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Purpose: The study aimed to compare the metabolic effects of an intensive dose of 
metformin alone among non-adherence patients with type 2 diabetes versus in combination 
with insulin among adherence patients.
Methods: The prospective cohort study was carried out on a sample of 140 patients above 
18 years old, divided into two groups. The first group (n=70) was recommended metformin 
monotherapy in an intensive dose of 2–3 g/day, whereas the second group (n=70) was 
prescribed metformin (1–2g/day) in combination with insulin. FPG, HbA1c, BMI, blood 
pressure, TC, TG, HDL-C, LDL-C, creatinine, and eGFR were measured for each patient at 
baseline and after a follow-up of 6 months of active treatment.
Results: After six months of active treatment using monotherapy with an intensive dose of 
metformin, only 11.43% of patients achieved the target levels of HBA1c below 7%. In the group 
of patients treated using a combination of metformin with insulin, after six months of active 
treatment, 45.72% achieved HBA1c levels below 7% (p<0.0001). Compared with an intensive 
dose of metformin alone, the combination of insulin and metformin was associated with improved 
glycemic control (change of fasting blood glucose: 2.49 mmol/l vs 1.30 mmol/l, p=0.0016). 
Metformin use alone, as compared with insulin, was associated with a significant increase in 
HDL-C (+0.03 mmol/l vs −0.14 mmol/l, p=0.0485). Increased baseline obesity and increased 
baseline glycemia were the factors related to the likelihood of failing to achieve the target levels 
for HbA1c.
Conclusion: Metformin proved to be more effective in controlling hyperglycemia when 
combined with insulin therapy. Our study shows how many health benefits loss patients who, 
despite systematic diabetes education, do not agree to change their treatment in the form of 
adding a second drug, including insulin.
Keywords: type 2 diabetes, non-adherence, metformin, insulin, effectiveness of the 
treatment

Introduction
The pathological processes involved in the origin of diabetes mellitus (DM) type 2 
include impaired insulin secretion, defects of insulin action or both, and insulin 
resistance.1–4 Type 2 diabetes accounts for 90% of all the cases of diabetes mellitus. 
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The most significant number of people with diabetes mellitus 
are between 40 and 59 years old.5–8 Today, the first-line 
treatment of type 2 DM among adults is usually based on 
metformin. There are several potential actions of metformin 
with the leading effect which relies on the inhibition of 
hepatic gluconeogenesis.9,10 Many studies conducted to 
date have shown a positive effect of only metformin therapy 
on metabolic parameters.11–14 It not only improves glycae
mic control by enhancing insulin sensitivity in the liver and 
muscles but also increases insulin receptor tyrosine kinase 
activity, stimulates glucose transport and glycogen synthesis, 
and reduces both hepatic gluconeogenesis and glycogenoly
sis. In addition, metformin has been reported to decrease lipid 
oxidation and plasma-free fatty acid levels, leading to an 
inhibition of an overactive Randle cycle. Furthermore, 
improved metabolic control with metformin does not induce 
weight gain and may cause weight loss.11–14 A significant 
number of patients with type 2 diabetes cannot achieve tight 
glycaemic control with oral agents and need to be treated 
with insulin, either as a single agent or added to an oral 
regimen.10,15 The Diabetes Prevention Program demon
strated that metformin improves β-cell function and reduces 
diabetes progression by 31% over three years in adults with 
impaired glucose tolerance.16 Another study has shown that 
among adults with newly diagnosed type 2 diabetes, two 
weeks of intensive insulin therapy improves and maintains 
the β-cell function, resulting in prolonged remission from 
requiring diabetes medication.17

Despite an ongoing educational campaign on diabetes 
and its complications, some patients are still unaware of 
the dangers posed by metabolic imbalance. They fail to 
adhere to recommendations, are more worried about 
undergoing more intense forms of therapy than potential 
macro and microvascular complications. Non-adherence is 
defined as “an active process whereby the patient chooses 
to deviate from the treatment regimen”.18 Patients may be 
non-adherent during different stages of diabetes treatment. 
Consequently, substantial numbers of patients do not ben
efit optimally from pharmacotherapy, resulting in 
increased morbidity and mortality and increased social 
costs.19 One study showed that while patients with dia
betes who take medication correctly have a 7% death rate, 
for those who are non-compliant, the death rate is 12%.20 

