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Abstract

Workers in automotive repair shops are at risk of exposure to hazardous
chemicals, which can have varying health consequences depending on the duration
and intensity of exposure, and may ultimately contribute to environmental pollution.
The objective of this study is to identify variations in the biochemical levels,
including liver enzymes alanine aminotransferase (ALT), aspartate aminotransferase
(AST), lipid profile, and atherogenic indices (AIP) between workers in car
mechanics workshops and occupationally unexposed participants in Baghdad.
Blood samples were taken from 70 workers aged 18-50 at car mechanics
workshops. The occupations included car maintenance (WI, n = 35), vehicle
painting (WIL, n = 35), and healthy males (C, n = 25) as the control group. All
samples were analyzed for ALT, AST, total cholesterol (TC), triglycerides (TG),
low-density lipoprotein (LDL), high-density lipoprotein (HDL), and very low-
density lipoprotein (VLDL) using commercially available kits. The atherogenic
index of sera (AIP) was calculated from values of HDL and TG. The results of the
present study revealed a statistically significant increase (p < 0.05) in ALT and AST
levels among car maintenance and vehicle painting workers compared with the
control group. Significant differences (p < 0.05) were also observed in HDL, LDL,
TC, TG, and AIP between the workers and C groups. The study found that liver
enzymes, lipid profiles, and indicators of atherogenicity were changed in workshop
workers. The workers' exposure to environmental pollution in auto repair
workshops was identified as a contributing factor to liver damage, dyslipidemia,
and cardiovascular disease in these individuals.

Keywords: Mechanic’s workers; Environmental pollution; Lipid profile; Liver
function; Atherogenic index.
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1. Introduction

Workers at automotive repair shops often engage in tasks such as assembling motor cars,
applying spray paint, igniting fuel, performing welding and soldering operations, and fixing
radiators. These activities carry a risk of chemical toxicity [1]. This includes individuals
working with small engines and light vehicles. Due to their professional activities, these
workers encounter more significant health and environmental risks than the general
population. However, these particular activities are the main contributors to toxic pollution,
stemming from the irresponsible conduct of the occupational workforce [2].

Working in an automotive repair workshop exposes individuals to dust, air pollution, and
various harmful chemicals. Studies have indicated that mechanics have higher concentrations
of lead, cadmium, chromium, zinc, and copper in their bodies than those not consistently
exposed to these substances [3]. Toxic substances can be found in many products used in
workshops, including brake fluids, degreasers, greases, metal cleaners, benzene organic
solvents, asbestos welding fumes, vehicle exhaust, and daily diet [4-6]. These harmful
chemicals can enter the body through inhalation, skin contact, or accidental ingestion. Once
inside the body, they can spread throughout, and cause effects that go beyond the initial point
of contact [7,8]. This poses a significant risk to the health, particularly affecting organs
involved in blood circulation, such as the liver [9].

The liver plays a crucial role in the body, performing essential functions such as storing

and breaking down carbohydrates, processing hormones, managing waste and foreign
substances, producing blood proteins, generating urea, regulating fat metabolism, and
producing bile [10]. Aminotransferases, which include enzymes like alanine aminotransferase
(ALT) and aspartate aminotransferase (AST), are frequently used to assess liver function [11,
12]. The liver is capable of processing metals and dispose of them in the bile via the
intestines [13]. Approximately five percent of it is released as feces while 90 to 95% gets re-
absorbed through circulation [14]. Liver damage, cell injury, and organ failure can occur due
to chemical exposure [15, 16].
Injury to liver cells as well as damage to the liver can be indicated by elevated levels of AST
and ALT [17]. Increased levels of AST in the blood are commonly observed in instances of
acute damage to liver cells. Conversely, serum ALT is regarded as a dependable marker of
liver cell damage since it is seen at low levels in organs other than the liver [18].
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Vapors from petrol, diesel, and motor can adversely affect liver membrane and induce a rise
in blood lipid concentrations due to their interference with lipid homeostasis, which is
essential for maintaining the balance of lipids in the body. Increased levels of total
cholesterol, triglycerides, LDL cholesterol, along with decreased levels of HDL cholesterol
are contributing factors in the development of atherosclerosis and its related cardiovascular
illnesses [19]. A lipid profile, also known as a lipid panel, consists of a series of blood tests
to check for abnormalities in lipids like cholesterol and triglycerides. There could be several
diseases like heart failure, digestive problems [20, 21], and other conditions that may be
identified with the help of these findings. Typically, a lipid profile comprises tests performed
together to determine the risk of heart disease. It gives details about the chances of
experiencing a heart attack or stroke due to blocked blood vessels or atherosclerosis [22].
Researchers have discovered a connection between another ratio called the atherogenic index
of plasma (AIP) and metabolic dysfunction-associated steatotic liver disease (MASLD) [23,

