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ABSTRACT

Background: Oral adverse-event reporting with sodium-glucose cotransporter 2 (SGLT2)
inhibitors remains poorly characterized.

Objective: To evaluate disproportionate reporting of oral candidiasis, dry mouth, and
periodontal disease with pure SGLT2 inhibitors in FAERS from 2013 Q1 through 2025 Q2.
Methods: A retrospective case-non-case analysis used source-reported aggregates from 54
quarterly FAERS extracts. Latest-version handling, deletion-file exclusion, curated drug
mapping, exact MedDRA Preferred Terms, reporting odds ratios (RORs) with 95%
confidence intervals (CIs), and Benjamini-Hochberg-adjusted q values were applied. A signal
required at least three co-reports, a lower CI bound greater than 1, and q < 0.05; role-scope
and diabetes-indication comparator analyses assessed directional consistency.

Results: Among 17,415,743 retained reports, 174,627 contained a mapped pure SGLT2
inhibitor. Primary-suspect analysis identified oral candidiasis (103 co-reports; ROR 1.71,
95% CI 1.41-2.07; q = 8.89 x 10-8) and dry mouth (578 co-reports; ROR 1.54,95% CI 1.42-
1.67; q = 1.99 x 10-24). Both estimates remained above 1 across broader role-scope and
active-comparator analyses; periodontal disease was non-conclusive.

Conclusion: Oral candidiasis and dry mouth showed hypothesis-generating disproportional
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1. Introduction

Sodium-glucose cotransporter 2 (SGLT2) inhibitors
have become central therapies across type 2 diabetes,
heart failure, and chronic kidney disease. Large
contemporary randomized trials showed clinically
important benefits of empagliflozin or dapagliflozin in
heart failure with preserved or mildly reduced ejection
fraction, chronic kidney disease, and patients hospitalized
for acute heart failure.:+ A 2022 systematic review and
meta-analysis integrating cardiovascular outcome trials
likewise found broad cardiorenal benefit while
emphasizing the need to evaluate adverse effects alongside
efficacy.s As treatment expands across indications and
specialties, events recognized in dental or oral-medicine
settings may become more visible and clinically relevant.

The adverse-event literature for SGLT2 inhibitors is
dominated by metabolic, renal, and genitourinary
outcomes. A large FAERS study covering 2013-2021
characterized class and ingredient safety signals,s while a
2025 meta-analysis with FAERS disproportionality
analysis confirmed increased genitourinary infection
reporting and trial risk.” Recent cohort and spontaneous-
report studies have further shown that genital-infection
patterns may vary by sex and patient characteristics and
that the apparent safety profile changes with drug
combinations and reporting scope.s© These findings
establish a pharmacovigilance rationale for examining
other mucosal sites, but urinary glycosuria is anatomically
remote from the oral cavity and cannot by itself establish
an oral drug effect.

Diabetes already affects the oral environment. A 2022
systematic review and meta-analysis found altered
salivary parameters in adults with diabetes,”n and
comparative cross-sectional studies reported more
xerostomia, lower salivary flow, or salivary dysfunction

reporting. The findings support targeted case review and external validation but do not
estimate incidence, comparative risk, or causality.

among patients with diabetes than among controls.i 213 A
2025 meta-analysis estimated a substantial prevalence of
xerostomia in type 2 diabetes, although the contributing
studies were heterogeneous,* and another meta-analysis
linked diabetes with salivary alterations relevant to dental
caries.s Glycemic control, autonomic dysfunction, renal
disease, age, hydration, and concomitant medicines may
therefore influence a Dry mouth report independently of
an SGLT2 inhibitor.

Diabetes is also associated with oral Candida carriage,
but carriage is not equivalent to clinical infection. Recent
microbiological studies from Iran and Mexico identified
diverse Candida species and genotypes in oral samples
from patients with diabetes,s# while contemporary
reviews describe the transition from colonization to oral
candidosis as dependent on fungal virulence, epithelial
integrity, host immunity, saliva, prostheses, antibiotics,
corticosteroids, and local oral conditions.#» These
determinants are not captured reliably in spontaneous
reports, creating substantial potential for confounding and
outcome misclassification.

Salivary dysfunction may connect oral dryness with
candidal disease. A 2022 systematic review and meta-
analysis associated xerostomia or hyposalivation with oral
Candida growth and clinical oral candidiasis.2 Direct
SGLT2-specific oral evidence remains sparse: a 2024 case
report described burning mouth syndrome after
empagliflozin,2 while a separate case series of
semaglutide-associated hyposalivation illustrates that oral
dryness can also be reported with a non-SGLT2 glucose-
lowering therapy.» Neither type of case evidence can
establish incidence, comparative risk, or a class
mechanism.

Periodontal disease requires separate consideration
because itis chronic, multifactorial, and often documented
outside medication-safety encounters. Recent systematic
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reviews support a bidirectional association between
diabetes and periodontal disease and evaluate periodontal
treatment as part of glycemic management.2+2 A sparse
periodontal signal in FAERS would therefore be difficult to
interpret as evidence for or against the established
diabetes-periodontitis relationship.

Spontaneous-report systems are useful for detecting
unusual drug-event co-reporting across large populations.
FAERS/AEMS contains voluntary and mandatory
individual case safety reports made available through
quarterly FDA extracts.z It has no treated-population
denominator and is affected by under-reporting
stimulated reporting, missing data, duplicates, indication
channeling, event competition, and reporter attribution.
Disproportionality consequently measures relative
reporting within a database reference set; it does not
estimate incidence and does not establish causality.

