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ABSTRACT

Despite the extensive clinical experience with
the use of metformin worldwide, no formal dose-
ranging study has been conducted because the
current dosing strategy of metformin was de-
termined empirically, rather than by an under-
standing of its dose-response relationship in
patients with type 2 diabetes. The present study
was designed to evaluate the correlation be-
tween serum metformin levels and glycemic
control, insulin resistance and leptin levels in
females newly diagnosed with type 2 diabetes.
Sixty type 2 diabetic females were recruited for
the study and were allocated into 3 groups; each
receiving metformin 1000, 1500 and 2000 mg/day
respectively for 3 months. Blood samples with-
drawn from each patient at zero time and after 3
months is used to evaluate serum levels of
HbAlc, glucose, leptin and insulin, in addition,
the measurement of serum level of metformin in
blood after 3 months by HPLC. The results de-
monstrated that all the treated groups with dif-
ferent doses of metformin showed significant
improve in all parameters; the use of increased
metformin doses was only correlated with plas-
ma leptin levels in the highest dose. In conclu-
sion, serum metformin levels are not good pre-
dictors for correlating improvement in clinical
and biochemical parameters with increasing the
dose in newly diagnosed non-insulin resistant
females with type 2 diabetes.
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1. INTRODUCTION

Metformin is an insulin sensitizer used for treating
type 2 diabetes (DM), and widely used as an oral glu-
cose-lowering agent that improves insulin sensitivity in
peripheral target organs like skeletal muscle, fat tissue,
and liver [1]. In addition, metformin has long been sug-
gested clinically to reduce food intake in diabetic and
nondiabetic patients [2]. Its use is only rarely com-
plicated by lactic acidosis. The substance is cleared from
the blood through the kidneys [3], and impaired renal
function may lead to accumulation. It is also well known
that metformin administration reduces body weight [4].
Moreover, metformin decreases leptin concentration in
morbidly obese subjects [5] and in normal-weight
healthy men [6]. Although leptin concentration is closely
related to body fat mass, the leptin-reducing effect of
metformin cannot be fully explained by body weight
reduction because metformin reduces leptin level even
without changing body weight in normal-weight healthy
men [6]. Despite extensive clinical research and clinical
experience worldwide, no formal dose-ranging study has
been conducted because, when the drug was originally
developed the current dosing strategy of metformin was
determined empirically, rather than by an understanding
of the minimal effective dose or of its dose-response
relationship in patients with type II diabetes. Metformin
is a strong base and at physiological pH, it exists
virtually only (>99.9%) in its cationic form. Thus, its
passage across cell membranes is heavily dependent on
transporters, and intestinal absorption of metformin is
dose dependent and involves an active, saturable uptake
process [7], while its plasma protein binding is negligible
[8]. Moreover, the bioavailability of metformin is not
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complete, and large interindividual differences in
bioavailability after oral administration in the range of
20% - 70% have been described [9]. The clinical effects
of metformin develop slowly over several days of treat-
ment at least [10] and the range of plasma concentrations
over a dosage interval depends upon the formulation
without any significant effect on the clinical response
[11]. The present study was designed to evaluate the
dose-response relationship between serum metformin
levels and glycemic control, insulin resistance and leptin
levels in females newly diagnosed with type 2 diabetes.

2. SUBJECTS AND METHODS

The present study was a single center, open-label,
randomized parallel group study conducted at the Spe-
cialized Center for Diabetes and Endocrinology/Baghdad
during the period from November 2009 till July 2011.
The study protocol was approved by the local clinical
research ethics committee in accordance with Helsinki
declaration 1998; and all subjects gave written informed
consent to participate in the study. Only females with age
more than 35 yrs, BMI ranging from 25 - 29.9 kg/m’,
glycosylated hemoglobin >7% and fasting plasma glu-
cose >126 mg/dL (7.0 mmol/L) [12] were included in the
study. The patients should not be previously treated with
oral hypoglycemic agents before the time of enrollment.
Patients with current insulin therapy or received insulin
for more than six weeks in last 3 months, who had
known hypersensitivity to biguanides and who are on
chronic medication known to affect glucose metabolism
were excluded from the study; all were given instructions
to follow restricted diet and asked to monitor their blood
glucose level, both fasting and postprandial, glycosylated
hemoglobin and lipid profile at the initial visit to the
center. The patient’s records were maintained for the next
three month after their initial visit to hospital; they were
observed for weight, height and blood pressure meas-
urement. The patients were randomized into three groups
according to the treatment they received; first group in-
cludes 20 patients treated with 500 mg metformin tablet
twice daily for 3 months; second group includes 20 pa-
tients treated with 500 mg metformin tablet three times
daily for 3 months; third group includes 20 patients
treated with 1000 mg metformin two times daily for three
months. Another group of 20 healthy females matched

with patients for age were included and served as control.

