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SUMMARY

Introduction A combination of drugs is required for treatment of obese subjects with diabetes, due to
multiple pathogenic mechanisms implicated in the development of both diabetes and obesity.
Objective Assessment of the effect of sitagliptin added to insulin glargine and metformin, in obese
subjects with type 2 diabetes.

Methods A total of 23 obese subjects on metformin and insulin glargine participated in the study. Titra-
tion of insulin glargine during a one-month period preceded the addition of 100 mg of sitagliptin daily.
Body mass index, waist circumference, fasting, and prandial glucose were measured monthly, lipids and
hemoglobin A1c (HbA1c) every three months, insulin, c-peptide and glucagon at the start and after six
months of treatment. Homeostatic models for insulin secretion (HOMA B) and insulin resistance (HOMA
IR) were calculated.

Results Participants were 58.65 + 7.62 years of age with a body mass index of 35.06 + 5.15 kg/m?, waist
circumference of 115.04 £ 15.5 cm, and the duration of diabetes of 4.11 + 2.57 years. With the titra-
tion of insulin glargine, target fasting glucose levels were not achieved. Waist circumference and body
mass index decreased during three months of sitagliptin treatment, thereafter remaining stable. HbA1c
decreased significantly after three and six months of therapy. C-peptide increased significantly, while
glucagon level fell. HOMA indexes were unchanged.

Conclusion Sitagliptin can improve diabetes control and induce modest weight loss in obese subjects
poorly controlled on insulin glargine and metformin. Titration of insulin glargine to optimal fasting glu-

cose values is a prerequisite of success of this combination therapy.

Keywords: sitagliptin; glargine; obesity; diabetes

INTRODUCTION

Multiple pathogenic mechanisms are implicat-
ed in the development of diabetes mellitus type
2, a progressive condition characterized by hy-
perglycemia, often dyslipidemia, and hyperten-
sion. Decreased insulin secretion and incretin
response, increased insulin resistance, periph-
eral outflow of free fatty acids, and increased
reabsorption of glucose from the proximal tu-
bules of the kidney may complicate metabolic
control of diabetes [1].

Basal insulin secretion is insufficient to stop
hepatic glucose production, due to hepatic in-
sulin resistance, leading to high fasting glucose
values. This is usually the first secretory insu-
lin abnormality to develop in type 2 diabetes.
However, loss of first phase of insulin prandial
secretion may develop early in the course of
the disease. The second phase of insulin secre-
tion is slow in onset and is insufficient, leading
to prandial hyperglycemia. Prandial secretion
of proinsulin is increased. At the same time,
hyperglycemia does not stop glucagon produc-

tion, which further stimulates gluconeogenesis
and glycogenolysis in the liver [2]. Incretin ef-
fects are controlled by gut hormones, glucagon-
like peptide-1 (GLP-1) and gastric inhibitory
peptide, secreted after food consumption [3].
Diminished incretin effects lead to inadequate
insulin secretion, glucagon hypersecretion, low
satiety, and fast transition of food through the
stomach.

Obese people with diabetes present a clinical
challenge. Insulin resistance occurs when insu-
lin levels are sufficiently high over a prolonged
period of time causing the reduction of body’s
own sensitivity to insulin. Insulin resistance in
type 2 diabetes, brought on by obesity, is closely
linked to inflammation [4]. Hepatic insulin re-
sistance precedes peripheral insulin resistance
in the muscle and adipose tissue. Glucose uti-
lization in the muscle is diminished, whereas
outflow of free fatty acids from the adipose
tissue is uninhibited. Free fatty acids have a
lipotoxic effect on beta cell.

The National Serbian Guideline for the
Treatment of Diabetes Mellitus [5], as well as
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recent American Diabetes Association and European As-
sociation for the Study of Diabetes position statement [6],
defines four optional steps in diabetes therapy. A combina-
tion of metformin, basal insulin and DPP-4 inhibitors cor-
rects insulin resistance, secretory defects and diminished
incretin effects. This three-step optional combination may
be useful in treating diabetes in obese subjects. Sitagliptin
is an orally active inhibitor of DPP-4, with a fully revers-
ible action [7]. It increases glucose-dependent insulin se-
cretion, while decreasing glucagon secretion and hepatic
glucose production. Sitagliptin has been associated with
an approximate two-fold increase in postprandial GLP-1
plasma concentrations, compared to placebo, in healthy
human study participants and in patients with type 2 dia-
betes mellitus [8].

