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Abstract 
Context: Individuals with type 2 diabetes mellitus (DM) have an increased risk of pneumonia and septic shock. Traditional glucose-lowering 
drugs have recently been found to be associated with a higher risk of infections. It remains unclear whether sodium-glucose cotransporter 2 
inhibitors (SGLT2is), which have pleiotropic/anti-inflammatory effects, may reduce the risk of pneumonia and septic shock in DM.
Methods: MEDLINE, Embase, and ClinicalTrials.gov were searched from inception up to May 19, 2022, for randomized, placebo-controlled trials 
of SGLT2i that included patients with DM and reported outcomes of interest (pneumonia and/or septic shock). Study selection, data extraction, 
and quality assessment (using the Cochrane Risk of Bias Assessment Tool) were conducted by independent authors. A fixed-effects model was 
used to pool the relative risk (RRs) and 95% CI across trials.
Results: Out of 4568 citations, 26 trials with a total of 59 264 patients (1.9% developed pneumonia and 0.2% developed septic shock) were 
included. Compared with placebo, SGLT2is significantly reduced the risk of pneumonia (pooled RR 0.87, 95% CI 0.78-0.98) and septic shock 
(pooled RR 0.65, 95% CI 0.44-0.95). There was no significant heterogeneity of effect size among trials. Subgroup analyses according to the 
type of SGLT2i used, baseline comorbidities, glycemic control, duration of DM, and trial follow-up showed consistent results without 
evidence of significant treatment-by-subgroup heterogeneity (all Pheterogeneity > .10).
Conclusion: Among DM patients, SGLT2is reduced the risk of pneumonia and septic shock compared with placebo. Our findings should be 
viewed as hypothesis generating, with concepts requiring validation in future studies.
Key Words: diabetes, pneumonia, respiratory tract infections, septic shock
Abbreviations: ASCVD, atherosclerotic cardiovascular disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HbA1c, glycated 
hemoglobin; HR, hazard ratio; OR, odds ratio; RR, relative risk; SGLT2i, sodium-glucose cotransporter 2 inhibitor. 
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The increasing prevalence of type 2 diabetes mellitus (DM) 
poses a significant public health burden worldwide (1). 
Patients with diabetes have an increased risk of pneumonia: 
in the United States, the overall incidence rate of pneumonia 
in 2014 was 1.78-fold higher in patients with diabetes than 
in individuals without diabetes (34 vs 19 per 1000 person- 
years) (2). Among patients admitted for pneumonia, those 
with pre-existing DM or acute hyperglycemia had approxi-
mately 80% higher risk of mortality than normoglycaemic in-
dividuals (3–6), particularly so in the presence of septic shock 
(7). Paradoxically, glucose lowering using conventional 
anti-DM drugs, including metformin (8), dipeptidyl 

peptidase-4 inhibitor (9), and combination therapy of metfor-
min plus thiazolidinediones (10), did not lower the risk of 
pneumonia, and might in fact be associated with higher risk 
of pneumonia (8–10). Moreover, in patients with DM compli-
cated with sepsis and pneumonia, metformin use was associ-
ated higher sepsis severity (11). This suggests that glucose 
lowering per se may not address the excess risk of pneumonia 
in patients with diabetes.

In recent years, sodium-glucose cotransporter 2 inhibitors 
(SGLT2is) have emerged as anti-DM drugs with key cardiore-
nal benefits beyond glucose lowering (12–16). SGLT2is exert 
pleiotropic and anti-inflammatory effects (17)—both with 
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plausible benefits in patients with pneumonia. Findings from 
individual cardiovascular outcome trials on SGLT2is report-
ing pneumonia or septic shock as secondary outcomes are in-
consistent (12, 18). Compared with placebo, the incidence of 
pneumonia appeared to be lower with empagliflozin and high-
er with ertugliflozin in the Empagliflozin Cardiovascular 
Outcome Event Trial in Type 2 Diabetes Mellitus Patients 
Removing Excess Glucose (EMPA-REG OUTCOME) (12) 
and Ertugliflozin Treatment in Type 2 Diabetes Mellitus 
Participants With Vascular Disease (VERTIS-CV) (19) trials, 
respectively. Preliminary findings from “off-label” SGLT2i 
usage in subjects infected with severe or critical severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) pneumo-
nia suggest benefits in subjects with diabetes (20), and no ef-
fects in subjects without diabetes (21). These may be 
attributed to the more pronounced anti-inflammatory effects 
in the context of hyperglycemia, where inflammation is 
more severe (evidenced by the higher levels of interleukin-6, 
C-reactive protein, and erythrocyte sedimentation rate) than 
in the normoglycemic state (22–24). We performed a system-
atic review and meta-analysis of randomized controlled trials 
to comprehensively evaluate whether SGLT2is reduce the risk 
of pneumonia and septic shock in patients with DM.

