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Abstract Original Research Article

Introduction: T2DM mellitus (T2DM) is a chronic metabolic disorder characterized by insulin resistance, leading to
deregulated blood glucose levels and associated metabolic abnormalities. The standard management of T2DM includes
pharmacological interventions, such as metformin, and lifestyle modifications like dietary changes. Metformin is widely
prescribed for its glucose-lowering effects and potential benefits on lipid profiles. Dietary interventions, particularly
those emphasizing low glycemic index foods and reduced saturated fat intake, are also critical in managing metabolic
parameters in T2DM. Despite the known benefits of both interventions, limited data is available on their combined
effects on haemoglobin levels, cholesterol, and triglycerides in real-world settings. This study aims to retrospectively
evaluate the effects of metformin and dietary patterns on haemoglobin, cholesterol, and triglyceride levels in T2DM
patients by analysing existing medical records. Methodology: A retrospective cohort study was conducted at the internal
medicine department at King Hussein Medical Centre in The Royal Medical Services, Amman, Jordan. The study was
conducted by obtaining Data for haemoglobin, cholesterol, and triglyceride levels from electronic medical records
(Hakeem) of 200 T2DM patients who attended the outpatient diabetes clinic. Laboratory results were obtained from
June 2024 to December 2024. Patients were divided to two groups: T2DM group used metformin without diet (group I)
and a T2DM group also used metformin but with diet (group I1). The parameters were assessed at day 0, after 3 months
and after 6 months of treatment with metformin. Hb, TC and TGs, were measured. Results: There was a significant
(p<0.05) drop in the Hb concentration in the blood between group | and group Il, according to the results. Data analysis
revealed that group I had a significantly higher cholesterol level. The results of the statistical analysis indicated that
group | and group Il differed significantly, with group I's triglyceride levels being lower than group II's. Conclusion: In
individuals with type 2 diabetes, metformin positively influences lipid profiles while also enhancing glycaemic control.
This capability to reduce cardiovascular risk a significant issue for diabetic patients is enabled by these impacts.
Keywords: T2DM (Type 2 Diabetes Mellitus), Metformin, Dietary Intervention, Lipid Profile (Cholesterol,
Triglycerides), Hemoglobin (Hb).
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INTRODUCTION

Dyslipidaemia is one of the main risk factors for
cardiovascular disease in diabetes mellitus (DM), which
is the world's principal cause of morbidity and death.
Among dyslipidaemia, hypercholesterolaemia is the
most prevalent type [1]. Both short-term and long-term
complications are more likely to occur in patients with
type 2 diabetes (T2DM), including microvascular
conditions  like retinopathy, nephropathy, and
neuropathy, as well as cancers and macrovascular
conditions like hypertension, hyperlipidaemia, heart
attacks, coronary artery disease, strokes, cerebral
vascular disease, and peripheral vascular disease [2].
Atherogenic dyslipidaemia, which is the most prevalent

