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Abstract

Background/Objectives: Poor adherence and persistence to sodium-glucose cotransporter-
2 inhibitors (SGLT-2is) and glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are a
critical issue in the treatment of type 2 diabetes mellitus (T2DM), especially in patients
with cardiovascular disease (CVD). We aimed to compare adherence and persistence to
these drugs in routine care. Methods: A retrospective propensity score-matched (PSM)
cohort study was conducted using pharmacy claims data. Patients aged 40 years or older
with T2DM initiating SGLT-2is or GLP-1 RAs from 1 January 2019 to 31 December 2024
were included. Adherence was measured using the Medication Possession Ratio (MPR),
and persistence was defined as the time to discontinuation (gap > 60 days between refills).
Results: At the 1-year follow-up, the SGLT-2i cohort showed significantly higher adherence
compared to the GLP-1 RA cohort (86.66% vs. 76.53%; OR = 2.02) and higher persistence
(71.48% vs. 66.52% at 12 months; HR = 0.83). The main factors associated with lack of
persistency were newly diagnosed T2DM (HR = 1.25) and insulin use (HR = 1.32). In the
CVD subgroup, the differences in favor of the SGLT-2i cohort were more pronounced for
adherence (89.57% vs. 78.12%; OR = 2.44) and persistence (73.9% vs. 63.59%; HR = 0.66).
Conclusions: In real-world clinical practice, adherence and persistence rates were higher in
patients on SGLT-2is compared to those on GLP-1 RAs, particularly in the CVD subgroup.
Our findings suggest that the new strategies are necessary to improve adherence and
persistence to these medications, particularly in patients with CVD.

Keywords: adherence; persistence; drug utilization; type 2 diabetes mellitus; cardiovascular
disease; SGLI-2 inhibitors; GLP-1 receptor agonists
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1. Introduction

Type 2 diabetes mellitus (T2DM) affects 8.5% of the population in Europe and the
United States [1] and is estimated to affect 629 million people worldwide by 2045 [2].
T2DM is the ninth leading cause of mortality, accounting for more than one million deaths
annually [1]. The economic burden of T2DM is also considerable, accounting for 10% to
15% of total healthcare expenses in developed countries [3].

T2DM is a chronic disease characterized by persistent hyperglycemia due to decreased
insulin secretion and insulin resistance [4]. Chronic hyperglycemia contributes to endothe-
lial dysfunction, oxidative stress, systemic inflammation, and atherogenic dyslipidemia [5].
In addition, insulin resistance is a contributing factor to atheroma plaque formation, ventric-
ular hypertrophy, and diastolic abnormality [6]. Therefore, T2DM is a major risk factor for
the development of cardiovascular disease (CVD), including ischemic heart disease (IHD),
heart failure (HF), stroke, and peripheral artery disease [7]. Specifically, the risk of HF in
patients with T2DM is twice that of the general population, and the risk of myocardial in-
farction and stroke is 4-to-6-fold higher [8]. Having both T2DM and HF or atrial fibrillation
(AF) increases the risk of major adverse cardiovascular events (MACEs), hospitalizations,
and mortality [9].

In addition to their glucose-lowering effects, two classes of oral antidiabetic medica-
tions (OADs) have been associated with a lower risk of cardiovascular events and mortality:
sodium-glucose cotransporter-2 inhibitors (SGLT-2is) and glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) [10-13]. Accordingly, the European Association for the Study of Dia-
betes (EASD) and the American Diabetes Association (ADA) recommend using SGLT-2is
and GLP-1 RAs for T2DM patients with established CVD, high risk of developing CVD, and
established CKD, and/or HF, independent of glycemic control or concomitant metformin
use [14].

As with other chronic diseases, a lack of medication adherence is a barrier to optimal
T2DM control. Non-adherence to OADs has been associated with higher HbAlc levels,
diastolic blood pressure, and LDL-cholesterol levels [15], with an increased risk of CVD
events and mortality [16]. The following factors have been observed to be associated with
non-adherence to OADs: perception of medication inefficacy, side effects, fear of hypo-
glycemia, lack of diabetes education, complexity of treatment, cost, and lack of medication
access [17,18].

A meta-analysis of real-world data showed adherence rates ranging from 28% to 73%
for SGLT-2is and from 20% to 74% for GLP-1 RAs [19]. These low adherence rates may
be a therapeutic issue, since adherence to SGLT-2is and GLP-1 RAs is associated with a
lower likelihood of starting insulin therapy, fewer hospitalizations, and lower all-cause
mortality [20].

Despite the available evidence, direct comparisons between SGLT-2is and GLP-1 RAs
in terms of adherence and persistence in the subgroup of patients with T2DM and CVD
remain understudied, especially in the context of the Spanish public health care system.

Given these precedents, we evaluated real-world medication adherence and persis-
tence in patients initiating SGLT-2is vs. GLP-1 RAs. We focused on adults with T2DM
treated under routine care conditions in a public health care system in a large region of
Spain. Additionally, patients with T2DM and CVD were analyzed separately. To ensure
homogeneity of the population, we used propensity score-matched (PSM) cohorts.

2. Results
2.1. Study Cohort

We identified 52,663 patients with T2DM aged 40 years or older who initiated treatment
with SGLT-2is or GLP-1 RAs. After 1:1 PSM, the SGLT-2i and GLP-1 RA cohorts each
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| Total population (n = 2,401,221) |

A4

comprised 7499 patients (Figure 1). Baseline characteristics were well balanced, with all
standardized mean differences (SMDs) < 0.1 (Table 1).

