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BACKGROUND
• Dapagliflozin, a sodium-glucose cotransporter 2 (SGLT2) inhibitor, lowers 

plasma glucose by inhibiting renal reabsorption of glucose and by promoting 
its urinary excretion.

– Increased urine glucose levels may contribute to an increased risk of  
urinary tract infections.

• Dapagliflozin’s European label contains a warning regarding urinary tract infections, 
and the United States (US) Food and Drug Administration added a warning to the 
US labels of all SGLT2 inhibitors for urosepsis and pyelonephritis1 based on 
spontaneously reported hospitalized cases of urosepsis and/or pyelonephritis.

• This post-authorization safety study was required by the European Medicines 
Agency at the time of dapagliflozin’s approval in Europe.

OBJECTIVE
• To compare, among patients with type 2 diabetes mellitus, the sex-specific 

incidence of hospitalization or emergency department visit for severe 
complications of urinary tract infection (sUTI) in new users of dapagliflozin 
with new users of comparator glucose-lowering drugs (GLDs)

METHODS
Data Sources
• This was a non-interventional, post-authorization safety study conducted using 

data from three longitudinal, population-based data sources (Table 1).

Study Population
• Patients were identified at the first recorded prescription or dispensing for a 

study GLD on or after the start of the study period (Figure 1).

– Exposure: dapagliflozin
– Comparator: other GLDs except SGLT2 inhibitors, insulin monotherapy, 

metformin monotherapy, or sulfonylurea monotherapy
• The unit of analysis was the index treatment episode. A single patient could 

have multiple index episodes if different GLDs had been initiated on different 
dates meeting eligibility criteria.

• Comparator GLD index episodes were randomly matched to each 
dapagliflozin index episode by calendar year of the index episode, age, sex, 
and geographic region.

• Patients were followed from the day after the date of the index episode  
until censoring.

Outcome Assessment
• sUTI events were identified with recorded diagnosis codes separately in 

males and females because of the known higher risk of urinary tract infection 
in women than in men.

• sUTI events could include either of the following:

– Urosepsis (hospitalization or emergency department [ED] visit for sepsis 
with any outpatient, inpatient, or ED diagnosis of urinary tract infection 
within 1 week of hospitalization for sepsis)

– Pyelonephritis (hospitalization or ED visit) 
• To be considered a hospitalized outcome, codes had to occur in any position 

of the discharge codes for an inpatient hospitalization record (all data sources) 
or in general practitioner records within 30 days before or after a 
hospitalization (CPRD).

• Validation of a sample of identified cases was performed in the three data 
sources through general practitioner questionnaires (CPRD) and medical 
record review (HIRD and Medicare).2,3

Statistical Analysis
• Demographic and clinical characteristics of the exposure groups were described.
• Propensity score trimming and stratification were used to adjust for differences 

in patient characteristics between the exposure groups.
• Crude and propensity score–adjusted incidence rates of sUTI were calculated 

separately for each treatment group.
• Incidence rate ratios (IRRs) were calculated to compare the incidence of sUTI 

between exposure groups. 

– Adjusted IRRs were calculated by estimating IRRs within propensity score 
strata and pooling across strata using Mantel-Haenszel methods.

– An overall, pooled IRR was estimated with Mantel-Haenszel methods 
across all propensity score strata from all data sources. 

• Additional sensitivity analyses and quantitative bias analyses were performed 
to evaluate the impact of variations in study design, differential outcome 
misclassification, and unmeasured confounding.4
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Cohort Entry Date
First prescription or dispensing of
dapagliflozin or comparator GLD

Day 0
Washout Window (exposure)
(No use of index medication)

Days [all available, –1]

Exclusion Assessment Window
(Intermittent medical and drug coveragea)

Days [–180, 0]

Exclusion Assessment Window
(Ageb, nonqualifying Medicare enrollmentc)

Days [0, 0]

Exclusion Assessment Window
(T1DM, SGLT2 inhibitor use, chronic pyelonephritis)

Days [all available, 0]
Covariate Assessment Window

(Age, sex, insulin use, year, region,
race/ethnicity, low-income subsidy)

Days [0, 0]

Covariate Assessment Window
(Diabetes severity markers, comorbidities, lifestyled)

Days [all available, 0]

Covariate Assessment Window
(Trauma, comedications)

Days [–180, 0]

Covariate Assessment Window
(Health care utilization)

Days [–180, -1]

Follow-up Window
Days [1, censore]

