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Sulfonylurea versus metformin monotherapy in patients with
type 2 diabetes: a Cochrane systematic review and meta-analysis
of randomized clinical trials and trial sequential analysis

Bianca Hemmingsen MD PhD, Jeppe B. Schroll MD, Jorn Wetterslev PhD, Christian Gluud DMSc,
Allan Vaag DMSc, David P. Sonne PhD, Lars H. Lundstrem MD PhD, Thomas Almdal MD DMSc

Background: Guidelines recommend metformin as the first-line oral treatment for type 2 diabetes. We conducted a systematic
review to assess whether the use of second- and third-generation sulfonylurea agents is associated with benefits and harms in terms
of patient-important outcomes compared with metformin.

Methods: We searched several electronic databases and other sources for randomized clinical trials published to August 2011. We
included trials that compared sulfonylurea versus metformin monotherapy among patients 18 years or older with type 2 diabetes and
that had an intervention period of at least 24 weeks. We assessed risk of bias and extracted data related to interventions and out-
comes. The risk of random errors was assessed by trial sequential analysis.

Results: We included 14 trials (4560 participants). All trials were judged to be at high risk of bias. Data on patient-important out-
comes were sparse. Compared with metformin, sulfonylurea did not significantly affect all-cause mortality (relative risk [RR] 0.98,
95% confidence interval [Cl] 0.61 to 1.58) or cardiovascular mortality (RR 1.47, 95% CI 0.54 to 4.01). Sulfonylurea significantly
decreased the risk of nonfatal macrovascular outcomes (RR 0.67, 95% CIl 0.48 to 0.93). However, the definition of this outcome var-
ied among trials, and trial sequential analysis showed that more trials are needed before reliable conclusions can be drawn. No differ-
ences between sulfonylurea and metformin were found for change in fasting blood glucose level or glycosylated hemoglobin concen-
tration in the random-effects model. Sulfonylurea resulted in greater weight gain compared with metformin, a finding confirmed in the
trial sequential analysis. Significantly more patients in the sulfonylurea arm than in the metformin arm had mild hypoglycemia (RR
2.95, 95% Cl 2.13 to 4.07) and severe hypoglycemia (RR 5.64, 95% CI 1.22 to 26.00).

Interpretation: Some evidence suggests that, compared with metformin, second- and third-generation sulfonylureas may not affect
all-cause or cardiovascular mortality but may decrease the risk of nonfatal macrovascular outcomes among patients with type 2 dia-
betes. They may also increase the risk of hypoglycemia. In general, the available data were too few and inconsistent to provide firm
evidence concerning patient-important outcomes in relation to the benefits and harms of sulfonylurea versus metformin monotherapy.

he American Diabetes Association and the Euro-
pean Association for the Study of Diabetes consen-
sus algorithm for the treatment of type 2 diabetes
recommends beginning metformin treatment at diagnosis or
soon after, along with lifestyle interventions.! For patients
who cannot use metformin, another oral antidiabetic agent
might be prescribed, for example a sulfonylurea. The ratio-
nale for recommending metformin as the drug of choice for
type 2 diabetes seems to be based on its perceived beneficial
effect on conventional surrogate outcomes (e.g., weight, tol-
erability and cost),! on the United Kingdom Prospective
Diabetes Study (UKPDS) 34 outcomes in a selected sub-
group of 342 obese patients’ and on findings from observa-
tional studies.’
Sulfonylureas are divided into classes. The first-generation
agents (carbutamide, tolbutamide, acetohexamide, tolazomide
and chlorpropamide) were introduced for diabetes treatment in
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the 1950s."" The second-generation agents (e.g., glibenclamide,
glipizide, glibornuride and gliclazide) and the third-generation
agents (glimepiride, gliclazide modified-release and glipizide gas-
trointestinal therapeutic system) have almost completely replaced
the first-generation drugs. The second- and third-generation sul-
fonylureas are preferred because of their perceived greater
potency and perceived better safety profiles."”?

The purpose of this systematic review was to determine
whether the use of second- and third-generation sulfonylurea

Competing interests: See end of article.
This article has been peer reviewed.

Correspondence to: Bianca Hemmingsen, biancahemmingsen
@hotmail.com

CMAJ Open 2014.DOI:10.9778/cmajo.20130073

© 2014 Canadian Medical Association or its licensors



agents is associated with benefits and harms in terms of
patient-important outcomes among patients with type 2 dia-
betes compared with the use of metformin.

This review follows the recommendations of The Cochrane
Collaboration!? and is based on our published Cochrane pro-
tocol."! We included randomized clinical trials comparing sul-
fonylurea monotherapy with other antidiabetic interventions,
placebo or no intervention.!"!? Trials were analyzed according
to the class of sulfonylurea used. In this article, we report our
findings from the comparison of second- and third-generation
sulfonylurea versus metformin monotherapy, because this
comparison is currently of greatest clinical relevance. The
main Cochrane review reports all comparisons.'? Sensitivity
analyses for all dichotomous outcomes, including trials with
0 events, are reported in this article only and not the main
Cochrane review.

Search strategy

We searched The Cochrane Library, MEDLINE, Embase,
Science Citation Index Expanded, the Latin American and
Caribbean Health Sciences Literature (LILACS) and the
Cumulative Index to Nursing and Allied Health Literature
(CINAHL) for randomized clinical trials published to August
2011 that compared sulfonylurea monotherapy with other
antidiabetic interventions, placebo or no intervention in
patients with type 2 diabetes. The terms and strategies used to
search each database are provided in Appendix 1 (available at
www.cmajopen.ca/content/2/3/E162/suppl/DC1). We also
searched abstracts presented at congresses of the American
Diabetes Association and the European Association for the
Study of Diabetes. In addition, we searched reference lists of
the included trials, systematic reviews, meta-analyses and health
technology assessments. We contacted trial authors and a phar-
maceutical company for additional trial data and to obtain
information about additional unpublished trials; and we con-
sulted the website of the US Food and Drug Administration.

Trial selection

To determine which documents to assess further, two authors
(B.H. with J.B.S., L.H.L. or T A.) independently screened the
abstracts, titles or both. All potentially relevant documents
were obtained as full text. Disagreements were resolved by
discussion or, if necessary, by a third party (J.W. or C.G.).

A trial was considered eligible if it was a randomized clin-
ical trial (crossover or parallel) evaluating adult patients
(= 18 yr) with type 2 diabetes; it had a period of intervention
of 24 weeks or more; and it compared sulfonylurea mono-
therapy versus metformin monotherapy.!»'? We included tri-
als irrespective of outcomes reported or language or whether
escape medicine was allowed if monotherapy failed.'!?

Data extraction and bias assessment
Two authors (B.H. with J.B.S., D.P.S., L.H.L. or T'A.) inde-
pendently extracted information from each included trial
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using standard data extraction forms and assessed the risk of
bias as advised in the Cochrane Handbook for Systematic
Reviews of Interventions.!