OBJECTIVE

The objective of this study was to assess the effect of com-
bination therapy of insulin glargine, metformin and sita-
gliptin on insulin secretion, insulin resistance, and meta-
bolic parameters in obese subjects with type 2 diabetes.

METHODS

Twenty-three obese subjects with diabetes were included
in the study. They were recruited from the outpatient clinic
of the Department of Endocrinology, Diabetes and Meta-
bolic Disorders of Zvezdara University Hospital. After ob-
taining a signed informed consent, subjects were sched-
uled an appointment in the daily outpatient unit. This
study was approved by the Ethics Committee of Zvezdara
University Hospital.

Inclusion criteria for the participation in the study were
as follows: unfavorable control of diabetes with glycosyl-
ated hemoglobin (HbA1c) of 7-12%, on combined insulin
glargine and metformin therapy lasting at least 12 months,
age between 35 and 75 years, and body mass index (BMI)
225 kg/m?. At first visit, the subjects were educated to ti-
trate insulin glargine to fasting glucose levels between 3.9
and 5.5 mmol/l, using a simple algorithm [9]. They were
instructed to perform fasting glucose measurements every
morning. An average of three consecutive fasting glucose
measurements was calculated. If it exceeded 5.5 mmol/l, two
units of insulin glargine were added to the previous dose.
If the measurement was equal to or lower than <3.9 mmol/l,
two units were subtracted from the previous dose. If the av-
erage fasting glucose reading was 3.9-5.5 mmol/l, the dose
of insulin glargine remained unchanged. The subjects were
instructed to write down the measurements with dose titra-
tion changes in the diary and to titrate the dose of insulin
glargine every three days.

After one month of insulin glargine titration, 100 mg
of sitagliptin was added to metformin and insulin glargine
for six months, to improve prandial control. The subjects
were invited for monthly visits for blood glucose, blood
pressure and body weight measurements. BMI was cal-

culated as body weight in kilograms divided by square of
height expressed in meters. At start, after three and six
months of triple combination therapy, blood samples were
taken for the measurement of HbAlc, lipids, fasting and
two hours prandial glucose levels. Low density lipoprotein
(LDL) cholesterol was calculated from total cholesterol,
high density lipoprotein cholesterol (HDL) and triglyc-
erides using Friedwald’s formula: LDL (mmol/l) = total
cholesterol - HDL - (triglycerides / 2.17). Insulin, c-pep-
tide and glucagon levels were assessed before and after
six months of sitagliptin therapy. The time between the
last dose of insulin glargine and blood sampling had to be
longer than 24 hours. Insulin and c-peptide were evalu-
ated by the electrochemiluminescence (ECLIA) method,
on the Roche analyzer at the Konzilijum Laboratory. The
referent range for insulin was 6.0-27.0 pIU/ml, and for
c-peptide 0.9-7.1 ng/ml. Glucagon was analyzed using
the radioimmunoassay (RIA) method. The referent val-
ues for glucagon were 60-177 ng/L. Insulin secretion was
evaluated using the HOMA-B model. It was calculated
from the formula by Matthews [10]: HOMA B = Insulin
(mU/1) x 2/ fasting glucose level (mmol/l) - 3,5. Insulin
resistance was evaluated with the HOMA-IR model. It was
calculated as HOMA IR = Insulin (mU/1) x fasting glucose
(mmol/l) / 22.5.

Data are presented as mean + standard deviation or n
(%) depending on the data type. Paired samples tests (t-
test and Wilcoxon signed-rank test) were used to assess
significant differences within measurements. All the data
were analyzed using SPSS 20.0 (IBM corp., Armonk, NY,
USA) statistical software. All p-values less than 0.05 were
considered statistically significant.

RESULTS

Twenty-three obese subjects, 13 men and 10 women, with
type 2 diabetes inadequately controlled by insulin glargine
and metformin participated in the study. Their mean age
was 58.65 + 7.62 years, while mean diabetes duration was
4.11 £ 2.57 years. The mean weight of the studied subjects
was105.30 £ 19.29 kg, BMI 35.06 + 5.15 kg/m?, and the
mean waist circumference 115.04 + 15.47 cm.