The documented literature assessment found no class-
level oral-outcome study that combined exact Oral
candidiasis, Dry mouth, and Periodontal disease terms
with nested drug-role scopes, diabetes-indication active
comparators, selected strata, and ingredient-era outputs.
This combination is clinically relevant because oral
symptoms can be recognized by dentists, prescribers, or
patients and may be coded differently across reporting
channels. This study therefore aimed to evaluate whether
these oral outcomes were reported disproportionately
with pure SGLT2 inhibitors in source-reported FAERS
aggregate results from 2013 Q1 through 2025 Q2.
Secondary objectives were to assess directional
consistency across drug-role and comparator definitions
and to describe selected stratum and era outputs without
interpreting them as subgroup effects or causal
comparisons.

2. Methods

Study design and reporting framework

We conducted a retrospective case-non-case
disproportionality study using publicly available
FAERS/AEMS individual case safety report extracts. The
analytic interval extended from 2013 Q1 through 2025 Q2,
and the unit of analysis was the deduplicated case report.
No dated protocol, registration record, or executable
analysis plan was available for this manuscript revision.
Outcomes, role scopes, comparator analyses, strata, era
analyses, and signal criteria are therefore described as
specified in the supplied aggregate analytical reportrather
than as prospectively prespecified. Reporting was
structured using the READUS-PV statement and
explanation-and-elaboration document.zs2

Data source and extraction period

The FDA distributes quarterly FAERS/AEMS ASCII files
containing demographic and administrative information,
drug records, reaction terms, indications, outcomes,
therapy dates, and source information.zz FAERS combines
voluntary and mandatory reports. A report may contain
multiple drugs and reactions, and follow-up versions may
update the same CASEID. The database contains no
population exposure denominator and cannot provide
incidence, prevalence, or person-time. The supplied
analysis covered 54 quarterly archives from 2013 Q1
through 2025 Q2; the official FDA page was used to verify
archive availability.

Archive integrity and database ingestion

The supplied analytical summary stated that archives
were checked using expected file size, SHA-256
information when available, ZIP integrity, and cyclic
redundancy checks, then imported into DuckDB with

quarterly row-count reconciliation. It reported zero
source-to-ingest row-count mismatches. The underlying
ingestlogs,code,archive digests,and DuckDB version were
not supplied, so these quality-control results are
reproduced as source-reported rather than independently
verified.

Case-version deduplication and deletion handling
The supplied rule retained the most recent FDA_DT for
each CASEID, followed by the highest CASEVERSION and
then PRIMARYID for ties. CASEIDs appearing in FDA
deletion files were excluded before analytical tables were
constructed. The aggregate source reported 20,297,836
raw demographic rows, 17,415,743 retained latest non-
deleted reports, 2,882,093 rows excluded before the
retained set, and 95,602 deletion-file identifiers. Because
the raw-to-final difference equals 2,882,093, the
relationship between superseded rows and deletion-file
identifiers is not separately recoverable from the supplied
counts. These values are therefore not presented as
additive sequential exclusions. Residual duplicates
submitted under different CASEIDs may remain.303:

Drug-name normalization and exposure
classification

The source described curated normalization of generic,
brand, and active-ingredient strings with RxNorm audit.
The documented pure-SGLT2 ingredient-era outputs
included canagliflozin, dapagliflozin, empagliflozin, and
ertugliflozin; sotagliflozin was treated separately as a dual
SGLT1/2 inhibitor. The full drug dictionary, fixed-dose-
combination rules, salt and spelling rules, and complete
ingredient lists for DPP-4 inhibitors, GLP-1 receptor
agonists, and the broader active non-SGLT2 group were
not supplied. Fifty -gliflozin drug rows remained
unmatched, but their unique-reportand oral-event impact
was unavailable. Exposure and comparator mapping
therefore could not be independently audited.

Drug-role scopes

The primary analysis used reports in which the SGLT2
inhibitor was designated primary suspect (PS). Suspect-
only included PS and secondary suspect, whereas all-role
additionally included concomitant and interacting records.
Reporter-assigned role is not a formal causality
assessment. The supplied estimates were compared across
these nested scopes to assess directional consistency; role-
specific contingency cells and denominators were
unavailable.

Oral outcome definitions

The exact MedDRA Preferred Terms Oral candidiasis,
Dry mouth, and Periodontal disease were the principal
outcomes. The MedDRA version and cross-version
handling procedure were not recorded in the supplied
documentation. Dry mouth was treated as a reaction label
and not equated with validated xerostomia or measured
hyposalivation. The source also reported an oral
candidiasis spectrum composite, but its component
Preferred Terms were unavailable. Prioritizing the exact
term and demoting the composite to non-auditable
supplementary information was a retrospective reporting
safeguard applied during manuscript revision.

Primary reference set and contingency tables

For each outcome, reports containing an SGLT2
inhibitor within the applicable role scope formed the
exposed series and other eligible reports formed the
reference series. Conceptually, the 2x2 table contained a,
reports with exposure and event; b, exposed reports
without the event; c, reference reports with the event; and
d, reference reports without the event.s-32 A report could
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contribute to more than one outcome because reactions
were not mutually exclusive. The complete a/b/c/d cells
were not supplied, so the central estimates could not be
independently reconstructed.

Active-comparator analyses

The supplied sensitivity outputs restricted analyses to
reports with a recorded diabetes indication and compared
pure SGLT2 reports with DPP-4 inhibitor, GLP-1 receptor
agonist, and broader active non-SGLT2 groups, excluding
pairwise overlap. The indication-recognition algorithm,
full class lists, role rules, multi-class handling, and
comparator denominators were unavailable. These
outputs address one aspect of confounding by indication
but do not establish exchangeability or comparative risk;
market age, channeling, co-medication, disease severity,
and reporting patterns may differ.