We assessed the following risk-of-bias domains: sequence
generation, concealment of allocation, blinding of participants
and investigators, blinding of outcome assessors, completeness
of outcome data, selective outcome reporting academic bias
and sponsor bias. We classified risk of bias for each domain as
low, uncertain or high!"? (Appendix 2, www.cmajopen.ca
/content/2/3/E162/suppl/DC1). Discrepancies between
assessments were resolved by involvement of a third author
(S.S.L., JJW,, C.G. or A.V.). We divided the trials into those
with a high risk of bias and those with a lower risk based on
assessment of sequence generation, allocation concealment
and blinding.!® When we judged those 3 domains to be ade-
quate, we designated the trial as having a lower risk of bias.

We extracted baseline characteristics (e.g., age, duration of
disease and glycosylated hemoglobin [HbA, ] concentration) and
outcomes from the included trials. Our predefined outcomes
were all-cause mortality, cardiovascular mortality, nonfatal mac-
rovascular outcomes as a composite outcome, nonfatal myocar-
dial infarction, nonfatal stroke, amputation of lower extremity,
cardiac or peripheral revascularization, microvascular outcomes
as a composite outcome, nephropathy, retinal photocoagulation,
adverse events, serious adverse events, drop-outs due to adverse
events, mild hypoglycemia, severe hypoglycemia, cancer, inter-
vention failure, change in fasting blood glucose level from base-
line, change in HbA,,. concentration from baseline, change in
body mass index (BMI) from baseline, change in weight from
baseline, quality of life and costs of interventon.!"? We sought
relevant missing information from the original author(s) of the
randomized trial. When we identified more than one publica-
ton of an original trial, we assessed these together to maximize
data collection. In case of substantial disagreements between
older and newer publications, we contacted the authors.!!!2

Translators extracted data from all relevant non-English
articles.

Statistical analysis
We analyzed data using Review Manager software (RevMan
version 5.1.7; Nordic Cochrane Centre, The Cochrane Col-
laboration, 2011). Medians reported in the included trials
were assumed to be close to the arithmetic mean. Reported
standard errors and confidence intervals were converted to
standard deviations. We used both a random-effects model
and a fixed-effect model.’>'* In cases of differences in statisti-
cal significance of the effect estimate between the two models,
we reported both results; otherwise, we reported results of the
random-effects model.!"1?

We tested for heterogeneity using the I’ statistic.!'® An I
value of 50% or more indicated substantial heterogeneity.!

Trial sequential analysis

Trial sequential analysis in a meta-analysis is similar to
interim analysis of a single trial, where group sequential mon-
itoring boundaries are used to decide whether a trial could be
ended early if a p value is sufficiently small to show the antici-
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pated effect.!!® There is no reason why the standards for a
meta-analysis should be less rigorous than those for a single
trial. With trial sequential analysis, analogous boundaries for
trial sequential monitoring can be applied to a meta-
analysis.>"” Cumulative meta-analyses of trials may increase
the risk of random errors because of sparse data and repetitive
testing when the required “information size” (analogous to
the sample size of an optimally powered clinical trial) has not
been obtained. Trial sequential analysis depends on quantifi-
cation of the required amount of information (the meta-
analysis sample size). In this context, the smaller the amount
of required information, the more lenient the boundaries of
trial sequential monitoring are and, accordingly, the more
lenient the criteria for statistical significance will be.

We calculated the diversity-adjusted information size.'® We
conducted the trial sequential analyses with the intention of
maintaining an overall 5% risk of a type I error and 20% risk
of a type II error for all the primary and for secondary out-
comes showing statistical significance in both the random-
effects and fixed-effect models. On the basis of predetermined
criteria for the binary outcomes,!! we calculated the informa-
tion size required to detect or reject a 10% reduction in rela-
tive risk resulting from the intervention. For the continuous
outcomes, we estimated the amount of information required to
detect or reject the observed differences between the interven-
tions. We used trial sequential analysis software (T'SA, version
0.9; Copenhagen Trial Unit, Copenhagen, Denmark, 2011).1¢

the intervention group to which 3 of the participants were
randomly assigned.’® Characteristics of the 14 included trials,
the interventions and participants’ baseline characteristics are
listed in Tables 1, 2 and 3, respectively. The number of par-
ticipants in each trial ranged from 23 to 2902, and the dura-
tion of the intervention varied from 24 weeks to 10.7 years.
Six trials used glibenclamide, 4 trials used gliclazide, and
1 trial used glipizide as the second-generation sulfonylurea.
Three trials used a third-generation sulfonylurea, glimepiride.

The UKPDS 34 trial included overweight and obese par-
ticipants with type 2 diabetes and compared intensive glycemic
control using metformin with intensive glycemic control using
other antidiabetic interventions (chlorpropamide, gliben-
clamide or insulin). The trial reported vascular outcomes and
mortality for the metformin group versus the combined group
of other interventions and not for the individual comparison
groups.” Our attempts to obtain separate data on sulfonylurea
versus metformin were unproductive.

Two of the trials had a crossover design, and we used data
only from the first period; the remaining 12 trials had a paral-
lel design. Nine of the trials were open label, and in 5 trials,
the investigators and participants were blinded to the treat-
ment allocation. For 2 trials,*>* the blinding of participants
and investigators was not described. One of those® involved
an intervention arm with placebo; thus, we assumed blinding
of the investigators and participants was part of the study
design. The other® was assumed to be open label.

All the trials were judged to be at high risk of bias in at
least 1 domain (Table 4). Only 3 of the trials were considered

Search results and study

characteristics
We identified 11 049 documents
through the electronic and manual

Records identified in initial
search of databases
n=11038

Additional records identified
from other sources

searches (Figure 1). After excluding |

duplicate reports, we screened the
titles and abstracts of 7409 docu-
ments and rejected 7184 as irrele-

vant. After full-text review, a further
200 were excluded because they did

not meet our criteria (the excluded
documents are listed in Appendix 3,
www.cmajopen.ca/content/2/3/E162

/suppl/DC1). Twenty-five articles
describing 14 randomized clinical
trials met our inclusion criteria for

the comparison of a second- or
third-generation sulfonylurea versus
metformin.??%-#

Most of the selected reports were
published in English; 1 was published
in Chinese." The trials included 4560

n=11
Excluded n = 3640
(duplicate reports)
v
Records screened
n =7409
Excluded n=7184
(rejected as irrelevant)
Y
Full-text articles assessed
for eligibility
n =225
Excluded n =200
* Not a randomized clinical trial n = 37
* Not comparing interventions of interest n = 127
» Duration of intervention < 24 wk n = 31
* No type 2 diabetes or not possible to separate
data on patients with type 2 diabetes n=5
Y

participants, of whom 2244 were ran-
domly chosen to receive a second- or
third-generation sulfonylurea versus

Articles included
in the meta-analysis
n =25 (14 trials)

2313 randomly chosen to receive

metformin. One trial did not describe
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Figure 1: Selection of randomized clinical trials for the systematic review.



to be at lower risk of bias based on assessment of sequence
generation, allocation concealment and blinding.