After three months of treatment with 100 mg of sita-
gliptin added to insulin glargine and metformin, a signifi-
cant reduction of weight, waist circumference, and BMI
was observed. The difference in baseline weight and weight
at six months was also significant. However, there was no
significant weight change between three and six months
of therapy, indicating that the loss of weight achieved in
the first three months was maintained through the whole
follow-up period. Similar changes were observed in waist
circumference and BMI (Table 1). The triple combination
therapy had no effects on lipids and blood pressure.

During one month of insulin glargine titration, its
dose was significantly increased from an average of
38.97 £ 15.28 units to 48.64 + 20.62 units, p < 0.01. How-
ever, target fasting blood glucose values were not achieved.
The average fasting blood glucose value at the end of insulin
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Table 1. The effect of sitagliptin added to insulin glargine and metformin on body weight, waist circumference, body mass index, lipids and

blood pressure during six months of therapy (mean value + SD)

Parameter Baseline 3 months 6 months p (baseline vs. 3 months) p (baseline vs. 6 months)
BW (kg) 105.30£19.29 102.57 £17.84 102.61£17.41 <0.001 <0.001
WC (cm) 115.04 £15.47 107.65+12.78 107.91£11.84 <0.001 <0.001
BMI (kg/m?) 35.06 £5.15 34.19+4.93 34.16 £ 4.90 <0.001 <0.001
sBP (mmHg) 125.22+9.94 128.04 +9.97 125.00 £ 9.29 0.170 0.954
dBP (mmHg) 78.04 £ 6.51 78.70 £ 4.05 75.65 £ 4.60 1.000 0.400
CHOL (mmol/1) 544 +1.52 5.50+1.30 552+1.16 1.000 1.000
TGL (mmol/l) 3.44+258 311+223 3.27+233 0.308 1.000
HDL-c (mmol/l) 1.11+£0.22 1.07 £0.28 1.08 £ 0.23 0.470 1.000
LDL-c (mmol/l) 297+1.14 3.16+1.04 3.05+1.09 0.200 1.000

SD - standard deviation; BW - body weight; WC - waist circumference; BMI - body mass index; sBP — systolic blood pressure; dBP - diastolic blood pressure;
CHOL - total cholesterol; TGL - triglycerides; HDL-c — high density lipoprotein; LDL-c — low density lipoprotein

Table 2. The effect of sitagliptin added to insulin glargine and metformin on fasting and prandial glucose levels and glycosylated hemoglobin

during six months of therapy (mean value + SD)

Parameter Baseline 3 months 6 months p (baseline vs. 3 months) p (baseline vs. 6 months)
Fasting glucose levels (mmol/l) 9.92 +£2.58 8.75 +3.02 8.62+£2.28 0.192 0.032
Prandial glucose levels (mmol/l) | 11.32+3.50 | 10.14+3.09 | 9.66+2.71 0.184 0.012
HbA1c % 9.06 +1.16 7.91+1.10 8.20+1.14 <0.001 <0.001

HbA1c - glycosylated hemoglobin Alc

Table 3. The effect of sitagliptin added to insulin glargine and metfor-
min on circulating insulin, c-peptide and glucagon levels during six
months of therapy (mean value + SD)

Parameter | Baseline 6 months | p (baseline vs. 6 months)
Insulin 16.55+10.10 | 19.56 + 13.98 0.492

(MIU/ml)

Cpeptide | 4 54 699 | 1.50+1.52 0.163

(ng/ml)

Glucagon | 4g 434 1681 | 43,61 + 1641 0.086

(ng/l)

Table 4. The effect of sitagliptin added to insulin glargine and
metformin on HOMA-B and HOMA-IR indices during six months of
therapy

Parameter Baseline 6 months Dilbzzzline v g
months)

HOMA-B 18.33+15.59| 35.05 £22.71 0.076

HOMA-IR 3.79+1.91 4,09 £1.54 0.092

glargine titration was 9.92 + 2.58 mmol/l. Postprandial
blood glucose level, before the addition of sitagliptin, was
11.32 + 3.50 mmol/l.

