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Abstract
Aim: Baseline glycated hemoglobin (HbA1c) is critical in assessing 
anti-diabetic agent efficacy due to its ability to alter the response of 
HbA1c reduction to dipeptidyl peptidase-IV (DPP-IV) inhibitors. With 
meta-regression, we aim to investigate the quantitative relationship 
between baseline HbA1c levels and HbA1c reduction in response 
to sitagliptin as a monotherapy or metformin + sitagliptin as dual 
therapy. Additionally, we intend to study the slope difference 
between monotherapy and dual therapy.

Method: We conducted an electronic search for randomized 
controlled trials (RCTs) involving monotherapy (sitagliptin) and dual 
therapy (sitagliptin and metformin) in type 2 diabetes patients. We 
analyzed quantitative relationships between baseline HbA1c and 
the change of HbA1c using meta-regression models.

Results: The mean baseline HbA1c levels ranged from 7.54 (SE 
= 0.85) to 9.00 (SE = 1.4) for monotherapy and 7.48 (SE = 0.72) to 
9.90 (SE = 1.8) for dual therapy respectively. According to meta-
regression models, the slopes of meta-regression lines were -0.198 
(95% CI [-0.324, -0.072], p = 0.002) for monotherapy and -0.656 
(95% CI [-0.925, -0.390], p < 0.001) for dual therapy, respectively.

Conclusions: The association between baseline HbA1c and the 
HbA1c change differed between monotherapy and dual therapy. 
Therefore, the effect of baseline HbA1c level on HbA1c changes 
during monotherapy or dual therapy should be considered when 
assessing the clinical efficacy of diabetes therapies.
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of T2DM remain a major global public health objective. It was shown 
that reduction of HbA1c was associated with reductions in risk of 
diabetes, myocardial infarction, microvascular complications and 
deaths related to diabetes [3], suggesting that focusing on achieving 
and sustaining glycemic control during diabetes treatment may be 
one of the important public health strategies in real-world practice. 
Current strategies to improve glycemic control include treatments 
with metformin, sulphonylureas, thiazolidinediones, meglitinides, 
a-glucosidase inhibitors, insulin, and several new classes of therapies, 
including amylinomimetics, incretin mimetics and dipeptidyl 
peptidase-4 (DPP-4) inhibitors (Sitagliptin, Vildagliptin, Saxagliptin, 
Alogliptin and Linagliptin) [4]. Although metformin is widely 
accepted as a first-line anti-diabetic drug in the treatment of most 
type 2 diabetes patients, the choice of ideal agents among various oral 
anti-diabetic drugs in combination with metformin after metformin’s 
failure is still controversial [5]. A meta-analysis review showed that 
some randomized controlled trials (RCTs) provided evidence of 
improved glycemic control with the dipeptidyl peptidase-4 (DPP-4) 
inhibitors, which has a modest risk of hypoglycemia and no weight 
gain [4]. Turner et al. reported that in the U.S. the use of DPP-4 
inhibitors had increased steadily since 2005, accounting for 21% of 
ambulatory diabetes treatment visits in 2012 [6].

According to popular therapeutic algorithms, assessment of 
diabetes therapy should be based on the baseline HbA1c, and a 
change in therapy is recommended when HbA1c is above the target- 
intensification of therapy is usually recommended when HbA1c is 
above 7% [7,8]. Recent articles based on several RCTs around the 
world supported the concordance in predictors of HbA1c response 
to glucose-lowering drugs (excluding insulin) between RCTs data 
and data from routine clinical care. The HbA1c reduction following 
therapy is greater in the patients with higher baseline HbA1c level 
[9]. However, little is known about relationships between effects 
of monotherapy/dual therapy and baseline HbA1c levels. We 
hypothesize that patients with different baseline HbA1c levels may 
respond differently to mono and dual therapies.  In this study, we 
provided evidence to support our hypothesis by performing meta-
regression analysis based on data from sitagliptin and sitagliptin 

Introduction
Type 2 diabetes mellitus (T2DM) is a disease that causes significant 

medical and social burdens in developed countries and prevalences 
of T2DM are gradually increasing in both developed and developing 
countries [1]. According to International Diabetes Federation, 366 
million people were diagnosed as diabetes in 2011. By 2030, the 
number of diabetes patients is expected to be 552 million, which 
render previous estimates conservative [2]. Prevention and treatment 
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+ metformin randomized control trials. The relationship between 
mono or dual therapy and baseline HbA1c may provide insight for 
diabetes health care and maximize the efficacy of available therapies.

