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ABSTRACT
Aims/Introduction: The prevalence and risk of vaginal candidiasis before and after ini-
tiating sodium–glucose cotransporter 2 (SGLT2) inhibitors, although some clinical trials
have been carried out, have not been adequately shown in real-world practice. We inves-
tigated the incidence of vaginal Candida colonization and symptomatic vaginitis, and the
clinical risk factors including diabetic microvascular complications.
Materials and Methods: The participants were 114 women with type 2 diabetes who
were free of vaginitis symptoms and started SGLT2 inhibitors. Vaginal candidiasis tests
through self-administered swabs were carried out at baseline, 6 and 12 months.
Results: Before starting SGLT2 inhibitors, 17 participants (14.9%) had positive vaginal
Candida colonization. Younger age and the presence of microangiopathy were signifi-
cantly associated with the positive colonization in multivariate analysis. Among all partici-
pants, 23 (20.2%, 8 because of vaginitis and 15 for other reasons) discontinued SGLT2
inhibitors before reaching the 6-month test. Of 65 participants who were negative for
Candida at baseline and received the 6-month test, 24 (36.9%) converted to a positive
culture, and multivariate analysis showed older age as an independent risk for develop-
ing Candida colonization. There were 18 participants (15.8%) who developed symp-
tomatic vaginitis, and they showed similar characteristics to the 24 participants. Most of
those with negative cultures at 6 months showed negative results at 12 months and
vice versa.
Conclusions: The rates of developing positive colonization and symptomatic vaginitis
after starting SGLT2 inhibitors appear to be higher in real-world practice than the rates of
31% and 5–10% in clinical trials, respectively. Risk factors of vaginal Candida colonization
might be different before and after taking SGLT2 inhibitors.

INTRODUCTION
Patients with type 2 diabetes are at high risk of developing
severe microvascular and macrovascular complications, such as
cardiovascular disease, end-stage renal disease and blindness1.
These conditions are principally caused by hyperglycemia, and
recently new drugs against hyperglycemia have been devel-
oped. Among them, sodium–glucose cotransporter 2 (SGLT2)
inhibitors are the most recent addition to the therapeutic
options available for the treatment of type 2 diabetes. SGLT2

inhibitors reduce rates of hyperglycemia by decreasing renal
glucose reabsorption, thereby increasing urinary glucose excre-
tion2. These agents have potential advantages with regard to
their weight loss-promoting effect, low risk of hypoglycemia,
reduction in blood pressure, and reduction in cardiovascular
and renal events in high-risk patients3,4, leading to the increas-
ing popularity and spread of their use for the treatment of
type 2 diabetes.
However, SGLT2 inhibitors do have some adverse effects

including vaginal candidiasis for women. Generally, vaginal
candidiasis is a common genital infection for women, andReceived 19 May 2018; revised 8 August 2018; accepted 12 August 2018
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diabetes is a proven predisposing factor for vaginal candidiasis,
along with pregnancy, use of broad-spectrum antibiotics, high-
estrogen dose oral contraceptives, obesity and drug addiction5–7.
Nevertheless, the prevalence and risk of vaginal Candida colo-
nization and symptomatic vaginitis in women with diabetes
remain unclear. There are few longitudinal investigations of
vaginal Candida colonization in women with diabetes, whereas
yeast colonization is likely a necessary precursor to symp-
tomatic vaginitis. Although clinical trials showed the rate of dis-
continuing SGLT2 inhibitors and developing vaginitis after
starting SGLT2 inhibitors3,4,8–11, the incidence of vaginal Can-
dida colonization and symptomatic vaginitis and risk in terms
of clinical features and diabetic microvascular complications
have not been adequately investigated in real-world practice. In
the present study, we evaluated the prevalence and risk of Can-
dida colonization in women with diabetes before initiating the
SGLT2 inhibitors, and showed the rate of discontinuing SGLT2
inhibitors, the incidence, risk, and time-course of Candida colo-
nization and symptomatic vaginitis after taking SGLT2 inhibi-
tors in real-world practice compared with clinical trials.

