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AB STR A CT

Objectives: To measure the association between depression and
nonpersistence with antidiabetic drugs (ADs) among new users of
oral ADs and to estimate factors associated with nonpersistence
among these new users with depression. Methods: We used administrative claims data to identify an adult cohort (Z18 years) of new
oral AD users who were free of depression. We followed the patients
from AD initiation until either discontinuation, ineligibility for the
public drug plan, death, or the end of the study. A proportional
hazard Cox regression model with depression as a time-dependent
variable was used to compute the adjusted hazard ratio of
nonpersistence. A proportional hazard Cox regression model was also
used to identify factors associated with nonpersistence in the subcohort of patients with depression. Results: We identiﬁed 114,366
new oral AD users, of whom 4,808 were diagnosed with depression
during the follow-up. A greater proportion (55.4%) of patients
with depression (vs. 42.5% without depression) discontinued their

treatment during the follow-up. The adjusted hazard ratio of nonpersistence with ADs was 1.52 (95% conﬁdence interval 1.41–1.63).
Among patients with depression, independent factors associated with
nonpersistence included younger age at oral AD initiation (o45 years)
and starting treatment with drugs other than metformin (especially
polytherapy with insulin). Conclusions: Patients with depression
are more likely to discontinue their treatment. Health care
professionals should pay attention to patients on AD therapy who
also suffer from depression, especially if the patients are young or are
using insulin because these patients are at an increased risk of
nonpersistence.
Keywords: claims data, depression, medication persistence, type 2
diabetes mellitus.

Introduction

developing depression [7,8], and the comorbidity of diabetes
and depression increases the risk of diabetes complications and
mortality [9,10]. This increased risk could be mediated by the
negative inﬂuence of depression on adherence to diabetes selfcare recommendations, such as diet, physical activity, and drug
therapy [11]. Persistence is a main component of medication
adherence and refers to the act of continuously reﬁlling prescriptions for the recommended length of time [12]. Persistence with
recommended medications is a crucial factor in determining the
success of long-term management, especially for chronic diseases such as type 2 diabetes. Nevertheless, few studies on the
effect of depression on medication adherence have focused on
persistence [5,13]. Only two authors reported on the effect of
depression on persistence with AD therapy [14,15]. Kalsekar et al.
[15] found a signiﬁcantly higher proportion of nondepressed (67%)
versus depressed (61%) patients persisting with their AD treatment 12 months after initiation, although this association was

Type 2 diabetes is a common chronic condition expected to affect
about 552 million people or nearly 10% of the global population by
2030 [1]. When lifestyle management, such as diet and exercise, fails
to achieve glycemic control, an oral antidiabetic drug (AD) is
recommended for patients with diabetes; if hyperglycemia is severe,
a combination of ADs is recommended [2]. Adherence to recommended AD treatment is a crucial issue in diabetes management.
Evidence suggests that medication adherence largely contributes to
the achievement and maintenance of long-term glycemic control
and to the prevention of complications [3,4]. Nevertheless, medication adherence in type 2 diabetes is less than optimal, and depression, along with other factors, represents a potentially modiﬁable
predictor for medication nonadherence [5].
Depression is one of the leading causes of disability worldwide [6]. Patients with diabetes are at an increased risk of
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not statistically signiﬁcant in the adjusted logistic regression. In
that study, the diagnosis of depression was assessed in the year
before oral AD initiation, the follow-up was only 12 months, and
the cohort was restricted to patients younger than 65 years.
Caughey et al. [14] observed that patients using antidepressant
drugs were 42% more likely to discontinue their antidiabetic
medication. This study, however, was limited by its assessment
of depression. All patients using antidepressant drugs were
considered to be suffering from depression, although a large
proportion of antidepressants are prescribed for reasons other
than depression. In addition, less than 30% of patients having
depression are treated with antidepressant drugs [16]. To our
knowledge, the effect of depression occurring after the initiation
of oral AD treatment on persistence with AD treatment has never
been evaluated. Our study then aimed to 1) measure the association between depression and nonpersistence with AD treatment
among patients newly treated with oral ADs in the Canadian
province of Quebec and 2) identify factors associated with AD
treatment nonpersistence in the subcohort of patients having
both depression and diabetes.

