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Abstract. - OBJECTIVE: The objective of the
present study was to observe the effect of
sitagliptin on obese patients with insulin treat-
ment-induced diabetes mellitus.

PATIENTS AND METHODS: A total of 120 obese
patients with insulin treatment-induced diabetes
mellitus were consecutively selected and divided
into the control group (n=35), observation group 1
(n=40), and observation group 2 (n=45). The control
group received different types or doses of insulin,
observation group 1 received insulin combined with
metformin, and observation group 2 received insulin
combined with sitagliptin. The therapeutic effects
were compared at the 6-month follow-up visit.

RESULTS: Body mass index (BMI) was lower
in observation group 1 and observation group 2,
and higher in the control group compared with
before treatment; the occurrence of hypoglyce-
mia in observation group 2 was lower than in
the other two groups, and the differences were
statistically significant (p<0.05). After treatment,
the fasting insulin (FINS) and homeostatic model
assessment insulin-resistance (HOMA-IR) in ob-
servation group 2 were significantly lower than in
the other two groups (p<0.05). Adiponectin levels
were increased and leptin and visfatin levels were
decreased in observation group 2 after treatment,
and the differences were statistically significant
(p<0.05). The levels of fasting blood glucose, he-
moglobin Ailc, total cholesterol, triglyceride, and
low-density lipoprotein in the three groups were
not significantly different (p>0.05).

CONCLUSIONS: Sitagliptin can reduce BMI
and the occurrence of hypoglycemia in obese
patients with insulin treatment-induced diabe-
tes mellitus, and the effect may be related to de-
creased HOMA-IR, decreased leptin and visfatin
levels, and increased adiponectin levels.
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Introduction

Diabetes mellitus is a common chronic di-
sease with a high rate of disability and morta-
lity in our country"?. The main mechanism of
type-2 diabetes mellitus is insulin resistance.
Clinical treatment includes oral administration
of hypoglycemic drugs and insulin®. Accor-
ding to numerous studies?, insulin treatment
can shorten the treatment course, improve the
success rate of treatment and stability of blood
glucose, and reduce the risk of hypoglycemia
in diabetic patients diagnosed for the first time.
However, it was found at follow-up visits® that
insulin treatment can increase the occurrence of
obesity, and that on average, about 30-50% of
patients suffer from obesity for 3.5 years after
insulin treatment, with decreased hypoglycemic
effect and increased complications. This may
be attributed to the fact that insulin interferes
with the metabolism of blood glucose and blood
lipids, increases insulin resistance, and affects
a variety of active endocrine substances, such
as adiponectin, leptin, and visfatin®. Metformin
has good therapeutic effect on diabetic patients.
Sitagliptin is a dipeptidyl peptidase-4 (DPP-4)
inhibitor, which inhibits DPP-4 from degrading
endogenous intestinal incretins, increases the
levels of insulin glucagon-like peptide (GLP-1),
promotes B-cells to release insulin, inhibits the
secretion of insulin, and inhibits a-cells from
secreting glucagon, thus reducing blood gluco-
se level’” with few effects on body weight and
hypoglycemia®. The aim of the present study
was to analyze the effects of sitagliptin on obese
patients with insulin treatment-induced diabetes
mellitus.
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Patients and Methods

Patients

A total of 120 obese patients with diabetes
mellitus who received insulin treatment between
January 2013 and January 2016 in our hospi-
tal were consecutively selected. The inclusion
criteria were as follows: 1. Patients who were
not obese before insulin treatment (the reference
range for body mass index (BMI) in Chinese
people was 18.5-23.9 kg/m?, overweight implied
the range was from 24.0-27.9 kg/m?, and obesity
implied BMI above 28.0 kg/m?); 2. Patients who
preferably received insulin treatment after being
diagnosed with diabetes mellitus, without com-
bination with other oral hypoglycemic drugs; 3.
Insulin treatment could regulate blood glucose
within a normal range without hypoglycemia and
complications; 4. BMI > 24.0 kg/m? within 1 year
after insulin treatment; 5. Patients who provided
informed consent, had good compliance, and
complete medical history. The exclusion criteria
were as follows: 1. Patients who had severe dia-
betic complications, complications with other un-
derlying diseases, such as of the heart, liver, lung,
kidney, and brain, and autoimmune diseases; 2.
Patients who failed to tolerate treatment with
metformin or sitagliptin combined with insulin;
3. Patients who abandoned the study voluntarily
or participated in other studies. According to dif-
ferent treatment methods, patients were divided
into the control group (n=35), observation group 1
(n=40), and observation group 2 (n=45). The ba-
seline parameters of patients in the three groups
were comparable. See Table I.