kind of dyslipidaemia in people with T2DM, is typified
by increased levels of small dense LDL (sdLDL),
decreased HDL cholesterol, and elevated triglycerides
(TGs) [3]. Patients now have more options to reach their
desired cholesterol levels because to the availability of
numerous lipid-lowering medications and supplements.
Even in diabetic patients receiving the best care,
triglyceride-rich lipoproteins both fasting and non-
fasting are increasingly thought to play a direct role in
atherosclerosis, even when low-density lipoprotein
cholesterol levels are sufficiently managed by statins
and/or ezetimibe [4]. High triglycerides (TGs), high
sdLDL cholesterol, and low HDL cholesterol are the
hallmarks of atherogenic dyslipidaemia, the most
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prevalent kind of dyslipidaemia in people with T2DM
[5]. Numerous lipid-lowering medications and
supplements are now available, giving patients more
chances to reach their desired lipid levels. Low-density
lipoprotein cholesterol levels that are adequately
controlled by statins and/or ezetimibe are among the
triglyceride-rich lipoproteins that are increasingly
thought to be a direct cause of atherosclerosis in diabetic
patients, even in those who are receiving the best care
[6]. The excess free fatty acids that are mostly generated
by subcutaneous fat can lead to cell malfunction and
death. They can also build up as TGs in non-adipose
tissues, such as the liver, heart, pancreas, and muscle [7].
Lower HDL-C concentrations, the production of tiny,
dense LDL particles, and increased TG levels are the last
symptoms of dyslipidaemia. Insulin resistance,
hyperinsulinemia, and vascular calcification are present
in the majority of diabetes individuals [8]. In addition to
encouraging atherosclerosis, they might hasten the
development of unstable plaques or rupture of existing
plaques, which can result in thrombosis, acute coronary
syndrome, and even death, especially if treatment is
postponed [9]. In atherogenesis and its thrombotic
consequences, platelets are essential. Insulin resistance,
insufficient insulin secretion, and excessive or incorrect
glucagon production all contribute to type 2 diabetes,
which is characterised by hyperglycemia [10]. Numerous
neuropathy, macrovascular, and microvascular problems
are linked to poorly managed type 2 diabetes. Retinal,
renal, and perhaps neuropathic diseases are examples of
microvascular consequences of diabetes [11]. Peripheral
vascular disease and coronary artery disease are
examples of macrovascular problems. Peripheral and
autonomic nerves are impacted by diabetic neuropathy
[12].

In addition to diet and exercise,
hydroxymethylglutaryl-CoA (HMG-CoA) reductase
inhibitors, commonly referred to as "statins," are used to
treat  hypercholesterolaemia by increasing the
concentration of HDL-C and decreasing the
concentrations of triglycerides (TG), total cholesterol
(TC), and low-density lipoprotein cholesterol (LDL-C)
[13]. The most often given oral antidiabetic drug is
metformin. Among other things, the molecular
mechanisms of action of metformin are thought to be
explained by the direct or indirect activation of
Adenosine Monophosphate-activated protein kinase
(AMPK) and non-AMPK pathways [14].

Metformin is a prominent antihyperglycemic
agent that is sensitive to insulin receptors, exhibiting
remarkable safety and efficacy profiles. It is also quite
reasonably priced. According to new clinical and
experimental data, metformin may have pleiotropic non-
glycemic effects [15]. In the management of patients
with type 2 diabetes mellitus (TDM2), metformin is the
preferred initial glucose-lowering agent owing to its
efficacy, safety profile, beneficial cardiovascular and

metabolic benefits, and compatibility with other
antidiabetic drugs [16].

The effects of taking metformin and statins
together on lipid profiles and cardiovascular outcomes in
individuals with T2DM were covered in earlier research
[17]. In contrast to treatment with either medication
alone, research by Ahmed et al., showed that the
combination of metformin and statins dramatically
improved lipid profiles [18]. In a different trial, Smith et
al., discovered that individuals on statins and metformin
together had higher HDL-C levels and lower
triglycerides and LDL-C than those on metformin alone
[19]. These results imply that the combined treatment
might provide better cardiovascular protection and
cholesterol control. This inquiry primarily examines the
effect of metformin on the lipid profile in individuals
with type Il diabetes.

Goals

1. To assess the impact of metformin and dietary
practices on triglyceride, total cholesterol, and
haemoglobin levels in patients with type 2
diabetes mellitus (T2DM).

2. To compare the lipid profiles (triglycerides and
cholesterol) of T2DM patients undergoing
metformin plus dietary intervention against
those receiving metformin only.

3. To examine variations in haemoglobin levels
among T2DM patients utilising metformin
based on dietary adherence.

METHODOLOGY

A retrospective cohort study was conducted at
the internal medicine department at King Hussein
Medical Centre in The Royal Medical Services, Amman,
Jordan. The study was conducted by obtaining Data for
haemoglobin, cholesterol, and triglyceride levels from
electronic medical records (Hakeem) of 200 T2DM
patients who attended the outpatient diabetes clinic.
Laboratory results were obtained from June 2024 to
December 2024. Patients were divided to two groups:
T2DM group used metformin without diet (group 1) and
a T2DM group also used metformin but with diet (group
I). The parameters were assessed at day O, after 3
months and after 6 months of treatment with metformin.
Hb, TC, TGs, HDL-C, and LDL-C were measured.