Patients diagnosed with T2

(n = 188,931)

DM (Jan 2019 - Dec 2024)

Patients removed (n = 79,491):

1. <40 yers old (n = 5668)

2. < 2 prescriptions refills (n = 12,187)

3. < 12-month follow-up (n = 52,472)

4. Inconsistent medication records (n = 9164)

A
| Patients recruited (n = 109,440) |

| Patients initiating SGLT-2i or GLP-1RA (n = 52,663) |

A4

A

(n = 45,102)

SGLT-2i

4| 1:1 propensity score matching '7

<

SGLT-2i
(n =7499)

Table 1. Baseline characteristics.

GLP-1RA
(n=7561)

GLP-1RA
(n =7499)

Figure 1. Flowchart of the study population (T2DM, type 2 diabetes mellitus; SGLT-2is, sodium-
glucose cotransporter-2 inhibitors; GLP-1 RAs, glucagon-like peptide-1 receptor agonists).

Original Cohort PSM Cohort
SGLT-2i GLP-1 RA SMD SGLT-2i GLP-1RA SMD
N 45,102 7561 7499 7499
Sociodemographic characteristics
Sex
Male 27,647 (61.3) 3860 (51.05) 0.208 3837 (51.17) 3847 (51.3) 0.003
Age (mean £+ SD) 72.51 +11.47 65.80 £+ 10.83 0.602 65.89 + 10.89 65.91 +10.78 0.002
Distribution by age groups
40-59 6196 (13.74) 2147 (28.4) 2091 (27.88) 2097 (27.96)
60-79 25,562 (56.68) 4614 (61.02) 0.554 4642 (61.9) 4603 (61.38) 0.015
>80 13,344 (29.59) 800 (10.58) 766 (10.21) 799 (10.65)
Healthcare area
Urban 23,446 (51.98) 4100 (54.23) 0.045 4122 (54.97) 4067 (54.23) 0.015
Socioeconomic level (€/year)
<18,000 29,782 (66.03) 4787 (63.31) 4703 (62.72) 4749 (63.33)
18,000-100,000 14,988 (33.23) 2681 (35.46) 0.071 2715 (36.2) 2659 (35.46) 0.019
>100,000 332 (0.74) 93 (1.23) 81 (1.08) 91 (1.21)
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Table 1. Cont.
Original Cohort PSM Cohort
SGLT-2i GLP-1RA SMD SGLT-2i GLP-1 RA SMD
Clinical characteristics
Polypharmacy (>5 drugs) 42,685 (94.64) 7331 (96.96) 0.116 7263 (96.85) 7269 (96.93) 0.005
Newly diagnosed T2DM 14,571 (32.31) 2076 (27.46) 0.106 2018 (26.91) 2056 (27.42) 0.011
Monotherapy 5507 (12.21) 432 (5.71) 0.229 383 (5.11) 431 (5.75) 0.028
Other Antidiabetic agents
Metformin 25,213 (59.34) 4986 (71.19) 0.207 4972 (67.92) 4933 (71.03) 0.011
DPP-4i 14,508 (34.14) 1691 (24.14) 0.221 1737 (23.73) 1688 (24.31) 0.016
Sulphonylureas 5998 (14.12) 807 (11.52) 0.081 851 (11.63) 805 (11.59) 0.02
Glinide 4275 (10.06) 718 (10.25) 0.001 702 (9.59) 710 (10.22) 0.004
Glitazones 513 (1.21) 236 (3.37) 0.138 201 (2.75) 226 (3.25) 0.02
Acarbose 189 (0.44) 10 (0.14) 0.055 9(0.12) 10 (0.14) 0.004
Insulin use 12,287 (27.24) 3073 (40.64) 0.286 3065 (40.87) 3037 (40.5) 0.008
Switching 5740 (12.73) 490 (6.48) 0.213 404 (5.39) 489 (6.52) 0.048
Other drugs
Anti-lipemic agents 35,096 (83.05) 5925 (84.76) 0.013 5843 (84.12) 5883 (84.81) 0.013
Angiotensin II inhibitors 18,033 (42.67) 3307 (47.31) 0.076 3187 (45.88) 3272 (47.17) 0.023
Platelet aggregation inhibitors 18,373 (43.48) 2540 (36.34) 0.148 2480 (35.7) 2528 (36.44) 0.014
3 blockers 13,671 (32.35) 1777 (25.42) 0.154 1717 (24.72) 1769 (25.5) 0.016
ACEi 12,425 (29.4) 1948 (27.87) 0.04 1940 (27.93) 1935 (27.89)  0.002
Loop diuretics 10,659 (25.22) 1513 (21.65) 0.088 1372 (19.75) 1494 (21.54) 0.041
Calcium channel blockers 7747 (18.33) 1317 (18.84) 0.006 1337 (19.25) 1309 (18.87) 0.01
Potassium sparing diuretics 4537 (10.74) 416 (5.95) 0.171 383 (5.51) 415 (5.98) 0.019
Nitrates 2387 (5.65) 305 (4.36) 0.06 258 (3.71) 305 (4.4) 0.033
Comorbidities
CVD 15,159 (33.61) 1671 (22.1) 0.259 1634 (21.79) 1668 (22.24) 0.011
Atrial fibrillation 7701 (18.47) 703 (10) 0.231 693 (9.93) 701 (10.06) 0.004
Ischemic Heart Disease 5909 (14.17) 773 (10.99) 0.09 754 (10.8) 773 (11.09) 0.008
Heart failure 5751 (13.79) 437 (6.22) 0.242 390 (5.59) 435 (6.24) 0.026
Ischemic Stroke 1659 (3.98) 191 (2.72) 0.066 197 (2.82) 191 (2.74) 0.005
Hypertension 27,311 (65.51) 4877 (69.36) 0.082 4838 (69.31) 4833 (69.33) 0.001
Hyperlipidemia 25,555 (61.3) 4602 (65.45) 0.085 4581 (65.63) 4567 (65.51) 0.004
Chronic respiratory disease 10,925 (26.21) 1971 (28.03) 0.043 1883 (26.98) 1945 (27.9) 0.019
Anxiety 6681 (16.03) 1400 (19.91) 0.099 1343 (19.24) 1375 (19.72) 0.011
Depression 3884 (9.32) 765 (10.88) 0.052 754 (10.8) 749 (10.74) 0.002
Chronic Kidney Disease 1643 (3.94) 271 (3.85) 0.003 247 (3.54) 269 (3.86) 0.016
Gout 1307 (3.14) 174 (2.47) 0.037 165 (2.36) 174 (2.5) 0.008
Obesity 344 (0.83) 311 (4.42) 0.219 196 (2.81) 273 (3.92) 0.059

