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Abstract

Purpose Metformin and pioglitazone are believed to
exert their long-term benefits by means of amelioration of
chronic low-grade inflammation, a key event in develop-
ment of diabetes and its long-term complications. The
present trial was designed to investigate the comparative
efficacy of the two anti-diabetes medications on serum

concentrations of YKIL-40, a novel marker of
inflammation.
Methods In a parallel-group, open-label, randomized trial

setting (ClinicalTrials.gov Identifier No. NCT01521624),
84 newly diagnosed, medication-naive type 2 diabetes
patients were assigned to metformin 1,000 mg daily
(n = 42) or pioglitazone 30 mg daily (n = 42). Serum
concentrations of YKL-40, along with highly sensitive
C-reactive protein, indices of glycemic control and lipid
profile were measured at baseline and after 3 months.
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Results In the analyzed sample (metformin = 40, piog-
litazone = 42), both medications were equally effective
with regard to control of hyperglycemia, and hsCRP
reduction (p > 0.05). However, metformin caused a sig-
nificant decline in weight (p = 0.005), BMI (p = 0.004),
and total cholesterol levels (p = 0.028) of the patients.
Metformin also significantly reduced YKL-40 concentra-
tions after 3 months (1.90 £ 17 vs. 1.66 £ 0.15 pg/L,
p = 0.019). The amount of change in the pioglitazone arm
did not reach statistical significance (2.18 & 0.14 wvs.
2.25 £ 0.16 pg/L, p = 0.687). When compared, metfor-
min was significantly more effective than pioglitazone with
respect to YKL-40 reduction in both univariate (p = 0.020,
effect size = 6.7 %) and multivariate models (p = 0.047,
effect size = 5.7 %).

Conclusions Metformin is more effective in reduction of
YKL-40 concentration in short term and the effect seems to
be independent of degree of glycemic control, or hsCRP
reduction.

Keywords YKL-40 - Type 2 diabetes - Randomized
clinical trial - Metformin - Pioglitazone

Introduction

Patients with type 2 diabetes are at an increased risk for
developing atherosclerosis, even long before a clinical
diagnosis is made [1-3]. Compared with the general pop-
ulation, mortality rate in patients with diabetes is increased
by more than two folds; 69.5 % of which is due to car-
diovascular events [4]. Experimental and epidemiological
studies in the past two decades have made great strides
toward understanding the etiopathogenesis of atheroscle-
rosis, and have often highlighted the key role of chronic
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low-grade inflammation in thrombotic plaque initiation and
progression [5-7]. According to the “common soil”
hypothesis, diabetes and atherosclerosis both stem from the
shared root of chronic low-grade inflammation [8]. Sus-
tained subclinical inflammation is orchestrated by a wide
array of pro-inflammatory mediators among which
C-reactive protein (CRP) has been most often cited [8, 9].
Available evidence shows that elevated serum concentra-
tions of CRP antecede the onset of type 2 diabetes and
atherosclerosis [5, 10, 11].

Despite substantive evidence depicting the influential
effects of CRP in the development of insulin resistance and
atherogenesis, it is clear that the complex phenomenon of
innate immune system activation is elicited by various pro-
inflammatory cytokines, some yet to be discovered. YKL-
40, a novel surrogate for acute and chronic inflammatory
states, has been implicated to have a putative role in this
regard [12]. Patients with angiography-proven coronary
artery disease (CAD) have elevated YKL-40 concentra-
tions, which directly corresponds to the severity of
involvement, defined by the number of vessels involved
[13]. Moreover, YKL-40 concentrations increase in acute
myocardial infarction, and decrease following resolution of
the symptoms [14].

Given the shared pathway of insulin resistance and
atherosclerosis, it is conceivable that anti-diabetes medi-
cations are able to modify successive CAD risk via direct
and indirect amelioration of inflammation. Available
studies suggest that metformin and pioglitazone, two
commonly prescribed anti-diabetes agents mitigate
inflammatory processes by significant reduction in CRP
levels [15, 16]. It is not clear however, whether these
medications exert similar effects on YKL-40; and if so,
whether a preponderance exists with respect to efficacy.
The present clinical trial was thus launched to examine the
comparative effects of metformin and pioglitazone on
YKL-40 concentrations in medication-naive type 2 diabe-
tes patients.

