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Aim: Comparative effectiveness research (CER) can help ascertain value of new drugs; however, limited
research assesses the translation of CER into clinical practice. The objective of this study was to analyze the
association between CER evidence and prescribing trends within two markets of Type 2 diabetes mellitus.
Methods: A retrospective analysis to determine the prescribing trends from 2006 to 2016 and an elec-
tronic literature search to identify CER comparing different drugs was conducted. Results: In glucagon-like
peptide-1 (GLP-1) agonists market, CER showed superiority of Liraglutide. Prescribing of Exenatide twice
daily dropped by 50% points as Liraglutide entered the market. In dipeptidyl peptidase-4 (DPP4) inhibitors
market, CER did not suggest conclusive superiority. Nevertheless, Sitagliptin, the first entrant, continued
to dominate throughout. Conclusion: CER evidence appeared to be associated with prescribing trends in
GLP-1 agonists market; however, no associations were found in DPP4 inhibitors market. The translation of
evidence into practice can be limited by the availability of superiority trials and timing of their availability.
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It is becoming increasingly challenging to ascertain the value of new drug therapies in the US healthcare system [1,2].
Real-world evidence comparing the benefits and harms of different drugs, also called comparative effectiveness
research (CER), can act as a strong tool in assisting patients, providers and payers to quantify the value of healthcare
and make informed clinical decisions [3]. There is a growing emphasis on generating CER [4] and integrating it into
prescribing and coverage decisions [5,6]. The American Recovery and Reinvestment Act of 2009 allocated US$1.1
billion toward CER generation, which led to a rapid increase in the volume of CER evidence for various disease
conditions [4,7]. However, limited knowledge exists regarding the extent to which the CER evidence is incorporated
into clinical practice [3,7–9].

CER can be generated using various study designs, namely meta-analysis and systematic reviews (MA and SRs),
randomized controlled trials (RCTs) and observational studies [10–12]. RCTs are considered the gold standard;
however, MA and SRs conducted using RCTs are also considered high-quality evidence and currently at the top of
the hierarchy [13]. With a consensus around the importance of hierarchy of CER evidence for decision making [14,15],
the impact of different CER study designs proving superiority versus noninferiority and timing of their availability
on prescribing has not been explored yet [16].

The Institute of Medicine has recommended diabetes as one of the high-priority disease areas for generating
more CER evidence [17]. Around 9.4% of the US population (∼30.3 million people) had diabetes in 2015, with an
estimated 1.5 million new cases being diagnosed every year [18]. It is also the seventh leading cause of death in the
USA. According to a recent report by the American Diabetes Association, the total direct and indirect cost burden
of diagnosed diabetes was US$327 billion in the USA in 2017 [19]. The high economic and utilization burden
of diabetes is predominantly due to Type 2 diabetes mellitus (DM), accounting for 90–95% of all the diagnosed
cases [20].
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To manage Type 2 DM in adults, different drugs have been approved in the USA. Two recent therapeutic
categories with drugs approved as an adjunct to diet and exercise to improve glycemic control are: glucagon-like
peptide-1 (GLP-1) agonists and dipeptidyl peptidase-4 (DPP4) inhibitors. GLP-1 agonists include Exenatide twice
daily (BID) approved in 2005, Exenatide once weekly (QW) approved in 2012, Liraglutide approved in 2010,
Albiglutide approved in 2014 (now discontinued) and Dulaglutide approved in 2014 [21]. DPP4 inhibitors include
Sitagliptin approved in 2006, Saxagliptin approved in 2009, Linagliptin approved in 2011 and Alogliptin approved
in 2013 [21]. Abundant CER evidence comparing the drugs has been being generated; however, the extent to which
this evidence is being adopted by decision makers into clinical practice is limited. The underlying hypothesis of
this study was that the presence of high-quality CER evidence proving superiority of a drug could change the
prescribing trends in favor of that drug. If CER evidence is inconsequential, prescribing behavior could alter to
eliminate drugs with little or no added benefit from the market [16].

Aim
The aim of this study was to assess the association between the CER evidence and drug prescribing trends within
two markets of Type 2 DM: GLP-1 agonists and DPP4 inhibitors.

