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Purpose: Sodium glucose cotransporter-2 inhibitors (SGLT2i) have been evaluated in 
children with type 2 diabetes mellitus (T2DM), type 1 diabetes mellitus (T1DM), and 
several other nondiabetic conditions. Potential tolerability issues have prevented 
the routine use of SGLT2i in children with diabetes. However, no meta-analysis to 
date has evaluated the safety and tolerability of SGLT2i in children. This systematic 
review and meta-analysis aimed to address this knowledge gap.
Methods: Databases were searched for randomized controlled trials (RCTs), case 
control, and cohort studies involving children receiving SGLT2i in the intervention-
arm. Primary outcome was occurrence of treatment emergent adverse events (TAEs). 
Secondary outcomes were evaluation of glycemic efficacy and occurrence of severe 
adverse events (SAEs), hypoglycemia, ketosis, genital or urinary infections, and any 
other adverse events.
Results: From the 27 articles initially screened, data from 4 RCTs (258 children) were 
analyzed. In children with T2DM, occurrence of TAEs (odds ratio [OR], 1.77; 95% 
confidence interval [CI], 0.93–3.36; P=0.08; I2=0%), SAEs (OR, 0.45; 95% CI, 0.08–2.54; 
P=0.37; I2=0%), ketoacidosis (OR, 0.33; 95% CI, 0.01–8.37; P=0.50), urinary tract 
infections (OR, 2.34; 95% CI, 0.44–12.50; P=0.32; I2=0%), and severe hypoglycemia 
(OR, 4.47; 95% CI, 0.21–96.40; P=0.34) were comparable among the SGLTi group 
and placebo. Compared to placebo, T2DM children receiving SGLTi had significantly 
lower glycosylated hemoglobin at 24–26 weeks (mean difference [MD], -0.79%; 95% 
CI, -1.33 to -0.26; P=0.004; I2=0%). In T1DM children, β-hydroxybutyrate levels were 
significantly higher in the SGLTi group than the placebo group (MD, 0.11 mmol/
L; 95% CI, 0.05–0.17; P=0.0005; I2=53%). In T1DM, there was not a single report of 
an SAE, ketoacidosis, or severe hypoglycemia in either the placebo or treatment 
groups, but time-in-range was considerably greater in the SGLT2i group than the 
placebo group (68%±6% vs. 50%±13%, P<0.001).
Conclusion: SGLT2i use in children and young adults appears to be both safe and 
tolerable based on our meta-analyses and review of the literature.
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Highlights

·  Sodium glucose cotransporter-2 inhibitors (SGLT2i) use leads to significantly lower 
glycosylated hemoglobin without increase in adverse effects in children and young adults 
with type 2 diabetes mellitus.

·   SGLT2i use in type 1 diabetes mellitus (T1DM) leads to increased time-in range with a 
reduction in insulin dosage.
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·  SGLT2i use in T1DM leads to increased beta hydroxy
butyrate levels but this does not translate to increased 
occurrence of diabetic ketoacidosis.

Introduction

The U.S. Food and Drug Agency (FDA) approved the use 
of  sodium-glucose cotransporter-2 inhibitors (SGLT2i), 
specifically empagliflozin, for the treatment of type 2 diabetes 
mellitus (T2DM) in children aged 10 years or older on June 20, 
2023.1) The exponential increase in the burden of obesity in the 
general population and specifically in children in the last few 
decades has given rise to the new problem of T2DM in children. 
A recent systematic review of data from 8,942 children with 
T2DM documented the prevalence of obesity in these children 
at the time of diagnosis of T2DM to be 77.24% (95% confidence 
interval [CI], 70.55%–83.34%).2) A recent meta-analysis of data 
from 228,184 children reported that the prevalence of T2DM 
in obese children was 1.3% (95% CI, 0.6%–2.1%), which is 13 
times the prevalence in normal weight children (0.1%; 95% CI, 
0.01%–0.2%).3) The approval of empagliflozin by the FDA is 
likely to exponentially increase the use of SGLT2i in children 
with T2DM.

