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Abstract
Introduction: There is a well-established link between type 2 diabetes and cardiovascular events risk. C-reactive protein is a 
biomarker of vascular inflammation used in the management of cardiovascular diseases. Exenatide, part of the glucagon-like 
peptide-1 receptor agonists, is used in type 2 diabetes treatment and has shown a decrease in cardiovascular risk factors. The 
objective of this systematic review is to evaluate the potential effect of exenatide on the C-reactive protein levels in patients with 
type 2 diabetes. Material and Methods: Medical databases, including PubMed®, Embase®, and Cochrane, were searched for 
randomized controlled trials based on the PICOS (P-Population, I-Interventions, C-Comparative interventions, O-Outcomes 
and S-Study design) framework. Results: 7 randomized controlled trials were included. Exenatide twice per day was used in 
all. Statistically significant decrease of serum C-reactive protein levels was reported in 4 randomized controlled trials in the 
exenatide twice per day group between baseline and end of the study. In 4 randomized controlled trials, exenatide twice per 
day decreased C-reactive protein levels more than metformin, sulfonylureas, and insulin glargine. Conclusions: Exenatide 
decreases serum C-reactive protein levels; therefore, it may decrease the inflammatory state associated with atherosclerosis, 
reducing the risk of cardiovascular diseases.
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Introduction

Since 1980, the global age-standardized prevalence 
of diabetes in the adult population has nearly doubled, 
from 4.7% to 8.5% [1]. The most common type of diabe-
tes is Type 2 Diabetes (T2D) and represents around 90% 
of all cases [2]. It is a heterogeneous disease character-
ized by high blood glucose because of a progressive loss 
of beta-cell insulin secretion often associated with in-
sulin resistance [3].

In patients with T2D, treatment with glucagon-like 
peptide-1 receptor agonists (GLP-1RAs) improves glyce-
mic control, as a result of multiple mechanisms includ-
ing glucose-dependent insulinotropic and glucagonos-
tatic effects, decreased food intake and delayed gastric 
emptying [4]. 

In 2005, the U.S. Food and Drug Administration 
(FDA) approved exenatide twice a day (EXBID). It was 
the first GLP-1RA used in the treatment of T2D. The 
exenatide once weekly (EXQW) was approved later 
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and compared to EXBID demonstrated superior gly-
cemic control, with fewer side effects, in particular, 
nausea [5].

Since 1979, from the Framingham cohort, a link 
between the presence of diabetes and subsequent 
cardiovascular events has been observed [6]. A me-
ta-analysis conducted by The Emerging Risk Factors 
Collaboration highlighted that independently from 
other conventional risk factors, diabetes confers about 
a two-fold excess risk for a wide range of vascular dis-
eases [7]. 

Vascular inflammation, associated with athero-
sclerosis, is one of the most common pathophysiolog-
ical changes that characterize cardiovascular diseases 
(CVDs). To assist the detection of CVDs and to monitor 
their evolution, prognosis, and therapy implementa-
tion, inflammatory biomarkers are used. C-reactive 
protein (CRP) is an acute-phase protein whose serum 
concentration rises as a response of pro-inflammatory 
cytokines. CRP is a biomarker of the inflammatory pro-
cess and has an essential role in atherosclerosis [8]. 

The long-term prospective cardiovascular out-
comes trials (CVOTs) for new antidiabetic drugs were 
conducted after the release of FDA’s recommendation 
for the pharmaceutical industry to demonstrate that 
treatment with antidiabetic therapies for T2D will not 
dramatically increase the cardiovascular risk [9]. As 
the results from the CVOTs for new antidiabetic drugs 
were published, several representatives of the GLP-
1 RA group, besides demonstrating non-inferiority, 
highlighted the superiority in terms of their cardio-
vascular outcomes [10-14]. EXQW had CVOT with the 
highest number of patients. It proved, as intended, that 
the treatment with EXQW in patients with T2D with or 
without previous CVD does not significantly lead to dif-
ferences between the incidence of major adverse cardi-
ovascular events compared to placebo [15]. 

The aim of this systematic review of randomized 
controlled trials (RCTs) is to evaluate the potential ef-
fect of EXBID or EXQW on serum CRP levels in patients 
with T2D.

Material and Methods

We conducted a preliminary literature search, 
which included a broad approach to databases to find 
previously published reviews that analyzed the popula-
tion and the targeted intervention.

We found systematic reviews and meta-analyses 
evaluating the same outcome, but the articles had been 

published more than 3 years ago and included, along-
side EXBID or EXQW, other GLP-1 RAs. The current 
systematic review only assessed the effect of exenatide 
treatment in T2D patients on serum CRP concentration 
in RCT.  