After three months of treatment with 100 mg of sitagliptin
added to insulin glargine and metformin, the average fasting
blood glucose levels were reduced to 8.75 £ 3.02 mmol/l,
while after six months it was 8.62 + 2.28 mmol/l. The average
postprandial blood glucose value was 10.14 + 3.09 mmol/l
after three months and 9.66 + 2.71 mmol/l after six months
of treatment. Glycosylated hemoglobin Alc (HbAlc) was
9.06 * 1.16% before initiating sitagliptin add-on therapy.
It significantly decreased after three (8.01 + 1.11%) and
six (8.29 + 1.13%) months of introducing sitagliptin in
therapy. It was only after six months of triple combination
therapy that the average fasting and postprandial blood
glucose values achieved a significant reduction compared
to values at start (Table 2).

Insulin, c-peptide and glucagon values were evaluated
at start and after six months of therapy. The average plas-
ma insulin value was 16.55 £ 10.10 pIU/ml before, and

19.56 + 13.98 uIU/ml six months after addition of 100 mg
of sitagliptin to insulin glargine and metformin.

At the same time, plasma c-peptide values significantly
increased from 1.05 + 0.99 ng/ml to 1.50 £ 1.52 ng/ml.
Glucagon levels decreased from 48.43 + 16.81 ng/L to
43.61 + 16.41 ng/L after six months of sitagliptin add-on
therapy (Table 3).

Sitagliptin added on to insulin glargine and metformin
did not significantly change insulin secretion and insulin
resistance, evaluated through HOMA-B and HOMA-IR
models. Non-significant increase in basal insulin secretion
was the only observed change (Table 4).

DISCUSSION

Our study has shown that there is a place for the addition
of sitagliptin to obese subjects with type 2 diabetes inad-
equately controlled by insulin glargine and metformin. Si-
tagliptin add-on therapy significantly lowered weight, BMI
and waist circumference. It increased basal insulin secre-
tion and lowered glucagon levels. However, target fasting
and prandial glucose levels were not achieved, although
levels of HbA1c were significantly reduced after three and
six months of therapy. This indicated that optimal titration
of insulin glargine to target fasting glucose levels had to be
performed before the addition of sitagliptin. This was not
the case in our group of participants.

The safety and tolerability of sitagliptin, the first dipep-
tidyl peptidase-4 (DPP-4) inhibitor used in clinical prac-
tice, was previously tested in many trials. It has been used
as monotherapy, or in combination with metformin, sul-
fonylurea, pioglitazone, or insulin [11]. It reduces HbAlc
for 1%, fasting plasma glucose for 1 mmol/l, and post-
prandial glucose levels for 2.6 mmol/l, during 24 weeks of
treatment, and does not induce hypoglycemia and weight
gain [12]. Nausea is tolerable and no other adverse events
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have been reported. Sitagliptin therapy in combination
with metformin has been shown to increase circulating
insulin levels, c-peptide and HOMA B. It had no influ-
ence on HOMA IR, when compared to placebo. Sitagliptin
has been shown to reduce postprandial lipemia [13]. In
subjects with renal impairment, sitagliptin can be safely
used in a reduced dose of 50 mg when creatinine clearance
is 30-50 ml/min., and in dose of 25 mg when creatinine
clearance is less than 30 ml/min. [14]. Urinary albumin
levels are reduced on sitagliptin therapy in subjects with
diabetes and albuminuria [15]. The results of the recently
completed TECOS trial (Trial to Evaluate Cardiovascular
Outcomes after Treatment with Sitagliptin) has shown that
sitagliptin does not increase major adverse cardiovascular
events, hospitalization for heart failure, or other adverse
events in 14.671 high cardiovascular risk subjects with
diabetes [16].

Two clinical problems with DPP-4 inhibitors use have
not been resolved so far. The question that bothers many
physicians is whether it is justified to use sitagliptin in long-
term diabetes on insulin therapy. Will this kind of combi-
nation therapy lower the dose of insulin, decrease HbAlc,
induce hypos and will it be weight neutral? The second
dilemma is the use of DPP-4 inhibitors in obese subjects.
Glucagon-like peptide-1 analogues are preferable in obese
subjects, as they successfully reduce weight. However, they
are injectables, and some patients do not like this form of
therapy. Hence, our study addressed both questions.