Time

Day 0Day – 180

Table 1.  Data Sources and Study Observation Period in Each  
Data Source

Data 
Source Country Study Population Start 

Datea
Latest Date of 

Available Datab

CPRD UK
GP records linked 

to hospital records, 
ages ≥ 18 years

13 Nov 
2012 31 Dec 2018

HIRD US
Commercial 

insurance claims 
data, ages 18-64 

years

09 Jan 
2014 29 Feb 2019

Medicare US
Governmental 

insurance claims 
data, ages ≥ 65 years

09 Jan 
2014 31 Dec 2017

CPRD = Clinical Practice Research Datalink; GOLD = General Practitioner Online Database of 
CPRD; GP = general practitioner; HES = Hospital Episode Statistics; HIRD = HealthCore Integrated 
Research Database; UK = United Kingdom.

a The start of the study period was defined as the time of first availability of dapagliflozin after 
regulatory approval in each country.

b The end of the study period was defined as the latest date that prescription (CPRD) or dispensing 
(the HIRD and Medicare) data were available. The end date accounts for a lag time of 6 months 
for linked CPRD GOLD and HES data, 3 months for HIRD data, and 2 years for Medicare data.

Figure 1.  Assessment of Study Variables Relative to  
Medication Initiation

RESULTS

Table 2. Selected Baseline Characteristics After Propensity Score Matching and Trimming by Data Source
CPRD HIRD Medicare

Dapagliflozin Comparator 
GLD Dapagliflozin Comparator 

GLD Dapagliflozin Comparator 
GLD

Females N = 4,764 N = 17,901 N = 9,413 N = 111,587 N = 10,653 N = 163,262
Mean age, years (SD) 57.0 (11.1) 58.4 (11.3) 51.6 (8.8) 51.5 (9.1) 71.7 (5.8) 71.7 (5.8)
Insulin use at the date of the index episode, n (%) 535 (11.2) 1,072 (6.0) 1,355 (14.4) 13,472 (12.1) 1,899 (17.8) 25,000 (15.3)
Indicators of diabetes severity, n (%)

Diabetic nephropathy or renal insufficiency 33 (0.7) 108 (0.6) 179 (1.9) 2,337 (2.1) 963 (9.0) 17,292 (10.6)
Retinopathy 1,205 (25.3) 4,070 (22.7) 2,316 (24.6) 24,583 (22.0) 4,294 (40.3) 59,751 (36.6)
Peripheral neuropathy 137 (2.9) 485 (2.7) 204 (2.2) 2,197 (2.0) 768 (7.2) 12,172 (7.5)
Peripheral vascular disease 97 (2.0) 469 (2.6) 2,174 (23.1) 23,449 (21.0) 4,305 (40.4) 62,327 (38.2)
Coronary heart disease 357 (7.5) 1,549 (8.7) 667 (7.1) 8,009 (7.2) 3,171 (29.8) 46,806 (28.7)
Cerebrovascular disease 202 (4.2) 957 (5.3) 168 (1.8) 2,286 (2.0) 1,700 (16.0) 25,432 (15.6)
Amputation 14 (0.3) 85 (0.5) 13 (0.1) 186 (0.2) 43 (0.4) 1,083 (0.7)

Males N = 6,411 N = 23,768 N = 11,550 N = 132,196 N = 10,744 N = 164,580
Mean age, years (SD) 58.0 (10.1) 58.5 (10.4) 52.0 (8.3) 52.1 (8.3) 71.3 (5.3) 71.3 (5.3)
Insulin use at the date of the index episode, n (%) 683 (10.7) 1,314 (5.5) 1,592 (13.8) 15,261 (11.5) 1,799 (16.7) 23,446 (14.2)
Indicators of diabetes severity, n (%)

Diabetic nephropathy or renal insufficiency 75 (1.2) 254 (1.1) 247 (2.1) 3,381 (2.6) 1,089 (10.1) 19,392 (11.8)
Retinopathy 1,862 (29.0) 6,291 (26.5) 2,816 (24.4) 30,317 (22.9) 3,936 (36.6) 54,684 (33.2)
Peripheral neuropathy 230 (3.6) 718 (3.0) 216 (1.9) 2,496 (1.9) 749 (7.0) 10,866 (6.6)
Peripheral vascular disease 272 (4.2) 974 (4.1) 2,724 (23.6) 30,004 (22.7) 4,194 (39.0) 60,905 (37.0)
Coronary heart disease 1,053 (16.4) 3,819 (16.1) 1,412 (12.2) 16,542 (12.5) 4,394 (40.9) 65,775 (40.0)
Cerebrovascular disease 316 (4.9) 1,312 (5.5) 215 (1.9) 2,773 (2.1) 1,622 (15.1) 25,146 (15.3)
Amputation 71 (1.1) 276 (1.2) 47 (0.4) 638 (0.5) 110 (1.0) 1,966 (1.2)

SD = standard deviation.