METHODS
Study population
There were approximately 2,200 patients with diabetes who
attended the Outpatient Clinic of Jiyugaoka Internal Medicine,
Obihiro, Japan, in 2015, in which approximately 200 patients
were treated with diet alone, 1,900 patients with antidiabetic
tablets and 450 patients with insulin therapy. The following
patients were excluded: (i) men; (ii) those with type 1 diabetes;
(iii) those who had vaginitis symptoms or a history of recurrent
vaginal candidiasis; and (iv) those who did not pass an initial
1-year treatment for diabetes. Patients with type 2 diabetes who
had higher body mass index or glycated hemoglobin (HbA1c)
values and had preserved renal function were asked to use
SGLT2 inhibitors, but further stringent or specific inclusion cri-
teria were not set. Among the patients, all consecutive female
patients with type 2 diabetes who started SGLT2 inhibitors
were enrolled. After the advantages and possible adverse effects
of SGLT2 inhibitors were explained, a self-administered vaginal
swab was taken at baseline, 6 and 12 months after taking
SGLT2 inhibitors to examine vaginal candidiasis associated with
SGLT2 inhibitors for clinical and research purposes. There were
147 female patients with type 2 diabetes who started the SGLT2
inhibitors during the period, and 33 patients refused to take a
vaginal swab and the remaining 114 patients received the test.
They used luseogliflozin (2.5 mg, n = 23), empagliflozin
(10 mg, n = 22), tofogliflozin (20 mg, n = 20), canagliflozin
(100 mg, n = 18), ipragliflozin (50 mg, n = 18) and dapagliflo-
zin (5 mg, n = 13), and the dose was unchanged during the
study period. The study was carried out in a primary care set-
ting. The study was approved by the local ethics committee as
#251014, and all participants provided written informed con-
sent. The study was carried out in accordance with the Declara-
tion of Helsinki II.

Measurements and definition
Type 2 diabetes was diagnosed according to the Japan Diabetes
Society criteria; that is, fasting blood glucose ≥7.0 mmol/L or
casual blood glucose ≥11.1 mmol/L. Body mass index was cal-
culated as the ratio of bodyweight (kg) and height (m) squared.
Blood pressure was measured with an appropriately sized cuff
in the sitting position using an automated standardized blood
pressure device. Non-fasting blood samples and random urine
samples were obtained from each patient. HbA1c (normal
range of 4.6–6.2%) was measured by high-performance liquid
chromatography, which was certified by the National Glycohe-
moglobin Standardization Program, and the International Fed-
eration of Clinical Chemistry and Laboratory Medicine-
recommended units (mmol/mol) were also given. Serum and
urinary concentrations of creatinine were measured by an enzy-
matic method. Urinary albumin was measured by a turbidimet-
ric immunoassay. The estimated glomerular filtration rate
(eGFR) was calculated using the following equation proposed
by the Japanese Society of Nephrology: eGFR (mL/min/
1.73 m2) = 194 9 (age [years])-0.287 9 (serum creatinine [mg/
dL])-1.094 9 0.739 (if female). Diabetic retinopathy was diag-
nosed after pupillary dilation by ophthalmologists. Neuropathy
was diagnosed in patients with two or more of three compo-
nents: (i) the presence of symptoms; (ii) the absence of ankle
tendon reflexes; and (iii) abnormal vibration perception thresh-
old scores using a C128 tuning fork, where bilateral sponta-
neous pain, hypoesthesia or paresthesia of the legs was
considered a neuropathic symptom. The urinary albumin excre-
tion was assessed by using the albumin-to-creatinine ratio in
random spot urine samples, and urinary white blood cells were
detected by test strips (Siemens, Tokyo, Japan). Any microan-
giopathy included the presence of any retinopathy, neuropathy
or nephropathy defined as an albumin-to-creatinine ratio
≥30 mg/gCr. Menopausal status was collected by an interview.
A self-administered vaginal swab was collected from the

patients and was cultured for Candida. Chromoagar-Candida
(Kanto Kagaku, Tokyo, Japan), which is a chromogenic med-
ium allowing the presumptive identification of Candida albi-
cans, Candida tropicalis and Candida krusei based on the color
and shape of the colonies, was used. Other Candida species
were identified by Sabouraud dextrose agar with Vitek 2 (Sys-
mex Biomerieux, Kobe, Japan).

