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Abstract

INTRODUCTION

Diabetes mellitus (DM) refers to a group of common
metabolic disorders having the common pathology of

Sodium glucose co-transporter 2
inhibitors for glycemic control in type 2
diabetes mellitus: Quality of reporting
of randomized controlled trials

Background: Sodium glucose co-transporter 2 inhibitors represent a novel class of antidiabetic
drugs. The reporting quality of the trials evaluating the efficacy of these agents for glycemic
control in type 2 diabetes mellitus has not been explored. Our aim was to assess the reporting
quality of such randomized controlled trials (RCTs) and to identify the predictors of reporting
quality. Materials and Methods: A systematic literature search was conducted for RCTs
published till 12 June 2014. Two independent investigators carried out the searches and assessed
the reporting quality on three parameters: Overall quality score (OQS) using Consolidated
Standards of Reporting Trials (CONSORT) 2010 statement, Jadad score and intention to
treat analysis. Inter-rater agreements were compared using Cohen’s weighted kappa statistic.
Multivariable linear regression analysis was used to identify the predictors. Results: Thirty-seven
relevant RCTs were included in the present analysis. The median OQS was 17 with a range from
810 21. On Jadad scale, the median score was three with a range from 0 to 5. Complete details
about allocation concealment and blinding were present in 21 and 10 studies respectively. Most
studies lacked an elaborate discussion on trial limitations and generalizability. Among the factors
identified as significantly associated with reporting quality were the publishing journal and
region of conduct of RCT. Conclusions: The key methodological items remain poorly reported
in most studies. Strategies like stricter adherence to CONSORT guidelines by journals, access
to full trial protocols to gain valuable information and full collaboration among investigators
and methodologists might prove helpful in improving the quality of published RCT reports.

Key words: Consolidated Standards of Reporting Trials, diabetes mellitus, intention to treat,
Jadad score, randomized controlled trials, sodium glucose co-transporter 2 inhibitors

hyperglycemia. Over the last two decades, there has been
a huge rise in worldwide prevalence of DM from an
estimated 30 million cases in 1985-285 million in 2010
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which is further expected to increase to >360 million by
2030." The American Diabetes Association recommends
pharmacological as well as nonpharmacological
(medical nutrition therapy, physical exercise, diabetes
self-management education and support etc.) approaches
for diabetic control.”! Various currently available
classes of drugs include sulfonylureas, biguanides,
thiazolidinediones, meglitinides, alpha-glucosidase
inhibitors, incretin analogs and dipeptidyl peptidase 4
inhibitors. However, undesirable side-effects of existing
drugs complexed with multiple pathophysiological factors
involved impede the efforts to achieve glycemic goals in
approximately two-third of the diabetic patients.”! Thus,
there is a desperate need for novel alternative treatment
options.

Sodium glucose co-transporter 2 (SGLT2) inhibitors
provide a novel therapeutic strategy to augment renal
glucose excretion in type 2 diabetic patients."! A number of
compounds belonging to this group have been discovered.
Of these, canagliflozin, dapagliflozin and empagliflozin are
approved by US Food and Drug Administration for use as
monotherapy or adjunct to other oral antidiabetic drugs
for the management of type 2 DM. Among other SGLT2
inhibitors undergoing various stages of development are
remogliflozin, ipragliflozin, sergliflozin, luseogliflozin,
tofogliflozin and desoxyrhaponticin.! The efficacy and
safety of these agents for controlling hyperglycemia in
type 2 diabetes has been evaluated in several clinical trials
and meta-analyses with some concerns like urogenital
infections, cardiovascular events, bladder and breast
cancers.*

