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Purpose: Adherence to treatment with sodium-glucose co-transporter protein type 2 inhibitors (SGLT2i) is essential for the successful 
treatment of type 2 diabetes. As SGLT2i induce glucosuria, the main study objective was to assess the potential relationship between 
glucosuria level and adherence to SGLT2i.
Patients and Methods: The study used electronic health records of patients aged ≥45 years old that had urinalysis data. Glucosuria 
was classified as absent/normal (0 mg/dL), intermediate (1–1000 mg/dL), and evident (>1000 mg/dL). Renal function, expressed by 
estimated glomerular filtration rate and stage of chronic kidney disease (CKD), was also assessed. Adherence to SGLT2i was measured 
with the proportion of days covered in 6 months.
Results: Only 9.2% of samples showed evident glucosuria; of these, 87.5% belonged to patients treated with SGLT2i. Among these 
patients, glucosuria was mostly evident (78.9%). Absent glucosuria was more common in patients with CKD and in advanced KDIGO 
stages; therefore, in these patients glucosuria as adherence marker should be interpreted with caution.In patients treated with SGLT2i, 
absent glucosuria was detected in 4.5% of samples from patients with good adherence, 18.5% of samples from patients with intermediate 
adherence, and up to 38.5% of samples from patients with poor adherence (p <0.01). Absent glucosuria was also associated with higher 
blood uric acid level and lower hemoglobin and hematocrit. Absent glucosuria was more common in women and older patients.
Conclusion: Absent glucosuria could be an easy biomarker of poor adherence in patients treated with SGLT2i in clinical practice.

Plain Language Summary: Adherence to treatment is the degree to which a patient takes their medication as prescribed. As poor 
adherence is associated with reduced efficacy of treatment,early detection of low adherence is important, especially in chronic diseases 
such as diabetes. However, measuring adherence in clinical practice can be difficult. The objective of the study was to assess glucose 
(sugar) in urine as a marker of poor adherence in patients with diabetes treated with SGLT2i, a class of antidiabetic drugs characterized 
by increasing glucose in urine. Examples of SGLT2i are canagliflozin, dapagliflozin, empagliflozin and ertugliflozin. Using electronic 
health records with urine analysis data, the researchers classified glucose in urine as absent (0 mg/dL), intermediate (1-1000 mg/dL), 
and evident (higher than 1000 mg/dL). Glucose was evident in 78.9% of urine samples, as expected because of the effect of SGLT2i of 
increasing glucose in urine. However, glucose was absent in a significant 9% of urine samples. Regarding the relationship between 
glucose in urine and adherence, glucose was absent in almost 40% of samples from patients with poor adherence. Furthermore, absent 
glucose in urine was more common in advanced stages of chronic kidney disease and therefore its value as an adherence marker should 
be interpreted with caution in these cases. Absent glucose in urine was also related to higher blood uric acid level and lower 
hemoglobin and hematocrit. The researchers concluded that glucose in urine could be an easy way to evaluate adherence in patients 
treated with SGLT2i in clinical practice. 
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Introduction
Diabetes mellitus (DM) is a global health challenge and its prevalence is steadily increasing worldwide.1 More than 90% 
of cases are type 2 diabetes (T2D), which affected around 530 million people in 2024 and it is estimated that over 
767 million people will have T2D in 2050.1 Prevalence increases with age and is highest (24.8% in 2024) among men 
and women aged between 75 and 79 years.1 T2D can affect virtually any organ and system of the human body, but 
cardiovascular complications represent the main cause of death.2