Methods
Data
Two kinds of data were examined: prescribing trends and CER. Prescribing trends were determined using a
retrospective, longitudinal analysis of the Medical Expenditure Panel Survey (MEPS) data from January 1, 2006
to December 31, 2016. In the MEPS data, the Prescribed Medicine Event file was used to obtain the prescribed
medication name, National Drug Code, unique respondents with a prescription of the medication and the Multum
Lexicon therapeutic classification codes to identify ‘anti-diabetic’ drugs. This file was merged with the Household
Component file of the MEPS to extract the ‘self diagnosis’ variable. The sources of CER evidence were Cochrane
library and MEDLINE. A comprehensive literature review was conducted to identify CER evidence published
from January 1, 2006 to December 31, 2016. Based on the most widely used traditional hierarchy [11,12], this
study explored MA and SRs as the first set of CER evidence, and RCTs as the next. Specific search strategies and
inclusion–exclusion criteria were used to select the studies (Figures 1 & 2).

Variables
The outcome variable, annual drug prescribing, was measured as the number of unique respondents with one or
more prescriptions of the drug in each year, determined separately for GLP-1 agonists and DPP4 inhibitors. The
year (or time) of availability of CER evidence for each market was the intervention variable.

Statistical analysis
The outcome variable, determined using MEPS, was weighted using the survey weights and clustered standard
errors to represent the US noninstitutionalized population. This part of the analysis was conducted using STATA
MP 4-Core, version 15 (Stata Corporation, TX, USA). The outcome variable was plotted with time, and trends
analysis was conducted with values of the slope, direction of the trends (i.e., the sign of the slope) and R-squared
displayed for each market. The percentage change in the outcome variable was also determined for each year. The
intervention variable was indicated on the plots for each market, representing the year of CER evidence availability.

Results
GLP-1 agonists market
Exenatide BID, Exenatide QW and Liraglutide constituted the GLP-1 agonists market, due to zero observations
reported for Dulaglutide in the MEPS database and discontinuation of Albiglutide. Figure 3 shows the trends
of the unique respondents being prescribed GLP-1 agonists along with the CER evidence from 2009 to 2016.
Figure 3 also depicts the percentage point change from the previous year in the number of unique respondents
being prescribed each GLP-1 agonists.

After the approval of Liraglutide in 2010, the number of unique patients being prescribed Exenatide BID dropped
almost 50 percentage points, in other words, from 372,616 in 2010 to 190,601 in 2011 (Figure 3). The prescribing
trends of Liraglutide continued to increase until 2013 and then plateaued. Prescribing trends of Exenatide BID
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Citation identified using electronic databases (n = 560):

Medline: 493; Central: 67

Exclude (n = 432)

– Before 2009 and after 2016

  Citation retrieved (n = 128)

Medline: 79; Central: 49

Remove duplicates (n = 18)

Abstracts reviewed (n = 110)

Excluded (n = 36)

– Didn’t mention both drugs

– Non-USA

Articles reviewed (n = 74)

Articles included (n = 9)

MA and SRs (n = 7)

RCT (n = 2)

Exclude (n = 65)

– No head to head comparison

– Didn’t compare glycemic control or
 weight loss as one of the outcomes

– Study designs other then MA, SRs 
and RCTs

– Non English

    Non-human

– Non-adults

Figure 1. Selection of studies for glucagon-like peptide-1 (GLP-1) agonists market.
GLP-1: Glucagon-like peptide-1; MA: Meta-analysis; RCT: Randomized controlled trials; SR: Systematic review.

follow a downward trend throughout the time frame. However, the new dosage of Exenatide prescribed QW follow
an upward trend throughout.

CER evidence for the GLP-1 agonists market included nine studies, of which seven were MA and SRs and two
were RCTs. Supplementary Material 1 summarizes the characteristics of the included studies. According to the
evidence presented by the MA and SRs, both Exenatide QW and Liraglutide were clinically superior to Exenatide
BID, with no meaningful differences reported between Exenatide QW and Liraglutide [22–26]. The reductions in
Hemoglobin (Hb) A1c level was higher for Exenatide QW (-1.54%) and Liraglutide (-1.22%) compared with
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Citation identified using electronic databases (n = 442)
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Exclude (n = 352)
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RCT (n = 1)

 – Non-human

Figure 2. Selection of studies for dipeptidyl peptidase-4 (DPP4) inhibitors market.
DPP4: Dipeptidyl peptidase-4; MA: Meta-analysis; RCT: Randomized controlled trials; SR: Systematic review.

Exenatide BID (-1.08%) [22]. One study reported [24] that more patients being treated with Exenatide QW or
Liraglutide achieved an HbA1c <7% compared with Exenatide BID. Another study [27] reported that the odds of
achieving HbA1c <7% without weight gain or hypoglycemia were two times higher for Liraglutide compared with
Exenatide BID. Similar reductions in weight were reported among the patients using Exenatide BID, Exenatide
QW and Liraglutide [22–24,26,28].

