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 Numerous variables, including age, gender, physical inactivity, inadequate dose, 
noncompliance, and drug-drug interactions, may lead to substantial intraindividual variability 
in metformin (Met) response. This study aimed to determine how dosages and duration of 
metformin affected glycemic control and insulin levels in Iraqi patients with T2DM. A total 
of 153 T2DM patients with a disease duration of more than one year participated in a cross-
sectional study at the Diabetes and Endocrinology Center, Baghdad from October 2021 to March 
2022. As part of the study method, the patients were evaluated clinically and physically, and 
their body weight, waist circumference, and body mass index (BMI) were measured. Glycated 
hemoglobin (HbA1c), fasting glucose (FSG), insulin, creatinine, and C-reactive protein (CRP) 
levels were evaluated. After data correction for Met doses and length of treatment, FSG, HbA1c, 
insulin, creatinine, and CRP levels were not substantially different (P > 0.05) among groups 
taking different doses of Met for different periods. According to Pearson's correlation analysis, 
there was no significant relationship between Met doses and treatment duration and glycemic 
control or insulin levels. In conclusion, Met dose and treatment duration were not significantly 
correlated to glycemic control or serum insulin levels, which could be attributed to other factors.

Keywords: Fasting Serum Glucose; Glycated Hemoglobin; Insulin Level;
Metformin Dose; Type 2 Diabetes.

 Metformin is a biguanide derivative 
that can lower HbA1c and reduce fasting and 
postprandial hyperglycemia in type 2 diabetic 
patients (T2DM). A rise in insulin sensitivity and 
insulin-mediated glucose consumption is what 
causes it to be hypoglycemic.1 Furthermore, it 
boosts glucose utilization in non-insulin-dependent 

tissues like the brain, blood cells, renal medulla, 
gut, and skin. It also inhibits gluconeogenesis in 
the liver and prevents glucose uptake by intestinal 
wall cells.2 The American Diabetes Association 
(ADA) and the European Association for the Study 
of Diabetes (EASD) still suggest metformin as the 
first-line medication for people with T2DM, along 
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with diet and exercise.3,4 Metformin has a number 
of clinical advantages, including considerable 
antihyperglycemic effects, good tolerance, and a 
minimal risk of hypoglycemia.5,6 Furthermore, the 
beneficial effects of this drug on the cardiovascular 
system and modifiable cardiovascular risk factors 
(obesity, insulin resistance (IR), hyperglycemia, 
hyperinsulinemia, and dyslipidemia) have been 
demonstrated in numerous clinical studies and 
meta-analyses and are particularly important to 
consider.7,8 The most recent ADA 2020 Standards of 
Care reaffirmed his view on the commencement of 
medication in T2DM, stating that metformin along 
with lifestyle changes should be continued as long 
as they are tolerated and not contraindicated.4 Long-
term clinical experience, supported by several 
clinical studies, clearly shows that a significant 
number of T2DM patients using metformin alone 
do not attain the target glycemic control.9 A large 
body of clinical data revealed significant disparities 
in metformin use and clinical response, with 35% 
of patients failing to achieve optimal glycemic 
control with metformin alone.9,10 Meanwhile, 
a number of factors modify the metformin 
pharmacokinetics and thus the hypoglycemic 
response.11 Numerous factors, including age, 
gender, physical inactivity, insufficient dose, non-
adherence, drug-drug interactions, and metformin 
interaction with microbiota, might predispose 
to significant intraindividual heterogeneity in 
metformin response.12,13 The present study was 
designed to evaluate the association of metformin 
up-titrating doses and length of treatment with 
glycemic control and serum insulin levels in Iraqi 
patients with T2DM. 

MATERIALS AND METHODS 

Study design and patient selection 
 From October 2021 to March 2022, 198 
patients with a history of T2DM who had been 
visiting the Diabetes and Endocrinology Center 
in Baghdad for routine care were examined for 
eligibility to participate in the study. After receiving 
written agreement, one hundred and sixty patients 
who met the inclusion criteria were chosen to 
participate in this cross-sectional study. Only 
153 patients (Figure 1), with an average age of 
55.72±8.1 years, were able to finish the study. All of 
the patients had been diagnosed with T2DM using 

