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Abstract
Introduction Sodium glucose cotransporter 2 (SGLT-2)
inhibitors are a relatively new drug-class of glucoselowering medications. Several trials and systematic
reviews have demonstrated their beneficial effect on some
macrovascular outcomes. Their effect on microvascular
outcomes has been reported as positive in several trials,
however, their effect remains uncertain. Therefore, we
report the protocol of a systematic review and metaanalysis aimed at determining the effect of SGLT-2
inhibitors regarding patient-important and surrogate
microvascular outcomes in patients with type 2 diabetes.
Methods and analysis A comprehensive search will be
conducted to find eligible articles from each database’s
earliest inception to November 2017. These databases
will include Ovid, MEDLINE, EMBASE, Web of Science, and
Scopus. We will search for randomized controlled trials
(RCTs) that compare any of the SGLT-2 inhibitors with any
other active treatment or placebo assessing microvascular
outcomes in either their primary or secondary outcomes.
Reviewers working independently and in duplicate will
review all abstracts, and full-text manuscripts for eligibility,
and will systematically extract the data and will assess
the risk of bias in the included studies. Random-effects
models will also be used.
Ethics and dissemination The results of the systematic
review will be disseminated via publication in a peerreviewed journal regardless of outcome and will be
presented at relevant conferences. The data we will use do
not include individual patient data, so ethical approval is
not required
PROSPERO registration number CRD42017076460.

Introduction
Globally, diabetes represents the leading
cause of end-stage renal disease/chronic
renal disease, blindness, clinical peripheral
neuropathy and amputations.1 2 Therefore,
decreasing the risk of the aforementioned
microvascular complications is a priority for
any diabetes therapeutic intervention and

Strengths and limitations of this study
►► One limitation of this systematic review is that data

availability and heterogeneity of outcomes definitions may vary among studies.
►► Another limitation is that outcomes from microvascular complications will be mostly from secondary
outcomes.
►► A third limitation of this systematic review is that
patient-important outcomes are scarcely reported in
20% of trials; therefore, data may not be enough to
draw precise conclusions.
►► One strength of this review is that this will be the
first systematic review and meta-analysis designed
to specifically assess the body of evidence regarding
the effectiveness of sodium glucose cotransporter 2
inhibitors in patients with type 2 diabetes regarding
microvascular outcomes.

represents a major concern for any healthcare system. Different strategies involving
a rigourous glycemic control have been
adopted to reduce this risk. Nonetheless, the
paradigm of tight glycemic control (ie, independently of the drug used) will result in a
decreased risk of microvascular complications has recently been dispelled. Recently,
a systematic review reported no effect of
tight glycaemic control (haemoglobin A1c
(HbA1c) <7.0%) when compared to conventional glycaemic control (HbA1c 8.0 - 8.5%)
regarding patient-important microvascular
outcomes (eg, end-stage renal disease, blindness, clinical neuropathy) in patients with
type 2 diabetes.3 Still, there is a positive,
however, inconsistent effect regarding surrogate markers (eg, microalbuminuria, photocoagulation).3 Other strategies, such as lipid
lowering (eg, fibrates), antiplatelet agents,
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Methods and analysis
Study design
This protocol adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Protocol
(see online supplementary file).20
Eligibility criteria
We will search for RCTs that compare any of the SGLT-2
inhibitors with any other active treatment or placebo, evaluating microvascular outcomes in either their primary or
secondary outcomes. We will consider studies enrolling
adults (18 years or older) with type 2 diabetes defined
by any recognised standard diagnosis criteria, regardless
of its evolution time, and with a minimum of ≥4 weeks
of intervention. We will exclude patients with any other
diagnosis of diabetes (type 1 diabetes, maturity onset
diabetes of the young (MODY), iatrogenic, gestational
diabetes, drug-induced diabetes or any other disease that
impairs secretion of insulin). There will be no language
restriction, and we will exclude studies with missing data
despite author contact.
Study identification
The search strategy will be designed by two experienced
librarians (AMF and NA-V) with input from the study’s
principal investigators (NA-V and RR-G). A comprehensive search will be conducted to find eligible articles in
several databases from each database’s earliest inception to November 2017. These databases will include
Ovid, MEDLINE, EMBASE, Web of Science and Scopus.
Controlled vocabulary supplemented with keywords will
2