Randomized controlled trials (RCTs) are accepted as “gold
standard” in evidence-based medicine for establishing the
effectiveness of any health catre intervention.” Good
quality RCTs are deemed essential for developing clinical
practice guidelines, guiding journal peer review decisions,
conducting unbiased meta-analyses and interpretation
of evidence. Usually, RCT report serves as the sole
evidence to appraise the design, conduct and analysis
of RCTs. However, in order to be reflective of the
methodological quality of RCTs, the reports should
be of good quality. To improve the reporting quality
of published RCTs, the Consolidated Standards of
Reporting Trials (CONSORT) statement, an international
consensus expert guideline was developed in 1996, and
last updated in 2010.”' The CONSORT is widely
accepted in the field of clinical trials and is supported by
an increasing number of healthcare journals and leading
editorial organizations. The impact of using CONSORT
statement on improving the reporting quality of RCTs
has been assessed in several studies.!*"

Extensive literature search could not reveal any data on
quality of reporting of RCTs on SGLT2 inhibitors for
type 2 DM. Taking into account the accumulated evidence
on efficacy of this class of drugs and nonuniform formal
endorsement of CONSORT statement by various
endocrinology journals, it was considered relevant to
explore and quantify the quality of RCT reporting in this
area. Hence, the present study was planned to assess the
quality of published RCTs on SGLT2 inhibitors for type 2
diabetes with a special focus on key methodological items
like randomization, allocation concealment, blinding and
analysis according to intention to treat (ITT) principle.
Also, we tried to identify the factors predicting the reporting

quality.

MATERIALS AND METHODS

Search strategy

A comprehensive and systematic literature search was
conducted using Medline, Embase and Cochrane Central
Register of Controlled Trials (CENTRAL) from inception
through June 2014 to identify relevant articles. The search
was last updated on 12 June 2014. Our strategy included
“SGLT2 inhibitors” and “trials.” Two investigators carried
out the search independently. All the searches were
subsequently combined to retrieve the relevant articles.
Manual search was carried out through the reference
sections of printed articles to identify any additional
potential articles.

Inclusion/exclusion criteria

Randomized controlled trials evaluating the efficacy
of SGLT2 inhibitors for glycemic control in patients
with type 2 DM were identified and included in the
present analysis. RCTs with primary end points other
than glycemic control in type 2 DM were not included.
All other studies including observational, cohort,
pharmacokinetic/pharmacodynamic, drug-interaction,
conference abstracts, and non-RCTs were excluded.
Studies published in non-English languages were also
excluded.

Assessment of reporting quality

Two independent investigators, blinded to each other’s
ratings, assessed the reporting quality of RCTs on the
following parameters.

Overall quality score

The overall quality of reporting was rated using CONSORT
2010 statement."! An overall quality score (OQS)
was assigned using 22 of the 25 items (Item no. la,
1b, 2-17, 19-22) from CONSORT checklist. A score
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of 1 was given for an item well reported and 0 if it was
not reported or not clear. The total score for a study was
obtained by summing the scores for individual items, with
a maximum total score of 22.

Jadad score

The Jadad scale, also known as Oxford Quality Scoring
system, was developed through standardized item reduction
process in 1996." This is a three item scale focusing on
information pertaining to randomization, blinding and
drop-outs. When the study is described as randomized and
double blind, a score of one is given in each of the two
categories. An additional one pointis given if the methods
are described in detail and appropriate while one point is
deducted if the description of the method is missing or
inappropriate. If the numbers and reasons of drop-outs
in all the study groups are provided, one point is given.
The total score obtained by summing the individual items
ranges from 0 to 5; a score of 23 indicating high quality
and =2 indicative of low quality.

Intention to treat analysis

Analysis according to the ITT principle was assessed
separately due to its importance in avoiding bias and
distortions of the effect estimates.""! Different researchers
may carry different meanings for ITT. In this study, we
adopted the most common and strictest interpretation, that
is inclusion of all randomly assigned patients in the analysis,
regardless of whether they actually satisfied the entry
criteria, the treatment actually received, and subsequent
withdrawal or protocol deviations.''*!

Statistical analysis

The characteristics of the studies, OQS, Jadad scores
and ITT analysis were described by descriptive analysis.
Chance-adjusted inter-rater agreements for literature search
and RCT quality assessment were compared using Cohen’s
weighted kappa statistic. The agreement was judged as good
if kappa =0.81, substantial for kappa 0.61-0.8, moderate
for kappa 0.41-0.6, fair for kappa 0.21-0.4 and poor for
kappa <0.2."" Multivariable linear regression analysis was
conducted to identify the factors associated with reporting
quality of RCTs using OQS and Jadad score as outcome
variables.