It’s estimated that the rate of non-adherence was between 
16.7% and 80% among patients suffering from tuberculo
sis, hypertension, asthma, diabetes, epilepsy, and conges
tive cardiac failure.21 Patient non-adherence is a serious 

healthcare concern that poses a significant challenge to the 
successful delivery of healthcare. In scientific databases, 
there is a shortage of information on comparing treatment 
efficacy between non-adherence patients with diabetes, 
who do not agree to polytherapy treatment options versus 
adherence patients with diabetes. Thus far, the studies 
conducted reported that the addition of metformin to insu
lin in patients with poorly controlled type 2 diabetes 
resulted in improved glycemic control and reduced insulin 
requirements without side effects.15,22

One of the key reasons for conducting this study was to 
explore the health consequences of refusing treatment as 
prescribed by the current guidelines. As practitioners, we 
sometimes face problems with non-adherent patients who, 
despite our best efforts to explain the benefits of proper 
therapy, do not want to follow recommendations. In the 
future, we want to share our results with potential new 
patients, who might hesitate to decide whether or not to be 
treated according to the doctor’s suggestion.

Thus, the study aimed to compare the metabolic effects 
of an intensive dose of metformin alone among non- 
adherence patients with type 2 diabetes versus in combina
tion with insulin among adherence patients. Another 
objective of the study was to assess predictive factors 
associated with the likelihood of failing to achieve target 
levels for HbA1c.

Materials and Methods
Study Population
The prospective, cohort study was conducted at the meta
bolic disorders clinic in Poland (Poznań city) over the time 
horizon in question – from 1 January 2019 to 
31 December 2019. Based on experiences with less coop
erative patients, 140 consecutive outpatients, and inpati
ents aged between 18 and 80 with the exact duration of 
diabetes and in a similar state of metabolic imbalance (not 
achieving target HbA1c values undercurrent the treatment 
with 1g of metformin daily for six months) were recruited 
to the study and presented with therapeutic options accord
ing to the current Polish Diabetes Association 
guidelines.10

Patients were divided into two groups:
Group 1: Type 2 diabetes mellitus non-adherence 

patients (who refused to add other oral agents or insulin 
to metformin, they only consented to an intensive dose of 
metformin) (n=70) on metformin monotherapy in an inten
sive dose of 2–3 g/day.
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Group 2: Type 2 diabetes mellitus adherence patients 
(n=70) on the combined treatment, which consist of met
formin (1–2 g/day) and insulin.

Therapeutic options were fully discussed with patients 
during the course of several medical consultations. Patients 
who consequently refused to intensify the therapy, heedless 
of arguments presented by medical professionals, continued 
the treatment they were on to date. It must be emphasized that 
patients from the first group refused polytherapy (intensify 
treatment: add another oral agent, GLP-1 receptor agonist, or 
basal insulin), which may have failed to achieve the desired 
therapeutic effects. The reasons for the decisions were dif
ferent, including the drug’s price or fear of insulin therapy. 
Those patients adhered to treatment options entailing an 
intensive dose of metformin. Their attending physician 
decided to include a patient in the study. Before the survey, 
each eligible study subject was informed about the study 
objective and conditions and gave their written informed 
consent to participate in the study. The idea of the study, as 
well as its inclusion and exclusion criteria, were developed 
during long-lasting observation of non-adherent diabetic 
patients admitted to a hospital or consulted at an outpatient 
clinic. For the study, we recruited subjects who were conse
quently resistant to rational arguments for a necessary treat
ment change and compared them with an appropriate group 
of patients who agreed to the intensification of therapy as 
suggested by a doctor. We aimed to have our own evidence 
for potential new patients who might hesitate to decide 
whether or not to be treated according to the doctor’s sugges
tion. All patients who qualified for the study had a baseline 
HbA1c of ≥ 7%. The main inclusion criteria were: age of the 
patients (18–80 years old), HbA1c ≥ 7%, and patient’s con
sent to participation in the study. The main exclusion criteria 
were: ketoacidosis, acute myocardial infarction (AMI), con
gestive heart failure (CHF), renal and liver failure, being 
pregnant and breastfeeding, the lack of patient consent to 
participate in the study. The study protocol was approved by 
the Ethics Committee of the Poznan University of Medical 
Sciences (No. 35/20). This study was conducted in accor
dance with the Declaration of Helsinki.