Materials and Methods
Search strategy

We performed a literature search using databases including PubMed, 
Embase, Medline, and Cochrane central register of controlled trials. The 
search was performed on Apr 2014 and was restricted to publications in 
English by two independent researchers. Our search strategy included 
keywords: “Hemoglobin A1c”, “HbA1c”, “A1C”, “Incretins”, “DPP-4 
inhibitors”, “Sitagliptin”, “Metformin”, “Monotherapy”, “Dual therapy”, 
and “Randomized control trial”. We searched all fields in PubMed, all text 
in Medline, but restricted to the fields of abstracts, titles, and keywords 
in Embase. In addition, a 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 following 

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 in April 2014 were included.

Durations: For observing changes in HbA1c levels, only the 
RCTs with follow-up durations longer than 12 weeks were included.

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 trial.

Interventions: The interventions have to contain sitagliptin as 
a monotherapy or sitagliptin as an add-on therapy to metformin. 
Triple therapy was not included.

Comparators: This included the RCTs employing placebo or any 
anti-diabetic treatment (mono- or combination therapy). We excluded 
RCTs employing initiation of triple therapy at the same time.

Outcome
This study included the RCTs measuring HbA1c as the outcome, 

containing baseline HbA1c levels, and changing of glycosylated 
hemoglobin (HbA1c, mean and standard error (SE) of change of 
HbA1c should be reported). Trials were excluded if: (A) trials were 
extensions of previous RCTs, as extended trials are more likely to be 
biased, and those patients who had loss of glycemic control were not 
enrolled in the extension part of the randomized trial; (B) Sitagliptin 
was added to another anti-diabetic treatment (not included in this 
analysis); (C) the doses of DPP-4 inhibitors were different from those 
recommended and approved in the clinical practice.

Study selection and data extraction
The following information was sought from each trial: (A) author 

identification, (B) year of publication, (C) number of patients in the 
trial and study design, (D) sitagliptin monotherapy treatment, (E) 
sitagliptin in dual therapy treatment (sitagliptin + metformin), (F) 
follow-up time, (G) dose of anti-diabetic agents, (H) baseline HbA1c, 
(I) change of HbA1c from baseline (mean and standard error (SE) can 
be retrieved from confidence intervals or exact p-values if necessary), 
and (J) type of statistical 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 
researchers were compared; disagreement was resolved by consensus.

Quality assessment
We assessed the design, execution, and reporting of the included 

RCTs to Consolidated Standards of Reporting Trials. We assessed 
the risk of bias in random sequence generation 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 classified as high, low, or unclear. 
The quality of each RCT was assessed by one researcher and verified 
by the other researcher.

The 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
From each study, the mean decrease of HbA1c and its SE was 

extracted. Heterogeneity was assessed by using Q statistic and I2, the 
proportion of total variance due to the heterogeneity across trials rather 
than sampling error. I2 < 25% was considered as low in heterogeneity, 
and I2 > 75% was high heterogeneity. Random-effects models were 
used for the meta-analysis of summarizing the change of HbA1c 
across different studies. To estimate the slope of HbA1c change by 
baseline HbA1c level, linear mixed-effects models were used with the 
mean baseline HbA1c level of each study as a covariate. Both models 
employed weighted approaches, where the weight of each study is the 
inverse of the variance associated with the estimated HbA1c change. 
Change of HbA1c was predicted at different baseline HbA1c levels 
based on the linear models fitted to either the monotherapy studies 
or the studies with Sitagliptin added to metformin (dual therapy). All 
statistical tests were two-tailed and p-values < 0.05 were regarded as 
significant. All analysis were conducted with R-studio (Boston, MA).