Very few clinical studies have been published on com-
bined use of sitagliptin with insulin analogues. An exten-
sion of the EASIE study, randomized controlled study
performed on 515 subjects that tested the combination of
sitagliptin or insulin glargine with metformin, as initial
therapy for type 2 diabetes [17], was similar to ours. In
the extension of the EASIE study, sitagliptin was added
to therapy of 37 subjects not attaining goal of HbAlc less
than 7%, after 24 weeks of treatment of insulin glargine
and metformin [18]. Half of the subjects attained HbAlc
of less than 7% on 12 weeks of triple therapy of sitagliptin,
metformin and insulin glargine.

A study with aims similar to ours assessed the effect
of sitagliptin or exenatide added to insulin glargine and
metformin, compared to glargine and metformin alone. In
enrolled 48 subjects with diabetes duration of 6 + 1 years
and with a BMI of 31.7 + 3.4 kg/m? [19]. During the four
weeks of the study, HbAlc was reduced significantly in all
groups, with better prandial control on incretin therapy.
Subjects on exenatide lost weight, while sitagliptin was
weight neutral. Subjects on insulin glargine and metfor-
min gained in weight. As titration of insulin was allowed,
the dose of insulin glargine remained the same on incretin
therapy, while it increased for five units in the glargine
and metformin group. When compared to our study, the

subjects in our group were more obese. Sitagliptin did in-
duce significant reduction in fasting and prandial blood
glucose levels, HbAlc, weight and waist circumference. It
is probable that this could have also happened in the study
by Arnolds et al. [19] with its longer duration. The dose
of insulin glargine remained stable for SIX months in our
study, while it was titrated in the study by Arnolds et al.
[19], which represents a difference in study design. Both
studies have shown that it is justified to add sitagliptin
to insulin glargine and metformin in obese patients with
longer duration of diabetes, thus resolving the above men-
tioned clinicians’ dilemmas.

Sitagliptin therapy decreases appetite and glucagon
levels, even in subjects with low residual insulin secretion
[20]. It improves quality of life [21]. The question of bio-
markers that could adequately specify the positive effects
of incretin therapy in obese subjects with diabetes remains
open [22, 23]. HOMA indices, used in our study, are not
standardized. In clinical studies, they have been used with
caution, indicating only whether the effect of the drug is
in favor of increased insulin secretion or decreased insulin
resistance [24]. Although our study was done on a small
group of subjects with great variations in HOMA indi-
ces, it did show that the main effect of sitagliptin therapy,
added to insulin glargine and metformin in obese subjects,
is to increase insulin secretion. It did not induce hypogly-
cemia, nor did it provoke an increase in blood pressure
and lipids, proving its safety profile.

CONCLUSION

The results of our study have shown that it is justified to
add sitagliptin to the treatment of obese subjects with type
2 diabetes inadequately controlled by insulin glargine and
metformin. This kind of add-on therapy significantly de-
creased fasting and prandial glucose levels and HbAlc.
Increase in residual insulin secretion, measured through
c-peptide levels and HOMA-B index, and decrease in glu-
cagon levels, may explain its favorable metabolic effects.
It seems that the success of this treatment combination
depends on the early initiation of insulin therapy, which
spares residual insulin secretion. Another prerequisite
for successful treatment is previous titration of insulin
glargine to target fasting glucose levels.

Sitagliptin is safe in obese subjects with diabetes. It
significantly reduced body weight and waist circumfer-
ence. The subjects did not experience severe hypoglyce-
mia. Blood pressure and lipids remained unchanged. Until
GLP-1 analogues and bariatric surgery become a widely
available method of treatment for obese subjects with
diabetes, a safe and effective combination of sitagliptin,
insulin glargine, and metformin may be considered.
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YTuuaj KombuHaumje MHCYAUHA MapruH, MeTpOpMUHA M CUTAFIUNTUHA HA
MHCYIMHCKY CEKpeLujy, MHCYIMHCKY pe3ncTeHumjy u metabonnuke napametpe
KoZ rojasHux ocoba ca gnjaberecom menmtycom tuna 2

Teopopa bewuh-Kuskosuh'2, Munuua MapjaHosuh-lNeTkoBuh?, Mumbanka BykcaHosuh? MBaH ConpatoBuh?,