After 12 hrs fasting, blood samples (10 ml) were ob-
tained from each patient for the evaluation of FPG
HbAlc, leptin and insulin levels at zero time and after
three months of treatment using standard methods
[13-16]. Plasma levels of metformin were analyzed by
HPLC method [17,18]. Body weight and BMI were also
evaluated within the same previously mentioned periods.

Copyright © 2012 SciRes.

Statistical Analysis

Data were presented as mean + SD or + SEM. Pre- and
post-treatment values were statistically analyzed using
paired Student’s t test, while two ways ANOVA was util-
ized to compare values between different groups. Pear-
son’s correlation was performed to evaluate the relation-
ship between metformin levels and the values of other
parameters as a response to different doses of metformin.
Values with P < 0.05 are considered significantly differ-
ent.

3. RESULTS

As shown in Table 1, treatment of newly diagnosed
diabetic females with metformin in different doses (1000
mg, 1500 mg and 2000 mg) for 3 months significantly
decreases fasting plasma glucose in all groups (19.02%,
22.04%, and 24.29% respectively; P < 0.05) compared
with baseline value. All metformin doses also produced
significant decrease in HbAlc levels (P < 0.05) com-
pared to pre-treatment values. However, the percent
change in HbAlc produced due to the use 2 g metformin
was significantly greater (26.39%) than those produced
by other doses (25.79% for 1500 mg and 25.71% for
1000 mg; P < 0.05). Meanwhile, table 1 showed that all
metformin doses produced significant decrease in serum
insulin levels compared to pre-treatment values; (—0.42%,
—0.42%, and —0.42% respectively, P < 0.05). Concerning
insulin resistance marker, the results showed that there is
a significant decrease in this value all groups of patients
(P < 0.05) compared with baseline values. Moreover,
Table 1 showed that treatment with maximum dose of
metformin (2000 mg) produces the highest percent re-
duction in this parameter after 3 months (—24.1%) com-
pared with the effect of other doses of metformin (1500
mg: —22.46% and 1000 mg: —19.13%). As shown in Ta-
ble 1, treatment of diabetic females with different doses
of metformin significantly decreases the serum levels of
leptin after 3 months compared to baseline values (P <
0.05), and the maximum dose of metformin (2000 mg)
produced significant and highest percent reduction in this
parameter (—40.58%) compared with baseline values (P
< 0.05), while the other doses of lead to less effect in this
respect (1500 mg: —34.7% and 1000 mg: —25.28%; P <
0.05). Concerning the effect on BMI, Table 1 showed
that all used doses of metformin significantly decreased
BMI values after 3 months compared to baseline values
(P < 0.05), and the highest reduction in BMI value was
reported due to the 2000 mg dose (—7.76%), while the
other doses produced less effect in this respect (—6.65
and —6.05, respectively). Figure 1, showed the average
steady state (C,ys) serum levels of metformin in diabetic
females treated with different doses of metformin (1000,
1500 and 2000 mg/day) after 3 months of treatment;
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Table 1. Effects of treatment with metformin in different doses (1000 mg, 1500 mg and 2000 mg) on BMI and glycemic control,
insulin level and leptin level in serum of newly diagnosed females with type 2 diabetes mellitus.

Parameters Periods Healthy controls 1000 mg/day 1500 mg/day 2000 mg/day
Zero time 4.6+0.07 13.0+0.16" 13.0+0.16" 13.1+0.15"
FPG (mmo/L) . . .
After 3 months 10.6£0.19°™ 10.1+£0.25"0 9.9+0.24°"
Zero time 49+0.11 6.7+0.13" 6.7+0.14 6.8+0.1°
HbA1c%
After 3 months 4.9+0.08™ 49+0.07" 5.0+0.08™
Zero time 93+0.18 9.5+0.12 9.6+0.10 9.5+0.10
Insulin (ulU/ml)
After 3 months 95+0.12% 95+0.10* 9.5+0.09*
Zero time 1.9+ 0.05 5.5+0.08" 5.5+0.09 5.5+0.09
HOM-IR . . .
After 3 months 4.4+0.08"™ 43 +0.12"=° 42+0.11°™
Zero time 11.1+£0.26 142+0.28" 13.9+£0.26 13.9+£0.26
Leptin (ng/ml) .
After 3 months 10.6 £0.23™ 9.1+0.19°™ 83+0.15
Zero time 283+0.13 28.3+0.16 28.4+0.16 28.3£0.17