Study Technique
During the follow-up, six months of active treatment, each 
subject successively increased the metformin dose: in group 
1 – from 1 g/day up to 3 g/day; in group 2 – from 1 g/day up 
to 2g/day, if tolerated. The mean daily dose of metformin in 
group 1 was 2.5 g/day and 1.5 g/day in group 2. Patients 
from the group treated with a combination of metformin and 

insulin were additionally treated with insulin. Patients were 
given insulin at a starting dose of 0.1–0.2 um/kg.b.w. or 10 
um of sustained-release insulin (NPH insulin or long-acting 
analog). Based on self-monitoring results, doses were 
increased until a full balance was achieved. According to 
PDA 2021 guidelines,10 in cases with basal insulin require
ments of > 0.3–0.5 u/kg per day and continued lack of 
glycaemic balance, either blends of short-acting and long- 
acting insulin were used, or injections of short-acting insu
lin/fast-acting analog for 1–3 meals (“basal-plus,” intensive 
insulin therapy) were added to sustained-acting insulin 
administered 1 or 2 times a day.

At the beginning and the end of the follow-up study, fasting 
blood samples were drawn, a physical examination was carried 
out, and updated patient’s medical records were analyzed. 
Fasting plasma glucose (FPG), glycated hemoglobin 
(HbA1c), lipid profile: total cholesterol (TC), triglyceride 
(TG), high-density lipoprotein (HDL-C), low-density lipopro
tein (LDL-C), body mass index, diastolic and systolic blood 
pressure, and renal function parameters - creatinine and esti
mated glomerular filtration rate eGFR were all assessed in the 
whole study group at baseline and after a follow-up of 6 
months active treatment. All participants had blood collected 
from a forearm vein in serum-separated tubes (without using 
an anticoagulant). Coagulated blood was left to clot at room 
temperature for 30 min and then centrifuged for 15 min at 
2000 rpm at 4°C. Then the supernatant fluid was separated. 
Serum samples were stored at −20°C for no longer than 2–3 
days. Blood samples were collected after an overnight fast and 
after 30 min in the supine position. Laboratory tests were 
performed in hospital laboratories using specific Atellica 
Solution (Siemens) equipment. Plasma glucose levels were 
determined using a Hexokinase method.23 Glycated hemoglo
bin (HbA1c) was measured by high-performance liquid chro
matography and by an immunoturbidimetric method.24 TC, 
LDL-C, HDL-C, and TG were measured with commercially 
available assay kits (Dimension®, Siemens, Germany). High- 
density lipoprotein cholesterol- precipitated using dextran sul
fate, was measured enzymatically, low-density lipoprotein 
cholesterol- was calculated using the Friedewald equation 
(LDL-Ch= TCh- (TG/5)- HDL-Ch.25 Moreover, blood pres
sure, weight, height, and waist and hip circumferences were 
measured. BMI (kg/m2) was calculated for each patient in each 
group at baseline and after a follow-up of 6 months of active 
treatment by a nurse specialized in diabetes care. Patients were 
weighed wearing underclothes. The initial and follow-up blood 
pressure measurement was taken on both arms. During each 
visit (baseline and follow-up), two blood pressure 
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measurements were made over a 3-minute interval. The mean 
blood pressure value from the two measurements was used for 
data analysis. We used a mercury sphygmomanometer with 
several cuffs, depending on the size of the subject`s arm.26

The patient’s demographic data (age, gender, educa
tion), information on the progress of the disease (presence 
of comorbid disorders), and control were also collected at 
baseline from an analysis of the patient’s medical records.

Statistical Analysis
The quantitative parameters were presented using mean 
value, median, and standard deviation. Categorical data 
were presented as counts and percentages. The results 
between the analysed groups were compared using the 
Student’s t-test. Where data did not follow the normal dis
tribution (Shapiro–Wilks test), the comparison was per
formed using the Mann–Whitney test. More than two 
groups were compared using the Kruskal–Wallis test with 
the post hoc Dunn’s test. The Chi-square test for indepen
dence was used to analyze categorical data. According to 
the planned study design, the significance of the effects of 
metformin alone, as compared with the insulin combina
tion, on the quantitative endpoints (Fasting blood glucose 
(FBG), glycated hemoglobin (HbA1c), lipid profile, body 
mass index, diastolic and systolic blood pressure, and crea
tinine level) was assessed by analyzing the final value, 
adjusted for the baseline value using ANCOVA. A logistic 
regression analysis was performed to determine the predic
tive factors associated with the likelihood of failing to 
achieve the target levels for HbA1c.

The analysis was performed with the use of the TIBCO 
Software Inc (2017) statistical package. Statistical (data 
analysis software system), version 13. http://statistica.io. 
All tests were considered significant at p<0.05.