Bias framework

Interpretation considered confounding by diabetes and
its complications, indication channeling, co-medication,
differential recognition, notoriety and stimulated
reporting, masking or competition, exposure and outcome
misclassification, and residual duplication.»-31 Role-scope
and active-comparator results were treated as source-
reported sensitivity outputs. None can identify a causal
effect. Because FAERS has no source population
denominator, a conventional power calculation was not
applicable; co-report counts and Cls were used to describe
precision.

Selected stratum and launch-era outputs

The supplied report provided only the stratum with the
largest co-report count for calendar year, country, age
group, sex, reporter type, seriousness, and diabetes-
indication dimensions. These data-selected cells were
summarized descriptively in Supplementary Table S4 and
were notused to infer effect modification or cross-stratum
robustness. Ingredient-era outputs contrasted a reported
first-two-year period with later years, but exact launch
dates, quarterly intervals, denominators, and multiplicity
families were unavailable. Era results were therefore
treated as exploratory source-reported summaries in
Supplementary Table S5.

Statistical analysis and signal criteria

The source reported ROR=(a x d)/(b x c), log-scale 95%
Cls and two-sided Wald tests for non-sparse tables, and
two-sided Fisher exact tests for sparse tables.2 Benjamini-
Hochberg adjustment was reported, but the hypothesis-
family definitions, test counts, and mapping of tests to q
values were not documented.» A source-defined signal
required at least three co-reports, lower 95% CI greater
than 1, and g<0.05. Finite periodontal estimates were
generated using an unspecified zero-cell correction and are
reproduced only as non-verifiable source outputs; the
zero-event result is interpreted as non-conclusive.

Analytical estimand and report contribution

The estimand was relative reporting within the database
reference set, expressed as the odds that a selected oral-
event label appeared rather than other reaction labels
among reports meeting the exposure definition, compared
with the corresponding odds in reference reports. It was
not a patient-level odds ratio for developing disease. A
deduplicated report, rather than a unique person verified
across submissions, was the analytical unit. Each report
could contain several drugs and reactions and could
contribute to more than one outcome-specific 2x2 table.
Within any one drug-event analysis, contribution was
binary at reportlevel. The aggregate documentation did
not describe how multiple products from the same class,

duplicate reaction rows within a report, or drug-role
conflicts were collapsed; these implementation details
could not be reconstructed.

Evidence hierarchy for manuscript interpretation

The exact Oral candidiasis and Dry mouth primary-
suspect outputs formed the highest interpretive tier
because their labels, co-report counts, estimates, and
uncertainty were explicitly available. Role-scope and
active-comparator estimates were treated as directional
sensitivity outputs. Data-selected stratum cells and
ingredient-era estimates were exploratory descriptive
outputs. The candidiasis-spectrum composite and finite
periodontal zero-cell estimates were retained only as
qualified source-reported secondary information because
their term composition or correction method was
unavailable. This hierarchy was established during
manuscriptrevision to align the strength of interpretation
with reproducibility of the supplied documentation; it was
not represented as an original prospective protocol
hierarchy.

Aggregate-output reconciliation

Verification was limited to internal reconciliation of the
supplied manuscript. We compared every available
retained-report count, exposed-report count, co-report
count, ROR, CI, and q value across the source narrative, six
source tables, source figure, revised abstract, main text,
and main displays. Reference numbering and claim
support were audited bidirectionally. This process can
detect transcription conflicts and internally inconsistent
presentation, but it cannot validate the original database
query, mapping decisions, statistical computation, or
clinical content of individual reports. No source value was
recalculated from invented or  back-calculated
denominators.

Reporting and presentation conventions

Counts were reported as whole deduplicated reports or
drug rows according to their source label. RORs and 95%
CIs were retained to two decimal places, while q values
were reformatted from machine-style notation to
multiplication notation without changing precision. Terms
such as signal, elevated reporting, and directional
consistency refer only to disproportionality within the
specified database comparison. We avoided patient-risk
language, did not convert RORs to percentages or absolute
risks, and did not compare point estimates as though their
reference populations were exchangeable. Main-text
displays prioritize the exact outcomes and principal
role/comparator results; complete supplied aggregate
values remain in the supplement. Unavailable methods are
identified at the location where they affect interpretation
rather than being reconstructed from the reported
estimates.

Analytical alternatives considered

Adjusted multivariable modeling was considered but
rejected because no case-level covariates, reference-
category denominators, missing-data codes, or temporal
variables were available. A true multivariate model was not
appropriate because the outcomes were not jointly
modeled and patient-level co-occurrence was unknown.
Alternative  disproportionality measures, Bayesian
shrinkage, time-to-onset analysis, interaction tests, and
influence diagnostics likewise required data not supplied.
The analysis therefore reports the existing unadjusted
aggregate ROR outputs with sensitivity descriptions and
explicit residual-bias limitations rather than adding
unsupported models to obtain apparent completeness or
significance.
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Data completeness and analytic feasibility

The aggregate source reported missing sex, age, and
country rates among retained reports, but missing-value
codes were unavailable; no imputation was performed in
the available outputs. Public quarterly FAERS files can be
obtained from the FDA. The study-specific case-level
dataset, ingest and analysis code, drug and outcome
dictionaries, complete contingency cells, full stratum
output, software versions, and detailed logs were not
supplied. Consequently, we reconciled source-reported
aggregates across manuscript components but could not
independently rerun case handling, reconstruct RORs, fit
adjusted models, reproduce sparse-cell corrections, or
perform influence and diagnostic analyses.