be used to search for studies evaluating the effect of
SGLT-2 inhibitors on diabetes microvascular complications. The design and conduction of the search strategy
will be finished around November 2017. After we
complete the data extraction phase, we will conduct a
second search using the same criteria mentioned above
to update any missing trial published during the months
of data extraction. We will consult experts in the field and
the references from each included trial to identify studies
missed by our search strategy.
Selection of studies
Reviewers working independently and in duplicate will
review all abstracts and selected full-text manuscripts for
eligibility. Prior to formal abstract screening, a pilot, between
reviewers, will be carried out to clarify any misunderstandings and ensure adequate comprehension. Two reviewers
working independently and in duplicate will screen all titles
and abstracts of the selected articles to assess eligibility. In
this phase, we will be highly sensitive and therefore whenever reviewers disagree, the article will be included into the
full-text phase. Disagreements at full-text screening will be
resolved by consensus. Reasons for non-eligibility will be
documented by the reviewers. Chance-adjusted inter-rater
agreement for the title/abstract screening and the full text
will be calculated using the Kappa statistics.21 Before and
after both screening phases, the total number of included
and excluded articles will be documented, including
reasons for exclusion. Selection of studies will be carried
out from January to February 2018.
Outcomes of interest
Microvascular outcomes (ie, nephropathy, retinopathy,
peripheral neuropathy and peripheral vascular disease)
will be assessed. Also, we will assess patient-important
outcomes for any of the complications mentioned before.
For this protocol, we defined microvascular complications and patient-important outcomes as:
Nephropathy
Surrogates: doubling of the serum creatinine, macroalbuminuria and microalbuminuria, and estimated glormerular filtration rate (eGFR). Patient-important outcomes:
end-stage renal disease defined as a need for continuous
renal replacement therapy or renal transplant, chronic
renal disease stage ≥III or renal death.
Retinopathy
Surrogates: changes from baseline of retinal neovascularisation, cataract extraction, event reported in general
as retinopathy, retinal photocoagulation and treatment
with intravitreal agents. Patient-important outcomes:
diabetes-related blindness, vitreous haemorrhage, retinal
detachment, severe macular oedema and retinal artery
occlusion.
Peripheral neuropathy
Surrogates: changes from baseline of tendon reflexes,
and electrophysiological parameters such as nerve

Dorsey-Treviño EG, et al. BMJ Open 2018;8:e020692. doi:10.1136/bmjopen-2017-020692

BMJ Open: first published as 10.1136/bmjopen-2017-020692 on 30 June 2018. Downloaded from http://bmjopen.bmj.com/ on September 17, 2021 by guest. Protected by copyright.

smoking cessation, blood pressure control including ACE
inhibitors and life-style modification, in most cases, as a
multifactorial intervention have been reported to have a
positive effect, however, mostly over surrogate markers.
To date, there are at least 10 classes of antihyperglycaemic medications with different mechanism of action,
efficacy, adverse events, costs and convenience.4 5 Sodium
glucose cotransporter 2 (SGLT-2) inhibitors are one of
the novel and most used class of antihyperglycaemic
drugs and as a group are positioning themselves as a
promising therapeutic class in current diabetes treatment.6–8 Previous systematic reviews have demonstrated
their effectiveness in reducing HbA1c, body weight,
blood pressure9–11 and the risk of major cardiovascular
outcomes, including mortality.12 Their effect on microvascular patient-important outcomes and intermediate
(ie, surrogate) markers has been reported in several individual trials to be positive; however, across some of the
major randomised controlled trials (RCTs) their effect
appears to be inconsistent and imprecise, and remains in
great extent uncertain.13–19
Therefore, we plan to conduct a systematic review and
meta-analysis to determine the effect of SGLT-2 inhibitors on patient-important and surrogate microvascular
outcomes in adult patients with type 2 diabetes.

