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ABSTRACT
Objectives: To develop a nomogram for estimating the
glycated haemoglobin (HbA1c) response to different
dipeptidyl peptidase-4 (DPP-4) inhibitors in type 2
diabetes.
Design: A systematic review and meta-analysis of
randomised controlled trials (RCTs) of DPP-4 inhibitors
(vildagliptin, sitagliptin, saxagliptin, linagliptin and
alogliptin) on HbA1c were conducted. Electronic
searches were carried out up to December 2013. Trials
were included if they were carried out on participants
with type 2 diabetes, lasted at least 12 weeks, included
at least 30 participants and had a final assessment of
HbA1c. A random effect model was used to pool data.
A nomogram was used to represent results of the
metaregression model.
Participants: Adults with type 2 diabetes.
Interventions: Any DPP-4 inhibitor (vildagliptin,
sitagliptin, saxagliptin, linagliptin or alogliptin).
Outcome measures: The HbA1c response to each
DPP-4 inhibitor within 1 year of therapy.
Results: We screened 928 citations and reviewed 98
articles reporting 98 RCTs with 100 arms in 24 163
participants. There were 26 arms with vildagliptin, 37
with sitagliptin, 13 with saxagliptin, 13 with linagliptin
and 11 with alogliptin. For all 100 arms, the mean
baseline HbA1c value was 8.05% (64 mmol/mol); the
decrease of HbA1c from baseline was −0.77% (95% CI
−0.82 to −0.72%), with high heterogeneity (I2=96%).
Multivariable metaregression model that included
baseline HbA1c, type of DPP-4 inhibitor and fasting
glucose explained 58% of variance between studies,
with no significant interaction between them. Other
factors, including age, previous diabetes drugs and
duration of treatment added low predictive power
(<1%). The nomogram estimates the absolute HbA1c
reduction from baseline using the type of DPP-4
inhibitor, baseline values of HbA1c and fasting glucose.
Conclusions: Baseline HbA1c level and fasting glucose
explain most of the variance in HbA1c change in
response to DPP-4 inhibitors: each increase of 1.0%
units HbA1c provides a 0.4–0.5% units greater fall.

INTRODUCTION
Most diabetes management algorithms1–4 rec-
ommend a glycated haemoglobin (HbA1c)
target of <6.5–7.0% for the majority of people
with diabetes, if safely achievable. Accordingly,
adjustment of diabetes therapy should be
based on the HbA1c level and a change in
therapy is recommended when HbA1c is
above the target: intensification of therapy is
usually recommended when HbA1c is above
7%. There is general agreement on the first
line use of metformin in most patients with
type 2 diabetes; the choice of the agent,
among the panoply of oral glucose-lowering
drugs, to be combined with metformin after
metformin failure is still an area of uncer-
tainty.5 A number of randomised controlled
trials (RCTs) provided evidence of improved
glycaemic control with the family of the dipep-
tidyl peptidase-4 (DPP-4) inhibitors, with
modest risk of hypoglycaemia, and no weight
gain.6 In a descriptive, cross-sectional analysis
of data using the IMS Health National
Disease and Therapeutic Index in the USA,

Strengths and limitations of this study

▪ It is the first attempt to develop a nomogram for
estimating the glycated haemoglobin (HbA1c)
response to different dipeptidyl peptidase-4
(DPP-4) inhibitors in type 2 diabetes.

▪ The statistical power of our attempt to develop a
nomogram is supported by a high number of
arms (100) and participants (24 163), and by
58% of explained variance between studies.

▪ There is high heterogeneity in primary analysis
and sensitivity or subgroup analyses.

▪ Baseline HbA1c and fasting glucose levels are
the only important predictors of HbA1c response
to individual DPP-4 inhibitors in type 2 diabetes.
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Turner et al7 reported that use of DPP-4 inhibitors
increased steadily since 2005, representing 21% of ambula-
tory diabetes treatment visits by 2012.
It is generally agreed that individualising therapies can

help in achieving blood glucose level targets in people
with type 2 diabetes.8 9 Although RCTs are the most reli-
able methods of determining the effects of treatment, to
be clinically useful, their result must also be relevant to
definable groups of patients in a particular clinical
setting in routine practice (generalisability).10 The
inherent difficulty of applying trial data to individual
patients reflects common clinician concerns about sub-
groups, meta-analyses and risk.11 While awaiting the
results of pragmatic interventional trials with the speci-
fied aim to provide guidance to clinicians about the
most appropriate medications to treat type 2 diabetes,12

clinicians may find help on prediction models derived
from appropriate analyses of RCTs. Recent evidence sup-
ports the concordance in predictors of HbA1c response
to glucose-lowering drugs (insulin or DPP-4 inhibitors)
between data derived from RCTs and those emerging in
routine clinical care around the world.13–15 While previ-
ous studies tried to identify clinical or biochemical base-
line characteristics that predicted the HbA1c response to
DPP-4 inhibitors as a class,16 17 predictors of the HbA1c
response to individual DPP-4 inhibitors have never been
systematically evaluated.
The aim of the present study was to develop a nomo-

gram for estimating the HbA1c response to different
DPP-4 inhibitors in type 2 diabetes. In order to attenuate
the risk of ecological fallacy, that is, the impulse to apply
group level characteristics onto individuals within that
group,18 we included all published arms of RCTs that
met predefined criteria.