Abbreviations: PSM, propensity score-matched, SGLT-2is, sodium-glucose co-transporter 2 inhibitors,
GLP-1 RAs, glucagon-like peptide-1 analogues, DPP-4is, dipeptidyl peptidase 4 inhibitors, SMD, stan-
dardized mean difference, SD, standard deviation, ACEis, angiotensin converting enzyme inhibitors,
CVD, cardiovascular disease.

2.2. Baseline Characteristics

After matching, the cohort included 14,998 patients, of whom 7684 (51.23%) were male,
with a mean age of 65.9 & 10.84 years. Overall, 27.16% of patients were newly diagnosed
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with T2DM, with dapagliflozin and oral semaglutide accounting for most SGLT-2i and GLP-
1 RA dispensations, respectively (Supplementary Table S1). Patients used insulin (40.9%)
and other OADs (94.57%), particularly metformin (66.04%) and dipeptidyl peptidase-4
inhibitors (DPP-4is) (22.84%). The most common comorbidities were hypertension (64.48%),
hyperlipidemia (60.99%), and chronic respiratory disease (25.52%), while CVD accounted
for 22.02% (Table 1).

2.3. Adherence and Persistence

After 1:1 PSM, the SGLT-2i cohort reported a higher adherence prevalence than the
GLP-1 RA cohort (86.66% vs. 76.53%; p = 0.001). Furthermore, patients in the SGLT-2i
cohort were more likely to be adherent than those in the GLP-1 RA cohort (odds ratio
(OR) = 2.02; 95% CI = 1.86-2.21) (Table 2). The results from the original cohort can be
consulted in Supplementary Table S2.

Table 2. Adherence and persistence during 1-year follow-up.

PSM Cohort
SGLT-2i GLP-1 RA p
N 7499 7499
Adherence % (95% CI)
MPR (mean + SD) 91.13 + 13.39 87.13 + 20.86 0.001
Adherence prevalence 86.66 (85.89-87.43) 76.53 (75.57-77.49) 0.001
Adherence level
None (<20) 0.25 (0.14-0.36) 0.21 (0.11-0.31)
Poor (20-49) 2.45 (2.1-2.8) 1.91 (1.6-2.22) 0.001
Moderate (50-79) 10.63 (9.93-11.33) 21.35 (20.42-22.28)
OR for adherence * (95% CI) 2.02 (1.86-2.21) 1 (Reference) 0.001
Persistence % (95% CI)
3 months 89.96 (89.28-90.64) 87.93 (87.19-88.67) 0.001
6 months 82.28 (81.42-83.14) 79.31 (78.39-80.23) 0.001
12 months 71.48 (70.46-72.5) 66.52 (65.45-67.59) 0.001
Treatment persistence (days) (mean (95% CI) 303.76 (301.28-306.25) 294.22 (291.58-296.85) 0.001
HR for discontinuation ** (95% CI) 0.83 (0.78-0.88) 1 (Reference) 0.001

* Logistic regression model (multivariate analysis). ** Cox proportional hazards model (multivariate
analysis). Abbreviations: PSM, propensity score-matched; SGLT-2is, sodium-glucose co-transporter
2 inhibitors; GLP-1 RAs, glucagon-like peptide-1 analogues; CI, confidence interval; SD, standard
deviation; OR, odds ratio; HR, hazard ratio.

Persistence was higher in the SGLT-2i cohort than in the GLP-1 RA cohort at 3 (89.66%
vs. 87.93%; p = 0.001), 6 (82.28% vs. 79.31%; p = 0.001), and 12 months (71.48% vs.
66.52%; p = 0.001). Also, mean treatment persistence was higher in patients in the SGLT-2i
group than those in the GLP-1 RA group (303.76; 95% CI = 301.28-306.25 vs. 294.22; 95%
CI =291.58-296.85); p = 0.001). At the 12-month follow-up, patients in the SGLT-2i cohort
are more likely to be persistent (hazard ratio (HR) = 0.83; 95% CI = 0.78-0.88) (Table 2,
Figure 2). The results were comparable when the gap between prescription refills was
modified from 60 to 90 days (HR: 0.84; 95% CI = 0.8-0.9).
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ALL PATIENTS PATIENTS WITH CVD
10 1.0
0.9 0.9
-.% 08 ;ﬁ: 08
é 0.7 'g 0.7
. 0.6 * 0.6
SGLT-2i GLP-1RA SGLT-2i GLP-1RA
0.5 0.5
0 73 146 219 292 365 0 73 146 219 292 365
Number at Risk Days from starting therapy Number at Risk Days from starting therapy
SGLT-2i 7499 6914 6357 5896 5603 5365 SGLT-2i 1659 1533 1415 1331 1272 1227
GLP-1RA 7499 6769 6156 5725 5325 4998 GLP-1RA 1659 1477 1312 1224 1132 1058
Figure 2. Kaplan—Meier analysis for treatment persistence in patients with T2DM (all patients and
patients with cardiovascular disease (CVD)) on sodium-glucose cotransporter-2 inhibitors (SGLT-2is)
and glucagon-like peptide-1 receptor agonists (GLP-1 RAs).