The glycemic efficacy of SGLT2i as antidiabetes medications 
has been well established across the globe with clinical use 
spanning more than a decade. However, the tolerability and 
side-effect profiles of this class has drugs has prevented their 
widespread used in in children with diabetes, specifically 
T2DM. SGLT2i have been tried in children with type 1 diabetes 
mellitus (T1DM), especially in those who are overweight 
or obese.4,5) More recently, SGLT2i have been used to treat 
nondiabetic conditions in children such as congenital severe 
insulin resistance syndromes,6,7) neutropenia in children with 
glycogen storage disease type 1b,8) Prader Willi syndrome,9) 
heart failure,10) and hereditary proteinuric kidney disease.11)

It is therefore critically important to document the safety 
and tolerability of use of SGLT2i in children with different 
clinical conditions before more extensive use in clinical practice. 
A literature review revealed that to date, no meta-analysis 
evaluating the safety and tolerability of SGLT2i in children 
has been published. Hence, our aim in this systematic review 
and meta-analysis was to evaluate the safety and tolerability of 
SGLT2i use in children.

Materials and methods

The meta-analysis was carried out according to the recom
mendations of the Cochrane Handbook for Systematic Reviews 
of Interventions and followed the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses), the filled 
checklist of which can be found at the end of the manuscript.12) 
The predefined protocol was registered in PROSPERO under 
registration number CRD42023439736. All randomized 
controlled trials (RCTs), case control studies, and cohort studies 
published till May 2023 were considered for this systematic 
review. Since ethical approval already exists for the individual 

studies included in the meta‑analysis, no separate approval 
was required for this study. PICOS (Population, Intervention, 
Comparison, Outcomes, and Study) criteria were used to screen 
and select studies for this systematic review. Only children and 
young adults receiving any SGLT2i for a clinical condition such 
as T2DM, T1DM, insulin resistance syndrome, cardiac disease, 
and renal disease were considered for this systematic review. 
Adults (individuals older than 25 years) were excluded from this 
study.

The primary outcome was the occurrence of treatment 
emergent adverse events (TAEs). The secondary outcomes of 
this study were the occurrence of severe adverse events (SAEs), 
hypoglycemia, euglycemic ketosis, hyperglycemic ketosis, genital 
infections, urinary tract infections (UTIs), pyelonephritis, any 
other adverse event reported, glycemic efficacy in children with 
diabetes, and any other pleotropic benefit documented.

Electronic databases of MEDLINE (via PubMed), Embase 
(via Ovid SP), Cochrane central register of controlled trials 
(CENTRAL) (for trials only), ctri.nic.in, clinicaltrials.gov, global 
health, and Google scholar were searched using the following 
Boolean search strategy: "(SGLT2) OR (dapagliflozin) OR 
(empagliflozin) OR (sodium glucose co-transporter 2)" AND 
"(children) OR (adolescent)". Data extraction was carried out 
independently by 2 authors. Details of data extraction are 
described in a previous publication from our group.13) Three 
authors independently assessed the risk of bias using the risk 
of bias assessment tool in Review Manager (Revman) version 
5.4 (The Cochrane Collaboration, Oxford, UK 2014) software 
as described previously.14) For continuous variables, outcomes 
were expressed as mean differences (MDs). For dichotomous 
outcomes (treatment success), results were expressed as odds 
ratios (ORs) with 95% confidence intervals (CIs). RevMan 
5.4 was used to compare the MDs of different primary and 
secondary outcomes. Data were pooled in random effect models 
to analyze primary and secondary outcomes. Outcomes were 
expressed as 95% CI. Heterogeneity was initially assessed by 
studying Forest plots generated for the primary and secondary 
outcomes of this study. Subsequently heterogeneity was analyzed 
using a chi-square test with N-1 degrees of freedom.15) Details 
of these analyses are provided in our previous publications.13,14) 
Overall grading of the evidence (certainty of the evidence) 
related to each of  the primary and secondary outcomes 
was done using the GRADE (Grades of Recommendation, 
Assessment, Development and Evaluation) approach16) as 
described previously.14) GRADEpro Guideline Development 
Tool software (McMaster University and Evidence Prime Inc, 
2015) was used to create the summary of findings table for this 
meta-analysis.