METHODS
This study of systematic review and meta-analysis is in com-
pliance with the guideline PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-Analyses).19 We
carried out this systematic review in accordance with the
study protocol (see online supplementary appendix 1)

Search strategy
Bibliographical databases for literature search included
MEDLINE (via PubMed), EMBASE (via OVID),
Cochrane Library, Google Scholar and ClinicalTrials.gov
(http://www.clinicaltrials.gov). The initial search was
performed on 1 July 2013 and was last updated on 31
December 2013. Our search strategy included keywords
‘DPP-4 inhibitors’, ‘vildagliptin’, ‘sitagliptin’, ‘saxaglip-
tin’, ‘linagliptin’, ‘alogliptin’ and ‘type 2 diabetes’. We
searched all fields in PubMed, all text in Cochrane
Library, but restricted to the fields of abstracts, titles and
keywords in EMBASE. Google search was conducted to
find the RCT information unavailable from bibliograph-
ical databases. In addition, manual search of journals
was conducted in personal reference lists of recovered

articles to track relevant RCTs that were not indexed by
normal keywords.

Inclusion and exclusion criteria
The identified studies were selected according to the fol-
lowing inclusion and exclusion criteria.

Study design
Only RCTs were included. Observational, cohort, case–
control, case series and laboratory studies were excluded.
Studies published ahead of print at 31 December 2013
were also included.

Durations
For observing changes in HbA1c levels, only the RCTs
with follow-up durations longer than 12 weeks were
included. As the relation between the HbA1c decrease
in response to DPP-4 inhibitors and time is quite linear
until 52–54 weeks,17 for longer RCTs we used the differ-
ence between HbA1c value at 52 weeks and baseline.

Participants
Only the RCTs on adult, non-pregnant participants aged
18 and older with type 2 diabetes were included, with at
least 30 participants in each arm of the trial.

Interventions
This meta-analysis included any arm of RCTs on the effi-
cacy of DPP-4 inhibitors in participants who were either
drug naïve, or on background therapy with metformin
or other oral agents.

Comparators
This meta-analysis included the RCTs employing placebo
or any comparator drug. We excluded RCTs employing
initiation of two agents at the same time, or those applied
to a subset of patients (ie, those with renal failure).

Outcome
This meta-analysis included the RCTs measuring HbA1c
as the outcome.
Trials were also excluded if: (A) they were extensions of

previous RCTs, as extended trials are more likely to be
biased, as those patients who had loss of glycaemic control
were not enrolled in the extension part of the randomised
trial; (B) the DPP-4 inhibitor was added to insulin because
insulin, as the most powerful glucose-lowering agent,
would have affected the construction of the nomogram;
and (C) the doses of DPP-4 inhibitors were different from
those recommended and approved in the clinical practice
(sitagliptin, 100 mg once daily; vildagliptin, 50 mg twice
daily; saxagliptin, 5 mg once daily; alogliptin, 25 mg once
daily; linagliptin, 5 mg once daily).

Study selection and data extraction
Two investigators (DG and KE), through use of a stan-
dardised tool, independently abstracted all data with dis-
agreements resolved by consensus. Any study arm of
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RCTs that met the inclusion/exclusion criteria was
included in the analysis: any other arm of the same
RCTs that assessed placebo or a comparator drug was
excluded. So, we only included study arms of RCTs inves-
tigating the effects of DPP-4 inhibitors on HbA1c. The
following information was sought from each trial arm:
(A) author identification; (B) year of publication; (C)
number of patients in the arm and study design; (D)
type of DPP-4 inhibitor and duration of follow-up; (E)
type of comparator drug; (F) drug, if any, to which the
DPP-4 inhibitors were added; (G) baseline character-
istics (age, HbA1c, fasting glucose); and (H) type of stat-
istical analysis for the outcome. We attempted to contact
study authors for additional information when necessary.
The relevance of studies was assessed with a hierarchical
approach on the basis of title, abstract and the full
manuscript. After the initial screening of titles and
abstracts, the studies included by both reviewers were
compared; disagreement was resolved by consensus.

Quality assessment
We assessed the design, execution and reporting of the
included RCTs according to the Cochrane risk of bias
tool.20 We assessed risk of bias in random sequence gen-
eration and allocation concealment (selection bias),
blinding of participants and personnel (performance
bias), blinding of outcome assessment (detection bias),
incomplete outcome data (attrition bias) and selective
reporting (reporting bias). The risk of bias was deemed
high, low or unclear. The quality of each RCT was
assessed by one reviewer and verified by another reviewer.
Disagreement was resolved by discussion. The evidential
level of the outcome was determined in accordance
with the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system21 and
conducted with GRADE profiler V.3.2 (http://tech.
cochrane.org/revman/gradepro).

