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Abstract

Aim Preclinical studies suggested that insulin, incretin
and thiazolidinediones had effect on regulation of bone
metabolism. But clinical evidence is limited. We assessed
the effects of these antihyperglycemic agents on bone
metabolism in patients with newly diagnosed type 2
diabetes.

Methods The present study was a two-center, random-
ized, parallel-group clinical trial. Sixty-two newly diag-
nosed and drug-naive patients with type 2 diabetes were
randomized to exenatide (EXE, n = 20), mixed protamine
zinc recombinant human insulin lispro injection (25R; INS,
n = 21) or pioglitazone (PIO, n = 21) group for a 24-week
treatment. Glycosylated hemoglobin Alc (HbAlc), body
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weight, body mineral density (BMD) and fasting serum
concentration of bone turnover markers including osteo-
calcin (OC), C-telopeptide of type I collagen (CTX) and
tartrate-resistant alkaline phosphatase 5b (TRAcP5b) were
assessed at baseline and week 24.

Results Baseline characteristics were similar among
groups. At week 24, HbAlc improved in all patients
(EXE:—2.4 + 03 %, INS:—2.4 +£0.3 %, PIO:—2.0 £
0.2 %; p > 0.05 among groups). Patients treated with
exenatide lost body weight remarkably (—4.7 £ 0.8 kg). In
spite of the amelioration of glucose control, no significant
improvement of OC, CTX or TRAcP5b was observed at
week 24 (EXE: OC —0.619 +£ 0.728 ng/ml, CTX 0.147 +
0.046 ng/ml, TRAcP5b 0.302 + 0.149 U/L;INS: OC
0.637 £ 0.787 ng/ml, CTX —0.012 £ 0.074 ng/ml, TRAc
P5b 0.124 +£ 0.395 U/L; PIO: OC —0.150 £ 0.691 ng/ml,
CTX 0.073 £ 0.094 ng/ml, TRAcP5b 0.586 + 0.183 U/L;
p > 0.05), as well as BMD measurement, regardless of the
treatments.

Conclusions Twenty-four-week treatment with exenatide,
insulin and pioglitazone improved glucose control in
patients with newly diagnosed type 2 diabetes, but had no
impact on bone turnover markers or BMD.

Keywords Newly diagnosed type 2 diabetes - Bone
turnover marker - Bone mineral density - Exenatide -
Insulin - Pioglitazone

Background
A low bone mineral density (BMD) has been consistently
observed in type 1 diabetes, while in type 2 diabetes BMD

is similar to or even higher than age-matched nondiabetic
controls [1]. However, type 2 diabetes mellitus is still
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associated with an increased risk of bone fractures [2—4].
Contributing factors include chronic hyperglycemia,
impaired vitamin D metabolism, peripheral and autonomic
neuropathy, and falls resulting from hypoglycemia (Maggi
et al. [5, 6]). The impaired skeletal strength in type 2
diabetes is only in part reflected by a variation in BMD.

It is known that hyperglycemia exerts negative effects
on both bone formation and bone resorption [7]. Accord-
ingly, antihyperglycemic agents may theoretically counter
the detrimental effects of diabetes on bone health. Pre-
clinical data have suggested that insulin and glucagon-like
peptide (GLP)-1 receptor agonist play an important role on
anabolic action on bone metabolism in addition to their
beneficial effects on glucose [8, 9], while clinical evidence
of these two categories of agents on bone health is still
limited. On the other hand, recent studies suggest that
thiazolidinedione (TZD) treatment is associated with an
increased risk of bone fractures in patients with type 2
diabetes, especially in postmenopausal female patients
[10]. These findings emphasize the need to investigate the
effect of antihyperglycemic agents on bone metabolism.

To date, comparative effect of insulin, GLP-1 receptor
agonist and TZDs on bone metabolism, especially in
patients with newly diagnosed type 2 diabetes, is still
lacking. This present study was therefore designed to
assess the effects of 24-week treatment of these three
antihyperglycemic agents on both glucose control and bone
metabolism in patients with newly diagnosed type 2
diabetes.

