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Meta-analysis of the hallmark cardiovascular and renal
outcome trials addressing the risk for respiratory tract
infections with sodium-glucose co-transporter-2 inhibitors:
Implications for the COVID-19 pandemic

To the Editor:

Diabetes represents a pandemic that has been recognized as an
independent risk factor for severe infection with severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) in the context of the
coronavirus disease 19 (COVID-19) pandemic,! although it may not
actually increase the risk for SARS-CoV-2 transmission for patients
with diabetes compared with the general population.?® Patients with
diabetes feature a twofold increase in the odds for severe SARS-
CoV-2 infection and a two- to threefold increase in the odds for death
because of disease.1*> Patients with diabetes experience a significant
increase in the risk for in-hospital death because of SARS-CoV-2
infection, as shown in a recent, large nationwide study.® Therefore,
optimal treatment strategy for these patients becomes a top priority.”

Sodium-glucose co-transporter-2 (SGLT-2) inhibitors, an anti-
diabetic drug class with multiple, pleiotropic and beneficial effects,
especially in patients with concomitant cardiovascular or renal dis-
ease, should be used with caution in the context of infection, because
of the increased risk for diabetic ketoacidosis. The anti-inflammatory
properties of SGLT-2 inhibitors might be beneficial for infected
patients, as they could hypothetically ameliorate the cytokine
storm.””1° Previous studies have shown the significant reduction in
inflammatory markers, such as C-reactive protein, ferritin and
interleukin-6, with SGLT-2 inhibitors.” In addition, this drug class exerts
beneficial effects on endothelial function, a finding that could have
potential applicability for the prevention of thrombotic complications
among SARS-CoV-2 patients.**

Recently published observational studies support that SGLT-2 inhibi-
tors are not inferior to incretin-based agents concerning surrogate
COVID-19 outcomes,*? while they might decrease the risk for mechanical
ventilation.®® However, more evidence from clinical practice is required,
to identify the impact of antidiabetic drugs administered prior to infection
on outcomes of interest among infected patients.!**° In addition, the
ongoing DARE-19 trial, whose protocol has recently been published in
Diabetes, Obesity and Metabolism, will provide answers on whether
dapagliflozin could prevent COVID-19-related complications and all-cause
mortality in patients admitted with SARS-CoV-2 infection.®

We sought to determine whether SGLT-2 inhibitors influence the
risk for respiratory tract infections and acute respiratory distress syn-

drome (ARDS), pooling data from the published cardiovascular and

renal outcome, placebo-controlled trials until November 2020.
We utilized data from published reports, also searching relevant
supplementary appendices and ‘grey literature’ sources, namely
clinicaltrials.gov. Of note, a similar analysis was recently published for
dipeptidyl-peptidase-4 inhibitors.”

Two independent reviewers (DP and AB) extracted the data from
the eligible reports using a pilot-tested, data extraction form. We evalu-
ated the following primary outcomes of interest: upper respiratory tract
infection, lower respiratory tract infection, viral infection, influenza and
ARDS. We also assessed the following secondary outcomes: pharyngitis,
bronchitis and pneumonia, as reported across the selected trials.

As we assessed only dichotomous variables, differences were cal-
culated with the use of risk ratio (RR), and with 95% confidence interval
(Cl), after implementation of the Mantel-Haenszel random effects for-
mula. Statistical heterogeneity among studies was assessed by using I?
statistics. Heterogeneity was considered to be low if 1> was between
0% and 25%, moderate if 1> was between 25% and 50%, or high if I?
was greater than 75%.18 All analyses were performed at the .05 signifi-
cance level, while they were undertaken with RevMan 5.3 software.r?

Two independent reviewers (DP and CP) assessed the quality of
the included randomized controlled trials using the revised Cochrane
risk of bias tool for randomized trials (RoB 2.0) for the primary efficacy
outcome.?® Discrepancies between reviewers were solved by
discussion, consensus or arbitration by a third senior reviewer (MD).

We pooled data from six trials in a total of 47,728 enrolled partic-
ipants assigned either to SGLT-2 inhibitor treatment or placebo.2*-2%
A summary of participants' baseline characteristics is provided in
Table S1. As shown in detail, all trials enrolled subjects aged older than
60 years, overweight or obese, with cardiovascular co-morbidities;
prevalence of cardiovascular disease among these patients ranged
from 37% to 99%. Regarding other drug classes with potential implica-
tions in the COVID-19 pandemic, usage rates of renin-angiotensin-
aldosterone system inhibitors ranged from 80% to 100%, while usage
rates of dipeptidyl-peptidase-4 inhibitors ranged from 12% to 17%.
Risk of bias was evaluated as low across all trials (Table S2). None of
the other available trials have reported relevant data of interest.