Materials and Methods
This systematic review and meta-analysis were conducted ac-
cording to the Cochrane Handbook (Version 5.1.0) (25) and 
the PRISMA statement (26) (Table S1) (27). This study has 
been registered on PROSPERO (CRD42021249264).

Data Sources and Searches
Ovid MEDLINE, Ovid EMBASE, and ClinicalTrials.gov were 
searched for eligible studies from inception through May 19, 
2022. The search strategy is shown elsewhere (Table S2) 
(27). Review articles and expert consensus statements were 
also manually searched for eligible studies.

Study Selection
We included randomized controlled trials that compared 
SGLT2is with placebo in patients with DM and reported out-
comes of interest, pneumonia, and/or septic shock. Trials that 
randomized patients to combination therapy (eg, SGLT2i plus 
metformin vs placebo). Sim. ilar to previous meta-analyses 
(28, 29), only trials that enrolled patients with type 2 diabetes 
mellitus were included, and trials that enrolled patients with 
type 1 diabetes were excluded. There were no restrictions on 
follow-up duration or the language of publication. Titles 
and abstracts were first screened to assess their potential eligi-
bility, and final eligibility was determined by full-text 
examination.

Data Extraction and Quality Assessment
The following information was extracted using a prespecified 
data extraction form: bibliographic information (first author, 
year of publication), study information (trial name, 
ClinicalTrials.gov unique identifier, country, sample size, 
and number of participants in each arm), patient characteris-
tics (age, proportion of male patients, baseline conditions, and 
comorbidities), treatment information (regimen, dose, dur-
ation), and outcome data (number of events for each out-
come). If available, we also extracted the definitions of 

outcome (pneumonia and/or septic shock) used in each trial. 
As all outcomes of interest were binary, the 2*2 tables for 
each outcome were extracted, and the outcome data extracted 
from each study were displayed in the forest plots. When mul-
tiple arms of the same drug at different doses were included in 
a trial, the number of patients, and events were combined, ir-
respective of the dosage, as recommended in the Cochrane 
handbook (25) and published previously in other meta- 
analyses (30–34). When multiple studies of the same trial 
were found, the most updated publication/record was 
included.

To assess methodological quality, version 2 of the Cochrane 
Risk of Bias Assessment Tool was used (35). Bias was assessed 
from 5 domains: randomization process, deviations from 
intended interventions, missing outcome data, measurement 
of the outcome, and selection of the reported result. 
Grading of Recommendations Assessment, Development, 
and Evaluation (GRADE) (36) was used to assess the certainty 
of the evidence.

Study selection, data extraction, and quality assessment 
were conducted by 2 independent authors (H.L.L., and 
Y.K.T.). Any disagreement was resolved by discussion until 
consensus was reached, or by consulting a third author 
(K.H.Y.).

