%* -0.139 —0.001 —6.83%* -12.97 -1.08

75-179 years —0.083*** —0.140 —-0.016 —6.53%* -11.70 -0.82

80+ years —0.182%** —0.246 -0.099 —12.68%%* —18.51 -6.34

BMI <25 as ref.

BMI: 25.00-29.99 0.024 —-0.016 0.067 1.74 -1.59 5.25

BMI: 30.00-34.99 -0.013 —0.055 0.034 -1.37 -4.92 2.57

BMI: 35.00-39.99 —0.064%** -0.129 —0.005 —4.48* -9.34 0.51

BMI: 40.00+ —0.086* -0.184 0.001 —7.58%* —14.35 —1.81
Duration of diagnosed T2DM (0-5 years as ref.)

6-10 years 0.021 -0.032 0.078 0.17 -4.02 4.58

11-15 years 0.031 -0.021 0.086 2.05 -1.87 6.64

16-20 years 0.018 —0.046 0.076 -1.84 -6.32 3.19

21 +years 0.029 —0.036 0.089 -1.26 -5.94 4.05
Duration of insulin treatment (0-5 years as ref.)

6-10 years —0.046%* —0.090 —0.004 —4.59%* -7.93 -1.10

11+ years —-0.033 —-0.084 0.016 —-0.03 -3.46 3.68
Glycemic control (HbAlc <7 as ref.)

Suboptimal (7<HbAlc<8.5) —0.065%** —0.096 -0.034 —3.39%* —-6.15 -0.55

Poor (HbAlc>8.5) —0.083%** —-0.130 —0.044 —5.55%#* -9.13 -1.73
Arterial hypertension (no as ref.) —0.041%* -0.072 —0.007 -2.29 -5.04 0.76
Coronary artery disease/myocardial infraction (no as ref.) —0.038%%* -0.071 —0.002 —3.25%%* -6.28 -0.48
Dyslipidemia/hyperlipidemia (no as ref.) —0.011 —0.041 0.021 0.30 -2.21 2.83
Stroke (no as ref.) —0.082* -0.170 —0.003 —1.82 —-7.58 3.84
Congestive heart failure (no as ref.) —0.037 -0.171 0.078 0.36 —17.60 9.55
Peripheral vascular disease/Diabetic foot (no as ref.) -0.020 -0.103 0.057 -0.34 -7.86 6.60
Diabetic neuropathy (no as ref.) —0.051 —0.121 0.020 -1.19 -5.77 3.71
Diabetic nephropathy (no as ref.) —-0.018 -0.072 0.040 —2.08 -6.74 247
Diabetic retinopathy (no as ref.) —0.066* -0.139 —0.005 —6.59%% —11.89 -1.05
Severe hypoglycemia (no as ref.) —0.050%* —0.091 —0.009 —3.15% —6.83 0.24
Constant 0.957#%* 0.881 1.018 83.90%** 77.17 89.60
Goodness of fit

R 0.227 0.167

Adj. R? 0.199 0.137

Normal distribution-based p values were estimated with bootstrapped standard errors from 1000 bootstrap samples

Model specification tests: EQ-5D-5L index model: Ramsey’s RESET test F(3, 828)=1.03, p value=0.377, Link test #(859)=-0.48, p
value=0.633; VAS score model: Ramsey’s RESET test F(3, 834)=0.30, p value=0.826, Link test #(859)=—0.37, p value=0.709

95% BCA ClIs reported are the 95% bias-corrected and accelerated confidence intervals. Adj. adjusted, BMI body mass index, ref. reference, OLS
ordinary least squares, T2DM type 2 diabetes mellitus, VAS visual analogue scale, Ib lower bound, ub upper bound, Coeff. coefficient

#Hkp <0.01, #*p <0.05, ¥p <0.1
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as it is a risk factor for developing T2DM-related complica-
tions [43, 60]. The shape of the curve flattened and slightly
increased with BMI values over 40, suggesting the existence
of a threshold in the detrimental HRQoL impact of obesity
or a healthy participant bias [61].