After PSM, higher persistence was observed for male (HR = 0.9; 95% CI = 0.85-0.96), an-
nual income ranging from €18,000 to €100,000 (HR = 0.65; 95% CI = 0.47-0.90), monotherapy
for T2DM (HR = 0.81; 95% CI = 0.70-0.92), and hyperlipidemia (HR = 0.89; 95% CI = 0.84-0.94).
Conversely, lower persistence was observed for newly diagnosed T2DM (HR = 1.25; 95%
CI = 1.16-1.33), insulin use (HR = 1.32; 95% CI = 1.23-1.39), chronic respiratory disease
(HR = 1.08; 95% CI = 1.01-1.15), anxiety (HR = 1.12; 95% CI = 1.04-1.2), and obesity
(HR =1.18; 95% CI = 1.01-1.37) (Table 3).

Table 3. Cox proportional hazards regression (after PSM) for discontinuation in patients with
T2DM on sodium-glucose cotransporter-2 inhibitors (SGLI-2is) and glucagon-like peptide-1 receptor
agonists (GLP-1 RAs).
Univariate Analysis Multivariate Analysis
Variables HR (95% CI) p HR (95% CI) p
Cohort (SGLT-2i) 0.79 (0.76-0.86) 0.001 0.83 (0.78-0.88) 0.001
Sociodemographic characteristics
Sex (male) 0.87 (0.83-0.93) 0.001 0.9 (0.85-0.96) 0.001
Age 1.01 (1.01-1-01) 0.045 1 (1-1.01) 0.057
Healthcare area (Urban) 1.04 (0.98-1.10) 0,21 1.06 (1-1.12) 0.053
Socioeconomical level (€/year)
<18,000 1 (Reference) 1 (Reference)
18,000-100,000 0.59 (0.43-0.82) 0.002 0.65 (0.47-0.9) 0.001
>100,000 0.72 (0.52-1.01) 0.057 0.76 (0.55-1.06) 0.115
Clinical characteristics
Newly diagnosed T2DM (Yes) 1.18 (1.11-1.25) 0.001 1.25 (1.16-1.33) 0.001
Polypharmacy (Yes) 1.1 (0.93-1.3) 0.278 1.09 (0.91-1.3) 0.379
Monotherapy (Yes) 0.89 (0.78-1.02) 0.094 0.81 (0.7-0.92) 0.002
Insulin use (Yes) 1.23 (1.16-1.3) 0.001 1.32 (1.23-1.39) 0.001
Comorbidities
CVD (Yes) 1.04 (0.97-1.11) 0.283 1.06 (0.98-1.14) 0.128
Hypertension (Yes) 0.93 (0.88-0.99) 0.028 0.96 (0.91-1.02) 0.248
Hyperlipidemia (Yes) 0.88 (0.83-0.93) 0.001 0.89 (0.84-0.94) 0.001
Chronic airways disease (Yes) 1.11 (1.04-1.19) 0.001 1.08 (1.01-1.15) 0.023
Anxiety (Yes) 1.19 (1.10-1.27) 0.001 1.12 (1.04-1.20) 0.002
Depression (Yes) 1.05 (0.95-1.15) 0.296 1.00 (0.91-1.10) 0.995
Chronic Kidney Disease (Yes) 1.16 (1.01-1.35) 0.044 1.15 (0.99-1.35) 0.061
Gout (Yes) 0.94 (0.78-1.15) 0.584 1.00 (0.82-1.22) 0.978
Obesity (Yes) 1.25 (1.08-1.45) 0.004 1.18 (1.01-1.37) 0.037

Abbreviations: SGLT-2is, sodium-glucose co-transporter 2 inhibitors, CI, confidence interval, HR,
hazard ratio, CVD, cardiovascular disease.
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The global Schoenfeld residuals test yielded a p-value = 0.117, confirming the Cox
proportional hazards assumption. All covariates satisfied the proportional hazards as-
sumption, with p-values > 0.05. As shown in the Cox-5Snell residual plot (Supplementary
Figure S1a), the final model exhibited an optimal fit.

2.4. Subgroup Analysis

Among the subgroup of patients with concomitant CVD, after 1:1 PSM, 1659 patients
were identified in the SGLT-2i cohort and 1659 patients in the GLP-1 RA cohort. The
SGLT-2i cohort showed a higher prevalence of adherent and persistent patients than the
GLP-1 RA cohort (89.57% vs. 78.12% and 73.9% vs. 63.59%, respectively). In addition,
mean treatment persistence was higher in the SGLT-2i cohort than in the GLP-1 RA cohort
(307.8; 95% CI = 302.67-313.08 vs. 285.94; 95% CI = 280.07-291.81; p = 0.001). Patients in the
SGLT-2i group were more likely to be adherent and persistent than those in the GLP-1 RA
group (OR = 2.44; 95% CI = 2.01-2.97 and HR = 0.66; 95% CI = 0.58-0.75) (Table 4, Figure 2).

Table 4. Adherence and persistence during 1-year follow-up in patients with T2DM and cardiovascu-
lar disease.

