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Resumen
Introducción: La diabetes mellitus es un trastorno metabólico caracterizado por niveles persistentemente elevados 
de glucosa en sangre y diversos grados de alteración en el metabolismo de proteínas, lípidos e hidratos de carbono. 
Existe un aumento de mortalidad súbita que varía entre uno y cinco veces, además de un alto riesgo de desarrollar 
múltiples enfermedades, incluida la enfermedad cardiovascular, que comprende enfermedad arterial coronaria, 
infarto de miocardio, insuficiencia cardíaca congestiva y enfermedad vascular periférica. Un nuevo parámetro para 
evaluar el riesgo aterogénico y la salud cardiometabólica es el índice aterogénico del plasma, que corresponde a la 
relación entre los triglicéridos y el colesterol de las lipoproteínas de alta densidad, transformada logarítmicamente.
Método: El presente estudio de casos y controles incluyó a 30 hombres con diabetes tipo 2 (T2DM) que no utilizaban 
medicamentos hipolipemiantes y 25 hombres aparentemente sanos coo grupo control. Tras un ayuno nocturno de 
al menos 8 horas, se tomaron muestras de sangre de cada participante y se analizaron para evaluar la glucosa en 
sangre en ayunas, la hemoglobina A1c y el perfil lipídico (lipoproteína de baja densidad, lipoproteína de alta den-
sidad, colesterol total y triglicéridos).
Resultados: La comparación entre el grupo T2DM y el grupo control reveló que las edades eran similares, pero que 
todos los factores estudiados mostraron diferencias significativas entre ambos grupos (p≤0,05), excepto la presión ar-
terial diastólica. Además, se observó una fuerte correlación entre el perfil lipídico y el índice aterogénico del plasma.

Palabras clave: Diabetes; Índice aterogénico; Perfil lipídico; azúcar en la sangre.

Abstract
Introduction: Diabetes mellitus is a metabolic disorder characterized by persistently high blood sugar levels and 
variable levels of impairment in the metabolism of proteins, lipids, and carbohydrates. There is a one to fivefold 
increase in sudden mortality, and there is a high risk of numerous diseases, including cardiovascular disease, it en-
compasses coronary artery disease, myocardial infarction, congestive heart failure, and peripheral vascular disease. 
A new measure for assessing atherogenicity risk and cardiometabolic health is the atherogenic index of plasma, 
which is the logarithmically transformed ratio of triglycerides to high-density lipoprotein (HDL)-cholesterol.
Method: The present case-control study included 30 T2DM males without lipid-lowering drugs and 25 apparently 
healthy males as a control group. After at least 8 hours overnight fasting, blood samples were drawn from each 
participant and analyzed to assess the fasting blood glucose, hemoglobin A1C, and lipid profile (low density lipo-
protein, high density lipoprotein, total cholesterol, triglyceride).
Results: The comparison of the T2DM and control groups revealed that their ages matched, but that all studied 
factors differed significantly between the two groups (p≤0.05), with the exception of diastolic pressure. In addition 
to the strong correlation between the lipid profile and the AIP.
Conclusions: It was concluded that the AIP, a measure associated with improper metabolism of fats and carbohy-
drates, is crucial in characterizing the risk of atherogenicity and cardiometabolic defect in type II diabetes mellitus.

Keywords: Diabetes; Atherogenic index; Lipid prophile; blood sugar.

Highlights
•	 The atherogenic index of plasma is a new measure for assessing atherogenicity risk and cardiometa-
bolic health in type II diabetes mellitus.

•	 An increase in the atherogenic index of plasma in type 2 diabetes mellitus is crucial in characterizing 
the risk factor for cardiovascular disease.

•	 Elevation of atherogenic index of plasma level may be used as a predictor for cardiovascular disease.

Introduction
Diabetes mellitus (DM) is a metabolic disorder characterized by persistently high blood sugar levels 
and variable levels of impairment in the metabolism of proteins, lipids, and carbohydrates It is consid-
ered one of the earliest known diseases (1). Numerous factors can contribute to diabetes mellitus, but 
abnormalities in insulin secretion, responsiveness, or both are always present at some point over the 
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course of the disease(2). Relative insulin insufficiency, insulin resistance, and hyperglycaemia are the 
characteristics of DM2, which is the most prevalent kind of the disease(3).

 Numerous cardiovascular conditions, such as coronary artery disease, myocardial infarction, conges-
tive heart failure, peripheral vascular disease, and a one to five-fold rise in sudden mortality, are mark-
edly more common in people with diabetes mellitus(4).

An increased risk of early-life atherosclerotic coronary artery disease (CAD) is associated with diabetes 
mellitus(5). Intensive glycaemic control has frequently had little effect on cardiovascular consequences 
in clinical trials. Dyslipidaemia is brought on by diabetes, and even in those with lipid profiles that 
appear to be normal, reducing cholesterol has been shown to improve cardiovascular outcomes(6). Pa-
tients with diabetes who have increased triglyceride (TG) levels and decreased HDL-C (high-density 
lipoprotein cholesterol) values and low-density lipoprotein cholesterol (LDL-C) are classified as having 
dyslipidaemia(7). Additionally, they have more of the denser, smaller LDL particles, which have been 
connected to a higher risk of cardiovascular disease(8).