Results
Study Group Characteristics
The study groups numbered 140 patients (70 patients 
received metformin in monotherapy- M and 70 patients 
received metformin in combination with insulin- MI). 
The studied groups of patients did not differ significantly 
in terms of gender. Men predominated in both study 
groups (58.57% in the group of patients who received 
metformin in monotherapy and 61.43% in the group of 
patients who received metformin in combination with 
insulin). The studied groups of patients at baseline dif
fered statistically significantly in terms of low-density 

lipoprotein-LDL level (2.93 ± 0.90- M vs 2.66 ± 1.20- 
MI, p=0.039). There were no statistically significant dif
ferences between the groups in terms of the analyzed 
parameters (Table 1).

Table 1 Baseline Demographic and Clinical Characteristics of 
Patients with Uncontrolled Glycaemic Profile Treated by 
Metformin in Monotherapy and in Combination with Insulin, n=140

Metformin Metformin 
Plus Insulin

Group size n 70 70

Female n (%) 29 (41.43) 27 (38.57) 
NS

Male n (%) 41 (58.57) 43 (61.43) 
NS

Age (mean ± SD) 55.11 ± 11.93 54.91 ± 11.33 
NS

Duration of the disease (years) 
(mean ± SD)

3.48 ± 5.48 3.33 ±5.12 
NS

Body mass index (kg/m2) 41.34 (9.71) 40.39 (6.65) 
NS

HbA1c (%) 
(mean ± SD)

7.5 ± 0.2 7.4 ± 0.3 
NS

Fasting plasma glucose (FPG) 
(mmol/L) (mean ± SD)

7.87 ± 1.14 7.90 ± 1.22 
NS

Systolic blood pressure [mm/ 
Hg] (mean ± SD)

134.48 ± 18.63 134.20 ± 2.53 
NS

Diastolic blood pressure [mm/ 
Hg] (mean ± SD)

82.95 ± 11.74 83.62 ± 15.19 
NS

Creatinine [umol/L] (mean ± 
SD)

83.91 ± 20.70 83.66 ± 22.65 
NS

eGFR [mL/min] 
G1 [GFR ≥ 90] (%) 

G2 [GFR: 60–89] (%)

43.59 

56.41

44.28 
55.72 

NS

Total cholesterol- TC [mmol/L] 

(mean ± SD)

4.88 ± 1.05 4.90 ± 1.71 

NS

Triglyceride- TG [mmol/L] 

(mean ± SD)

2.12 ± 1.00 2.65 ± 2.87 

NS

High density lipoprotein-HDL 

[mmol/L] (mean ± SD)

1.15 ± 0.30 1.22 ± 0.42 

NS

Low density lipoprotein-LDL 

[mmol/L] (mean ± SD)

2.93 ± 0.90 2.66 ± 1.20 

p=0.0391

Note: (p>0.05). 
Abbreviations: SD, standard deviation; NS, no significance.
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A Comparison Between the Therapeutic 
Effect of Metformin Alone versus 
a Combination Therapy with Insulin
Glycaemic Control
The performed statistical analysis of data using the post 
hoc test revealed that after the six months follow-up active 
treatment, the level of HbA1c significantly decreased from 
7.5 ± 0.2% to 7.2 ± 1.1 (mean decrease- 0.7 ± 1.7%, 
p<0.0001) in the intensive metformin dose group and 
showed a highly significant decrease from 7.4 ± 0.6% to 
6.8 ± 1.3% (mean decrease- 1.1 ± 2.3, p<0.001) in the 
metformin and insulin-treated patients. FBG decreased 
significantly more in the metformin plus insulin group 
than in the intensive dose of metformin alone group. The 
mean FBG level decreased from 7.87 ± 1.14 to 6.89 ± 1.21 
mmol/L (mean change-1.30 ± 2.10 mmol/L, p<0.0001) in 

the only metformin group and from 7.90 ± 1.22 to 5.35 ± 
2.56 mmol/L (mean change- 2.49 ± 2.28, p<0.0001) in the 
metformin and insulin group (Table 2). No episodes of 
clinically overt or silent hypoglycemia were found in 
either group.

Body Mass Index
In both groups of patients, the body mass index after six 
months of active treatment showed a highly significant 
decrease of 5.27 ± 11.95 kg/m2 in the metformin alone 
group and by 3.21 ± 7.86 kg/m2 in the metformin plus 
insulin group (p<0.0001) (Table 2).