Methods
Data Sources and Subjects
We conducted a population-based inception cohort study using
administrative data from the Quebec health insurance board
(RAMQ), the Quebec registry of hospitalizations, and the Institut
de la Statistique du Québec. In Quebec, the RAMQ manages
medical services for all permanent residents. The RAMQ also
manages the public drug insurance plan, which covers people
aged 65 years and older, recipients of guaranteed income supplement (GIS) or welfare, and individuals without a private insurance group plan. In 2014, the public drug insurance plan enrolled
approximately 3.5 million people (over 40% of the Quebec population) [17]. The RAMQ data ﬁle for pharmaceutical services has
been considered accurate [18]. The RAMQ databases contain
information on beneﬁciary demographic characteristics, drug
insurance plan coverage, medical services billed by physicians,
and pharmacy-dispensed drugs reimbursed by RAMQ. The hospitalization registry includes information on hospitalizations,
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and the Institut de la Statistique du Québec database provides
vital statistics (date and reason of death). The Quebec information access commissioner authorized the transfer of data to this
group. The Ethics Review Board of the CHU de QuébecResearch
Center approved this study.
We asked the RAMQ to send us information on all beneﬁciaries who claimed at least one AD between January 1, 2000, and
December 31, 2006. To ensure that we included only new users
and that we had complete information regarding the use of
physician and pharmaceutical services, we further asked RAMQ
to exclude patients who received an AD in the year before AD
initiation, as well as those who had not been eligible for the
Quebec drug plan for the full 1-year period before AD initiation.
We then excluded patients younger than 18 years. To focus on
type 2 diabetes, we further excluded patients whose initial
therapy was only insulin. We then also excluded all patients
with a history of depression, namely, all those who had at least
one inpatient or outpatient claim with an International Classiﬁcation of Diseases, Ninth or Tenth Revision (ICD-9/ICD-10) code for
depression (ICD-9 codes: 311 and 300.4; ICD-10 codes: F32, F33,
F34.1, and F41.2) or a prescription claim for an antidepressant
drug (see Appendix Table 1 in Supplemental Materials found at
http://dx.doi.org/10.1016/j.jval.2016.09.2399) in the 1-year period
before AD initiation. The date of inclusion in the study was the
date of the ﬁrst claim for any oral AD.

Deﬁnition of Variables
Main outcome
The main outcome was nonpersistence, deﬁned as the failure to
reﬁll any AD within an allowed gap period. To take into account
switches over time from an oral AD to another oral AD or to
insulin, we calculated the allowed gap as follows: 3 times the
number of days supplied for the last prescription claimed, if the
last prescription claimed was an oral AD supplied for 10 days or
more; 30 days, if the last prescription claimed was an oral AD
supplied for less than 10 days [19]; and 90 days, if the last
prescription claimed was insulin, because the use of insulin
might vary from day to day and the count of the days’ supply
in the RAMQ database could be imprecise [20]. Treatment discontinuation was set at the date corresponding to the last
prescription claimed (oral AD or insulin) for which we added

Fig. 1 – Representation of a hypothetical patient for the calculation of AD treatment discontinuation. The hypothetical patient
started his treatment at day 0 with the index prescription claimed (Rx1) supplied for 30 days. The patient had claims on day 30
(Rx2) and on day 60 (Rx3). He or she was then hospitalized from day 90 to day 120, and thus 30 days were excluded from the
calculation of the permissible gap. There were two additional claims, one on day 160 (Rx4) and the last one on day 210(Rx5).
Because no prescriptions were claimed by day 300, the patient was considered nonpersistent. Day 240 was set as the date of
discontinuation because this was the date on which the patient would have run out of medication after the last prescription
ﬁlled (Rx5). AD, antidiabetic drug.
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the days’ supply. Hospitalization days were excluded from the
calculation because there is no information available on drug use
during hospital stays in the RAMQ databases. Figure 1 represents
a hypothetical patient who discontinued AD treatment and was
considered nonpersistent after 240 days.