Ethics and research governance

Ethical approval was granted by the CMHC Ethics
Committee Indonesia (No. 003/CMHC/Ethics/08/2025).
The study used publicly available de-identified safety
reports and involved no recruitment, intervention, direct
participant contact, or access to identifiable clinical
records. Individual informed consent was not applicable to
this secondary database analysis. The manuscript reports
only aggregate counts and estimates and reproduces no
case narrative that could enable re-identification. Public
availability of FAERS does not guarantee clinical accuracy

or authorize inference about an identifiable person;
reporter statements, missing fields, and administrative
classifications were therefore treated as unverified
database content. The ethics approval is separate from
protocol registration and data-sharing permission for
study-specific derived files. No registration record was
supplied.

3. Results

Report processing and data quality

The supplied pipeline covered all 54 quarterly extracts
and reported 20,297,836 raw demographic rows,
17,415,743 retained latest non-deleted reports, and
174,627 reports containing at least one mapped pure
SGLT2 inhibitor (approximately 1.00% ofthe retained set).
The source separately reported 2,882,093 rows excluded
before the retained setand 95,602 deletion-file identifiers;
these figures cannot be interpreted as additive sequential
exclusions because their overlap was not documented.
Zero quarterly ingest row-count discrepancies were
reported. Missing sex and age rates were 13.43% and
42.72%, respectively, while the source reported 0.00%
missing country; coding definitions were unavailable. Fifty
-gliflozin drug rows remained unmatched, as detailed in
Table 1.

Table 1. Source-reported data processing and quality metrics.

METRIC VALUE
Raw demographic rows 20,297,836
Rows excluded before retained set 2,882,093
Deletion-file identifiers 95,602
Latest non-deleted reports 17,415,743
Pure SGLT2-exposed reports 174,627
Unmatched -gliflozin drug rows 50
Missing sex 13.43
Missing age 42.72
Missing country 0.00

INTERPRETATION
source-reported count
derived raw-minus-final; components unavailable
source-reported; not additive
source-reported count
source-reported count
source-reported drug rows
% (coding unavailable)
% (coding unavailable)

% (coding unavailable)

Note: Counts are reproduced from the supplied aggregate report. Rows excluded before the retained set and deletion -file identifiers must not be
added because their relationship was not documented. SGLT2, sodium-glucose cotransporter 2.

Primary-suspect outcome analysis

In the source-reported primary-suspect analysis, Oral
candidiasis had 103 co-reports and met the compound
signal rule (ROR 1.71,95%CI 1.41-2.07; q=8.89 x 10-). Dry
mouth had 578 co-reports and also met the rule (ROR 1.54,

Oral candidiasis

Dry mouth

0.8 1

95% CI 1.42-1.67; q=1.99 x 10-2#). Periodontal disease had
zero co-reports and was non-conclusive. Its finite source-
reported estimate depended on an undocumented zero-
cell correction and was excluded from the primary figure.
The two exact signals and their confidence intervals are
shown in Figure 1.

| 1.71(1.41-2.07)

@] 154 (1.42-1.67)

1.25 1.5 2 2.4

Reporting odds ratio (log scale)

Figure 1. Source-reported reporting odds ratios and 95% confidence intervals for the two exact outcomes meeting the study signal rule in
the primary-suspect SGLTZ2 analysis. The vertical line indicates ROR=1. The non-auditable candidiasis composite and the undocumented
zero-cell periodontal estimate are excluded.
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Interpretive hierarchy of oral outcomes

The two exact outcomes with at least three co-reports,
lower confidence bounds above 1, and q values below 0.05
were retained as the main findings. The candidiasis-
spectrum composite had 145 primary-suspect co-reports
and a source-reported ROR of 1.91, but it was not used to
strengthen the principal conclusion because its component
Preferred Terms were unavailable. The periodontal result
was treated differently from a conventional negative
association: zero primary-suspect co-reports meant that
the count and interval conditions failed, while the finite
point estimate and q value depended on a correction that
could not be reproduced. Thus, the available outputs
supported two reporting signals and one non-conclusive
sparse outcome, not three comparable effect estimates.

Drug-role sensitivity outputs
Oral candidiasis and dry mouth estimates remained
above 1 across the supplied all-role, suspect-only, and

primary-suspectanalyses. Oral-candidiasis pointestimates
ranged from 1.66 to 1.71 as co-reports declined from 169
in all roles to 103 in the primary-suspect scope. Dry-mouth
estimates ranged from 1.49 to 1.54, with corresponding co-
report counts from 942 to 578. The lower confidence
bound remained above 1 for both outcomes in all three
source-reported scopes. Periodontal disease remained
sparse, with one all-role co-reportand no suspect-only or
primary-suspect co-reports; its finite corrected estimates
were not independently verifiable. Because scope-specific
totals and contingency cells were unavailable, the narrow
point-estimate ranges demonstrate directional consistency
within the supplied output, notindependent replication or
proofthatrole assignment had no influence, as detailed in
Table 2.

Table 2. Source-reported oral outcome disproportionality by drug-role scope.

OUTCOME ROLE SCOPE CO-REPORTS ROR (95% CI) BHQ
Oral candidiasis All roles 169 1.66 (1.42-1.93) 1.00 x 10-10
Oral candidiasis Suspect only 114 1.67 (1.39-2.01) 6.56 x 10-08
Oral candidiasis Primary suspect 103 1.71 (1.41-2.07) 8.89 x 10-08
Dry mouth All roles 942 1.49 (1.39-1.58) 1.18 x 10-32
Dry mouth Suspect only 638 1.51 (1.39-1.63) 4.76 x 10-2+
Dry mouth Primary suspect 578 1.54 (1.42-1.67) 1.99 x 10-24
Periodontal disease All roles 1 0.12 (0.02-0.84)* 0.005
Periodontal disease Suspect only 0 0.09 (0.01-1.42)* 0.009
Periodontal disease Primary suspect 0 0.10 (0.01-1.61)* 0.012

Note: BH, Benjamini-Hochberg; CI, confidence interval; ROR, reporting odds ratio. A signal required at least 3 co -reports, lower 95% CI >1, and
q<0.05. *Finite sparse/zero-cell estimate reproduced from the source; correction constant and exact reconstruction were unavailable.