Statistical analysis
The differences in clinical characteristics between the groups
were analyzed, in which the significance of differences between
groups was assessed by v2-tests for categorical variables, and
the Student’s t-test for continuous variables. Data were
expressed as the mean – standard deviation if normally dis-
tributed. Incidence rates of vaginal Candida colonization and
symptomatic vaginitis per 1,000 person-years and the corre-
sponding 95% confidence interval were calculated. The inci-
dence rate was defined as the number of new cases divided by
the total number of person-years of follow up. The multiple
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logistic regression analysis to determine the variables associated
with positive vaginal Candida colonization at baseline was car-
ried out, with covariates of age, HbA1c, eGFR and microan-
giopathy that showed significant associations with vaginal
candidiasis between the groups. Similarly, the multiple logistic
regression analysis to determine the predictors for conversion
to positive cultures for vaginal candidiasis after 6 months of
taking SGLT2 inhibitors was carried out, with the covariates of
model 1 being age and microangiopathy, and model 2 being
postmenopause and microangiopathy. Variables that were clo-
sely associated; for example, age and postmenopause, were not
entered simultaneously to avoid the effect of collinearity in the
model. A P-value of <5% (two-tailed) was considered signifi-
cant. All analyses were carried out with the statistical software
package SPSS (SPSS Japan, Tokyo, Japan).

RESULTS
Baseline positive cultures for Candida
Among 114 patients with type 2 diabetes who were free of
vaginitis symptoms and received a vaginal candidiasis test
before starting SGLT2 inhibitors, there were 17 (14.9%) patients
who had vaginal cultures positive for Candida. Table 1 shows
the clinical characteristics of the patients, and the comparison
between those who had positive and negative cultures for Can-
dida. The species detected from the 17 positive patients were
C. albicans (n = 9), C. glabrata (n = 3), C. albicans plus
C. glabrata (n = 1), C. parapsilosis (n = 3) and C. krusei

(n = 1). Thus, the proportion of C. albicans and C. glabrata
was 58.8 and 23.5%, respectively. The patients with positive cul-
tures were younger and had significantly higher HbA1c and
eGFR values, and microangiopathy than those without Candida
growth; otherwise, no significant differences were found. The
multiple logistic regression analysis to determine the variables
associated with the presence of vaginal Candida colonization at
baseline, including age, HbA1c, eGFR and microangiopathy as
covariates, showed that age (odds ratio [OR] 0.94, 95% confi-
dence interval [CI] 0.89–0.99/year, P < 0.05) and microan-
giopathy (OR 4.0, 95% CI 1.1–15.1, P < 0.05) were significantly
associated with vaginal Candida colonization.

Candida colonization after starting SGLT2 inhibitors
As shown in Figure 1, among 114 patients who started taking
SGLT2 inhibitors, eight patients discontinued by themselves
due to symptomatic vaginal candidiasis within a month (of
whom one had Candida growth at baseline and seven had no
Candida growth at baseline), 15 discontinued due to other rea-
sons (i.e., no effect, frequent urination) and 17 refused the 6-
month test; thus, the remaining 74 patients (64.9%) underwent
the test at 6 months after taking SGLT2 inhibitors.
Table 2 shows the conversion of vaginal cultures from base-

line to 6 months after taking SGLT2 inhibitors. All nine
patients who had Candida growth at baseline showed positive
cultures at 6 months. Of 65 patients without Candida growth
at baseline, 24 (36.9%) converted to positive cultures at

Table 1 | Clinical characteristics of patients with type 2 diabetes who showed positive and negative cultures for vaginal Candida that were carried
out before starting sodium–glucose cotransporter 2 inhibitors