Materials and methods
Trial design and participants

In the present study, data collected in an open-label, par-
allel-arm, randomized clinical trial were used to investigate
the comparative efficacy of metformin and pioglitazone on
serum concentrations of YKL-40. The trial is registered
with  ClinicalTrials.gov  (Reg. No. NCT01963663).
Between November 2012 and February 2013, 84 newly
diagnosed, medication-naive type 2 diabetes patients vis-
ited in the diabetes clinic of the Vali-Asr Hospital (a
teaching hospital affiliated with the Tehran University of
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Medical Sciences, Tehran, Iran) were recruited; with the
aid of a randomization software, by the process of simple
randomization, patients were allocated to metformin
(n = 42) or pioglitazone (n = 42) arms of the trial.
Patients were considered eligible for participation in the
trial if the following inclusion criteria were met: (1) recent
diagnosis of type 2 diabetes mellitus in the absence of the
use of medications known to cause insulin resistance; (2)
negative history for taking anti-diabetes medications of any
class in the past; (3) negative history for taking over-the-
counter vitamin or anti-oxidant supplements; and (4)
absence of clinically significant chronic illnesses of the
heart, lungs, or kidneys. Diabetes was diagnosed according
to the American Diabetes Association (ADA) diagnostic
criteria [17].

Patients allocated to the metformin arm received
1,000 mg metformin (in divided doses, 500 mg tablets two
times daily), whereas 30 mg pioglitazone (in divided
doses, 15 mg tablets two times daily) was prescribed to
patients in the other arm. Patients were educated regarding
the main side effects of the prescribed medication, and
were educated to schedule an appointment in case a major
side effect was experienced. No dose adjustment was made
during the trial. For each patient, a second visit 3 months
after the baseline visit was scheduled.

All procedures concerning human subjects were con-
ducted in accordance with the standards and guidelines laid
down in the sixth revision of the Helsinki Declaration
(2008). Local ethics committee of the university also
approved the trial protocol. Written informed consent
forms were signed by all participating patients prior to
enrollment.

Baseline and follow-up assessments

A similar assessment protocol was used to evaluate patients
at baseline and follow-up visits. At the time of enrollment
age, sex, medical and drug history of patients were recor-
ded using a pre-designed questionnaire. Once patient’s
information was collected, a thorough physical examina-
tion was performed by the interviewing physician. Weight
was measured with the patient wearing only light clothing,
and was recorded to the nearest 0.1 kg. Height was mea-
sured with a standard stadiometer, and was recorded to the
nearest 0.1 cm. Accordingly, body mass index (BMI) was
determined as weight in kilograms divided by height in
squared meters. Using an inflexible measurement tape,
waist circumference was measured at the mid-point
between the inferior costal margin and the anterior superior
iliac crest, and was reported to the nearest 0.1 cm. After
sitting for at least 10 min, two blood pressure readings
were obtained from each patient, 5 min apart, from the
right arm, using a standard mercury sphygmomanometer
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(Riester, Big Ben adults, Germany). The average of the two
readings was calculated.

Laboratory evaluations

At each visit, patients were instructed to go on an overnight
fasting for 12 h. Ten milliliters of venous blood was taken
the next morning, and was sent to the hospital laboratory
for biochemical measurements. Serum concentrations of
fasting plasma glucose (FPG) were determined using the
glucose oxidize method (GOD). Fasting insulin levels were
measured using radioimmunoassay techniques (Immuno-
tech, Prague, Czech Republic). Accordingly, homeostasis
model assessment of insulin resistance was calculated as
FPG in mmol/L multiplied by insulin in IU divided by
22.5. Percentage of glycated hemoglobin Alc (HbAlc) was
determined using the high performance liquid chromatog-
raphy (HPLC) method. Equivalent IFCC (International
Federation of Clinical Chemistry) values in mmol/mol
were calculated using the following equation: IFCC
Alc = (10.93*Alc in %) — 23.50. Serum lipid concen-
trations were measured with enzymatic methods (Pars
Azmun commercial kits, Karaj, Iran). Highly sensitive
C-reactive protein (hsCRP) was quantitatively assessed by
available commercial kits (Diagnotics Biochem Canada
Inc, Ontario, Canada) using the enzyme-linked immuno-
sorbent assay (ELISA) method. Serum concentrations of
YKL-40 were determined using the ELISA method (Cu-
sabio, Wuhan, China); inter- and intra-assay coefficients of
variation were <10 %.