Adherence Persistence
N per Prevalence (%) o Prevalence (%) o
Subgroup * Cohort SGLT2ivs. ~ OR*(95%CD P SGLI2ivs.  HR™ 5% CDh  p
GLP-1RA GLP-1RA
OV;;;ES’D 1659 89.57 vs. 7812 244 (2.01-297)  0.001 739 vs. 6359  0.66(0.58-0.75)  0.001
Atrial fibrillation 693 90.91vs. 79.8  2.64(191-3.65) 0001  7417vs. 6652  0.74(0.61-0.90)  0.003
Ischemic heart 773 89vs. 7775 234 (1.76-3.10)  0.001 72.7 vs. 63 0.69 (0.58-0.83)  0.001
Heart failure 427 87.12vs. 7494  228(158-327)  0.001  68.85vs. 60.89  0.75(0.60-0.94)  0.014
Ischemic stroke 188 883vs. 8032 191(1.07-339) 0029  72.87vs.57.45 059 (0.41-0.83)  0.003

2 Separate propensity-matched cohorts were generated for each subgroup analysis. * Logistic re-
gression model (multivariate analysis). Reference (OR = 1; GLP-1 RA). ** Cox proportional hazards
model (multivariate analysis). HR for discontinuation. Reference (HR = 1; GLP-1 RA). Abbrevia-
tions: CVD, cardiovascular disease, SGLT2is, sodium-glucose co-transporter 2 inhibitors, GLP-1 RAs,
glucagon-like peptide-1 analogues, CI, confidence interval, SD, standard deviation, OR, odds ratio,
HR, hazard ratio.

Table 4 presents the adjusted results categorized by type of CVD. In all cases, adherence
and persistence rates were higher in the SGLT-2i cohort than in the GLP-1 RA cohort. The
greatest difference in favor of the SGLT-2i cohort was observed in patients with AF for
adherence (OR = 2.64; 95% CI = 1.91-3.65) and in patients with IS for persistence (HR = 0.59;
95% CI = 0.41-0.83) (Supplementary Figure S2).

Among this subgroup, newly diagnosed T2DM (HR = 1.2; 95% CI = 1.04-1.54), insulin
use (HR = 1.18; 95% CI = 1.03-1.35), chronic respiratory disease (HR = 1.14; 95% CI = 1.02-1.3),
and anxiety (HR = 1.19; 95% CI = 1.02-1.41) have been shown to be factors associated with
lack of persistence. As for the type of cardiovascular disease, only patients with AF were
more likely to be adherent (OR = 1.46; 95% CI = 1.21-1.61) and persistent (HR = 0.88; 95%
CI = 0.79-0.98) (Supplementary Table S3).

The global Schoenfeld residuals test yielded a p-value = 0.196, confirming the Cox
proportional hazards assumption. All covariates satisfied the proportional hazards as-
sumption, with p-values > 0.05. As shown in the Cox—Snell residual plot (Supplementary
Figure S1b), the final model exhibited an optimal fit.
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3. Discussion

In this propensity score-matched study, we present data comparing real-world medi-
cation adherence and persistence in Spanish patients with T2DM who initiated SGLT-2i or
GLP-1 RA treatment between 2019 and 2024. After matching, 14,998 new users of SGLT-2is
and GLP-1 RAs were identified, with 1 in 3 patients having newly diagnosed T2DM. Our
results showed that approximately 80% of the patients were adherent, and 70% were persis-
tent at the one-year follow-up. Moreover, patients who initiated treatment with SGLT-2is
showed higher adherence (+10%) and persistence (+5%) than those who initiated treatment
with GLP-1 RAs. These differences were more pronounced in the subgroup of patients with
CVD. Patients with newly diagnosed T2DM using insulin and with comorbidities, such as
chronic respiratory disease, anxiety, and obesity, were at higher risk of lack of persistence.

In our original cohort, we observed higher use of SGLI-2is compared to GLP-1 RAs.
The use of GLP-1 RAs during the study’s follow-up period has been affected by the global
shortage of semaglutide injectables between 2022 and 2025 due to increased demand for
obesity treatment [21,22]. Conversely, oral semaglutide was approved in Europe in April
2020 [23] and accounted for approximately 50% of GLP-1 RA use in our study. However,
as in other studies [24,25], we observed that the use of SGLT-2is and GLP-1 RAs is low,
particularly in patients with CVD.

The adherence rate was higher among patients using SGLT-2is compared to those using
GLP-1 RAs, as observed in other American [3] and European studies [26,27]. However,
another European study [28] observed the inverse trend. Adherence rates range from
65% [27] to 73% [3] for the SGLT-2i group and from 61% [27] to 65% [3] for the GLP-1 RA
group. Our results showed higher adherence values in both cohorts, although our measure
of adherence is based on MPR, whereas other studies used the proportion of days covered
(PDC) [3,27]. Therefore, comparisons should be made with caution, since PDC is a more
conservative measure of adherence than MPR [29].

