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Abstract: Type 2 diabetes mellites (T2DM) is a common complex disease with multiple factors contributing
to its development and progression. Dyslipidemia refers to the abnormality of lipid metabolism, characterized
by elevated levels of low-density lipoprotein (LDL), total cholesterol (TC), triglycerides (TG), and decreased
levels of high-density lipoprotein (HDL). It is a major risk factor for cardiovascular disease in type 2 diabetic
patients. This study aimed to evaluate the diagnostic value of glycosylated hemoglobin (HbA1c) and fasting
blood glucose (FBG) in predicting the risk of developing diabetic dyslipidemia. 86 clinically diagnosed Libyan
patients with type 2 diabetes mellitus (44 males: 42 females), 30 years and 70 years of age were engaged in
this study. Levels of HbAlc, blood glucose, TC, TG, LDL, and HDL were performed using a Lntegra Cobas
400+ analyzer. The findings showed that HbAlc exhibits a significant positive correlation with TC and TG
with no significant correlation with LDL and HDL levels. Thus, this study suggests that HbAlc can be used
as a potential dual marker of glycemic control and dyslipidemia in type 2 diabetes mellitus.

Introduction

Diabetes mellitus (DM) is a hereditary chronic metabolic disorder characterized by hyperglycemia due to
defects in insulin production, insulin action, or both. Type 2 diabetes mellites (T2DM) is usually asymptomatic
in its early stage and can be misdiagnosed for several years. This long-term metabolic condition resulted from
a complicated interaction of genetic, environmental, and behavioral variables [1]. The International Diabetes
Federation (IDF) reported that 537 million adults worldwide are living with DM and the number of DM
patients is expected to rise to 783 million by 2045, and 352 million people are at risk of developing T2DM
[2]. DM was also attributed to about 5.0% yearly mortality [3]. Dyslipidemia is one of the most common
complications of uncontrolled hyperglycemia characterized by metabolic disorder [4]. It results from serum
lipid abnormalities such as an increase in total cholesterol (TC), plasma triglyceride (TG), low-density
lipoprotein (LDL), and decreased high-density lipoprotein (HDL) concentrations [5]. More importantly, it is
a well-known risk factor for the development of cardiovascular disease (CVD) in patients with T2DM [6].
CVD is considered one of the most common causes of death among diabetic patients [7-9]. Patients with
T2DM are four times as likely as healthy people to die from CVD [10]. Several factors predispose to abnormal
lipid profile levels in the body including diet, smoking, physical inactivity, and obesity [11] in addition to
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other common illnesses such as biliary obstruction, T2DM, chronic kidney disease, high blood pressure, and
CVD [12]. Lipid abnormalities are found to be a common risk factor for CVD, due to the raised LDL level
[13]. Therefore, analyzing diabetic patients' lipid profiles is as crucial as glycated hemoglobin (HgAlc)
management to be treated with the appropriate medication based on the type of illness [14].

The hemoglobin Alc (glycated hemoglobin, glycosylated hemoglobin, HbAlc, or Alc has been established
as a gold standard to assess glycemic control, it also showed a crucial correlation with the lipid profile of
patients with T2DM [15]. It is suggested that HbAlc could be utilized as a potential biomarker to predict
dyslipidemia and CVD despite the conflicting results reported in some studies. For instance, a direct
correlation was found between HbAlc and TC, TG, and LDL concentrations [16]. However, others reported
no remarkable correlation between these lipid profile parameters and HbAlc except with TG [17]. Thus, this
study tested the hypothesis that T2DM patients will exhibit abnormal levels of lipid profile parameters and
HbA1c could be a useful indicator in predicting dyslipidemia. This study was designed to understand the
pattern of dyslipidemia among T2DM Libyan patients and its association with HbAlc. It also aimed to
examine the impact of glycemic control on the lipid profile of T2DM patients and the importance of HbAlc
as an indirect indicator of dyslipidemia.

Materials and methods

This cross-sectional observational study was conducted for diabetic Libyan patients (n= 86, 44 males and 42
females). The age of the adult patients ranged between 30 years and 70 years. This study was performed in
the Western part of Libya from July 2023 to September 2023. All the patients were asked to fast for 8 to 12
hours before the blood sample collection. The excluded criteria were young patients of less than 25 years,
patients with serious illnesses, pregnant women, and patients with known medical conditions that could affect
the study.

Blood samples: Each participant provided a 5.0 ml venous blood sample, which was collected in EDTA tubes
for testing HbAlc, FBG, TC, TG, LDL, and HDL concentrations. The biochemical analysis was performed
using a Lntegra Cobas 400+ analyzer.