Drug therapy of T2D was strengthened with the release of the sodium-glucose co-transporter protein type 2 inhibitors 
(SGLT2i). These agents selectively and reversibly inhibit the SGLT2 receptor, blocking the reabsorption of glucose in the 
renal proximal tubule and thus enhancing glucose excretion by the kidneys and reducing glycemia.3 To date, the 
European Medicines Agency has authorized four SGLT2i (canagliflozin, dapagliflozin, empagliflozin, and ertugliflozin), 
alone or combined with the classic antidiabetic metformin, for the treatment of T2D.4 However, SGLT2i agents not only 
reduce glycemia, but they also have cardiorenal protection effects, which appear to be larger than could be expected 
according to their hypoglycemic effect.5 They could even be the first endothelial-protector for diabetic nephropathy,6 as 
they inhibit SGLT2 not only in the renal proximal tubule, but also in stressed endothelial cells.6 Furthermore, cardiorenal 
effects of SGLT2i agents occur in patients without DM.5 Thus, dapagliflozin and empagliflozin are also indicated for the 
treatment of symptomatic chronic heart failure and chronic kidney disease (CKD) in adults. Canagliflozin is also 
indicated for the treatment of CKD but only in adults with T2D. Besides, SGLT2i agents have holistic effects such as 
an increase of hematocrit or a reduction of uric acid levels and they could have other effects that are still undergoing 
investigation.7

Clinical outcomes in T2D patients treated with SGLT2i are affected by therapeutic adherence. In a real-world 
study in 2252 patients with T2D treated with SGLT2i, adherent patients showed a lower incidence of the primary 
outcome, a composite of insulin initiation, hospitalization for micro- and macrovascular complications and all-cause 
mortality after the first year of drug treatment (HR: 0.69, 95% CI 0.55–0.87).8 However, according to the results of 
a systematic review and meta-analysis of 22 real-world studies, adherence to SGLT2i is poor.9 Therefore, it is 
important to assess adherence to SGLT2i. Measures of adherence are either direct, such as examination of blood, 
urine or other body fluids for the presence of the drug or a metabolite, or indirect. Indirect methods can be 
subjective, such as self-reports from patients, or objective, such as pill counts, prescription reordering, pharmacy 
refill records, and electronic medicine monitoring. There is no agreement on the preferred method to assess 
adherence to medication in patients with DM,10 and it is recommended to choose a method according to each 
study and the available resources.10

SGLT2i increase the renal excretion of glucose.11 They are the only class of antidiabetic drugs with this inherent and 
distinctive characteristic, which can allow direct measurement of the drug effect. In exploratory studies, 86% of patients 
treated with SGLT2i had evident glucosuria, defined as a urine glucose level ≥1000 mg/dL.12 However, this high 
percentage implied that 14% of patients treated with SGLT2i did not have evident glucosuria, possibly due to a lack of 
adherence to SGLT2i. Measuring glucosuria is not a validated method to assess adherence to antidiabetic treatment. 
However, due to the effect of SGLT2i on glucosuria, the main objective of the current study was to assess glucosuria as 
a marker of adherence to SGLT2i. Secondary objectives included differentiating evident glucosuria in patients with and 
without DM; describing the relationship between glucosuria levels and impaired renal function, and assessing the 
relationship between glucosuria and other parameters of SGLT2i effectiveness such as blood uric acid level or 
hematocrit.
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Materials and Methods
Study Design and Population
This was an observational retrospective study of electronic health records (EHR) from patients treated between July 2022 
and June 2023 in the Campo de Gibraltar Este Healthcare Area (Cádiz, Spain), which is part of the Andalusian Public 
Healthcare System (SSPA).

Inclusion criteria were individuals aged ≥45 years and with available glucosuria and fasting plasma glucose (FPG) 
data obtained at the same timepoint as part of routine analysis. Exclusion criteria comprised individuals aged younger 
than 45 years, familial glucosuria in patients without DM or SGLT2i treatment, patients that initiated SGLT2i treatment 
in 2023, and patients with missing data.

The study was composed of a first phase, which included all patients that met the inclusion criteria (phase 1), and 
a second phase, conducted in patients treated with SGLT2i (phase 2).