Previously published guidelines for systematic re-
views were searched and used for writing this review 
[16, 17]. We based this review on a specific framework, 
PICOS; P (Population-patients diagnosed with T2D), 
I (Interventions-EXBID or EXQW), C (Comparative 
interventions-placebo or/and control group), O (Out-
comes-CRP or hs-CRP) and S (Study design- RCT). 

We included English written studies that were 
published from January 2005 until December 2019 in-
clusive. The studies were searched in the following 
databases: PubMed®, Embase®, MEDLINE®, Cochrane 
Database of Systematic Reviews (CDSR), Cochrane Cen-
tral Register of Controlled Trials (CCTR) and https://
www.clinicaltrials.gov for published and unpublished 
studies. The last search was on the 31st of January 2020.

For our search an association of relevant MeSH 
terms was used. In case of PubMed® we used ((“exenati-
de”[MeSH Terms] OR “exenatide”[All Fields]) AND 
(“diabetes mellitus, type 2”[MeSH Terms] OR “type 2 
diabetes mellitus”[All Fields] OR “type 2 diabetes”[All 
Fields])) AND (“c-reactive protein”[MeSH Terms] OR 
(“c-reactive”[All Fields] AND “protein”[All Fields]) 
OR “c-reactive protein”[All Fields] OR “c reactive pro-
tein”[All Fields]) AND (Clinical Trial[ptyp] AND “hu-
mans”[MeSH Terms]).

Using the sites www.clinicaltrials.gov, or www.
clinicalstudyresults.org we retrieved, if available and 
relevant, results of unpublished trials. Two review-
ers (BA, AC) retrieved and screened the full text of the 
studies that meet the inclusion criteria. 

The following exclusion criteria were: studies that 
did not have a randomized-controlled design, patients 
diagnosed with Type 1 Diabetes, patients without T2D, 
patients younger than 18 years, studies in which there 
was no sufficient information on CRP in every group in 
the beginning or at the follow-up (means and standard 
deviations (SD)).  

Two researchers (BA and AC) assessed the risk of 
bias in the included RCTs following Cochrane criteria 
[18] independently. The following items were used for 
the assessment of each study: randomization process, 
deviations from intended interventions, missing out-
come data, measurement of the outcome, selection of 
the reported result, and other sources of bias [18]. Un-
clear issues were discussed with a third party (BC) and 
resolved by consensus.
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Results

In our search, we identified 127 records, as seen in 
Figure 1. After we checked for duplicates and excluded 
the studies that did not match the inclusion criteria, we 
analyzed seven RCTs.

Of the reviewed RCTs, three were multi-center, one 
included patients from 14 countries, one compared the 
EXBID treatment with a surgical procedure, and one 
included patients diagnosed with T2D and non-alco-
holic fatty liver disease. EXBID was compared to pla-
cebo in 2 RCTs. The sample size ranged between 11 and 

Figure 1: Selection of the articles included in the study.

Study Location Duration 
of study Study design

Number of 
participants 

(Male/Female)

Mean age of 
participants 

(years)

Mean 
duration of 

Diabetes

Derosa 
et al. [19]

Italy
(Multi-center) 52 weeks

Randomized 
single-blinded 

controlled study

Exenatide
63 (30/33)

Glibenclamide
65 (33/32)

Exenatide
(57 ± 2)

Glibenclamide
(56 ± 6)

-

Wu  
et al. [20]

China
(Nanjing) 16 weeks

Randomized 
double-blinded 

controlled study

Exenatide
12 (6/6)
Placebo
11 (3/8)

Exenatide
(57 ± 10)
Placebo

(54 ± 9.5)

Exenatide
(7.3 ± 4.4)

Placebo
(5.0 ± 2.5)

Table 1: Baseline characteristics of the included studies.

https://doi.org/10.46389/rjd-2020-1011


Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 1

© 2020 The Authors Romanian Journal of Diabetes, Nutrition and Metabolic Diseases  ::  www.rjdnmd.org 69

Note: s.d: #months; † percentage (%); RYGB=Laparoscopic Roux-en-Y Gastric Bypass.

Derosa 
et al. [21]

Italy
(Multi-center) 12 months

Randomized 
double-blinded 

controlled study

Exenatide
86 (43/43)

Placebo
85 (41/44)

Exenatide
(57.3 ± 7.7)

Placebo
(56.7 ± 7.3)

Exenatide
(7.6 ± 2.8#)

Placebo
(7.8 ± 3.1#)

Fan  
et al. [22]

China
(Beijing) 12 weeks Randomized 

controlled study

Exenatide
49 (28/21)

Metformin
68 (38/30)

Exenatide
(51.02 ± 10.1)
Metformin

(54.68 ± 12.14)

-

Liang  
et al. [23]

China
(Chonhquing) 12 months Randomized 

controlled study

Exenatide
34 (24/10)

RYGB
31 (22/9)

Usual care
36 (24/12)