Data analysis
The decrease of HbA1c from baseline at the end of treat-
ment, or at 52–54 weeks for RCTs of longer duration, was
the primary outcome. From each study, mean decrease of
HbA1c and its SE was calculated. Heterogeneity was
assessed by using Q statistic and I,2 22 which is the propor-
tion of total variance observed between the trials attribu-
ted to the differences between trials rather than to
sampling error. I2<25% was considered as low in hetero-
geneity and I2>75% was of high heterogeneity. If overall
heterogeneity was significant, a random-effect model was
used. The influence of a single study on the overall
meta-analysis estimate was investigated through the
‘metainf’ command in Stata. Metaregression was applied
to estimate the amount of heterogeneity explained
through the ‘metareg’ command in Stata. Metaregression
is a regression model that relates the treatment effect to
study-level covariates, while assuming additivity of within-
study and between-studies components of variance.23

Covariates included in the model were mean baseline

HbA1c value as continuous variable, type of DPP-4 inhibi-
tor (five categories: vildagliptin, sitagliptin, saxagliptin,
linagliptin and alogliptin) and mean baseline fasting
glucose value as continuous variable. Additional effects of
other available covariates added one by one to the previ-
ous model were also tested: these covariates included
mean age of patients, duration of treatment (three cat-
egories: 12–18, 24–30 and 52–54 weeks), previous treat-
ment (two categories: naïve/none, any treatment except
insulin to which the DPP-4 inhibitor was added on), trial
arm sample size and the statistical evaluation of results in
the RCTs (two categories: intention-to-treat and per proto-
col). Categorical variables were included in the model by
means of dummy variables. The moderators were chosen
consistently with previous findings,17 using the criteria of
the availability and within moderators with known effect
on the absolute HbA1c reduction from baseline.
Restricted maximum likelihood estimators were used to
estimate model parameters. Permutation test (using 1000
reallocations) was used for assessing the true statistical sig-
nificance of an observed metaregression finding.24 How
much the metaregression model explained heterogeneity
of the effect among studies was quantified by the percent-
age reduction of between-studies variability.23 25 Plot of
residuals was used to check the adequacy of the metare-
gression model overall and within type of DPP-4 inhibitor.
The distribution of residuals was examined by histograms
for standardised residuals and by normal probability plots.
A sensitivity analysis was performed to assess the consist-
ency and robustness of results of the metaregression
model excluding in turn the arms of one of the DPP-4
inhibitor categories. Predicted values and SE of prediction
were calculated. A nomogram was used to represent
results of the metaregression model, estimating decrease
of HbA1c from baseline starting from considered covari-
ates. In developing the nomogram, we used model coeffi-
cients to assign points to characteristics and predictions
from the model to map cumulative point totals. In table 1,
mean baseline HbA1c and mean baseline fasting glucose
were categorised only for descriptive purposes. Data were
analysed using Stata, V.11.2 (Stata Corp, College Station,
Texas, USA) and nomogram was plotted using R V.3.0.1
(R Foundation for Statistical Computing, Vienna, Austria).
All statistical tests were two-sided and p values <0.05 were
regarded as significant.

RESULTS
A total of 938 citations were assessed in the initial
searching, of which 810 were identified via bibliograph-
ical databases and 128 were identified by supplementary
search via Google and Google Scholar (figure 1). By
screening the abstracts, we excluded 235 non-RCTs, and
27 pharmacokinetics and pharmacodynamics studies. Of
the remaining 200 RCTs, 102 RCTs did not meet the
inclusion criteria on interventions and comparators.
Finally, a total of 98 RCTs, with 100 arms, were included
for quantitative synthesis and meta-analysis.
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Table 1 Studies included in the analysis

Study arms

Author, year and reference

Number

of patients Design

Type of DPP-4

inhibitor and FU

(weeks) Comparator Add-on to

Baseline

A1c (%)

Δ*
A1c (%)

Age

years Analysis

FG

mg/dL

Ristic, 20051 60 R, DB, P Vilda 12 Placebo None 7.64 −0.53 56 ITT 166

Pi-Sunyer, 20072 79 R, DB, P Vilda 24 Placebo naïve 8.4 −0.7 50 ITT 196

Scheweizer, 20073 511 R, DB, P Vilda 52 Metformin naïve 8.7 −1.1 52.8 ITT 189

Dejager, 20074 90 R, DB, P Vilda 24 Placebo naïve 8.6 −0.8 52.8 ITT 182

Rosenstock, 20075 150 R, DB, P Vilda 24 Pioglitazone naïve 8.6 −1.1 51.4 ITT 191

Garber, 20076 136 R, DB, P Vilda 24 Placebo Pioglitazone 8.7 −1.2 54 ITT 180

Rosenstock, 20077 459 R, DB, P Vilda 24 Rosiglitazone Naive 8.7 −1.1 54.5 ITT 185

Bosi, 20078 143 R, DB, P Vilda 24 Placebo Metformin 8.4 −0.9 53.9 ITT 178

Garber, 20089 132 R, DB, P Vilda 24 Placebo Glimepiride 8.6 −0.63 58.2 ITT 189

Bolli, 200810 264 R, DB, P Vilda 24 Pioglitazone Metformin 8.4 −0.88 56.3 PP 196

Pan, 200811 389 R, DB, P Vilda 24 Acarbose Naive 8.6 −1.4 51.8 ITT 180

Ferrannini, 200912 1118 R, DB, P Vilda 52 Glimepiride Metformin 7.3 −0.44 57.5 PP 165