Our findings showed a higher proportion of persistent patients in the SGLT-2i cohort
than in the GLP-1 RA cohort. These results are like those in other American [30] and
European [26,27] studies but diverge from those in other studies [28,31,32]. As in other
studies [28,31,32], the persistence rate in the SGLT-2i cohort exceeded 70%, while in other
studies it was lower, ranging from 57% to 68% [26,27,30]. Furthermore, a meta-analysis
showed persistence rates of 80%, 62%, and 46% at 6, 12, and 24 months of treatment, respec-
tively [33]. In the GLP-1 RA cohort, the persistence rate was approximately 66%, like that
reported in other studies [26,27]. However, other studies showed higher values ranging
from 69% to 85% [28,31,34,35] and lower values around 50% [30]. Indeed, the results of
published studies are heterogeneous and may be significantly influenced by the methodol-
ogy used. In these studies, different definitions of persistence have been used, with gaps
between prescription refills of >45 [34], >60 [27,31], >90 [28,32,35], and >180 days [32].
Studies with longer follow-up periods [27,28,34] have shown a decrease in the risk of
discontinuation over time [28]. Additionally, our study includes all available GLP-1 RAs,
unlike others that do not include liraglutide [35], semaglutide [31,34], or oral semaglu-
tide [28,35,36]. This is relevant because significant differences in persistence rates have been
observed among GLP-1 RAs, ranging from 69% for exenatide to 85% for dulaglutide [34].
The published studies cover the period from 2006 to 2022, whereas our study is more
recent (2019-2024); therefore, persistence in the GLP-1 RA cohort may be influenced by the
shortage of semaglutide injectables [21,22]. This scenario could have encouraged switch-
ing to other GLP-1 RAs or other OADs [37]. Moreover, switching between the injectable
and oral formulations of semaglutide is complex, as the oral formulation displays higher
pharmacokinetic variability in absorption compared to the injectable formulation [37,38].
According to a recent European study [39], injectable semaglutide was associated with

https://doi.org/10.3390/ph19101607


https://doi.org/10.3390/ph19101607

Pharmaceuticals 2026, 19, 1607

9of 17

higher persistence than oral semaglutide. The specific administration requirements [38]
and gastrointestinal side effects associated with oral semaglutide [39] may contribute to
non-use of the medication [40]. This scenario may have affected our findings, since in
the GLP-1 RA cohort, the use of oral semaglutide was preferred. However, according to
the REVISE study, patient preference between a drug with a once-daily oral formulation
and a drug with a once-weekly injectable formulation is equivalent [41]. In addition, for
injectable formulations, patients prefer a weekly dosing regimen over a daily one because
it results in fewer missed doses [42]. No substantial differences have been observed among
SGLT-2is [32], although some studies show a higher persistence rate for empagliflozin than
for dapagliflozin [43].

In previous studies with other medications [44], our group observed higher thera-
peutic compliance among cardiovascular patients. In this study, among the subgroup of
patients with CVD, higher rates of adherence and persistence were observed in the SGLT-2i
cohort. On the other hand, although the GLP-1 RA cohort had a higher adherence rate,
the difference in favor of the SGLT-2i cohort increased. Additionally, the persistence rate
decreased in the GLP-1 RA cohort, and patients discontinued therapy earlier. This finding
is consistent with other studies that found CVD to be associated with higher persistence
to SGLT-2is, but not to GLP-1 RAs [45]. Specifically, HF or AF protects against treatment
discontinuation in patients on SGLT-2is. Furthermore, IHD, HF, and stroke increase the
likelihood of treatment discontinuation in patients on GLP-1 RAs [28]. However, our
study directly compared cohorts, whereas other studies were conducted separately [28].
Therefore, a cautious interpretation is required. Furthermore, long-term studies are needed,
as one study found that one-quarter of patients who discontinued therapy with SGLT-2is
or GLP-1 RAs reinitiated therapy soon after [28].

As has been observed in other studies of chronic diseases [46,47], including T2DM [27],
being male was associated with a higher likelihood of persistence. A higher annual income
is associated with a lower risk of discontinuation [35,48], although this association is more
evident in American studies [49] than in European studies [28]. In our study, a higher
socioeconomic level had a positive influence on persistence. However, this effect was
only significant among patients with annual incomes between €18,000 and €100,000. One
possible explanation is that the population with an annual income exceeding €100,000 in
our region is relatively limited. Another factor contributing to persistence is the treatment
of T2DM with monotherapy, which is consistent with the findings of a meta-analysis [50].

Conversely, patients with newly diagnosed T2DM showed a 20% decrease in per-
sistence. This finding is noteworthy, as it has been associated with an increased risk of
macrovascular events, hospitalizations, and long-term mortality [51]. Another important
predictor of decreased persistence was insulin use (24%). This finding is consistent with
a meta-analysis that showed increased insulin use among non-persistent patients [33].
Comorbidities such as chronic respiratory disease, anxiety, and obesity were associated
with a lack of persistence. As in our study, Malik et al. [28] observed a higher risk of
discontinuation in patients with chronic obstructive pulmonary disease (COPD), although
their findings were not significant in the GLP-1 RA cohort. This behavior is undoubt-
edly influenced by patients with COPD having lower persistence rates compared to those
with other chronic diseases [46,47]. The literature shows a negative correlation between
treatment persistence and psychological disorders, such as anxiety and depression, in
patients with T2DM [52-54]. Additionally, anxiety has been identified as a predictor of
non-adherence [55,56], although in one study the association was observed only among
males [57]. One study observed that patients with T2DM and obesity on GLP-1 RAs were
more likely to discontinue therapy [49], while another study observed the opposite [58].
However, comparisons between studies may be affected by different definitions of discon-
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tinuation, with gaps between refills of >90 days [49] or >135 days [58]. No evidence of the
influence of obesity was found in the SGLT-2i cohort.

For patients with established CVD, the predictors of non-persistence include newly
diagnosed T2DM, insulin use, chronic respiratory disease, and anxiety. These findings are
clinically relevant for several reasons. First, patients with newly diagnosed T2DM have a
higher risk of macrovascular complications and mortality [51]. Second, the use of insulin
in T2DM is associated with severe hyperglycemia, failed treatment with 2-3 OADs, or
comorbidities such as CKD or liver cirrhosis, among others [59]. Fundamentally, these are
factors that negatively impact the long-term prognosis for these patients [60].