24].

The AIP assesses lipid profiles in the bloodstream. It has proven highly valuable in

predicting dyslipidemia-related diseases like diabetes, atherosclerosis, and heart disease. The
AIP is a useful predictor not only for cardiovascular disease but also for hyperuricemia [25].
Not only is AIP a useful predictor for heart disease, but it is a sensitive and potent indication
that reflects the interaction between atherogenic and non-atherogenic lipoproteins;
triglycerides are converted to the high-density lipoprotein/cholesterol ratio using a base-10
logarithmic scale (AIP = loglO (triglyceridessHDL cholesterol) [26]. AIP is a useful
indication for determining the likelihood of developing cardiovascular illnesses and
arteriosclerosis [27].
The AIP proves to be an indicator of atherosclerosis when compared to LDL cholesterol in a
lipid profile. AIP eliminates uneven evaluation of various lipid components and makes basic
estimation tasks easier [28]. Therefore, the aim of this study was to determine if long-term
exposure to environmental contaminants at car mechanics workshops is linked with hepatic
injury, dyslipidemia, and cardiovascular ailments in these individuals.

2. Materials and Methods
2.1 Subject

This retrospective cohort study included 70 male participants, categorized into two groups:
car mechanics (WI, n=35) group and the vehicle painting (WII, n=35) group. A third group of
healthy males (C, n=25) without automotive chemical exposures recruited from local
communities served as the control group. The data collection from the private sector was
conducted in Baghdad from September 2022 to January 2023.

The study included participants within the age range from 18-50 years, ensuring matching
across the groups. The duration of exposure or years of work ranged between (10- 20) years.
The anthropometric indices of all participants were obtained as weight and height were
measured and body mass index (BMI) was calculated as body weight divided by height [29].
Exclusion criteria were pre-existing cardiovascular, hepatic, and renal diseases, diabetes,
hypertension, substance abuse, and active inflammatory diseases. Additionally, individuals
who consumed alcohol or smoked were excluded.

The groups were designed to examine associations between specific automotive chemical
exposures and biomarkers of interest.

2.2 Chemicals
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Ninety-five fasting blood samples (5ml each) were collected in gel tubes from all
participants in this study, all of whom were individuals with various occupations in Baghdad.
The samples were centrifuged at 2000xg for 10 min at room temperature to separate serum
and red blood cells. Serums were used to estimate ALT, AST, and lipid profiles. Each
participant's serum was divided into portions of 200 pl in Eppendorf tubes and stored in the
freezer (-20 ° C) until use.

Liver biochemical markers such as ALT and AST are often examined in liver function tests
[30]. The levels of these liver enzymes ALT and AST were measured by (Linear Chemicals,
Spain), a commercially available kit. A professional testing company used a Hitachi 7600
automatic analyzer (Hitachi High-Technologies, Tokyo, Japan) for each individual's blood
sample to perform biochemical analysis.

Total cholesterol (TC), triglycerides (TG), and high-density lipoprotein (HDL) were
determined using the spectrophotometric method. In contrast, low-density lipoprotein (LDL)
was calculated using the Friedewald equation [LDL cholesterol = total cholesterol (HDL
cholesterol) — (triglyceride/5)] [31]. The atherogenic index of plasma (AIP) was calculated
from values of HDL, TG, TC, and LDL [26].

2.3 Statistical analysis

Statistical analysis is very useful for gaining insights and supporting data interpretation.
The means + standard deviations of samples were calculated using SPSS-Statistics Version
22.0 and compared using a one-way ANOVA. The P values less than 0.05 were used to define
statistical significance.