Active-comparator sensitivity outputs

Within  the  source-defined diabetes-indication
restriction, oral candidiasis and dry mouth estimates
remained above 1 againstDPP-4 inhibitors, GLP-1 receptor
agonists, and the broader active non-SGLT2 group.
Magnitudes varied substantially by comparator, especially

for oral candidiasis, whose reported ROR ranged from 295
to 12.95. Periodontal comparisons contained zero SGLT2
events and were non-conclusive. The principal event
counts and estimates are detailed in Table 3; missing group
definitions and denominators preclude interpretation as
head-to-head risk.

Table 3. Source-reported active-comparator analyses within diabetes-indication reports.

COMPARATOR OUTCOME EVENTS SGLT2 /REFERENCE ROR (95% CI) BHQ

DPP-4 inhibitors Oral candidiasis 69/12 2.95 (1.60-5.44) 7.41 x 10-04
DPP-4 inhibitors Dry mouth 313/102 1.57 (1.26-1.97) 2.89 x 10-04
GLP-1 receptor agonists Oral candidiasis 72/14 12.95 (7.31-22.96) 3.67 x 10-18
GLP-1 receptor agonists Dry mouth 319/431 1.87 (1.61-2.16) 4.57 x 10-17
Active non-SGLT2 Oral candidiasis 65/32 11.47 (7.51-17.51) 1.87 x 10-20
Active non-SGLT2 Dry mouth 288/638 2.56 (2.22-2.94) 4.46 x 10-3°

Note: BH, Benjamini-Hochberg; CI, confidence interval; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; ROR, reporting odds ratio;
SGLT2, sodium-glucose cotransporter 2. Group definitions and denominators were unavailable; values must not be interpreted as comparative risk.

Comparator-dependent magnitude

The dry-mouth comparator RORs occupied a narrower
range, from 1.57 against DPP-4 inhibitors to 2.56 against
the broader active non-SGLT2 group, whereas the oral-
candidiasis estimates varied more than fourfold across
comparator definitions. Directional agreement therefore
coexisted with substantial reference-set dependence. The

available data did not show whether this variation arose
from exposure prevalence, event prevalence, class
composition, overlap exclusions, channeling, market age,
or competition from other reported reactions. Comparator
outputs were consequently used to qualify, rather than
rank, the two main signals.
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Numerical traceability

All co-report counts, RORs, Cls, and q values shown in
the main manuscript and supplement matched the
supplied aggregate tables. No complete role-specific or
comparator-specific 2x2 table was available, and the
174,627 overall exposed-report count could not substitute
for those missing denominators. Internal transcription
consistency therefore passed, while independentstatistical
reconstruction remained unavailable. Scientific notation
was reformatted for readability without changing the
underlying values.

Selected stratum outputs

Each dimension contributed one oral-candidiasis cell
and one dry-mouth cell. Event counts ranged from 18 to 80
for the selected oral-candidiasis cells and from 95 to 399
for the selected dry-mouth cells. These are not complete
stratum distributions: cells with smaller counts, estimates

below 1, or wider intervals were not available for
comparison. Theisolated values were therefore notused to
assess subgroup consistency, effect modification, or
differential reporting across levels. Representative high-
volume cells are summarized in Table 4.

Exploratory launch-era outputs

Early cells contained zero to 28 events, whereas several
later cells were more populated. The table shows
pronounced imprecision for sparse ingredients and
outcomes, including zero to three events in all ertugliflozin
cells. Exact launch dates, calendar boundaries,
exposed/reference totals,and multiplicity definitions were
unavailable. These outputs are presented descriptively and
do not test temporal change, stimulated reporting, or
ingredient-level risk differences. Selected ingredient-era
estimates are shown with the representative strata in
Table 4.

Table 4. Selected source-reported stratum and ingredient-era results.

STRATUM OR ERA OUTCOME
Country: US Oral candidiasis
Sex: Female Oral candidiasis

Diabetes indication Oral candidiasis

Country: US Dry mouth
Age: 45-64 years Dry mouth
Diabetes indication Dry mouth

Canagliflozin: later Oral candidiasis

Empagliflozin: later Oral candidiasis
Dapagliflozin: first 2 y Dry mouth

Empagliflozin: first 2 y Dry mouth

NO. EVENTS ROR (95% CI) BHQ
80 2.75 (2.21-3.43) 4.54 x 1018
52 1.89 (1.44-2.48) 1.49 x 1005
72 4.25 (3.25-5.57) 1.54 x 102
399 1.59 (1.44-1.76) 3.68 x 101
142 1.34 (1.13-1.58) 0.001
319 1.98 (1.75-2.23) 6.84 x 1029
29 2.12 (1.48-3.06) 2.05 x 10-04
38 1.74 (1.27-2.40) 0.001
28 2.09 (1.44-3.03) 4.26 x 100
16 3.50 (2.14-5.74) 2.66 x 109

Note: BH, Benjamini-Hochberg; CI, confidence interval; ROR, reporting odds ratio. These representative source-reported cells are descriptive.
Complete stratum and ingredient-era outputs are provided in Supplementary Tables S4 and S5.