Exenatide
(50.94 ± 5.89)

RYGB
(50.81 ± 5.44)

Usual care
(51.75 ± 6.70)

Exenatide
(7.17 ± 1.80)

RYGB
(7.39 ± 1.69)
Usual care
(7.24 ± 1.61)

Gurkan 
et al. [24]

Turkey
(Kocaeli) 26 weeks Randomized 

controlled study

Exenatide
17 (5/12)

Insulin glargine
17 (10/7)

Exenatide
(52.18 ± 7.26)

Insulin 
glargine

(53.12 ± 6.99)

Exenatide
(6.88 ± 3.23)

Insulin 
glargine

(7.59 ± 4.26)

Simo  
et al. [25]

14 countries
(Multi-center) 36 months Randomized 

controlled study

Exenatide
511 (56/44†)

Glimepiride
508 (52/44†)

Exenatide
(56 ± 10)

Glimepiride
(57 ± 9)

Exenatide
(5.8 ± 4.8)

Glimepiride
(5.5 ± 4.3)

Table 2: Pre- and post- treatment changes in hs-CRP in the included studies.

Study Background therapy Intervention Baseline
hs-CRP (mg/L)

End point
hs-CRP (mg/L)

Derosa  
et al. [19]

Metformin, (before inclusion 
in the study) specific diet and 
physical exercise (after inclu-

sion in the study)

Exenatide two times 
a day versus gliben-
clamide three times 

a day

Exenatide
(2.1 ± 0.8)

Glibenclamide
(2.0 ±0.7)

Exenatide
(1.5 ± 0.3**†)

Glibenclamide
(1.8 ±0.5)

Wu  
et al. [20]

Metformin and/or a sulfony-
lurea (before inclusion in the 

study)

Exenatide two times 
a day versus placebo

Exenatide
(0.4 ± 0.5)

Placebo
(0.6 ± 0.4)

Exenatide
(0.2 ± 0.3#)

Placebo
(1.4 ± 1.6)

Derosa  
et al. [21]

Metformin (given 8 ± 2 
months before inclusion in 
the study), specific energy 
diet and physical exercise

Exenatide two times 
a day versus placebo

Exenatide
(2.0 ± 0.8)

Placebo
(2.0 ± 0.8)

Exenatide
(1.4 ± 0.2*)

Placebo
(1.6 ± 0.4)

Fan et al. 
[22] -

Exenatide two times 
a day versus met-
formin two times 

a day

Exenatide
(3.14 ± 0.58)
Metformin
(3.16 ± 0.68)

Exenatide
(2.18 ± 0.34†)
Metformin
(2.69 ± 0.53)

Liang  
et al. [23]

Hypoglycemic medication, 
insulin (were continued 

during study for usual care 
group and exenatide + usual 

care group), diet and physical 
exercise. Pharmacological 

treatment was discontinued 
within 14 days after RYGB

Usual care and 
exenatide two times 

a day versus RYGB 
versus usual care

Exenatide
(3.14 ± 1.14)

RYGB
(3.24 ± 0.95)
Usual care
(2.91 ± 1.55)

Exenatide
(3.86 ± 0.57*)

RYGB
(1.52 ± 0.32*)

Usual care
(3.86 ± 1.34)
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511 patients. In two studies, we could not identify the 
diabetes duration. In one RCT, the gender distribution 
was presented as percentages. The studies varied in du-
ration from 12 weeks to 36 months (Table 1).

We did not find RCTs that assessed the effects of 
treatment with EXQW on CRP and were eligible for in-
clusion.

CRP was significantly reduced in all studies, but 
in 4 RCTs, it was compared to baseline, in 3 RCTs was 
compared to the control group, and in 1 RCT was com-
pared to placebo (Table 2).

There were some concerns regarding the risk of 
bias due to deviation from the intended interventions 
for 4 RCTs, but overall the risk-of-bias was low accord-
ing to Revised Cochrane risk-of-bias tool for rand-
omized trials (RoB 2).

Discussion

The findings in this systematic review are based on 
previous reports which highlighted the role of exenati-
de in decreasing serum CRP concentrations.

In the most recent RCT investigating the effect of 
EXBID versus Glimepiride in patients with T2D, serum 
hs-CRP levels were significantly reduced in the EXBID 
group (-1.74 ± 6.56 vs. -0.2 ± 4.01 mg/L, p=0.004) after 36 
months of treatment [25]. 