Statistical Analysis:

Standard analysis of the data of different
studied group was performed using the computerized
statistical program: The SPSS program (Statistical
Program for Social Sciences 25). All values expressed as
Mean+SD and analysis of variance (ANOVA) was used
to compare the results of different groups. The
differences are considered to be significant at (P <0.05).
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Inclusion and Exclusion Criteria

Adults with T2DM who were 18 years of age or
older, taking metformin for at least six months, had
recent lipid profile data, haemoglobin, and verified
dietary adherence (based on nutritionist notes or patient
self-reports) were eligible to participate. Type 1 diabetes,
severe comorbidities, anaemia, pregnancy, and the use of
additional cholesterol-lowering medications or any
medications known to influence lipid profiles were
among the exclusion criteria.

RESULTS

Although the two groups' average age and BMI
differ somewhat, they are not statistically significant (p
= 0.15 and p = 0.08, respectively). This implies that the
ages and body compositions of the two groups are
somewhat comparable. HbAlc levels are the sole
statistically significant difference between the two
groups (p =0.04), with Group Il exhibiting higher values.
This would suggest that Group Il's glycaemic control is
worse.

Other demographic and medical characteristics
are illustrated in Table 1.

Table 1: Demographic and Medical Characteristics of the two study groups

Characteristics Group | (N=100) | Group Il (N=100) | P value
Age (Mean * SD, years) 58.4+£9.6 60.2 +10.3 0.15
Gender

Male 55 (55%) 45 (45%) 0.21
Female 45 (45%) 55 (55%)

BMI (Mean + SD, kg/m?) 289+4.7 30.3+5.0 0.08
Diabetes Duration (Mean + SD, years) | 8.1+5.1 95+5.8 0.09
HbAlc (Mean + SD, %) 79+1.1 76+1.3 0.04 (*)
Hypertension 60 (60%) 70 (70%) 0.19
Dyslipidemia 45 (45%) 50 (50%) 0.54
Smoking History

Current Smoker 15 (15%) 20 (20%) 041
Former Smoker 30 (30%) 35 (35%) 0.52
Never Smoked 55 (55%) 45 (45%)

Exercise Habits

Yes 45 48 0.071
No 55 52

p-value interpretation: (*) Statistically significant if p < 0.05.

Effects of metformin, on Hb, serum cholesterol and
serum triglyceride concentration

There was a significant (p<0.05) drop in the Hb
concentration in the blood between group I and group II,
according to the results. Data analysis revealed that

group | had a significantly higher cholesterol level. The
results of the statistical analysis indicated that group |
and group Il differed significantly, with group I's
triglyceride levels being lower than group Il's (Table 2).

Table 2: Effect of Metformin on Lipid Profiles and Hemoglobin

Parameter Group 1 Group 11 p-
(n=100, Mean  SD) (n=100, Mean  SD) value

Time Point Day 0 3 Months | 6 Months | Day 0 3 Months | 6 Months

Total Cholesterol 2055 + 1976 + 1854 + 2121 + 1756 £ 1569 + 0.021*

(mg/dL) 25.6 22.8 20.5 24.9 23.1 21.2

Triglycerides (mg/dL) | 180.7 + 1603 + 1452 + 1825+ 1651+ 1504 + 0.034*
28.4 25.6 22.9 27.9 24.7 21.8

Hemoglobin (g/dL) 124+15 | 121+ 14 112+14 | 115+ 12.7+£1.26 | 13.94+1.4 | 0.032*

1.23

p-value interpretation: (*) Statistically significant if p < 0.05.