Clinical outcomes

All-cause mortality

The effect estimate of all-cause mortality was dominated by
the A Diabetes Outcome Progression Trial (ADOPT) trial,
which contributed 62 of 65 fatal events. All-cause mortality
was not significantly influenced by the interventions (relative
risk [RR] 0.98, 95% confidence interval [CI] 0.61 to 1.58;
P = 0%) (Figure 2A); the same was true when we included
trials with 0 events (RR 0.98, 95% CI 0.62 to 1.56). Trial
sequential analysis showed that only 2.3% of the diversity-
adjusted required information size needed to detect or reject a
10% reduction in relative risk was accrued.

Sensitivity analyses excluding the trial with the longest dura-
tion or excluding the trials that did not describe how the diagno-
sis of type 2 diabetes was established did not change the statis-
tical significance of the effect estimate. Sensitivity analyses
according to language of publication, funding source or publica-
tion status could not be conducted. Subgroup analyses were not
conducted, because none of the primary outcomes showed sta-
tstically significant differences between the intervention groups.
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Cardiovascular mortality
The total number of deaths due to cardiovascular disease was
15, of which 12 were reported in the ADOPT trial. Cardio-
vascular mortality in the sulfonylurea group was not signifi-
cantly higher compared with the metformin group (RR 1.47,
95% CI 0.54 to 4.01; I? = 0%) (Figure 2B). The same was true
when we included trials with 0 events (RR 1.36, 95% CI 0.56
to 3.32). Trial sequential analysis showed that only 2.7% of
the diversity-adjusted required information size needed to
detect or reject a 10% reduction in relative risk was accrued.
Sensitivity analyses excluding the trial with the longest dura-
ton or excluding the trials that did not describe how the diag-
nosis of type 2 diabetes was established did not change the
statistical significance of the effect estimate. Sensitivity analyses
according to language of publication, funding source or publi-
cation status could not be done. Subgroup analyses were not
conducted, because none of the primary outcomes showed
statistically significant differences between the intervention

groups.

Nonfatal macrovascular outcomes

Nonfatal macrovascular outcomes as a composite outcome
were not fully in accordance with our predetermined defini-
tion of this outcome (for definitions of macrovascular events

Table 1: Characteristics of the 14 trials included in the meta-analysis
Treatment; no. of patients
Duration of
Trial Location Design Sulfonylurea  Metformin Total intervention
ADOPT, 20062°-2¢ North America, Parallel; blinding of 1447 1455 2902 4yr
Europe and investigators and participants
Canada
Campbell et al., 199427 United Kingdom  Parallel; open label 24 24 48 1yr
Collier et al., 1989% NR Parallel; open label 12 12 24 6 mo
DeFronzo et al., 1995%° United States Parallel; blinding of 209 210 419 29 wk
investigators and participants
Derosa et al., 20044 Italy Parallel; open label 81 83 164 12 mo (+ 8-wk
titration period)
Hermann et al., 1991a% Sweden Crossover; open label 10* 12* 25* 6 mo
Hermann et al., 1991b%'-%*  Sweden Parallel; blinding of 34 38 72 6 mo + 2—-12 wk
investigators and participants titration period
Kamel et al., 1997% Turkey Parallel; blinding of 17t 6 23 24 wk
investigators and participants
Lawrence et al., 2004%¢ United Kingdom  Parallel; open label 22 21 43 24 wk
Tang et al., 20044 China Parallel; open label 33 29 62 6 mo
Tessier et al., 1999% Canada Parallel; open label 19 20 39 24 wk
Tosi et al., 2003% Italy Crossover; blinding of 22 22 44 6 mo
investigators and participants
UKPDS 34, 199823940 United Kingdom  Parallel; open label 277 342 619 10.7 yr
Yamanouchi et al., 2005  Japan Parallel; NR (we assume 37 39 76 12 mo
open label)
Note: ADOPT = A Diabetes Outcome Progression Trial, NR = not reported, UKPDS = United Kingdom Prospective Diabetes Study.
*Number of participants randomly selected for each intervention arm not reported; only those who completed the trial.
1The 17 participants in the sulfonylurea arm were given either gliclazide (9 participants) or glibenclamide (8 participants).
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Table 2: Interventions tested in the 14 trialsincluded in the meta-analysis

Plan in case of

Intervention arm
not included in

Trial Sulfonylurea intervention Metformin intervention treatment failure this analysis
ADOPT, Glibenclamide, PO; 2.5 mg/d initially, then ~ Metformin, PO; 500 mg/d initially, then up to 2 g/d  Escape medicine  Rosiglitazone
200620-26 up to 15 mg/d (7.5 mg twice daily) (1 g twice daily) not allowed; partici-
pants excluded
Campbell Glipizide, PO; 5 mg/d initially, increased to  Metformin, PO; 500 mg/d initially, increased by NR
etal, a maximum divided dose of 15 mg/d 500 mg/d at each visit (every second week) to
199427 maximum of 3 g/d
Collier et Gliclazide, PO; 80-240 mg/d Metformin, PO; 1.5-3.0 g/d NR Healthy
al., 198928 controls
DeFronzo Glibenclamide, PO; 5 mg twice daily for Metformin, PO; 500 mg/d initially. After 1 wk, Escape medicine Combination of
etal, first week, then 10 mg twice daily. increased to 1 g/d by adding 500-mg tablet at not allowed; metformin plus
19952 Metformin placebo breakfast. After 2 wk, increased to 1.5 g/d by participants glibenclamide
adding 500-mg tablet at lunch. After 3 wk, excluded
increased to 2 g/d by adding a second 500-mg
tablet at evening meal. After 4 wk, increased to
2.5 g/d by adding a second 500-mg tablet at
breakfast. Glibenclamide placebo
Derosa et Glimepiride, PO; 1 mg/d initially, titrated to  Metformin, PO; 1 g/d initially, titrated to maximum Escape medicine
al., 200442 maximum of 4 mg/d (2 mg twice daily) of 3 g/d (1 g 3 times daily) allowed
Hermann Glibenclamide, PO; 1.75-10.5 mg/d Metformin, PO; 0.5-3 g/d NR
et al.,
1991a%
Hermann Glibenclamide, PO; 3.5 mg/d initially, Metformin, PO; 1 g/d initially, increased to 1-3 g/d  Escape medicine Combination of
etal, increased to 14 mg/d. Tablets given shortly  in 2 doses shortly before breakfast and evening allowed metformin plus
1991b%-%  before breakfast; if daily dose exceeded meal. Glibenclamide placebo glibenclamide
7 mg, then divided between breakfast and
evening meal. Metformin placebo
Kamel et Gliclazide and glibenclamide Metformin NR Acarbose and
al., 1997% placebo
Lawrence Gliclazide, PO; 80 mg/d in single dose, Metformin, PO; 500 mg twice daily, titrated to 1 g Escape medicine Pioglitazone
etal., titrated to 160 mg/d depending on fasting 3 times daily depending on fasting blood glucose  not allowed;
200438 blood glucose level level participants
excluded
Tang etal., Glimepiride, PO; 1-2 mg/d Metformin, PO; 750-1500 mg/d NR
20044
Tessier et Gliclazide, PO; titrated to glycemic target; Metformin, PO; titrated to glycemic target; doses NR
al., 1999%7 doses were 80, 160, 240 and 320 mg/d were 750, 1500 and 2250 mg/d divided into
divided into 2 doses with breakfast and 3 doses with each meal
evening meal
Tosi et al., Glibenclamide, PO; starting dose was Metformin, PO; starting dose was 1 tablet Escape medicine Combination of
20033% 1 tablet (5 mg) before lunch. Increased to (500 mg) before lunch. Increased to 1 tablet twice  not allowed; metformin plus
1 tablet twice daily (before breakfast and daily (before breakfast and dinner), 2 tablets twice participants glibenclamide
dinner), 2 tablets twice daily (before daily (before breakfast and dinner), and 2 tablets excluded
breakfast and dinner), and 2 tablets 3 3 times daily (before breakfast, lunch and dinner).
times daily (before breakfast, lunch and Therefore, scheduled dose steps were 0.5, 1, 2
dinner). For those given glibenclamide and 3 g/d for metformin
alone, the last 2 steps were 1 tablet of
active drug + 1 tablet of placebo
UKPDS 34, Glibenclamide, PO; 2.5-20 mg/d Metformin, PO; 850-mg tablet daily initially, Escape medicine  Chlorpropa-
199823940 increased to 850 mg twice daily, then 1700 mg in allowed mide and
the morning and 850 mg with evening meal insulin
(maximum 2550 mg/d). If symptoms of diarrhea or
nausea occurred, dose reduced to level that
previously did not cause symptoms
Yamanouchi  Glimepiride, PO; 1-2 mg/d Metformin, PO; 750 mg/d Escape medicine  Pioglitazone
etal., allowed
2005