WHO criteria14 and are already using a metformin-
based treatment that include sulfonylureas or DPP-
4 inhibitors. T2DM patients with a disease duration 
of more than one year who were treated with a 
metformin (various doses)-based protocol and were 
between the ages of 30-70 years were included 
in the trial. A few of the individuals had already 
been administered various medications for other 
comorbidities, such as ACE inhibitors, angiotensin-
converting enzyme inhibitors, aspirin, and calcium 
channel blockers. Patients with T1DM, cancer 
patients on chemotherapy or radiotherapy, insulin 
users, previous history of renal failure, autoimmune 
and hepatic diseases, major chronic disorders, and 
pregnancy are all excluded. According to the study 
protocol, all participants were clinically evaluated 
and information regarding their medical history, 
demographic data, and medication history was 
collected.
Ethical consideration
 The study protocol was revised and 
approved by the local Research Ethics Committee 
of the College of Medicine, University of Baghdad 
(REC-1417 Nov. 2021) and the Clinical Research 
Ethics Committee of the Iraqi Ministry of Health. 
All procedures were performed in accordance with 
the principles of the Helsinki Declaration, 2013.15 
All the enrolled patients provided written informed 
consent to participate in this pilot study.
Outcome measurements
 The patients underwent a comprehensive 
clinical and physical evaluation as part of the 
study procedure, and their body weight, waist 
circumference, and body mass index (BMI) were 
all measured. Blood samples (10 ml) were taken 
from all patients via venipuncture after a 12-hour 
fast. Approximately 2.0 mL of blood was retained 
in EDTA-containing tubes for colorimetric 
measurement of glycated hemoglobin (HbA1c) 
(Roche-Cobas C 311; Roche Diagnostics GmbH, 
Mannheim, Germany). The remaining 8.0 ml was 
maintained in plain tubes to clot before being 
centrifuged at 300 g for 20 minutes to extract the 
serum. The serum was either tested right away or 
kept for subsequent use at -20°C. The serum levels 
of fasting glucose (FSG), insulin, creatinine, and 
C-reactive protein (CRP) were measured using 
standardized techniques. 
Statistical analysis
 GraphPad Prism 8.4.3 was used to analyze 
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the results statistically (GraphPad Software Inc., 
La Jolla, CA, USA). The means and standard 
deviations of continuous variables were provided. 
Numbers and percentages were used to represent 
discrete variables. The significance of the difference 
between the means of independent samples was 
determined using one-way analysis of variance 
(ANOVA), which was confirmed by Bonferroni 
post hoc analysis. The relationship between 
metformin dose and duration and glycemic status 
was investigated using a Pearson correlation 
analysis. Statistical significance was determined 
by P values less than 0.05.

RESULTS

 In the selected sample of patients, Table 
1 indicates an equal distribution of males and 
females with a mean of 55.7±8.1 years. The disease 
was reported to have lasted 9.3±6.5 years, and the 
Met-based regimen was administered for 7.1±6.5 
years. The majority of individuals (45.1%) used 
1000-1500 mg/day of Met, with 38.6% taking less 
than 1000 mg/day and 16.3% taking more than 
1500 mg/day. Table 1 further shows that 53.6% 
of the patients included have been following the 
Met-based treatment for 1–5 years. The patients 
had insufficient glycemic and body weight control, 
with a HbA1c score of 9.13±2.5% and a BMI of 

30.14±5.3 kg/m2. Meanwhile, the data in Table 1 
demonstrated that the majority of the participants 
(41.2%) had erratic dietary control and a moderate 
pattern of treatment protocol adherence. Table 2 
demonstrates that glycemic control markers (FSG 
and HbA1c) were not significantly different (P 
> 0.05) among the groups taking different dose 
levels of Met after data correction according to Met 
dose levels. Similarly, no significant variations in 
insulin, creatinine, or CRP serum levels were found 
in patients taking different Met dose levels (P > 
0.05). However, based on ANOVA and post hoc 
analysis, BMI values were statistically different, 
with a 10.3% rise in the BMI value observed 
in the group of patients taking > 1500 mg/day 
of metformin (P > 0.05). After data adjustment 
for the duration of Met administration, Table 3 
shows that glycemic control indices (FSG and 
HbA1c) were not statistically different (P > 0.05) 
among the groups taking Met for different periods. 
Furthermore, no significant changes in insulin, 
creatinine, CRP serum levels, or BMI were seen 
in patients who took Met for varying lengths of 
time (P > 0.05). By analyzing the association 
between the glycemic control indicators (FSG 
and HbA1c) and the serum insulin levels of the 
participants with the Met doses, there was a weak 
negative and non-significant correlation with FSG 
levels (r = -0.075, P = 0.351), a weak positive and 

Fig. 1. Flow chart of the study
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Table 1. Characteristics of the participants (n= 153)