DISCUSSION

The World Health Organisation (WHO) defines
diabetes mellitus as a long-term metabolic condition
marked by high blood glucose levels that eventually
damages the heart, blood vessels, eyes, kidneys, and
nerves. T2DM, which accounts for more than 90% of

cases of diabetes mellitus, is characterised by tissue
insulin resistance (IR), insufficient compensatory insulin
secretory response, and insufficient insulin secretion by
pancreatic islet 3-cells [20]. The most significant therapy
approach for metabolic syndrome that has been shown to
be successful is lifestyle adjustment, with an emphasis
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on food and physical activity changes. Another popular
treatment for metabolic syndrome is medication therapy.
Despite its mild side effects, metformin has been
demonstrated to increase insulin sensitivity and aid in
weight loss [21]. One of the most common and
widespread blood-related disorders that affects diabetic
people is anaemia. Patients with DM who also have renal
impairment are most likely to experience it. Research
suggests that the kidney's inability to produce enough
erythropoietin is usually linked to anaemia in patients
with T2DM [22,23]. So there are a number of studies are
consistent with our study which indicating that
metformin causes a decrease in the level of hemoglobin
[24,25]. In the current study, data analysis revealed that
group | had a significantly higher cholesterol level. The
results of the statistical analysis indicated that group |
and group Il differed significantly, with group I's
triglyceride levels being lower than group II's
Interestingly, similar findings has been reported with
diabetic patients treated with Metformin respectively in
previous study by Zannah et al., (2014) [27]. This may
be the result of increased hepatic breakdown of
cholesterol and lower chylomicron absorption of
cholesterol because a-glucosidase enzymes are inhibited.
According to the aforementioned finding, using
metformin may help with lipid dysfunction and hence
postpone the onset of problems from diabetes. Their
encouragement of glucose utilisation and thus decreased
fat mobilisation may be the cause of this. It is commonly
known that untreated diabetes mellitus causes a drop in
HDL-C and an increase in total cholesterol and
triglycerides, all of which are risk factors for coronary
artery disease [28]. In people with type 2 diabetes,
metformin dramatically lowers serum triglyceride and
cholesterol levels. A typical characteristic of diabetic
dyslipidaemia is elevated triglycerides and cholesterol,
which are linked to insulin resistance. Metformin
stimulates AMP-activated protein kinase (AMPK),
which promotes fatty acid oxidation and suppresses the
liver's fatty acid production, or lipogenesis. Additionally,
it decreases the liver's synthesis of very-low-density
lipoprotein (VLDL), a lipoprotein that is rich in
triglycerides.

CONCLUSION

Metformin's main therapeutic benefits stem
from its capacity to reverse the effects of insulin
resistance, lowering blood sugar levels without raising
basal insulin levels or producing clinically significant
hypoglycemia or weight gain. Metformin has a number
of additional clinical advantages beyond glycaemic
control that are very pertinent to type 2 diabetes, namely
an enhanced blood lipid profile, decreased blood
coagulability, and decreased inflammation, all of which
contribute to a lower risk of cardiovascular disease.

REFERENCES
1. Mullugeta, Y., Chawla, R., Kebede, T., & Worku,
Y. (2012). Dyslipidemia associated with poor

10.

11.

glycemic control in type 2 diabetes mellitus and the
protective effect of metformin
supplementation. Indian  Journal of Clinical
Biochemistry, 27, 363-369.