According to the evidence presented by the two RCTs, Liraglutide was clinically superior to both the dosages
of Exenatide [29–31]. The RCT comparing Liraglutide and Exenatide BID showed that, Liraglutide resulted in a
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Figure 3. Yearly trends and percentage point difference in unique patients prescribed GLP-1 agonists (Exenatide twice daily, Exenatide
once weekly, Liraglutide) from 2009 to 2016, plotted with CER. Availability of CER evidence are presented on the graph, referenced with
the name of the first author and arrows marking the year evidence was published.
BID: Twice daily; CER: Comparative effectiveness research; GLP-1: Glucagon-like peptide-1; NA: Not applicable; QW: Once weekly.

significant reduction in HbA1c and fasting plasma glucose level with estimated treatment difference of -0.33% and
-1.01 mmol/l respectively. Also, the proportion of patients achieving the HbA1c <7% goal were significantly higher
with Liraglutide compared with Exenatide BID. No significant differences in weight loss or adverse events were
reported for the two drugs. According to the RCT comparing Liraglutide and Exenatide QW [31], change in HbA1c
at the endpoint was significantly greater in patients taking Liraglutide (-1.48%) compared with Exenatide QW
(-1.28%). Also, significantly higher proportion of Liraglutide patients achieved HbA1c <7% goal and experienced
higher reduction in the mean fasting serum glucose, compared with Exenatide QW. However, frequency of
adverse events including nausea, diarrhea and vomiting was lower in patients using Exenatide QW compared with
Liraglutide. Overall, consolidating the CER evidence presented by RCTs, Liraglutide was clinically superior to
Exenatide BID and Exenatide QW.

DPP4 inhibitors market
Sitagliptin, Saxagliptin and Linagliptin constituted the DPP4 inhibitors market, due to null observations reported
for Alogliptin in MEPS database. Figure 4 shows the trends of the unique respondents being prescribed DPP4
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Figure 4. Yearly trends and percentage point difference in unique patients prescribed DPP4 inhibitors (Sitagliptin, Saxagliptin and
Linagliptin) from 2007 to 2016, plotted with CER. Availability of CER evidence are presented on the graph, referenced with the name of
the first author and arrows marking the year evidence was published.
CER: Comparative effectiveness research; DPP4: Dipeptidyl peptidase-4; NA: Not applicable.

inhibitors along with the CER evidence from 2007 to 2016. Figure 4 also depicts the percentage point change from
the previous year in the number of unique respondents being prescribed each DPP4 inhibitor.

There was an upward trend in annual prescribing for all three DPP4 inhibitors. Prescribing of Sitagliptin followed
an upward trend since its year of approval (2007). The first drop in Sitagliptin prescribing was seen in 2010, which
is when Saxagliptin, was approved. The drop in the number of unique patients being prescribed Sitagliptin was
similar to the number of unique patients being prescribed Saxagliptin in 2010. Prescribing of Saxagliptin follow
an upward trend since its year of approval (2009). However, prescribing of both Sitagliptin and Saxagliptin drops
from 2012 to 2014, which is when Linagliptin entered the market. After 2014, the prescribing trends for all DPP4
inhibitors continued to rise.

CER evidence for the DPP4 inhibitors market included four studies, of which three were MA and SRs and
one was RCT. Supplementary Material 2 summarizes the characteristics of the included studies. Among the MA
and SRs, contradictory evidence exists about the clinical superiority of the three DPP4 inhibitors. There were two
MA and SR studies published in 2012 [32,33] and the third model-based MA published in 2013 [34]. One of the
2012 studies [32] suggested that Sitagliptin and Saxagliptin were not statistically significant in reducing HbA1c, and
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showed similar differences in weight change and rates of hypoglycemia. The other 2012 study [33] suggested that
Sitagliptin versus placebo showed a HbA1c reduction of 0.74%, compared with 0.57% with Saxagliptin and 0.68%
with Linagliptin. However, Sitagliptin versus placebo was associated with a higher risk of hypoglycemia compared
with Saxagliptin and Linagliptin. The 2013 study [34] reported that Linagliptin was as effective as Sitagliptin in
reducing the HbA1c levels by 0.81% (placebo adjusted) after 24-week of treatment.

