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AIMS
To determine the risk of mycotic infections associated with the use of sodium–glucose co-transporter 2 inhibitors (SGLT2i) in a
real-world setting.

METHODS
We conducted a prescription sequence symmetry analysis using data from Truven Health MarketScan (2009–2015). We selected
continuously enrolled patients newly initiating both an SGLT2i and an antifungal between 1 April 2013 and 31 December 2015
within time periods of 30, 60, 90, 180 or 365 days of each other. Adjusted sequence ratios (ASR) were calculated for each time
period as the ratio of patients initiating SGLT2i first over those initiating an antifungal first adjusted for time trends in prescribing.
Analyses were stratified by sex and type of SGLT2i.

RESULTS
There were 23 276 patients who newly initiated both SGLT2i and an antifungal in our study period. These patients were further
classified into those initiating the two drugs within 365 (n = 17 504), 180 (n = 11 873), 90 (n = 7697), 60 (n = 5856) or 30
(n = 3650) days of each other. Increased risks of mycotic infections were present across all time periods, with the strongest effect
observed in the 90-day interval [ASR 1.53 (confidence interval, CI 1.43–1.60)]. Findings differed by sex [90-day ASR females: 1.65
(CI 1.56–1.74); males 1.25 (CI 1.14–1.36)] and by SGLT2i [90-day ASR canagliflozin 1.57 (CI 1.49–1.66); non-canagliflozin 1.42
(CI 1.31–1.55)].

CONCLUSION
Initiation of SGLT2i was associated with an increased risk for mycotic infections. Findings from this commercially insured
population in the real world are consistent with evidence available from clinical trials.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Clinical trials of sodium–glucose co-transporter 2 inhibitors report a 2–6-fold increase in the risk for genital mycotic
infections.

• This increase in risk has not been confirmed in a real-world setting.
• Prescription sequence symmetry analysis is a validated approach for postmarketing safety surveillance.

WHAT THIS STUDY ADDS
• Sodium–glucose co-transporter 2 inhibitor use in the first 90 days is associated with 53% increased risk for mycotic
infections requiring use of a prescription antifungal in a real-world setting.

Introduction
Type 2 diabetes is a chronic metabolic disease that is charac-
terized by elevated levels of glucose in the blood [1–3]. Diabe-
tes affects over 30 million people living in the USA and 422
million people worldwide [4, 5]. Chronic hyperglycaemia
has serious effects on the whole body, making diabetes one
of the leading causes of blindness, renal failure, nontraumatic
amputations and death worldwide. Sodium–glucose co-
transporter 2 inhibitors (SGLT2i) are a new class of oral
antihyperglycemic agents that prevent the resorption of glu-
cose in the proximal renal tubule and promote glucosuria
[6]. In addition to their antihyperglycaemic effect, clinical tri-
als of SGLT2i have demonstrated significant cardio- and reno-
protective effects [7, 8].

Genital mycotic infections are one of the most common
adverse effects of treatment with SGLT2i reported in clinical
trials [9–11]. Meta-analyses of data from clinical trials have
found a 2–6-fold increase in the incidence of vulvovaginitis
in women and balanitis in men following treatment with
canagliflozin, dapagliflozin or empagliflozin relative to an ac-
tive comparator (another oral antidiabetic) [6, 12–14]. Most
cases reported occur as singular episodes that are resolved by
treatment with an anti-fungal medication. The mechanism
of action by which treatment with SGLT2i results in genital
mycotic infections remains unclear [15]. It has been postu-
lated that increased urinary glucose excretion favours fungal
colonization but a similar increase in risk has not been ob-
served in patients with familial renal glucosuria [15]. Evi-
dence related to the relationship between SGLT2i and
genital mycotic infections comes almost exclusively from
clinical trials. Patient characteristics and behaviours may vary
widely outside of a controlled setting such as a clinical trial.
For example, adherence to antidiabetic medications is subop-
timal in actual practice whereas strictly enforced in clinical
trials [16]. We therefore considered it important to study this
relationship in a real-world setting. Evidence from observa-
tional research and clinical trials can be used together to al-
low patients and healthcare providers to make informed
decisions about treatments. To the best of our knowledge,
no large population-based studies have been conducted in
the USA to determine the extent of the risk of SGLT2i related
mycotic infections in a real-world setting.