Our study is subject to the limitations inherent in observational studies of this na-
ture [61]. As in previous studies [44,47], patients with fewer than two prescription refills
were excluded. Therefore, the study cohort does not represent all patients who initiated
SGLT-2is or GLP-1 RAs, which may overestimate adherence and persistence rates. This
potential bias should be considered when comparing our results to those of other studies.
We considered drug switching within the same class. Therefore, the reported persistence
should be interpreted as persistence with the index drug, not the medication class [44,47].
We have assumed that dispensing is equivalent to consumption, but this is not always
true [62]. However, this is a widely accepted approach [28,31,32,44,47,63—-65]. As in other
studies [28,31,32,43], we have not obtained information about the underlying reasons for
non-adherence and non-persistence. Specifically, no data are available on side effects, which
may be a handicap, since genital infections in patients on SGLT-2is [66] and gastrointesti-
nal symptoms in patients on oral semaglutide [39] may contribute to lower adherence
and persistence. CONCYLIA did not record in-hospital medication use, which may have
underestimated adherence and/or persistence for patients admitted during the 1-year
follow-up period. Our database does not include clinical outcomes such as HbAlc levels,
estimated glomerular filtration rate (eGFR), albumin—creatinine ratio (ACR), or body mass
index (BMI). Consequently, the clinical utility of the observed differences in adherence and
persistence rates between the SGLT-2i and GLP-1 RA cohorts has not been determined.
SGLT-2is and GLP-1 RAs differ in dosing frequency and route of administration, which
can directly affect treatment adherence and persistence [67]. Our dataset does not contain
information on death data, which may affect the assessment of adherence and persistence.
As shown in Table S1, the GLP-1 RA cohort included oral and injectable formulations with
different dosing frequencies (daily and weekly). Furthermore, depending on the year of the
index date, adherence and persistence in the GLP-1 RA cohort may have been influenced
by the global shortage of semaglutide injectables [21,22]. Finally, although the robustness
of our findings is supported using a 1:1 propensity score-matched design, residual biases
cannot be excluded.

4. Materials and Methods
4.1. Study Design and Data Source

We conducted a retrospective, propensity score-matched cohort study in Castilla y
Le6n, a Spanish region with 2,401,221 inhabitants [68]. This study was designed according
to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) [69]
and the Reporting of Studies Conducted using Observational Routinely collected health
Data for Pharmacoepidemiology (RECORD-PE) [70] recommendations.

The data used in this study were obtained from the public health system claims
database in Castilla y Leén (CONCYLIA), encompassing 97% of the population [71]. CON-
CYLIA contains health care information, including primary care prescribing and dispensing
data, disease diagnosis codes based on the 10th revision of the International Classification
of Diseases (ICD-10) [72], and sociodemographic data. The Pharmacy Directorate of the
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Castilla y Leén Health Council granted access to the data on 3 February 2023. Access to the
data was granted pending ethical approval.

Since CONCYLIA provided de-identified data, patient informed consent was not
required. The Ethics Committee of the Valladolid Health Areas approved this study on 27
July 2023 (code reference: PI-GR-3265 AP).

4.2. Cohort Selection

We selected patients with a diagnosis of T2DM who initiated treatment with SGLT-2is
or GLP-1 RAs, either as monotherapy or in combination with other OADs, between 1
January 2019 and 31 December 2024. As in other studies [32], participants aged 40 or
older were included to avoid misclassifying T2DM as another type of diabetes typically
associated with younger people, such as T1DM, latent autoimmune diabetes of adults
(LADA), and maturity-onset diabetes of the young (MODY) [73]. Supplementary Table S1
lists the SGLT-2is and GLP-1 RAs available in Spain during the study follow-up period
(Anatomical Therapeutic Chemical [ATC] [74] subgroups A10BD, A10B] and A10BK).

The index date was defined as the date of the first SGLT-2i or GLP-1 RA dispensa-
tion. Patients with less than two prescription refills of SGLT-2is or GLP-1 RAs, less than
12 months of follow-up, or inconsistent medication records were excluded. The final cohort
of patients was followed for a 1-year period from the index date.

4.3. Outcomes

The primary outcomes were adherence and persistence on SGLT-2is and GLP-1 RAs.
The Medication Possession Ratio (MPR) was used as a measure of adherence. MPR was
calculated as the number of days’ supply during a specified follow-up period divided
by the number of days from the first dispensing to switching, discontinuation or the end
of the follow-up period, as first occurred [75]. The prescribed daily dose and quantity
dispensed were used to estimate the duration of supply for each claim. For injectable
medications, the potential waste generated in the dispensing container was given due
consideration. In instances of overlapping claims, the early refill dates were adjusted to the
day after the supply end date of the previous refill. Fixed-dose combinations were counted
as a single drug. As in other studies [28,35], the calculation of MPR did not consider if
the patient was admitted to the hospital during the follow-up period. In this case, it was
assumed that the patient was covered by medication during the hospital stay. MPR values
were not restricted to the maximum value of 100%, allowing figures to exceed this limit
in patients with medication stockpiling. MPRs greater than 120% may be referred to as
“over-adherence” and could have clinical relevance [76]. Finally, adherence levels were
categorized according to MPR values as follows: none (<20), poor (20—-49), moderate (50-79)
and adherent (>80) [65].