According to the evidence presented in the RCT [35], there was no significant difference in the outcomes between
Sitagliptin and Saxagliptin. The RCT showed the mean HbA1c reduction of -0.52 and -0.62% with Saxagliptin and
Sitagliptin, respectively, with a between-group difference of 0.09%, demonstrating noninferiority. Both treatments
were generally well tolerated, and incidence and types of adverse events were comparable between the two drugs.
Overall, the CER evidence was inconclusive in establishing the superiority of any one drug, and suggest that all
three DPP4 inhibitors were similar in terms of clinical outcomes.

Discussion
Our results showed that CER evidence did appear to influence physician prescribing in GLP-1 agonists market;
however, the associations depend on the kind of study design proving superiority and the timing of its availability.
Another past study [8] assessed the impact of four unrelated CER studies, and found an association between two of
the CER trials and utilization patterns. However, it failed to ascertain the value of different study designs used to
generate CER evidence and the impact of a consolidated evidence on a specific therapeutic category. Also, it was
conducted using a single source of claims data, limiting its generalizability to US population. Our study attempts
to address these gaps by focusing on Type 2 DM drugs and providing a comprehensive comparative effectiveness
literature evaluation of MA and SRs and RCTs, important for the clinical decision making within a therapeutic
market.

According to our study, Liraglutide prescribing dominated the GLP-1 agonists market throughout after 2010.
Although MA and SRs did not show superiority of Liraglutide over Exenatide QW, the prescribing trends of
Liraglutide appear to be associated with the RCT evidence and the year it was published. The QW dose of
Exenatide might have favored its prescribing over the BID dose of Exenatide due to adherence [36], however, both
the dose forms of Exenatide were dominated by Liraglutide in the GLP-1 agonists market. There have been
recent arguments [37] suggesting RCTs, especially which mimic pure experimental conditions, to be considered the
best quality evidence and therefore, removing MA and SRs from the top of the evidence pyramid due to their
methodological flaws, heterogeneity issues and varied clinical interpretation [38,39]. Our study suggests that presence
of robust well-designed RCTs proving superiority of Liraglutide in GLP-1 agonists market were translated favorably
into the prescribing decisions shortly after 2010.

That being said, with newer MA and SRs being generated every day, but no steps being taken in the direction to
improve their quality and value, it will remain challenging for the physicians to search and assess the best quality
evidence [40]. Therefore, in addition to focusing on generating new evidence, there is also a need to establish
a uniform methodology to consolidate, summarize and disseminate the CER evidence [9,41]. The Agency for
Healthcare Research and Quality could allocate resources to develop an unbiased entity to generate and disseminate
consolidated summaries of the CER evidence to guide decision making. Other alternatives could include building
more online tools such as the CER collaborative tool, or more disease specific tools for physicians/payers to help
streamline the bench to behavior translation. It is important that such tools account for the wide variety of CER
generated using different study designs, populations and comparators, which would help reduce the inconsistency
in evidence translation across practice.

In DPP4 inhibitors market, CER evidence proving clinical superiority of either of the drugs was inconclusive,
since the only clinical trial published was designed to be a noninferiority trial. Noninferiority trials are designed
not with the intent to prove superiority of one drug over another, rather to assess if the comparator drug is as safe
and effective and no worse than the active drug, in other words, below a noninferiority margin. In the absence of
conclusive superiority trials, prescribing behavior could be influenced by other nonmeasurable market factors.

One of the factors that could have guided the prescribing trends in the DPP4 inhibitors market is the new drug
bias, in other words, every time a new drug was introduced in the market, a drop was seen in the prescribing rates
of other competitors. Nevertheless, the first entrant in the market (Sitagliptin) continued to dominate the DPP4
inhibitors market throughout, without any robust evidence supporting its superiority.

CER evidence commonly guides the payer’s formulary and cost sharing decisions, which in turn impacts the
prescribing trends [42–44]. However, in the absence of conclusive CER evidence, formulary and/or prescribing
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decisions could be guided by other factors such as rebates offered by manufactures, academic detailing and
pharmaceutical marketing [45–47], thus rendering the CER evidence generation futile. Along with streamlining and
prioritizing the CER evidence, there should be mandates to reduce the unnecessary trials or a larger focus on
designing trials trying to prove superiority rather than noninferiority.