Publication bias was assessed by generating funnel plots.16) 
Presence of one or more of the smaller studies outside the 
inverted funnel plot was taken as evidence of the presence of 
significant publication bias.17)
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Results

Three duplicate articles were removed from the initial set 
of 27 articles found after the initial search (Fig. 1). Further 
screening of titles, abstracts, and full-texts reduced our search 
down to 11 studies which were evaluated in detail (Fig. 1). 
Data from 4 trials involving 177 individuals with T2DM and 
81 individuals with T1DM were analyzed. The RCT by Laffel 

et al.18) was included in the meta-analysis as it evaluated the 
efficacy of empagliflozin in children with T2DM as compared 
to placebo and linagliptin. The RCT by Tamborlane et al.19) was 
also included in the meta-analysis as it evaluated the efficacy 
and safety of dapagliflozin as compared to placebo in children 
with T2DM. Biester et al.20,21) evaluated the safety and efficacy 
of dapagliflozin in addition to insulin therapy in patients with 
T1DM. Baseline characteristics of the studies included in the 
analysis are depicted in Table 1. Laffel et al.22) and Tirucherai et 
al.23) evaluated the pharmacokinetics and pharmacodynamics 
of empagliflozin and dapagliflozin, respectively, in T2DM, but 
did not have a control arm and their studies were therefore 
excluded from the meta-analysis. Studies by Grünert et al.8) and 
Halligan et al.24) were observational studies evaluating the safety 
and efficacy of empagliflozin in children with glycogen storage 
disease type 1b. Cui et al.11) evaluated the safety and efficacy 
of dapagliflozin in children with inherited proteinuric kidney 
disease. Newland et al.10) studied the impact of dapagliflozin in 
pediatric heart failure. Dapagliflozin was found to be useful in 
young obese children with T1DM with regards to reduction 
in body weight, glycemic control, and insulin requirements.25) 
Studies excluded from analysis are summarized in Table 2.

1. Risk of bias in the included studies

Supplementary Fig. 1A and B elaborate the risk of bias. All 
4 studies included in the meta-analysis were at low risk for 
random sequence generation, allocation concealment bias, 
performance bias, detection bias, attrition bias, and reporting 
bias (100%). Source of funding, especially pharmaceutical 
industry funding, defined as one or more authors from the 
pharmaceutical organization involved in the development of 

In
cl

ud
ed

Sc
re

en
in

g
Id

en
tif

ic
at

io
n

Identification of studies via databases and registers

Records identified from:
27 Databases 
0 Registers 

24 Records screened by title 
and abstract

11 Reports sought for retrieval

11 Reports assessed for 
eligibility

4 RCTs included in meta-
analysis

13 Records excluded

0 Reports not retrieved 
0 Reports removed as were not 

trials 

Reports excluded (n=7) 

Records removed before screening:
3 Duplicate records removed 
0 Records marked as ineligible by 

automation tools 
0 Records removed for other 

reasons 

Fig. 1. Flowchart describing study retrieval and inclusion in the meta-analysis. 
RCT, randomized controlled trial.