Ethical approval: Based on medical research ethics, Sabratha University, Libya (SU: 02, 2023), an ethical
approval was obtained. All patients were also informed about the study and a verbal agreement was reached.

Statistical analysis: All data is expressed as means and standard deviation (Mean+SD). The statistically
significant difference between the groups was analyzed by one-way analysis of variance (one-way ANOVA).
A statistical difference is significant at “p<0.05 and ““p<0.05. A Pearson correlation coefficient was used to
measure the relationship between variables.

Results

Eighty-six adult Libyan patients with T2DM were collected during the research period including 44 males and
42 females. The participant's characteristics were analyzed and compared according to gender (Table 1). The
ratio of males exceeds the females, as the percentage of males was 51.2% compared to the female subjects
(48.8%). Female patients had significantly higher values for HDL (p<0.046) than the male subjects.

This difference was statistically significant (Table 2). However, the concentrations of TC, TG, LDL, and
HbgAlc showed no significant difference. In this study, the concentration of HbA1c exhibits a strong positive
correlation with TG and TC levels, both results were highly statistically significant at a p-value of less than
0.01 (Table 2). However, the correlation between the concentrations of HbAlc, LDL, and HDL was not
statistically significant.
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Table 1: Gender-wise comparison of Libyan patients' characteristics of type 2 diabetes mellitus

Gender / Parameter Male (n=44) Female (n=42) P-value
Age (years) 31.849.9 53.8+£10.5 0.237
HbALc (%) 78.37+8.0 31.7+8.3 0.92
TC (mg/dl) 192.09+42.2 191.4+42.8 0.945

HDL (mg/dl) 42.4+9.2 50.0+23.9 0.046"
LDL (mg/dl) 123.6+34.4 129.5+31.1 0.405
TG (mg/dl) 203+104.6 179.6485.2 0.262
FBG (mg/dl) 167.8464.9 187.0£77.1 0.200

Table 2: The relationship between HbAlc and the lipoproteins

Parameter TG LDL HDL TC
HbAlc *0.550 0.204 0.147 *0.283
P-value 0.000 0.060 0.176 0.008

Discussion

In the current study, we attempted to examine the potential correlation between HbAlc and lipid profile
parameters in Libyan patients with T2DM. The present findings of lipid profile, FBG, and HbA1c supported
that HbAlc can be used as a potential biomarker for predicting dyslipidemia in T2DM. The results indicated
a strong positive correlation between HbAl1c and both TC and TG concentrations in diabetic patients. These
variables were consistent with the previous study conducted in 2017 which demonstrated a significant positive
correlation between HbAlc and TG and TC concentrations [18]. A similar association was reported in another
study which showed a positive relationship between HbAlc and TG concentration [19]. A substantial positive
association between HbA1c and lipid profile parameters has been found in several studies. Thus, in study
conducted in Iraq for instance exhibited a considerable correlation between TC, LDL, TG, and HbAlc
concentrations [1, 6]. However, there was no correlation between HbAlc and lipid profile parameters except
TG [20]. HbALc has been linked to elevated TG levels suggesting that it may predict CVD and is a risk factor
in T2DM. Insulin resistance is thought to be the root of dyslipidemia in patients with T2DM. Increasing
hepatic secretion of very low-density lipoprotein (VLDL) is caused by both insufficient insulin secretion and
function, which is mostly because of increasing substrate levels for TG synthesis [20]. On the other hand, we
found no significant negative correlation between HDL and HbA1c concentrations as well as a non-significant
positive correlation between LDL and HbAlc concentrations. These findings were consistent with a study that
reported no correlation between these parameters [1]. Furthermore, another study was in agreement with the
present findings in which a negative correlation was indicated [17]. On the other hand, studies have found a
substantial correlation between HbAlc and LDL/HDL concentrations. In a study conducted in India, there
was a crucial relationship between HDL, LDL, and HbAlc concentrations [21]. The levels of HbAlc, FBG,
TG, TC, and LDL concentrations in our study did not differ significantly between males and females.
However, females exhibit significantly a higher level of HDL than in male subjects. Lifestyle changes such
as diet, physical exercise, medication therapy, and obesity could contribute to this variation between genders.
The difference between HbAlc, and lipid profile parameters particularly in the current study compared to
other studies may be due to differences in population as well as the prevalence of dyslipidemia which may
also be variable among populations. It is suggested that diabetic patients are recommended to join a fitness
program for regular exercise and physical activity several times per week [22]. In Libya, family physicians
should be aware of the relationship between HbAlc and hyperlipidemia in T2DM patients and check their
patients’ lipid profile and HbAlc at least twice a year to avoid complications [17].
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Conclusion: Glycosylated hemoglobin is a useful potential biomarker for predicting dyslipidemia in type 2
diabetes mellitus and could be used as a useful tool for treating patients. An educational program for diabetic
Libyan patients should be conducted to monitor their lipid profile and avoid cardiovascular complications.