4., Discussion

The supplied FAERS aggregate output showed two
directionally consistent reporting patterns. Oral
candidiasis and dry mouth met the source-defined
compound signal rule in the primary-suspect analysis, and
their estimates remained above 1 across the reported
broader role scopes and diabetes-indication comparator
groups. These directions do not constitute independent
replication because the underlying contingency cells,
dictionaries, and code were unavailable. Periodontal
disease had zero primary-suspectco-reports and remained
non-conclusive; neither a protective interpretation nor
absence of association is supported.

The oral candidiasis signal should be interpreted
against two overlapping but distinct bodies of evidence.
Firstt SGLT2 inhibitors have a well-characterized
association with genital mycotic infection. Randomized
and observational studies attribute that association partly
to pharmacologically induced glycosuria, while identifying
female sex and prior infection as important risk markers.¢s
1 Second, people receiving SGLT2 inhibitors often have
diabetes, a condition already associated with oral mucosal
and salivary abnormalities.u- The present signal could
therefore reflect a drug contribution, the underlying
metabolic disease, the characteristics of patients selected
for an SGLT2 inhibitor, or a combination of these
mechanisms. FAERS cannot separate these explanations
because it lacks standardized information on glycemic
control, diabetes duration, oral hygiene, denture use,
smoking, nutrition, antimicrobial exposure, inhaled

corticosteroids, = immune status, and

measurements.

A direct oral extension of the genitourinary mycotic
mechanism is biologically uncertain. SGLT2 inhibition
increases glucose in urine, not necessarily in saliva.
Diabetes and poor glycemic control, however, can alter
salivary quantity and composition, and several studies
have related salivary glucose or impaired salivary function
to Candida carriage.i-1821 Candida colonization alone is also
not synonymous with clinical oral candidiasis. Transition
to symptomatic infection depends on fungal biofilm
behavior, epithelial interaction, local immunity, salivary
defense, prosthetic surfaces, and other host factors.»» The
exact MedDRA term used here likely improves specificity
relative to an unrestricted fungal-event search but cannot
confirm whether a reporter documented
pseudomembranous candidiasis, erythematous
candidiasis, angular cheilitis, denture stomatitis, culture
results, cytology, or empiric antifungal treatment. Thus, the
ROR indicates unusual co-reporting of the label Oral
candidiasis, not a validated clinical phenotype.

The secondary oral candidiasis spectrum composite
produced slightly larger estimates than the exact term,
including a primary-suspect ROR of 1.91 compared with
1.71. That difference could indicate capture of related
clinical coding, but it could also reflect inclusion of
nonspecific or differently ascertained terms. Because the
component Preferred Terms were not supplied, readers
cannot judge its sensitivity, specificity, overlap, or
susceptibility to coding drift. Restricting the main
conclusion to exact Oral candidiasis therefore represents a

salivary
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deliberate reporting safeguard. Future work should
publish complete MedDRA term lists and, ideally, evaluate
narrow and broad definitions side by side with case-level
validation.

The dry-mouth finding was numerically the largest by
report countand highly precise in the primary analysis. Its
direction was similar across the supplied role and
comparator outputs, but missing denominators and group
definitions prevent determining whether attribution or
comparator construction explains the pattern.
Nevertheless, Dry mouth in FAERS is a subjective reaction
term. [t may representxerostomia, thirst,dehydration, oral
burning, medication-related dryness, or a symptom
entered without objective salivary assessment. This
distinction is clinically important: xerostomia can occur
with apparently normal salivary flow, and hyposalivation
can be present without a prominent dryness complaint.u-
523 Diabetes, older age, polypharmacy, autonomic
dysfunction, kidney disease, depression, and many
commonly used medicines can all influence oral dryness.
Osmotic diuresis or volume depletion from SGLT2 therapy
provides one possible pathway, but the available reports
do not permit mediation analysis or confirmation of
temporal sequence.

The coexistence of dry-mouth and candidiasis signals
warrants particular attention because salivary dysfunction
can reduce mechanical clearance, buffering, lubrication,
and antimicrobial activity. Meta-analytic evidence has
associated xerostomia or hyposalivation with Candida
growth and clinical oral candidiasis.z? However, the present
data do not show that the same patients had both events,
that dryness preceded candidiasis, or that an SGLT2
inhibitor caused either event. A shared reporting
environment could also generate both signals: patients
with diabetes who seek care for oral discomfort may be
examined more closely, producing additional fungal
diagnoses, while clinicians aware of dehydration or
infection risks may be more likely to attribute the event to
the drug. Patient-level co-occurrence, time-to-onset, and
sequential mediation analyses would be needed to test a
linked pathway.

Periodontal disease provides a useful contrast. Diabetes
is an established modifier of periodontitis and medical-
dental consensus recommends integrated risk assessment
and care.»2 Yet the FAERS primary-suspect analysis
contained no periodontal co-report. This discrepancy does
not weaken the established diabetes-periodontitis
literature; instead, it illustrates the limits of spontaneous
reporting for chronic, multifactorial oral disease.
Periodontitis develops over time, may be diagnosed
outside the encounter in which a drug is prescribed, and is
unlikely to be considered an acute adverse drug reaction.
Coding may also be distributed across gingivitis, tooth loss,
periodontal infection, dental abscess, or procedure terms
rather than a single Periodontal disease Preferred Term.
The absence of a signal therefore reflects reporting and
case-definition properties at least as much as biology.