Note: ADOPT = A Diabetes Outcome Progression Trial, NR = not reported, po = oral dose, UKPDS = United Kingdom Prospective Diabetes Study.
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in the trials, see Appendix 4, www.cmajopen.ca/content/2/3/
E162/suppl/DC1). The ADOPT trial and the trial conducted
by Hermann and colleagues®'* defined outcome in a way
that may have included nonatherosclerotic cardiac outcomes.
No cardiovascular events were observed in 1 trial,*® and
another® reported no adverse cardiac events. The ADOPT
trial included fatal myocardial infarction in its composite
cardiovascular outcome. In addition, nonfatal macrovascular
outcomes in the ADOPT trial included congestive heart fail-
ure (9 participants in the glibenclamide group v. 19 in the
metformin group), which may not have an atherosclerotic
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origin. Because of the definition of “cardiovascular disease”
used in the ADOPT trial, we could not exclude congestive
heart failure events.

We pooled nonfatal macrovascular events and found a sig-
nificant reduction in favour of sulfonylurea (RR 0.67, 95% CI
0.48 to 0.93; I = 0%) (Figure 2C), and virtually no change in
relative risk when we included trials with 0 events (RR 0.67,
95% CI 0.48 to 0.94). Trial sequential analysis showed that only
5% of the diversity-adjusted information required to detect or
reject a 10% reduction in relative risk was accrued and that the
trial sequential monitoring boundary for benefit was not

Table 3: Baseline characteristics of trial participants*

Trial Duration of diabetes, yr Age, yr HbA,., % Body mass index
ADOPT, 2006226} Expressed in publication SU:56.4 £ 10.2 SU:74 0.9 SU:32.3+6.3
as: < 1yr; 1-2 yr; and M:579 £ 9.9 M:74 £0.9 M:32.1 £6.1
> 2 yr. Participants had to
be diagnosed with type 2
diabetes within 3 yr from
screening to trial
Campbell et al., 199427 2.8(3.9)/2.3(3.2) SU: 57 £ 90 SU: 11.8 £ 2.1 SU:31.2+6.6
M: 57 + 100 M:11.5 £ 19 M:29.6 + 5.6
Collier et al., 19892 All newly diagnosed SU:55.5 +5.1 SU:11.7 £ 15 SU:23.1 1.3
M:53.1 +5.1 M:121+24 M:243 + 14
DeFronzo et al., 1995%°% 8.7 (5.8) /8.4 (5.8) SU: 56 + 14.5 SuU:85+ 14 SU:29.1 +4.3
M: 55 + 14.5 M:8.9 =+ 14 M:29.0 +4.3
Derosa et al., 200442 NR, but diabetes had to SU: 54 + 100 SU:85+12 SU: 276 + 1.2
be diagnosed within 6 M: 56 + °° M:8.4 + 1 M:28.1 + 1.5
mo of enrolment
Hermann et al., 1991a%°§ All patients: 7.6 All patients: 58.9 + 8.8 SU:8.1 £ 1.0 All patients: 26.2 + 3.8
(range 4 mo to 24 yr) M:79 + 1.6
Hermann et al., 1991b%'-34 All patients: 3.6 All patients: 59.4 + 8.8 SU:6.7 £ 1.7 All patients: 28.3 + 4.6
(range 0-38) M:6.9 + 1.8
Kamel et al., 1997% NR NR Gliclazide: 8.4 + 1.1 NR
Glibenclamide: 8.4 + 1.1
M:8.4 £ 0.5
Lawrence et al., 2004%** NR SU:63.5+ 114 SU:79+09 SU: 28.7 (28.3-34.4)**
M:59.5 + 9.3 M:8.0+£0.9 M:29.2 (28.1-31.6)*
Tang et al., 2004*' NR SU:56.4 + 8.8 SU: 6.8+ 16 SU:23.3+17
M:53.8 + 9.7 M:72 £ 1.4 M:246 £2.2
Tessier et al., 1999%7t1 SU:4.7 £ 6.1 SU:59.3+£73 SU:78+ 18 SU:28.6 +4.0
M:5.4 + 6.5 M:59.1 + 71 M: 71+ 17 M:29.3 + 3.0
Tosi et al., 200338 SU:9.9+6.6 SU:57.9+75 SU:79+1.0 SU:26.3+2.3
M: 11.2 £ 9.6 M:58.2 + 7.3 M: 77 £ 0.9 M:26.4 +2.7
UKPDS 34, 199823940 All newly diagnosed SU: 53 + 90 SU:72+15 SU:315+x4.4
M: 53 + 80 M: 73+ 15 M: 31.6 + 4.2
Yamanouchi et al., 2005 SU:3.3x2.6 SU:55.6 +9.3 SU:9.8+0.7 SU:25.6 + 3.5
M:3.0+25 M:54.7 + 9.8 M:9.9+0.7 M:26.2 + 3.8

Prospective Diabetes Study.