References

10.

11.

12.

13.

14.

15.

Al-Shaheeb S, Hashim KH, Mohammed AK, Almashhadani HA, Fandi AA (2022) Assessment of lipid profile
with HbA1c in type 2 diabetic Iraqi patients. Revista Bionatura. 7 (3): 29. doi. 10.21931/RB/2022.07.03.29
Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, Stein C, Basit A, Chan JCN, Mbanya
JC, Pavkov ME, Ramachandran A, Wild SH, James S, Herman WH, Zhang P, Bommer C, Kuo S, Boyko EJ,
Magliano DJ (2022) IDF Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for
2021 and projections for 2045. Diabetes Research and Clinical Practice. 183: 109119. doi: 10.1016/j.diabres.
2021.109119

Sherwani SI, Khan HA, Ekhzaimy A, Masood A, Sakharkar MK (2016) Significance of HbAlc test in diagnosis
and prognosis of diabetic patients. Biomarker Insights. 11: 95-104. doi: 10.4137/BM1.S38440

Sarfraz M, Sajid S, Ashraf MA (2016) Prevalence and pattern of dyslipidemia in hyperglycemic patients and its
associated factors among Pakistani population. Saudi Journal of Biological Sciences. 23 (6): 761-766. doi:
10.1016/j.sjbs.2016.03.001

Alam R, Verma MK, Verma P (2015) Glycated hemoglobin as a dual biomarker in type 2 diabetes mellitus
predicting glycemic control and dyslipidemia risk. International Journal of Life-Sciences Scientific Research. 1
(2): 62-65. Corpus ID: 212587435.

Sherif FM (1999) Total cholesterol in diabetic Libyans. International Diabetes Digest. 9 (3): 52. doi: Nil.
Almagati T, Gazwani AM, Taha M, Almusabi S, Elnagi EA, Maawadh RM, Almish M, Algahtani FA, Alnaam
Y (2022) The impact of age, gender, and fasting blood glucose on the serum lipid profile at a tertiary care
hospital: A retrospective study. Acta Bio-Medica. 93 (6): €2022341. doi: 10.23750/abm.v93i6.13194

Elmiladi SA, Elgdhafi EO (2023) Prevalence of cardiovascular risk factors in Libyan patients with type 2
diabetes mellitus. Mediterranean Journal of Pharmacy and Pharmaceutical Sciences. 3 (2): 27-33. doi: 10.5281/
zenodo.7877416

Elhamali GJ, Sherif FM (2018) Pre-diabetes and its associated risk factors in Libya: future needs for public
health care. Research and Reviews on Healthcare. 1 (1): 1-2. doi: RRHOAJ.MS.1D.000101

Baranwal JK, Maskey R, Majhi S, Lamsal M, Baral N (2015) Association between level of HbAlc and lipid
profile in T2DM patients attending diabetic OPD at BPKIHS. Health Renaissance. 13 (3): 16-23. doi: 10.3126/
HREN.V1313.17923

El-hamali GJ, Sherif FM (2017) Public health education in pre-diabetes and diabetes control. JOJ Public Health.
2 (4): 1-3. doi: 10.19080/J0JPH.2017.02.555594

Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, Das SR, de Ferranti S, Després JP,
Fullerton HJ, Howard VJ, Huffman MD, Isasi CR, Jiménez MC, Judd SE, Kissela BM, Lichtman JH, Lisabeth
LD, Liu S, Mackey RH, Magid DJ, McGuire DK, Mohler ER 3rd, Moy CS, Muntner P, Mussolino ME, Nasir
K, Neumar RW, Nichol G, Palaniappan L, Pandey DK, Reeves MJ, Rodriguez CJ, Rosamond W, Sorlie PD,
Stein J, Towfighi A, Turan TN, Virani SS, Woo D, Yeh RW, Turner MB, American Heart Association Statistics
Committee, Stroke Statistics Subcommittee (2016) Heart disease and stroke statistics-2016 update: A report
from the American Heart Association. Circulation. 133 (4): €38-360. doi: 10.1161/CIR.0000000000000350
Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, Chamberlain AM, Chang AR,
Cheng S, Delling FN, Djousse L, Elkind MSV, Ferguson JF, Fornage M, Khan SS, Kissela BM, Knutson KL,
Kwan TW, Lackland DT, Lewis TT, Lichtman JH, Longenecker CT, Loop MS, Lutsey PL, Martin SS,
Matsushita K, Moran AE, Mussolino ME, Perak AM, Rosamond WD, Roth GA, Sampson UKA, Satou GM,
Schroeder EB, Shah SH, Shay CM, Spartano NL, Stokes A, Tirschwell DL, VanWagner LB, Tsao CW,
American Heart Association Council on Epidemiology and Prevention Statistics Committee and Stroke
Statistics Subcommittee (2020) Heart disease and stroke statistics-2020 update: A report from the American
Heart Association. Circulation. 141 (9): e139-e596. doi: 10.1161/CIR.0000000000000757