Finally, because almost all patients enrolled in the public drug
plan were 65 years and older, we performed separate Cox
analyses for those younger than 65 years and for those 65 years
and older. Analyses were carried out using SAS version 9.4 (SAS
Institute, Cary, NC).

Independent variables
The presence of depression was assessed using a validated
algorithm [21]. An individual was considered to have depression
if we found 1) one inpatient or psychiatric (inpatient or outpatient) claim with an ICD-9 or ICD-10 code for depression, 2) two
outpatient physician claims with depression codes within 2
years, or 3) one outpatient claim with a depression code and a
claim for an antidepressant drug (see Appendix Table 1 in
Supplemental Materials found at http://dx.doi.org/10.1016/j.jval.
2016.09.2399) within 2 years. For the last two criteria of this
algorithm, the date of the ﬁrst claim with a depression code was
set as the date on which depression was diagnosed. Sociodemographic variables, such as sex, age, region of residence (urban/
rural), socioeconomic status (high: no GIS; medium: partial GIS;
low: maximum GIS or welfare), and information regarding initial
oral AD treatment and the initial prescriber’s specialty, were
measured at the time of oral AD initiation. We assessed the
number of physician visits, the number of different physicians
visited, the number of different medications claimed, the number
of hospitalizations (excluding those for diabetes and depression),
and the occurrence of anxiety disorders and brain diseases
(Alzheimer’s disease or dementia) in the 1-year period before
oral AD initiation.

Statistical Analysis
Patients were followed from oral AD treatment initiation until
oral AD discontinuation, loss of eligibility for the drug plan, death
or the end date of the study (i.e., December 31, 2008), whichever
came ﬁrst. To estimate the adjusted effect of depression on the
time to AD discontinuation and to avoid immortal time bias [22],
we used multivariate Cox proportional hazard models, adjusting
for potential confounders, with depression as a time-dependent
binary covariate. This variable value changes from 0 to 1 at the
date of depression diagnosis and allows for the consideration of
patients in the nondepressive group until this date. The assumption of the proportionality of the hazards was veriﬁed by plotting
the graph of the ln[ln(survival)], and no violation was detected
[23]. We identiﬁed the factors associated with nonpersistence in a
subcohort of all patients who had a diagnosis of depression
(according to our earlier deﬁnition) during their follow-up. We
calculated unadjusted and adjusted hazard ratios (HRs) in the
subcohort of patients with depression along with their 95%
conﬁdence intervals (CIs) using univariate and multivariate Cox
regression analyses, respectively. Variables were selected using a
backward procedure with a P value of more than 0.05 for their
removal from the model. To describe the time from initiation to
discontinuation of AD treatment, we performed survival analyses
using Kaplan-Meier survival plots, with all differences compared
with log rank tests.
We conducted four different sensitivity analyses to verify the
robustness of our results. First, we used different durations for
the reﬁll gap period (4 times, 2 times, and 1.5 times the days’
supply for oral ADs, and 120, 60, and 45 days for insulin). Second,
the time-dependent variable was changed to “depression” 30
days before the diagnosis date because people might start suffering from depression before the condition is diagnosed. Third,
because death and loss of eligibility for the public drug plan are
competing risks that could preclude the onset of the outcome
(nonpersistence with AD treatment), we conducted a competing
risk regression analysis using the Fine and Gray approach [24].