RESULTS

Figure 1 outlines the study selection process. Out of a
total of 129 reports of “SGLT2 inhibitors in trials,” 89
RCTs of “SGLT2 inhibitors in DM” were identified.
Further assessment of eligibility extracted 37 relevant
RCTs for inclusion in the present analysis. The inter-rater
agreement (kappa) between the two investigators for

Reports of
“SGLT 2 inhibitors in
trials”™
(N=129)

Reports excluded (N=40)

PK/PD, Drug interaction studies
(n=37)
Conference abstracts (n=3)

RCTs of SGLT 2 inhibitors
in diabetes mellitus
(N=89)

RCTs excluded (N=52)

Non-glycemic end points.
(n=28)

Duplicates (n=16)

Non English languages (n=4)
Cross-over study (n=1)
Study protocols (n=3)

RCTs included for
assessment
(N=37)

Figure 1: Flowchart of the article selection process

article selection was 0.89 (95% confidence interval [Cl]:
0.83-0.95).

Characteristics of retrieved randomized controlled trials
Table 1 summarizes the characteristics of RCTs identified
as relevant for the present study. Among the SGLT2
inhibitors, dapagliflozin and canagliflozin were studied
in more than 70% trials. Most of the trials were placebo
controlled. Around 70% trials recruited patients from more
than one continent (International), while around 19% were
conducted in North America. All the trials were funded by
pharmaceutical industries with more than 80% receiving
complete industrial funding. Most of the articles (65%)
were published in “Diabetes, Obesity and Metabolism™ and
“Diabetes Care” journals and maximum were published in
journals with impact factors between 5 and 10.

Quality of reporting

Overall quality score

The rating of overall reporting using items from CONSORT
checklist is shown in Table 2. The overall inter-rater
agreement (kappa) for OQS was 0.72 (95% CI: 0.56-0.85).
Most items were consistently well-reported in the majority
of the studies although there was a suboptimal reporting
for some key methodological items. Complete information
on allocation concealment and implementation as per
items 9 and 10 of CONSORT was provided in 21 studies
while 24 studies described the methods of allocation
concealment [Table 3]. Only 10 studies provided detailed
and appropriate description of how blinding was
assured while the blinded groups were mentioned in
16 studies [Table 4|. The dates defining the periods of
recruitment and follow-up were given in around half of
the studies. Six studies did not include the CONSORT
flowchart in the main text. The discussion section of the
majority of the articles lacked an explicit elaboration of the
trial limitations and generalizability to external population.
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Table 1: Characteristics of included studies

Study characteristic

Number
of trials
(%) (n=37)

SGLT2 inhibitor

Dapagliflozin 17 (46)

Canagliflozin 11 (29.7)

Empagliflozin 6 (16.2)

Ipragliflozin 2(5.4)

Remodgliflozin 1(2.7)
Choice of comparator interventions

Placebo 24 (64.9)

Active comparator 4 (10.8)

Three arm study 9 (24.3)

Sole treatment -
Duration of trials, weeks

Median (IQR) 24 (12-52)
Sample size

Median (IQR) 476 (383-659)
Regions in which RCTs were conducted

North America 7 (18.9)

Europe 1(2.7)

Asia 3(8.1)

International® 26 (70.3)
Funding

Completely by industry 30 (81.1)

Partially by industry 7(18.9)

Others -
Publication journal

Diabetes, obesity and metabolism 14 (37.9)

Diabetes care 10 (27)

The lancet 2 (5.4)

The international journal of clinical 2(5.4)

practice

Others 9(24.3)
Impact factors of journals™

0.0-2.0 1(2.7)

2.1-5.0 5(13.5)

5.1-10 27 (72.8)

10.1 and above 3(8)

*RCTs recruited patients from more than one continent, *One journal (The Lancet
Diabetes and Endocrinology) did not have an impact factor. IQR=Interquartile
range, RCTs=Randomized controlled trials

The median (interquartile range) OQS was 17 (14.5-19.5),
with a minimum of 8 and maximum of 21.