Methods

Patients in the control group received different
types or doses of insulin, patients in observation
group 1 received insulin combined with metformin
(0.85 g/d, once per day), and patients in observation
group 2 received insulin combined with sitagliptin
(100 mg/d, once per day). The BMI; occurrence of
hypoglycemia; fasting insulin (FINS); homeostatic
model assessment insulin-resistance (HOMA-IR);
adiponectin, leptin, and visfatin levels; fasting blo-
od glucose (FBG); hemoglobin Alc (HbAIC), total
cholesterol (TC), triglyceride (TG), and low-densi-
ty lipoprotein (LDL) levels were compared at the
6-month follow-up visit. FINS was measured using
a Centaur XP chemiluminescence immunity analy-
zer from Siemens (Miinchen, Germany), and FBG,
HbAIC, TC, TG, and LDL Ilevels were measured
using an ADVIA 2400 fully automatic biochemi-
cal analyzer from Siemens, HOMA-IR = (FINS) x
BG/22.5. The radioimmunoassay kit from Beijing
North Biotechnology Research Institute was used
to measure adiponectin, leptin, and visfatin levels
in strict accordance with the instructions.

Statistical Analysis

SPSS20.0 software (SPSS Inc., Chicago, IL,
USA) was used for data analysis. Measurement
data are presented as mean + standard deviation.
Single-factor ANOVA analysis was used for in-
ter-group comparisons, LSD-t test was used for
pairwise comparisons, and paired #-test was used
for intra-group comparisons. Enumeration data
are presented as a number of cases or percentage
(%), and y*-test was used for inter-group compari-
son. p<0.05 was taken as statistically significant.

Table I. Comparison of baseline parameters of the three groups.

Group Control group Observation Observation F/y? P
(n=35) group 1 (n=40) group 2 (n=45)
Male/female 20/15 22/18 21/24 1.017 0.601
Age (y) 52.6+11.3 53.1+12.2 53.4+14.5 0.162 0.954
Duration of insulin 10.8+3.5 11.3£3.6 12.4+3.7 0.242 0.825
treatment (months)

BMI (kg/m?) 26.5+2.4 26.6+2.5 26.8+2.5 0.085 0.962
FBG (mmol/l) 6.2+1.3 6.3£1.2 6.4+1.3 0.185 0.864
HbAIC (%) 6.8+0.9 7.0£1.1 7.241.3 0.321 0.764
TC (mmol/l) 6.2+1.3 6.3+1.4 6.3+1.5 0.174 0.869
TG (mmol/1) 1.2+0.3 1.3+0.4 1.3+0.4 0.114 0.857
LDL (mmol/l) 4.5£0.8 4.4+0.7 4.6£0.6 0.094 0.932

Note: FBG: fasting blood-glucose; HbA1C: hemoglobin A1C; TC: total cholesterol; TG: triacylglycerol; LDL: low density

lipoprotein.
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Table II. Comparison of BMI and occurrence of hypoglycemia.

Group Cases BMI (kg/m?) Hypoglycemia [cases (%])]
Control group 35 28.5+3.4 7 (20.0)
Observation group 1 40 24.2+2.1 8(20.0)
Observation group 2 45 24.3+£2.2 244
Fly? 6.532 6.490
D 0.000 0.039
Results observation group 2 after treatment, and the dif-

Comparison of BMI and
occurrence of hypoglycemia

BMI was lower in observation group 1 and
observation group 2, and higher in the control
group compared with before treatment; the oc-
currence of hypoglycemia in observation group 2
was lower than in the other two groups, and the
differences were statistically significant (p<0.05).
See Table 11.

Comparison of FINS and HOMA-IR

After treatment, FINS and HOMA-IR in ob-
servation group 2 were significantly lower than
in the other two groups (p<0.05). See Table III.

Comparison of adiponectin, leptin,
and visfatin levels

Adiponectin levels were increased and the
levels of leptin and visfatin were decreased in

Table Ill. Comparison of FINS and HOMA-IR.

ferences were statistically significant (p<0.05).
See Table IV.

Comparison of FBG, HbA1C, TC, TG,
and LDL levels

The levels of FBG, HbA1C, TC, TG, and LDL
in the three groups were not different after treat-
ment (p>0.05). See Table V.