Data Synthesis and Analysis
The placebo arm was defined as the control in all analyses. 
Estimates derived from intention-to-treat analysis were used 
(or from per-protocol analysis if intention-to-treat analysis 
was not available). Relative risks (RRs) and their 95% CI 
were pooled using a fixed-effects model with inverse-variance 
weighting. RR < 1 would favor SGLT2is over placebo. The 
number needed to treat was estimated by the reciprocal of 
the absolute risk reduction (which was computed by the prod-
uct of [1 − RR] and the risk of developing the outcome of 
interest). Subgroup analyses were prespecified according to 
(1) the SGLT2i agents used (canagliflozin vs dapagliflozin vs 
empagliflozin vs other SGLT2is [sotagliflozin and ertugliflo-
zin]), (2) baseline conditions (patients with DM only vs pa-
tients having concomitant comorbidities, including chronic 
kidney disease, heart failure, hypertension, and established 
cardiovascular disease), (3) presence of established athero-
sclerotic cardiovascular disease (ASCVD) at baseline, (4) 
mean baseline glycated hemoglobin (HbA1c) above or below 
median, (5) mean baseline fasting plasma glucose above or be-
low median, (6) mean baseline duration of DM above or be-
low median, (7) mean baseline estimated glomerular 
filtration rate (eGFR) above or below median, and (8) follow- 
up duration (<1 vs ≥1 year). We also performed subgroup 
analysis according to the dose of SGLT2is used. The median 
values for subgroup analyses 3 to 6 were defined as the median 
across all trials (31). Additional sensitivity analyses were per-
formed by (1) performing the main analysis with the random- 
effects model, (2) excluding studies with a high/some concerns 
overall risk of bias, (3) excluding studies with a high/some 
concerns risk of bias in “missing outcome data” to account 
for possible selection bias (due to missing outcomes/individu-
als) and ascertainment bias (due to lack of prespecification 
and adjudication on outcomes), (4) by using odds ratio 
(OR) as the effect measure, (5) excluding studies which used 
a dual SGLT1/SGLT2 inhibitor (sotagliflozin), and (6) exclud-
ing studies not using the commonly used SGLT2is 
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(canagliflozin/dapagliflozin/empagliflozin). To avoid compu-
tational error resulting from studies with 0 events, in accord-
ance to the Cochrane handbook (25), we performed 
additional sensitivity analyses: (7) excluding studies with 0 
events in either arm and pooling results with Peto’s method, 
and (8) excluding studies with zero events in both arms and 
pooling results with Peto’s method. To confirm that the results 
were not driven by any single study, we performed a 
leave-one-out analysis, in which each study was iteratively re-
moved and the findings were compared with the overall ana-
lysis. Statistical heterogeneity across studies was assessed by 
the Cochrane’s Q test and the I2 statistic (30). 
Meta-regression would be used to investigate potential sour-
ces of heterogeneity if there was a substantial heterogeneity 
(P < .10 or I2 > 50%). Funnel plots were used for assessment 
of publication bias, and Egger’s test for asymmetry in funnel 
plot would only be performed if 10 or more studies were in-
cluded (25). A trim-and-fill method was employed to adjust 
for potential bias identified from either visual asymmetry or 
Egger’s test (P < .10) (25). The statistical significance level 
was defined at 0.05 unless otherwise specified. Data analyses 
were performed using the “meta” package in R (version 
3.6.3).

Results
Among the 4568 citations identified by literature search, 26 
trials with a total of 59 264 patients (34 659 on SGLT2i and 
24 605 on placebo) were included (Fig. S1 and Table S3 
(27)). The mean age was 63.0 years (range 52.0-68.5) and 
36.2% were female (Table 1). Sixteen trials (n = 34 890) en-
rolled patients with only DM as an inclusion criteria (13, 
14, 37–50). For trials which enrolled patients with DM with 
concomitant comorbidites: 2 trials (n = 15 274) enrolled pa-
tients with established cardiovascular disease (12, 19), 5 trials 
(n = 6131) enrolled patients with established chronic kidney 
disease (16, 51–54), 1 trial (n = 825) enrolled patients with 
hypertension (55), 1 trial (n = 922) enrolled patients with 
hypertension and established cardiovascular disease (18), 
and 1 trial (n = 1222) enrolled patients with established heart 
failure (56). Overall, the mean HbA1c was 8.2%, and the 
mean eGFR was 76.9 mL/min per 1.73 m2. Twelve trials 
had a low risk of bias, 9 trials had a high risk of bias, and 7 
trials had an unclear risk of bias (Supplementary Appendix 
Table S4) (27). None of the trials specified a definition for 
pneumonia or septic shock.