*Values are reported as means and standard deviations, unless stated otherwise.
tBaseline characteristics reported only for the participants who received a dose of the study drug (glibenclamide 1441, rosiglitazone 1456, metformin 1454).
tStandard deviations were calculated from standard errors. Fasting plasma glucose levels were converted from mg/dL to mmol/L.
§Baseline characteristics reported only for the 22 participants who completed the trial.
{IStandard deviations for HbA,, concentration were calculated from standard errors.

**Baseline variables reported only for the participants who completed the trial (20 in each intervention arm). Median (interquartile range) for body mass index.
ttBaseline characteristics reported only for the participants who completed the trial (36 of 39).

Note: ADOPT = A Diabetes Outcome Progression Trial, HbA,, = glycosylated hemoglobin, M = metformin, NR = not reported, SU = sulfonylurea, UKPDS = United Kingdom
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crossed, which meant that firm evidence could not be estab-
lished (Appendix 5A, www.cmajopen.ca/content/2/3/E162/
suppl/DC1). That is, for the observed effect size (a reduction of
33% in relative risk of the outcome with sulfonylurea v. metfor-
min [relative risk 0.67]) and despite the fact that the difference in
treatments was significant (p = 0.02), the amount of available evi-
dence was still smaller (only 5%) than required to detect or
reject (at the 5% significance level) a 10% difference in relative
risk as estimated from the observed event rate in the control
group when adjusted for diversity (heterogeneity of trials).
Thirty-nine nonfatal myocardial infarctions were reported
in 4 trials (7 = 3061), of which 36 occurred in the ADOPT trial.
The effect estimate of nonfatal myocardial infarctions was not
significantly different between the intervention groups (RR
1.02, 95% CI 0.37 to 2.85; I> = 15%). No meta-analysis of the
remaining single components of the composite nonfatal macro-
vascular outcomes could be conducted because of lack of data.

Microvascular outcomes
Meta-analysis of microvascular outcomes could not be per-
formed because of lack of data.

Hypoglycemia

Mild hypoglycemia was significantly increased with sulfonyl-
urea (RR 2.95, 95% CI 2.13 to 4.07; I = 29%) (Figure 3A);
when we included trials with 0 events, the effect estimate
changed little (RR 3.01, 95% CI 2.29 to 3.97). Trial sequential
analysis showed that only 2.7% of the diversity-adjusted infor-
mation required to detect or reject a 10% increase in relative
risk was accrued (Appendix 5B). Because of the way results were
reported in the trials, meta-analysis of moderate hypoglycemia
could not be performed. The risk of severe hypoglycemia was
significantly increased with sulfonylurea (RR 5.64, 95% CI 1.22
to 26.00; I? = 0%) (Figure 3B); the effect estimate decreased
after we included trials with 0 events (RR 3.31, 95% CI 0.93 to

Table 4: Risk-of-bias assessment of the trials included in the meta-analysis*
Blinding of Blinding of

Sequence Allocation participants and outcome Completeness Selective

generation  concealment personnel assessors of outcome reporting

(selection (selection (performance (detection data (attrition (reporting Academic Sponsor
Trial bias) bias) bias) bias) bias) bias) bias bias
ADOPT, Low Low Low Low Low Low Low High
200620—26
Campbell et Unclear Unclear High High Low Unclear Low Unclear
al., 19942
Collier et al., Unclear Unclear High High Unclear Unclear Low High
1989
DeFronzo et Unclear Unclear Unclear Unclear Unclear Unclear Low High
al., 1995%
Derosa et al., Unclear Unclear High High Low Unclear Low Unclear
2004+
Hermann et Low Unclear High High Unclear Unclear Low High
al., 1991a%®
Hermann et Low Low Low Low Low Low High High
al., 1991bs%-34
Kamel et al., Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear
1997%
Lawrence et Unclear Unclear High Low Low Unclear Low High
al., 2004%
Tang et al., Unclear Unclear High High Unclear Unclear Low Low
20044
Tessier et al., Unclear Unclear High High Low Unclear Low High
1999%
Tosi et al., Low Low Low Low Unclear Low Low High
20033
UKPDS 34, Low Low High Low Unclear High Low High
19982,39,40
Yamanouchi Low Low High High Low Unclear Low Unclear
et al., 2005%
Note: ADOPT = A Diabetes Outcome Progression Trial, UKPDS = United Kingdom Prospective Diabetes Study.
*The Cochrane risk-of-bias tool was used to assess the risk of bias for each study. Low risk = bias, if present, is unlikely to alter the results seriously, unclear risk = bias
raises some doubt about the results, high risk = bias may alter the results seriously.™
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11.71). Trial sequential analysis showed that only 0.1% of the
diversity-adjusted information required to detect or reject a
10% increase in relative risk was accrued. The UKPDS 34
researchers did not report the number of participants with
hypoglycemia in each of the intervention arms at the end of the
follow-up period; the data were obtained after 1 year of follow-
up. Reporting of hypoglycemia in the trials is listed in Appen-
dix 6 (www.cmajopen.ca/content/2/3/E162/suppl/DC1).

Adverse events

The effect estimate for adverse events was not significantly
influenced by the interventions (RR 0.99, 95% CI 0.97 to
1.01; I? = 0%) (Figure 3C); none of the trials reported 0 events
in both intervention arms. The effect estimate for serious
adverse events also did not show any significant difference

OPEN

between groups (RR 0.94, 95% CI 0.82 to 1.07; I> = 0%) (Fig-
ure 4A); inclusion of trials with 0 events did not change the
estimate (RR 0.94, 95% CI 0.82 to 1.07). A total of 641 par-
ticipants reported a serious adverse event, of whom 639 were
from the ADOPT trial. Drop-outs due to adverse events did
not differ significantly between intervention groups (RR 1.18,
95% CI 0.98 to 1.41; I? = 0%) (Figure 4B); inclusion of trials
with 0 events did not change the estimate (RR 1.18, 95% CI
0.98 to 1.41). Definitions of adverse events and serious
adverse events for the selected trials are listed in Appendix 6.

Cancer

Only the ADOPT trial provided data on cancer (55 of 1447
patients in the sulfonylurea arm; 50 of 1455 in the metformin
arm). Meta-analysis could not be done because of lack of data.