Total (n = 114) Cultures for vaginal Candida at baseline

Positive (n = 17) Negative (n = 97) P-value

Age (years) 53.3 – 11.3 46.6 – 12.6 54.4 – 10.7 <0.01
Known duration of diabetes (years) 9.7 – 7.0 7.3 – 7.4 10.1 – 6.9 NS
Body mass index (kg/m2) 31.7 – 6.0 33.4 – 9.1 31.4 – 5.3 NS
HbA1c, % (mmol/mol) 7.5 – 1.2 (62 – 10) 8.3 – 1.8 (71 – 15) 7.4 – 1.0 (61 – 8) <0.01
Diet alone/tablets/insulin (%) 9.6/63.2/27.2 11.8/76.4/11.8 9.3/60.8/29.9 NS
Use of DPP4 inhibitors (%) 60.5 64.7 59.8 NS
Use of sulfonylurea (%) 28.9 29.4 28.9 NS
Use of metformin (%) 74.6 70.6 75.3 NS
Use of pioglitazone (%) 13.2 17.6 12.4 NS
Systolic blood pressure (mmHg) 124 – 13 129 – 15 123 – 13 NS
Diastolic blood pressure (mmHg) 72 – 12 75 – 12 72 – 12 NS
Albuminuria (mg/gCr†) 13.3 (7.1–31.0) 29.0 (11.1–115.6) 12.2 (6.9–27.9) NS
eGFR (mL/min/1.73 m2) 82.5 – 22.4 92.9 – 31.2 80.1 – 20.1 <0.05
Retinopathy (%) 20.2 17.6 20.6 NS
Neuropathy (%) 36.0 47.1 34.0 NS
Any microangiopathy (%) 51.8 76.5 47.4 <0.05
Postmenopause (%) 66.7 50.0 69.1 NS
Positive for urinary WBC (%) 20.8 17.7 21.7 NS

Total n = 114. †Median and interquartile range are given. eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; NS, not significant;
WBC, white blood cell.
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6 months. The species were C. albicans (n = 10),
C. glabrata (n = 8), C. albicans plus C. glabrata (n = 2),
C. parapsilosis (n = 2), C. glabrata and C. parapsilosis (n = 1),
and C. krusei (n = 1). Thus the proportion of C. albicans and
C. glabrata was 45.8% and 41.7%, respectively. The incidence
rate from negative to positive cultures after 6 months of taking
SGLT2 inhibitors was 939.4 (95% CI 797.7–992.6)/1,000 per-
son-years (78.3/1,000 person-months). Table 3 shows the com-
parison of baseline clinical features between those who
converted to positive cultures and those who remained negative
at 6 months after taking SGLT2 inhibitors. Patients who con-
verted to positive were significantly older, had a higher value of
albuminuria at baseline, and had higher rates of neuropathy,
any microangiopathy and were postmenopausal. The multiple
logistic regression analysis to determine the predictors for con-
version, including model 1 of age and microangiopathy, and
model 2 of postmenopause and microangiopathy as covariates,
showed that age (OR 1.08, 95% CI 1.02–1.14/year, P = 0.005)
in model 1, and postmenopause (OR 5.01, 95% CI 1.45–17.31,
P = 0.010) in model 2 were significantly associated with the
conversion.

Symptomatic vaginitis after starting SGLT2 inhibitors
Regarding symptomatic vaginitis, of 33 patients with Candida
growth at 6 months as shown in Table 2, 10 had vaginitis
symptoms. Seven patients were from the 24 who were negative
at baseline and three were from the nine who were positive at
baseline. Of 10 patients, seven (70.0%) had C. albicans and

three (30.0%) had C. glabrata. Including eight patients who dis-
continued SGLT2 inhibitors due to symptomatic vaginitis
within a month, there were 18 (15.8%) patients in total who
developed symptomatic vaginitis among the 114 patients who
had no symptoms at baseline and started taking SGLT2 inhibi-
tors. This yielded the incidence rate of symptomatic vaginitis
after taking SGLT2 inhibitors to be 391.3 (95% CI 250.9–
546.3)/1,000 person-years (32.6/1,000 person-months). A total
of 18 patients had characteristics similar to the 24 patients
shown in Table 3, and all vaginitis symptoms were mild in
severity.