A total of 1126 events of pneumonia were reported out of 24 
trials (n = 58 584) within the follow-up (median 1.0 years, 
range 0.2-4.2 years). There were 589 events of pneumonia 
among 34 205 patients randomized to SGLT2is and 537 events 
of pneumonia among 24 379 patients randomized to placebo 
(1.7% vs 2.2%) with RRs ranging from 0.31 to 3.01 among 
studies. An SGLT2i was associated with a 13% pooled risk re-
duction of pneumonia compared with placebo (RR 0.87, 95% 
CI 0.78-0.98) (Fig. 1). There was no significant intertrial het-
erogeneity (P = .99). No between-subgroup differences were 
identified in subgroup analysis according to the various 
SGLT2i agents used and baseline conditions (DM-only 
trials vs others; presence of ASCVD at baseline vs absence), 
(P = .51, P = .60, and P = .80, respectively, Table 2). 
Furthermore, there were no significant difference across trials 
with high/low mean eGFR (median 81.7 mL/minute per 
1.73 m2, P = .80) and short-/long-term follow-up (<1.0 vs 

≥1.0 year, P = .80, Table 2). When trials were stratified ac-
cording to mean baseline HbA1c, fasting plasma glucose, 
and duration of DM, there were no significant differences be-
tween subgroups (P = .68, P = .39, and P = .62, respectively). 
The risk reduction in pneumonia was numerically greater 
with higher dose of SGLT2i (RR 0.86, 95% CI 0.66-1.13) 
than with a lower dose of SGLT2i (RR 0.97, 95% CI 
0.75-1.26).

A total of 101 events of septic shock were reported out of 10 
trials (n = 41 854). There were 44 events of septic shock 
among 23 198 patients randomized to SGLT2i and 57 events 
of septic shock among 18 656 patients randomized to placebo 
(0.2% vs 0.3%), with the RRs ranging from 0.17 to 3.01 
across trials. An SGLT2i was associated with a 36% risk re-
duction in septic shock compared with placebo (RR 0.65, 
95% CI 0.44-0.95) (Fig. 2). There was no significant intertrial 
heterogeneity (P = .81). Results were consistent in subgroup 
analysis according to the SGLT2i agents used, baseline condi-
tions, presence of ASCVD at baseline, eGFR status, baseline 
HbA1c, baseline fasting plasma glucose, duration of DM, 
and follow-up duration (Pheterogenity > .10 for all, Table 3). 
The risk reduction in septic shock was numerically lower 
with higher dose of SGLT2i (RR 0.58, 95% CI 0.24-1.41) 
than with lower dose of SGLT2i (RR 0.47, 95% CI 
0.19-1.17), but with very wide CI due to low number of 
events.

Sensitivity analyses excluding studies with (1) high/unclear 
overall risk of bias, (2) incomplete outcome data, (3) OR as an 
effect measure, (4) dual SGLT1/2 inhibitors, and (5) SGLT2i 
other than canagliflozin/dapagliflozin/empagliflozin yielded 
similar results (Table S5 (27)). Symmetry was observed in 
the funnel plots for pneumonia but not for septic shock 
(Fig. S2 (27)). Egger’s test for pneumonia (P = .1441) and sep-
tic shock (P = .7545) did not reveal significant asymmetry. 
Sensitivity analysis excluding studies with 0 events in either/ 
both arms with Peto’s method also yielded similar results 
(Table S5 (27)). In leave-one-out analysis, the pooled estimate 
remained stable, despite the association was attenuated 
(Fig. S3 (27)). The certainty of evidence for both outcomes 
was high (using GRADE) (Table S6 (27)). All the results 
were essentially unchanged if the random-effects model (in-
stead of the fixed-effects model) was used (Table S5 (27)).

Discussion
To the best of our knowledge, this meta-analysis is the first to 
identify a significant risk reduction of pneumonia and septic 
shock with the use of SGLT2is in patients with DM. Results 
were consistent irrespective of the type of SGLT2i agent, de-
gree of renal impairment, follow-up duration (short and 
long term), comorbidities, duration of DM, and extent of gly-
cemic control.