Vasamsetti, S. B., Karnewar, S., Kanugula, A. K.,
Thatipalli, A. R., Kumar, J. M., & Kotamraju, S.
(2015).  Metformin  inhibits  monocyte-to-
macrophage differentiation via AMPK-mediated
inhibition of STAT3 activation: potential role in
atherosclerosis. Diabetes, 64(6), 2028-2041.
Biadgo, B., Melku, M., Abebe, S. M., & Abebe, M.
(2016). Hematological indices and their correlation
with fasting blood glucose level and anthropometric
measurements in type 2 diabetes mellitus patients in
Gondar, Northwest Ethiopia. Diabetes, metabolic
syndrome and obesity: targets and therapy, 91-99.
Adler, A., Shaw, E., Stokes, T., & Ruiz, F. (2009).
Newer agents for blood glucose control in type 2
diabetes: summary of NICE guidance. BMJ, 338,
b1668-b1668. https://doi.org/10.1136/bmj.b1668
Athyros, V. G., Doumas, M., Imprialos, K. P.,
Stavropoulos, K., Georgianou, E., Katsimardou, A.,
& Karagiannis, A. (2018). Diabetes and lipid
metabolism. Hormones (Athens, Greece), 17(1),
61-67. https:// doi.org/10.1007/s42000-018-0014-8
Bangert, S. (2008). Hyperlipidaemia: Diagnosis and
Management (3rd edn.). Annals of Clinical
Biochemistry, 45(6), 619-619.
https://doi.org/10.1258/ach.2008.200814
Berkowitz, S. A., Krumme, A. A., Avorn, J,
Brennan, T., Matlin, O.S., Spettell, C. M., Pezalla,
E. J., Brill, G., Shrank, W. H., & Choudhry, N.
(2014). Initial choice of oral glucose-lowering
medication for diabetes mellitus: a patient-centered
comparative effectiveness study. JAMA internal
medicine,  174(12), 1955-1962. https://doi.
0rg/10.1001/jamainternmed.2014.5294

Brunton, L., Lazo J, Buxton I, Blumenthal D, Akil
H, Amrein P. (2005). Goodman & Gilman’s the
pharmacological basis of therapeutics11th ed. New
York: McGraw-Hill

Busti, A. J. (2015). The Mechanism for Metformin’s
(Glucophage) Improvement in the Lipid Profile
Beyond its Glucose Lowering Effects in Diabetes
Mellitus. Ebmconsult.com. Retrieved 8 March
2018, from
https://www.ebmconsult.com/articles/metformin-
glucophagediabetes- lipid-cholesterol-lowering.
Chapman, M. J., Ginsberg, H. N., Amarenco, P.,
Andreotti, F., Borén, J., Catapano, A. L., ... &
European Atherosclerosis Society Consensus Panel.
(2011). Triglyceride-rich lipoproteins and high-
density lipoprotein cholesterol in patients at high
risk of cardiovascular disease: evidence and
guidance for management. European heart journal,
32(11), 1345-1361.
https://doi.org/10.1093/eurheartj/ehr112
Chen,Y.H., Du, L., Geng, X. Y., Peng, Y. L., Shen,
J. N, Zhang, Y. G,, Liu, G. J., & Sun, X. (2015).
Effects of sulfonylureas on lipids in type 2 diabetes

| ©2025 Scholars Academic Journal of Pharmacy | Published by SAS Publishers, India | 40 |



https://doi/
https://www.ebmconsult.com/articles/metformin-glucophagediabetes-
https://www.ebmconsult.com/articles/metformin-glucophagediabetes-

Widad Ziad Yousef Mouasher et al, Sch Acad J Pharm, Mar, 2025; 14(3): 37-41

12,

13.

14,

15.

16.

17.

18.

19.

20.

mellitus: a meta-analysis of randomized controlled
trials. Journal of Evidence-Based Medicine, 8(3),
134-148. https://doi.org/10.1111/jebm.12157
Davies, M., D’Alessio, D., Fradkin, J., Kernan, W,
Mathieu, C., Mingrone, G., Rossing, P., Tsapas, A.,
Wexler, D. J., & Buse, J. B. (2018). Management of
hyperglycaemia in type 2 diabetes, 2018. A
consensus report by the American Diabetes
Association (ADA) and the European Association
for the Study of Diabetes (EASD). Diabetologia,
61(12), 2461-2498. https://doi.org/10.1007/s00125-
018-4729-5

Dimitriadis, G., Mitrou, P., Lambadiari, V.
Maratou, E., & Raptis, S. A. (2011). Insulin effects
in muscle and adipose tissue. Diabetes Research and
Clinical Practice, 93 Suppl 1, S52-S59.
https://doi.org/10.1016/S0168-8227(11)70014-6
Florkowski C. (2013). HbAlc as a Diagnostic Test
for Diabetes Mellitus - Reviewing the Evidence. The
Clinical Biochemist. Reviews, 34(2), 75-83.
Goldstein, J. L., & Brown, M. S. (2015). A century
of cholesterol and coronaries: from plaques to genes
to statins. Cell, 161(1), 161-172.