The source-reported drug-role sensitivity results add
directional context but require restraint. The oral
candidiasis ROR ranged only from 1.66 to 1.71 and the dry-
mouth ROR from 1.49 to 1.54 across all-role, suspect-only,
and primary-suspect analyses. This limited variation
suggests that broader inclusion of concomitant roles
increased event counts without reversing or materially
diluting the associations. However, roles are assigned by
reporters or manufacturers and can be influenced by
knowledge of labeled adverse events, timing, incomplete
medication lists, or regulatory follow-up. Consistency
across role scopes reduces dependence on a single

definition; it does not transform a spontaneous report into
a causal observation.

The broader SGLT2 pharmacovigilance literature
provides context for interpreting an oral signal without
treating database recurrence as causal confirmation.
Recent spontaneous-report studies have examined
pancreatitis, acute kidney injury, ketoacidosis, renal
cancer, ertugliflozin-specific profiles, pancreatitis across
newer diabetes medicines, statin-associated myotoxicity
reporting, and creatinine-clearance  patterns.*«
Collectively, these studies show that the apparent signal
landscape changes with the event definition, ingredient, co-
medication, comparator, database period, reporting
threshold, and analytic specification. They also
demonstrate why a statistically precise ROR cannot
substitute for clinical adjudication or an exposure
denominator. For the present analysis, this literature
supports the choice of multiple role and comparator views,
but it does not independently validate the oral-event
estimates because the studies addressed different
phenotypes and analytical populations. The oral findings
should therefore enter the same staged evidence pathway
used for other potential safety signals: verify coding and
report quality, examine timing and alternative causes,
reproduce the analysis with complete definitions, test
transportability in another reporting system, and then
estimate clinical occurrence in controlled observational or
prospective data. This staged interpretation is particularly
important for oral candidiasis and dry mouth because both
can arise from diabetes, polypharmacy, hydration status,
local oral conditions, and care-seeking behavior. A
coherent signal across several FAERS specifications is a
reason to investigate; it is not evidence that the medicine
caused every reported event.

The source-reported active-comparator results
addressed one aspect of confounding by indication by
restricting analyses to reports with a diabetes indication.
Directional consistency was observed, but the magnitude
for oral candidiasis varied from an ROR of 2.95 against
DPP-4 inhibitors to approximately 13 against GLP-1
receptor agonists. Such a spread is unlikely to be explained
solely by a stable biological effect. Comparator classes
differ in route of administration, duration on the market,
treatment position, patient phenotype, kidney function,
weight, gastrointestinal adverse effects, media attention,
and reporting propensity. Some non-case events may also
be highly represented in one comparator group, producing
masking or competition bias.»31 Accordingly, the source-
reported analyses show directional agreement within the
supplied output but do notrank oral safety among glucose-
lowering therapies and should not be interpreted as
comparative incidence.

Magnitude deserves particular caution even in the
primary analysis. An ROR of 1.71 for oral candidiasis
means that the odds of the event label relative to other
reported events were higher among the selected SGLT2
reports than in the reference reports under the specified
case-non-case construction. It does not mean that patients
were 71% more likely to develop candidiasis, nor can it be
converted into an absolute risk. The dry-mouth ROR of 1.54
has the same constraint. In a database shaped by reporting
decisions,a modest, precise ROR may reflecta common but
weak reporting imbalance, whereas a large sparse ROR
may reflect few cases, a narrow comparator, or stimulated
reporting. Clinical priority therefore depends on case
quality, seriousness, reversibility, plausibility, exposure
extent, and corroboration fromother designs,noton point-
estimate rank alone.z.z-3
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The selected stratum cells are descriptive only. The
source supplied the densest cell for each dimension and
outcome rather than all levels, so the estimates cannot
establish subgroup robustness or effect modification.
Apparentdifferences between female oral-candidiasis cells
and male dry-mouth cells, or between reporter and
seriousness categories, may reflect data-dependent
selection, report composition, exposure patterns, or
competing reactions. Complete stratum tables with
denominators and appropriately justified heterogeneity
tests would be needed for subgroup inference.

The exploratory ingredient-era outputs were
heterogeneousandoften sparse. However, the exactlaunch
dates, quarterly boundaries, denominators, and
multiplicity families were unavailable, so early-versus-
later estimates cannot test temporal change, stimulated
reporting, or accumulated exposure. Their defensible role
is to show that ingredient-specific source outputs vary in
precision and should not be generalized uniformly across
the class.

For clinical practice, these findings support careful
documentation when a suspected oral event is
encountered, nota validated screening program or routine
discontinuation. Relevant details include symptom onset
relative to treatment, oral examination, salivary symptoms,
dentures, antibiotics or corticosteroids, glycemic contro],
kidney function, hydration, co-medications, treatment
response, and any drug interruption or rechallenge. The
established cardiovascular, heart-failure, and kidney
benefits of SGLT2 inhibitors remain central to
individualized decisions.:-s A spontaneous-reporting signal
alone is insufficient to withdraw effective therapy.

The findings also have implications for collaboration
between pharmacovigilance and oral health. Oral adverse
events may be fragmented across dental records, primary
care, endocrinology, nephrology, and patient self-reports.
A standardized oral-event module for suspected medicine-
related cases could distinguish xerostomia from measured
hyposalivation, Candida carriage from clinical candidiasis,
and chronic periodontitis from acute periodontal infection.
Incorporating denture status, oralhygiene, HbAlc,salivary
flow, antibiotic or corticosteroid exposure, and
photographs or laboratory confirmation where
appropriate would markedly improve report utility. Such
detail would help reviewers determine whether oral
candidiasis and dry mouth are independent outcomes,
sequential events, or manifestations of another process
such as dehydration or uncontrolled diabetes.