Results of cultures at 12 months after taking SGLT2 inhibitors
Among the 74 patients who received the test at 6 months, 49
patients continued taking SGLT2 inhibitors for ≥12 months
and underwent the test at 12 months, 13 discontinued includ-
ing five due to the vaginitis symptoms, and 12 did not reach
the 12-month test. The results of cultures at 12 months are
shown in parentheses in Table 2. Of 32 patients with negative
cultures at 6 months, 31 (96.9%) showed negative results at
12 months. Of 17 patients who had positive cultures at
6 months, 13 (76.5%) showed positive results at 12 months in
which 12 were asymptomatic and one was symptomatic. In
total, during the period from 6 to 12 months, the rates of
developing positive Candida colonization and symptomatic can-
didiasis were 3.1% (1/32) and 8.1% (6/74), respectively.

DISCUSSION
In the present study, we found that 24 of 65 (36.9%) patients
without Candida growth before taking SGLT2 inhibitors con-
verted to positive for Candida culture at 6 months after taking
SGLT2 inhibitors, yielding a crude incidence of 939.4/
1,000 person-years (78.3/1,000 person-months). The risks
related to developing positive vaginal colonization were older
age, albuminuria, neuropathy and postmenopause. The present
study showed the rate of developing symptomatic vaginitis after
taking SGLT2 inhibitors to be 15.8%, yielding a crude incidence
of 391.3/1,000 person-years (32.6/1,000 person-months). These
rates of vaginal Candida colonization and symptomatic vaginitis
found in real-world practice appeared to be higher as compared
with the findings in clinical trials3,4,8–11, as previous clinical tri-
als showed rates of vaginal Candida colonization to be 31%8,
those of symptomatic vaginitis to be 5–10%3,4,8–11 and the

Subjects with tpye 2 diabetes who received test for vaginal candida cultures before starting SGLTS
inhibitors (N = 114)

discontinued SGLT2 inhibitors within a month by themselves due to symptomatic vaginal
candidiasis (N = 8, 7.0%)
discontinued SGLTS inhibitors due to other reasons (i.e., no effect, frequent urination) (N = 15, 13.2%)
refused the test at 6 months (N = 17, 14.9%)

Subjects who underwent the test at 6 months after taking SGLT2 inhibitors (N = 74, 64.9%)

Figure 1 | Patient flow chart showing tests for vaginal Candida cultures from baseline before starting sodium–glucose cotransporter 2 (SGLT2)
inhibitors to 6 months after taking SGLT2 inhibitors.

Table 2 | Vaginal cultures at baseline and 6 months after taking
sodium–glucose cotransporter 2 inhibitors

At 6 months after taking SGLT2
inhibitors

Negative Positive

At baseline before taking SGLT2 inhibitors
Negative n = 65 41 (31, 1) 24 (3, 11)
Positive n = 9 0 9 (1, 2)

Total n = 74. In parenthesis, the number of negative and positive cul-
tures at 12-months is given at left and right, respectively. The number
of patients is given. SGLT2, sodium–glucose cotransporter 2.
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incidence of vaginitis to be 52–66/1,000 person-years10. We
found that patients with negative vaginal Candida cultures at
6 months most likely remained negative at 12 months and vice
versa. Although vaginal candidiasis was not serious and the
effect of antifungal treatment after taking SGLT2 inhibitors was
not evaluated, we suggest that careful monitoring and care are
important for treatment with SGLT2 inhibitors.
Before starting SGLT2 inhibitors, we found that 14.9% of