Methods
Our objective was to determine the risk of mycotic infections
associated with the initiation of SGLT2i in a real-world

setting. To accomplish this, we performed prescription se-
quence symmetry analysis (PSSA), a case-based observational
study design used in pharmacovigilance research for rapid de-
tection of specific medication safety concerns or for effi-
ciently mining vast amounts of data in active surveillance
[17].

PSSA
The design of PSSA studies has been described previously
[18–20]. Briefly, this case-based study design examines the
distribution of sequences in which a pair of drugs are
initiated within a patient. In studies of drug safety, the pair
of drugs includes (i) an index drug and (ii) a remedy drug
that is prescribed for an adverse effect caused by the index
drug. In the absence of an adverse effect, the sequence of
drug initiation within a patient is random and patients are
equally likely to initiate either drug first. That is, there is
symmetry in the distribution of sequences in which drugs
are initiated. However, in the presence of an adverse effect
the distribution of sequences favors the index drug first
followed by the remedy. That is, there is an asymmetry in
the distribution of sequences with a greater number of
patients initiating the index drug first. The effect measure
is a sequence ratio defined as the number of patients initiat-
ing the index drug first over those initiating the index drug
last. In theory, these sequence ratios approximate incidence
rate ratios. Given that this approach only studies patients
that initiated both index and remedy drugs, its main advan-
tage is that the analysis remains unaffected by confounders
that are time invariant within a patient. Moreover, this ap-
proach is efficient since it only relies on prescription data.
However, its validity in studies of drug safety relies on the
specificity of the remedy drug that serves as a surrogate for
the actual outcome and other assumptions, such as no bias,
being true.

Data source
Our PSSA was conducted using data from the 2009–2015
Truven Health MarketScan Commercial and Medicare Sup-
plemental databases. The MarketScan databases aggregate ad-
judicated patient-level healthcare resource utilization data
from commercial health insurance plans run by approxi-
mately 350 private-sector employers and payers across the
USA. Healthcare resource utilization data include diagnoses,
procedures recorded during inpatient admissions or
outpatient encounters. In addition, the data also capture pre-
scription medications dispensed in an outpatient setting.
Drugs dispensed are identified by National Drug Codes.
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Additional prescribing information available includes date of
dispensing, days’ supply, metric quantity, and costs borne by
the patient and the payer. The MarketScan databases have
been widely used in observational research examining
treatment utilization and health outcomes resulting in over
300 peer-reviewed publications as of 2016 [21]. Evidence
generated using such data is generalizable to commercially
insured individuals living in the USA.

Study population
Our study included patients initiating both index (SGLT2i)
and remedy (antifungal) drugs within a certain time period
during the study period. Our study period was 1 April 2013
(SGLT2i first approved in the USA) to 31 December 2015
(end of our data). Time periods studied included 30, 60, 90,
180 and 365 days between the initiation of index and remedy
drugs. Index drugs included canagliflozin, dapagliflozin and
empagliflozin. Remedy drugs included azole antifungals that
are commonly indicated for treatment of genital mycotic
infections, including butoconazole, clotrimazole, ketocona-
zole, fluconazole, miconazole, nystatin, sulfanilamide,
itraconazole, terconazole and tioconazole. Treatment initia-
tion was defined as no prior use of SGLT2i or antifungals dur-
ing the baseline period. The baseline period was defined as
12 months prior to the first prescription for index or remedy
drug. Patients were excluded from the analysis if they lacked
continuous enrolment during the baseline period or if they
initiated both index and remedy drugs on the same date.