BMI (kg/m?)
After 3 months

26.6 +0.28""

26.5+0.30""

26.1 +£0.28""

Data are expressed as mean + SEM; number of patients = 20 in each group; P < 0.001 with respect to control group; P < 0.01 with respect to pre-treatment
value; values with non-identical superscripts (°, °, ©) for the same parameter among different treated groups are considered significantly different (P < 0.05).
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Figure 1. Serum levels of metformin in females with type 2
diabetes mellitus treated with either 1000 mg, 1500 mg or 2000
mg for 3 months; values with different letters (a, b) represent
significant differences between treated groups (P < 0.05).

although they are treated with different doses of met-
formin, no significant differences (P > 0.05) reported
between C,, values in those different groups. Concern-
ing the correlation between C,, s values due to treatment
with different doses with some of the clinical and bio-
chemical parameters in females with type 2 DM, Figures
2-7 showed that a non-significant and weak correlation
were reported between serum metformin level due to
treatment with all doses of metformin (1000, 1500 and
2000 mg/day) with FPG, HbAlc, serum insulin, HOMA-
IR and BMI in females with type 2 DM after 3 months of
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Figure 2. Correlation between serum metformin levels due to
treatment with different doses with fasting plasma glucose lev-
els in females with type 2 diabetes mellitus after 3 months.
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Figure 3. Correlation between serum metformin levels due to
treatment with different doses with HbAlc levels in females
with type 2 diabetes mellitus after 3 months.
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Figure 4. Correlation between serum metformin levels due to
treatment with different doses with serum insulin levels in fe-
males with type 2 diabetes mellitus after 3 months.
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Figure 5. Correlation between serum metformin levels due to
treatment with different doses with HOMA-IR value in females
with type 2 diabetes mellitus after 3 months.
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Figure 6. Correlation between serum metformin levels due to
treatment with different doses with serum leptin levels in fe-
males with type 2 diabetes mellitus after 3 months.

treatment; however, Figure 6 showed that serum leptin
levels were poorly and non-significantly correlated with
serum metformin levels except for the level achieved
after 2 g/day dose, where significant and positive corre-
lation was reported.
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Figure 7. Correlation between serum metformin levels due to
treatment with different doses with BMI values in females with
type 2 diabetes mellitus after 3 months.