All but one trial provided information on registration while
the source of funding was mentioned in all.

Jadad score

The median score on Jadad assessment tool was three, with
a minimum and maximum of 0 and 5, respectively. The
kappa inter-rater agreement for the score was 0.65 (95%
CI: 0.46-0.84).

Intention to treat analysis

For ITT analysis, the value of kappa was 0.63 (95%
CI: 0.41-0.82). Most of the studies carried out modified
ITT analysis (30/37; 81%) and followed last observation
carried forward principle for handling the missing
data (32/37; 86.5%) [Table 5].

Factors associated with reporting quality

Overall quality score

The regression model shows that RCTs published in
“Lancet” and other journals were significantly associated
with an increase in OQS of 5.4 (95% CI: 1.28-9.48;
P=0.01)and 2.6 (95% CI: 0.08-5.08; P = 0.04), respectively
compared to “diabetes, obesity and metabolism.” RCTSs
conducted in North America had an average score
of 3.8 (95% CI: —6.54 to — 1.08; P = 0.008) less than
those conducted internationally. Complete funding by
industry was associated with a decrease in score by 1.9
(95% CI: —4.3-0.53) from partial industry funding, which
was however statistically insignificant [Table 6].

Jadad score

An increase in the score up to 3 (95% CI: 0.82-5.1;
P = 0.008) was observed in RCTs published in “Lancet”
when compared with “diabetes, obesity and metabolism.”
On an average, RCTs conducted in North America and
Europe had a score of two lower (95% CI: =3.38 to —0.53;
P =0.009) and 3 higher (95% CI: 0.06-5.87; P = 0.04),
respectively, in contrast to international RCTs. Funding
by industry had no statistically significant impact on Jadad
score, although RCTs with complete funding from industry
had a lesser score than those with partial funding [Table 7].

DISCUSSION

The findings of our study demonstrate that although most
of the items on CONSORT checklist were appropriately
reported in the majority of studies, the reporting quality
of key methodological items was poor. Particularly, deficit
information in areas like method of random sequence
generation, allocation concealment mechanism and
implementation of the whole randomization process was
observed. Furthermore, how blinding was assured and the
blinding status of groups who can potentially introduce
bias was mentioned in few studies only. Allocation
concealment and blinding are key safeguards against
selection and performance/ascertainment biases. Lack of
adequate reporting of these key items has been associated
with distortions in estimates of the treatment effect and
may potentially lead to erroneous conclusions.®'! Pertinent
information on another key methodological item, that
is, I'TT analysis was, however, found to be adequate and
most of the RCTs resorted to some modification in ITT
analysis. Analysis according to ITT principle helps in
avoiding attrition bias. Besides, the method for sample size
determination was not reported in more than one-third
trials, hence, the details regarding power of the study and
whether the trial attained its planned size were not evident.

Among other not very consistently reported items were
trial limitations and generalizability in the discussion
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Table 2: Overall quality of reporting rating using items from CONSORT 2010 statement