Results
We identiﬁed 114,366 new users of oral ADs without depression
before oral AD initiation (Fig. 2). These patients were followed for
a total of 334,839.67 person-years. During the follow-up, 4,808
patients (4.2%) were diagnosed with depression, and 49,264
patients (43.1%) discontinued their AD treatment. For patients
with and without depression, there were 14,308.92 and 320,530.75
person-years of follow-up, respectively. The baseline characteristics of the study population, according to the presence of
depression, are presented in Table 1.
Among the patients with depression, 55.4% discontinued their
AD treatment versus 42.4% of patients without depression. The
multivariate Cox regression analysis showed a greater likelihood
of discontinuation of AD treatment in patients with depression
compared with patients with diabetes alone with a crude HR of
1.63 (CI 1.52–1.75) and an adjusted HR of 1.52 (CI 1.41–1.63). One
year after oral AD treatment initiation, 33.2% of patients with a
diagnosis of depression had discontinued their AD treatment
compared with 28.6% of patients without depression. Within 2
years of AD treatment initiation, 41.7% of patients with depression and 35.4% of patients without depression had discontinued
their treatment (see Fig. 3).
In the cohort of 4808 patients with depression, six variables
were associated with nonpersistence with AD treatment
(Table 2). Younger age (o45 years), having visited more than 2
different physicians in the year before oral AD initiation, being
prescribed the initial oral AD treatment by an endocrinologist or
another specialist rather than a general practitioner, having
received a drug other than metformin, or polytherapy with
insulin as initial treatment were all associated with a higher
likelihood of nonpersistence. Having a low socioeconomic status
and having been prescribed four or more different drugs in the
year before oral AD initiation were associated with a lower
likelihood of nonpersistence.
In the ﬁrst sensitivity analysis, the adjusted HRs of nonpersistence were of the same magnitude as those observed in
our main analysis. We, however, observed a trend suggesting that
depression is more strongly associated with nonpersistence
when the reﬁll gap period deﬁning nonpersistence is longer

Fig. 2 – Selection of the study population.
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Table 1 – Characteristics of patients (n ¼ 114,366) according to the presence or absence of depression in the
follow-up period.
Characteristics

Discontinued AD treatment during follow-up
Yes
No
Age (y) at oral AD treatment initiation, mean ⫾ SD
Age (y)
18–44
45–54
55–64
65–74
75–84
85þ
Sex*
Male
Female
Region*
Urban
Rural
Missing
Socioeconomic status
High (no GIS)
Medium (partial GIS)
Low (maximum GIS or welfare)
No. of physician visits†,‡
0
1–3
Z4
No. of different physicians visited†,‡
0
1–2
Z3
No. of different medications claimed†,‡
0–3
4–7
Z8
Hospitalized†,‡
No
Yes
Anxiety disorders†
No
Yes
Cognitive disorders†
No
Yes
Specialty of initial oral AD prescriber*
General practitioner
Endocrinologist
Internist
Other specialty
Undisclosed
Initial oral AD treatment*
Metformin
Other monotherapy
Polytherapy without insulin
Polytherapy with insulin

Total (n ¼ 114,366)

Depression

P value

Yes (n ¼ 4,808)

No (n ¼ 109,558)

49,264 (43.08)
65,102 (56.92)
65.01 ⫾ 13.19

2,665 (55.43)
2,143 (44.57)
63.79 ⫾ 14.45

46,599 (42.53)
62,959 (57.47)
65.07 ⫾ 13.13

9,377
13,658
23,793
40,226
22,756
4,556

(8.20)
(11.94)
(20.80)
(35.17)
(19.90)
(3.98)

564 (11.73)
677 (14.08)
878 (18.26)
1,502 (31.24)
983 (20.45)
204 (4.24)

8,813
12,981
22,915
38,724
21,773
4,352

59,003 (51.59)
55,363 (48.41)

2,146 (44.63)
2,662 (55.37)

56,857 (51.90)
52,701 (48.10)

90,120 (78.80)
23,986 (20.97)
260 (0.23)

3,909 (81.30)
889 (18.49)
10 (0.21)

86,211 (78.69)
23,097 (21.08)
250 (0.23)

64,683 (56.56)
29,103 (25.45)
20,580 (17.99)

2,453 (51.02)
1,221 (25.40)
1,134 (23.59)

62,230 (56.80)
27,882 (25.45)
19,446 (17.75)

38,115 (33.33)
37,883 (33.12)
38,368 (33.55)

1,245 (25.89)
1,509 (31.39)
2,054 (42.72)

36,870 (33.65)
36,374 (33.20)
36,314 (33.15)

36,196 (31.65)
37,217 (32.54)
40,953 (35.81)

1,177 (24.48)
1,471 (30.59)
2,160 (44.93)

35,019 (31.96)
35,746 (32.63)
38,793 (35.41)

36,734 (31.12)
38,778 (33.91)
38,854 (33.97)

1,211 (25.19)
1,477 (30.72)
2,120 (44.09)

35,523 (32.42)
37,301 (34.05)
36,734 (33.53)