After adjustment for covariates, duration of T2DM did
not predict health utilities or health state, suggesting that
the commencement of insulin treatment, as an indication
of the progression of the condition, is the underlying mark
of HRQoL deterioration in insulin-treated patients. In most
other studies sampling from the whole T2DM population,
duration of the disease retains its independent significance
even after adjustment for other covariates, though subjects
under insulin treatment usually exhibit considerably lower
scores [62]. This implies that, whereas duration of the con-
dition may capture the severity of the disease in the general
T2DM population, duration of insulin treatment is a better
surrogate for disease development in the insulin-dependent
sub-population, which may explain some contradicting find-
ings in the literature [3].

Finally, marginal effects revealed that the highest HRQoL
burden was associated with age over 70 years, the female
gender, obesity and poor glycemic control, which implies
that these were predictors of compromised HRQoL per se,
and not only through their links with greater comorbidity.

There were some limitations embedded in the present
study that should be noted. First, the design was cross-
sectional, which warrants caution for any causal inferences.
Furthermore, this non-randomized sample may not be repre-
sentative of the total Greek insulin-treated T2DM population
in certain aspects, such as socioeconomic and clinical char-
acteristics, and type of treatment. Also, the sample size for
some concurrent complications was relatively small, which
entails low statistical power, and may explain the non-sig-
nificant results [30].

Though we did incorporate many important covariates
as suggested in the relevant literature, the non-inclusion
of some unrecorded and potentially useful clinical or soci-
odemographic characteristics of participants that influence
HRQoL in our analysis, such as socioeconomic status,
could have possibly biased our results. Furthermore, the
current study was performed at only one point in time
and fluctuations are likely to be observed if HRQoL is
measured at multiple points in time [39, 49]. Also, the
HRQoL impact of clinical events may change over time or
in relation to the number of the events and the severity of
the condition, and our study did not collect data for these
parameters [27, 43, 44]. In any case, it is broadly recom-
mended that if the intention of the mapping study is to
have a wider use of the results, then it should incorporate
only explanatory covariates that are most commonly col-
lected in relevant studies [13]. The relatively low goodness

of fit results may be indicative of the possible omission of
other important covariates and confounders, though our R?
results are analogous to most published studies on HRQoL
in T2DM.

Also, the EQ-5D instrument may not be adequate
to discriminate between all comparisons or treatment
modalities in T2DM, which may partly explain the non-
significant results of certain comorbidities/complications
[7, 43]. Therefore, the use of EQ-5D-5L in conjunction
with a DM-specific instrument could have provided a bet-
ter understanding and be more responsive to changes in
HRQoL scores between the groups compared [63]. Finally,
lacking a Greek EQ-5D-5L tariff, we used the UK tariff
based on TTO to calculate the health utilities, which is
the most commonly used globally [30]. Nevertheless, our
estimates may not be as accurate as they would have been
if a Greek tariff had been applied. Therefore, we empha-
size the need for a national algorithm and the development
of a Greek value set, especially considering that recently
a Health Technology Assessment process has been intro-
duced for the first time in Greece [64]. Once the Greek
value set is available, future studies should revisit our
estimates.

In conclusion, we have corroborated the detrimental
impact of comorbidities/complications on insulin-depend-
ent T2DM subjects’ HRQoL. Better management of the
disease may prevent or delay the progression of comor-
bidities/complications, alleviating the HRQoL impairment
related to DM, and clinicians should adapt the priorities of
DM interventions accordingly. Overall, the most important
determinants of impaired HRQoL were found to be higher
age, female gender, obesity, poor glycemic control and
history of stroke, diabetic retinopathy, diabetic neuropathy
and severe hypoglycemia. Furthermore, to our knowledge,
this is the first Greek study that derives a set of health
utility estimates associated with multiple insulin-treated
T2DM-related comorbidities/complications. It has been
suggested that it is important to select as many utility val-
ues as possible from a single study for internal consistency
reasons [10], hence these estimates may be valuable for
conducting economic evaluations of interventions in the
area of T2DM. Other statistical techniques, such as two-
part models, splining, limited dependent variable mixture
models and response mapping could provide an efficient
alternative approach to estimation of disutilities, and
future research should explore the relative merits.
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