Statistical analysis
A crude sequence ratio (CSR) was calculated for each time pe-
riod as the ratio of number of patients initiating a SGLT2i first
over number of those initiating an antifungal first. Given that
temporal trends in drug utilization can extraneously influ-
ence sequences of drug initiation, a corrective measure called
a null effect ratio (NER) was calculated. The NER incorporates
probabilities of daily incident therapies and was calculated as
follows:

NER ¼ a
1� a:

Where a ¼ ∑u
m¼1 SGLT2im : ∑u

n¼mþ1AFn
� �� �

∑u
m¼1SGLT2im :∑u

m¼1AFm

Variables included in the calculation of a are:

m denotes days of the survey period, 1 April 2013 to 31
December 2015.

n denotes day m + 1 of the survey period.
u is the last day of the survey period, 31 December 2015.
SGLT2i m is number of incident SGLT2i therapies on day

m.
AFn is number of incident antifungal therapies on consec-

utive day n.

An adjusted sequence ratio (ASR) was calculated for each
time period as the CSR divided by the NER. Confidence inter-
vals (95% CI) were constructed around CSRs and ASRs using

the binomial distribution as follows [22, 23]:

95% CI ¼ e ln sequence ratioð Þ±1:96 standard errorð Þ

Where standard error was calculated as:

Standard error ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1
number initiating SGLT2i first

þ 1
number initiating antifungal first

s

Findings were considered statistically significant at an α
level of 0.05 if the 95% CI did not include the null (1.0). No
adjustments were made for multiple comparisons.

Subgroup analyses
The risk of mycotic infections was assessed in dichotomous
subgroups of sex and type of SGLT2i initiated (canagliflozin
vs. non-canagliflozin).

Study and analytic datasets were developed using SAS
software Version 9.4 (SAS Institute Inc., Cary, NC, USA).
Statistical analyses were performed using Microsoft Excel
2010 for Windows 7 (Microsoft Corporation, Redmond,
WA, USA). The University of Illinois at Chicago Office for
the Protection of Research Subjects determined that this
study does not meet the definition of human subject
research.

Results
There were 23 276 patients who initiated both a SGLT2i and
an antifungal medication during the period 1 April 2013 to
31 December 2015 and met the selection criteria. Of these,
17 504 initiated index and remedy drugs within 365 days of
each other. Patients were further classified into those who
initiated both drugs within 30 (n = 3650), 60 (n = 5856), 90
(n = 7697) or 180 (n = 11 873) days. Of the 17 504 patients
who initiated both drugs a maximum of 365 days apart,
69.4% were female. The average age was 49.5 (standard
deviation, ± 0.6) years. Canagliflozin was the most frequently
initiated index drug (68.9%), followed by dapagliflozin
(22.4%). Fluconazole was the most frequently initiated
remedy drug (58.3%), followed by nystatin (15.6%) and
clotrimazole (15.3%).

In the analysis where index and remedy drugs were
initiated within 365 days, the majority (56.6%) initiated
SGLT2i first in the sequence resulting in a CSR of 1.31
(CI 1.27–1.35). The NER for this period was 1.05, indicating
that trends in prescribing SGLT2i and antifungals were rela-
tively stable within the period. Adjusting for prescribing
trends resulted in an ASR of 1.24 (CI 1.20–1.28), indicating
that initiating an SGLT2i is associated with a 24% increase
in the rate of mycotic infections requiring use of antifungal
medication use in a 12-month period post-treatment
initiation. Table 1 describes the sequences in the other time
periods. Figure 1 shows ASRs for all time periods. In general,
there is an increased risk for mycotic infections following
treatment with SGLT2i, but the risk is highest during the first
90 days [ASR 1.53 (CI 1.43–1.60)].
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Figure 2 shows the asymmetry in the incidence of anti-
fungal medication use in relation to time since initiation of
SGLT2i. There were more incident antifungal therapies in
the months following SGLT2i initiation than before initia-
tion of SGLT2i. In the 12 months prior to SGLT2i use, anti-
fungal prescribing was relatively stable over time. There was
a sharp increase in incident antifungal use immediately fol-
lowing initiation of SGLT2i. Antifungal prescribing remained
high in the first 3 months post SGLT2i-initiation, after which
antifungal prescribing returned to rates observed prior to
SGLT2i use.