A: All-cause mortality Events, n/N
Favours i Favours

Study Sulfonylurea Metformin Relative risk (95% CI) <— sulfonylurea ' metformin —>
ADOPT 20062026 31/1447 31/1455 1.01 (0.61-1.65) --
Campbell et al., 199427 0/24 0/24 Not estimable :
DeFronzo et al., 1995%° 0/209 1/210 0.33 (0.01-8.17)
Derosa et al., 2004 0/81 0/83 Not estimable :
Hermann et al., 1991b%'-3* 1/34 0/38 3.34 (0.14-79.42)
Lawrence et al., 2004% 0/22 1/21 0.32 (0.01-7.42) :
Tosi et al., 2003% 0/22 0/22 Not estimable :
Yamanouchi et al., 2005 0/37 0/39 Not estimable :
Overall 32/1876 33/1892 0.98 (0.61-1.58) ‘I
Heterogeneity: 12 = 0% T i T

0.01 0.1 1 10 100
B: Cardiovascular mortality
ADOPT 20062026 8/1447 4/1455 2.01 (0.61-6.66) ——
Campbell et al., 199427 0/24 0/24 Not estimable :
DeFronzo et al., 1995%° 0/209 1/210 0.33 (0.01-8.17) :
Derosa et al., 20042 0/81 0/83 Not estimable
Hermann et al., 199133 1/34 0/38 3.34 (0.14-79.42) i
Lawrence et al., 2004% 0/22 1/21 0.32 (0.01-7.42) - .
Tosi et al., 2003% 0/22 0/22 Not estimable :
Yamanouchi et al., 2005% 0/37 0/39 Not estimable E
Overall 9/1876 6/1892 1.47 (0.54-4.01) I’
Heterogeneity: 12 = 0% I : I

0.01 0.1 1 10 100
C: Nonfatal macrovascular outcomes
ADOPT 20062026 41/1447 58/1455 0.71 (0.48—1.05) I
Hermann et al., 1991b%1-34 9/34 18/38 0.56 (0.29-1.07) —&
Tosi et al., 200338 0/22 0/22 Not estimable :
Yamanouchi et al., 20054 0/37 0/39 Not estimable i
Overall 50/1540 76/1554 0.67 (0.48-0.93) 0
Heterogeneity: 12 = 0% T i T

0.01 0.1 1 10 100

Relative risk (95% CI)

Figure 2: Effect of sulfonylurea versus metformin monotherapy on all-cause mortality (A), cardiovascular mortality (B) and nonfatal macrovascu-
lar outcomes (C). A relative risk of less than 1.0 indicates an effect in favour of sulfonylurea. Cl = confidence interval.
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Intervention failure

In the random-effects model, failure of the monotherapy inter-
vention did not differ significantly between intervention arms
(RR 1.00, 95% CI 0.66 to 1.53) (Figure 4C); the risk after inclu-
sion of trials with 0 events was 1.01 (95% CI 0.68 to 1.52). How-
ever, the fixed-effects model showed that intervention failure was
significantly more likely in the metformin arm (RR 1.34, 95% CI
1.16 to 1.55; P = 59%); the risk did not change after we included
trials with 0 events (RR 1.34,95% CI 1.16 to 1.54).

Glycemic control

Changes in HbA,, concentration from baseline did not differ
significantly between the sulfonylurea and metformin groups
in the random-effects model (mean difference 0.06%, 95% CI
—0.16% to 0.29%) (Figure 5A). However, the fixed-effects
model showed a significant difference in favour of metformin
(mean difference 0.20%, 95% CI 0.13% to 0.28%; P = 75%).
The changes in fasting blood glucose level from baseline also
did not differ significantly in the random-effects model (mean
difference 0.22 mmol/L, 95% CI —0.08 to 0.52 mmol/L;
I’ = 62%) (Figure 5B). However, the fixed-effect model
showed a significant difference favouring metformin (mean
difference 0.30 mmol/L, 95% CI 0.18 to 0.43 mmol/L).

Weight

Weight gain was significantly greater in the sulfonylurea group
than in the metformin group (mean difference 3.77 kg, 95%
CI 3.06 to 447 kg; I’ = 39%) (Figure 5C). Trial sequential
analysis showed firm evidence for the difference in weight
change between the 2 treatments, disregarding risk of bias
(Appendix 5C). Change in BMI from baseline did not differ
significantly between the 2 treatments (mean difference
0.13 kg/m?, 95% CI —0.69 to 0.94; I = 51%) (Figure 5D).
However, only 2 of the trials included in this meta-analysis
reported the actual change in mean BMI and standard devia-
tion for each of the intervention groups.’** For the other
three trials, the values from the end of the follow-up period
were used.”®¥# In all of these trials, the sample size was small,
and the BMI was lower in the sulfonylurea groups than in the
metformin groups at baseline and at the end of follow-up.283¢+

Based on our published protocol,'" we identified and analyzed
14 randomized clinical trials comparing the effects of sulfonyl-
urea with those of metformin in patients with type 2 diabetes.
No significant differences were found between the interven-

A: Mild hypoglycemia Events, n/N Favours | Favours
Study Sulfonylurea Metformin Relative risk (95% CI) ~ <€ sulfonylurea: metformin —
ADOPT 20062026 549/1447 167/1455 3.31 (2.82-3.87) E | |
DeFronzo et al., 19952 6/209 4/210 1.51 (0.43-5.26) :
Derosa et al., 2004*2 0/81 0/83 Not estimable E
Hermann et al., 1991b3'-3* 12/34 8/38 1.68 (0.78-3.61) de—
Tosi et al., 2003% 1/22 1/22 1.00 (0.07-15.00) }
UKPDS 34 1998239:40% 49/277 15/342 4.03 (2.31-7.03) e
Overall 617/2070 195/2150 2.95 (2.13-4.07) R 3
Heterogeneity: 12 = 29% T T T
0.01 041 1 10 100
B: Severe hypoglycemia
ADOPT et al., 20062°-28 8/1447 1/1455 8.04 (1.01-64.23) -
Derosa et al., 2004*? 0/81 0/83 Not estimable 0
Hermann et al., 1991b%1-34 0/34 0/38 Not estimable d
Tosi et al., 2003% 0/22 0/22 Not estimable i
UKPDS 34 19982.39.40% 3/277 1/342 3.70 (0.39-35.41) ——
Overall 11/1861 2/1940 5.64 (1.22-26.00) <
Heterogeneity: 2 = 0% T t T
0.01 0.1 1 10 100
C: Adverse events
ADOPT et al., 20062°-26 1321/1447 1341/1455 0.99 (0.97-1.01) .
Collier et al., 19892 2/12 412 0.50 (0.11-2.23) — T
Hermann et al., 1991p%'-34 26/34 32/38 0.91 (0.72-1.14) -
Tosi et al., 2003% 3/22 3/22 1.00 (0.23-4.42) ¥y
Yamanouchi et al., 2005 1/37 0/39 3.16 (0.13-75.16) '
Overall 1353/1552 1380/1566 0.99 (0.97-1.01) |
Heterogeneity: 2 = 0% T t T
0.01 0.1 1 10 100
Relative risk (95% CI)

Figure 3: Effect of sulfonylurea versus metformin monotherapy on mild hypoglycemia (A), severe hypoglycemia (B) and adverse events (C). A
relative risk of less than 1.0 indicates an effect in favour of sulfonylurea. Cl = confidence interval. *Data after 1 year of follow-up.
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tions in terms of all-cause and cardiovascular mortality, but
data were sparse. In contrast, a potential benefit of sulfonylurea
over metformin was observed in relation to nonfatal macrovas-
cular outcomes. This potential benefit should be interpreted
with caution, because the definitions of composite cardiovascu-
lar outcome in the two trials contributing data to this meta-
analysis made it impossible to identify clearly the number of
events with an atherosclerotic origin.?*2%31-% However, we
cannot rule out the clinical relevance of the events reported in
the trials, regardless of whether they are of atherosclerotic ori-
gin. Moreover, trial sequential analysis showed that the
amount of evidence was insufficient to draw firm conclusions
regarding mortality or any of the vascular outcomes. In agree-
ment, the confidence intervals were broad, making the data
inconclusive. All trials had a high risk of bias in one or more
domains; only three trials were considered to have a lower risk
of bias.20-2631-3%38 Meta-analyses of patient-important outcomes
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were based on sparse data and, except for nonfatal macrovascu-
lar outcomes and severe hypoglycemia, and did not show any
significant differences between the two drugs.