Individuals with DM have an increased risk of pneumonia, 
which confers high mortality (2, 6). Glucose lowering with 
traditional therapies has not been proven useful to reduce 
the risk of pneumonia and septic shock in patients with 
DM. Conversely, recent population-based studies have found 
that the use of conventional anti-DM agents, including met-
formin (8), dipeptidyl peptidase-4 inhibitor (9), and combin-
ation therapy of metformin plus thiazolidinediones (10), 
might be associated with higher risk of pneumonia, despite as-
sociated with glucose lowering and risk reduction in cardio-
vascular disease (29, 57, 58). These observations suggest 
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that glucose lowering per se might not be sufficient in reducing 
risk of infection. SGLT2i have demonstrated anti- 
inflammatory properties and cardiorenal benefit beyond glu-
cose lowering, which could collectively play an instrumental 
role in reducing systemic inflammatory response and infec-
tions (17). Suggestive evidence from some, but not all, 
SGLT2i trials have raised the possibility that these medica-
tions may lower the risk of pneumonia. Taken together, the 
present meta-analysis provides compelling evidence support-
ing the association of SGLT2i usage with reduced risk of pneu-
monia and septic shock in patients with DM. Our findings are 
consistent with the EMPA-REG OUTCOME trial, wherein 
lower incidence of pneumonia was reported with empagliflo-
zin (12).

The reported incidence of pneumonia in patients with DM 
is 34 per 1000 person-years (2), much higher than that in 
documented trials: DECLARE-TIMI 58 (6.4 per 1000 person- 
year) (14) and EMPA-REG OUTCOME (6.1 per 1000 

person-year) (12). This could be attributed to the inclusion 
of younger and healthier patients, with fewer comorbidities 
and relatively lower risk of infection, in trials. In computing 
the absolute effect using a baseline incidence of 34 per 1000 
person-years (2) and the relative effect (RR = 0.87), the num-
ber needed to treat was estimated at 23 over 10 years. 
Furthermore, our present meta-analysis showed that 
SGLT2is conferred a 36% relative risk reduction in septic 
shock. These estimates may be even larger when comparing 
SGLT2is with other oral hypoglycemic agents that are associ-
ated with increased risk of pneumonia in patients with DM.

Mechanistic understanding of how SGLT2i may reduce 
the risk of pneumonia and septic shock is incomplete. 
Possibilities include effective cardiac and renal protection, 
and anti-inflammatory effects, all of which are directly/indir-
ectly instrumental in reducing the risk of pneumonia (1, 14, 
16, 59, 60). Recent studies have shown that SGLT2is reduced 
inflammatory cytokines levels, including interleukin-6, matrix 

Figure 1. Forest plot of primary analysis for pneumonia.
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metalloproteinase 7, and high-sensitivity C-reactive protein in 
patients with DM (61–63), and hence may deter the progress 
of focal infections to septic shock. Similarly, experimental 
findings from mice with lipopolysaccharide-induced inflam-
mation have shown lower mortality, less renal injury, and 
lower levels of inflammatory cytokines (including tumor ne-
crosis factor-α, interferon-γ, and I interleukin-1β) when 
treated with empagliflozin than controls (64). Furthermore, 
SGLT2i increase hematocrit and hemoglobin, which may im-
prove oxygen delivery to the tissues—an effect that may be 
particularly important in the setting of sepsis (65, 66). 
SGLT2is also improve endogenous endothelial repair inde-
pendent of its glucose-lowering effect (67), which is particu-
larly relevant in sepsis as widespread endothelial 
dysfunction is the key driver of sepsis-related death (68).

Although the antidiabetic regimen used in the non-SGLT2i 
arms were not completely defined, most placebo-controlled 
trials are designed such that the antidiabetic agents (aside 
from SGLT2is) were balanced between both arms. For in-
stance, in the DECLARE-TIMI 58 trial (14), 81.8% and 
82.2% of patients received metformin at baseline in the 
SGLT2i arm and placebo arm, respectively. Thus, the differ-
ences in antidiabetic agents (aside from SGLT2is) can be con-
sidered levelled out between both arms in the trials included in 
the present study. By pooling the effects of SGLT2is across 
these trials, we were able to evaluate the potential effects of 
SGLT2is on risk of pneumonia/septic shock. This approach 
has been adopted in previous meta-analyses to minimize 
bias (29, 30).