Goodman, 200913 119 R, DB, P Vilda 24 Placebo Metformin 8.5 −0.66 54.7 ITT 194

Bosi, 200914 287 R, DB, P Vilda 24 Metformin Naive 8.7 −1.1 53.5 ITT 186

Scheweizer, 200915 159 R, DB, P Vilda 24 Metformin Naive 7.8 −0.64 71.6 ITT 166

Kikuchi, 200916 76 R, DB, P Vilda 12 Placebo Naive 7.4 −0.92 58.8 FAS 161

Foley, 200917 409 R, DB, P Vilda 104* Gliclazide None 8.5 −0.9 55.2 PP 194

Blonde, 200918 1653 R, OL, P Vilda 12 Thiazol Metformin 7.99 −0.68 55.3 ITT 168

Filozov, 201019 407 R, DB, P Vilda 52 Gliclazide Metformin 8.5 −0.81 59.2 PP 194

Derosa, 201020 155 R, DB, P Vilda 52 None Pio/Glimep 8.05 −1.2 58.5 ITT 140

Matthews, 201021 1051 R, DB, P Vilda 104* Glimepiride Metformin 7.3 −0.25 57.5 PP 166

Iawamoto, 201022 188 R, DB, P Vilda 12 Voglibose None 7.6 −0.95 60.3 FAS 160

Kikuchi, 201023 102 R, DB, P Vilda 12 Placebo Glimepiride 7.9 −1.0 59.2 FAS 164

Pan, 201224 146 R, DB, P Vilda 24 Placebo Metformin 8.09 −1.05 54.2 FAS 158

Strain, 201325 137 R, DB, P Vilda 24 Placebo Met+Su 7.9 −0.90 75.1 ITT 178

Lukashevic, 201326 158 R, DB, P Vilda 24 Placebo Met+Su 8.75 −1.01 53.5 FAS 167

Charbonnel, 200627 453 R, DB, P Sita 24 Placebo Metformin 7.9 −0.67 54 ATP 169

Raz, 200628 193 R, DB, P Sita 18 Placebo None 8.04 −0.48 54.5 ATP 180

Rosenstock, 200629 163 R, DB, P Sita 24 Placebo Pioglitazone 8.1 −0.85 55.6 ATP 168

Aschner, 200630 229 R, DB, P Sita 24 Placebo None 8.01 −0.61 53.4 ATP 144

Hermansen, 200731 218 R, DB, P Sita 24 Placebo Met±Su 8.34 −0.45 55.6 ATP 181

Goldstein, 200732 175 R, DB, P Sita 24 Placebo None 8.87 −0.66 53.3 ATP 201

Hanefeld, 200733 106 R, DB, P Sita 12 Placebo None 7.6 −0.44 56 ATP 177

Nauck, 200734 382 R, DB, P Sita 52 Glipizide Metformin 7.48 −0.67 56.8 PP 166

Scott, 200735 121 R, DB, P Sita 12 Placebo None 7.8 −0.54 55.1 ATP 169

Scott, 200836 91 R, DB, P Sita 12 Placebo Metformin 7.75 −0.73 55.2 ATP 157

Raz, 200837 95 R, DB, P Sita 30 Placebo Metformin 9.3 −1.0 53.6 FAS 202

Nonaka, 200838 75 R, DB, P Sita 12 Placebo None 7.5 −0.65 55.6 FAS 163

Mohan, 200939 339 R, DB, P Sita 18 Placebo None 8.7 −0.7 50.9 FAS 189

Bergenstal, 201040 166 R, DB, P Sita 26 Exen/Pio Metformin 8.5 −0.9 52 ITT 164

Pratley, 201041 219 R, OL, P Sita 26 Liraglutide Metformin 8.5 −0.9 55 FAS 180

Derosa, 201042 75 R, DB, P Sita 52 Metformin Pioglitazone 8.5 −1.4 57 ITT 143

Rigby, 201043 56 R, OL, P Sita 16 Col/Rosi Metformin 8.17 −0.4 54.8 FAS 181
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Table 1 Continued

Study arms

Author, year and reference

Number

of patients Design

Type of DPP-4

inhibitor and FU

(weeks) Comparator Add-on to

Baseline

A1c (%)

Δ*
A1c (%)

Age

years Analysis

FG

mg/dL

Aschner, 201044 455 R, DB, P Sita 24 Metformin Naive 7.2 −0.43 56.3 PP 142

Scheen, 201045 334 R, DB, P Sita 18 Saxagliptin Metformin 7.7 −0.62 58.1 PP 160

Seck, 201046 248 R, DB, P Sita 104* Glipizide Metformin 7.3 −0.8 57.8 PP 151

Arechavaleta, 201147 433 R, DB, P Sita 30 Glimepiride Metformin 7.5 −0.47 56.3 PP 144

Yang, 201248 192 R, DB, P Sita 24 Placebo Metformin 8.5 −0.9 54.1 FAS 173

Aschner, 201249 253 R, OL, P Sita 24 Glargine Metformin 8.5 −1.13 53.3 ITT 171

De Rosa, 201250 87 R, DB, P Sita 52 Placebo Metformin 8.0 −1.3 55.7 ITT 143

Bergenstal, 201251 177 R, DB, P Sita 24 Placebo Metformin 7.94 −0.89 55.5 ITT 172

Russell-Jones, 201252 163 R, OL, P Sita 26 Naive/Pio/Met Exenatide 8.5 −1.15 54 ITT 180

Takihata, 201353 58 R, OL, P Sita 24 Pioglitazone Met±Su 7.5 −0.86 60.3 ITT 144

Fonseca, 201354 157 R, DB, P Sita 26 Placebo Met+Pio 8.8 −1.1 55.7 ITT 180

Philis-Tsimakis, 201355 222 R, DB, P Sita 26 Degludec Met/Su 8.27 −0.71 54.9 FAS 169