3. Results

This study comprises 70 Iraqi workers (W) from the private sector, matched with 25
healthy males serving as a control group (C). All participants were aged between 18-50 years.
The study group (W) was further divided into two groups: the car mechanics (WI, n=35)
group and the vehicle painting (WII, n=35) group.

Table 1: The mean £SD of the Age, BMI, ALT, and AST in the studied groups.

PARAMETERS C(N=25) WI(N=35) WII(N=35)

MEAN +SD MEAN £SD MEAN +£SD P VALUE

C&WI 0348

29.96 + 6.48 34.06 + 8.68 32.66 % 6.53 C&WIT  0.092
WIKWIT  0.708

C&WI 0270

23.03 = 1.61 23.56 = 3.74 2479 £ 2.52 C&WIT  0.290
WIKWIL  0.999

C&WI  0.000

ALT(U/L) 28.78+6.49 39.2246.68%* 41245524%  C&WII  0.000
WIKWIT  0.356

C&WI  0.000

AST (U/L) 28.25+6.92 37.9246.14%* 38.9746.65%  C&WII  0.000
WIKWIT  0.781

AGE (YEARS)

BMI(KG/M?)

Significant *P<0.05; highly significant**P<0.001; no significant P>0.05
(WI: Car mechanics, WII: Vehicle painting, and C: Control).

Table 1 presents the biochemical parameters and calculated indexes between all the studied
groups. The data shows no statistically significant differences observed in terms of age and
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BMI among all the groups examined (P>0.05). However, it revealed that the mean serum
levels of ALT and AST significantly increased in the workers' group compared with the
control group. As mentioned in Table (2), the results of the lipid profile parameters of the
studied groups.

Table 2: The mean £SD of the lipid profile parameters of mechanic workers and other
groups.

C(N=25) WI(N=35) WII(N=35)

PARAMETERS MEAN +SD MEAN +SD MEAN =SD PVALUE
C&WI 0000
LS 1611 E 159.27+6.29 18436£10.99%%  186.81£1536**  C&WII  0.000
WI&WIT  0.666
C&WI 0002
LiE (S E 144.27420.45 17472436.01%%  190.18£3820%*  C&WII  0.000
WIEWIL  0.137
C&WI 0000
HDL-C MG/DL 47.38+3.86 36,5543 37+ 35.6244 46%* C&WII  0.000
WI&WII  0.585
C&WI 0000
LDL-C MG/DL 83.0327.62 112.85512.12%%  113.14£14.39%*  C&WII  0.000
WILWIL  0.994
C&WI  0.002
\AHU AL (AN 28.85+4.09 34,9447 20%* 38.03£7.64%%  C&WIL  0.000
WIEWIL  0.137

Significant *P<0.05; highly significant**P<0.001; no significant P>0.05
(WI: Car mechanics, WII: Vehicle painting, and C: Control).

Table (3) summarizes the mean and standard deviation of the Atherogenic Index of serum
(AIP), determined in all the studied groups.

Table 3: The mean £SD of the AIP of mechanic workers and other groups.

C(N=25) WI(N=35) WII(N=35)

P VALUE

C&WI 0.000
AIP 0.51+0.12 0.67+0.11** 0.72+0.13%* C&WII 0.000
WI&WIT 0.226

Significant *P<0.05; highly significant**P<0.001; no significant P>0.05
(WI: Car mechanics, WII: Vehicle painting, and C: Control).

4. Discussion

Table 1 demonstrates that the mean values of ALT and AST in WI (39.22+6.68 and
37.92+6.14 U/L) and WII (41.244+5.24 and 38.97+6.65 U/L) were significantly higher
(P=0.000) compared to the C group (28.78+6.49 and 28.25+6.92 U/L) respectively.
Numerous studies have shown that workshops are exposed to various chemicals that increase
the activity of aminotransferases [32]. Elevated levels of transaminases have been reported in
patients with severe liver injury. These findings suggest that liver enzymes may have been
released into the bloodstream. Increased membrane permeability or necrosis of liver cell
membrane leads to damaged liver cells and suggests liver organ dysfunction [33]. A previous
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study has shown that enzyme levels are increased in correlation with the number of damaged
cells [34].