In subgroup analyses by sex (Figure 3), ASRs for risk of de-
veloping mycotic infections requiring prescription antifun-
gal use were consistently elevated among women; whereas
ASRs indicating increased risk in men were lower than that
in women and had CIs including 1.0 in early time periods.
Risk in women was generally higher across all analysis pe-
riods, but the highest risk observed in these stratified analyses
were within the first 90 days [90-day ASR females: 1.65 (CI
1.56–1.74); males: 1.25 (CI 1.14–1.36)].

Risk estimates for mycotic infections also differed slightly
by the type of SGLT2i initiated (Figure 4). Antifungal use was

Table 1
Crude and adjusted sequence ratios, overall and by subgroups

Analysis
Number initiating SGLT2i
and antifungal SGLT2i first Antifun gal first CSR (95% CI) NER ASR (95% CI)

Overall

±30 days 3650 2113 1537 1.37 (1.28–1.46) 1.01 1.35 (1.26–1.44)

±60 days 5856 3537 2319 1.53 (1.45–1.61) 1.03 1.48 (1.40–1.56)

±90 days 7697 4756 2941 1.62 (1.55–1.70) 1.06 1.53 (1.46–1.60)

±180 days 11 873 7212 4661 1.55 (1.49–1.61) 1.09 1.42 (1.37–1.47)

±365 days 17 504 9911 7593 1.31 (1.27–1.35) 1.05 1.24 (1.20–1.28)

Female

±30 days 2759 1658 1101 1.51 (1.40–1.63) 1.02 1.48 (1.37–1.60)

±60 days 4380 2734 1646 1.66 (1.56–1.77) 1.04 1.60 (1.50–1.70)

±90 days 5684 3617 2067 1.75 (1.66–1.85) 1.06 1.65 (1.56–1.74)

±180 days 8493 5268 3225 1.63 (1.56–1.71) 1.09 1.50 (1.44–1.57)

±365 days 12 147 6976 5171 1.35 (1.30–1.40) 1.04 1.29 (1.24–1.34)

Male

±30 days 891 455 436 1.04 (0.92–1.19) 1.01 1.04 (0.91–1.18)

±60 days 1476 803 673 1.19 (1.08–1.32) 1.02 1.17 (1.05–1.29)

±90 days 2013 1139 874 1.30 (1.19–1.42) 1.05 1.25 (1.14–1.36)

±180 days 3380 1944 1436 1.35 (1.26–1.45) 1.09 1.24 (1.16–1.33)

±365 days 5357 2935 2422 1.21 (1.15–1.28) 1.07 1.13 (1.07–1.19)

Canagliflozin

±30 days 2533 1494 1039 1.44 (1.33–1.45) 1.02 1.41 (1.31–1.53)

±60 days 4068 2488 1580 1.57 (1.48–1.68) 1.03 1.53 (1.43–1.63)

±90 days 5371 3348 2023 1.65 (1.57–1.75) 1.05 1.57 (1.49–1.66)

±180 days 8265 5091 3174 1.60 (1.53–1.68) 1.08 1.48 (1.42–1.55)

±365 days 12 053 7003 5050 1.39 (1.34–1.44) 1.06 1.30 (1.25–1.35)

Non-canagliflozin

±30 days 1117 619 498 1.24 (1.10–1.40) 1.02 1.22 (1.09–1.37)

±60 days 1788 1049 739 1.42 (1.29–1.56) 1.04 1.36 (1.24–1.49)

±90 days 2326 1408 918 1.53 (1.41–1.67) 1.08 1.42 (1.31–1.55)

±180 days 3608 2121 1487 1.43 (1.33–1.52) 1.11 1.29 (1.21–1.38)

±365 days 5451 2908 2543 1.14 (1.08–1.20) 1.05 1.09 (1.03–1.15)

ASR, adjusted sequence ratio; CI, confidence interval; CSR, crude sequence ratio; NER, null effect ratio; SGLT2i, sodium–glucose co-transporter 2
inhibitor
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higher following treatment with canagliflozin compared to
treatment with dapagliflozin or empagliflozin [90-day ASR
canagliflozin: 1.57 (CI 1.49–1.66); non-canagliflozin: 1.42
(CI 1.31–1.55)].