Statistical analysis

Statistical analyses were performed using the statistical
software for social sciences (SPSS®) version 20 (IBM®
corp., NY, United States). Categorical variables are pre-
sented as proportions. Continuous variables are presented
as mean = standard error of mean (SEM). Continuous
variables with non-normal distribution were logarithmi-
cally transformed. Distribution of categorical variables
between the trial arms was compared using the Chi-square
test. For comparison of continuous variables, independent
t test was employed. Within-group comparison of depen-
dent variables between baseline and follow-up visits was
done using paired ¢ test. Comparative efficacy of anti-dia-
betes medications between the two trial arms was investi-
gated using the analysis of covariance (ANCOVA)
procedure. The effect size of the between-group difference
was estimated using partial eta squared. According to
Cohen’s recommendations [18], an effect size of around
1 % indicates small effect, while values around 6 % and
above 13.8 % correspond to medium and large effect sizes,

respectively. In all analyses, a p value of less than 0.05 was
considered statistically significant.

Results

A total of 107 patients were initially assessed of whom 84
received treatment. Two patients in the metformin arm did
not return for a follow-up visit and upon inquiry over the
phone, receiving care from the private sector was described
as the main reason for discontinuation of visits. The final
analyses were thus performed on 82 patients (metformin
n = 40, pioglitazone n = 42). Baseline characteristics of
trial participants are summarized in Table 1. Age and sex
of the patients did not significantly differ between the two
arms of the trial. Level of glycemic control (FPG, insulin,
HOMA-IR, and HbAlc) was also comparable between the
two groups. Although patients in the metformin arm were
on average 3 kg heavier than their counterparts in the
pioglitazone arm, the difference did not reach statistical

Table 1 Baseline characteristics of participants in metformin and
pioglitazone arms

Treatment group p value
Metformin Pioglitazone
(n = 40) (n = 42)
YKL-40 (ug/L) 1.90 £ 0.17 2.18 £ 0.14 0.218
Sex (female/male) 23/17 23/19 0.827
Age (years) 4940 £ 1.33 51.83 £ 1.30 0.195
Fasting plasma glucose 10.48 4+ 0.54  9.60 &+ 0.46 0.240
(mmol/L)
Serum insulin (pmol/L) 85.84 £ 6.11  75.91 + 8.75 0.384
HOMA-IR 5.64 + 0.45 4.28 + 0.58 0.102
HbAlc (%) 8.40 + 0.25 8.06 + 0.21 0.298
HbAlc (mmol/mol) 68.30 = 2.00 64.60 £ 1.68 0.298
Weight (kg) 78.50 £ 2.07 7536 £ 1.61 0.232
Waist circumference 97.50 £ 1.71 97.98 £+ 1.28 0.823
(cm)
BMI (kg/m?) 29.86 + 0.60  29.38 £ 0.57 0.566
hsCRP (nmol/L) 2143 £295 2543 £2.67 0.317
Log-hsCRP 0.49 £ 0.13 0.65 £ 0.16 0.456
Total cholesterol 5.49 + 0.21 522 £0.13 0.269
(mmol/L)
LDL-c (mmol/L) 3.15 £ 0.13 299 £ 0.11 0.965
HDL-c (mmol/L) 1.30 £ 0.06 1.22 £ 0.04 0.372
Systolic blood pressure  120.62 £+ 1.93 118.21 &+ 1.20  0.287
(mmHg)
Diastolic blood pressure 78.00 £ 0.84  78.70 + 0.87 0.569