The results of the present study shown in Table (2) revealed a significant increase
(P=0.000) in the concentration of TC, TG, HDL-C, LDL-C, and VLDL in the serum of the
WI and WII compared to the C group. There have been different research findings regarding
the relationship between various chemicals and lipid profiles. According to a study from
Sulaimaniya (Iraq) [35] and Iran [36], there were no significant differences in lipid profile
parameters between lead-exposed and non-exposed subjects. According to a study by
Kasperczyk et al. [37], no significant association was observed between blood lead levels and
lipid profiles, indicating a lack of correlation between the two variables. The total cholesterol
level can rise because of lead intoxication, according to some studies. Subjects exposed to
organic solvents had significantly higher blood triglyceride and total cholesterol levels. These
workers are at higher risk of cardiovascular diseases because of exposure to different
chemicals at work [38].

The elevated lipid profile in the present study is consistent with earlier research showing that
exposure to gasoline vapor changes the average serum lipid profile and induces oxidative
stress in rat hepatocytes [39]. It has been shown that the oxidation of LDL-C is a crucial step
in the development of atherosclerosis [40].

Other chemicals present in the auto-mechanic environment, in addition, to lead exposure,
have an impact on the amount of biochemical, which can result in abnormal liver, renal, and
cardiovascular disorders, and maybe decrease in fertility because of the effect of the heavy
metal on the male reproductive system [41].

For instance, a study from Pakistan revealed that the environment of a garage workshop had a
considerable negative impact on the function of the liver and kidneys. Mechanics are more
susceptible to hepatic dysfunctions due to exposure to hazardous levels of both total
petroleum hydrocarbons and volatile organic compounds [42]. Additionally, it has been
documented that exposure to hydrocarbons in a motor mechanic shop might harm the liver.
Preliminary analysis showed that the mechanics had significantly higher levels of
triglycerides, atherogenic risk index, and coronary risk index compared to the control group
[43].

The results presented in Table (3) showed that the mean value of AIP has a significant
increase (P=0.000) in WI (0.67+0.11) and WII (0.72+0.13) as compared with the mean value
of AIP in the C group (0.5140.12). In addition, no significant (P=0.226) between WI and
WIL

The atherogenicity index (AIP), which is the logarithm of the molar ratio of triglycerides to
high-density lipoprotein cholesterol (TG/HDL-C), showed a significant association with
LDL-C particle size; AIP is a strong predictor of atherosclerosis and coronary heart disease
[44].

In addition to visualizing lipid profiles, AIP can predict lipoprotein particle size. It has been
associated with insulin resistance severity in lipid profiles, which partially explains its greater
discriminatory power for metabolic dysfunction-associated steatotic liver disease (MASLD)
[45].

Conclusion

Our research suggests that exposure to petrol, diesel, and automotive exhaust can harm
liver function by causing hepatotoxicity. This impact is linked to the elevation of the lipid
indices "TC, TG, LDL, and VLDL." It is commonly seen in mechanical engineering as
opposed to controls. Exposure to petrol leads to an increase in oxidative stress within cells,
which may overwhelm the body's antioxidant mechanisms. The impact is to notably elevate
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the levels of TG, LDL, and all other markers. Cholesterol. Elevated levels of AIP are
associated with an increased susceptibility to atherosclerosis and cardiovascular disease.
Regular surveillance and examinations of personnel in the workshop are essential for
mitigating the enduring consequences of chemical exposure. Reducing detrimental exposures
in workshops can mitigate adverse health effects.

Acknowledgments

We acknowledge all staff associations of Automobile Mechanics, Battery chargers, and
Spray painters, in Baghdad City. at the Al-Kilani, Al-Mustansiriya, Palestine, and Bab Al-
Moadham. Also, deep thanks to exposed and healthy subjects who were provided with blood
samples.

Authors Contributions
All authors contributed equally in writing original draft preparation, and all authors have
read and agreed to the published version of the manuscript.

Authors Declaration: Conflicts of Interest: The authors declare that there is no conflict of
interest. None. We confirm that all the Figures and Tables in the manuscript are ours.