Concerning the prespecified primary safety outcomes, none of
the results achieved statistical significance. More specifically, SGLT-2

inhibitor treatment compared with placebo resulted in a non-
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(A) SGLT-2inhibitors ~ Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand: 95% CI
CANVAS 3 2886 2 1441 147% 0.75[0.13, 4.48]
CANVAS-R 2 2904 2 2903 12.2% 1.00[0.14, 7.09]
CREDENCE 3 2200 3 2197 18.3% 1.00[0.20, 4.94)
DAPA-CKD 0 2149 1 2149 4.6% 0.33[0.01,8.18] ¢
DAPA-HF 2 2368 0 2368 51% 5.00 [0.24, 104.09] >
DECLARE-TIMI 58 5 8574 5 8569 30.5% 1.00[0.29, 3.45)
EMPA-REG OUTCOME 3 4687 2 2333 14.6% 0.75[0.12, 4.47)
Total (95% Cl) 25768 21960 100.0% 0.95[0.48, 1.88] -’
Total events 18 16
Heterogeneity: Tau?= 0.00; Chi*=1.72, df= 6 (P = 0.94); IF= 0% 50 1 sz + 1 é 101
Testfor overall efiect: Z= 0.15 (P = 0.88) Favours SGLT-2 inhibitors Favours placebo
(B) SGLT-2inhibitors  Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand: 95% Cl M-H, Rand 95% Cl
CANVAS 5 2886 71441 21.7% 0.36[0.11,1.12)
CANVAS-R 1 2904 6 2903 6.4% 0.17[0.02,1.39) ¢
CREDENCE 2 2200 3 2197 89% 0.67 [0.11,3.98]
DAPA-CKD 0 2149 2 2149 31% 0.20[0.01,4.16] ¢
DAPA-HF 1 2368 1 2368 3.7% 1.00[0.06,15.98] 4 >
DECLARE-TIMI 58 9 8574 10 8569 35.1% 0.90[0.37,2.21) —
EMPA-REG OUTCOME 10 4687 4 2333 21.2% 1.24 [0.39, 3.96)
Total (95% CI) 25768 21960 100.0% 0.66 [0.39, 1.13] T
Total events 28 33
Heterogeneity: Tau®= 0.00; Chi*= 5.05, df= 6 (P = 0.54); IF= 0% 50 1 052 0‘5 é éL 10=
Testfor overall efiect. Z=1.52 (P = 0.13) Favours SGLT-2 inhibitors Favours placebo
(C) SGLT-2 inhibitors Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand: 95% CI
CANVAS 5 2886 1 1441 16.0% 2.50(0.28, 21.35) >
CREDENCE 1 2200 1 2197 9.6% 1.00 [0.06,15.96] ¢ >
DAPA-CKD 1 2149 1 2149 956% 1.00 [0.06, 15.98] ¢ >
DECLARE-TIMI 58 5 8574 7 8569 55.9% 0.71[0.23, 2.25) i
EMPA-REG OUTCOME 7 4687 0 2333 9.0% 7.47[0.43,130.70] >
Total (95% CI) 20496 16689 100.0% 1.15[0.49, 2.71] = R—
Total events 19 10
Heterogeneity: Tau= 0.00; Chi*= 3.02, df= 4 (P = 0.55); F= 0% :D 1 052 055 é é 10:
Testfor overall effect: Z= 0.32 (P = 0.75) Favours SGLT-2 inhibitors Favours placebo
(D) SGLT-2 inhibitors Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand: 95% Cl M-H, Rand 95% ClI
CANVAS 5 2886 0 1441 4.2% 5.49[0.30, 99.29) >
CANVAS-R 5 2904 1 2903 7.5% 5.00 [0.58, 42.786) >
CREDENCE 3 2200 1 2197 6.7% 3.00[0.31,28.78) >
DAPA-CKD 4 2149 3 2149 14.7% 1.33[0.30, 5.95)
DAPA-HF 2 2368 3 2368 10.5% 0.67 [0.11, 3.99)
DECLARE-TIMI 58 17 8574 15 8569 52.6% 1.13[0.57,2.27) —
EMPA-REG OUTCOME 0 4687 2 2333 3.8% 0.10[0.00, 2.07) *
Total (95% CI) 25768 21960 100.0% 1.27 [0.70, 2.32] et
Total events 36 25
Heterogeneity: Tau®= 0.05; Chi*= 6.42, df= 6 (P = 0.38); *= 7% 30 1 052 055 é é 105
Testfor overall effect: Z= 0.79 (P = 0.43) Favours SGLT-2 inhibitors Favours placebo
(E) SGLT-2 inhibitors Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, R 95% CI
CANYAS 3 2886 0 1441 127% 3.50[0.18, 67.64] +
CANVAS-R 0 2804 1 2803 109% 0.33[0.01,8.18] +
CREDENCE 1 2200 1 2197 145% 1.00[0.06, 15.96] * +
DECLARE-TIMI 58 3 8574 4 B569 498% 0.75[017, 3.39] i
EMPA-REG OUTCOME i} 4687 2 2333 121% 0.10([0.00,2.07] *
Total (95% CI) 21251 17443 100.0% 0.68 [0.24, 1.96] —*—
Total events 7 8
S Tal® = kit _ _ . I | . , , )
Heterogeneity: Tau®= 0.00; Chi*= 2.99, df=4 (P = 0.56); F= 0% ] 032 o' ) : 0