[ob6puna Kannuh?, JpuHa Tonanos*

'YHuBep3utet y beorpapy, MeauumHckn dakynter, beorpag, Cpbuja;

2KNMHNYKO-60NHNYK LieHTap ,3Be3aapa’; KNnHNUKo oferbetbe 3a eHROKpUHONOT W)Y, AnjabeTec 1 6onectn meTabonuama, beorpag, Cpbuja;
3YHusepautet y beorpagy, MeguunHcku dakynet, IHCTUTYT 3a MEAULIMHCKY CTaTUCTUKY 1 MHbOpMaTuKy, beorpag, Cpbuja;

“Nabopatopuja,KoH3nnujym’, beorpap, Cpbuja

KPATAK CALIPXKAJ

YBop 3a neuetbe rojasHuix ca Avjabetecom Tuna 2 HeonxogHa
je KombuHaLuja nekoBa, 360F MHOTOCTPYKMX NAaTOTEHETCKUX
MexaHV3ama YMeLLaHUX Y HaCTaHKy roja3HoCTY 1 fujabeTeca.
Linm papa Lins oBor papa je 6vo ncnutrBarbe edekta goga-
Batba CUTArIMMTMHA KOMOUHaLMj METGOPMUHA N MHCYSIMHA
Kog rojasHux ocoba ca finjabetecom Tmna 2 .

Metope paga Y ucnutnBarbe cy 6une ykibyueHe 23 rojasHe
ocobe ca injabeTecom MENUTYCOM TUMa 2, HeafleKBaTHO JleueHe
ca MeTGOPMMHOM U MHCYNIMHOM FRapriH. TuTpauuja MHCynMHa
rNaprviH TOKOM MeceL laHa NpeTxoAwnna je ysoherby cutarnun-
THa y fo3un oa 100 mg. iHaekc TenecHe mace (UTM), o6um
cTpyka (OC), rmukemmje HalTe 1 ABa cata NoCTnpaHAnjaiHoO
MepeHu Cy jeqHOM MeceuHo. JInNuAan 1 FMKO3UAMpPaHN Xemo-
rno6uviH (HbA1c) eBanyvpaHu cy jeAHOM y TPy MeceLla, a c-nen-
TUQ W FIYKaroH Ha NoYeTKy U HAKOH LIeCT MeceLy Tepanuje.
/13pauyHaTi cy XOMeoCTaTCK1 MHAEKCW UHCYNIMHCKE CeKpeLuje
(HOMA B) n pesucteHuuje (HOMA IR).

MpumsbeH « Received: 19/08/2015

PeBusuja « Revision: 10/12/2015

PesynTtatu VicnutaHmum cy 6unn npoceyHe ctapoctun 58,65 +
7,62 roguHa, U'TM 35,06 + 5,15 kg/cm? OC 115,04 + 15,47 cm n
npoceyHe ayxuHe Tpajatba T2DM 4,11 £ 2,57 rognHa. Tutpa-
LIMjOM VIHCYNIMHA FaprH, TOKOM Mecel| laHa, HUCY MOCTUTHYTe
LnSbHe BPeAHOCTM jyTaptbe rnkemuje. Ykibyumsame 100 mg
CUTarNUMNTUHA JOBENO je [0 3HayajHor cMamera OC n UTM
TOKOM TPy MeceLla, y3 Oap»KaBare edeKTa [0 LWecT MeceLm Te-
panuje. BpegHoctn HbATc 3HauajHO Cy cMarbeHe HakoH Tpu 1
wect meceum Tepanuje. C-nenTuA ce 3HayajHo nosehao, Aok ce
HMBO rlyKaroHa cMammo. HcynnH n HOMA nHpekcn cy octanm
HenpometbeHu.

3aksbyyak CUTarmunTH MOXe NobosbLIaTy KOHTPONY Anjabe-
Teca v JOBECTU 10 Matber CMakbetba Y TeNnecHOj Macu rojasHux
ocoba Ha MeTGOPMIHY U MHCYNIHY FaprH. Tutpaumja Hcy-
NNHA rMapruH Ao ONTUMAJTHE jyTapke MKeMuje je npegycnoB
ycrexa oBe KombuHauyje.

KrbyuHe peun: cutarfMnTuH; rapriiH; rojasHocT; anjabetec
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