Discussion
We conducted a large, population-based observational study
of commercially insured individuals residing in the USA to

determine the risk of genital mycotic infections associated
with the initiation of SGLT2i in a real-world setting. Our anal-
ysis of patients newly initiating both SGLT2i and azole anti-
fungal medications within predefined time periods between
April 2013 and December 2015 examined the sequence in
which these two drugs were initiated. Across all time periods
analyzed, we demonstrated an increased risk for mycotic in-
fections following initiation of SGLT2i. The observed risk
was highest among women, patients newly initiating
canagliflozin, and within the first 90 days post-SGLT2i
initiation.

Figure 1
Risk of mycotic infections associated with sodium–glucose co-transporter 2 inhibitors

Figure 2
Incident antifungal use in relation to initiation of sodium–glucose co-transporter 2 (SGLT2) inhibitor
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Study findings in the context of current evidence
The observed increase in risk in this study is consistent with
results from several meta-analyses of clinical trials [24–27].
In one recent meta-analysis, the increase in risk for genital
mycotic infections relative to placebo was 4.9- and 5.2-fold
for canagliflozin 100 mg and 300 mg, respectively; 4.3- and
5.0-fold for dapagliflozin 5 mg and 10 mg, respectively; and

3.8- and 3.7-fold for empaglifozin 10 mg and 25 mg,
respectively [15]. Relative to an active comparator, another
meta-analysis reported the following risk ratios for genital
tract infections: canagliflozin 4.96 (3.35–7.34); dapagliflozin
4.21 (2.85–6.23); empagliflozin 2.69 (1.43–5.06) [12]. In
comparison with clinical trials, we observed a more modest
elevation in risk.

Figure 3
Risk of mycotic infections associated with sodium–glucose co-transporter 2 inhibitors, by sex

Figure 4
Risk of mycotic infections associated with sodium–glucose co-transporter 2 inhibitors, by type of inhibitor
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The magnitude of risk for mycotic infections was higher
among patients initiating canagliflozin. While the mecha-
nism of antihyperglycemic action is similar across all SGLT2i,
canagliflozin alone has been associated with an increased risk
for other adverse events [28, 29]. It is unclear if differences ob-
served in the metabolism and elimination of these agents
contributes to different safety profiles [9–11]. A recent
meta-analysis also noted a larger effect for canagliflozin [12].
However, there are no direct head-to-head comparisons
across SGLT2i. One network meta-analysis indirectly
compared across SGLT2i and found no significant differences
among canagliflozin vs. dapagliflozin or canagliflozin vs.
empagliflozin [24]. Direct comparisons may be investigated
further in future research.

In a study of patients with diabetes in an Australian gen-
eral practice setting, increased risk for genital infections was
higher with SGLT2i use relative to dipeptidyl peptidase-4 in-
hibitors (DPP4i), another second-line antihyperglycaemic
medication [30]. The study compared new users of SGLT2i
(n = 1977) and DPP4i (n = 1964) followed from date of first
prescription until the earliest occurrence of an infection,
death or end of follow up. The rate of infections among
SGLT2i users was 2.9% vs. 0.9% in DPP4i users, resulting in
an adjusted hazard ratio of 3.5 (95% CI 1.95–5.89). The au-
thors reported that the majority of infections in the SGLT2i
cohort occurred within the first 12 weeks. This latency period
between SGLT2i initiation and development of mycotic in-
fection is consistent with our study and clinical trials [26],
which demonstrate the greatest risk within the first 90 days
of treatment.

The magnitude of our findings (1.2–1.5-fold increased
risk) was modest compared to findings from clinical trials
(2–6-fold increased risk) or from the Australian general
practice setting (3.5-fold increased risk). While our data only
captured prescription antifungals dispensed in an outpatient
setting, the majority of uncomplicated mycotic infections in
the USA are treated with antifungal medications available
over-the-counter, possibly explaining the differences in our
estimates. Instead, our findings are likely to be representative
of patients receiving prescription antifungals for a more se-
vere or persistent mycotic infection [31]. Therefore, our find-
ings probably underestimate the total burden of this
clinically significant adverse effect and may be interpreted
as the risk of mycotic infections requiring treatment with a
prescription antifungal.