References

[1] A. R. Tualeka, F. Salesman, J. Jalaluddin, and A. Wahyu, "Safe Concentration of Benzene
Exposure in Work Environment at Motor Workshop," Global Journal of Health Science, vol. 10,
no. 11, pp. 188-194, 2018.

[2] K. Khan, S. A. Room, A. Bacha, "Assessment of heavy metals among auto workers in a
metropolitan city: a case study," Front Public Health, vol. 11, p. 1277182, 2023.

[3] O.A. Adejumo, A.C. Enikuomehin, A. Ogunleye, W.B. Osungbemiro, A.A. Adelosoye, A.A.
Akinbodewa, "Cardiovascular risk factors and kidney function among automobile mechanic and
their association with serum heavy metals in Southwest Nigeria: A cross-sectional study," PLOS
ONE, vol. 18, no. 10, p. €0292364, 2023.

[4] R. Pirow, A. Blume, N. Hellwig, M. Herzler, B. Huhse, C. Hutzler, K. Pfaff, H.Josef
Thierse, T. Tralau, B. Vieth, and A. Luch "Mineral oil in food, cosmetic products, and products
regulated by other legislations," Critical reviews in toxicology, vol. 49, no. 9, pp. 742-789, 2019.

[S] A. Ali, and A. sahib, "Assessment of Arsenic poisoning among printing textile workers in
Baghdad,"
Journal of the Faculty of Medicine Baghdad, vol. 59, no. 3, 2017.

[6] N. A. Kadhim, and N.N.A. Aburahma, " Levels of Some Metal Contents in the Soil and Leafy
Vegetables Collected from Al-Qanat Highway/Baghdad City," Iragi Journal of Science, pp. 620-
629, 2023.

[7] A. H. Talib, and A. zainab, "Measurement of some Air Pollutantsin Printing Units and Copy
Centers Within Baghdad City," Baghdad Science Journal, vol. 18, no. 1, p. 0687, 2021.

[8] A. Salimi, N. Kheiripour, A.F.Jouzdani, H. Ghasemi, S.S. Asl, A.Ghafouri-Khosrowshahi, and A.
Ranjbar, "Nanocurcumin, Improves Lipid Status, Oxidative Stress, and Function of the Liver in
Aluminium Phosphide-Induced Toxicity: Cellular and Molecular Mechanisms," BioMed
Research International, vol. 12, p. 7569756, 2022.

[9] S. Young, R. Tariq and J. Provenza, "Prevalence and profile of nonalcoholic fatty liver disease in
lean adults," Systematic review and meta-analysis," Hepatol Commun, vol. 4, no. 7, pp. 953-972,
2020.

[10] R. S. McIntyre, "Biochemical investigations in the management of liver disease. In: Prieto
J,Rodés J, Shaftritz DA. (eds) Hepatobiliary diseases Berlin," Heidelberg: Springer, vol. 4, no. 7,
pp- 953-972, 1992.

3631


https://www.semanticscholar.org/author/A.-R.-Tualeka/51485671
https://www.semanticscholar.org/author/Frans-Salesman/66663143
https://www.semanticscholar.org/author/Juliana-Jalaluddin/2318410467
https://www.semanticscholar.org/author/A.-Wahyu/66935654
https://pubmed.ncbi.nlm.nih.gov/?term=Room%20SA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Bacha%20AU%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Blume+A&cauthor_id=31939687
https://pubmed.ncbi.nlm.nih.gov/?term=Hellwig+N&cauthor_id=31939687
https://pubmed.ncbi.nlm.nih.gov/?term=Herzler+M&cauthor_id=31939687
https://pubmed.ncbi.nlm.nih.gov/?term=Huhse+B&cauthor_id=31939687
https://pubmed.ncbi.nlm.nih.gov/?term=Hutzler+C&cauthor_id=31939687
https://pubmed.ncbi.nlm.nih.gov/?term=Pfaff+K&cauthor_id=31939687
https://pubmed.ncbi.nlm.nih.gov/?term=Thierse+HJ&cauthor_id=31939687
https://pubmed.ncbi.nlm.nih.gov/?term=Thierse+HJ&cauthor_id=31939687
https://pubmed.ncbi.nlm.nih.gov/?term=Tralau+T&cauthor_id=31939687
https://pubmed.ncbi.nlm.nih.gov/?term=Vieth+B&cauthor_id=31939687
https://pubmed.ncbi.nlm.nih.gov/?term=Luch+A&cauthor_id=31939687