Persistence was defined as the time between the index date and treatment discontinu-
ation. Discontinuation was defined as a gap > 60 days between prescription refills of any
SGLT-2i or GLP-1 RA. The discontinuation date was defined as the last day covered by the
dispensation preceding the start of the >60-day gap without a refill. The >60-day gap was
established in accordance with previous studies [44,47] and because this gap is used as a
benchmark in our regional health system. The percentage of persistent patients at 3, 6, and
12 months was calculated. The total treatment persistence in days was calculated using
the mean and its corresponding 95% confidence interval. The estimate of this measure is
limited to the longest survival time, if it is censored. Drug switching (different ATC codes)
within the same medication class (SGLT-2i or GLP-1 RA) was considered as discontinuation.
Sensitivity analyses were conducted by changing the gap between prescription refills from
60 to 90 days.
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4.4. Covariates

Covariates included sociodemographic data (sex, age, healthcare area and socioeco-
nomic level), other treatments for T2DM (OADs and/or insulin), concomitant medication
(polypharmacy), and chronic comorbidities. Patients with newly diagnosed T2DM were
defined as those who had not received OADs (ATC subgroup A10B) 12 months before
study entry. These covariates were used to balance the baseline characteristics between the
SGLT-2i and GPL1-RA cohorts.

For the selection of patients with CVD, we focused on AF, IHD, HF, and ischemic
stroke (IS) [77]. All diagnoses were based on ICD-10 codes (Supplementary Table S4).

4.5. Statistical Analyses

To ensure balanced cohorts, 1:1 propensity score-matched (PSM) was performed using
a nearest neighbor matching algorithm with a 0.01 caliper. The propensity score was
calculated using a logistic regression model that included sociodemographic, clinical, and
comorbidity covariates. No missing data were recorded for these covariates. A total of
62 patients who did not have an adequate match were excluded from the matched cohort.
SMD was calculated to compare the baseline characteristics of the SGLT-2i and GLP-1 RA
cohorts. An SMD > 0.1 was considered to reveal significant differences between the two
cohorts. The balance of covariates before and after matching is shown in Supplementary
Figure S3.

Descriptive statistics were reported using percentages with their 95% confidence
intervals (95% Cls) or means with their standard deviations (SDs), as appropriate. The
sample’s normality was confirmed using Kolmogorov-Smirnov and Shapiro-Wilk tests.
Differences between groups were analyzed using Student’s t-test and Pearson’s chi-squared
test (x2) for continuous and categorical variables, respectively.

Factors impacting adherence were analyzed using binary logistic regression. Treatment
duration was assessed by Kaplan—-Meier survival analysis and the log-rank test. The
data were censored due to the absence of the event (discontinuation). Persistence was
compared using Cox proportional hazards regression. HR values < 1 indicate a lower
hazard of discontinuation and, therefore, a higher probability of persistence. Univariate
and multivariate analyses were performed. All study covariates were included in the
analyses. To verify the validity of the model, the Cox proportional hazards assumption
was assessed using the Schoenfeld residual test. Additionally, the model’s goodness of fit
was evaluated using the Cox—Snell residual plot. If the cumulative hazard function closely
followed the 45° line, the final model was considered to exhibit an optimal fit.

SPSS version 29.0 (SPSS Inc., Chicago, IL, USA) and R version 2024.09.1 (R Project for
Statistical Computing) were used for the statistical analyses. Statistical significance was set
atp < 0.05.

5. Conclusions

In conclusion, the SGLT-2i cohort showed higher adherence and persistence rates
compared with the GLP-1 RA cohort. The difference in outcomes in favor of the SGLT-
2i cohort was more pronounced among patients with CVD. This is clinically relevant
since a 10% increase in adherence has a positive effect on cardiovascular outcomes and
mortality [78,79]. Therefore, although the use of these drugs has been shown to reduce
cardiovascular mortality and MACE in clinical trials [10-13], our evaluation focused ex-
clusively on medication-taking behavior. In this context, the use of SGLT-2is proved to be
more effective than GLP-1 RAs.

Understanding these findings is key to developing strategies that improve adherence,
persistence, and ultimately, optimal glycemic control and reduced cardiovascular risk in
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patients with T2DM. According to the findings of our study, these strategies should primar-
ily target patients with newly diagnosed T2DM who use insulin and have comorbidities
such as chronic respiratory disease, anxiety, and obesity. To achieve this goal, incorporating
adherence and persistence indicators into our regional public health system is particularly
relevant. Finally, the use of these indicators has proven valuable for clinicians in previous
studies [44,47,63-65].

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/ph19101607/s1, Figure S1: Cox-Snell residual plots on patients
with T2DM on sodium-glucose cotransporter-2 inhibitors (SGLT-2is) and glucagon-like peptide-1
receptor agonists (GLP-1 RAs). (a) All patients, (b) patients with cardiovascular disease; Figure S2:
Kaplan-Meier analysis for treatment persistence by type of cardiovascular disease (CVD) in patients
on sodium-glucose cotransporter-2 inhibitors (SGLI-2is) and glucagon-like peptide-1 receptor ago-
nists (GLP-1 RAs); Figure S3: Standardized mean differences in baseline covariates before and after
propensity score matching (Love Plot); Table S1: SGLT-2is and GLP-1 RAs available in Spain and
patients on treatment during the follow-up period; Table S2: Adherence and persistence during 1-year
follow-up (original cohort); Table S3: Cox proportional hazards regression (after PSM) for discontinu-
ation in patients with T2DM and cardiovascular disease (CVD) on sodium-glucose cotransporter-2
inhibitors (SGLT-2is) and glucagon-like peptide-1 receptor agonists (GLP-1 RAs); Table S4: Interna-
tional Classification of Disease 10th edition (ICD-10) codes used to define the comorbidities in the
study cohort.
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