Methods
Patients and study design

This study is an ancillary study of CONFIDENCE study
(registered at Clinical Trials.gov  with Number
NCTO01147627). Detailed methods and results of the
CONFIDENCE study have been published previously [11].
Briefly, the present study is a 24-week, two-center (the
Third Affiliated Hospital of Sun Yat-sen University,
Guangzhou, and Drum Tower Hospital Affiliated to Nan-
jing University Medical School, Nanjing), randomized
controlled trial. Treatment-naive patients with newly
diagnosed type 2 diabetes, aged 30-70 years, were
recruited. Inclusion criteria were glycosylated hemoglobin
Alc (HbAlc) 7.0-10.0 % (53—-86 mmol/mol), body mass
index (BMI) 20-35 kg/m” and stable body weight for
>3 months. Exclusion criteria were acute or severe chronic
diabetic complications or illness (ketoacidosis, hyperos-
motic state, lactic acidosis, severe micro- and macrovas-
cular complications, neuropathy, retinopathy, nephropathy,
hepatic dysfunction); the presence of glutamic acid
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decarboxylase antibodies; use of drugs affecting bone
metabolism, gastrointestinal motility, weight and glycemia;
a history of preexisting osteoporosis or pathologic fracture;
a history of secondary osteoporosis; a history of pancre-
atitis; or triglycerides (TG) >5 mmol/L.

The study protocol was approved by each site’s ethical
review committee in accordance with the Declaration of
Helsinki. All participating patients gave their written
informed consent prior to screening.

In total, 62 drug-naive patients with newly diagnosed
type 2 diabetes were enrolled from August 2010 to August
2012. With a randomization list generated using statistics
analysis system (SAS; SAS Institute Inc., Cary, NC, USA),
the patients were randomly assigned to exenatide (n = 20),
insulin (n = 21) or pioglitazone group (n = 21).

Exenatide (Amylin Pharmaceuticals, Inc., San Diego,
CA, USA) was injected subcutaneously at a dose of 5 pg
twice daily, increasing to 10 png twice daily after 4 weeks.
Premixed insulin [mixed protamine zinc recombinant
human insulin lispro injection (25R); Eli Lilly and Com-
pany, Indianapolis, IN, USA] was injected twice daily at an
initial dose of 0.4 IU/kg daily, with 50 % administered
15 min before breakfast and the remaining 50 % admin-
istered 15 min before dinner. Thereafter, doses were titra-
ted based on self-monitored blood glucose levels
(Table S1). Pioglitazone (Deyuan Pharmacy, Jiangsu,
China) was initially administered at 30 mg daily, increas-
ing to 45 mg daily after 4 weeks.

All patients received diabetes information and lifestyle
counseling at enrollment, with reinforcement throughout
the study.

Measurements

At baseline, anthropometric data were recorded. Fasting
venous blood samples were collected at 7:00 a.m.—
9:00 a.m. to measure fasting plasma glucose (FPG),
HbAlc, lipids, insulin (FINS), fasting serum concentration
of bone formation marker osteocalcin (OC) and bone
resorption markers, including C-telopeptide of type I col-
lagen (CTX) and tartrate-resistant alkaline phosphatase 5b
(TRACcP5b). A mixed meal test was performed with blood
samples collected 120 min after injection to determine
glucose (PPG) and insulin level. Samples were left to clot
at room temperature for 30 min and then centrifuged.
Aliquots of the serum supernatant were frozen and stored at
—80 °C and subsequently thawed and analyzed in one batch
for measurement of bone turnover markers. After 24-week
treatment, all measurements at baseline were repeated with
patients instructed to stop all antihyperglycaemic therapy
2 days before hand to avoid any acute drug effects on the
collected data. BMD was measured at baseline and week
24.
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Homeostasis model assessment was used to assess 3-cell
function [HOMA-B = (20 x FINS)/(FPG — 3.5)] and
insulin resistance [HOMA-IR = (FPG x FINS)/22.5].
Area under the curve for glucose (AUCyy,) is calculated by
using trapezoidal rule. FPG and PPG were assessed by
GOD-POD method, while HbAlc was measured by high-
pressure liquid chromatography (HPLC), whereas insulin
level by electrochemiluminescence assay. OC, CTX and
TRACcP5b were assessed using standard enzyme-linked
immunosorbent assays (ELISAs, IDS, UK). BMD was
measured by dual-energy X-ray absorptiometry (DXA)
(Discovery A, Hologic, USA).

Safety and tolerability were assessed at each visit by the
investigators. Minor hypoglycemia was defined as symp-
toms confirmed by a blood glucose concentration
<3.9 mmol/L, with prompt recovery after self-adminis-
tered carbohydrate. Major hypoglycemia was defined as an
event requiring the assistance of another person to
administer carbohydrate, glucagon or other resuscitative
treatment.