(mmHg)

HOMA-IR homeostasis model assessment of insulin resistance, LDL-c
low-density lipoprotein cholesterol, HDL-c high-density lipoprotein
cholesterol, 7sCRP highly sensitive C-reactive protein
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significance (p = 0.232). Moreover, BMI and waist cir-
cumference in both groups were similar. No significant
differences were identifiable with respect to baseline con-
centrations of hsCRP, total cholesterol, low-density lipo-
protein cholesterol (LDL-c), high-density lipoprotein
cholesterol (HDL-c), and also blood pressure in the trial
arms. Higher concentrations of serum YKL-40 were
observed in the pioglitazone arm, however, the difference
was not statistically meaningful (p = 0.218).

Table 2 describes the within-group effects of metformin
and pioglitazone on glycemic control, anthropometric
parameters, lipid profile and hsCRP; also, the results for
between-group comparison are presented in Table 3.
Although both medications significantly improved glyce-
mic control after 3 months, reduction in the metformin arm
was greater for HOMA-IR; conversely, pioglitazone
caused a larger decline in HbAlc concentrations. However,
the difference did not reach statistical significance in both
instances (p = 0.058 and 0.108, respectively). While
weight and BMI of the patients in the metformin arm
remained relatively unchanged, pioglitazone resulted in
increases in both measurements (p = 0.011 and 0.011,
respectively) and the between-group difference was also
significant for both measures (p = 0.005 and 0.004,
respectively). Waist circumference did not differ after
3 months. A larger reduction in serum concentrations of
total cholesterol (p = 0.028) and LDL-c (p = 0.072) was
evident in the metformin group. The same was not
observed for HDL-c (p = 0.901). Amelioration of hsCRP
concentrations was also comparable between the two drugs
(» = 0.929).

Comparison of the efficacy of metformin and pioglit-
azone on YKL-40 concentrations in baseline and adjusted
models is presented in Table 4. In the baseline ANCOVA
model, metformin resulted in a larger reduction of YKL-40
concentrations compared with pioglitazone (p = 0.020).
After step-by-step adjustment for possible confounding
variables of age, HOMA-IR, HbAlc, BMI, total choles-
terol, HDL-c and log-hsCRP, metformin was still signifi-
cantly more effective in YKL-40 reduction, albeit the
effect was of small to moderate size (effect size = 5.7 %,
p = 0.047).

Discussion

YKL-40, also known as human cartilage glycoprotein 39, is
a 40 kDa glycoprotein that belongs to the chitinase family,
and has the tyrosine-lysine-leucine sequence at its N-ter-
minal [19]. The encoding gene for human YKL-40, CHI3L-
1, is located on chromosome 1q31-q32 [20]. According to
in vitro and in vivo studies, YKL-40 is secreted by a
variety of cells including chondrocytes, synoviocytes, as
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well as macrophages and vascular smooth cell muscles [12,
21].

YKL-40 exerts pro-inflammatory properties; thus it has
been implicated to play an important role in a number of
pathologic conditions associated with acute and chronic
inflammation [12]. A breadth of evidence has linked ele-
vated YKL-40 concentrations to insulin resistance, T2DM
and its microvascular complications, as well as to stable
and unstable CAD [13, 14, 22-26]. In one of the earliest
studies on an experimental design, Boot and colleagues
[27] (1999) provided convincing evidence that YKL-40 is
linked to the atherosclerotic plaque. Based on their obser-
vations, cultured macrophages extracted from atheroscle-
rotic specimens of human artery show the distinct pattern
of significantly enhanced YKL-40 mRNA expression [27].
Collectively, these observations provide a strong basis for
the hypothesis that YKL-40 plays an influential role in the
pathogenesis of diabetes and its corollary micro- and
macrovascular complications. Subsequently, reduction in
YKL-40 by means of pharmacologic intervention might be
effective in diminishing the prevalence of complications.