Another factor which could influence prescribing is the timing of the availability of the comparative efficacy (CE)
data (different from CER) for a new drug. More than half of the drugs approved in the USA enter the market with
the presence of CE data at the time of their market approval [48]. Presence of such data that compares a new drug
molecule to an active comparator in its pre-approval phase, could potentially inform the clinical decisions early
on in the marketing phase. In the GLP-1 agonists market, US FDA published CE data in the approval packages
of Liraglutide showing clinical superiority of Liraglutide over Exenatide BID. The presence of CE data favoring
Liraglutide could explain the sudden drop in Exenatide BID with rapid uptake of Liraglutide in 2010. No CE data
was published for the DPP4 inhibitors market, which might have made it challenging for the decision makers, in
the early phase of marketing, to assess the superiority or comparative benefits of newly approved DPP4 inhibitors.
CE evidence have been discussed in the past [48] as being the first important piece of evidence to help physicians
quantify the quality of new drugs early on, thereby diminishing the influence of external nonmeasurable market
factors. Although it has been argued that generating CE data could be lengthy, expensive and financially risky for
the manufacturers [49], regulations around CE data might discourage the abundance of me-too drugs. Incentivizing
manufacturers to generate and submit CE results, whether superior, inferior or equivalent, might be a step in
the right direction. Also, devising guidelines around the choice of comparators used to generate such evidence
(e.g., using the comparator which is widely prescribed in the real world) [50], are long overdue.

It has been established that incorporating CER evidence into clinical decision making would help improve
health outcomes in patients, save dollars spent on prescription drugs and achieve the cost and quality balance in the
US healthcare system [51–56]. This study attempts to explore the practice-based reality of evidence based medicine
within specific pharmaceutical markets. Future studies could be conducted to assess and explore different markets
or therapeutic conditions. With each therapeutic category being unique, the results of this study should be applied
to other markets with caution. However, identifying more therapeutic areas and replicating this study in other
markets would further highlight the importance of streamlining the adoption of CER evidence.

Limitations
As with most studies, this study has certain limitations. This study was not designed to determine causality, rather
explore associations between CER evidence and prescribing trends in Type 2 DM, which has not been studied
before. This study was limited in capturing only the self-reported prescribing in the MEPS database. However, the
prescription data in MEPS are verified with pharmacy providers, and have been validated with the prescription
fills reported in the Medicare Part D claims database [57]. Another limitation was that the population sample of
MEPS changes every 2 years, due to which it was not possible to follow the same patients over time. However,
due to the rotating panel design of MEPS, this study reports the prescribing trends representative of the US
population. Another limitation of this study was the exclusion of the cross class comparison, as drugs under GLP-1
agonists were not compared with drugs under DPP4 inhibitors. Due to the different mechanism of action and
route of administration for the drugs under GLP-1 agonists versus DPP4 inhibitors, it would have been clinically
challenging to assess the impact of CER evidence on prescribing across classes. Lastly, this study did not account for
the marketing campaigns or academic detailing efforts organized by pharmaceutical manufacturers, which could
impact physician prescribing decisions.

Conclusion
According to this study, CER evidence appeared to be associated with physician prescribing in GLP-1 agonists
market; however, availability of superiority trials and timing of their availability were important parameters guiding
prescribing decisions. Initiatives need to be taken by the Agency for Healthcare Research and Quality and/or
FDA to mandate the generation of CE evidence, devise a uniform methodology to consolidate the ever-growing
CER evidence and develop disease specific CER tools for physicians/payers. In the presence of scientifically robust
evidence, physicians would more likely incorporate it into practice, and payers’ formulary/cost decisions would be
more uniform across the nation. Such evidence will also help quantify the value of different treatments, thereby
decreasing expenditures on drugs with little or no added clinical benefit. Regulations around evidence generation
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and its adoption could be important steps leading to a smoother and faster bench-to behavior translation in the
US healthcare system.

Summary points

• Comparative effectiveness research (CER) can act as a strong tool in assisting patients, providers and payers to
quantify the value of healthcare and make informed clinical decisions.

• There has been a rapid increase in the volume of CER being generated for various therapeutic conditions.
• Past research assessed the impact of four unrelated clinical trials on physician prescribing within four different

markets, but found no specific pattern or association.
• According to this study, availability of superiority trials and timing of their availability seemed to be associated

with the prescribing patterns of glucagon-like peptide-1 agonists for Type 2 diabetes mellitus population in the
USA, however, no associations were found in dipeptidyl peptidase-4 inhibitors market.

• Kind of study design proving superiority of a drug and timing of the evidence were important parameters
affecting the translation of CER into practice.

• With the ever-growing CER, this study emphasizes the need to establish a uniform methodology or develop
disease specific tools to consolidate and summarize the evidence.

• Regulations around evidence generation and its adoption could be important steps leading to a smoother and
faster bench-to behavior translation in the US healthcare system.
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