Phase 1: Glucosuria in the General Population
Samples were stratified into three groups. The first group was composed of samples from patients without DM. Another 
group comprised samples from patients with DM but without SGLT2i treatment during the period 2022–2023. These 
patients were treated with other code A10 drugs (insulin and analogues, blood glucose lowering drugs excluding insulin, 
and other drugs used in DM) according to the Anatomical Therapeutic Chemical (ATC) Classification System.13 The 
third group included patients with DM that were treated with SGLT2i during the period 2022–2023. It is important to 
note that, in the 2022–2023 period, SGLT2i were approved for the treatment of T2D as well as for heart failure with 
reduced ejection fraction (HFrEF). In this first phase, glucosuria and FPG results were recorded for the whole study 
population, whether with or without DM. The aim was to try to show that evident glucosuria had a weak relationship 
with DM under treatment, but a very strong relationship with glycosuric drugs (SGLT2i).

Phase 2: Glucosuria in the SGLT2i Population
In a second phase, the analysis was focused on glucosuria measurements performed in patients treated with SGLT2i in 
2022–2023. The aim in this phase was to assess the intensity of glucosuria and its relationship with other parameters of 
adherence, such as the proportion of days covered (PDC).14

Patients’ data were obtained from SIDICAM (corresponding to the initials, in Spanish, of State of Diabetes in the 
Campo de Gibraltar Area),15 a database that includes pseudonymized data from laboratory determinations (blood 
biochemistry and hematology tests and urine test) and use of drugs (therapeutic groups ATC A10 [drugs used in DM], 
C08 [calcium channel blockers], and C09 [agents acting on the renin-angiotensin system]) in the population of the cited 
healthcare area during the period 2019–2023.

Study Variables
Glucosuria was analyzed with a standard semi quantitative method using reflectance photometry (UNAMAX®, 
A. Menarini Diagnostics, Badalona, Spain). According to the results, glucosuria was categorized as absent or normal 
(0 mg/dL), intermediate (1–1000 mg/dL) and evident (>1000 mg/dL). The main variable of the study was evident 
glucosuria.

DM was identified by means of a validated algorithm that considers an individual to be positive if treated with any 
ATC A10 drug (except for guar gum) financed by the SSPA during the study period.16 Therefore, all patients with 
samples included in the second phase had DM. However, this algorithm cannot distinguish between type 1 diabetes and 
T2D. For this reason, only individuals aged ≥45 years were included in an attempt to focus on individuals with T2D. 
Furthermore, study calculations were performed separately by biological sex and age group (45–59 years, 60–74 years 
and ≥75 years).

Relationships between glucosuria and several factors were assessed in patients treated with SGLT2i. These factors were 
hyperglycemia, defined as a FPG ≥200 mg/dL, which is the traditionally accepted threshold for glucosuria in DM patients 
(≥180 mg/dL for people without DM); CKD, defined as an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2 
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and/or albuminuria >30 mg/g for more than 3 months;17 stage of CKD, from G1 (normal, ≥90 mL/min/1.73 m2) to G5 
(kidney failure, <15 mL/min/1.73 m2).17 Both CKD and its stages were assessed according to the 2012 Kidney Disease: 
Improving Global Outcomes (KDIGO) Clinical Practice Guideline.17 In addition, the relationship between glucosuria and 
drug class (only SGLT2i, fixed-dose combination of SGLT2i plus an oral antidiabetic, and SGLT2i plus A10 drugs) was 
assessed.

Adherence was measured between January and June 2023 by the PDC method.14 Patients were stratified into three 
groups by PDC during 6 months: <40% (group 1, poor adherence), 40–79% (group 2, intermediate adherence), and ≥80% 
(group 3, good adherence). Subsequently, the correlation between glucosuria and adherence was analyzed, as well as the 
potential impact of factors such as age and biological sex.

Finally, correlations of glucosuria and other described effects of SGLT2i drugs were also analyzed. To that end, the 
study used blood count, including hemoglobin and hematocrit, and renal function (eGFR, albuminuria and blood uric 
acid level) data for each patient’s EHR.

Statistical Analysis
A data matrix was created and processed statistically using the MedCalc® Statistical Software version 22.021 statistical 
package (MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2024). Statistical significance was estab
lished at 95% (α = 0.05).