Statistical analysis

The primary end point of the study was the change in OC,
the marker of bone formation. Eighteen patients per group
were required to provide 80 % power at the 5 % signifi-
cance level to detect differences of at least 90 % of 1
standard deviation (SD) among different treatments [8].
The estimated dropout rate was 10 %, and thus, 60 patients
were required for enrollment.

HOMA-B and HOMA-IR were logarithmically trans-
formed prior to statistical analysis. All outcome measures
were analyzed using mixed-model repeated-measures
analysis of covariance (ANCOVA) to estimate the change
in variables, with treatment (exenatide/insulin/pioglita-
zone), center (Guangzhou/Nanjing), baseline HbA1C and
the pretreatment variable of the corresponding dependent
variable as covariates. Pearson’s correlation analysis was
used to evaluate the correlations between the change in
BMD or bone turnover markers from week 24 to baseline
and the change in metabolic parameters from week 24 to
baseline in all the patients. Statistical analysis was per-
formed using SPSS 17.0 (SPSS, USA). All inferential
statistical tests were conducted at a significant level of 0.05
(two-sided). Unless otherwise stated, data are presented as
mean = SEM.

Result

Overall, 62 patients were enrolled and assigned randomly
in a 1:1:1 ratio to exenatide (n = 20), insulin (n = 21) or
pioglitazone group (n = 21). All patients completed the

24-week follow-up. Baseline clinical characteristics were
similar among treatment groups (Table 1).

FPG, PPG and HbAlc decreased significantly in all
patients throughout the study (Table 2). The AUC, during
MMT was also decreased at the end of the study compared
to that at baseline (Table 2). No between-treatment dif-
ferences at week 24 were found regarding glucose
improvement. As shown in Table 2, HOMA-3 was sig-
nificantly improved after 24-week treatment with insulin
compared to other treatments. Exenatide and pioglitazone
treatments improved HOMA-IR at week 24, but no
between-treatment difference was observed. After adjust-
ing by HOMA-IR, no between-treatment difference of
HOMA-3 was noted (p = 0.066).

Changes in body weight are presented in Table 2. At
week 24, exenatide, as compared to insulin and pioglita-
zone treatments, significantly decreased body weight and
BMI. No significant body weight gain was observed in
insulin or pioglitazone group.

At week 24, changes in bone turnover markers from
baseline were similar in three groups. No significant effect
on bone turnover markers was observed, regardless of any
treatments (Table 3). These results did not change even
after adjusting by age, gender, menopause or not, baseline
BMI and baseline HbAlc. Similar with bone turnover
markers, BMD also remained unaffected following
24-week treatments (Table 3).

To further analyze the association between bone turn-
over markers and metabolic parameter, correlation analysis
was applied. A statistically significant negative correlation
was found between the change in CTX and the change in
weight from baseline [correlation coefficient (r) = —0.30,
p = 0.02], as well as the change in BMI [correlation
coefficient (r) = —0.28, p = 0.03] with Pearson’s corre-
lation analysis.

Exenatide, insulin and pioglitazone treatments were
generally well tolerated. Adverse events are shown in
Table S2. Gastrointestinal reactions were the most fre-
quently reported adverse events in exenatide group. No
bone fractures were reported during the follow-up period.
There were no major hypoglycemia and serious adverse
event occurring in this study. Incidences of minor hypo-
glycemia were 5 % in exenatide group, 9.5 % in insulin
group and 4.8 % in pioglitazone group.

Discussion

The most recent set of guidelines encourages a patient-
centric approach that takes into account the specific role of
each drug and patient factors, which raises attention to
effects of antihyperglycemic agents on not only glucose-
lowering efficacy but also other actions beyond glucose,
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Table 1 Baseline
characteristics and patient
disposition