Metformin monotherapy was associated with a lower risk
of hypoglycemia and less pronounced weight gain compared
with sulfonylurea. However, weight changes could be con-
firmed only in the trial sequential analysis; thus, this consti-
tutes the only firm evidence from randomized clinical trials,
disregarding the risk of bias, to support the choice of metfor-
min over a sulfonylurea as monotherapy. The change in BMI
from baseline was not significantly different between the
intervention groups, although we expected metformin to be of
more benefit in this regard. The reason for lack of statistical
significance is probably a result of reporting methods and the
small number of trials contributing data.?836:38:42:%

A Cochrane review compared metformin monotherapy with
other antidiabetic interventions.* However, it included only

A: Serious adverse events
Events, n/N Favours | Favours
Study Sulfonylurea Metformin Relative risk (95% CI) <«— sulfonylurea | metformin —
ADOPT 2006226 308/1447 331/1455 0.94 (0.82-1.07) .
Derosa et al., 2004*2 0/81 0/83 Not estimable ;
Hermann et al., 1991b%1-34 0/10 0/12 Not estimable '
Lawrence et al., 2004%¢ 1/22 1/21 0.95 (0.06-14.30) +
Tosi et al., 2003°% 0/22 0/22 Not estimable d
Overall 309/1582 332/1593 0.94 (0.82-1.07) ‘
Heterogeneity: 2 = 0% i
T T T T T

0.05 0.2 1 5 20
B: Drop-outs due to adverse events
ADOPT 200620-26 215/1447 178/1455 1.21 (1.01-1.46) .
Campbell 19947 0/24 0/24 Not estimable !
DeFronzo 1995%° 5/209 5/210 1.00 (0.30-3.42) +
Derosa 2004*? 0/81 2/83 0.20 (0.01-4.20) :
Hermann et al.,1991b%-% 3/34 9/38 0.37 (0.11-1.26) — !
Lawrence 20043 2/22 1/21 1.91 (0.19-19.52) ——
Tessier 1999% 119 1/20 1.05 (0.07-15.66) _—
Tosi et al., 2003°% 1/22 0/22 3.00 (0.13-69.87) —_T
Overall 227/1858 196/1873 1.18 (0.98-1.41) ‘
Heterogeneity: I? = 0% T T : T T

0.01 0.1 1 10 100
C: Intervention failure
ADOPT 2006226 311/1447 207/1455 1.51 (1.29-1.77) 'm
Campbell 1994%7 0/24 0/24 Not estimable i
DeFronzo 1995%° 6/209 21/210 0.29 (0.12-0.70) —
Derosa 2004%2 7/81 5/83 1.43 (0.47-4.34) —e
Hermann et al., 1991p%'-3* 13/34 13/34 1.00 (0.55-1.83) —a
Lawrence 2004% 1/22 0/21 2.87 (0.12-66.75) :
Tosi et al., 20033 22 1/22 0.33 (0.01-7.76) i
UKPDS 34 199823940 32/277 35/342 1.13 (0.72-1.77) -
Yamanouchi 20054 0/37 1/39 0.35 (0.01-8.35) !
Overall 370/2153 283/2230 1.00 (0.66-1.53) :
Heterogeneity: 2 = 0% i

T T T T T
0.01 0.1 1 10 100
Relative risk (95% CI)

Figure 4: Effect of sulfonylurea versus metformin monotherapy on serious adverse events (A), drop-outs due to adverse events (B) and intervention
failure (C). A relative risk of less than 1.0 indicates an effect in favour of sulfonylurea. Cl = confidence interval. *Data after 3 years of follow-up.
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A: HbA,, concentration

Change from baseline, mean + SD

Mean difference

|
Favours | Favours
i .
sulfonylurea : metformin  —>

Heterogeneity: I? = 75%

Study Sulfonylurea N Metformin N (95% CI) '
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Heterogeneity: 2 = 62% T t T T
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Figure 5: Effect of sulfonylurea versus metformin monotherapy on changes from baseline in glycosylated hemoglobin (HbA,,) concentration (A),
fasting blood glucose level (B), weight (C) and body mass index (D). A mean difference of less than 0 between the study groups indicates an
effect in favour of sulfonylurea. Cl = confidence interval. *Not stated in abstract whether values were standard deviations or standard errors.
TNumbers taken from a figure. £Data after 3 years of follow-up.
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6 randomized trials of 24 weeks or more comparing second- or
third-generation sulfonylurea with metformin.??7-2%31-3437.39
Unlike our review, the Cochrane review was able to include
mortality and vascular outcomes from the UKPDS trial
because the authors compared metformin with any treatment
and thus included data for the combined group of insulin and
sulfonylurea reported by the UKPDS; however, like our
review, they were unable to include data from_the UKPDS trial
comparing sulfonylurea versus metformin.** The Cochrane
review of metformin monotherapy did a pooled analysis of non-
UKPDS trials for various comparators and found no significant
difference in mortality or ischemic heart disease between treat-
ments.* The Cochrane review of metformin monotherapy also
did a separate analysis of UKPDS only, which corroborated
most of the previous conclusions from the UKPDS. However,
a combined analysis of UKPDS and non-UKPDS trials was
not made. Despite this, the Cochrane review concluded that
metformin may be beneficial in terms of cardiovascular out-
comes in overweight and obese patients with type 2 diabetes.**

The Cochrane review of metformin monotherapy found
less hypoglycemia with metformin than with sulfonylurea and
improved glycemic control in terms of fasting blood glucose
level and HbA,, concentration.* We found a significantly
lower risk of mild and severe hypoglycemia with metformin,
but no significant difference in effect on glycemic control
using the random-effects model. However, we did find a sig-
nificantly lower blood glucose level and HbA,. concentration
in favour of metformin in the fixed-effect model.