Data obtained for qualitative variables were represented descriptively, using frequency and percentage, while 
quantitative variables were expressed by mean and standard deviation or by median and 95% confidence interval 
(95% CI).

Ethical Statement
The study was approved by the provincial Clinical Research Ethics Committee of Cadiz, Spain (SICEIA-2024-002554 
code). Informed consent was not required because of the retrospective design, the use of administrative registries 
previously pseudonymized and the high number of studied determinations. Furthermore, the study was conducted in 
accordance with the Declaration of Helsinki.

Results
Phase 1 Results
Glucosuria by Groups of Patients
A total of 28742 glucosuria determinations, corresponding to 21377 individuals aged ≥45 years, were performed from 
January to June 2023. Patients were mainly women (n = 12,128; 57%) and showed differences in age by groups. Patients 
with DM, including those treated with SGLT2i, were older than patients without DM (Table 1).

Glucosuria was absent in 25138 samples (87.5%), intermediate in 964 (3.4%), and evident in 2640 (9.2%) 
(p<0.0001). By age groups, absent glucosuria was more common in samples from patients aged between 45 and 59 
years (91.8%) than in samples from patients aged between 60 and 74 years (84.8%) or older than 75 years (84.5%) 
(p<0.01). By biological sex, absent glucosuria was more frequent in samples from women (90.4%) than from men 
(83.7%) (p<0.01).

Regarding samples with evident glucosuria, 2308 (87.5%) belonged to patients with DM treated with SGLT2i (p < 
0.01), while only 244 (10.2%) corresponded to patients with DM treated with antidiabetic drugs other than SGLT2i and 
88 (2.3%) were from patients without DM.

In the 2925 samples from 1868 patients treated with SGLT2i, 78.9% of glucosuria was evident and 12.1% was 
intermediate, with 264 samples (9%) negative for glucosuria (Figure 1). These samples were analyzed to assess potential 
correlations of glucosuria with other variables.

Factors Potentially Related to Glucosuria
To assess a potential relationship between hyperglycemia and glucosuria, samples from patients with DM and with or 
without SGLT2i treatment were stratified in two groups according to FPG lower than <200 mg/dL (2574 samples; 87.8%) 
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and ≥200 mg/dL (351 samples; 12.2%). The presence of evident glucosuria was similar in both groups, around 80% 
(Figure 2A). Moreover, when samples from patients with SGLT2i were classified according to FPG <130 mg/dL, 
130–180 mg/dL and >180 mg/dL, evident glucosuria was consistently frequent in the three groups (Figure 2B).

However, in samples from patients with DM treated with A10 drugs other than SGLT2i, the proportion of patients 
with FPG ≥200 mg/dL was lower. Evident glucosuria in patients with DM and treatment with any A10 other than 
SGLT2i was related to high plasma glucose, measured as FPG (Figures 2A and B). On the contrary, this relationship did 
not exist for SGLT2i-treated patients, for which evident glucosuria is associated with SGLT2i intake.

Table 1 Study Groups According to the Presence of Diabetes Mellitus and Treatment with SGLT2i

Variable No DM or SGLT2i 
Treatment

With DM, Without 
SGLT2i

With DM and 
SGLT2i

Total

Total samples, n 21 076 4741 2925 28 742

Total patients, n 16 213 3296 1868 21 377

Gender: woman, n (%) Samples 12 399 (61) 2463 (52) 1603 (55) 16 465 (59)

Patients 9605 (59) 1684 (51) 839 (45) 12 128 (57)

Age: years, median (IQR) 61 (53–72) 71 (61–79) 69 (61–77) 64 (54–74)

Age groups, 
n (%)

45-59 
years

Samples 9465 (46) 998 (21) 656 (22) 11 119 (40)

Patients 7797 (48) 722 (22) 440 (24) 8959 (42)

60-74 
years

Samples 7148 (33.9) 1925 (40.6) 1351 (46.2) 10 424 (36)

Patients 5465 (34) 1374 (42) 878 (47) 7717 (36)

≥75 
years

Samples 4078 (20) 1826 (39) 928 (32) 6832 (24)

Patients 2951 (18) 1200 (36) 550 (29) 4701 (20)

Abbreviations: DM, diabetes mellitus; IQR, interquartile range; SGLT2i, sodium-glucose transporter protein 2 inhibitors.