Exenatide Insulin Pioglitazone p value
Male/Female 13/7 10/11 9/12 0.230
Age (years) 45.7 £ 10.5 53.0 + 10.9 513 £ 84 0.147
Body weight (Kg) 72.6 £ 23 67.6 £ 23 67.1 £ 2.7 0.893
BMI (Kg/m2) 26.7 £ 0.7 25.6 £ 0.7 259 £ 0.7 0.743
FPG (mmol/L) 9.0 £ 0.5 99 +£0.5 9.8 £0.6 0.394
PPG (mmol/L) 14.0 £ 0.7 16.2 £ 0.8 15.7 £ 0.6 0.088
HbAlc (%) (mmol/mol) 8.4 + 0.2(68 £ 2) 87 +£02(72+2) 8.6 = 0.2(70 £ 2) 0.759
ALT (U/L) 37.6 + 24.0 37.5 £ 27.1 343 £ 16.1 0.872
AST (U/L) 264 +£95 28.7 £ 13.0 264 + 143 0.798
SCr (umol/L) 624 + 17.1 54.8 £ 135 583 £ 19.0 0.363
AMY (U/L) 39.6 + 18.6 36.8 £ 12.8 45.0 £ 194 0.307
LPS (U/L) 61.1 £45.7 75.3 £+ 68.8 729 £ 74.0 0.757
TRIG (mmol/L) 1.9+09 23+ 1.7 22+£12 0.686
TCH (mmol/L) 5.1+£03 49 £02 5.6 £0.2 0.080
LDL_C (mmol/L) 33£0.8 29+09 33£09 0.126
HDL_C (mmol/L) 1.2 £0.1 1.1 £0.1 1.2 +0.1 0.454

Variables are expressed as mean == SEM or number

BMI body mass index, FPG fasting plasma glucose, PPG 2-h postprandial plasma glucose, HbA,, gly-
cosylated hemoglobin, ALT alanine aminotransferase, AST aspartate aminotransferase, SCr serum crea-
tinine, AMY amylase, LPS lipase, TRIG triglycerides, TCH total cholesterol, LDL_C low-density lipoprotein
cholesterol, HDL_C high-density lipoprotein cholesterol

such as bone metabolism. To our knowledge, the present
study is the first study directly comparing the effects of
exenatide, insulin and pioglitazone on both glucose and
bone metabolism in drug-naive patients with newly diag-
nosed type 2 diabetes. Our results indicated that 24-week
treatment with exenatide, insulin and pioglitazone
improved glucose control, but not yet affected bone turn-
over markers and BMD.

The effect of exenatide, insulin and pioglitazone on
glycemic control in the present study is similar with those
observed in CONFIDENCE study previously reported [11]
and other studies [12—14]. Significant weight reduction was
found in patients treated with exenatide. No weight change
was observed in patients treated with insulin or pioglita-
zone, probably because of the lifestyle modification under
diabetes education and the relatively short-term
interventions.

Previous studies in type 2 diabetes have shown the
decreased levels of bone turnover markers in type 2 dia-
betic patients compared to nondiabetic control subjects [15,
16]. And some studies indicated that improved glycemic
control in diabetic patients resulted in change in bone
turnover markers [17-19], which is not found in the present
study. Although it is well accepted in cross-sectional
studies that serum OC is inversely related to glycemic
control [20-23], effects of improved glycemic control on
OC observed in longitudinal studies are still inconsistent.
Several studies reported an increase in OC in diabetic
patients who entered each study with poorly controlled
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glycemia and achieved improved control [17-19, 24]. But
another 1-year study found that improving glycemic con-
trol reduced OC levels [25]. And similar to our result,
Hong et al. [26] and Poomthavorn et al. [27] showed that
changes in serum total OC level were not associated with
the changes in glucose, although the interventions in these
two studies were bisphosphonate and vitamin D2, respec-
tively. It is still not clear what factors induce these con-
troversial results. What should be addressed is that bone
turnover markers levels were shown to be correlated with
diabetes duration [15]. The subjects in our study are
patients with newly diagnosed type 2 diabetes and were
treated with monotherapy of hypoglycemic agents for
6 months, who are quite different with those patients
enrolled in other studies. It may be inferred that the dif-
ference in patients’ diabetes duration between our study
and other studies partly contributes to the inconsistency.
Moreover, ethnic differences in bone turnover markers
levels reported in other studies might explain in part the
discrepancy of our results and others [28]. More details
about the association between changes in serum OC levels
and changes in glycemic status are needed to be investi-
gated in well-designed, long-term, prospective, longitudi-
nal clinical trial.