Parameter Results

Gender n(%)
Male 76 (49.7)
Female  77 (50.3)
Age (year) 55.72±8.1 (34-73)
Disease duration (year) 9.31±6.5 (1.0-31)
Metformin dose (mg/day) 1078±576.8 (500-3000)
<1000 mg/day 59 (38.6)
1000-1500 mg/day 69 (45.1)
> 1500 mg/day 25 (16.3)
Duration of Met treatment (year) 7.1±5.6 (1.0-31)
1-5 years 82 (53.6)
6-10 years 41 (26.8)
> 10 years 30 (19.6)
Body weight (kg) 80.7±14.3 (52-130)
HbA1c (%) 9.13±2.4 (5-15)
BMI (kg/m2) 30.14±5.3 (20.1-46.6)
Blood pressure (mmHg)
SBP 13.7±2.1 (10-20)
DBP 8.62±1.2 (5-12)
Dietary control n(%)
Free 40 (26.1)
Conservative 50 (32.7)
Fluctuated 63 (41.2)
Compliance with treatment n(%)
Good 35 (22.9)
Moderate  63 (41.2)
Poor 55 (35.9)
Add-on drug with Met n(%)
Sulfonylurea 115 (75.2)
DPP-4 inhibitors 28 (18.3)
Metformin only 10 (6.5)
Comorbidities 
Hypertension 77 (50.3)
IHD 28 (18.3)
Thyroid disorders 30 (19.6)

Values are expressed as mean±SD, numbers and percentages and ranges. n: number 
of patients; HbA1c: glycated hemoglobin; BMI: body mass index; SBP: systolic 
blood pressure; DBP: diastolic blood pressure.

non-significant correlation with HbA1c values (r 
= 0.072, P = 0.37), and a weak negative and non-
significant correlation with the serum levels of 
insulin (r = -0.039, P = 0.63) (Figure 2). In Figure 3, 
assessment of the association between the duration 
of using Met with the glycemic state indicators 
(FSG and HbA1c) and serum insulin levels 
revealed a weak and non-significant association 
according to Pearson’s correlation analysis (r = 

0. 0.0723, 0.1289, and 0.0596, respectively; P = 
0.364, 0.364, and 0.457, respectively).

DISCUSSION

 Metformin is a safe and effective 
choice as a first-line medicine for the treatment 
of T2DM, according to several clinical studies 
and meta-analyses.16 When metformin alone 
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Table 2. Effects of different metformin doses on the glycemic control, renal 
function and BMI of Iraqi patients with T2DM (n=153)

Variables  Metformin doses (mg/day)  P-value
 < 1000 (n=59) 1000-1500 (n=69) > 1500 (n=25) (ANOVA)

FSG (mg/dl) 201.9±70.5a 200.9±80.5a 197.0±71.5a 0.96
HbA1c (%) 9.1±2.5a 8.9±2.2a 9.9±2.5a 0.175
Serum insulin (ng/ml) 18.1±15.04a 19.3±25.5a 17.0±11.6a 0.861
Serum creatinine (mg/dl) 0.75±0.19a 0.75±0.16a 0.76±0.19a 0.992
CRP (mg/dl) 5.6±7.3a 7.3±12.1a 7.2±10.5a 0.615
BMI (kg/m2) 29.6±4.8a 29.6±5.3a 32.6±5.9b 0.024

Values are presented as mean±SD; n: number of patients; FSG: fasting serum glucose; HbA1c: glycated hemoglobin; 
CRP: C-reactive protein; BMI: body mass index; values with non-identical superscripts (a,b) are significantly different 
within the same parameter (P<0.05).   

Table 3. Effects of metformin use duration on the glycemic control, renal function and BMI of Iraqi 
patients with T2DM (n=153)

Variables  Duration of using Metformin (year)  P-value
 1-5 years (n=82) 6-10 years (n=41) > 10 years (n=30) (ANOVA)

FSG (mg/dl) 198.7±79.6a 194.4±51.8a 214.1±87.0a 0.508
HbA1c (%) 8.9±2.5a 9.4±2.1a 9.5±2.5a 0.368
S. insulin (ng/ml) 18.3±17.8a 18.3±25.5a 19.1±17.2a 0.98
S. creatinine (mg/dl) 0.76±0.19a 0.74±0.17a 0.75±0.15a 0.839
CRP (mg/dl) 7.3±12.1a 5.34±4.7a 6.57±10.1a 0.604
BMI (kg/m2) 30.7±5.5a 30.5±5.1a 28.2±4.9a 0.066

Values are presented as mean±SD; n: number of patients; FSG: fasting serum glucose; HbA1c: glycated hemoglobin; 
CRP: C-reactive protein; BMI: body mass index; values with non-identical superscripts (a,b) are significantly different 
within the same parameter (P<0.05).