Figure 1 Glucosuria according to the presence of diabetes mellitus and treatment with SGLT2i. Evident glucosuria was more frequent in samples from patients with DM 
treated with SGLT2i. 
Note: Absent glucosuria, 0 mg/dL; intermediate glucosuria, 1–1000 mg/dL; evident glucosuria, >1000 mg/dL. 
Abbreviations: DM, diabetes mellitus. SGLT2i, sodium-glucose co-transporter protein 2 inhibitors.
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Figure 2 Evident glucosuria in patients with diabetes mellitus treated with SGLT2i or other A10 drugs. (A) Evident glucosuria according to fasting plasma glucose (FPG) in 
patients with DM treated with A10 drugs (other than SGLT2i) or with SGLT2i. Evident glucosuria was related to FPG only in patients treated with other A10 drugs, while in 
patients treated with SGLT2i it was related to SGLT2i intake. (B) Evident glucosuria according to level of FPG in patients with DM treated with A10 drugs (other than 
SGLT2i) or with SGLT2i. Again, evident glucosuria in patients treated with SGLT2i was not related to FPG, but to SGLT2i intake. (C) Evident glucosuria in 8119 samples from 
patients with diabetes mellitus according to the antidiabetic treatment. Evident glucosuria was clearly more frequent in samples from patients treated with SGLT2i alone or in 
combination. 
Note: Evident glucosuria: >1000 mg/dL. 
Abbreviations: FPG, fasting plasma glucose, DM, diabetes mellitus. SGLT2i, sodium-glucose co-transporter protein 2 inhibitors. DPP4i, dipeptidyl peptidase 4 inhibitors.
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There were also differences in evident glucosuria according to the type of antidiabetic treatment. Evident glucosuria 
was more common in samples from patients treated with SGLT2i alone or in combination with dipeptidyl peptidase 4 
inhibitors (DPP4i) (almost 80% in both groups) than in samples from patients treated with DPP4i alone or other A10 
agents (less than 6% in both groups) (Figure 2C).

Regarding CKD, 1566 samples (53.5%) were from patients without CKD (CKD-) and 1359 samples (46.5%) were 
from patients with CKD (CKD+). Evident glucosuria was more frequent in CKD- samples (n = 1381; 88.2%) than in 
CKD+ samples (n = 927; 68.2%) (p<0.0001). Regarding the relationship between glucosuria and KDIGO stages, evident 
glucosuria was more frequent in samples from patients in KDIGO stages G1 and G2a (89.4% and 89%, respectively). 
The frequency of evident glucosuria decreased gradually with increased KDIGO stage to 13.7% in G5 stage (p < 0.0001) 
(Figure 3). Conversely, absent glucosuria increased from 6.1% at G1 up to 32% at G5 stage.

Furthermore, evident glucosuria was more common in samples from patients treated with a fixed-dose combination 
(87.1%) or with SGLT2i plus A10 (76.4%) than with SGLT2i as a single-agent pharmaceutical form (56.7%) 
(p < 0.0001). Absent glucosuria was more frequent in patients treated only with SGLT2i (18.5%) than in patients treated 
with a fixed-dose combination or SGLT2i plus A10 (5.1% and 10.6%, respectively).

Phase 2 Results
Glucosuria and Adherence
The potential relationships between glucosuria and adherence were analyzed in SGLT2i-treated patients. Data for tablets 
were available for all patients included in the second phase of the study, allowing the estimation of PDC. There was 
a relationship between absent glucosuria and lack of adherence (Figure 4).