Discussion

Many tests confirmed the safety and efficacy
of single-drug or combined treatment with sita-
gliptin. Aschner et al’, Raz et al'’, Mohan et al',
and Nonaka et al'? performed randomized and
double-blind studies with large sample-sizes to
test the effects of sitagliptin and placebo for the
treatment of diabetes mellitus, with an observa-
tion time of 12-24 weeks. In a separate study,

Group Pre-treatment Post-treatment Pre-treatment Post-treatment
FINS(pU/mI) FINS HOMA-IR HOMA-IR
Control group 36.8+5.5 41.2+4.2 3.5+0.7 3.8+0.9
Observation group 1 37.245.6 38.5+4.6 3.6+0.9 3.7+0.8
Observation group 2 37.5+5.4 26.9£3.5 3.6+0.8 3.1£0.5
F 0.125 5.632 0.095 5.432
)4 0.864 0.009 0.923 0.012
Table IV. Comparison of adiponectin, leptin, and visfatin levels (ng/ml).

Group Adiponectin Leptin Visfatin

Before After Before After Before After

treatment treatment treatment treatment treatment treatment

Control group 16.5+3.6 13.2+3.3 6.5+1.4 7.3£1.6 45.6+12.3 51.6+14.5
Observation group 1 15.843.7 14.443.5 6.8£1.5 7.1£1.8 48.7+12.6 52.2+15.2
Observation group 2 15.7+3.2 18.2+3.5 6.6+1.3 4.5+1.2 51.2+413.3 32.3£10.5
F 0.152 5.124 0.063 4.685 0.322 6.235
)4 0.912 0.019 0.958 0.025 0.635 0.003
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Table V. Comparison of FBG, HbA1C, TC, TG, and LDL levels.

Group FBG HbA1C TC TG LDL
(mmol/I) (%) (mmol/I) (mmol/I) (mmol/I)

Control group 6.3+1.2 6.7+0.6 6.3+1.2 1.3+0.5 4.4+0.8

Observation group 1 6.2+1.3 6.8+0.7 6.2+1.3 1.4+0.6 4.5+0.7

Observation group 2 6.4+1.3 6.6+£0.8 6.4£1.5 1.2+0.4 4.3+0.6

F 0.124 0.065 0.085 0.212 0.174

)4 0.823 0.925 0.878 0.769 0.802

FBG (Fasting blood glucose), HbA1C (Hemoglobin Alc), TC (Total cholesterol), TG (Triglyceride), and LDL (Low-density

lipoprotein).

Aschner et al”® compared the single-drug treat-
ment of sitagliptin and metformin, and Iwamoto
et al'" compared the single-drug treatment of si-
tagliptin and voglibose. Williams et al'® analyzed
1091 diabetic patients from 140 centers among 18
countries in a clinical double-blind placebo study,
and compared the treatment effects of sitagliptin
combined with metformin, with an observation
time of 24-54 weeks. Vilsboll et al'® analyzed 641
patients with poorly controlled type-2 diabetes
mellitus using insulin alone or insulin + metfor-
min in a double-blind placebo-controlled study,
and randomly divided patients into the sitagliptin
group and placebo group, with an observation
time of 24 weeks.

In the present study, we aimed to determine
the clinical effects of combined treatment with
sitagliptin on obese patients with insulin treat-
ment-induced diabetes mellitus. Insulin-induced
obesity not only increased the difficulty of re-
ducing blood glucose, but also might increase
the complications of diabetes mellitus (such as
target-organ damage of the heart, brain, and kid-
ney) and the adverse reactions of insulin (such as
the hypoglycemia or hyperglycemia) . There has
been no unified understanding of how to manage
such patients at present, and there is little rele-
vant clinical research. Therefore, the effects of
treatment methods based on clinical experience
remain inconclusive. We made the following con-
clusions: BMI was lower in observation group 1
and observation group 2, and higher in the con-
trol group compared with before treatment. Also,
the occurrence of hypoglycemia in observation
group 2 was lower than in the other two groups,
and the differences were statistically significant.
Using sitagliptin alone did not increase the body
weight and the occurrence of hypoglycemia, but
reduced the body weight of patients with insulin
resistance and obesity. The effect of sitagliptin
may therefore be associated with the degree of