More recent basic research data support that GLP-1 is
involved in bone metabolism [29]. It has been demon-
strated that incretin hormones can stimulate osteoblasto-
genesis indirectly via increasing insulin secretion as well as
through a direct action on osteoblasts. Moreover, incretin
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Insulin versus
pioglitazone

Exenatide versus
pioglitazone

Exenatide versus

insulin

p value (among groups)

Overall

Pioglitazone

Insulin

Exenatide

Table 2 continued

Characteristics

@ Springer

BMI (Kg/m?)

NA

NA

NA

0.743

259 £ 0.7
—04+£03

26.7 £ 0.7 25.6 £ 0.7
—03+03

—-1.7+03

Baseline

0.784

0.006

0.003

0.015

Change from

baseline

0.222

0.332

<0.001

p value*

Variable are expressed as mean + SEM

NA not applicable, FPG fasting plasma glucose, PPG 2-h postprandial plasma glucose, HbA ;. glycosylated hemoglobin, AUCglu area under the curve for glucose, HOMA-IR homeostasis model

assessment of insulin resistance, HOMA-B homeostasis model assessment of B-cell function, BMI body mass index

* p value after therapy versus baseline

hormones can inhibit osteoclastogenesis by stimulating
calcitonin production in diabetes mellitus, which is inde-
pendent of glycemic control [30]. A three-day GLP-1
administration exerted osteogenic effects in type 2 diabetic
rat models with increased bone formation markers OC and
osteoprotegerin (OPG), and reduced bone structure aniso-
tropy assessing with microcomputerized tomography [31,
32]. The accumulating experimental data raise an inter-
esting hypothesis that GLP-1 could be a useful therapeutic
agent for improving the deficient bone formation and bone
structure in addition to its glucose efficiency. However, the
potential improvement of bone metabolism by exenatide
was not yet confirmed in clinical settings.

The effect of exenatide and insulin treatments on bone
metabolism presented in this study is in agreement with
other studies. A 44-week study conducted in metformin-
treated patients showed that neither exenatide nor insulin
glargine as add-on therapy has influence on bone density,
despite different effect on body weight [33]. And 1-year
treatment with a dipeptidylpeptidase-4 inhibitor vildaglp-
tin, another incretin-based drug, was not associated with
changes in bone resorption markers in drug-naive patients
with type 2 diabetes whose baseline HbAlc was 6.0 %
[34].

It is believed that the imbalance of bone turnover and
osteoblast activity contribute to the impaired bone meta-
bolism in type 2 diabetes, which may be detected much
earlier than the change in BMD [35]. That is why assess-
ments of not only BMD but also bone metabolism markers,
including both bone formation markers and bone resorption
markers, are even more clinically significant. Controversial
to the animal studies, both formation marker (OC),
resorption markers (CTX, TRAcP5b) and BMD remained
unaffected following 24-week treatments in the present
study, although fasting glucose and HbA1C decreased by
GLP-1 agonist treatment. Consequently, there could be
other factors associated with bone metabolism leading to
this negative result even under optimal glucose control.
Firstly, it was demonstrated that body weight reduction was
associated with decreased BMD and increased bone
resorption, especially in obese postmenopausal women [36,
37]. A decrease in total BMD was observed with the sig-
nificant weight reduction 1 year after Roux-en-Y gastric
bypass surgery [38]. And the reduced levels of bone turn-
over markers and abnormal vitamin D metabolism were
found in obese women during the 5-year follow-up after
short-term weight loss therapy [39]. It is also found in this
study that the change in bone resorption marker CTX was
negatively correlated with the change in weight from
baseline. Abundant evidence of the weight-reduction effect
of GLP-1 receptor agonist was cumulated in many clinical
trials. However, no obvious weight change was induced in
animal studies with short-term GLP-1 treatment, which
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Table 3 Baseline values and change in bone metabolism among exenatide, insulin and pioglitazone treatments