Testfor overall effect: Z= 0.71 (P = 0.48)

Favours SGLT-2 inhibitors  Favours placebo

FIGURE 1 Effect of sodium-glucose co-transporter-2 (SGLT-2) inhibitors compared with placebo on the risk for A, Upper respiratory tract
infection, B, Lower respiratory tract infection, C, Viral infection, D, Influenza and E, acute respiratory distress syndrome (ARDS)

significant decrease in the risk for upper respiratory tract infection
(RR = 0.95, 95% Cl; 0.48-1.88, I = 0%) and for lower respiratory tract
infection (RR = 0.66, 95% Cl; 0.39-1.13, 1> = 0%), as shown in
Figure 1A,B, respectively. In addition, SGLT-2 inhibitor treatment

produced a non-significant increase in the risk for viral infection
(RR = 1.15, 95% ClI; 0.49-2.71, 12 = 0%) and influenza (RR = 1.27, 95%
Cl; 0.70-2.32, I = 0%) specifically, as depicted in Figure 1C,D, respec-
tively. We have also shown that SGLT-2 inhibitor treatment led to a
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(A) SGLT-2 inhibitors Placeho Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
CANVAS 83 5790 67 4344 14.8% 0.93(0.68,1.29] ——
CREDENCE 63 2200 86 2187 14.8% 0.73[0.53,1.01) —
DAPA-HF 76 2368 82 2368 16.1% 0.93 [0.68,1.26] ——
DECLARE-TIMI 58 194 8574 219 8569 41.5% 0.89[0.73,1.07) -
EMPA-REG OUTCOME 79 4687 53 2333 12.8% 0.74 [0.53,1.09) ==
Total (95% CI) 23619 19811 100.0% 0.85[0.75, 0.97] &
Total events 495 507
Heterogeneity: Tau*= 0.00; Chi*= 2.22, df= 4 (P = 0.70); I*= 0% ?U 1 042 055 % é 104

Test for overall effect: Z= 2.52 (P = 0.01)

Favours SGLT-2 inhibitor Favours placeho

(B) SGLT-2 inhibitors Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
CANVAS 1 2886 0 1441 47.4% 1.50 [0.06, 36.76] * " >
DECLARE-TIMI 58 0 8574 2 8569 52.6% 0.20[0.01,4.16) * &
Total (95% Cl) 11460 10010 100.0% 0.52[0.06,4.70] = —
Total events 1 2
Heterogeneity: Tau®= 0.00; Chi*= 0.81, df= 1 (P = 0.37); F= 0% = ale 3 t 5

Test for overall effect: Z= 0.58 (P = 0.56)

Favours SGLT-2 inhibitor Favours placebo

(C) SGLT-2 inhibitors Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

CANVAS 8 5790 7 4344 175% 0.86 [0.31, 2.36]

CREDENCE 5 2200 72197 151% 0.71(0.23,2.24)