insulin resistance. Sitagliptin reduces the body
weight of patients with obesity, but does not
increase the occurrence of hypoglycemia, thus
its effect is better than metformin. After treat-
ment, FINS and HOMA-IR levels in observa-
tion group 2 were significantly lower than in
the other two groups. Additionally, adiponectin
levels were increased, and leptin and visfatin le-
vels were decreased in observation group 2, and
the differences were statistically significant. The
improved effect of sitagliptin on obesity may be
related to improvements in the levels of various
active endocrine substances. Increased FINS
level is associated with increased insulin resi-
stance. HOMA-IR is stable, and is an objective
and accurate index of insulin resistance. Adipo-
nectin, leptin, and visfatin are active substances
secreted by adipocytes. Some studies'® confirmed
that adiponectin and leptin are mutual antagoni-
stic factors that jointly control blood lipid level,
blood glucose, and protein metabolism, and are
closely related to cardiac-cerebral vascular dise-
ase and atherosclerosis. Furthermore, they are
closely related to the treatment and prognosis of
diabetes mellitus. Under the condition of insulin
resistance, adiponectin levels decrease and leptin
levels increase. Visfatin is a newly discovered
hormone that is also related to obesity. Visfatin
is the pre-B cell colony-enhancing factor, and
plays an important role in immune regulation®.
Also, visfatin is mainly secreted by visceral adi-
pose tissue, although the relationship between it
and subcutaneous fat remains unclear®. Visfatin
has a hypoglycemic effect and its effect is dose-
dependent. Its hypoglycemic mechanism can act
independently from insulin adjustment. The
levels of FBG, HbAIC, TC, TG, and LDL in
the three groups were not different. Therefore,
weight control mediated by sitagliptin may be
unrelated to blood glucose and blood lipid me-
tabolism.

3493



S. Li, H. Li, R. Wang, J.-P. Zhang

Conclusions

Sitagliptin can reduce BMI and the occurren-
ce of hypoglycemia of obese patients with insulin
treatment-induced diabetes mellitus, which may
be related to decreased HOMA-IR, leptin and
visfatin levels, and increased adiponectin levels.

Conflict of Interest:
The Authors declare that they have no conflict of interests.

References

1) be Luis DA, Izaota O, ALLer R, CueLLAR L, TErrROBA
MC, MarTIN T, CaBezas G, Roso S, Domingo M. A
randomized clinical trial with two enteral diabe-
tes-specific supplements in patients with diabetes
mellitus type 2: metabolic effects. Eur Rev Med
Pharmacol Sci 2008; 12: 261-266.

2) Ruan Y, Yan QH, Xu JY, YanG QD, Yao HH, Li R, SHi
Y. Epidemiology of diabetes in adults aged 35 and
older from Shanghai, China. Biomed Environ Sci
2016; 29: 408-416.

3) LiJ, Gong YP, Li CL, Lu YH, LY, SHao YH. Genetic
basis of type 2 diabetes--recommendations
based on meta-analysis. Eur Rev Med Pharmacol
Sci 2015; 19: 138-148.

4) Linetzky B, Curmis B, FRecHTEL G, MONTENEGRO RJ,
EscalantE PM, StempAa O, DE LANA JM, GAGLIARDINO
JJ. Challenges associated with insulin therapy
progression among patients with type 2 diabetes:
Latin American MOSAIc study baseline data.
Diabetol Metab Syndr 2016; 8: 41.

5) ViLArrAsA N, DE GoOrDEJUELA AG, CASAJOANA A, DURAN
X, Toro S, EspINET E, GALvAO M, VENDRELL J, LOPEZ-
UrpIALES R, PErez M, PusoL J. Endobarrier® in grade
| obese patients with long-standing type 2 diabe-
tes: role of gastrointestinal hormones in glucose
metabolism. Obes Surg 2016; 28: 12-13.

6) CHANG YH, CHang DM, Lin KC, SHIN SJ, Lee YJ.
Visfatin in overweight/obesity, type 2 diabetes
mellitus, insulin resistance, metabolic syndrome
and cardiovascular diseases: a meta-analysis
and systemic review. Diabetes Metab Res Rev
2011; 27: 515-527.

7) AusHau KZ, KarawagH AM. A review of glycemic
efficacy of liraglutide once daily in achieving gly-
cated hemoglobin targets compared with exenati-
de twice daily, or sitagliptin once daily in the
treatment of type 2 diabetes. Saudi Med J 2016;
37: 834-842.

8) SaBAPATHY S, NEsLusaN C, YooNG K, TESCHEMAKER A,
JoHanseEN P, Wius M. Cost-effectiveness  of
Canagliflozin versus sitagliptin when added to
metformin and sulfonylurea in type 2 diabetes in
Canada. J Popul Ther Clin Pharmacol 2016; 23:
e151-168.

3494

9) AscHNEr P, Kipnes MS, Luncerorp JK, SANCHEZ M,
Micker C, WiLLiams-HERMAN DE, SiTAGLIPTIN STupy 021
Grour. Effect of the dipeptidyl peptidase- 4 inhib-
itor sitagliptin as monotherapy on glycemic con-
trol in patients with type 2 diabetes. Diabetes
Care 2006; 29: 2632-2637.