Characteristics ~ Exenatide Insulin Pioglitazone p value
Overall Exenatide Exenatide versus Insulin versus
versus insulin pioglitazone pioglitazone
Lumbar BMD (g/cmz)
Baseline 0.980 +£ 0.040 0.895 £ 0.053 0.926 £ 0.029 0.303 NA NA NA
Change from 0.023 £ 0.016 —0.009 + 0.008 0.003 £ 0.010 0.382  0.280 0.252 0.988
baseline
p value* 0.679 0.892 0.943
Hip BMD (g/cm?)
Baseline 1.257 £ 0.079 1.201 £ 0.060 1.191 £ 0.038 0.669 NA NA NA
Change from 0.011 £ 0.015 —0.007 £ 0.022 0.019 £ 0.027 0.988 0.951 0.923 0.879
baseline
p value* 0.722 0.630 0.443
OC (ng/ml)
Baseline 11.658 £ 4.169 11.535 £ 6.745 11.226 + 4.977 0.639 NA NA NA
Change from —0.619 &£ 0.728 0.637 £ 0.787 —0.150 + 0.691 0.289 0.120 0.300 0.593
baseline
p value* 0.690 0.731 0.926
CTX (ng/ml)
Baseline 0.634 £ 0.332 0.825 £ 0415 0.673 £ 0.346 0.227 NA NA NA
Change from 0.147 £ 0.046 —0.012 + 0.074 0.073 £ 0.094 0.361 0.156 0.466 0.473
baseline
p value* 0.225 0.926 0.551
TRACcP5b (U/L)
Baseline 2.879 £ 1.243 3415 £ 1.86 2.529 £ 1.216 0.195 NA NA NA
Change from 0.302 £ 0.149 0.124 £+ 0.395 0.586 £ 0.183 0.558 0.682 0.541 0.284
baseline
p value* 0.461 0.786 0.126

Variables are expressed as mean = SEM
NA not applicable, BMD body mineral density, OC osteoclasis, CTX C-telopeptide of type I collagen, TRAcP5b tartrate-resistant alkaline

phosphatase 5b
* p value after therapy versus baseline

may be the key reason leading to the difference between
preclinical and clinical studies. In addition, experimental
data from rodents suggested that administration of calci-
tonin, a peptide secreted from thyroid C cells, reduced bone
resorption markers in urine [40]. And GLP-1 receptor
agonist administration increased calcitonin gene expression
in the thyroid of wild-type mice [40]. These findings
indicate that GLP-1 receptor may have a role in bone
resorption indirectly through a calcitonin-dependent path-
way in thyroid C cells by stimulating calcitonin releasing
[40, 41]. Nevertheless, important species-specific differ-
ences in C cell histology, namely a higher GLP-1 receptor
expression in C cell related lesion in rodents than in
humans, do exist [42, 43]. It is highly possible that this
species-specific difference of GLP-1 receptor expression in
C cell is also attributable to the inconsistent results between
animal studies and clinical trials.

Although TZDs were indicated to lead to osteoporosis
by inducing peroxisome proliferator-activated receptor 7y in
many clinical trials in type 2 diabetes [44—46], no negative
effect of pioglitazone on BMD and bone turnover markers
was found in this study. It is worthy to address that patients
enrolled in the present study were all drug-naive patients
with newly diagnosed type 2 diabetes who may have better
bone quality compared to those patients with relatively
long diabetic durations in other studies indicating the
association between TZDs and bone fracture.

The strengths of our study included the direct head-to-
head comparison of monotherapy of antihyperglycemic
agent in patients with newly diagnosed type 2 diabetes,
maximally avoiding the confounding effects of other anti-
hyperglycemic agents and different diabetic duration. And
adopting bone turnover markers in addition to BMD could
reveal the differences between treatments with regard to
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the early change in bone metabolism. Some limitations
should also be addressed. First, undercarboxylated osteo-
calcin (ucOC) has been considered a novel and exciting
regulator of glucose metabolism in recent years, although a
distinct role for ucOC in skeletal health has not been
clearly identified [47]. We did not find a relation between
the glucose metabolism and OC in this study. Nevertheless,
not measuring ucOC leads to the impossibility to establish
the relationships among OC, ucOC, OC-to-ucOC ratio and
glycemic index. Second, we did not measure serum levels
of 25-hydroxyvitamin D, parathyroid hormone, calcium,
magnesium, sex steroids and calcium content in the diet,
which are known to influence bone turnover. And the
6-month follow-up duration is not long enough to prove the
long-term effects of the interventions on bone health. Thus,
well-designed, prospective and long-term randomized
control trials are needed to shed light on the action of
exenatide, insulin or pioglitazone on bone metabolism.

In conclusion, 24-week monotherapy with exenatide,
insulin or pioglitzone improved glycemic control in
patients with newly diagnosed type 2 diabetes. In spite of
different effects on body weight change, 24-week treatment
with exenatide, insulin or pioglitzone has no effects on
bone turnover markers and BMD.
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