Liu, 201356 60 R, OP, P Sita 24 Pioglitazone Met+Su 8.27 −0.71 60 ITT 167

Dobs, 201357 170 R, DB, P Sita 54 Placebo Met+Rosi 8.8 −1.1 54.4 ITT 182

Lavalle-Gonzales 201358 366 R, DB, P Sita 26 Canagliflozin Metformin 7.9 −0.73 55.5 ITT 169

Schernanther 201359 378 R, DB, P Sita 52 Canagliflozin Met+Su 8.1 −0.66 56.7 ITT 166

Rhee 201360 133 R, DB, P Sita 24 Gemegliptin Metformin 8.05 −0.8 53 FAS 146

Charbonnel 201361 269 R, OP, P Sita 12 Liraglutide Metformin 8.2 −0.8 57.6 ITT 174

Roden 201362 223 R, D, P Sita 24 Empagliflozin Naive 7.85 −0.66 55 ITT 147

Henry, 201463 172 R, DB, P Sita 54 Multiple T None 8.6 −1.1 51 ITT 178

Rosenstock, 200864 47 R, DB, P Saxa 12 Placebo Naive 7.9 −0.9 53.7 ITT 169

Defronzo, 200965 186 R, DB, P Saxa 24 Placebo Metformin 8.1 −0.69 54.7 FAS 180

Hollander, 200966 183 R, DB, P Saxa 24 Placebo Thiazol 8.4 −0.94 53.2 ITT 162

Rosenstock, 200967 106 R, DB, P Saxa 24 Placebo Naive 8.0 −0.46 53.9 FAS 172

Chacra, 200968 250 R, DB, P Saxa 24 Glyburide Glyburide 8.5 −0.64 54.9 ITT 175

Goke, 201069 293 R, DB, P Saxa 52 Glipizide Metformin 7.46 −0.74 57.5 PP 163

Scheen, 201045 343 R, DB, P Saxa 18 Sitagliptin Metformin 7.7 −0.52 58.8 PP 160

Yang, 201170 275 R, DB, P Saxa 24 Placebo Metformin 7.9 −0.78 53.8 FAS 155

Pan, 201271 277 R, DB, P Saxa 24 Placebo Naive 8.1 −0.84 51.2 FAS 164

Fonseca, 201272 137 R, DB, P Saxa 18 Metformin Metformin 8.4 −0.88 55.2 FAS 162

Frederich, 201273 69 R, DB, P Saxa 24 Placebo Naive 8.0 −0.66 54.7 ITT 162

Hermans, 201274 146 R, DB, P Saxa 24 Metformin Metformin 7.7 −0.47 58.7 FAS 166

Moses, 201375 127 R, DB, P Saxa 24 Placebo Met+Su 8.4 −0.74 57.2 FAS 155

Forst, 201076 62 R, DB, P Lina 12 Placebo Metformin 8.5 −0.5 59.2 FAS 189

Taskinen, 201177 513 R, DB, P Lina 24 Placebo Metformin 8.1 −0.49 56.5 FAS 169

Owens, 201178 778 R, DB, P Lina 24 Placebo Met+Su 8.15 −0.72 58.3 FAS 158

Del Prato, 201179 333 R, DB, P Lina 24 Placebo None 8.0 −0.44 56.4 FAS 164

Haak, 201280 142 R, DB, P Lina 24 Placebo None 8.7 −0.5 56.2 FAS 194

Ross, 201281 236 R, DB, P Lina 12 Placebo Metformin 8.0 −0.8 58.4 FAS 166

Lewin, 201282 158 R, DB, P Lina 18 Placebo Sulfonylurea 8.6 −0.54 57.2 FAS 182

Barnett, 201283 147 R, DB, P Lina 18 Placebo None 8.1 −0.39 56.4 FAS 183

Gallwitz, 201284 764 R, DB, P Lina 104* Glimepiride Metformin 7.7 −0.38 59.8 FAS 164

Kawamori, 201285 159 R, DB, P Lina 12 Placebo Mixed 8.07 −0.24 60.3 FAS 164
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Duration and settings
The characteristics of the included 98 RCTs (see online
supplementary references 1–98) are summarised in
table 1. The participants in all RCTs were patients with
type 2 diabetes (≥18 years old). The outcome measuring
the effects of DPP-4 inhibitors was HbA1c (%). The data
extracted from the included RCTs for meta-analysis were
sample sizes and HbA1c change from baseline. Most
trials were multinational and sponsored by industry. The
trials were published between 2005 and 2014, with 16
studies published in 2012, 17 studies in 2013 and 2
studies in 2014, but delivered as epub ahead of print in
December 2013. All trials were of parallel group; 88
trials were of double-blind design, and the remaining 10
were of open-label design.

Intervention
The trials evaluated 24 163 patients for the primary end-
point. In 31 trials, the patients were either drug naïve or
discontinued any previous drug prior to randomisation;
most background diabetes treatment included one
(mostly metformin) or more oral drugs. The character-
istics of trial participants were: mean age range 50–
74.9 years, trial duration range 12–54 weeks, mean base-
line HbA1c range 7.2–9.3% and mean baseline fasting
glucose level 170 mg/dL.

Risk of bias
According to the Cochrane risk of bias tool, the two
common biases (unclear risk of bias) were selection bias
(lack of specification of allocation concealment) and
detection bias (lack of specification about blinding of
outcome assessment; figure 2 and supplementary
table 1). The average quality of the RCTs was acceptable.
The GRADE evaluation indicated that the outcome of
HbA1c had moderate-to-high quality of the evidence.