patients had vaginal cultures positive for Candida. Apart from
the use of SGLT2 inhibitors, there are only a few reports in
patients with diabetes regarding the prevalence of vaginal Can-
dida colonization, which requires vaginal cultures that are
mostly collected through self-administered swabs5,8–10. The
prevalence seems to vary according to ethnicity, area and age.
Goswami et al.12 from India reported the prevalence of vaginal
Candida colonization to be 46% in 78 patients with diabetes,
which was significantly higher than 23% in 88 patients without
diabetes. The prevalence was higher as compared with the pre-
sent study, and one reason might be the younger age; that is, a
mean age of 32 years. Nyirjesy et al.8 reported the prevalence
of vaginal Candida colonization to be 12% in 198 patients with
type 2 diabetes at a mean age of 52 years including multiple
ethnicities, which was consistent with the present data. The
incidence of symptomatic vaginitis was reported to be 21.0/
1,000 person-years in patients with type 2 diabetes, with the
risk being 1.81 greater than those without diabetes in the UK
General Practice Research Database13. Although the study was
not laboratory-confirmed but interview-based, this epidemiolog-
ical study included 125,237 women followed for 1 year, and the
incidence was found to be significantly higher in patients with

type 2 diabetes of younger age and with higher HbA1c. Consis-
tently, we found that younger age and the presence of microan-
giopathy were associated with positive culture for Candida at
baseline. The inverse age association might be in relation to
sexual activity8,12,14. The present findings showed that obese
women with poorly controlled type 2 diabetes and microan-
giopathy, which are attributable to elevated eGFR, are charac-
teristics of patients that are likely to have Candida colonization.
The present study showed that the rates of vaginal Can-

dida colonization during the period from the start of SGLT2
inhibitors to 6 months and from 6 to 12 months were 36.9%
and 3.1%, respectively, and the corresponding rate of develop-
ing symptomatic vaginitis was 15.8% and 8.1%, respectively.
We consider that these rates in real-world practice were high,
and the risk of vaginal candidiasis due to SGLT2 inhibitors
was high at the initiation phase, which was lowered there-
after.
In the canagliflozin phase 2 trial followed for 12 weeks, the

conversion rate of positive colonization was 31%8, which was
slightly lower than the present study. We found no predictive
effect of baseline HbA1c and body mass index on the conver-
sion to positive, which was consistent with the phase 2 trial. It
was also consistent in both the present study and the canagli-
flozin phase 2 trial that most of the patients with positive Can-
dida cultures at baseline remained positive after taking SGLT2
inhibitors.
The canagliflozin trial found that 16 of 154 patients taking

canagliflozin (10.4%) developed vulvovaginal adverse effects8,
which might indicate symptomatic vaginitis. Regarding a risk
for developing symptomatic vaginitis, the trial indicated that

Table 3 | Comparison of clinical features at baseline and 6 months between patients with negative cultures for vaginal Candida at baseline who
converted to positive cultures and who remained negative at 6 months after taking sodium–glucose cotransporter 2 inhibitors

Converted to positive (n = 24) Remained negative (n = 41) P-value

Age (years) 57.9 – 9.2 49.9 – 10.5 <0.01
Known duration of diabetes (years) 11.1 – 7.4 8.0 – 6.8 NS
Body mass index (kg/m2) 32.3 – 5.0 31.1 – 5.2 NS
HbA1c, % (mmol/mol) 7.1 – 0.8 (58 – 5) 7.6 – 1.2 (57 – 7) NS
Systolic blood pressure (mmHg) 120 – 14 123 – 14 NS
Albuminuria (mg/gCr†) 16.3 (11.3–31.5) 8.3 (4.9–21.5) <0.05
eGFR (mL/min/1.73 m2) 81.5 – 22.3 84.3 – 22.0 NS
Retinopathy (%) 25.0 14.6 NS
Neuropathy (%) 50.0 24.4 <0.05
Any microangiopathy 62.5 36.6 <0.05
Postmenopause (%) 87.5 53.7 <0.01
Positive for urinary WBC (%) 26.1 16.2 NS
At 6 months

Body mass index (kg/m2) 30.9 – 5.1 29.8 – 5.1 NS
DBMI -1.4 – 0.9 -1.3 – 1.1 NS
HbA1c (%) 7.1 – 0.6 7.0 – 0.8 NS
DA1C -0.01 – 0.7 -0.55 – 1.0 <0.05