Results
Search results

42 studies identified

Remove 3 studies that are
extensions of other studies

39 studies

Remove 6 studies with sitagliptin
added to other OHA

33 studies

26 studies

24 studies

Remove 7 studies with no
standard errors reported

Remove 2 studies with no
baseeline HbA1c or median

HbA1c

Figure 1: Flowchart of screening and identifying articles for meta-analysis.
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A total of 42 RCTs were identified via bibliographical databases for 
literature search including PubMed, Embase, Medline, and Cochrane 
central register of controlled trials (Figure 1). Finally, a total of 24 
RCTs, which can be divided into 2 groups (12 articles for each group) 
according to whether sitagliptin was used as a mono or dual therapy, 
were included for quantitative synthesis and meta-analysis.

As shown in table 1 and table 2, the participants in all RCTs were 
patients with type 2 diabetes (≥ 18 years old). The outcome measuring 
the effects of DPP-4 inhibitors was the change in HbA1c level (in 
percentage). 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 2006 and 2012. All trials were of parallel groups: 21 
were of a double-blind design, and the remaining 3 were of open-label 
design. RCTs with follow-up durations longer than 12 weeks were 
included in this study to observe changes in HbA1c levels. As HbA1c 
levels decreased in response to metformin and sitagliptin, we only 
used the most recent RCTs or those with follow-up time closest to 24 
weeks. The trials evaluated 5655 patients for the primary endpoint. 
The patients were either drug naïve or discontinued any previous 
drug before randomization. The characteristics of trial participants 
were: mean age range 49.4 - 71.6 years old, trial duration range 12 - 
104 weeks, and mean baseline HbA1c range 7.2 - 9.9%.

The average quality of search results

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 (Data not shown). 
The average quality of the RCTs was acceptable and the GRADE 
evaluation indicated that the outcome of HbA1c had a moderate-to-

high quality of the evidence.

Primary results
In the group where sitagliptin was used as monotherapy, the 

mean baseline HbA1c levels ranged from 7.54% (SE = 0.85) to 9.00% 
(SE = 1.4). The mean changes of HbA1c from baseline after sitagliptin 
monotherapy treatment was -0.60% (weighted by sample size, 95% 
CI [-0.68%, -0.51%]) and ranged from -0.43% (95% CI [-0.56%, 
-0.30%]) to -1.0% (95% CI [-1.15%, -0.85%]) (Figure 2A). In the 
group where sitagliptin was used with metformin as dual therapy, the 
mean baseline HbA1c levels ranged from 7.48% (SE = 0.72 in two 
studies respectively) to 9.90% (SE = 1.8). The mean changes of HbA1c 
from baseline after sitagliptin dual therapy treatment were -0.98% 
(weighted by sample size, 95% CI [-1.32%, -0.65%]) and ranged 
from -0.40% (95% CI [-0.65%, -0.15%]) to -2.40% (95% CI [-2.55%, 
-2.25%]) (Figure 2B).

In the meta-regression model where sitagliptin was used as 
monotherapy (Figure 3A), there was a 0.198% further reduction in 
HbA1c change from baseline HbA1c when baseline HbA1c level 
increased by 1% (Slope = -0.198, 95% CI [-0.324, -0.072], p < 0.002) 
with a modest heterogeneity (I2 = 66.84%, p < 0.0005) and R-square 
value of 49.97%. A similar relationship between baseline HbA1c and 
HbA1c reduction was found in the model where sitagliptin was used as 
dual therapy (Figure 3B), although the absolute value of the decreasing 
rate of HbA1c reduction is higher than that of monotherapy. When 
baseline HbA1c increased by 1%, HbA1c change further declined by 
0.656% (Slope = -0.656, 95% CI [-0.925, -0.390], p < 0.001) with high 
heterogeneity (I2 = 96.91%, p < 0.001), and R-square value of 68.29%.