 The logarithm of the TG to HDL-C molar ratio is known as the atherogenic index of plasma (AIP)(9). Its 
high sensitivity allows it to detect the interaction between protective and atherogenic lipoproteins. AIP 
has been proposed as a key indicator for evaluating the risk of CVD(10). Serum HDL-C and serum TG are 
the two factors used in its calculation. This fraction’s TGs and HDL-C show the different interactions 
that occur throughout the lipoprotein metabolism and may be helpful in assessing atherogenicity(11). By 
measuring AIP, the current study aimed to assess the cardiometabolic health and atherogenicity of DM2.

Materials and Methods
Participants
The current case-control study included 30 males with DM2 without lipid-lowering medications and 25 
seemingly healthy males as a control group with age matching (average age was 54 ± 8 years). The pa-
tients were admitted to the AL-Sader hospital, Diabetes Center. Acute disease, severe chronic disease, 
liver or renal impairment, and type I diabetes were among the exclusion criteria. Every patient was 
interviewed face-to-face and given a questionnaire that covered their medical history, including their 
name, age, gender, height, weight, length of illness, blood pressure, athletic background, diet (healthy 
or non-healthy) and history of smoking. Some anthropometric markers were also evaluated and mea-
sured. The University of Kufa, Iraq’s Ethics Commission (IRB) granted approval for the study, in accor-
dance with the Declaration of Helsinki’s International Guidelines for the Protection of Human Research.

Specimens’ collection
Approximately 5 ml of blood sample were collected from the study participants, who had fasted over-
night. To finish clotting, the drawn blood was let to stand at room temperature for thirty minutes. Se-
rum was then extracted from the samples by centrifuging them for 10 minutes at 3500 rpm. The levels 
of TC, HDL-C, and TG were then measured in the serum. The Friedwald formula was used to determine 
LDL-C(12). A haematological analyzer (ACT-8; Coulter Electronics) was used to determine the haemato-
logical profiles of all samples using about 2 ml of the blood that collected in tubes coated with EDTA.

Statistical analysis
The data was analyzed using SPSS software (version 19) to assess the results distribution, Utilizing the 
mean± standard deviation to present all data. The t-test was used to compare the separated groups with-
in the parameters that were measured. To evaluate the correlation between the parameters, Pearson’s 
correlation coefficients (r) were employed. P-values below 0.05 were considered statistically significant.

Ars Pharm. 2025;66(4):404-411 

Al-Fadhel SZ, Abdulsada Al-Ghuraibawi NH, Mubarak SMH.

406



Results
Demographic and clinical data
Table 1 displayed clinical and demographic information for the control and diabetic patient groups. 
The comparison of the two groups revealed that their ages matched, but that all parameters showed 
significant differences between groups, except for diastolic pressure.

Table 1. Demographic and clinical data for diabetic patients and control groups.

Parameters
Diabetic Patients 

(n=30)
Mean ±SD

Control
(n=25)

Mean ±SD
P value

 Age (yr) 54.46±8.14 53.48±7.600 0.651
 Sys p (mm Hg) 128.9±16.87 120.4±2.96 0.016
 Dias p (mm Hg) 82.4±2.97 80.96±1.4 0.251

 FBG (mg/dl) 190.1±15.43 96.8±4.6 0.0001
 HbA1c % 8.9±2.23 4.58±2.6 0.0001

 Cholesterol (mmol/L) 199.5±12.39 147.4±10.93 0.0001
 Triglyceride (mmol/L) 231.7±14.24 96.6±5.9 0.0001

 LDL-c (mmol/L) 141.4±5.14 77.36±11.46 0.0001
 HDL-c (mmol/L) 35.8±7.36 48.75±4.07 0.0001

 AIP 0.6±0.11 0.21±0.05 0.0001
 BMI (kg/m2) 31.03±5.31 24.77±1.77 0.0001

p≤0.05 by independent-sample T-test.
AIP: atherogenic index of plasma, BMI: body mass index, Dias p: diastolic pressure, FBG: fasting blood glucose, 
HbA1c: glycosylated hemoglobin, Sys p: systolic pressure

Correlation of different variables within the diabetic patients group.
 Table 2 displayed the findings of the correlation analysis of various variables among diabetic patients. 
Two levels of significant correlation are shown by these results: (**) denotes a high correlation when 
p<0.01, and (*) denotes a correlation at p<0.05.

Table 2. Correlation of different variables within the diabetic patients group.