Furthermore, absent glucosuria increased with kidney disease (according to KDIGO stages) and with reduced 
adherence. In samples from patients with poor adherence, absent glucosuria was seen in 100% of samples from patients 
with KDIGO G5 stage (n = 22), but also in 35.2% of samples from patients with KDIGO G1 stage (n = 804). Evident 
glucosuria was found in 57.4% of samples from patients with KDIGO G1 stage, diminishing to 0% of samples from 
patients with KDIGO G5 stage (p=0.1168). However, in samples from patients with good adherence, absent glucosuria 
was rare, ranging from <5% for patients in G1 stage to 15% for patients in G5 stage. On the contrary, evident glucosuria 

Figure 3 Frequency of evident glucosuria by KDIGO modified stages of eGFR in 2922 samples from patients with diabetes mellitus and SGLT2i treatment. Evident glucosuria 
was less frequent as severity of chronic kidney disease increased. 
Abbreviations: KDIGO, Kidney Disease: Improving Global Outcomes. eGFR, estimated glomerular filtration rate. SGLT2i, sodium-glucose co-transporter protein 2 
inhibitors.
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was common, ranging from 94.3% and 94.1% in samples from patients with KDIGO G1 and G2 stages, respectively, to 
15.4% in samples from patients with KDIGO G5 stage (p<0.0001).

Holistic Effects of Glucosuria-Related Drugs
Also in SGLT2i-treated patients, blood uric acid level was higher in patients whose samples had absent glucosuria 
(p < 0.01). Furthermore, hemoglobin and hematocrit were lower in patients, both men and women, with absent glucosuria 
in urine samples (p<0.05 for both variables) (Figure 5).

Discussion
Poor adherence to antidiabetic treatment should be able to be easily recognized in clinical practice, so that healthcare 
providers can investigate the causes and implement appropriate measures. Adherence to SGLT2i agents has not been 
studied widely.18–22 However, the results of these studies suggested that good adherence was associated with higher 
HbA1c reduction, better glycemic control and reduced need for additional drugs.18–22 We considered that glucosuria 
induced by this group of antidiabetic drugs could be a useful biomarker of adherence. Glucosuria is determined routinely 
in all urinanalyses and therefore, it would be easy to check within any clinical setting, from primary care to hospital and 
emergency room. To our knowledge, the current study is the first to use glucosuria for evaluating adherence in patients 
treated with SGLT2i.

Because we used urine samples, there could be more than one sample for each patient. However, we considered that 
samples represented each patient at different time points (each analysis), and that they could be adherent at a time point 
and non-adherent at another time point. Therefore, we assessed adherence by glucosuria in each visit, not measured by 
the patient.

Due to the algorithm we used to identify DM, all patients included in the second phase of the study had DM. This 
algorithm considered that individuals had diabetes if they were treated with any ATC A10 drug covered by the 
Andalusian Healthcare system during the study period;16 as all patients included in the second phase were treated with 
SGLT2i, all of them were considered as having diabetes. It should be mentioned that SGLT2i are approved in Spain for 
heart failure since 2021 and for chronic kidney disease since 2021 (dapagliflozin) and 2023 (empagliflozin), under some 
limitations and requiring a health inspection visa. Despite this, in our study, SGLT2i use in a patient without diabetes 
could be equivalent to a patient with a good diabetes control; therefore, it should not be considered different in our results 
of glucosuria or FPG.

Regarding samples with evident glucosuria, almost 90% corresponded to patients with DM treated with SGLT2i. 
Evident glucosuria was also found in more than 9% of patients with DM treated with other A10 agents. In these latter 