We also conducted meta-regression analysis using relative 

Table 1: Twelve studies selected as sitagliptin as mono therapy group (group 1)

Study Design Dose Control Follow-up N1 Baseline HbA1c % (SE %) Change of HbA1c % (SE %)
Aschner 20062 [14] R, DB3 100 mg QD4 Placebo 24wk 229 8.01 (0.88) -0.61 (0.064)
Goldstein 2007 [15] R, DB 100 mg QD Placebo 24wk 175 8.87 (0.99) -0.66 (0.084)
Hanefeld 20072 [16] R, DB 100 mg QD Placebo 12wk 106 7.78 (0.90) -0.44 (0.071)

50 mg BID Placebo 108 7.79 (0.85) -0.43 (0.068)
Mohan 2009 [17] R, DB 100 mg QD Placebo 18wk 339 8.7 (1.0) -0.7 (0.051)
Nonaka 2008 [18] R, DB 100 mg QD Placebo 12wk 75 7.54 (0.85) -0.65 (0.077)
Raz 20062 [19] R, DB 100 mg QD Placebo 18wk 193 8.04 (0.82) -0.48 (0.066)
Scott 2007 [20] R, DB 50 mg BID Placebo 12wk 121 7.83 (0.95) -0.54 (0.071)
Barzilai 2011 [21] R, DB 100 mg QD Placebo 24wk 101 7.8 (0.8) -0.50 (0.128)
Iwamoto 2010  [22] R, DB 50 mg QD Voglibose 12wk 155 7.7 (0.9) -0.70 (0.051)
Aschner 2010 [23] R, DB 100 mg QD Metformin 24wk 455 7.2 (0.7) -0.43 (0.051)
Perez-Monteverde 2011 [24] R, DB 100 mg QD Pioglitazone 12wk 231 9.0 (1.4) -1.00 (0.077)
Chan 20082 [25] R, DB 100 mg QD Placebo/Glipizide 12wk 55 7.6 (0.9) -0.60 (0.102)

1N: number of patients available for computing change of HbA1c if reported, and number of randomized patients otherwise. 
2Studies have different dose groups of Sitagliptin. If there is a group of 100mg (once per day), we used data for this group; and used data for the group with 
maximum dose otherwise. For Hanefeld et al. (2007), we kept two groups (100mg once per day or 50mg twice per day). Chan 2008 have multiple follow-up visits, 
and we used the visit closest to 24 weeks. 
3R: randomized; DB: double-blinded  
4QD: once a day; BID: twice a day

Table 2: Twelve studies selected as sitagliptin as dual therapy group (group 2)

Study Design Dose Follow-up N Baseline HbA1c % (SE %) Change of HbA1c % (SE %)
Charbonnel 2006 [26] R, SB1 S 100 mg QD4 + M ≥ 1500 mg/day2 24wk 453 7.96 (0.81) -0.67 (0.051)
Scott 2008 [27] R, DB S 100 mg QD + M ≥ 1500 mg/day 18wk 91 7.75 (0.99) -0.73 (0.068)
Nauck 2007 [28] R, DB S 100 mg QD + M ≥ 1500 mg/day 52wk 382 7.48 (0.76) -0.67 (0.041)
Arechavaleta 2011 [29] R, DB S 100 mg QD + M ≥ 1500 mg/day 30wk 443 7.48 (0.68) -0.47 (0.041)
Aschner 2012 [14] R, O S 100 mg QD + M ≥ 1500 mg/day 24wk 253 8.5 (1.1) -1.13 (0.06)
Pratley 2010 [30] R, O S 100 mg QD + M ≥ 1500 mg/day 26wk 219 8.5 (0.7) -0.90 (0.066)
Raz 20083 [31] R, DB S 100 mg QD + M ≥ 1500 mg/day 18wk 95 9.3 (0.9) -1.00 (0.102)
Reasner 2011 [32] R, DB S 50 mg BID + M 500 mg BID 18wk 559 9.9 (1.8) -2.40 (0.076)
Scheen 2010 [33] R, DB S 100 mg QD + M 1500-3000 mg/day 18wk 343 7.69 (0.9) -0.62 (0.038)
Wainstein 2012 [34] R, DB S 50 mg BID + M 500 mg BID 32wk 253 8.9 (1.3) -1.90 (0.076)
Rigby 2010 [35] R, O S 100 mg QD + M ≥ 1500 mg/day 16wk 55 8.17 (0.91) -0.40 (0.130)
Bergenstal 2010 [36] R, DB S 100 mg QD + M ≥ 1500 mg/day 26wk 166 8.5 (1.2) -0.90 (0.102)