89,391 (78.16)
24,975 (21.84)

3,461 (71.98)
1,347 (28.02)

85,930 (78.43)
23,628 (21.57)

108,007 (94.44)
6,359 (5.56)

4,223 (87.83)
585 (12.17)

103,784 (94.73)
5,774 (5.27)

112,710 (98.55)
1,656 (1.45)

4,733 (98.44)
75 (1.56)

107,977 (98.56)
1,581 (1.44)

97,830 (85.54)
5,445 (4.76)
5,507 (4.82)
5,218 (4.56)
366 (0.32)

4,102 (85.32)
236 (4.91)
222 (4.62)
239 (4.97)
9 (0.19)

93,728 (85.55)
5,209 (4.75)
5,285 (4.82)
4,979 (4.54)
357 (0.33)

87,572 (76.57)
20,497 (17.92)
5,860 (5.12)
437 (0.38)

3,498 (72.75)
1,023 (21.28)
275 (5.72)
12 (0.25)

84,074 (76.74)
19,474 (17.78)
5,585 (5.10)
425 (0.39)

o0.001

o0.001
(8.04)
(11.85)
(20.92)
(35.35)
(19.87)
(3.97)
o0.001

o0.001

o0.001

o0.001

o0.001

o0.001

o0.001

0.5069

0.2608

o0.001

Note. Unless otherwise indicated, values are numbers and proportions (in %).
AD, antidiabetic drug; GIS, guaranteed income supplement.
* Measured at initiation of oral AD treatment.
†
In the 1-y period before oral AD treatment initiation.
‡
For reasons other than diabetes or depression.
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Fig. 3 – Probability of persisting with AD treatment according to the presence of depression diagnosis. AD, antidiabetic drug.
(see Appendix Table 2 in Supplemental Materials found at http://
dx.doi.org/10.1016/j.jval.2016.09.2399). Moving the date of depression diagnosis 30 days earlier in the second sensitivity analysis
revealed no differences in the adjusted HR (1.53; CI 1.42–1.64).
Considering death and loss of eligibility for the public drug plan
as competing risks did not show any signiﬁcant changes in the
adjusted HR (1.49; CI 1.39–1.61). Finally, in the subgroup analysis,
adjusted HRs were similar for both patients younger than 65
years (1.52; CI 1.37–1.68) and those 65 years and older (1.63; CI
1.47–1.80).

Conclusions
The main ﬁnding of our study was that depression is associated
with a 52% increased likelihood of nonpersistence with AD
treatment. This result is consistent with the results of the two
studies that examined the effect of depression on persistence
with AD treatment in patients with diabetes [14,15]. Kalsekar
et al. [15] found that at the end of a 12-month follow-up period,
patients not suffering from depression were 30% more likely to be
persistent than depressed patients, although this result was not
statistically signiﬁcant. In their cohort of 29,710 new users of
metformin or sulfonylureas, Caughey et al. [14] found that using
an antidepressant during the 6-month period before AD initiation
was associated with a 42% increased risk of nonpersistence.
In our study, six factors were associated with nonpersistence
with AD treatment among the 4808 patients with depression. All
those factors have been previously associated with nonpersistence with AD treatment in the diabetic population of Quebec,
irrespective of depression status [19,25].
We found that patients 45 years and older were more likely to
persist with their AD treatment than patients aged between 18
and 44 years. This ﬁnding is consistent with the ﬁndings of earlier
studies in which increased age has been negatively associated
with discontinuation [15,19,25,26]. Patients with a low rather than
a high socioeconomic status were more likely to be persistent.
Other studies conducted in the province of Quebec found a
similar association between nonpersistence and socioeconomic
status [19,25,26]. This association is possibly due to the public
drug plan co-payment modalities. The co-payment is lower for
people with a low socioeconomic status. It has previously been
reported that lower co-payment costs are associated with better
adherence [27,28].
We found that depressed patients who visited three or more
different physicians in the year before oral AD treatment initiation were slightly more likely to discontinue their treatment. As