Figure 4 Glucosuria in samples according to groups of patients by adherence to SGLT2i. Absent glucosuria increased with reduced adherence measured by PDC.Absent 
glucosuria, 0 mg/dL; intermediate glucosuria, 1–1000 mg/dL; evident glucosuria, >1000 mg/dL. 
Abbreviations: SGLT2i, sodium-glucose co-transporter protein 2 inhibitors. PDC, proportion of days covered.
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Figure 5 Holistic effects of glucosuria-related drugs. (A) Blood uric acid by glucosuria group. (B) Hemoglobin by glucosuria group. (C) Hematocrit by glucosuria group. 
Notes: *p<0.05, **p<0.01Absent glucosuria, 0 mg/dL; intermediate glucosuria, 1–1000 mg/dL; evident glucosuria, >1000 mg/dL.
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patients, evident glucosuria is likely related to hyperglycemia, because increased urine glucose was much more common 
in patients with FPG ≥200 mg/dL. On the contrary, in patients with DM treated with SGLT2i, almost 90% of patients 
with evident glucosuria had FPG <200 mg/dL. In addition, there were 60 samples (2.3%) with glucosuria obtained from 
patients without DM; these samples were probably from patients with familial renal glucosuria, but no confirmatory 
diagnostic test was performed.

Also in samples from patients with DM treated with SGLT2i, almost 80% of glucosurias were evident. However, 9% 
of glucosurias were absent glucosurias. This is an anomaly and the only explanation for absent glucosuria in patients 
treated with SGLT2i is poor adherence.

On the contrary, in patients without SGLT2i treatment, absent glucosurias were the most common, reaching 99% of 
samples from patients without DM. Furthermore, in patients with DM treated with A10 agents, 68% of them had FPG 
higher than 200 mg/dL, suggesting that glucosuria was induced by high plasma glucose. In contrast, in patients with DM 
treated with SGLT2i, the proportion of patients with high FPG was only 12%, confirming the glycosuric effect of 
SGLT2i. In a study in 770 patients treated with SGLT2i,12 86% of patients had evident glucosuria and no relationship 
was found between FPG and glucosuria or HbA1c.

When analyzing glucosuria in patients treated with SGLT2i, hyperglycemia did not have any effect. However, in 
those patients with CKD, evident glucosuria was less common. It should be pointed out that in patients with CKD, 
glucosuria induced by SGLT2i agents (and their effect on hyperglycemia) declines almost parallel to eGFR reduction.23 

The hypoglycemic effect of SGLT2i is reduced when eGFR <45 mL/min/1.73 m2,24 and is minimal when eGFR 
is <30 mL/min/1.73 m2,25 but cardiorenal benefits are maintained.26 This reduced glucosuria in patients with low 
eGFR should be taken into account when assessing glucosuria as a biomarker for adherence to SGLT2i, because up to 
40% of patients with DM develop CKD.27 In the present study, evident glucosuria diminished as eGFR was lower, from 
eGFR < 60 mL/min/1.73 m2, and intermediate glucosuria increased. However, we also considered the increase in absent 
glucosuria as an anomaly that could be associated with a lack of adherence and should be further studied.

With regard to the type of drug, the best relationship between evident and absent glucosuria was found with fixed 
combinations of an SGLT2i and metformin. The poor relationship between evident and absent glucosuria in patients 
treated with SGLT2i alone was surprising, with more than 18% of absent glucosuria. A possible reason could be that 
adherence can be lower in polymedicated patients.28

Although therapeutic adherence to SGLT2i is essential for effective treatment, its accurate and objective measurement 
is complicated. Adherence can be assessed by direct and indirect methods. Direct methods, such as measuring levels of 
drug or its metabolites, are more accurate but also more complex and expensive and show inter-individual differences.29 

Indirect methods are used more commonly in research and include the use of EHR or administrative data, pill count, 
electronic monitoring devices and self-reported measures such as the eight- and four-item Morisky Medication 
Adherence Scales (MMAS-8 and MMAS-4).18,29 In a systematic review of studies on adherence to oral antidiabetic 
drugs in T2D,18 the most common methods for assessing adherence were those using administrative data, mainly 
counting of dispensed packaging in pharmacy offices through the PDC or the Medication Possession Ratio (MPR).18

Adherence to SGLT2i has been assessed in other studies using traditional methods. In a meta-analysis of studies 
where adherence was measured using mainly the PDC method, pooled adherence to SGLT2i was 49% at 1 year.9 

However, in another meta-analysis of studies where adherence to SGLT2i was measured using MPR, up to 54% of 
patients continued treatment after 1 year, although there were differences according to the specific SGLT2i,30 from 64% 
for empagliflozin19 to 94.9% for an unspecified agent.31 We did not assess drug-specific differences in glucosuria induced 
by SGLT2i because the study objective was not to find differences between SGLT2i, but the value of glucosuria as 
biomarker of adherence. Our results showed 82.9% and 40.2% of good adherence for patients with samples with evident 
glucosuria and absent glucosuria, respectively. But when we looked at poor adherence, we found 3.9% and 29.5% for 
patients with samples with evident and absent glucosuria, respectively.