Primary outcome
There were 26 arms with vildagliptin and 8578 patients, 37
arms with sitagliptin and 7716 patients, 13 arms with saxa-
gliptin and 2439 patients, 13 arms with linagliptin and
3637 patients, and 11 arms with alogliptin and 1793
patients. For all 100 arms, the mean baseline HbA1c value
(weighted by sample size) was 8.05% (64 mmol/mol); the
decrease of HbA1c from baseline was −0.77% (95% CI
−0.82 to −0.72%), with high heterogeneity (I2=96%,
Q test p<0.0001; table 2). The overall estimates changed
very little when any single study was omitted, without indi-
vidual study that have excessive influence on the pooled
effect. Also shown in table 2 are the decrements of HbA1c
level according to length of RCTs, type of DPP-4 inhibitors,
baseline HbA1c level and baseline fasting glucose: the
absolute mean decrement of HbA1c from baseline ranged
from −0.55% with linagliptin to −0.88% with vildagliptin;
however, the lack of head-to-head trials did not allow a
direct comparison for significance.
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Metaregression model
The multivariable metaregression model that included
baseline HbA1c, type of DPP-4 inhibitor and baseline
fasting glucose, explained 58% of overall variance
between studies (table 2). A statistical significant effect

was found for each covariate and the joint test for all cov-
ariates was highly significant (p<0.0001). The residual
between-study variance of the metaregression model was
0.024, with a significant residual heterogeneity
(p<0.001). No significant interaction was found between

Figure 1 Flow diagram of study selection (RCT, randomised controlled trial).

Figure 2 Cochrane risk of bias (graph).

Esposito K, et al. BMJ Open 2015;5:e005892. doi:10.1136/bmjopen-2014-005892 7

Open Access

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-005892 on 16 F

ebruary 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


these three significant predictors. No additional effect of
mean baseline age, previous diabetes treatment that the
DPP-4 inhibitor was added to, statistical evaluation of the
trial (per protocol or intention-to-treat) and duration of
treatment was found, with no significant coefficients or
increase of variance explained by the model (<1%). A
modest additional effect of trial arm sample size was
found with no significant coefficient and with 2%
increase of variance explained by the model. Median SE
of predicted values of HbA1c reduction was 0.04%
(range 0.02–0.09%). Plot of residuals revealed an accept-
able adequacy of the final model, as 90% of the overall
differences between observed and estimated values of
HbA1c reduction were within the range −0.3% to 0.3%.
Similar results were obtained in the analysis of residuals
by type of DPP-4 inhibitor. The distribution of the
residual satisfies the normality assumptions.
Sensitivity analysis excluding in turn each category of

DPP-4 inhibitors showed similar results in term of vari-
ance explained and estimate of β-coefficients: specific-
ally, variance explained by the model ranged between
52% excluding linagliptin arms (n=13), to 62% exclud-
ing sitagliptin arms (n=37). Results of the metaregres-
sion model were also graphically reported using a
nomogram where the estimated absolute HbA1c reduc-
tion from baseline was calculated starting from the type
of DPP-4 inhibitor category, baseline values of HbA1c
and fasting glucose (figure 3). For example, at a base-
line HbA1c level of 8%, the estimated reduction of
HbA1c during treatment with vildagliptin is −1.05% at a
fasting glucose level of 150 mg/dL and −0.77% at a
fasting glucose level of 180 mg/dL. For sitagliptin, the
same figures were −0.93% and −0.64%, respectively.

DISCUSSION
Quantification of HbA1c change to any therapy remains
an important task for clinicians and for patients in order
to meet HbA1c goals. The large size (100 arms with
24 163 people) and the wide geographical distribution of
the RCTs included in the present analysis should provide
acceptable estimates of predictor factors of improvement
in HbA1c level when starting therapy with DPP-4 inhibi-
tors in type 2 diabetes. The strongest predictive factor was
baseline HbA1c level, which explained 34% of the vari-
ance between studies, strengthening to more than half
(58%) by addition of fasting glucose. However, fasting
glucose can only improve the predictive value of baseline
HbA1c, but has no role when taken alone in the absence
of HbA1c. Other factors including mean age, previous
oral treatment, length of follow-up (up to 54 weeks), as
well as the statistical evaluation of results, had no predict-
ive role. We were able to construct a nomogram for esti-
mating the HbA1c decrease from baseline for each DPP-4
inhibitor, based on the starting HbA1c level and further
refined by the addition of fasting glucose. This nomo-
gram can help clinicians to predict the HbA1c response
to each DPP-4 inhibitor in practice.
RCTs do not always reflect real-life outcomes, and real-

life studies are deemed necessary to complement informa-
tion retrieved with RCTs.26 One main concern of RCTs is
the difficulty of applying trial data to individual patients.
Ahrén et al15 pooled data from five RCTs evaluating 2788
patients with type 2 diabetes who were taking vildagliptin
added to metformin, and compared them with real-life
data obtained from an observational study examining vil-
dagliptin (n=7002) added to metformin monotherapy.
Assessing the entire data set (n=12 001), 36% of the

Table 2 Effects of DPP-4 inhibitors and covariates on HbA1c reduction from baseline (Δ)

Arms

Mean

age*

Mean

basal*

ΔHbA1c
(%)