Table 3.  Adjusted Incidence Rates of Severe Complications of Urinary 
Tract Infection by Data Source and Sex

Incidence Rates Per 1,000 Person-years 
(95% CI)

Sex Data Source Dapagliflozin Comparator GLD 

Females

CPRD 1.31 (0.52-2.69) 1.88 (0.82-3.37)

HIRD 5.41 (3.70-7.63) 7.11 (6.39-7.88)

Medicare 6.52 (4.63-8.91) 8.70 (8.01-9.42)

Males

CPRD 0.63 (0.20-1.47) 1.04 (0.44-1.88)

HIRD 1.85 (1.04-3.06) 2.93 (2.52-3.39)

Medicare 4.41 (2.95-6.33) 5.46 (4.92-6.04)

Figure 2.  Adjusted Incidence Rate Ratios for Severe Complications of 
Urinary Tract Infection by Data Source and Pooled Across Data 
Sources by Sex

Figure 3.  Adjusted Incidence Rate Ratios for Sensitivity Analyses Compared With the 
Primary Results by Data Source
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CONCLUSIONS
• The results from this 5-year, real-world study, 

which included more than 17,000 person-years 
of dapagliflozin exposure in females and more 
than 22,000 person-years in males, does not 
suggest an increased risk of sUTI associated 
with dapagliflozin compared with other GLDs.

DISCUSSION
• All adjusted IRR estimates were below the null value but were imprecise due to the small number of observed 

outcome events in all data sources despite the large number of person-years of exposure in the cohorts.

– Pooled adjusted IRR estimates were of similar magnitude and below the null in the female and male cohorts.
• The lack of evidence of an increased risk for sUTI was consistent with those from a randomized clinical trial of 

dapagliflozin compared with placebo (the DECLARE-TIMI 58 trial)5 that reported a balance of combined serious 
adverse event (SAE)/discontinuation of study drug (DAE) UTI events in male and female patients between 
dapagliflozin and placebo groups (hazard ratio, 0.93 [95% CI, 0.73-1.18]). 

T1DM = type 1 diabetes mellitus.
a CPRD, registered in an up-to-standard participating general medical practice. HIRD, complete 

pharmacy and medical coverage in a health insurance plan with no enrollment gaps greater than 
30 days; Medicare, enrolled in fee-for-service insurance in Parts A, B, and D.

b CPRD, ages < 18 years; HIRD, ages < 18 or > 64 years; Medicare, ages < 65 years.
c Medicare, enrolled because of disability or end-stage renal disease; nonresident of a US state or 

the District of Columbia; enrolled in managed care coverage.
d Body mass index, smoking history, and alcohol use were available in CPRD GOLD data but were not 

available in the HIRD or Medicare.
e Discontinuation of the study medication (30 days after the end of the day’s supply of the last 

consecutive prescription or dispensing), UTI event, death, end of patient-specific data or eligibility 
in each data source or end of the study period, initiation of an SGLT2 inhibitor, diagnosis of T1DM.
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• The total number of person-years of dapagliflozin and comparator 
exposure, respectively, was 17,265 and 161,176 for females and 22,594 and 
194,388 for males.

– Mean number of months of dapagliflozin exposure for the index 
episode in females was 13.5 months in CPRD, 7.6 months in the HIRD, 
and 6.8 months in Medicare.

– Mean number of months of dapagliflozin exposure for the index 
episode in males was 15.1 months in CPRD, 8.5 months in the HIRD, 
and 7.5 months in Medicare.

• IRRs from individual data sources and pooled were consistently below 
the null (Figure 2).

• IRRs from sensitivity analyses were largely consistent with the results from 
the primary analysis (Figure 3).

• Quantitative bias analyses indicate that it is unlikely that an independent 
unmeasured confounder or differential outcome misclassification will cause 
enough bias to mask a true harmful association of sUTI with dapagliflozin. 

DPP-4 = dipeptidyl peptidase-4 inhibitors; GLP-1 = glucagon-like peptide-1 receptor agonists.
a The primary analysis was the overall analysis.
b Sensitivity analysis: the risk extension window was increased from 30 days to 90 days.
c The sensitivity analysis compared dapagliflozin index episodes with index episodes of DPP-4 inhibitors as an alternative 

comparator GLD cohort. Propensity scores were calculated on the overall sample.
d The sensitivity analysis compared dapagliflozin index episodes with index episodes of GLP-1 receptor agonists as an alter-

native comparator GLD cohort. Propensity scores were calculated on the overall sample.
e The sensitivity analysis included only comparator GLD index episodes in which the patient was new to the index GLD class. 

The propensity score model was calculated after removing patients not new to the index GLD class.
f The sensitivity analysis was conducted using only the first index episode for each person in each treatment group in the 

primary analysis sample.CI = confidence interval.
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