Several observational studies have shown an increased risk of
death and cardiovascular disease with sulfonylurea than with
metformin monotherapy.*® The data from these studies are
based on a large number of patients, but they should be evaluated
with caution.¥ Our data, based on randomized clinical trials, did
not find increased mortality with sulfonylurea compared with
metformin monotherapy. In contrast, although reporting was
heterogeneous, the composite nonfatal macrovascular outcome
was significantly different between the 2 treatments in favour of
sulfonylurea. For both outcomes (mortality and cardiovascular
disease), we cannot exclude the risk of random errors, and more
randomized clinical trials are needed. An observational study has
shown that sulfonylureas may be associated with various risks of
macrovascular disease, with gliclazide, putatively, exhibiting the
most beneficial outcome profile.* In our analysis, we were unable
to differentiate between the effects of the various sulfonylureas
because of the insufficient number of trials.

We were not able to include patient-important data from
the longest follow-up period in the UKPDS trial.? The
importance of the UKDPS trial is based on the length of the
intervention: about 10 years. According to the design descrip-
tion,* the researchers planned to compare the subgroup of
overweight and obese participants randomly assigned to
receive sulfonylurea or metformin monotherapy. However, to
our knowledge, these data have not been reported separately.
Instead, the participants assigned to sulfonylurea or insulin
were grouped together, which precludes direct comparison of
sulfonylurea versus metformin.>** The largest trial reporting
patient-important outcomes for sulfonylurea monotherapy
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compared with metformin was the ADOPT trial.2%2¢ It
showed a significant benefit of metformin versus gliben-
clamide in terms of time to treatment failure (the primary
outcome) and HbA,, concentration after about 4 years of fol-
low-up. In contrast, fewer cardiovascular events occurred with
sulfonylurea treatment than with metformin. However, like
the UKPDS trial, no statistical analysis comparing sulfonyl-
urea and metformin groups in terms of cardiovascular events
appears to have been reported from ADOPT; this is available
only from meta-analyses, such as ours. A later re-analysis of
ADOPT data taking into account the differences in treatment
time between interventions did not bring clarity to this issue.”
"The literature search conducted for our review included trials
reported up to August 2011. A cursory update of the MEDLINE
search in December 2013 identified only one further randomized
clinical trial of relevance to our systematic review.* This trial,
which included about 300 Chinese patients with type 2 diabetes
and existing coronary artery disease, showed a significant benefit
from metformin compared with glipizide for the primary com-
posite cardiovascular outcome after about 3 years. Notably, the
primary outcome was not reported after 3 years, but after a
median follow-up period of about 5 years, i.e., about 2 years after
the trial medication was stopped. Including the patient-
important data from this trial in our meta-analysis did not change
the significance of the effect estimates for the primary outcomes
or for nonfatal myocardial infarction, although the composite
outcome of nonfatal macrovascular complications was no longer
statistically significant (RR 0.86, 95% CI 0.49 to 1.50 for sulfo-
nylurea v. metformin). The discrepancy between the results of
this relatively small trial and our current meta-analysis, which
included substantially more patients, underscores the need for
further randomized trials with a low risk of bias and, in particular,
in broader populations to clarify the benefits and harms of sulfo-
nylurea versus metformin in patients with type 2 diabetes.

Strengths and limitations
Our systematic review has several strengths. It is based on a pub-
lished protocol,!! a comprehensive search strategy and rigid
inclusion criteria for the randomized trials. Two of us indepen-
dently selected trials and extracted data. We contacted cor-
responding authors of all trials to clarify details regarding meth-
ods and outcomes. We evaluated the strength of the available
evidence by assessing the risks of bias¥~* and by using trial
sequential analyses to control for the risks of random
errors.15,17,50,51

The weaknesses of our analyses and conclusions mirror the
weaknesses of the included trials. Most important, all of the
included trials were judged to have a high risk of bias in one or
more domains. Only three of the included trials were classified
as having a lower risk of bias in terms of randomization, alloca-
tion and blinding. We did not have access to data at the patient
level and therefore could not perform analyses taking length of
treatment into account. Because we could not include mortality
or vascular event data from the UKPDS trial,’ our review con-
sists exclusively of trials that did not predefine mortality or vas-
cular events as their primary outcome and instead reported
them as adverse events. This might have led to bias arising from
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trial design features, such as lack of adjudication of events. In
addition to a high risk of bias, our results also have a high risk
of random errors, because the trial sequential analysis showed
insufficient data for all outcomes except weight change.

The participants in the included trials represented a
diverse sample of the population with type 2 diabetes. The
results of our review should therefore be interpreted with cau-
tion. The inclusion criteria varied among the trials, but nearly
all trials excluded participants with existing comorbidities,
especially renal or hepatic disease. However, the diversity of
patient characteristics is typical of real life, which may justify
the clinical relevance of our results.

Differences between the protocol and the current
review

Seren Lund is author Cochrane version of the review, but not
the current review; David Sonne and Jeppe Schroll joined as
authors after publication of the protocol.!! Christina Hem-
mingsen withdrew as an author after publication of the proto-
col. The title of the review is different from that of the proto-
col, because the Cochrane Metabolic and Endocrine Disorders
Group asked us to focus on the sulfonylureas in the review. On
the advice of the Cochrane Metabolic and Endocrine Disorder
Group, we changed the inclusion criteria for the review to tri-
als with a duration of 24 weeks or more and excluded combin-
ation therapies. We had not originally intended to search the
US Food and Drug Administration website. We originally
planned to assess baseline imbalance and early stopping as bias
components, but did not do this, based on decisions made at
the Cochrane Colloquium in 2010. We did not search for
ongoing trials. The assessment of change in weight from base-
line was not described in the protocol. When no differences in
mean and standard deviations for the continuous outcomes
were reported in trials, we used the values from the end of the
follow-up period, if they were available.

Conclusion
Our review found that, compared with metformin, second-
and third-generation sulfonylureas may not affect all-cause or
cardiovascular mortality but may decrease the risk of nonfatal
macrovascular outcomes among patients with type 2 diabetes.
These agents may also increase the risk of hypoglycemia.
However, the available data were too few and inconsistent to
provide firm evidence concerning patient-important outcomes.

The most widely used guidelines recommend metformin
as a first-line antidiabetic drug.'”*** This recommendation
may be influenced by the results of the UKPDS trial for the
subgroup of overweight and obese participants. However, this
trial was of limited size and possibly biased in its reporting of
the comparison of sulfonylurea and metformin, because it
apparently did not adhere to the predefined statistical analysis
plan described in the design article. Additional factors, such as
sulfonylurea’s likely association with weight gain, as well as a
number of potentially biased retrospective analyses, have all
made sulfonylurea less used as monotherapy.?3>*

Sulfonylurea is now largely prescribed as a part of a combina-
tion regimen.’* The use of sulfonylurea has to a large extent been
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replaced with the novel and, with respect to hard outcomes, as
yet unproven but more expensive, dipeptidyl peptidase IV
inhibitors.”* Future glucose-lowering interventions in type 2 dia-
betes need to be based on evidence from high-quality, long-term
randomized clinical trials assessing patient-important outcomes.
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