Blood Pressure
A significant decrease in systolic blood pressure values in 
both groups was observed. The mean change in systolic 
blood pressure values in the only metformin group was 

Table 2 Comparison Between the Therapeutic Effect of Metformin Alone versus Combination with Insulin in Uncontrolled Polish 
Patients with Type 2 Diabetes n=140

Outcome Parameters Baseline Follow-Up Change P-value

Metformin 
Alone

Metformin 
Plus Insulin

Metformin 
Alone

Metformin 
Plus Insulin

Metformin 
Alone

Metformin 
Plus Insulin

HbA1c (%) (mean ± SD) 7.5 ± 0.2 7.4 ± 0.3 

NS

7.2 ± 1.1 6.8 ± 1.3 

p=0.0214

0.7 ± 1.7 

p<0.0001

1.1 ± 2.3 

p<0.001

0.2492

Fasting plasma glucose (FPG) 
(mmol/L) (mean ± SD)

7.87 ± 1.14 7.90 ± 1.22 

NS

6.89 ± 1.21 5.35 ± 2.56 

p<0.0001

1.30 ± 2.10 

p<0.0001

2.49 ± 2.28 

p<0.0001

0.0016

Total cholesterol- TC [mmol/L] 
(mean ± SD)

4.88 ± 1.05 4.90 ± 1.71 

NS

4.46 ± 0.89 4.60 ± 1.45 

NS

0.75 ± 1.49 

p<0.0001

0.66 ± 1.75 

p=0.0128

0.7437

Triglyceride- TG [mmol/L] (mean ± 
SD)

2.12 ± 1.00 2.65 ± 2.87 

NS

1.71 ± 0.79 1.93 ± 1.08 

NS

0.53 ± 1.10 

p<0.0001

0.86 ± 2.92 

NS

0.3778

High density lipoprotein-HDL 
[mmol/L] (mean ± SD)

1.15 ± 0.30 1.22 ± 0.42 

NS

1.27 ± 0.29 1.17 ± 0.28 

p=0.0398

− 0.03 ± 0.49 

p<0.0001

0.14 ± 0.52 

NS

0.0485

Low density lipoprotein-LDL [mmol/ 

L] (mean ± SD)

2.93 ± 0.90 2.66 ± 1.20 

p=0.0391

2.54 ± 0.78 2.58 ± 1.11 

NS

0.53 ± 1.03 

p<0.0001

0.34 ± 0.79 

NS

0.2228

Body mass index (kg/m2) 41.34 ± 9.71 38.39 ± 6.65 

NS

38.25 ± 9.64 37.02 ± 7.30 

NS

5.27 ± 11.95 

p<0.0001

3.21 ± 7.86 

p<0.0001

0.2303

Systolic blood pressure [mm/Hg] 
(mean ± SD)

134.48 ± 

18.63

134.20 ± 2.53 

NS

131.56 ± 

13.24

128.95 ± 14.78 

NS

2.95 ± 12.10 

p=0.0429

5.25 ± 12.99 

p=0.0083

0.2803

Diastolic blood pressure [mm/Hg] 
(mean ± SD)

82.95 ± 

11.74

83.62 ± 15.19 

NS

82.19 ± 9.27 81.50 ± 10.51 

NS

0.77 ± 6.79 

NS

2.12 ± 7.24 

NS

0.2571

Creatinine [umol/L] (mean ± SD) 83.91 ± 

20.70

83.66 ± 22.65 

NS

80.87 ± 

20.46

79.65 ± 29.47? 

NS

7.57 ± 28.12 

NS

8.66 ± 27.03 

NS

0.8155

eGFR [mL/min]: 

G1 [GFR ≥ 90] (%)
43.59 44.28 

NS

47.76 39.98 

NS

−4.17 

NS

4.30 

NS

0.9178

G2 [GFR: 60–89] (%) 56.41 55.72 

NS

52.24 60.02 

NS

4.20 

NS

−4.30 

NS

0.6778
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2.95 ± 12.10 mmHg, p=0.0429, while in the metformin 
and insulin group, it was 5.25 ± 12.99 mmHg, p=0.0083). 
On the other hand, statistical analysis showed no signifi
cant change in both groups’ diastolic blood pressure values 
(Table 2).

Lipid Profile
In the intensive dose of only metformin group, 
a significant change was found with regard to total cho
lesterol level (mean decrease: 0.75 ± 1.49, p<0.0001), 
triglyceride levels (mean reduction: 0.53 ± 1.10, 
p<0.0001), and low-density lipoprotein levels (mean 
decrease: 0.53 ± 1.03, p<0.0001). Analysis of high- 
density lipoprotein levels indicated a significant increase 
observed in subjects on metformin monotherapy (mean 
increase: −0.03 ± 0.49, p<0.0001). A significant change 
was observed in the metformin plus insulin group only 
concerning total cholesterol levels (mean decrease: 0.66 ± 
1.75, p=0.0128) (Table 2).