Item Criteria Description Number of
positive
trials (%) (n=37)
1a Title Identification as a randomized trial in the title 23 (62.2)
1b Abstract Structured summary of trial design, methods, results and conclusions 36 (97.3)
2 Introduction Scientific background and explanation of rationale, specific objectives 37 (100)
3 Trial design Description of trial design including allocation ratio 32 (86.5)
4 Participants Eligibility criteria for participants 36 (97.3)
5 Interventions Interventions for each group with sufficient details to allow replication 34 (92)
6 Outcomes Completely defined pre-specified primary and secondary outcome 37 (100)
measures, including how and when they were assessed
7 Sample size How sample size was determined 24 (64.9)
8 Randomisation Method used to generate the random allocation sequence, type of 24 (64.9)
randomisation; details of any restriction
, Allocation Concealment Mechanism used to implement the random allocation sequence; who 21 (56.8)
10 and Implementation generated the random allocation sequence, who enrolled participants, and
who assigned participants to interventions
11 Blinding If done, who was blinded after assignment to interventions and how 10 (27)
12 Statistics Statistical methods used for primary and secondary outcomes 37 (100)
13 Participant flow For each group, the numbers of participants randomly assigned, analysed; 31 (83.8)
losses and exclusions
14 Recruitment Dates defining the periods of recruitment and follow-up 19 (51.3)
15 Baseline data A table showing baseline demographic and clinical characteristics 35 (94.6)
16 Numbers analysed For each group, number of participants included in each analysis 37 (100)
17 Outcomes For all outcomes, results for each group, estimated effect size and precision 35 (94.6)
19 Harms All important harms or unintended effects in each group 37 (100)
20 Limitations Trial limitations, addressing sources of potential bias, imprecision 20 (54)
21 Generalisability Generalisability (external validity, applicability) of the trial findings 15 (40.5)
22 Interpretation Interpretation consistent with results, balancing benefits and harms, and 37 (100)

considering other relevant evidence

Table 3: The mechanisms of allocation
concealment implemented in various trials

Methods of allocation Number of
concealment trials (%) (n=37)
Centralised randomisation 23 (62.2)
Opaque, sealed and sequentially 1(2.7)

numbered envelopes

Numbered coded vehicles -

No information 13 (35.1)
Inappropriate method -

Table 4: Blinded groups involved in RCTs

Groups involved in RCTs Number of
trials (%) (n=37)
Patients 16 (43.2)
Treating physicians 16 (43.2)
Outcome assessors 2(5.4)

Data collectors -
Data analysts -
Trial monitoring committee 11 (29.7)

members
No information 21 (56.8)

RCTs=Randomized controlled trials

section. Similar studies conducted previously did not rate
the reporting of these subjective and qualitative items. In
the present analysis, items related to clinical features like
eligibility criteria, outcomes, baseline characteristics were
however reported adequately in most studies. This finding

Table 5: Specific applications of ITT

Applications of ITT Number of
trials (%) (n=37)
ITT analysis 5(13.5)
MITT analysis
All randomized patients receiving atleast 1 10 (27)
dose of study drug
All randomized patients receiving atleast 1 6 (16.2)

dose of study drug with baseline value of 21

primary efficacy variable

All randomized patients receiving atleast 14 (37.8)
1 dose of study drug with baseline and =1

post baseline value of 21 primary efficacy

variable

Not mentioned 2(5.4)
Handling of missing outcomes

LOCEF principle 32 (86.5)

Mixed model imputation method 2 (5.4)

Not mentioned 3(8.1)

ITT=Intention to treat, MITT=Modified intention to treat, LOCF=Last observation
carried forward

indicates a greater importance and interest paid to clinical
aspects particularly by clinician authors and a relative
de-emphasis on methodological aspects, especially when
article lengths are limited.

Our findings are in agreement with similar studies assessing
the reporting qualities of RCTs published in various
medical and surgical fields with the key methodological
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Table 6: Multivariable linear regression
analysis for predictors of OQS using CONSORT
statement (n=37)

Variables B SE t Significant 95% CI
Constant 17.51 1.24 14.07 0.00 14.95 to 20.06
Publication journal
Diabetes, obesity  1.00*
and metabolism
Diabetes care 0.87 1.17 0.74 0.46 -1.53103.28
Lancet 539 199 27 0.01 1.29t09.48
1JCPS 3.39 199 1.7 0.1 -0.7t07.48
Others 259 1.21 2.13 0.04 0.08 to 5.08
Regions in which
RCTs were
conducted
International 1.00*
North America -3.8 1.33 -2.87 0.008 -6.54 to 1.08
Europe 1.38 2.7 0.51 0.61 -4.17 t0 6.95
Asia 1.52 1.64 0.93 0.36 -1.84 t0 4.89
Funding source
Partially by industry 1.00*
Completely by -1.89 1.18 -1.61 0.12 -4.31t0 0.53

industry

*Reference category, *The International Journal of Clinical Practice. OQS=Overall
quality score, SE=Standard error, RCTs=Randomized controlled trials,
Cl=Confidence interval