proposed by Bice and Boxerman [29], the large number of different physicians visited might also reﬂect that patients have a low
level of interpersonal continuity of care. Continuity of care has
recently been associated with an increased likelihood of persistence among diabetic patients initiating an AD treatment [30].
Consistent with what has been previously reported for diabetic patients, we found that patients having claimed a large
number of different drugs (four or more drugs) in the year before
oral AD initiation were more likely to be persistent with their AD
treatment [15,25,26,31].
Finally, we found that the initial AD treatment was associated
with nonpersistence. In particular, initiating treatment with
metformin rather than with another oral AD was associated with
an increased likelihood of persistence, a result consistent with
other studies [19,25,26]. This ﬁnding might be due to a lower
number of side effects for metformin, the ﬁrst-line choice in
diabetes management [2]. Initiating AD treatment with a combination of oral ADs and insulin was associated with a higher
likelihood of nonpersistence. We, however, did not observe the
same result for combinations without insulin, suggesting that
starting treatment with insulin could negatively inﬂuence persistence with any AD. Drawing up insulin and treatment complexity, in general, are known barriers to adherence with AD
treatment [32,33]. Starting AD treatment with a combination of
drugs that includes insulin might also indicate that those
patients had severe hyperglycemia at diagnosis and required
intensive treatment because this regimen is recommended by
clinical guidelines. These patients could have possibly consulted
a physician late because they are less careful about their health
and less adherent to lifestyle recommendations.
This study has several strengths. First, by using the RAMQ
databases and the hospitalization registry, we were able to build
a large cohort of subjects treated for diabetes in the province of
Quebec for up to 9 years of follow-up. In addition, we measured
persistence using drug claims, avoiding recall biases typical of
surveys based on self-report information. Furthermore, in our
study, we took into account AD treatment switches over time,
which might be due to a proper therapeutic management, and
followed patients even if they switched from an oral AD to
another oral AD or to insulin.This approach, rather than studying
persistence with the initial AD treatment, gives a better representation of real-life practices, in which treatment switches are
common, concerning approximately 10% of patients in the ﬁrst
year [34]. In addition, this study could be considered populationbased for patients 65 years and older because in the province of
Quebec, almost all these patients are enrolled in the public drug
plan. Finally, we used a time-dependent analysis, which provided

733

VALUE IN HEALTH 20 (2017) 728–735

Table 2 – Factors associated with nonpersistence with AD treatment among patients with depression
(n ¼ 4808).
Characteristics
Age† (y)
18–44
45–54
55–64
65–74
75–84
85þ
Socioeconomic status†
High (no GIS)
Medium (partial GIS)
Low (maximum GIS or welfare)
Sex†
Male
Female
Region†
Urban
Rural
Missing
No. of physician visits‡
0
1–3
Z4
No. of different physicians visited‡
0
1–2
Z3
No. of different medications prescribed‡
0–3
4–7
Z8
Hospitalized‡
No
Yes
Anxiety disorders‡
No
Yes
Cognitive disorders‡
No
Yes
Specialty of initial oral AD prescriber†
General practitioner
Endocrinologist
Internist
Other specialty
Undisclosed
Initial oral AD treatment†
Metformin
Other monotherapy
Polytherapy without insulin
Polytherapy with insulin