Renal Function
A statistical analysis of the two treated groups showed no 
significant changes among renal parameters: creatinine 
level and estimated glomerular filtration rate.

The Effectiveness of the Applied 
Pharmacotherapy
After six months of active treatment using monotherapy 
with an intensive dose of metformin, only 11.43% of 
patients achieved the target levels of HBA1c below 7%. In 
the group of patients treated using a combination of met
formin with insulin, after six months of active treatment, 
45.72% achieved HBA1c levels below 7%. The observed 
difference was statistically significant (p<0.0001).

Statistical analysis of data using the Mann–Whitney 
test revealed a significant change in the level of fasting 
blood glucose (FBG) for subjects on combined treatment 
compared to patients treated with an intensive dose of 
metformin (p=0.0016). On the other hand, a significant 
change in high-density lipoprotein (HDL) concentration 
was noted in patients treated with metformin alone com
pared to subjects on combined treatment (p=0.0485). The 
analysis revealed no significant change in terms of other 
analysed outcome parameters between the groups of 
patients.

Multiple Logistic Regression Analysis of 
Predictive Factors
Table 3 shows the results of a multiple logistic regression 
analysis of the assessment of predictive factors associated 
with the likelihood of failing to achieve target levels for 
HbA1c. In this multiple analysis, increased baseline obe
sity and increased baseline glycemia were all significantly 
associated with the likelihood of requiring multiple thera
pies. There were no significant associations with age, 
gender differences, nor plasma triglycerides.

Discussion
One of the main goals of treating type 2 diabetes mellitus 
patients is to produce near-normal glucose levels to pre
vent the development of diabetic complications. The sig
nificant morbidity and mortality of diabetic patients are 
connected with minor and macrovascular consequences of 
the disease.27,28 Many epidemiological studies have shown 
that lowering the fasting plasma glucose level to less than 
7.8 mmol/L decreases the risk of developing microvascu
lar complications.29 Other studies confirmed that the effi
cacy treated group of patients with glycosylated 
hemoglobin levels of 7% had 25% less incidence of micro
vascular endpoints than those with HbA1c levels of 
7.9%.30 However, the best way to achieve tight glycaemic 
control is not clear. Among oral antihyperglycemic agents, 
metformin is usually the first-line drug for the treatment of 
type 2 diabetes mellitus.10

Nevertheless, a significant number of patients with type 
2 diabetes cannot achieve tight glycaemic control with oral 
agents and need to be treated with insulin, either as 
a single agent or added to an oral regimen.15,27 Literature 
data indicate that by three years after diagnosis of diabetes, 
approximately 50% of patients will need more than one 

Table 3 Multiple Logistic Regression Analysis of Predictive Factors 
in Uncontrolled Polish Patients with Type 2 Diabetes n=140

HbA1c > 7%

Variable Odds Ratio 
(95% CI)

P value

Age per 10 y 1.59 (0.45–5.51 0.4658

Gender 0.96 (0.27–3.46) 0.9598

Fasting plasma glucose per 2 mmol/L 2.06 (1.21–3.54) 0.0079
Body mass index per 5 kg/m2 4.07 (1.18–14.03) 0.0262

Plasma triglyceride per 1 mmol/L 2.31 (0.56–9.46) 0.2434
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pharmacological agent due to the failure of monotherapy 
with sulfonylurea, metformin, or insulin to achieve tight 
glycaemic control. By nine years following a diagnosis, 
approximately 75% of patients will need multiple thera
pies to achieve HbA1c levels below 7%.27,31

Completed studies reveal that polytherapy, which relies 
on a combination of metformin and insulin, delivers 
a significantly higher decrease in the level of fasting 
plasma glucose and better HbA1c control compared with 
metformin-only therapy. After six months of active treat
ment using monotherapy with an intensive dose of met
formin only, 11.43% of patients achieved the target levels 
of HBA1c below 7%, whereas, in the group of patients 
treated by a combination of metformin with insulin, 
45.72% achieved HBA1c levels below 7%. The obtained 
results are consistent with the well-documented fact that 
there is a synergy between the anti-hyperglycemic drugs 
used.32 The intensification of metformin monotherapy by 
adding insulin is a beneficial therapeutic option for poorly 
controlled hyperglycemia.33