†Median and interquartile range are given. BMI, body mass index; eGFR; estimated glomerular filtration rate, HbA1c, glycated hemoglobin; NS, not
significant; WBC; white blood cell.
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positive baseline culture was a possible risk, in which six out of
16 (37.5%) who had positive baseline culture developed
symptomatic vaginitis. However, the rate we found was just
5.9% (1/17). We have no explanation for this difference, and
future studies on this issue are required.
Although the phase 2 trial did not investigate diabetic

microvascular complications, we found that patients with dia-
betic microvascular complications are likely susceptible to devel-
oping vaginal Candida colonization and symptomatic vaginitis.
Factors such as older age, longer duration of diabetes and a
higher proportion of postmenopause are in line with having a
higher risk for diabetic microvascular complications. The find-
ing that most of those with negative cultures at 6 months
showed negative results at 12 months and vice versa might be
helpful in considering the need for antifungal therapy.
Importantly, it is likely that the risks of colonization and symp-

tomatic vaginitis are different between before (without) and after
taking SGLT2 inhibitors. Younger age for patients before starting
SGLT2 inhibitors and older age after starting SGLT2 inhibitors
were indicated as an independent risk for Candida colonization
in multivariate analysis. Young age, which was a risk factor for
Candida growth before SGLT2 inhibitors treatment, might be
associated with estrogen-stimulated glycogen content of the vagi-
nal epithelium, which could serve as an energy source for Can-
dida6,14. When elderly patients, despite postmenopausal loss of
estrogenic stimulation and decreased glycogen content before
SGLT2 inhibitor treatment, are exposed to high urine glucose
excretion under a condition accompanied with microvascular
impairment due to diabetes, Candida colonization is likely to
occur. To explore the relevant indication of SGLT2 inhibitors,
and minimize developing vaginal Candida colonization and
symptomatic vaginitis, further studies are required.
Although rates of discontinuing SGLT2 inhibitors due to

genital mycotic infection were very low in several clinical tri-
als8–11, the rate in the present study was high; that is, 20.2%
(7.0% due to symptomatic vaginitis and 13.2% due to other
reasons). In the phase 2 trial followed for 12 weeks, no patients
discontinued taking SGLT2 inhibitors8. In the present study, it
was a fact that few cases prepared and used antifungal treat-
ment. Furthermore, the higher rate observed in the present
study might be explained by the difference of conducting sys-
tems between clinical trials and real-world practice. Although
clinical trials remain the most reliable source of clinical evi-
dence and are the gold standard for showing clinical efficacy,
the stringent constraints of a clinical trial setting and the selec-
tion of patients enrolled might limit the generalizability of clini-
cal trials to routine clinical practice. Other sources of evidence,
such as real-world data, can be used to fill this gap and com-
plement the available clinical trials evidence15.
Regarding Candida species, previous studies have shown that

C. albicans is the major cause of symptomatic vaginitis, whereas
C. glabrata is less virulent, but increasing8,16,17. Consistently, we
observed that C. albicans was dominant in symptomatic vagini-
tis, and C. glabrata was dominant in asymptomatic Candida

colonization. The proportion of C. glabrata at baseline was four
of 17 (23.5%), which increased to 10 of 24 (41.7%) after taking
SGLT2 inhibitors. Future studies are necessary to investigate
the species in association with SGLT2 inhibitors and symp-
tomatic vaginitis.
There were some limitations to the present study. We should

acknowledge that the number of patients who received the test
at baseline and 6 months was rather small, and several patients
refused the vaginal swab. We should also acknowledge the lack
of a control group. We were unable to collect vaginal cultures
from eight patients who discontinued SGLT2 inhibitors within
a month, because they discontinued SGLT2 inhibitors by them-
selves due to vaginitis symptoms. As it is generally considered
that the efficacy rates of antifungal treatment are high and fol-
low-up test-of-cure after the completion of treatment is unnec-
essary18, we did not evaluate the use and effect of antifungal
treatment. Despite these issues, we believe that such a real-
world practice study is important in considering whether to ini-
tiate SGLT2 inhibitors.
In conclusion, the rate of developing positive vaginal culture

for Candida and symptomatic vaginitis after starting SGLT2
inhibitors appears to be rather high in real-world practice. Risk
factors of vaginal Candida colonization appeared to be different
before and after taking SGLT2 inhibitors.
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