Unadjusted HR

95% CI

P value

Adjusted HR*

95% CI

P value

1
0.59
0.52
0.55
0.60
0.56

0.52–0.68
0.45–0.59
0.49–0.62
0.53–0.68
0.44–0.70

o0.0001
o0.0001
o0.0001
o0.0001
o0.0001

1
0.61
0.52
0.52
0.57
0.53

0.53–0.70
0.45–0.59
0.46–0.60
0.49–0.67
0.41–0.67

o0.0001
o0.0001
o0.0001
o0.0001
o0.0001

1
0.95
1.00

0.86 1.04
0.91–1.10

0.2625
0.9439

1
1.02
0.88

0.92–1.13
0.79–0.97

0.7140
0.0136

1
0.97

0.90–1.05

0.4625

NA

NA

NA

1
0.90
0.49

0.82–1.00
0.16–1.53

0.0452
0.2212

NA
NA

NA
NA

NA
NA

1
0.99
1.11

0.89–1.09
1.01–1.22

0.7905
0.0266

NA
NA

NA
NA

NA
NA

1
1.01
1.14

0.91–1.12
1.03–1.25

0.8927
0.0093

1
1.01
1.15

0.90–1.12
1.04–1.27

0.9316
0.0090

1
0.82
0.83

0.74–0.90
0.76–0.91

o0.0001
o0.0001

1
0.87
0.88

0.79–0.97
0.80–0.96

0.0090
0.0047

1
1.13

1.04–1.23

0.0048

NA

NA

NA

1
1.04

0.93–1.17

0.4712

NA

NA

NA

1
0.88

0.62–1.24

0.4536

NA

NA

NA

1
1.31
1.21
1.54
1.33

1.12–1.55
1.02–1.44
1.31–1.81
0.60–2.96

0.0011
0.0339
o0.0001
0.4891

1
1.22
1.11
1.40
1.02

1.03–1.44
0.93–1.33
1.19–1.65
0.46–2.27

0.0206
0.2346
o0.0001
0.9655

1
1.32
1.15
4.72

1.21–1.45
0.98–1.35
2.61–8.55

o0.0001
0.0885
o0.0001

1
1.32
1.07
3.34

1.20–1.44
0.91–1.25
1.84–6.05

o0.0001
0.4446
o0.0001

AD, antidiabetic drug; CI, conﬁdence interval; GIS, guaranteed income supply; HR, hazard ratio; NA, not applicable (variable not retained in
adjusted model).
* For all variables with results presented in the table.
†
Measured at initiation of oral AD treatment.
‡
In the 1-y period before oral AD treatment initiation.

us a more reliable assessment of the risk of nonpersistence with
AD treatment after depression, avoiding immortal time bias [22].
Our study, as with any claim-based study, also has some
limitations. We used an algorithm based on administrative

databases, rather than a structured interview, to assess the
presence of depression. This approach could have led to an
underestimation of depression cases because the algorithm
sensitivity is 78% [21], and depression is likely underdiagnosed
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in primary care [35]. This misclassiﬁcation of depression cases
has probably caused an underestimation of the actual risk of
nonpersistence. Although we adjusted for a number of possible
confounders (e.g., the number of physician visits, the number of
different physicians visited, the number of different medications
claimed, and the number of hospitalizations), we did not take
into account any variation that might have occurred during
follow-up (especially after depression diagnosis). Consequently,
residual confounding could still be present because of timevarying changes in health care utilization. Furthermore, in the
RAMQ databases, there is no information about patients younger
than 65 years who are covered by a private drug plan. This lack of
information resulted in a cohort of patients in which employed
patients are under-represented with an effect on the estimated
likelihood of nonpersistence difﬁcult to assess. We also assumed
that drugs claimed were actually taken, and we considered that
patients following a polytherapy regimen were persistent if they
claimed at least one of their ADs. This assumption could have led
to an overestimation of the real persistence. Finally, the RAMQ
databases do not contain information about some factors that
could be associated with persistence with AD treatment, such as
clinical data (e.g., glycated hemoglobin) indicating the severity of
diabetes, side effects of drugs [36,37], or self-perception of health
status [38], and therefore these variables could not be assessed
and accounted for in the analysis. Thus, the presence of residual
confounding cannot be excluded.
Medication persistence is a key point in the achievement and
maintenance of long-term glycemic control, which is crucial in
preventing diabetes complications. Nonpersistence was
extremely common in our cohort, with 43.1% of patients discontinuing their AD treatment during the follow-up. The discontinuation rates that we observed could dramatically reduce
treatment efﬁcacy and might increase diabetes complications.
The results of our study demonstrate the negative association of
depression on medication persistence in patients with diabetes.
The higher likelihood of nonpersistence observed in patients who
had a diagnosis of depression could partly explain reports
showing that diabetic patients with depression have a higher
risk of diabetes complications than do patients without depression. Because depression negatively inﬂuences persistence with
AD treatment, it appears important to recognize diabetic patients
with depression and to closely follow their AD treatment. Physicians should also pay attention more closely to depressive
patients at a higher risk for nonpersistence, in particular younger
users of AD, to help them better manage their treatment.
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