1SB: single-blinded; O: open-labeled
2S: sitagliptin; M: metformin
3Studies have multiple follow-up visits, and we used the visit closest to 24 weeks.
4QD: once a day; BID: twice a day
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protocol or intention-to-treat)). Intuitively, the HbA1c reduction 
following a therapy with insulin or noninsulin drugs was greater 
when baseline HbA1c levels of the patients were higher [9]. A 
separate analysis for DPP-4 inhibitors indicated the same trend: for 
the baseline HbA1c higher than 7%, each 1% increase of baseline 
HbA1c resulted in a greater reduction of HbA1c (0.26% more) in 
response to DPP-4 inhibitors [10]. However, few studies have been 
conducted on a combined analysis between monotherapy and dual 
therapy so far. The present analysis explored the response of baseline 
HbA1c reduction and baseline HbA1c levels to trial-level covariates of 
sitagliptin as monotherapy and sitagliptin combined with metformin 
as a dual therapy treatment.

In our study, the separated analysis of sitagliptin as a 
monotherapy treatment indicated a significant reduction of HbA1c 
(0.2%) in response to DPP-4 inhibitors for each 1% increase of 
baseline HbA1c > 7%. This is lower than what is reported by Esposito 
et al. (0.26%), where all selected DPP-4 inhibitors were considered as 
one class [10]. The analysis of sitagliptin combined with metformin 
as a dual therapy treatment showed a greater reduction in HbA1c 
(0.656%) in response to DPP-4 inhibitors for each 1% increase of 
baseline HbA1c > 7%, indicating a significant difference between 
mono- and dual therapies. Such difference may be caused by different 
data sources and analysis methods. For example, more trials with 
sitagliptin as monotherapy were included in this study (12 versus 8). 
For the dual therapy trials, we focused on  sitagliptin + metformin 
while Esposito et al. considered sitagliptin in combination with any 
oral medications. Therefore, we may have less  heterogeneity in the 
current study. Another weakness of the design of previous studies is 
that the same patient cohort may be included more than once. For 
example, the article published by Seck et al. [12] is an extension of 
study by Nauck et al. [13], and these two studies were both included 

changes of HbA1c (the change of mean HbA1c level divided by mean 
HbA1c level before therapy) as the dependent variable and mean 
baseline HbA1c as the predictor. The mean relative change of HbA1c 
from baseline after sitagliptin monotherapy treatment was -7.4% and 
ranged from -5.5% to -11.1% (Figure S1A). The mean relative change 
of HbA1c from baseline after sitagliptin dual therapy treatment were 
-11.4% and ranged from -4.9% to -24.2% (Figure S1B).

In the meta-regression model where sitagliptin was used as 
monotherapy (Figure S2A), there was a 1.480% further reduction in 
HbA1c relative change from baseline HbA1c when baseline HbA1c 
level increased by 1% (Slope = -1.480) with a modest heterogeneity 
(I2 = 66.06%, p = 0.001) and R-square value of 25.1%. In the model 
where sitagliptin as dual therapy, when baseline HbA1c increased by 
1%, the percent HbA1c change further declined by 6.030% (Slope = 
-6.030) with high heterogeneity (I2 = 95.97%, p < 0.001) and R-square 
value of 60.50% (Figure S2B).