Ahmed, S., Mahmood, S. & Abbas, A. (2016). The
effect of combination therapy with metformin and
statins on lipid profile in type 2 diabetes mellitus. J
Diabetes Res. 2016:5078562.

Smith, M. B., Lee, N. J., Haney, E., Carson, S., &
Helfand, M. (2009). Drug class review HMG-CoA
reductase inhibitors (statins) and fixed-dose
combination products containing a statin. Portland
(OR): Oregon Health & Science University.
Albarasi, A., Alasbily, H., Elawamy, H., Ibrahim,
A., Albarasi, H., Alfituri, A., ... & Jabir, S. (2024).
Metformin versus Metformin Plus Statin Effect on
Lipid Profile in Type 2 Diabetic Patients. AlQalam
Journal of Medical and Applied Sciences, 770-777.
Hou, W., Zhang, W., Jin, R., Chen, H. & Su, C.
(2016). Efficacy of metformin on glycemic control,
insulin resistance and cardiovascular disease risk in
patients with type 2 diabetes receiving insulin: a
meta-analysis. PLoS One. 11(8).

Wu, L., Gao, X., Guo, Q., Li, W. & Wang, L. (2020).
The effect of metformin monotherapy on lipid

21.

22.

23.

24.

25.

26.

27.

profiles in patients with type 2 diabetes mellitus: A
12-month study. Diabetes Res Clin Pract.
160:108001.

Dutta, D., Mukhopadhyay, S., Mukhopadhyay, P. &
Chowdhury, S. (2019). Metformin in dyslipidemia
management: Study of 1000mg daily dose in type 2
diabetes patients. Clin Diabetes Endocrinol. 5(1):8.
Albarasi, A., Alasbily, H., Elawamy, H., lbrahim,
A., Albarasi, H., Alfituri, A., ... & Jabir, S. (2024).
Metformin versus Metformin Plus Statin Effect on
Lipid Profile in Type 2 Diabetic Patients. AlQalam
Journal of Medical and Applied Sciences, 770-777.
Sharma, A.K., Jha, R. & Adhikari, S. (2018). Effects
of metformin alone and in combination with statins
on lipid profiles in patients with type 2 diabetes
mellitus. Int J Diabetes Dev Ctries. 38(3), 250-255.
Oyedepo, T.A. (2012). Effect of Citrus maxima
(Merr.) Fruit Juice in Alloxan-Induced Diabetic
Wistar Rats. Sci. J. Med. Clin. Trials. Article 1D
sjmct-125, 8 Pages, 2012.

Pasquali, R., Gambineri, A., Biscotti, D., Vicennati,
V., Gagliardi, L., Colitta, D., ... & Morselli-Labate,
A. M. (2000). Effect of long-term treatment with
metformin added to hypocaloric diet on body
composition, fat distribution, and androgen and
insulin levels in abdominally obese women with and
without the polycystic ovary syndrome. The Journal
of Clinical Endocrinology & Metabolism, 85(8),
2767-2774.

Zannah, S., Islam, M. S, Rahman, A. T,
Asaduzzaman, M., Al Bari, A. A, Ali, Y, .. &
Rashid, M. (2014). Antidiabetic drugs in

combination with hydroxychlorogquine improve
glycemic control in alloxan induced diabetic rats.
Pharmacology & Pharmacy, 2014.

Qaseem, A, Vijan, S., Snow, V., Cross, J. T., Weiss,
K. B., & Owens, D. K. (2007). Clinical efficacy
assessment subcommittee of the american college of
physicians. Glycemic control and type 2 diabetes
mellitus: the optimal hemoglobin alc targets. A
guidance statement from the American College of
Physicians. Ann Intern Med, 147(6), 417-422.

© 2025 Scholars Academic Journal of Pharmacy | Published by SAS Publishers, India 41



https://doi.org/10.1007/s00125-%20018-4729-5
https://doi.org/10.1007/s00125-%20018-4729-5
https://doi.org/10.1016/S0168-8227(11)70014-6