Table 1. Summary of major randomized controlled trials/cohort studies published on the use of sodium-glucose cotransporter-2 
inhibitors in children

Variable
Laffel et al. (2023)18) Tamborlane et al. (2022)19) Biester et al.20) (2021) Biester et al.21) (2017)

Empagliflozin 
group (n=52)

Placebo group 
(n=53)

Dapagliflozin group 
(n=39)

Placebo group 
(n=33)

Dapagliflozin group 
(n=30)

Study group
(n=33)

Age (yr) 14.4±1.9 14.6±1.8 16.1±3.3 16.2±3.6 17 (12-20) -
Male sex 19 (37%) 19 (36%) 15 (38%) 14 (42%) -
Disease duration (yr) <1 yr, 33%; 1–3 yr, 

40%; >3 yr, 27%
<1 yr, 34%; 1–3 yr, 

45%; >3 yr, 21%
<3 yr, 56%; 3–10 yr, 

38%; >10 yr, 5%
<3 yr, 56%; 3–10 yr, 

38%; >10 yr, 5%
11 (3–18) -

BMI (kg/m2) 35.54±7.17 36.07±10.07 31.3±7.5 33.6±8.8 23 (18–32) -
SBP (mm Hg) 120.23±9.97 118.13±11.85 119.4±12.9 118.2±15.2 - -
DBP (mm Hg) 72.03±8.38 72.22±9.27 73.4±8.8 75.8±7.6 - -
Baseline HbA1c (%) 8.0±1.29 8.05±1.23 7.95±1.59 7.85±1.19 8.40 (6.6–9.9) 5%–7.5%, n=11 

7.5%–9%, n=11 
>9%, n=11

Side effects Any adverse event, 
77%; SAE, 2%; 
DKA, 0%

Any adverse event, 
64%; SAE, 5%; 
DKA, 2%

Any adverse event, 
69%; SAE, 3%; DKA, 
0%; hypoglycemia, 
28%; UTI, 5%

Any adverse event, 
58%; SAE, 6%; DKA, 
0%; hypoglycemia, 
18%; UTI, 3%

No SAE, severe 
hypoglycemia, 
DKA

No SAE; headache 
dapagliflozin 15% 
vs. placebo 15.6%; 
URTI dapagliflozin 
9.1% vs. placebo 
15.6%

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; SAE, serious adverse 
events; DKA, diabetic ketoacidosis; UTI, urinary tract infection; URTI, upper respiratory tract infection.
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the drug, involvement of pharmaceutical organization in data 
analysis and manuscript preparation, or conflicts of interest 
were evaluated in the "other bias" section. All 4 studies were at 
high risk for this type of bias (100%).

2. Effects of SGLT2 inhibitors on primary and secondary 
outcomes

1) T2DM: safety and efficacy of SGLT2 inhibitors in T2DM
The occurrence of treatment emergent adverse events (TAEs) 

(OR, 1.77; 95% CI, 0.93–3.36; P=0.08; I2=0%; low heterogeneity 
[LH]; high certainty of evidence (HCE); Fig. 2A), serious adverse 
events (SAEs) (OR, 0.45; 95% CI, 0.08–2.54; P=0.37; I2=0%; LH; 
HCE; Fig. 2B), diabetic ketoacidosis (OR, 0.33; 95% CI, 0.01–
8.37; P=0.50; HCE; Fig. 2C), UTIs (OR, 2.34; 95% CI, 0.44–12.50; 
P=0.32; I2=0%; LH; HCE; Fig. 2D), and severe hypoglycemia 
requiring assistance (OR, 4.47; 95% CI, 0.21–96.40; P=0.34; 
HCE) were comparable among patients receiving SGLT2i as 
compared to placebo.

As compared to placebo, patients receiving SGLT2i had 
significantly lower HbA1c at 24–26 weeks (MD, -0.79%; 95% CI, 
-1.33 to -0.26; P=0.004; I2=0%; LH; HCE; Fig. 2E).

2) T1DM: safety and efficacy of SGLT2 inhibitors in T1DM
Beta hydroxybutyrate levels were significantly higher 

in the SGLT2i group than the placebo group (MD, 0.11 
mmol/L; 95% CI, 0.05–0.17; P=0.0005; I2=53%; moderate 
heterogeneity; moderate certainty of evidence; Fig. 2F). There 
was no occurrence of SAEs, diabetic ketoacidosis, or severe 
hypoglycemia in the treatment or placebo groups.