Table 7: Multivariable linear regression analysis
for predictors of Jadad score (n=37)

Variables B SE t Significant 95% CI
Constant 3.25 0.65 5.00 0.00 1.92 to 4.59
Publication journal
Diabetes, obesity ~ 1.00*
and metabolism
Diabetes care -0.03 0.61 -0.06 0.96 -1.29t0 1.22
Lancet 297 1.04 2.85 0.008 0.82to 5.1
1JCPS 1.97 1.04 1.89 0.07 -0.17 to 4.11
Others 1.28 0.63 2.01 0.054 -0.02to02.58
Regions in which
RCTs were
conducted
International 1.00*
North America -1.96 0.69 -2.83 0.009 -3.38t00.53
Europe 297 141 21 0.04 0.06 to 5.87
Asia 0.54 0.86 0.63 0.53 -1.22t02.3
Funding source
Partially by industry 1.00*
Completely by -1.22 0.61 -1.98 0.058 -2.481t00.04
industry

*Reference category, *The International journal of clinical practice. SE=Standard
error, RCTs=Randomized controlled trials, CI=Confidence interval

items being inconsistently reported most frequently.***

In fact, the extent to which the quality of reports reflect
the true methodological quality of RCTs is a matter of
continuous debate and these are generally considered as
surrogates of true quality of trials. For instance, Devereaux
et al. observed that allocation concealment and blinding
were frequently under-reported, but used appropriately
in various RCTs.””! However, contradictory evidence has
also been furnished by few investigators who concluded

that deficient reporting did reflect flawed methods.”**
Nevertheless, since the published reports are the major
source for clinicians and researchers to judge the validity
and generalizability of results, the importance of quality
of reports cannot be under emphasized.

Reporting quality was better in publishing journals with
high impact factors which may be explained by stricter peer
review and higher scrutiny. Impact factor was however not
identified as an influencing factor in regression analysis.
On the contrary, reports published in “diabetes care” had
poorer quality compared to many others from journals
with lower impact factors. Although this journal endorses
CONSORT statement, the information required is included
in the supplementary online only file and not in the main
article due to length constraints. Trials from outside of
North America were better reported similar to a previous
study.™ Finally, trials partially funded by industry had
better reporting quality than completely funded ones that
was in contrast to similar previous studies.”**" Complex
funding arrangements, generally not reported cleatly can
potentially introduce publication biases.P'"*!

Our study had some limitations. The RCT methodological
quality was not directly verified from authors or their
protocols due to the lack of direct access. Factors identified
as assoclated with reporting quality may not fully explain
variability in OQS and Jadad scores and stronger predictors
like CONSORT endorsement by journals, author awareness
of CONSORT statement and availability of advice from
methodological expert at the time of planning of RCT
could have been tested, which was however not within the
scope of our study. Another limitation was the exclusion
of crossover trials because CONSORT statement is
applicable for parallel group designs only. Furthermore,
our reporting quality scores are not validated, and none
of the available reporting quality assessment tools have
been validated. However, inter-rater agreement between
the two investigators was good in our study demonstrating
the reproducibility of the scoring. Despite the limitations,
our study has highlighted some important areas which
remain pootly addressed in RCT reports. Furthermore,
our results had good internal validity due to a substantial
degree of concordance beyond chance for most criteria
between the two raters.

CONCLUSION

Inconsistent and suboptimal reporting of some key
methodological items in RCT reports remains an area
of concern. Hence, it is recommended that journals
require even stricter adherence to the CONSORT
guidelines. When restrictions on article length prevent,
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the inclusion of some important information as
required by CONSORT checklist, access to the full
trial protocol should be made at the journal website.
Besides, full collaboration among clinicians, investigators,
methodologists and statisticians is desirable at the time
of manuscript preparation.
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