Clinical Implications
In the pharmacological management for patients with type 2 
diabetes, current guidelines recommend that metformin 
should be used as the first-line therapy (69). However, metfor-
min has recently been shown to be associated with a higher 
risk of pneumonia (8), and the present meta-analysis provides 
novel evidence supporting the use of SGLT2is in DM to reduce 
the risk of pneumonia and septic shock; in addition to existing 
indications such as patients with established ASCVD, kidney 
disease, or heart failure; as well as those with HbA1c above in-
dividualized target or a compelling need to minimize hypogly-
cemia or weight gain (69). Clinical caution has been advised 
among patients with severe illness, where precipitation of dia-
betic ketoacidosis with SGLT2i remains a concern. Yet 
SGLT2is have a well-established safety profile, having been 
studied in tens of thousands of patients in clinical trials (in-
cluding hospitalized patients), and having been prescribed to 
millions around the world since their approval.

Findings from the current analyses warrant validation in 
prospective future studies which accounts for race-, region-, 
and sex-specific differences (70, 71). Utilization of appropri-
ate HbA1c cut-offs for Asians with predisposition towards 
lean diabetes (wherein diabetes is present despite a low body 
mass index) (72, 73) is warranted. On the other hand, a study 
on infection-related hospitalization in the emergency depart-
ment has shown that approximately 30% to 40% of cases 
with sepsis were due to respiratory tract infection (particularly 
pneumonia) (74), but the lack of information on the source of 
infection precludes any inferences on the independent effects 

Table 2. Results of subgroup analysis for pneumonia

Subgroup Number of trials Number of participants RR (95% CI) Phetero

Overall 24 58 584 0.87 (0.78-0.98)

Agent Canagliflozin 6 16 986 0.83 (0.66-1.03) .51

Dapagliflozin 8 20 928 0.88 (0.73-1.06)

Empagliflozin 5 9764 0.75 (0.53-1.04)

Othersa 5 10 906 1.02 (0.77-1.36)

Baseline condition DM only 16 34 479 0.90 (0.77-1.04) .60

Others 9 24 105 0.84 (0.70-1.01)

Presence of ASCVD at baseline Yes 3 16 196 0.90 (0.70-1.14) .80

No 21 42 388 0.86 (0.76-0.99)

Mean HbA1c <medianb 12 14 032 0.83 (0.64-1.08) .68

≥medianb 12 44 552 0.88 (0.77-1.00)

Mean FPG <medianc 10 12 153 0.80 (0.58-1.09) .39

≥medianc 10 15 402 0.97 (0.72-1.31)

Mean duration of DM <mediand 11 12 823 0.81 (0.59-1.11) .62

≥mediand 11 44 045 0.88 (0.77-1.00)

Mean eGFR <mediane 10 34 021 0.86 (0.73-1.01) .80

≥mediane 11 22 632 0.89 (0.74-1.06)

Follow-up duration <1.0 year 9 6355 0.92 (0.57-1.43) .80

≥1.0 year 15 52 229 0.87 (0.77-0.98)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HbA1c, glycated 
hemoglobin; FPG, fasting plasma glucose; Phetero, P-value for between-subgroup heterogeneity; RR, risk ratio. 
aOther SGLT2i, sotagliflozin and ertugliflozin. 
bMedian HbA1c, 8.105%. 
cMedian FPG, 159.75 mg/dL. 
dMedian duration of DM, 8.75 years. 
eMedian eGFR, 81.7 mL/min per 1.73m2.
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of SGLT2is in reducing these risks, which require evaluation 
in future studies.

The lower risks of pneumonia and sepsis associated with 
SGLT2i may be particularly noteworthy in the current 

COVID-19 pandemic. A retrospective analysis in Singapore 
has suggested that prior SGLT2i usage in patients infected 
with SARS-CoV-2 pneumonia was associated with lower 
risk of mechanical ventilation compared with non-use (20). 

Figure 2. Forest plot of primary analysis for septic shock.