4. DISCUSSION

In the present study, the results showed that the use of
metformin significantly improving the clinical (body
mass index: BMI) and biochemical markers (FPG,
HbAlc, serum insulin, insulin resistance and leptin level)
in females with type 2 DM. These results are compatible
with previously reported data that revealed such effect
for metformin as antidiabetic agent for decreasing of
blood glucose level and increasing the insulin sensitivity
without increasing of insulin secretion [19] with de-
creasing the markers of insulin resistance (HOMA-IR)
and BMI [4]. The present study showed that increasing
the initial dose of metformin did not reflect a significant
variation in the level of glycemic control in the three
patients groups, and such finding was supported by the
poor correlation coefficient reported between serum
metformin levels and the indicators of glycemic control,
although these parameters are significantly improved in
all groups. The clinical effects of metformin develop
slowly over several days of treatment at least [10] and
the range of plasma concentrations over a dosage interval
depends upon the formulation without any significant
effect on the clinical response [11]. Consequently, one
may expect that the C,, i should provide the best corre-
late with the clinical and biochemical effects of met-
formin, the condition which is not clearly demonstrated
in the present study; this is not really attributed to the
differences in the utilized metformin formulation because
the patients included in the study were supplied by the
same type of formulation to avoid discrepancies in this
respect. Accordingly, the suggested reason for such find-
ing is the variation and inconsistent pharmacokinetics of
metformin in diabetic patients. Mette et al. demonstrate
huge interindividual variations in trough steady-state
metformin plasma levels in type 2 diabetics which may
be attributed to the OCTI transporter activity under
trough steady-state conditions [20]. Moreover, Yasmin et
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al. reported that there is no benefit from increased doses
of metformin in females with PCOS, but reduction of
insulin resistance is more significant in those patients
with lower insulin sensitivity at baseline [21]; such con-
dition is not clearly manifested in the present study due
to relatively short duration of treatment, but at least im-
part support the idea of avoiding dose escalation without
monitoring clinical improvement. Frid et al. (2010) show
considerable intra-individual variations of 29.4% for
metformin levels in 20 patients with impaired renal func-
tion, which probably reflects the heterogeneity of the
study population, and such wide intra-individual varia-
tion seen in this study probably also exists in daily clini-
cal practice [22]. Moreover, genetic variation in the
genes coding OCTI1, OCT2, MATEIl, and MATE2
(membrane transporters of metformin) have been linked
to an altered pharmacodynamic and pharmacokinetic
response to metformin; the genetic component to the
variation in renal metformin clearance has been esti-
mated to be approximately 90% [23]. Thus, the non-sig-
nificant differences in the correlations between plasma
steady-state concentrations of metformin with glycemic
control and insulin resistance reported here most likely
reflect a combination of variation in the renal excretion
of metformin, volume of distribution, and in the bio-
availability of the drug [20]. The lowering of blood glu-
cose by metformin develops over at least 10 days [8]
indicating that metformin has a long residence time in
the liver or other effect compartments. Consequently, the
greater fluctuation of plasma concentrations should not
be clinically significant, as has been observed in the pre-
sent study. Metformin exhibits flip-flop kinetics, where
the slow absorption of metformin is the rate-limiting
factor in its disposition, and clinical trials with met-
formin have demonstrated decreased bioavailability at
higher doses, suggesting saturable intestinal absorption
[9], and accordingly we can explain the non-significant
differences between average steady state plasma concen-
trations after administration of increased doses. In type 2
DM patients, metformin was demonstrated to have no
effect in erythrocyte insulin receptor binding, but it in-
creased both basal and insulin stimulated insulin receptor
tyrosine kinase activities of solubilized erythrocyte insu-
lin receptors after 10 wk of treatment [24]. However, the
increase of insulin binding in various cell types after
metformin administration does not directly correlate with
clinical and metabolic effects; the reported poor correla-
tion between plasma metformin levels and the clinical
and metabolic effects can be explained accordingly.
Harborne et al. have suggested that weight loss due to
long-term use of metformin may be a dose-related re-
sponse with increased weight loss at higher doses [25].
Moreover, metformin appears to accumulate in erythro 0
cytes and consequently may be a part of a deep com-
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partment for the drug [26], which supposes to affect the
pharmacokinetics of the drug; such finding could explain
our results, which also in accordance with the results
reported by Marchetti et al. who demonstrated that met-
formin plasma level was not correlated with plasma glu-
cose and HbAlc [27]. Bruno et al. compared two doses
of metformin (1500 mg and 2500 mg), with BMI and
waist circumference as their primary end point [28]. A
significant drop in BMI and waist circumference was
seen in the group using the higher of the two doses.
However, in our study no significant differences reported
in BMI reduction due to dose escalation; this is in
agreement with the Cochrane review of insulin sensitiz-
ing drugs for polycystic ovary syndrome, which showed
no evidence of effect of increasing the dose of metformin
on the degree of reduction in BMI [29]. Morin et al. have
demonstrated that insulin sensitizing therapy with met-
formin results in a decrease in leptin levels in patients
PCOS [30]; meanwhile, Paolisso et al. supported the data
of Morin et al. by showing that metformin decreases
leptin in obese non-diabetics [31]. In the present study,
serum leptin levels decreased in all patients groups after
3 months of treatment with metformin to levels lower
than that reported in healthy controls, and as an excep-
tion to all evaluated parameters, the metformin-induced
decrease in leptin levels was found to be dose-related,
but only correlated with serum metformin due to admini-
stration of 2000 mg/day; this finding require further in-
vestigations. The present study did not establish further
improved efficacy of metformin in higher doses; the
changes were observed from an early period of around
12 weeks and longer follow up may be necessary for
predicting more changes. The limitations of the current
study are that the trial was conducted in a pilot format
and no power calculation was done due to the paucity of
data on dose calculation of metformin in newly diag-
nosed diabetic females; the numbers therefore are small.
The dose escalation design was adopted as it was found
to be comparable to the crossover design. The study,
however, demonstrates improved insulin sensitivity of
metformin in diabetic patients without insulin resistance.

5. CONCLUSION

The use of increased metformin doses as an initial
treatment of diabetic non-insulin resistant females did
not reveal logic correlation between serum metformin
levels and improvement efficacy; we suggest more de-
tailed and longer duration study to explore such contro-
versy in metformin efficacy.
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