In the present clinical trial, effects of metformin and
pioglitazone on amelioration of YKL-40 concentrations
were compared during a 3-months trial. Herein, we
observed that metformin is superior to pioglitazone in
terms of decreasing YKL-40 concentrations. On the other
hand, both medications resulted in significant and compa-
rable reductions in hsCRP concentrations, suggesting that
the changes in YKL-40 are not dependent upon changes in
hsCRP. In concert with our findings, previous studies have
also suggested that YKL-40 is only weakly correlated with
hsCRP in populations with diabetes [22, 28, 29]. In a study
of 639 elderly patients without known cardiovascular dis-
ease at baseline, serum YKL-40 was a significant predictor
of cardiovascular mortality, independent of hsCRP levels
[29]. Moreover, changes in HbAlc and HOMA-IR were
not statistically different between the trial arms. It suggests
that the effect of metformin on YKL-40 concentrations
may be independent of its glucose-lowering and insulin-
sensitizing effects. It might be possible that metformin
directly modulates YKL-40 expression in metabolic tissues
including adipose tissue and muscles. However, since our
study was not designed to delve into possible mechanisms
of action of YKL-40, or identifying the molecular path-
ways by which metformin causes a reduction in YKL-40,
future studies are needed to propel these preliminary
findings.

Differential effects of metformin and pioglitazone on
YKL-40 could be explained in part by the distinctive
effects that these medications exert on bodyweight. While
metformin is considered to be a weight-neutral medication
when used long term, pioglitazone results in moderate
weight gains of 3-5 kg due to peripheral edema and
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Table 3 Comparison of the Adjusted  Adjusted 3-month mean (95 % CI) F  Effect  p value
effects of metformin versus baseline size (%)
pioglitazone on glycemic mean Metformin Pioglitazone
control, anthropometric indices,
serum lipid concentrations, and Fasting plasma 10.06 7.91 (7.38-8.44) 7.58 (7.06-8.11)  0.75 0.1 0.389
inflammation glucose (mmol/L)
Serum insulin 81.84 51.53 (47.85-55.49) 67.62 (59.73-76.55) 2.91 4.4 0.084
(pmol/L)
HOMA-IR 5.27 2.61 (2.26-2.97) 3.28 (2.70, 3.87) 3.77 6.9 0.058
HbAlc (%) 8.23 7.39 (7.07-7.71) 7.02 (6.70-7.34) 2.65 33 0.108
HbAlc (mmol/mol) 66.4 57.30 (53.8-60.8) 53.20 (49.7-56.7) 2.65 33 0.108
Weight (kg) 76.89 76.24 (75.27-77.21) 78.24 (77.29-79.18) 8.51 9.7 0.005
Waist circumference 97.74 97.69 (96.91-98.47) 98.50 (97.74-99.26) 2.20 2.7 0.142
(cm)
HOMA-IR. b ) del BMI (kg/mz) 29.61 29.36 (28.99-29.73) 30.15 (29.78-30.51) 891 10.1 0.004
OMA-IR, homeostasis model 1o 1ocrerol 5.36 4.52 (4.23-4.80) 496 (4.68-524) 504 6.1 0.028
assessment of insulin resistance; ( L)
LDL-c, low-density lipoprotein mmo
cholesterol; HDL-c, high- LDL-c (mmol/L) 3.07 2.58 (2.35-2.81) 2.88 (2.65-3.11) 331 4.1 0.072
density lipoprotein cholesterol; HDL-¢ (mmol/L) 1.26 1.34 (1.29-1.40) 1.34 (1.29-1.39) 0.02 <0.01 0.901
hsCRP, highly sensitive Log-hsCRP 0.57 0.08 (—0.12,0.29)  0.10 (—0.10,0.30) 0.01 <0.01  0.929

C-reactive protein

Table 4 Comparing effects of metformin versus pioglitazone on YKL-40 using univariate and multivariate analysis of covariance models