Regarding glucosuria and adherence in SGLT2i-treated patients, absent glucosuria showed a direct and statis
tically significant relationship with poor adherence. There was also lack of holistic effects of SGLT2i in case of 
absent or intermediate glucosuria. Furthermore, absent glucosuria was more common in women and at advanced 
age. On the contrary, evident glucosuria was associated with lower serum uric acid level and increases in 
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hemoglobin and hematocrit. These improvements, considered to be holistic effects of SGLT2i, have already been 
seen in clinical trials such as the EMPEROR trials with empagliflozin.32,33 These holistic effects of SGLT2i are 
related to renal and cardiovascular benefits of SGLT2i.34,35 Findings of the present study add real-world evidence to 
clinical trial results.

Our findings confirm the results of a preliminary study conducted in the same healthcare area. The relationship 
between glucosuria and adherence was assessed using EHR data from 133 patients with T2D treated with SGLT2i.36 

A total of 124 patients (87%) had evident glucosuria, but there were 9 patients (6.5%) with intermediate glucosuria and 9 
patients with absent glucosuria (6.5%), thus suggesting poor adherence in these 18 patients (18%).36

Furthermore, our results might modify current clinical practice. Urine glucose testing can be performed using easily 
paper test strips in primary care clinics and even at home.37 However, it is not an accurate method to estimate glycemic 
control38 and the American Diabetes Association does not currently recommend routine urine glucose testing for patients 
with DM.37 However, due to the relationship between glucosuria and adherence to SGLT2i evidenced in our study, urine 
glucose testing could be considered as a routine analysis in patients treated with SGLT2i.

Strengths and limitations of this study come from the design and data origin. Being based on a wide registry, we were 
able to gather a large number of samples from a heterogeneous population in a real-world framework. However, as data 
were collected during clinical practice, registries may be incomplete, due to a lack of assessments or recording, or by 
misclassification of data,39 and this could reduce the validity of conclusions. However, most of the variables in the 
current study are used frequently during real clinical practice to manage these patients. Furthermore, study groups were 
heterogeneous at baseline, causing a potential bias in results. To avoid this, we could have analyzed data with 
a propensity score matching test.

In addition, the inclusion algorithm considered that all included patients treated with A10 drugs had DM. This 
algorithm is out of date, but is the one used in our database since 2014. Furthermore, in 2022–2023 SGLT2i were already 
indicated in patients without DM, but only in those with HFrEF. However, our protocol did not allow differentiation 
between patients with and without DM treated with SGLT2i. It was to be expected that in the first semester of 2023 few 
patients would be treated with SGLT2i if they did not have DM. Therefore, we defined patients as having DM but not 
T2D despite the fact that SGLT2i are indicated for the treatment of non-insulin dependent DM.

Our results opened new lines of investigation of glucosuria as biomarker of adherence in patients treated with 
SGLT2i, mainly measuring it quantitatively and exploring its reduction in the subgroup of patients with chronic kidney 
disease.

Conclusions
Our results suggest that glucosuria could be a biomarker of adherence to SGLT2i. In patients with DM treated with 
SGLT2i, the presence of evident glucosuria increased as adherence improved. However, interpretation of results should 
be cautious in patients with CKD and using a semi-quantitative method to measure glucosuria could affect accuracy of 
results. Despite these limitations, which will be further studied, absent glucosuria might be an easy biomarker of poor 
adherence in patients treated with SGLT2i in all clinical settings.
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