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Abstract

AIM: The purpose of this research was to determine the changes of the in-
flammatory parameters in the long term with the use of dipeptidyl pepti-
dase-4 inhibitors. Material and Methods: In this research we have retrospec-
tively reviewed the records of 80 patients who had added dipeptidyl pepti-
dase-4 inhibitors (40 sitagliptin and 40 vildagliptin) to their ongoing thera-
pies. Patients’ values of inflammation at the beginning of this process were
taken as initial values, while values at the end of this process were considered
as final values. Results: A total of 80 patients [38.8% (n = 31) of the patients
were male, while 61.3% (n = 49) were female] enrolled in the study. When the
whole group was evaluated, the mean age was 56.1 = 9.7 years. The median
follow-up time of the patients with DPP-4 inhibitors was 18 (2 - 64) months.
The mean MPV value was measured as 8.79 + 1.71 fL before DPP-4 inhibitors
and it was 10.06 + 1.42 fL after the follow-up period (p < 0.001). The median
value serum GGT was 30.5 (13 - 194) U/L before DPP-4 inhibitor and 29.5
(12 - 112) U/L at the end (p = 0.048). The mean uric acid level before the use
of dipeptidyl peptidase-4 inhibitors was 4.7 + 1.6 mg/dL, and this level was
5.0 + 1.5 mg/dL after the follow-up period (p = 0.048). Conclusion: In this
study, it was observed that MPV and GGT levels were improved by dipeptidyl
peptidase-4 inhibitors in long-term.
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1. Introduction

Diabetes mellitus is a global public concern with an increasing prevalence. In
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2014, World Health Organization (WHO) reported that 422 million adult di-
abetics were living worldwide [1]. In addition to regulating blood glucose, agents
in current therapy are expected to have additional pleiotropic effects to help the
prevention of diabetic macro and microvascular complications. Mechanisms of
the relationship between incretins and complications of diabetes are now better
understood [2]. There is now more evident accumulation of information about
the effects of incretin-based therapies on the complications. The effects are not
only through glycemic control, the pleotropic effects of these group agents such
as anti-inflammatory features, and their effects on the vascular endothelium are
also playing roles in the pathophysiology [3].

Dipeptidyl peptidase-4 (DPP-4) is a serine protease that cleaves the incretin
hormones [4]. Genetically ablation of DPP-4 in mice and rats resulted in re-
duced insulin resistance [5] [6]. DPP-4 inhibitors were first used in 2006 in di-
abetes mellitus, and then they became the important part of the treatment of
Type 2 Diabetes mellitus with various combinations [7] [8] [9] and new indica-
tions [10] [11] [12] [13].

Perhaps the worst aspect of diabetes is the systemic inflammation and oxida-
tive stress and they are almost accused of being the real reasons underlying many
complications of diabetes [14] [15] [16]. MPV is now well known as a predictor
of inflammation and has been shown in many cases as a marker of inflammation
[17] [18] [19]. In our previous research, we have shown that we can use MPV in
the diagnosis of uveitis and venous thrombosis in patients with Behget’s syn-
drome [20] [21].

GGT (Gamma glutamyltransferase) is an enzyme present in the serum and on
the surface of the membrane of many cells. GGT is an enzyme that catalyzes the
first step of extracellular degradation of glutathione (an anti-oxidant). During
this degradation, Low Density lipoprotein (LDL) is also oxidized and accumu-
lates in the cell wall [22]. The degradation of glutathione also results in forma-
tion of peroxide free radicals [23].

In this research, the effects of the long-term use of DPP-4 inhibitors on cer-
tain inflammatory parameters [uric acid, GGT, MPV, platelet to lymphocyte ra-
tio (PLR), neutrophil to lymphocyte ratio (NLR)] were studied.

2. Materials and Methods

The study was conducted by retrospectively reviewing the data of 80 patients
who were followed in the diabetes clinic of the Kayseri education and research
hospital between February 2012 and June 2016 whose treatments were supple-
mented with DPP-4 inhibitors (40 sitagliptin and 40 vildagliptin). All the pa-
tients were being managed by the author. The study was approved by Ethics
Committee of Kayseri State Hospital. The day the patients started using DPP-4
inhibitors was determined as the first day and the day the patients were sepa-
rated from the DPP-4 treatment, or the day when other agents (such as insulin
and oral anti-diabetic agents) were added or removed from the therapy was con-
sidered as the last day. Hematological parameters such as MPV, PLR, NLR and
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biochemical parameters such as uric acid and GGT were used to monitor the in-
flammatory changes of the patients. Patients who were accused to have other in-
flammatory processes such as infection, chronic inflammatory diseases at times
of admission were excluded from the study. Patient consent to review their
medical records was not required by the Kayseri State Hospital Ethics Commit-

tee because of the retrospective nature of the research.