Khalid and Kadhim Iraqgi Journal of Science, 2025, Vol. 66, No. 9, pp:3625-3634

[11] C. M. Mohammed, B.A. Al-Sulaivany and Y. M. Fattah, "Effects of Gasoline and Smoking on
Lipid Profile and Liver Functions among Gasoline Exposure Workers in Iraq, " [International
Journal of Occupational Safety and Health , vol. 13, no. 1, pp. 19-28, 2023.

[12] Z. A. Mohammed, and N.A. Kadhim. "The Association of Gluten-Free Diet and Liver Function
in Iraqi Patients with Celiac Disease, " Iraqi Journal of Science, vol. 65, no. 6, pp. 2999-3007,
2024.

[13] A. A. Tinkov, M. A. Alexey and A. Santamaria, "Dissecting the role of cadmium, lead, arsenic,
and mercury in non-alcoholic fatty liver disease and non-alcoholic steatohepatitis,"
Environmental Research, vol. 238, no. 1, p. 117134, 2023.

[14] E. Park, J. Kim, B. Kim and E. Park, "Association between environmental exposure to cadmium
and risk of suspected non-alcoholic fatty liver disease," Chemosphere, vol. 266, p. 128947, 2021.

[15] FX. Ho, L.D. Ferguson, C.A. Celis-Morales, and S.R. Gray, " Association of gamma-
glutamyltransferase levels with total mortality, liver-related and cardiovascular outcomes: A
prospective cohort study in the UK Biobank," EClinical Medicine, vol. 48, no. 10, p. 101435,
2022.

[16] D.W.Kim, J. Ock, K.W. Moon, and C.H. Park "Association between Pb, Cd, and Hg Exposure
and Liver Injury among Korean Adults,"International Journal of Environmental Research and
Public Health, vol. 18, no. 13, p. 6783, 2021.

[17] H. M. Balaky and S. K. Ismail, " Indications of Liver and Kidney Functions in Non-Insulin
Dependent Diabetic Patients," Iraqi Journal of Science, pp. 769-778, 2021.

[18] I. Reuben, D.G. Tamuno-emine, and S. E. Bartimaeus, " Assessment of the Effect of Exposure to
Plastics on Some Biochemical Parameters among Workers in Plastic Industries in Port Harcourt,
Nigeria," Scholars Journal of Applied Medical Science, vol. 8, no. 3, pp. 976-983, 2020.

[19] Q. Wang, D. Zheng, J. Liu, L. Fang, and Q. Li, " Atherogenic index of plasma is a novel
predictor of nonalcoholic fatty liver disease in obese participants: A cross-sectional study," Lipids
in health and disease, vol. 17, p. 284, 2018.

[20] Z. A. Mohammed and N. A. Kadhim, " The association of gluten-free diet with pentraxin-3 and
lipid profile in Iraqi patients with celiac disease," Journal of Survey in Fisheries Sciences, vol.
10, no. 3s, pp. 3106-3115, 2023.

[21] S.Z.Hussein and A.K. Atheeb, " Correlation of myeloperoxidase activity with malondealdehyde
levels in Iraqi patients with coronary artery diseases," Journal of global pharam technology, vol.
12, no. 1, pp. 565-572, 2020.

[22] S.H. Kim, Y.K. Cho, Y.J.Kim, and C.H. Yung, " Association of the atherogenic index of plasma
with cardiovascular risk beyond the traditional risk factors: a nationwide population-based cohort
study," Cardiovasc Diabet, vol. 21, no. 1, p. 81, 2022,

[23] P. Risal, M. Pandey, S. Shrestha, A. Adhikari, S. Manandhar, S. Karki and R. Bha, " Correlative
Analysis of Atherogenic Dyslipidemia among the Patients with Non-Alcoholic Fatty Liver
Disease Visiting Tertiary Care Center," Birat Journal of Health Sciences, vol. 5, no. 3, pp. 1132-
1136, 2020.