Results of performed clinical trials have shown that 
combined treatment with insulin and metformin improves 
glycaemic control more significantly than the escalation of 
dosages of one drug. The obtained results are in line with 
studies performed by Menesi et al, aiming to analyze the 
effects of metformin monotherapy and combined treatment 
with metformin and insulin in the presence of simvastatin 
on glycaemic and lipid parameters.1 It was observed that 
the whole study group had a satisfied glycaemic control 
with a significant decrease in HbAc1 noted in subjects on 
the combination of metformin and insulin. The authors 
concluded that the beneficial effect of metformin in con
trolling hyperglycemia was enhanced by insulin without 
serious complications. This statement is also confirmed by 
results obtained by Fonseca et al.34 Findings confirmed 
that adding insulin glargine to metformin monotherapy 
early in the treatment may provide efficacy/safety benefits 
in superior HbA1c level reductions after 24 weeks of 
active treatment. The authors postulated that this might 
reflect an earlier treatment for the disease and supports 
the inclusion of insulin as a second step in the American 
Diabetes Association/European Association for the Study 
of Diabetes treatment algorithm. Results conducted by 
Wulffele et al also revealed that the combination of insulin 
and metformin delivers superior glycaemic control com
pared to monotherapy based on insulin therapy alone.15 

Findings showed that in type 2 diabetes mellitus, multiple 
therapies based on a combination of metformin with 

insulin are associated with improved glycaemic control, 
reduced insulin requirement, less weight gain, and a small 
decrease in LDL cholesterol levels. Our findings clearly 
show that the combination therapy is beneficial for patients 
with non-insulin-dependent type 2 diabetes mellitus, for 
whom metformin therapy proved insufficient, and in 
accordance with PDA 2021 guidelines, they have to be 
moved to stage 2 (non-insulin combined therapy) or even 
to stage 3 of diabetes treatment, ie, simple insulin therapy 
(basal insulin), and ultimately, if the therapeutic goal is not 
achieved, to the stage 4 (combined insulin therapy).10

This study aimed to compare the efficacy of metformin 
alone and in combination with the lipid concentrations in 
patients with DM. In the only metformin group, 
a significant change was found with regard to TC, TG, 
LDL-C, and HDL. In the group with combined treatment, 
a significant difference was observed only in relation to 
total cholesterol levels. The obtained results are in line 
with scientific data.11–14

Whereas the observed worse effects for the combina
tion of metformin and insulin on the lipid profile may 
result from the improvement of glycaemic control 
achieved by both drugs regimen what causes additional 
benefit for lipid profile. In studies performed by Menesi 
et al, there was no significant lowering of serum lipids in 
metformin treated and metformin plus insulin treated 
groups.1 In studies conducted by Wulffele et al the insulin 
and metformin combination after 16 weeks of treatment 
was associated with improved glycaemic control, reduced 
weight gain and decreased plasma LDL cholesterol.15 

Other studies evaluated the effects of metformin and insu
lin combinations on glycaemic control, lipid profile, and 
arterial blood pressure for patients with type 2 diabetes 
with metabolic syndrome during six months follow up and 
have shown significantly improved glycaemic control 
(14% of patients reaching HbA1c levels of up to 7%, 
and 53% reaching values of up to 8%). A statistically 
significant reduction of total cholesterol, BMI, and waist 
circumference was also identified. The reduction of total 
cholesterol occurred independently of the reduction of 
HbA1c and BMI, and the reduction of BMI and waist 
circumference did not interfere with the HbA1c improve
ment. No changes were detected in HDL cholesterol or 
blood pressure.35

In our study, we also detected a significant reduction in 
body mass index after six months of treatment among 
patients treated with the intensive dose of only metformin 
and also in combination with insulin.
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The reduction body mass index was greater for the only 
metformin alone compared to the combination with insulin 
(5.27 kg/m2 vs 3.21 kg/m2). Nevertheless, the observed 
differences were not statistically significant. The obtained 
results are in line with other studies confirming that metfor
min alone and in combination with insulin leads to 
a decrease the body mass index.15,36 Some specialists 
claimed that a decreased food intake caused by is the pri
mary weight loss mechanism. Although the effect of met
formin on appetite is likely to be multifactorial, changes in 
hypothalamic physiology, including leptin and insulin sen
sitivity, have been documented. In addition, novel work on 
obesity highlights the gastrointestinal physiology and cir
cadian rhythm changes caused by metformin as affecting 
the food intake and the regulation of fat oxidation and 
storage in the liver, skeletal muscle, and adipose tissue.37