EXBID was compared to another sulfonylurea, 
Glibenclamide, in a multi-centric RCT published by 
Derosa et al. in 2010. In this RCT, the decrease in hs-
CRP after 52 weeks of treatment was statistically sig-
nificant in the EXBID group (1.5 ± 0.3 mg/L) compared 
to the baseline value (1.9 ± 0.6 mg/L, p<0.001) and Glib-
enclamide group (1.8 ± 0.5 mg/L, p<0.05) [19]. The same 
author published in 2012 a multi-centric RCT in which 
the patients were given, after 8 ± 2 months of Metform-
in pre-treatment, EXBID, or placebo for 12 months. The 

difference in serum hs-CRP levels was statistically sig-
nificant only in the EXBID + Metformin group after 12 
months of treatment compared to baseline (2.0 ± 0.8 
compared to 1.4 ± 0.2 mg/L, p<0.05). After 12 months of 
treatment, the differences between the EXBID + Met-
formin group and placebo + Metformin group were 
not statistically significant, nor were the differences 
between baseline and 12 months for the Placebo + Met-
formin group, concerning the serum hs-CRP levels [21].

Another EXBID vs. placebo RCT was published 
by Wu et al. in 2011. The study had the most reduced 
number of patients included in each group (12 treat-
ed with EXBID vs. 11 with placebo) and lasted for 16 
weeks, compared to the other RCTs. The only statis-
tically significant decrease of serum hs-CRP level was 
reported between the EXBID group and the Placebo 
group at 16 weeks of treatment (0.2 ± 0.3 vs. 1.4 ± 1.6 
mg/L, p<0.05) [20].

Gurkan et al. reported a statistically significant 
decrease in serum hs-CRP only in the EXBID group 
between pre- and post-treatment parameters (0.87 ± 
0.89 vs. 0.52 ± 0.47 mg/L, p<0.017), at 26 weeks of treat-
ment. The comparator group was treated with Insu-
lin glargine, and there was no statistically significant 
difference in the reduction of serum hs-CRP between 
groups or in the Insulin glargine group between base-
line and week 26 of treatment [24]. 

In a 12 weeks study in which EXBID was compared 
to Metformin in patients diagnosed with concomitant 
T2D and non-alcoholic fatty liver disease, serum hs-
CRP levels were markedly reduced in the EXBID group 
vs. Metformin group (2.18 ± 0.34 vs. 2.69 ± 0.53 mg/L, 
p<0.05) [22]. 

In another study, the EXBID group was compared 
to a usual care group and a surgical procedure group to 
assess the effect of laparoscopic Roux-en-Y gastric by-
pass surgery on T2D patients with hypertension. In the 
EXBID group, the reduction in serum hs-CRP levels af-

Gurkan  
et al. [24]

Metformin (at least two 
months before inclusion in 
the study and maintained 

during intervention)

Exenatide two times 
a day versus insulin 
glargine once daily

Exenatide
(0.87 ± 0.89)

Insulin glargine
(0.49 ± 0.42)

Exenatide
(0.52 ± 0.47*)

Insulin glargine
(0.44 ± 0.47)

Simo  
et al. [25]

Metformin (before inclusion 
in the study and maintained 

during intervention)

Exenatide two times 
a day versus glime-
piride two times a 

day

Exenatide
(4.8 ± 7.7)

Glimepiride
(4.2 ± 5.1)

Exenatide
(-1.74 ± 6.56††)

Glimepiride
(-0.2 ± 4.01)

Note: #p<0.05 compared to placebo; *p<0.05 compared to baseline; **p<0.01 compared to baseline;†p<0.05 compared to gliben-
clamide/metformin;††p<0.004 compared to glimepiride; RYGB=Laparoscopic Roux-en-Y Gastric Bypass; hs-CRP= high sensi-
tive C-reactive protein.
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ter 12 months of treatment was statistically significant 
compared with pre-treatment values (3.14 ± 1.14 vs. 3.86 
± 0.57 mg/L, p<0.05) [23].

We did not manage to include RCTs that evaluat-
ed the effect of EXQW treatment on CRP. During the 
screening phase of our study, we found papers that in-
cluded groups of patients treated with EXQW, but the 
studies did not meet the inclusion criteria: the patients 
from the studies were not diagnosed with T2D [26-28]; 
the analysis was done retrospectively, on a subgroup of 
patients or the formulation of exenatide was not clearly 
stated [29-31].

The main limitation of our study was that we in-
cluded only RCTs written in English, increasing the 
chance of selection bias. Another limitation was the 
heterogeneity of the trial periods, some being calcu-
lated in weeks [19, 20, 22, 24], other in months [21, 23, 
25]. Also, the duration of diabetes before the inclusion 
in the trial was different, and several studies from this 
systematic review had small sample sizes [20, 24]. 

The potential benefit of exenatide on inflammato-
ry markers that are linked to T2D is complex and needs 
further investigation.

Conclusion

Hs-CRP is an essential biomarker of inflammatory 
diseases such as CVD and T2D.

Our findings confirmed the association between 
exenatide and reduced serum CRP levels. Exenatide 
may, therefore, decrease the inflammatory state asso-
ciated with atherosclerosis, reducing the risk of CVDs.
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