Time-in-range was considerably greater in the SGLT2i group 
than the placebo group (68%±6% vs. 50%±13%, P<0.001), and 
nocturnal glucose was significantly lower with dapagliflozin 
(6.2±0.7 mmol/L vs. 7.3±1.7 mmol/L, P=0.003) without an 
increase in time-below-range.20) In another study, regardless of 
baseline HbA1c, mean total insulin dosage over the course of 
24 hours was significantly lower (P<0.0001) following SGLT2i 
therapy than placebo administration (0.92 U/kg/24 hr vs. 
1.10 U/kg/24 hr), representing a mean reduction of -13.6%.21) 
Funnel plots drawn to assess publication bias are presented in 
Supplementary Fig. 2. Key outcomes of this study are described 
in Table 3.

Discussion

In a population-based study from India involving data from 
35,830 adolescents, the prevalence of prediabetes or diabetes 

Table 2. Summary of major observational/single arm studies published on the use of sodium-glucose cotransporter-2 inhibitors in 
children
Study No. of patients; clinical condition Intervention Key outcomes Safety
Grünert et al.8) 

(2022) 
112; GSD Ib; no control group: 

median age, 12.8 yr (range, 0–38 
yr) 

Empagliflozin 0.35 mg/kg/day 55% Patients previously treated with 
G-CSF had completely stopped G-CSF; 
15 (17%) were able to reduce the dose.

Severe hypoglycemia (18%), 
DKA (1%)

Newland et 
al.10) (2023) 

30; Heart failure (LVEF<45%); no 
control group: median age, 12.2 
yr (IQR, 6.2–17.5 yr) 

Dapagliflozin 0.1–0.2 mg/kg 
once daily (maximum 10 
mg)

Median follow-up: 130 days (IQR. 76–332 
days); LVEF increased from 32% to 
37.2% (P=0.006)

Symptomatic UTI necessita
ting antibiotics, 15.8%; 
hypoglycemia, 0; hypo
volemia, 0

Cui et al.11) 
(2023) 

23; primary proteinuric kidney 
disease (Alport, Dent’s, FSGS); 
no control group: age, 10.8±2.9 
yr

Dapagliflozin 5 mg per day 
(body weight <30 kg) or 10 
mg per day (body weight 
>30 kg) for 12 wk

24-hr proteinuria decreased from 
baseline at 12 wk (1.75 [1.46–2.20] g/
m2  vs. 1.84 [1.14–2.54] g/m2, P<0.05)

Hypoglycemia, 0; SAE, 0

Laffel et al.22) 
(2018) 

27; T2DM; no control group: age, 
10–17 yr

5, 10, 25-mg empagliflozin in 
9,8 and 10 participants 

Adjusted mean decreases in fasting 
plasma glucose were 0.9 mmol/L 
(95% CI, -1.7, -1.8, -0.1), 0.9 mmol/L 
(95% CI, -0.2), and 1.1 mmol/L (95% CI, 
0.5) for the 5-, 10-, and 25-mg doses, 
respectively

Hypoglycemia, 0; SAE, 0; mild 
dehydration, 3.7%

Tirucherai et 
al.23) (2016) 

24; T2DM; no control group: age, 
10–17 yr

2.5, 5, and 10-mg dapagliflozin 
in 8 participants each

Mean FPG concentrations were lower 
for all dose groups on day 2 (6.9, 6.2, 
and 6.8 mmol/L for 2.5, 5, and 10-mg 
groups, respectively

SAE, 0; deaths, 0

Urakami et 
al.25) (2023) 

22; T1DM; no control group: mean 
age, 25.5±5.1 yr

Dapaglifozin 5 mg as an 
adjunct to insulin therapy

After 12 months, glycemic control 
improved significantly (fasting plasma 
glucose: -18.7 mg/dL, HbA1c: -0.62%, 
P<0.001), BMI reduction was significant 
(-1.7 kg/m2, P<0.001). Insulin dose 
decreased (-0.17 units/kg, P<0.001)