A significant decrease of systolic blood pressure in both 
groups of patients that did not differ between the groups was 
observed in the performed studies. The obtained results are 
in line with other studies. In the double-blind, cross-over, 
randomized studies performed by Giugliano et al after 12 
weeks of treatment using only metformin among obese, 
hypertensive women, a significant decrease of following 
parameters were observed: fasting glucose, HbA1c, fasting 
and glucose-stimulated insulin, blood pressure and left ven
tricular mass, cholesterol, triglycerides, and fibrinogen.38 

On the other hand, high-density lipoprotein cholesterol 
increased. The improvement in glucose metabolism 
resulted from an increased sensitivity to insulin.

Moreover, the clinically significant effect of metformin 
use on the reduction of systolic blood pressure was con
firmed by a meta-analysis conducted by Long et al, which 
included twenty-eight studies from 26 articles consisting 
of 4113 participants.39 The pooled results showed that 
metformin had a significant effect on SBP but not on 
DBP. In subgroup analysis, it was found that the effect 
of metformin on SBP was significant in patients with 
impaired glucose tolerance or obesity. A significant reduc
tion in blood pressure was also observed for the combina
tion of metformin with insulin in studies performed by 
Giugliano et al.40 Based on the obtained results, the 
authors concluded that combining metformin with insulin 
for obese, poorly controlled patients with type 2 diabetes 
may represent a safe strategy to achieve better glycaemic 
control with a reduction in certain metabolic risk factors 
associated with the increased incidence of cardiovascular 
disease for diabetes mellitus.

The logistic regression analysis performed as part of this 
study revealed that increased baseline obesity and increased 
baseline glycemia were all significantly associated with the 
likelihood of failing to achieve the target levels for HbA1c. 
The obtained results are in line with studies performed by 
Turner et al.27 Predictive factors associated with the like
lihood of failing to achieve the target levels for HbA1c were: 
younger age, initial severity of diabetes, and degrees of 
obesity. In the studies performed by Khattab et al, factors 
associated with poor glycaemic control among patients with 
type 2 diabetes were: longer duration of diabetes and not 
adhering to diabetes self-care management behaviors.41 

Other studies revealed that factors related to the failure to 
reach the target levels for HbA1c include: race, age, poorer 
baseline glucose control, insulin use, severe hypoglycemia, 
and weight gain.42

However, our study has some limitations. The most 
important limitation is the fact that the study sample was 
recruited from a single center. The study population was 
relatively small (n = 140), and generalizations may prove 
difficult. It would be very interesting to roll the study out 
across other centers afterward. We want to point out that 
the survey focused on the phenomenon of non-compliance 
with medical recommendations associated with pharma
cotherapy. Research interests require further consideration 
of the scope of non-compliance with medical recommen
dations related to a change of lifestyle on the treatment 
effectiveness of type 2 diabetes.

Furthermore, we are deeply aware of the fact that 
several outcomes were surrogate values which may not 
always have an impact on significant patient outcomes. It 
must be emphasized that the examined patients on the 2– 
3g daily dose of metformin refused polytherapy. The rea
sons for the decisions were different, including, eg, drug’s 
price or fear of insulin therapy. The results of our study 
may be used as arguments for intensifying treatment when 
talking to a diabetic patient.

Conclusions
Primarily, we confirmed worse metabolic effects of an 
intensive dose of metformin alone for non-adherence 
patients with type 2 diabetes versus in combination with 
insulin for adherence patients. The efficacy of metformin 
in achieving normoglycemia increased with the addition of 
insulin to the therapy. The choice to use an intensive dose 
of metformin only or in combination with insulin is asso
ciated with improved glycaemic control, less weight gain, 
decreased diastolic blood pressure and reduced total 
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cholesterol levels. Secondarily, using logistic regression 
analysis, we proved that increased baseline obesity and 
increased baseline glycemia were all significantly asso
ciated with the likelihood of failing to achieve target levels 
for HbA1c. Finally, our study shows how many health 
benefits are lost to patients who, despite systematic dia
betes education, do not agree to change their therapy and 
add a second drug, including insulin. In addition, the 
results of the conducted research provide valuable scien
tific evidence for health care policymakers supporting an 
increase in financial resources allocated to patient educa
tion in the field of treatment methods and the conse
quences of ineffective diabetes treatment due to patient 
non-adherence.
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