Statistical Analyzes

The Shapiro-Wilk test and histograms were used to test whether the data fit the
normal distribution. The data with the normal distribution were expressed as
mean + standard deviation, while the data without normal distribution are ex-
pressed as median (minimum-maximum). “Paired sample test” or “Wilcoxon
signed ranks test” was used to compare the post-treatment values of the patients
with DPP-4 inhibitor to those of the same patients with pre-use values, accord-
ing to the normality of the distribution. Taking the distributions of the data into
account, Pearson correlation test or spearman correlation test was used for cor-
relation. P < 0.050 was considered statistically significant. All statistical analyses
were conducted using SPSS software version 21 for windows, IBM Corporation,
USA).

3. Results

A total of 80 diabetic patients were included in the study. One hundred grams of
sitagliptin was initiated (once a day) to 40 of them, while vildagliptin 100 mg was
started in the other 40 patients (two divided doses per day).

When the whole group was evaluated, the mean age was 56.1 * 9.7
years.38.8% (n = 31) of the patients were male, while 61.3% (n = 49) were fe-
male. The mean age in the sitagliptin group was 56.3 + 8.2 years, while it was
55.9 *+ 11.1 years in vildagliptin group (p = 0.855) (Table 1).

The median duration of diabetes was 5 (0 - 25) years. There was no statistical-
ly significant difference between the median diabetes-duration of vildagliptin [4

(0 - 25) years] and sitagliptin groups [7 (0 - 23) years] (p = 0.759). The median

Table 1. Demographic characteristics, physical measurements of patients and group
comparisons of these parameters are summarized in Table 1.

Subgroups
Variables Total group P
Vildagliptin Sitagliptin

Age (years)* 56.08 £9.71 55.88 £ 11.1 56.28 £8.2 p=0.855

Waist (cm) 104.36 + 13.0 104.4 £ 13.1 104.3 £13.1 p=0.979

BMI (kg/mz) 30.2+6.2 33.5+6.6 33.2+538 p=0.297

DM duration (years) 5(0-25) 4(0-25) 7 (0 -23) p =0.594
DPP-4 duration (months) 18 (2 - 64) 25 (3 - 64) 10 (2 - 58) p =0.725

#P values represent comparisons of vildagliptin and sitagliptin groups with each other. DPP-4 duration:
DPP-4 inhibitor follow-up (months), BMI: Body Mass index.
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follow-up time of the patients with DPP-4 inhibitors was 18 (2 - 64) months.
This value was 25 (3 - 64) months in vildagliptin group and 10 (2 - 58) months
in patients who were added sitagliptin (p = 0.107).

There was a statistically significant difference between the initial MPV values
of the patients using DPP-4 inhibitors (8.79 + 1.71 fL) and the values obtained at
theend of the therapy (10.06 + 1.42 fL) (p < 0.001).

The median serum GGT level was 30.5 (13 - 194) U/L before DPP-4 inhibitors
and 29.5 (12 - 112) U/L at the end (p = 0.049).

The initial mean NLR was 1.98 + 0.79 and 1.86 + 0.71 at the end of the therapy
(p = 0.579).

The mean PLR value of the patients before the DPP-4 inhibitor therapy was
109.9 + 32.0, which was finally calculated as 108.9 = 33.0 (p = 0.892).

The mean uric acid level before the use of DPP-4 inhibitor was 4.7 = 1.6
mg/dL, and this level was 5.0 £ 1.5 mg/dL after the follow-up duration. This in-
crease was statistically significant (p = 0.048). Mean uric acid level in vildagliptin
group was 4.6 = 1.2 mg/dL before treatment and 5.1 + 1.6 mg/dL after treatment
(p = 0.105). Mean uric acid level in sitagliptin group was 4.0 + 1.2 mg/dL before
treatment and 4.3 + 1.1 mg/dL after treatment (p = 0.310).

Comparisons of the inflammatory parameters before and after the treatment

by DPP-4 inhibitors were summarized in Table 2.

4. Discussion

The primary finding of this research was to demonstrate the improvements in
inflammatory markers such as MPV and GGT by adding DPP-4 inhibitors (vil-
dagliptin and sitagliptin) to various therapies of diabetics.

Systemic inflammation in diabetic patients is thought to be the underlying
cause of many complications such as atherosclerosis [24] [25] [26]. It is believed
that the treatment plan targeting inflammatory pathways will reduce the com-
plications, especially the cardiovascular system complications [27] [28] [29]. One
of the methods used in the treatment of diabetes is DPP-4 inhibition. Various
publications have described the positive effects of DPP-4 inhibitors on some pa-

rameters that show inflammation [10] [30] [31]. There are also publications in

Table 2. Comparisons of the inflammatory parameters before and after the treatment by
DPP-4 inhibitors.