Open access

Peripheral vascular disease
Surrogate: abnormal ankle–brachial index and/or arterial
Doppler ultrasonography. Patient-important outcomes:
prolonged wound healing, ulcers or amputation.
Data collection process
Two reviewers working independently will collect data for
all the eligible articles. To standardise data extraction, a
web-based data extraction form will be designed including
information about type of study, baseline patient characteristics, drug being studied and effectiveness regarding
microvascular complications. Two or more reviewers
working independently and in duplicate will conduct a
pilot phase to assess any disagreement; disagreements will
be discussed and resolved by consensus. If any disagreement cannot be resolved by consensus, a third reviewer
will arbitrate the final decision. If necessary, modifications
on the form will be effectuated based on the feedback of
the reviewers to get optimal calibration. Data collection
will take place around March-April 2018.
Missing data
If major data (mean, median, SD, IQR, OR, effect sizes,
number of participants, etc) regarding our primary or
secondary outcomes is not clear, missing or presented in
a form that is unextractable from the full text, an email
will be sent to the corresponding author or the drug
manufacturer to clarify the situation. After a lapse of 10
days, a second email will be sent to the non-responders.
If the second attempt is unsuccessful, other authors will
be contacted. If none of the authors or manufacturers
respond, we will exclude the study. Every author and
manufacturer contact will be documented.
Risk of bias in individual studies and quality assessment
Two review authors working independently and in duplicate will use the Cochrane risk of bias tool to assess the
quality of RCTs based on the following domains: random
sequence generation (selection bias), allocation concealment (selection bias), blinding (performance bias and
detection bias), incomplete outcome data (attrition bias)
and selective reporting (reporting bias). We will also evaluate the overall quality of evidence for each outcome
using the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE).22 Disagreement
will again be resolved by consensus or if not possible, by
arbitration of a third reviewer. Risk of bias in individual
studies will be assessed around March-April 2018.
Sensitivity analysis
To explain possible inconsistencies across study results,
we will conduct the following subgroup analysis: patients
with long-term versus recent diabetes diagnosis, patients
with arterial hypertension as comorbidity versus patients
without arterial hypertension, and trials of primary versus

secondary cardiovascular prevention. If possible, we will
also try to analyze different drug doses.
Summary measures and data synthesis
A narrative synthesis of the findings from the included
studies will be provided, considered type of intervention,
target population characteristics, type of outcome and
intervention content. We will provide summaries of intervention effects for each study by calculating risk ratios
(for dichotomous outcomes) or standardised mean differences (for continuous outcomes). When more than one
study provide data on the same outcome measure, using
the same type of intervention and comparator, a cumulative meta-analysis will be performed. Statistical analyses will be performed using Review Manager V.5.3. and
results pooled following random-effects models in order
to best address the heterogeneity in population characteristics across studies. Χ2 test and the I2 statistic will be
used to assess heterogeneity between studies. A χ2 cut-off
value of p<0.10 and an I2 value >50% will be considered
as indicative of considerable heterogeneity not explained
by chance. To explore causes of inconsistency and
subgroup-treatment interactions, we developed protocol
prespecified subgroup analyses (previously mentioned in
the sensitivity analysis section).
Patient and public involvement
No patients or public were involved in the study.

Discussion
We anticipate this review will provide highly relevant
information for clinicians, policy-makers and guideline-makers that will benefit from a summary of the best
available evidence regarding the effect, in patients with
type 2 diabetes, of SGLT-2 inhibitors over microvascular
complications to counsel their patients and make higher
quality recommendations, accordingly. Also, this information might be important in those patients in whom a new
glucose-lowering drug is needed. At this point, patients
and clinicians will carefully have to consider the benefits
aside glucose reduction in light of the potential risks of
each drug class.
Several limitations can be foreseen of this review for
instance, data availability and heterogeneity of outcome
definitions may vary among studies. Probably, most of
the included trials will have as primary objective glucose
measures (ie, HbA1c) or macrovascular complications,
hence, data for microvascular outcomes will stem mostly
from secondary endpoints. Also, as patient-important
outcomes are evaluated by less than 20% of trials, data of
RCTs evaluating patient-important outcomes may not be
enough to have precision regarding their effect. However,
this will be the first systematic review and meta-analysis designed to specifically assess the body of evidence
regarding the effect of SGLT-2 inhibitors in patients with
type 2 diabetes regarding microvascular outcomes. In
addition, the review will be based on an extensive and
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conduction velocity and sensory conduction velocity.
Patient-important outcomes: (pain, numbness), sensory
loss (touch, vibration and quality of life).
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systematic literature search and will represent the best
estimate of effect from the available body of evidence.