Low

CI 95%

High

CI 95% p Value I2 (%) Model

All 100 56.2 8.05 −0.77 −0.82 −0.72 <0.0001 96 RE

12–18 weeks 26 56.4 8.0 −0.68 −0.75 −0.61 <0.0001 91 RE

24–30 weeks 56 55.6 8.2 −0.78 −0.84 −0.73 <0.0001 93 RE

52–54 weeks 18 57.0 7.84 −0.84 −0.99 −0.68 <0.0001 98 RE

Vildagliptin 50 mg 26 56.3 8.06 −0.88 −1.00 −0.75 <0.0001 98 RE

Sitagliptin 100 mg 37 55.2 8.05 −0.79 −0.87 −0.71 <0.0001 94 RE

Saxagliptin 5 mg 13 55.4 8.01 −0.70 −0.79 −0.62 <0.0001 86 RE

Linagliptin 5 mg 13 59.0 8.05 −0.55 −0.65 −0.45 <0.0001 90 RE

Alogliptin 25 mg 11 55.2 8.14 −0.76 −0.86 −0.66 <0.0001 90 RE

Basal HbA1c <7.5% 8 57.4 7.32 −0.63 −0.78 −0.48 <0.0001 98 RE

Basal HbA1c 7.5–8.0% 28 57.6 7.82 −0.70 −0.76 −0.63 <0.0001 92 RE

Basal HbA1c 8.0–8.5% 34 55.9 8.15 −0.72 −0.79 −0.64 <0.0001 94 RE

Basal HbA1c >9.0% 30 54.2 8.63 −0.93 −1.02 −0.84 <0.0001 90 RE

Fasting glucose missing value 8 55.8 7.83 −0.72 −0.83 −0.61 <0.0001 91 RE

Fasting glucose <160 mg/dL 17 57.5 7.83 −0.83 −0.97 −0.69 <0.0001 97 RE

Fasting glucose ≥160 mg/dL <170 mg/dL 33 56.8 7.80 −0.68 −0.76 −0.60 <0.0001 96 RE

Fasting glucose ≥170 mg/dL <180 mg/dL 12 56.0 8.24 −0.79 −0.93 −0.66 <0.0001 92 RE

Fasting glucose ≥180 mg/dL 30 54.5 8.57 −0.83 −0.91 −0.74 <0.0001 90 RE

*Mean value weighted by sample size.
DPP-4, dipeptidyl peptidase-4; HbA1c, glycated haemoglobin; RE, random effect.
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variability in HbA1c response to vildagliptin was attribut-
able to baseline HbA1c, while age, body mass index (BMI)
and sex had little or no influence. For any given value of
basal HbA1c level, the decrease of HbA1c observed with
vildagliptin was the same in real life and RCTs: in patients
with mean baseline HbA1c of 8.5% (69 mmol/mol), the
adjusted mean HbA1c decrease in the vildagliptin treat-
ment group was essentially the same in the real-life cohort
(−1.1%; −12 mmol/mol) and RCTs (−1.2%; −13 mmol/
mol). In our nomogram, the estimated HbA1c decrease in
response to vildagliptin in patients with a mean baseline
HbA1c of 8.5% was −1.27%, which can be further refined
by adding the value of fasting glucose. So, the estimated
decrease remains at −1.27% at a fasting glucose level of
150 mg/dL, but is reduced at −1.08% at a fasting glucose
level of 170 mg/dL, and further to −0.9% at a fasting
glucose value of 190 mg/dL.
The EDGE (Effectiveness of Diabetes control with

vildaGliptin and vildagliptin/mEtformin) trial was a pro-
spective, 1-year, worldwide, real-life observational study in
which 2957 physicians reported on the effects of second-
line oral drugs in 45 868 patients with type 2 diabetes not
reaching glycaemic targets with monotherapy.27 This
population comprised 28 061 patients receiving

vildagliptin, and 15 294 receiving a comparator: final
HbA1c change at 12 months was −1.19% in vildagliptin-
treated patients. Again, the predicted decrease at
12 months from our model, considering a baseline
HbA1c=8.2%, was −1.14%, clearly superimposable over
what was observed in the EDGE study. In another obser-
vational, 2-year prospective cohort study conducted in
France, at the request of local health authorities, patients
with type 2 diabetic mellitus initiating vildagliptin or
treated for <6 months were recruited through a national
representative sample of general practitioners (n=482)
and diabetologists (n=84) between March 2010 and
December 2011.28 Of the 1700 patients included, vilda-
gliptin treatment maintenance at 2 years was 88.8%; in
everyday conditions of care, vildagliptin efficacy was in
line with existing data from randomised clinical trials, sus-
tained over 2 years, with low discontinuation rate and low
hypoglycaemia risk. In a real-world analysis of administra-
tive claims data from patients in the US, the predicted
change in HbA1c from baseline equalled the results from
head-to-head RCTs.29 In the 1576 patients treated with
sitagliptin, the mean difference between their baseline
A1c value (7.9%) and the value at 6 months postindex
was 0.70%, somewhat smaller than the 0.85% decrease

Figure 3 Nomogram to estimate the glycated haemoglobin (HbA1c) reduction from baseline after starting therapy with DPP-4

inhibitors. Choose the dipeptidyl peptidase-4 (DPP-4) inhibitor and the baseline HbA1c level; then, intercept perpendicularly the

top horizontal line (points) and read the number; using the same method calculate the points for baseline fasting glucose. The

sum of these two points, plotted on the ‘total points’ line, corresponds to the prediction of HbA1c reduction from baseline.