Variables Before DPP-4 inhibitors After DPP-4 inhibitors P
Uric acid (mg/dL) 4.7+1.6 50+1.5 0.048
NLR (ratio) 1.98 £0.79 1.86 £ 0.71 0.579
PLR (ratio) 109.9 + 32.0 108.9 + 33.0 0.892
MPV (fL) 8.79 £ 1.71 10.06 + 1.42 <0.001
GGT (U/L) 30.5 (13 - 194) 29.5 (12 - 112) 0.049

DPP-4: dipeptidyl peptidase-4, NLR: neutrophil to lymphocyte ratio, PLR: platelet to lymphocyte ratio,
MPV: mean platelet volume, GGT: gamma glutamyltranspeptidase.
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which DPP-4 inhibitors reduce atheroembolic events [32]. Various publications
describe the positive effects of DPP-4 inhibitors on inflammatory parameters.
The results of our study do not coincide with the literature. This may be due to
short follow-up periods in previous studies. In this study, we compared the val-
ues at the beginning and end of the treatment of patients who were followed up
for a median of 18 (2 - 64) months. In the majority of previous studies, a maxi-
mum of 6 months follow-up was used. We discussed the findings in separate

sections below.

4.1. MPV

MPV plays a role as a negative acute phase marker in various inflammatory con-
ditions [33]. In fact, studies have shown that no significant change in MPV levels
is observed in diabetics, and MPV changes are more commonly attributed to
diabetic complications [34] [35]. Depending on the use of the DPP-4 inhibitor, a
change in a parameter such as MPV, an indicator for thrombosis and inflamma-
tion, may be considered significant in reflecting the inflammatory change in di-
abetic patients. In previous studies, the relationship between MPV and athe-
rothrombosis in diabetics has been established [21] [36] [37] [38] [39]. That is,
an improvement in MPV level may indicate an improvement in the cardiovas-
cular mortality of diabetic patients. MPV has previously been investigated in pa-
tients using DPP-4 for this reason. Varim et a/. showed a decrease in MPV levels
in patients using DPP-4 inhibitor [40]. A follow-up of 6 months was made in
this study. According to the results of our study, MPV values were increased sta-
tistically by using DPP-4 inhibitor. This result coincided with the atheroembolic
studies in the literature [21] [36]. We thought that the contradictory results be-
tween the two studies might be related to patient selection. There was also a dif-
ference in follow-up periods between the two studies. In other words, the rever-
sal of the athero-inflammatory characteristic of DPP-4 by DPP-4 inhibitors
could be monitored by MPV. Moreover, it could be observed with an extremely

cheap and routine test.

4.2. GGT

GGT is responsible for the extracellular degradation of the antioxidant gluta-
thione, resulting in reactive oxygen radicals [41]. Increased levels of GGT have
been shown to be associated with subclinic inflammation [42], CVS and meta-
bolic diseases [43] [44]. It has been shown that cyclosporine hepatotoxicity is
less in vildagliptin-given rats and has a positive effect on serum GGT [45]. In a
Japanese study of type 1 diabetes, the correlation between DPP-4 activity and
serum GGT was noted. Again, in the same study, GGT has been mentioned as
an independent risk factor for DPP-4 activity [46]. GLP-1 receptors have been
shown in many cells as well as in hepatocytes [47]. In other words, the use of
DPP-4 inhibitors was expected to have a positive effect on liver function [12]. In
diabetic patients with NAFLD diagnosis, the use of DPP-4 inhibitor has been
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shown to cause a decrease in NAFDL [48]. In the study of Kanazawa et al,
DPP-4 inhibitor use was associated with improvement in liver function in pa-
tients with liver damage, however, no statistically significant improvement was
observed in normal liver function patients. There was no significant change in
serum GGT in both groups [12]. In our study, we showed that the serum GGT
level, an independent risk factor for cardiometabolic diseases, was significantly
reduced following the use of DPP-4 inhibitor. The beneficial effects of DPP-4
inhibitor drugs on GGT, an independent risk factor for cardiometabolic diseas-
es, can be considered as advantages of these drugs. We think the difference in

our study is related to our long follow-up.

4.3. Uric Acid

Serum uric acid level is causally related to many inflammatory conditions [49]
[50]. There is literature information that the use of DPP-4 inhibitor also reduces
the uric acid level. Linagliptin has been reported to partially inhibit xanthine
oxidase, thereby lowering serum uric acid [51]. Teneligliptin reduced uric acid
levels by inhibiting xanthine oxidase in male rats [52]. In a study conducted by
Shimodaira et al, vildagliptin has been reported to have a beneficial effect on
serum uric acid [53]. In our study, serum uric acid was found to be statistically
significant at amild level after administration of DPP-4 inhibitor. When vildag-
liptin and sitagliptin were studied separately, these significant results were not
seen. Although there are not enough numbers, the contribution of these two
drugs has been seen. This contradiction to the literature may have been caused

by the inadequate number of cases or long follow-up periods.

5. Limitations

1) The socio-demographic characteristics of the patients were limited due to
the retrospective design of the study.

2) A control group could not be standardized due to the retrospective nature
and the design of the study.

6. Conclusion

DPP4 inhibitors have positive effects on systemic inflammation as well as di-
abetes mellitus regulation. In this study, we demonstrated these effects with
another aspect for the first time by reporting MPV and GGT levels were posi-
tively affected by the use of DPP-4 inhibitors. In addition, we could not see the
lowering effect of DPP-4 inhibitors on the uric acid levels mentioned in the lite-
rature. These differences in the results might be due to patient selections and the
length of the follow-up durations. Future researches are needed to confirm these

results and clarify these dilemmas.
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