DAPA-HF 12 2368 6 2368 18.3% 2.00[0.75,5.32]

DECLARE-TIMI 58 15 8574 35 8569 28.4% 0.43[0.23,0.78) R —

EMPA-REG OUTCOME 10 4687 10 2333 20.7% 0.50(0.21,1.19) ——1

Total (95% Cl) 23619 19811 100.0% 0.71[0.41, 1.24] —~<E

Total events 50 65

Heterogeneity: Tau*= 0.18; Chi*=7.57, df= 4 (P=0.11); F= 47% 50 1 0:2 U=5 % é 3

Testfor overall effect. Z=1.20 (P = 0.23) Favours SGLT-2 inhibitor Favours placebo
FIGURE 2 Effect of sodium-glucose co-transporter-2 (SGLT-2) inhibitors compared with placebo on the risk for A, pneumonia, B, pharyngitis

and C, bronchitis

non-significant decrease in the risk for ARDS (RR = 0.68, 95% ClI;
0.24-1.96, 1% = 0%), as shown in Figure 1E.

Importantly, when we attempted to test whether different SGLT-2
inhibitors have a differential effect on the assessed primary safety out-
comes, we documented that the only significant results were observed
with canagliflozin: however, the latter provided a significant decrease in
the risk for lower respiratory tract infection (RR = 0.36, 95% Cl; 0.15-
0.87, I = 0%) (Figure S1a), leading to a significant increase in the risk
for influenza (RR = 4.23, 95% Cl; 1.07-16.67, 1> = 0%) (Figure S1b).
More details regarding the effect of each SGLT-2 inhibitor on each
outcome of interest are provided in Table S3.

Heterogeneity was low for all the evaluated comparisons. The
relative frequency of each primary safety outcome was extremely
low, as shown in detail in Table S4. The latter is reasonable, because
all these events were reported as adverse events during the trials,
which were designed to address surrogate cardiovascular and renal
outcomes; however, it also represents a limitation of our meta-
analysis.

Of note, as far as the secondary safety outcomes are con-
cerned, we showed that SGLT-2 inhibitor treatment compared with
placebo resulted in a significant decrease in the risk for pneumonia
by 15% (RR = 0.85, 95% Cl; 0.75-0.97, 1> = 0%), as depicted in

Figure 2A, also leading to a non-significant decrease in the risk for
pharyngitis (RR = 0.52, 95% Cl; 0.06-4.70, 12 = 0%) and bronchitis
(RR =0.71, 95% Cl; 0.41-1.24, 1?2 = 47%), as shown in Figure 2B,C,
respectively. Reporting bias is considered to be unclear for these
outcomes, as these trials were designed to assess ‘hard’ cardiovas-
cular and renal endpoints, while the safety outcomes analysed in this
meta-analysis were reported as adverse events. It remains unclear
whether diagnosis was based only upon clinical manifestations or if
additional laboratory investigation was performed in each case, because
diagnosis of upper respiratory tract infections is usually clinical, while
that of lower respiratory tract infections and pneumonia may require
further investigation. This constitutes, therefore, the major limitation to
our analysis.

To our knowledge, this is the first meta-analysis addressing
the risk for respiratory tract infections, viral infection and ARDS
with SGLT-2 inhibitors compared with placebo for the very high-
risk patients enrolled in the hallmark cardiovascular and renal
outcome trials, showing that this antidiabetic class of drugs do not
affect the risk for upper or lower respiratory tract infection,
influenza, viral infection or ARDS, despite the low relative
frequency of each outcome across the selected trials. Of course,
herein we show that SGLT-2 inhibitor treatment resulted in a
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significant decrease in the risk for pneumonia, a finding that
could be of exceptional value in the context of the COVID-19
pandemic.

Collectively, patients treated with SGLT-2 inhibitors do not
have an increased risk for respiratory infection compared with
patients with diabetes treated with other antidiabetic drug classes,
while they might have a decreased risk for pneumonia. These find-
ings have direct implications for the corresponding risk of these
patients to acquire a SARS-CoV-2 infection. Of course, continuation
or not of SGLT-2 inhibitors among patients with documented infec-
tion should always be made upon the treating physician's clinical
discretion. Finally, DARE-19 and other similar trials will provide fur-
ther insights into the safety and efficacy of SGLT-2 inhibitors in the
inpatient setting during the COVID-19 pandemic.
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