Discussion
Most recently, diabetes management algorithms recommended a 

HbA1c target of < 6.5-7.0% for the majority of people with diabetes 
if the target can be achieved safely [7,8]. Therefore, exploring the 
relationship between HbA1c reduction and any therapy is the first 
task for clinicians and patients to meet HbA1c goals. Esposito et al. 
have made a great contribution in this field [9-11]. Three factors, 
including baseline HbA1c, baseline fasting glucose, and the type of 
DPP-4 inhibitors have been identified by meta-regression analysis, 
which explains 61% of variance between RCTs with different baseline 
characteristics (such as baseline HbA1c, baseline fasting glucose, 
mean age, BMI, duration of treatment with a DPP-4 inhibitor, type 
of DPP-4 inhibitors, previous diabetes treatment in which a DPP-
4 inhibitor was added to and statistical evaluation of the trial (per 
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Figure 2: Plots of HbA1c change and mean baseline HbA1c in the trials using 
sitagliptin as mono (A) and dual therapy (B).

Figure 3A:

Figure 3B:

P
re

di
ct

ed
 c

ha
ng

e 
of

 H
bA

1c
 (%

)

Baseline HbA1c (%)

Baseline HbA1c (%)

P
re

di
ct

ed
 c

ha
ng

e 
of

 H
bA

1c
 (%

)

-0
.8

   
   

   
-0

.7
   

   
   

 -0
.6

   
   

   
-0

.5
   

   
   

-0
.4

-1
.4

   
 -1

.2
   

-1
.0

   
 -0

.8
   

-0
.6

   
-0

.4
   

 -0
.2

7.0       7.5        8.0           8.5                   9.0

7.0       7.5        8.0           8.5                   9.0

Figure 3: Meta-regression analysis of HbA1c change and mean baseline 
HbA1c in the trials using sitagliptin as mono (A) and dual therapy (B).



• Page 5 of 7 •ISSN: 2377-3634Yin et al. Int J Diabetes Clin Res 2016, 3:051

in the analysis.  Furthermore, we analyzed meta-regression results 
for sitagliptin and sitagliptin + metformin to support our hypothesis 
that patients may respond differently to mono- and dual therapies. 
In previous studies, Esposito et al. performed a pooled analysis 
and  ignored such a difference between mono and dual therapy 
treatment [9-11]. In addition, we presented quantitative models for 
HbA1c change (both mono and dual therapy). Esposito et al. computed 
the slopes but did not present the quantitative models. Based on the 
quantitative models, we compared HbA1c changes of sitagliptin with 
other medications at the same baseline level. The quantitative models 
allow us to compare at any baseline level. Of course, Esposito et al. 
results are more  comprehensive since they conducted a  complete 
meta-analysis with all relevant medications. We used literature data 
for sitagliptin and sitagliptin combined with other medications, but 
Esposito et al. can assess other medications. In addition to baseline 
HbA1c, Esposito et al. also assessed the relationship between the 
change of HbA1c and other factors such as fasting glucose and age.

This study has several limitations. First, the baseline and changes 
of HbA1c analyzed were not collected from the same patients, which 
created potential heterogeneity between studies used in this meta-
analysis. Second, due to the limited information available in the 
qualified articles selected, the other covariates such as age and ethnic 
group were not included in the meta-regression analysis. Third, by 
the nature of meta-regression analysis, our study is only considered as 
an exploratory study, and our findings cannot infer causality.

In summary, our analysis showed the change of HbA1c level 
decreased in both sitagliptin monotherapy and dual therapy when 
baseline HbA1c level increased. Our study confirmed the notion that 
baseline HbA1c should be considered as an important factor when 
assessing the agent efficacy in diabetic therapy. Moreover, our study 
demonstrates that different effects of baseline HbA1c on the HbA1c 
change in response to sitagliptin monotherapy and dual therapy, 
which fills the gap in the literature.
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Figure S1: Plots of HbA1c percent change and mean baseline HbA1c in the 
trials using sitagliptin as mono (A) and dual therapy (B)
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Figure S2: Meta-regression analysis of HbA1c change and mean baseline 
HbA1c in the trials using sitagliptin as mono (A) and dual therapy (B).
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