Adjusted baseline mean Adjusted 3-month mean (95 % CI) F Effect size (%) p value
Metformin Pioglitazone
Baseline model
2.04 1.72 (1.46, 1.99) 2.16 (1.92,2.41) 5.68 6.7 0.020
Controlling for age
1.74 (1.48, 1.99) 2.17 (1.92,2.42) 5.71 6.8 0.019
Controlling for age, HOMA-IR, and HbAlc
1.73 (1.47, 1.98) 2.12 (1.85, 2.39) 4.25 5.6 0.043
Controlling for age, HOMA-IR, HbAlc,
and BMI
1.71 (1.46, 1.97) 2.14 (1.87,2.41) 4.80 6.4 0.032
Controlling for age, HOMA-IR, HbAlc,
BMI, total cholesterol, and HDL-c
1.72 (1.45, 1.98) 2.13 (1.86, 2.41) 4.55 6.3 0.036
Controlling for age, HOMA-IR, HbAlc,
BMI, total cholesterol, HDL-c, and log-hsCRP
1.72 (1.46, 1.99) 2.12 (1.85, 2.40) 4.03 5.7 0.047

HOMA-IR homeostasis model assessment of insulin resistance, HDL-c high-density lipoprotein cholesterol, AsCRP highly sensitive C-reactive

protein

increase in subcutaneous fat tissue [30-32]. In the same
line, in the present study, no significant change in body-
weight was observed in the metformin group, whereas a
mean gain of 1.4 kg over 3 months was noted in the
pioglitazone arm. Obese patients have elevated levels of
YKL-40 which tends to decline after weight loss due to
either hypocaloric diet or bariatric surgery [33, 34]. Hence,
it is possible that the weight gain observed with pioglit-
azone has negated its possible beneficial effect on YKL-40.
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Contrariwise, Nielsen et al. [35] (2008) argue that YKL-40
is not associated with obesity in patients with type 2 dia-
betes. In their sample of 199 patients with type 2 diabetes,
obese patients (BMI level above 30 kg/m?) were not sig-
nificantly different from lean/overweight subjects with
respect to plasma YKL-40 concentrations and YKL-40
mRNA expression in the adipose tissue [35].

YKL-40 has also been associated with abnormal cho-
lesterol and triglyceride levels. In a population-based study
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of 2,656 Danish adults, subjects in the highest YKL-40
quartile had a 1.4-fold increased risk for hypercholester-
olemia compared with subjects in the lowest quartile [36].
Herein, we demonstrated that although both medications
were able to decrease total cholesterol level to a moderate
extent, the observed reduction with metformin was slightly
greater than with pioglitazone. Similar observations could
not be made with regard to either HDL-c, or LDL-c. Again,
it is possible that the observed disparities in changes of
total cholesterol level between the two trial arms lead to the
difference in serum YKL-40 reduction. However, since our
clinical study was not explicitly designed to elucidate the
causal relationships between the dependent variables, these
interpretations remain speculative at best.

The result of the present trial revealed the short-term
effects of metformin on reduction of YKL-40 concentra-
tions; however, future studies with extended durations of
follow-up are needed to show the long-term effects and
also to investigate the exact implications of YKL-40
decrease on microvascular and macrovascular complica-
tions of diabetes.

To the best of our knowledge, this is the first clinical
trial to examine the comparative efficacy of two commonly
anti-diabetes medications belonging to biguanide and
thiazolidinedione classes in patients with diabetes. We
herein demonstrated that despite similar glycemic control
and hsCRP reduction achieved by both medications, met-
formin is more effective in terms of reducing YKL-40
concentrations, and these effects are not dependent upon
changes in hsCRP concentrations or glycemic control.
These preliminary findings propel our understanding of the
pathogenesis of type 2 diabetes, atherosclerosis, and their
shared inflammatory underpinning forward. Future studies
are warranted to address whether the superior effect of
metformin on YKL-40 reduction is sustained over long
term. In addition, randomized clinical trials with long-term
follow-ups are paramount to elucidate whether the benefi-
cial effects in biochemical profile of patients with diabetes
are translated into reduction of adverse clinical outcomes.
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