SAE, 0; 1 episode of DKA

GSD, Glycogen storage disease; G-CSF, granulocyte-colony stimulating factor; DKA, diabetic ketoacidosis; LVEF, left ventricular ejection 
fraction; IQR, interquartile range; UTI, urinary tract infection; FSGS, focal segmental glomerulosclerosis; T2DM, type 2 diabetes mellitus; CI, 
confidence interval; SAE, severe adverse events; FPG, fasting plasma glucose; T1DM, type 1 diabetes; BMI, body mass index.
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(A)

(B)

(C)

(D)

(E)

(F)

Heterogeneity: Chi2=0.03, df=1 (P=0.86); I2=0%
Test for overall effect: Z=1.75 (P=0.08)

Heterogeneity: Chi2=0.01, df=1 (P=0.91); I2=0%
Test for overall effect: Z=0.90 (P=0.37)

Heterogeneity: Not applicable
Test for overall effect: Z=0.67 (P=0.50)

Heterogeneity: Tau2=0.00; Chi2=0.11, df=1 (P=0.74); I2=0%
Test for overall effect: Z=1.00 (P=0.32)

Heterogeneity: Tau2=0.00; Chi2=0.03, df=1 (P=0.86); I2=0%
Test for overall effect: Z=2.92 (P=0.004)

Heterogeneity: Tau2=0.00; Chi2=2.15, df=1 (P=0.14); I2=53%
Test for overall effect: Z=3.46 (P=0.0005)

Fig. 2. Forest plot highlighting the impact of SGLT2i as compared to placebo in type 2 diabetes on (A) treatment emergent adverse events; (B) serious adverse events; 
(C) diabetic ketoacidosis; (D) urinary tract infections; (E) forest plot highlighting the impact of SGLT2i as compared to placebo in type 2 diabetes on HbA1c; (F) forest plot 
highlighting the impact of SGLT2i as compared to placebo in type 1 diabetes on beta hydroxybutyrate levels. SGLT2i, sodium-glucose cotransporter-2 inhibitors; HbA1c, 
glycosylated hemoglobin; M-H, Mantel-Haenszel; IV, inverse variance; CI, confidence interval; df, degrees of freedom; SD, standard deviation.
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was 12.3% and 8.4%, respectively.26) An exponential increase 
in the prevalence of obesity among adults and kids following 
the coronavirus disease 2019 (COVID 19) pandemic has 
contributed to the increased prevalence of T2DM in children. 
A network meta-analysis published in 2022 highlighted that 
metformin, saxagliptin, linagliptin, exenatide, liraglutide 
and dapagliflozin have been evaluated in different clinical 
trials in children with T2DM and advocated for the use of 
the saxagliptin metformin combination to treat T2DM in 
children.27) Saxagliptin use has decreased significantly in adults 
with T2DM following the issue of a black box warning for heart 
failure.28) Since then, many more studies have been published on 
oral antidiabetes medication use in children, especially SGLT2i 
like empagliflozin.

In a phase 2 study involving 24 children (10–17 years old) 
with T2DM, dapagliflozin was shown to have pharmacokinetics 
and pharmacodynamics in children similar to that of adults, 
indicating no need for dose adjustment with regard to 
dapagliflozin use in children.23) A similar study of 27 children 
aged 10–17 years with T2DM demonstrated empagliflozin 
had similar pharmacokinetics and pharmacodynamics in 
children as were observed in adults, indicating no need for dose 
adjustment with regards to empagliflozin use in children.22)