fails to manage glycemic levels, up-titrating 
the dose of metformin may be the best option 
before resorting to a second-line treatment in 
patients who haven’t responded to metformin 
monotherapy after six months.17 However, a 
considerable percentage of T2DM patients do not 
attain the required level of glycemic control while 
administering metformin as a monotherapy or in 
combination protocols, according to long-term 
clinical experience backed by several clinical 
investigations.9 Numerous factors, including age, 
gender, physical inactivity, insufficient drug dose, 
treatment non-adherence, drug-drug interactions, 
and metformin interaction with microbiota, can 
cause significant intraindividual variability in the 
glycemic control response to metformin.12,13 Table 1 
demonstrates that mean values of glycemic control 
markers indicated insufficient glycemic control, 
and data arranged by metformin dose (Table 2) 

reveals no statistically significant difference in 
glycemic control levels, even when metformin 
doses were increased to the maximum permitted 
range. This finding could point to an ineffective 
clinical decision to increase the metformin dose 
in such patients. The majority of the updated 
guidelines advocate starting metformin therapy at 
500 mg/day and gradually increasing the dose by 
500 mg until the appropriate glycemic objectives 
are met or until the highest daily doses of 2500 
mg are reached.18 In this study, the most prevalent 
daily regimen was 1000–1500 mg, followed 
by < 1000 mg. In addition, elevated levels of 
HbA1c were associated with a longer period of 
using high-dose metformin, demonstrating a link 
between inadequate glycemic control and extended 
duration of metformin therapy (Table 2). To obtain 
the required glycemic control while preserving 
acceptable tolerability, metformin doses must be 
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Fig. 2. Correlation between the Metformin doses 
with FSG (A), HbA1c (B) and serum insulin levels 
(C) of T2DM patients. Met: metformin; r: Pearson’s 

correlation coefficient; P: significance level

Fig. 3. Correlation between Metformin use duration 
with FSG (A), HbA1c (B) and serum insulin levels (C) 
of T2DM patients. r: Pearson’s correlation coefficient; 

P: significance level

gradually up-titrated. As a result, up-titration should 
be performed with caution and in accordance with 
the patient’s tolerance. Meanwhile, to achieve a 
balance between glycemic control levels and the 
safety of high-dose metformin therapy, down-
titration may also be considered.19 It has been found 
that up-titration of metformin dose was effective 
and can be tolerated well.20 The findings of the 

present study contradict prior findings indicating 
a substantial proportion of patients are compliant 
with higher doses of metformin, which could be due 
to a variety of variables such as treatment costs, free 
access to drugs, and a lack of knowledge about the 
disease condition. Furthermore, with therapeutic 
daily doses ranging from 500-1500 mg, an inverse 
connection was seen between the dose swallowed 
and the relative absorption, implying the presence 
of an active, saturable absorption mechanism21 
that limits the efficiency of dose up-titration. The 



1065AbdulrAhmAn et al., Biomed. & Pharmacol. J,  Vol. 15(2), 1059-1067 (2022)

current finding was consistent with a previous study 
that found no correlation between serum metformin 
levels during dose up-titration and glycemic 
control or insulin resistance in newly diagnosed 
females with T2DM.22 Choi et al. reported in 
2011 that T2DM patients with MATE2-K genetic 
variations had a considerably inferior response 
to up-titrated metformin doses, as measured by 
relative changes in HbA1c levels.23 Although 
this could explain the reported weak correlation 
between dose up-titration and glycemic control 
in the current study, such genetic screening is not 
feasible in our investigation.  Additionally, the 
increased fluctuation in metformin serum levels is 
due to its flip-flop kinetics. Metformin’s disposition 
is slowed by slow absorption, and the decreasing 
bioavailability with high dosages suggests 
saturable intestinal absorption.24 Consequently, 
this can explain the reported non-significant 
differences and poor association between glycemic 
control and insulin levels after dose up-titration 
in the present study. The present study showed 
that all participants had normal kidney function; 
this finding excludes the involvement of impaired 
renal function as a causative factor of the poor 
association between dose up-titration and glycemic 
control response.25 Metformin was administered as 
part of a combination treatment with other anti-
diabetic medications in this study. However, based 
on previous data, the potential influence of drug-
drug interactions cannot be regarded as a causative 
factor in the poor relationship between metformin 
dose and glycemic control.26 Other factors, such 
as poor adherence to therapy and inadequate 
dietary restrictions practiced by the majority of 
participants, may play a significant role in this 
respect. In this study, metformin dose up-titration 
was found to have an unforeseen association with 
glycemic control or blood insulin levels. 
Study Limitations
 Aside from the small number of 
participants and single-center approach, the wide 
range of baseline values may result in inconsistent 
results from the dose up-titration study. This 
finding highlighted the importance of selecting 
the dose and interval of metformin administration, 
particularly in obese patients, in order to keep the 
given doses within the therapeutic range. A long-
term study with a larger number of participants 
and comparable baseline hyperglycemia, as well 

as more frequent glycemic control evaluations, 
would provide a more comprehensive examination 
of metformin dose up-titration and its glycemic 
control response.

CONCLUSION

 According to our findings, in T2DM 
patients treated with a metformin-based 
combination, up-titrated metformin doses and 
treatment duration had no meaningful association 
with glycemic control or serum insulin levels. 
Noncompliance with the treatment regimen and 
inadequate dietary restriction may have an adverse 
effect on dose up-titration based on glycemic 
control levels.
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