Sys p Dias p FBG HbA1c Dura-
tion

TG LDL-c HDL-c AIP BMI

Sys p
(mm Hg)

r 1 0.531** 0.426* 0.258 0.003 -0.078 0.093 0.004 -0.061 0-.089
p 0.004 0.024 0.185 0.990 0.694 0.637 0.983 0.760 0.654

Dias p
(mm Hg)

r 0.531** 1 0.139 0.277 -0.243 -0.057 -0.040 0.048 -0.017 -0.094
p 0.004 0.480 0.153 0.213 0.774 0.841 0.810 0.934 0.634

FBG
 (mg/dl)

r 0.426* 0.139 1 0.675** 0.194 0.098 -0.004 0.219 0.022 -0.091
p 0.024 0.480 0.000 0.323 0.620 0.983 0.262 0.911 0.645

HBA1c
( %)

r 0.258 0.277 0.675** 1 0.023 0.066 -0.328 -0.166 0.081 -0.192
p 0.185 0.153 0.000 0.906 0.737 0.088 0.400 0.684 0.328

Duration
(yrs)

r 0.003 -0.243 0.194 0.023 1 0.032 0.225 0.255 0.060 0.254
p 0.990 0.213 0.323 0.906 0.873 0.249 0.191 0.760 0.192

TG 
(mmol/L)

r -0.078 -0.057 0.098 0.066 0.032 1 0.068 -0.298 0.907** 0.208
p 0.694 0.774 0.620 0.737 0.873 0.733 0.124 0.000 0.288
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Sys p Dias p FBG HbA1c Dura-
tion

TG LDL-c HDL-c AIP BMI

LDL-c 
(mmol/L)

r 0.093 -0.040 -0.004 -0.328 0.225 0.068 1 0.211 -0.086 0.188
p 0.637 0.841 0.983 0.088 0.249 0.733 0.145 0.664 0.338

HDL-c 
(mmol/L)

r 0.004 0.048 0.219 -0.166 0.255 -0.298 0.211 1 -0.521** 0.103
p 0.983 0.810 0.262 0.400 0.191 0.124 0.145 0.004 0.601

AIP r -0.061 -0.017 0.022 0.081 0.060 0.907** -0.086 -0.521** 1 0.236
p 0.760 0.934 0.911 0.684 0.760 0.000 0.664 0.004 0.227

BMI (kg/m2) r -0.089 -0.094 -0.091 -0.192 0.254 0.208 0.188 0.103 0.236 1
p 0.654 0.634 0.645 0.328 0.192 0.288 0.338 0.601 0.227

* Correlation is significant at the p<0.05 level.
** Correlation is significant at the p< 0.01 level.

The association of AIP with the numeric data in diabetic patients’ group.
 Figures 1 and 2 illustrate the examination of the relationship between AIP and the patient’s descriptive 
data, showing a favorable impact on the AIP level.

Figure 1: Association of AIP with the nutrition status in diabetic patients.
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Figure 2: Association of AIP with the exercise status in diabetic patients.

Discussion
 According to the findings, the AIP—a parameter associated with abnormal glucose and lipid metabo-
lism—is crucial in characterizing the risk factor for cardiovascular illness score in DM2 patients. The re-
sults of this study, which examines the risk of cardiovascular disease in people with diabetes mellitus, 
are consistent with numerous other studies that have shown that the AIP has a significant impact on 
the long-term prognosis of patients with DM2 who are having coronary intervention by percutaneous 
means (13, 14). According to other research, individuals with a high AIP are more likely to develop coro-
nary artery disease than those with a low AIP. These studies focus on the prospective assessment of 
cardiometabolic risk factors for middle-aged and older adults: the AIP (15, 16). According to research by 
Fu et al. (2021), AIP may be a reliable biomarker for estimating the risk of cardiovascular events in DM2 
patients (17). Furthermore, the degree of insulin resistance is linked to the AIP, which in turn may be as-
sociated with abnormal glucose metabolism level (18).

 Except for age and diastolic pressure, the comparison of the groups under study revealed a significant 
difference in all the parameters where the p value was less than 0.05. It demonstrates that diabetes 
individuals have a very broad range that is frequently outside of normal values; hence, this is linked 
to the chance of developing DM disease in addition to other risk factors such the patient’s diet, level 
of physical activity, genetics, and overall lifestyle. The LDL, TG, and HDL cholesterol mean levels were 
similar to those seen in the other investigations (19–21).

Numerous linear correlations between the factors were found by the correlation coefficient (r) between 
the factors in the DM2 group. AIP was correlated significantly negatively with HDL-c (r=-0.521, p=0.004) 
and correlated positively with TG (r=0.907, p=0.0001). Additionally, along with a few other variables, 
HbA1c had a positive correlation with FBG (r=0.675, p=0.0001).

 The descriptive study’s results (Figure 1) showed the association of AIP with the nutrition status in 
the DM2 group, showing that AIP in well-nourished individuals is lower than those with bad and non-
healthy diets. This explains the significance of a good healthy diet and its degree of risk factor effect 
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on the patient’s general health. The AIP was found to be associated with exercise status in the other 
descriptive study (Figure 2), indicating the significance of exercising for less than an hour each day to 
prevent the risk factor influence on the patient’s overall health when no exercise is performed. Physical 
activity reduces cardiovascular risk factors, helps people lose weight, improves their overall health, 
and helps patients with DM2 manage their blood sugar levels(22, 23). Therefore, recommendations for 
exercise should be customized to each person’s unique demands.
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