Table 3. Results of subgroup analysis for septic shock

Subgroup Number of trials Number of participants RR (95% CI) Phetero

Overall 10 41 854 0.65 (0.44-0.95)

Agent Canagliflozin 4 15 396 0.46 (0.23-0.91) .24

Dapagliflozin 4 18 754 0.88 (0.52-1.51)

Empagliflozin 2 7704 0.44 (0.16-1.20)

Baseline condition DM only 6 36 010 0.69 (0.45-1.05) .56

Others 4 5844 0.52 (0.22-1.21)

Presence of ASCVD at baseline Yes 2 7950 0.55 (0.22-1.39) .72

No 8 33 904 0.67 (0.44-1.01)

Mean HbA1c <mediana 5 9479 0.54 (0.23-1.25) .65

≥mediana 5 32 375 0.67 (0.44-1.04)

Mean FPG <medianb 4 8878 0.60 (0.25-1.46) .88

≥medianb 4 11 415 0.55 (0.23-1.31)

Mean duration of DM <medianc 5 25 868 0.73 (0.46-1.18) .38

≥medianc 5 15 986 0.51 (0.26-0.98)

Mean eGFR <mediand 4 11 950 0.43 (0.22-0.86) .21

≥ mediand 5 28 562 0.74 (0.46-1.20)

Follow-up duration <1.0 year 1 420 1.49 (0.06-36.33) .60

≥1.0 year 9 41 434 0.64 (0.43-0.94)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; 
HbA1c, glycated hemoglobin; Phetero, P-value for between-subgroup heterogeneity; RR, risk ratio. 
aMedian HbA1c, 8.165%. 
bMedian FPG, 161.65 mg/dL. 
cMedian duration of DM, 11.45 years. 
dMedian eGFR, 75.25 mL/min per 1.73 m2.
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The dapagliflozin in patients with cardiometabolic risk factors 
hospitalised with COVID-19 (DARE-19) trial has shown da-
pagliflozin treatment results in a numerically lower rate of or-
gan failure or death (hazard ratio [HR] 0.80, 95% CI 
0.58-1.10, P = .17) (75). Although the statistically nonsignifi-
cant association highlights the need for further studies to con-
firm the association between SGLT2is and lower risks of 
critical illness including sepsis (75), our current study provides 
timely evidence supporting such hypothesis. Furthermore, the 
HR of 0.80 in DARE-19 was consistent with a recently pub-
lished nation-wide observational study in England (76), which 
showed a lower risk of COVID-19-related death with the use 
of SGLT2is (adjusted HR 0.82, 95% CI 0.74-0.91). Taken to-
gether, the above evidence consistently suggests the biological 
plausibility of SGLT2i in reducing the risk of adverse out-
comes, warranting further and larger trials evaluating the ben-
efits of SGLT2i in patients with COVID-19.

Limitations
There are several limitations in this meta-analysis. First, as pneu-
monia and septic shock were not the prespecified outcomes of 
the trials included, reporting and ascertainment bias is inevitable 
and the definitions of these outcomes might vary across trials. 
We have addressed the lack of centrally adjudicated outcomes 
by excluding studies with high or unclear overall risk of bias 
and incomplete outcome data from sensitivity analyses. 
Nevertheless, future studies with pneumonia/septic shock as pre-
specified and adjudicated outcomes are required to confirm the 
findings in the current study. Lack of patient-level data only al-
lowed subgroup analyses at a trial-level. While this study sug-
gests an association between SGLT2is, pneumonia, and septic 
shock, the nature of this temporal relationship is not explainable 
with the current data. Due to small sample sizes and low event 
rates, results and Pheterogeneity should be interpreted with caution. 
Outcomes on pneumonia- and septic shock–related mortality 
were not available. Although the associations appeared to be 
driven by trials of large sample sizes and thus large weights, 
our leave-one-out analysis revealed consistent results. The risk 
of reporting bias could not be eliminated as a significant number 
of trials were excluded for not reporting the outcome of interest. 
Information on microbiological etiology for pneumonia/septic 
shock were not available.

Conclusions
The present meta-analysis demonstrated that among patients 
with DM, SGLT2i consistently reduced the risk of pneumonia 
and septic shock compared with placebo, and irrespective of 
the type of SLGT2i used, underlying comorbidities, extent of 
glycemic control, duration of DM and follow-up. Our 
hypothesis-generating findings merit confirmation in future 
studies.
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