Our analysis indicated that use of SGLT2i (dapagliflozin 
and empagliflozin) in children with both T1DM and T2DM is 
safe. SGLT2i are in general well tolerated in children and have 
a side-effect profile similar to that noted in adults. Though it 
is plausible that increased urinary glucose excretion brought 
about by SGLT2i can cause a UTI, the incidence of UTIs was 
similar in the treatment and placebo groups of children with 
T2DM. Though β hydroxybutyrate levels were significantly 
higher in the SGLTi group than the placebo in T1DM, this 
elevation was mild and was not severe enough to cause DKA. 
Health advantages of modest hyperketonemia are also possible. 
The mild hyperketonemia brought on by the SGLT2i metabolic 
substrate shift observed in the current study as well as the rapid 
onset of cardiovascular disease benefits in the EMPA-Reg trial 
may be directly related to β-HBA being freely taken up by the 

heart among other organs and oxidized in preference to fatty 
acids, and it will be interesting to see if this applies to T1DM 
subgroups as well.29) Patients with T1DM with metabolic 
syndrome on SGLT2i are at higher risk of euglycemic ketosis 
during sick days. Sick day guidelines should therefore be more 
efficiently implemented during those days in patients with 
a low threshold for increasing the total daily insulin dose 
requirements, and if needed, SGLT2i should be withheld for a 
few days until the patient recovers.30)

Current diabetes management guidelines recommend the use 
of metformin and glucagon-like peptide-1 receptor agonists, 
especially liraglutide, in adolescents and children with T2DM.31) 
The Australasian Pediatric Endocrine Group guidelines suggest 
exploring newer antidiabetes medicines already approved for 
managing T2DM in adults in children.32) Based on the current 
efficacy and safety data, it is very likely that other SGLT2i in 
addition to empagliflozin will be approved for managing T2DM 
in children, apart from the conditional approval for use of 
SGLT2i in T1DM children with metabolic syndrome. Pleotropic 
benefits of SGLT2i include a reduction in fatty liver disease, 
uric acid levels and blood pressure, which are of importance 
in children with diabetes and metabolic syndrome.33,34) It must 
be realized that the benefits of use of SGLT2i in kids would 
primarily be in T2DM with obesity (diabesity). Caution should 
be exerted in lean children.

Limitations of our systematic review include the small 
number of RCTs available for analysis. Hence there remains an 
urgent need for bigger RCTs with a longer duration of follow-
up evaluating all the different types of SGLT2i in children and 
adolescents with T2DM. To conclude, our systematic review 
provides us with reassuring data on the safety of use of SGLT2i 
in children and young adults.

Notes

Supplementary material: Supplementary Figs. 1 and 2 can be 
found via https://doi.org/10.6065/apem.2346162.081.

Conflicts of interest: No potential conflict of interest relevant 

Table 3. Summary of findings of the key outcomes of this metanalysis in children with type 2 diabetes

Outcome
Anticipated absolute effects* (95% CI) Relative effect

(95% CI)
No. of participants

(studies)
Certainty of the evidence

(GRADE)Risk with placebo Risk with SGLT2i
Any adverse event 616 per 1,000 740 per 1,000

(599 to 844)
OR 1.77 (0.93 to 3.36) 177 (2 RCTs) ⊕⊕⊕⊕

High
Serious adverse events 47 per 1,000 21 per 1,000

(4 to 110)
OR 0.45 (0.08 to 2.54) 177 (2 RCTs) ⊕⊕⊕⊕

High
Diabetic ketoacidosis 12 per 1,000 4 per 1,000

(0 to 90)
OR 0.33 (0.01 to 8.37) 177 (2 RCTs) ⊕⊕⊕⊕

High
Urinary tract infection 24 per 1,000 53 per 1,000

(10 to 231)
OR 2.34 (0.44 to 12.50) 177 (2 RCTs) ⊕⊕⊕⊕

High
Severe hypoglycemia 

requiring assistance
0 per 1,000 0 per 1,000

(0 to 0)
OR 4.47 (0.21 to 96.40) 177 (2 RCTs) ⊕⊕⊕⊕

High
CI, confidence interval; SGLT2i, sodium-glucose contransporter-2 inhibitor; OR, odds ratio; RCT, randomized controlled trial.
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the 
relative effect of the intervention (and its 95% CI).
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