Study limitations
The asymmetry in drug sequence initiation in our study
where there was increased incidence of antifungal use in the
months after SGLT2i initiation is consistent with findings
from clinical trials of these medications. However, inferences
regarding symmetry and asymmetry in this type of study de-
sign hold true under the assumptions that there are no biases
due to confounding. Common sources of bias in this design
include confounding by indication, confounding by disease
severity, reverse causality and time-dependent confounding.
Figure 2 helps us evaluate the presence of confounding by
disease severity. In the months before SGLT2i initiation, inci-
dent antifungal use is relatively stable. We observed some in-
creases in the use of antifungals in the 1month before SGLT2i

initiation, possibly as a result of prophylactic antifungal pre-
scribing where patients have the remedy medication on hand
in anticipation of this common adverse event. Alternately,
this is a demonstration of confounding by disease severity
where poorly controlled diabetes may trigger both events –

mycotic infections and prescription of SGLT2 inhibitors. Re-
search on prescribing practices at the time of initiation of
SGLT2i may help clarify these findings. Future research incor-
porating negative control exposures may also help evaluate
confounding by indication.

Our design is also vulnerable to two sources of bias that
may lead to an over estimation of effects. The first is due to
differential misclassification. We cannot measure over-the-
counter use of antifungals. We may be seeing a higher
number of patients initiating the remedy drug second as their
recent change in antidiabetic treatment may lead to their use
of a prescription antifungal vs. over-the-counter antifungal.
The second is due to reverse causation. Prescription sequence
symmetry analysis, when used in investigations of docu-
mented adverse effects, may be susceptible to bias due to re-
verse causation [32]. Effect estimates may be overestimated
due to spuriously high number of patients initiating the rem-
edy drug second, given that prescribers with the knowledge
of the adverse effect may avoid prescribing the index drug
second. The degree to which this affects our findings is un-
known, given that we do not know how prescribers weigh
benefits of SGLT2 inhibitors (antihyperglycaemic effect,
cardio- and renoprotective effects) against the risk of mycotic
infections at the point of care. Moreover, our effect estimates
were modest in comparison to findings from clinical trials
(1.2–1.5-fold increase in risk in our study as opposed to 2–6-
fold increase in risk in clinical trials).

Finally, we have limitations related to the use of claims
data. The use of prescription antifungals serves as a surrogate
for our outcome of interest. We included all possible agents
used to treat a mycotic infection, however, since our outpa-
tient dispensing data lack an indication, we cannot be certain
that it is a genital mycotic infection (as opposed to other fun-
gal infections) that provoked the use of the antifungal. While
the use of administrative pharmacy records is a reliable and
reproducible method to describe health care utilization, it is
unknown whether the dispensed medication was taken as
directed.

Study strengths
It has been noted that most genital mycotic infections in the
primary care setting do not result in an office visit. Many pa-
tients resolve uncomplicated, symptomatic mycotic infec-
tion by receiving consultation from care providers by phone
and practicing self-care with over-the-counter antifungals.
Therefore, the association between SGLT2i and persistent or
severe mycotic infections in a real-world setting may be bet-
ter elucidated using prescribing data. PSSA has demonstrated
moderate sensitivity (61%) and high specificity (93%) for
safety signal detection using administrative prescribing
data [33]. Through the case-based approach utilized in PSSA,
individuals serve as their own controls. Therefore, our
findings are robust to confounding by race, family history,
genetic factors and time-invariant factors within each indi-
vidual [34].
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Conclusions
To the best of our knowledge, ours is the first study conducted
in a real-world setting in the USA. We found up to 1.5-fold in-
crease in risk for mycotic infections requiring the use of pre-
scription antifungals following treatment with SGLT2i with
the greatest risk occurring within the first 90 days of treat-
ment. Our findings may help guide patient education at the
initiation of treatment with SGLT2i for diabetes.
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