Ghaemi N, Vakili R (2005) Evaluation of lipids level and its relation to HbAlc in diabetic children. Iranian
Journal of Pediatrics. 15 (2): 111-117. Corpus ID: 71083362

Kidwai SS, Nageen A, Bashir F, Ara J (2020) HbAlc - A predictor of dyslipidemia in type 2 diabetes mellitus.
Pakistan Journal of Medical Sciences. 36 (6): 1339-1343. doi: 10.12669/pjms.36.6.2000

Gamag et al. (2024) Mediterr J Pharm Pharm Sci. 4 (4): 1-5. 4



Mediterranean Journal of

Pharmacy & Pharmaceutical Sciences ISSN: 2789-1895 online
www.medjpps.com ISSN: 2958-3101 print
16. Khalid H, Riaz M, Abbasi MK, Haseeb A (2022) Glycosylated Hemoglobin (HbAlc) as a marker for

17.

18.

19.

20.

21.

22.

dyslipidemia in type 2 diabetes mellitus. Pakistan Journal of Medical and Health Sciences. 16 (11): 267-267.
doi: 10.53350/pjmhs20221611267

Alzahrani SH, Baig M, Aashi MM, Al-Shaibi FK, Algarni DA, Bakhamees WH (2019) Association between
glycated hemoglobin (HbAlc) and the lipid profile in patients with type 2 diabetes mellitus at a tertiary care
hospital: a retrospective study. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy. 13: 1639-
1644. doi: 10.2147/DMS0.S222271

Devkar V, Desai P, Prajapati P, Rao S, Desai A (2016) Correlation between glycated hemoglobin and
dyslipidemia in patients with type 2 diabetes mellitus in a Tertiary Care Hospital, Maharashtra, India.
International Journal of Scientific Study. 4 (6): 121-124. Corpus ID: 212517519.

VinodMahato R, Gyawali P, Raut PP, Regmi PP, Sigh KP, Pandeya DR, Gyawali P (2011) Association between
glycaemic control and serum lipid profile in type 2 diabetic patients: Glycated haemoglobin as a dual biomarker.
Biomedical Research. 22 (3): 375-380. doi: Nil.

Goldberg 1J (1996) Lipoprotein lipase and lipolysis: central roles in lipoprotein metabolism and atherogenesis.
Journal of Lipid Research. 37 (4): 693-707. PMID: 8732771.

SirsikarM, Supriya, Mohanty S, Pinnelli VBK (2016) Role of glycated hemoglobin (HBALc) as a dual marker
to predict glycemic status and dyslipidemia in type Il diabetes mellitus. International Journal of Research in
Medical Sciences. 4 (10): 4524-4529. doi: 10.18203/2320-6012.ijrms20163322

Schofield JD, Liu Y, Rao-Balakrishna P, Malik RA, Soran H (2016) Diabetes Dyslipidemia. Diabetes Therapy.
7 (2): 203-219. doi: 10.1007/s13300-016-0167-x

Author contribution: EG conceived and designed the study. MR, BK & SA collected data and AA analyzed data. EG
performed data analysis and interpretation. EG drafted and revised the manuscript. All authors approved the final version of the
manuscript and agreed to be accountable for its contents.

Conflict of interest: The authors declare the absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Ethical issues: Including plagiarism, informed consent, data fabrication or falsification, and double publication or submission
were completely observed by the authors.

Data availability statement: The raw data that support the findings of this article are available from the corresponding author
upon reasonable request.

Author declarations: The authors confirm that all relevant ethical guidelines have been followed and any necessary IRB and/or
ethics committee approvals have been obtained.

Gamag et al. (2024) Mediterr J Pharm Pharm Sci. 4 (4): 1-5. 5