Examples: A patient with a HbA1c value of 8% is suitable for treatment with vildagliptin; the intercept of 8% (starting HbA1c value

of vildaglitpin line, second line) with the point line (first line) reads 38 points: this value (38 points) is translated to the total points

line (8° line from the top) and corresponds to a HbA1c reduction of −1.05% as obtained with the perpendicular from 38 points

(total points line) with the last line (HbA1c reduction). If the fasting glucose of the patient is 150 mg/dL, this adds nothing to the

calculation as a value of 150 mg/dL in the fasting glucose line corresponds to 0 points of the first line. However, if the fasting

glucose value reads 190 mg/dL, this will intercept (perpendicularly) the points line (first line) at 40 points, which summed up to

the previous 38 points gives a total of 78 points. Again, this value (78 points) is translated to the total points line (8° line from the

top) and corresponds to a HbA1c reduction of −0.65%. The same reasoning applies to another DPP-4 inhibitor: with saxagliptin,

for example, the baseline HbA1c value of 8% reads 60 points (points line) and corresponds to a HbA1c reduction of −0.84% at a

fasting glucose of 150 mg/dL (0 points more); in the case of fasting glucose of 190 mg/dL (40 points more), the corresponding

value for HbA1c reduction will be −0.44%, as given from the intercept of 100 total points (60 points from saxagliptin and 40

points from fasting glucose) with the last line.
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calculated from our model: the absence of any data on
fasting blood glucose does not allow a more predictable
estimate of the HbA1c response to sitagliptin.
In general, it seems reassuring that predictors of

HbA1c response to DPP-4 inhibitors therapy derived
from meta-analyses of published RCTs are similar to
those emerging in routine clinical care around the world.
Recent evidence also supports the concordance in pre-
dictors of HbA1c response to insulin between data
derived from RCTs and those emerging in routine clin-
ical care.13 14 Although many factors can guide clinicians
in predicting the HbA1c response to therapy, many are of
low predictive value and thus of poor utility. In the
A1chieve study,13 a non-interventional, observational,
24-week study examining the effectiveness of some
insulin analogues in routine clinical use in 66 726 people
with type 2 diabetes, baseline BMI, low-density lipopro-
tein cholesterol level, microvascular complications and
prestudy oral drug number were also statistically signifi-
cant, but were of very low predictive power. The factor
explaining most of the variance in HbA1c change was
baseline HbA1c level, which accounted for approximately
half or more of the improvement in HbA1c levels in uni-
variate analysis, and around two-thirds in multivariate
analysis. In the study of Ahrén et al,15 36% of the variabil-
ity in HbA1c response to vildagliptin was attributable to
baseline HbA1c, while other factors had little (sex) or no
(age, BMI) influence. In our analysis, baseline HbA1c
explained 34% of the variability in HbA1c response to
DPP-4 inhibitors. So, with the exception of baseline
HbA1c level, studies have failed to disclose other import-
ant predictors of HbA1c response to glucose-lowering
therapies, at least for insulin and DPP-4 inhibitors.
Our study has its limitations. We included RCTs with a

maximal duration of 52–54 weeks and the prediction of
the HbA1c response to DPP-4 inhibitors cannot be extra-
polated for further time. We limited the analysis to 1 year
of treatment with DPP-4 inhibitors for two main reasons:
the relation between time and efficacy is linear during the
first year17; and based on long-term RCTs (up to
104 weeks), there seems to be a decline of efficacy starting
from the second year of treatment.30 Another limitation
relates to metaregression by itself, as it may be exposed to
the risk of overall generalisability.18 However, observational
studies and meta-analyses of RCTs both have inherent lim-
itations,31 and it is important to understand the trade-off
between internal and external validity: the lack of random-
isation, the lack of a centralised laboratory, the lack of
intensive monitoring—all characteristics applying to clin-
ical practice—increase the generalisability and external
validity of such studies, but at the expense of internal valid-
ity. Another limitation is that we used the absolute HbA1c
reduction, not corrected by placebo effect; however, 56
RCTs out of 98 used a placebo arm, and in the real world
the placebo effect lies within the prescription of the drug
by the physician. Set against these limitations is the size of
the study (100 arms included in the analysis), which
allowed us to predict 58% of the overall variance in

change in HbA1c levels; moreover, as discussed before, the
HbA1c response to DPP-4 inhibitors seems the same in
real life and in RCTs.15 27–29 Finally, the percentage
change in HbA1c due to the placebo effect may range
from −0.1% to 0.1%.32 The nomogram is not intended to
give a comparison of different DPP-4 inhibitors, given the
lack of head-to-head RCTs comparing their efficacy in
HbA1c reduction from baseline. Moreover, the different
DPP-4 inhibitors explained 12% of variance between
studies. A significant residual between-study variance of
the metaregression model was found, which needed
further studies to investigate the high heterogeneity
between studies observed.
In conclusion, when starting therapy with a DPP-4

inhibitor, the major determinant of change in HbA1c is
baseline HbA1c level, further refined by the fasting
glucose level; other factors had a very low power and do
not contribute to the predictive model, suggesting that
we are capturing most of the important influences. The
nomogram we developed may help clinicians in predict-
ing the HbA1c response to individual DPP-4 inhibitor in
clinical practice.
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