Strengths of the supplied analysis include broad
quarterly coverage, a stated deterministic within-CASEID
latest-version rule, deletion-file handling, exact primary
outcome terms, nested drug-role scopes, active-
comparator outputs, and a compound signal criterion that
does not treat a small q value alone as a positive finding.
This manuscript further separates exact terms from an
undocumented composite and applies READUS-PV to
expose missing analytical details rather than mark them as
complete.s» These strengths concern the structure and
reporting of the supplied aggregate output; they do not
overcome the absence of study-specific data, dictionaries,
code, and complete contingency tables.

Generalizability is bounded by both the database and
the treatment population. FAERS accepts reports from the
United States and other countries, but reporting laws,
access to dental care, diagnostic terminology, and
awareness of adverse reactions differ across settings.
Country was complete in the supplied summary, yet
completeness of a country field does not imply comparable

surveillance intensity. SGLT2 prescribing also changed
during the study period as indications expanded from
glycemic control to heart failure and chronic kidney
disease. Later users may be older, have different
comorbidity patterns, or receive the medicine from
different specialties than early users. The class-level
analysis consequently represents a changing mixture of
ingredients, indications, reporters,and health systems. It is
appropriate for hypothesis generation across the observed
database but should not be generalized directly to a
particular drug, dose, country, dental population, or
patient with or without diabetes. Ingredient-specific and
indication-specific estimates with exposure denominators
are necessary for those questions.

The limitations are substantial. FAERS has unknown
and changing reporting probabilities, no exposed-
population denominator, and cannot estimate prevalence,
incidence, risk difference, or number needed to harm.z.s3
Residual duplicates may remain across CASEIDs, while
indication, dose, duration, comorbidity, co-medication, oral
status, chronology, and clinical confirmation are often
missing. The aggregate report-flow counts could not be
decomposed into separately additive superseded and
deletion exclusions. Full exposure/comparator
dictionaries, MedDRA version handling, composite terms,
contingency cells, hypothesis families, zero-cell correction,
complete strata, launch intervals, software versions, and
code were unavailable. Consequently, the reproduced
RORs and q values could not be independently
recalculated, and adjusted models, diagnostics, alternative
definitions, and influence analyses were not feasible.
Active-comparator, selected-stratum, and era outputs do
not remove confounding, channeling, masking,
competition, notoriety, or selection bias.»3 External
replication was not performed.

The report-flow ambiguity illustrates why aggregate
provenance matters even when headline counts appear
internally plausible. The raw-to-final difference exactly
equals the value labeled as removed versions, yet deletion-
file identifiers are also reported as an exclusion. Possible
explanations include overlap, a combined exclusion label,
or counts taken at different processing stages, but the
supplied files cannot distinguish them. We therefore retain
each source value, prevent readers from adding the
exclusions as sequential losses, and avoid a false flow
diagram. Resolving this ambiguity and enabling
independent verification require the exactarchive list and
quarter-level audit log, explicit intermediate counts,
ingestion and transformation code, deletion handling, drug
and indication dictionaries, the MedDRA version and term
sets, report-level collapsing rules, role-specific reference
definitions, complete contingency cells, multiplicity
families, software versions, and generated outputs.
Publishing these materials would permit reconstruction of
the current estimates and testing of alternative
specifications. Until they are available, the defensible
contribution is a transparent, clinically situated account of
supplied aggregate signals and their evidential boundaries,
not a reusable analysis package.

Oral-health validation should also improve phenotype
quality. A prospective or record-linked study could
separate the subjective Dry mouth label from standardized
xerostomia instruments and measured unstimulated or
stimulated salivary flow. Oral candidiasis should be
confirmed by examination, with mycology when clinically
indicated, and distinguished from colonization, denture
stomatitis, angular cheilitis, burning symptoms, and
empiric antifungal treatment. Periodontal outcomes
require longitudinal dental assessment rather than
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reliance on a single spontaneous-report term. Recording
dentures, oral hygiene, caries burden, smoking, antibiotics,
inhaled corticosteroids, immune status, HbAlc, renal
function, hydration, and co-medications would address
major alternative explanations. Predefined diagnostic
criteria, blinded outcome adjudication, and protocolized
collection timing would reduce differential
misclassification and clarify whether symptoms preceded
antifungal or supportive treatment. These measurements
would determine whether the two reporting signals
represent independent events, a dryness-to-candidiasis
pathway, characteristics of treated populations, or
reporting behavior.

The most informative next study would combine three
evidence layers. A case-level FAERS review should
adjudicate diagnosis, timing, dechallenge, rechallenge,
competing causes, and co-occurrence of dryness and
candidiasis. A second spontaneous-report database could
test transportability using identical exposure and event
definitions. Mostimportantly, an active-comparator cohort
using claims or electronic health records should estimate
incidence and adjusted relative risk, while a nested dental
study measures salivary flow, oral Candida, glycemic
control, hydration, and prosthesis use. Such triangulation
could determine whether the present signals reflect causal
drug effects, characteristics of SGLT2-treated populations,
reportingbehavior, or severalmechanisms acting together.

5. Conclusion

In the supplied FAERS aggregate output for 2013 Q1
through 2026 Q2, Oral candidiasis and Dry mouth met the
source-defined disproportionality signal rule for pure
SGLT2 inhibitors and remained directionally above 1
across reported role-scope and active-comparator
analyses. Periodontal disease was non-conclusive because
of zero or near-zero co-reporting and an undocumented
sparse-cell correction. These source-reported findings
justify targeted case review and independent replication
using complete drug and outcome definitions, contingency
cells, and controlled clinical data. Before magnitude is
interpreted externally, the report-flow ambiguity and
missing analytical specifications should be resolved.
Publication of transformation code, dictionaries,
denominators, and complete contingency tables would
make the signal estimates independently assessable. The
findings do not estimate incidence, compare treatment
risks, or establish causality.
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