10) Raz I, HANEFeLD M, Xu L, Caria C, WiLLiAMs-HERMAN D,
Knatami H, SitacuipTin Stupy 023 Grour. Efficacy and
safety of the dipeptidyl peptidase- 4 inhibitor sita-
gliptin as monotherapy in patients with type 2 dia-
betes mellitus. Diabetologia 2006; 49: 2564-2571.

11) MoHAN V, YanG W, Son HY, Xu L, NosLE L, LANGDON
RB, AmaTruDA JM, StEIN PP, Kaurvan KD. Efficacy
and safety of sitagliptin in the treatment of pa-
tients with type 2 diabetes in China, India, and
Korea. Diabetes Res Clin Pract 2009; 83:
106-116.

12) Nonaka K, Kakikawa T, Sato A, Okuvama K, Fusimoto
G, Kato N, Suzuki H, HIRAYAMA Y, AHMED T, DAviEs MJ,
Stein PP. Efficacy and safety of sitagliptin monother-
apy in Japanese patients with type 2 diabetes.
Diabetes Res Clin Pract 2008; 79: 291-298.

13) AscHNER P, Katzerr HL, Guo H, SunGa S, WiLLiAms-
HervaAN D, Kaurvan KD, GoLDSTEIN BJ, SITAGLIPTIN
Stupby 049 Grour. Efficacy and safety of monother-
apy of sitagliptin compared with metformin in
patients with type 2 diabetes. Diabetes Obes
Metab 2010; 12: 252-261.

14) Iwamoto Y, Tasma N, Kabowaki T, NoNAKA K, TANIGUCHI
T, NisHi M, ArONA FERReiRA JC, AMATRUDA JM.
Efficacy and safety of sitagliptin monotherapy
compared with voglibose in Japanese patients
with type 2 diabetes: a randomized, double- blind
trial. Diabetes Obes Metab 2010; 12: 613-622.

15) WiLLiams-HERMAN D, JoHnsoN J, Teng R, Gowm G,
Kaurman KD, GotipsTeiN BJ, Amatruba JM. Efficacy
and safety of sitagliptin and metformin as initial
combination therapy and as monotherapy over 2
years in patients with type 2 diabetes. Diabetes
Obes Metab 2010; 12: 442-451.

16) ViLseoLL T, Rosenstock J, Yki-JARVINEN H, CeraLu WT,
CHEN Y, Luo E, Musser B, ANpryuk PJ, LING Y,
KaurvaN KD, AMATRUDA JM, EnceL SS, Katz L.
Efficacy and safety of sitagliptin when added to
insulin therapy in patients with type 2 diabetes.
Diabetes Obes Metab 2010; 12: 167-177.

17) Baurzis D, GRaMMATIKOPOULOU MG, PAPANAS N, TRAKATELLI

CM, KinTiraki E, Hassapipou MN, Manes C. Obese

patients with type 2 diabetes on conventional ver-

sus intensive insulin therapy: efficacy of low-calorie

dietary intervention. Adv Ther 2016; 33: 447-459.

BroLL V, Burak C, STOFFEL-WAGNER B, WOLFFRAM S,

Nickenic G, MUOLLErR C, LANGGUTH P, ALTEHELD B,

Fimmers R, SterLe P, EGerT S. No effects of quercetin

from onion skin extract on serum leptin and adi-

ponectinconcentrations in overweight-to-obese
patients with (pre-) hypertension: a randomized
double-blinded, placebo-controlled crossover tri-

al. Eur J Nutr 2016; 16: 18-19.

RoBerTs KJ, Cross A, Vasieva O, Moorts RJ, EDWARDS

SW. Inhibition of pre-B cell colony-enhancing

factor (PBEF/NAMPT/visfatin) decreases the abil-

ity of human neutrophils to generate reactive

oxidants but does not impair bacterial killing. J

Leukoc Biol 2013; 94: 481-492.

18

=

19

~



Effect of sitagliptin on obese patients with insulin treatment-induced diabetes mellitus

20) Cexmez F, CanpoLaT FE, Pircon O, AvpemiR G, TANJU 21) EstegHAamATI A, ALAMDARI A, ZANDIEH A, EiaHi S,
IA, Genc FA, Tunc T, Avbinoz S, YiDiRiM S, IPciOGLU KHALiLzADEH O, NAkHJAVANI M, MEeysamie A. Serum
OM, Sarici SU. Adiponectin and visfatin levels in visfatin is associated with type 2 diabetes mellitus
extremely low birth weight infants; they are also independent of insulin resistance andobesity.
at risk for insulin resistance. Eur Rev Med Diabetes Res Clin Pract 2011; 91: 154-158.

Pharmacol Sci 2013; 17: 501-506.

3495