[24] B. Dong, Y. Mao, Z. Li, and F. Yu, "The value of the atherogenic index of plasma in nonobese
people with nonalcoholic fatty liver disease: A secondary analysis based on a cross-sectional
study," Lipids in health and disease, vol. 19, no. 148, 2020.

[25] K.B. Won, M.H. Jang, E.J. Park, H.B. Park, R. Heo, D. Han, and H.G. Chang, " Atherogenic
index of plasma and the risk of advanced subclinical coronary artery disease beyond traditional
risk factors: an observational cohort study," Clinical cardiology, vol. 43, no. 1, pp. 398-404,
2020.

[26] M. Dobiasova and J. Frohlich, " The plasma parameter log (TG/HDL-C) as an atherogenic index:
Correlation with lipoprotein particle size and esterification rate in apoB-lipoprotein-depleted
plasma (FER (HDL)," Clinical biochemistry, vol. 34, no. 7, p. 583, 2001.

[27] H. S. Ahmed and M.S. Mohammed, " Atherogenic Indices in Type 2 Diabetic Iraqi Patients and
Its Association with Cardiovascular Disease Risk," Journal of the Faculty of Medicine Baghdad,

3632


https://www.nepjol.info/index.php/IJOSH/index
https://www.nepjol.info/index.php/IJOSH/index
https://www.sciencedirect.com/author/55989814400/abel-santamaria
https://www.researchgate.net/scientific-contributions/Idaye-Reuben-2175480591?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Davies-Tamuno-Emine?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

Khalid and Kadhim Iraqgi Journal of Science, 2025, Vol. 66, No. 9, pp:3625-3634

vol. 65, no. 3, 2023.

[28] B. Lioy, R.J.Webb, and F. Amirabdollahian, " The Association between the Atherogenic Index of
Plasma and Cardiometabolic Risk Factors: A Review," Healthcare, vol. 11, no. 7, p. 966, 2023.

[29] A. Keys, F. Fidanza, M.J. Karvonen, N. Kimura, and H.L. Taylor, “Indices of relative weight and
obesity," Journal of Chronic Diseasi, vol. 25, pp. 329-343, 1972.

[30] H-J. Kim, J. Min, Y-S. Seo, and K. Min, " Association of Ambient Air Pollution with Increased
Liver Enzymes in Korean Adults," International Journal Environ Research Public Health, vol.
16, p. 1213, 2019.

[31] W.T. Friedewald, R.I. Levy, and D.S. Fredrickson " Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge," Clinical
Chemistry, vol. 18, no. 6, pp. 499-502, 1972.

[32] S.R. Moghadam, M. Afshari, A. Ganjali, and M. Moosazadeh" Effect of occupational exposure
to petrol and gasoline components on liver and renal biochemical parameters among gas station

attendants, a review and meta-analysis," Reviews on Environmental Health, vol. 35, no. 4, pp.
517-530, 2020.

[33] C. E. Onah, C. F. Onah, and S. M. Suru, " The Effects of Lead on Some Markers of Liver and
Kidney Functions of Lead Recycling Factory Workers are Mediated Through Increased
Oxidative Stress," Avicenna Journal of Medical Biochem, vol. 11, no. 1, pp. 41-45, 2023.

[34] A. Essam and H. Z. Majeed, " Investigation of Liver Enzymes, Kidney Functions and Some
Heavy Metal Levels in Electrical Generator Workers," Al-Mustansiriyah Journal of Science, vol.
33, no. 5, pp. 72-77, 2022.

[35] M. S. Hematological, " Biochemical and blood lead level profile among gasoline exposed station
workers in Sulaimaniya city," Aro- The Science Journal of Koya University, vol. 2, no. 1, pp. 6-
11, 2014.

[36] S. Kianoush, M. B. Mood, and S.R. Mousavi, " Clinical, toxicological, biochemical, and
hematologic parameters in lead-exposed workers of a car battery industry," Iranian Journal of
Medical Sciences, vol. 38, no. 1, pp. 30-37, 2013.

[37] M. S. AL-Fayyadh, "Effect of Liver Enzymes, Oxidative Stress and Vitamin D3 in Psoriatic
Patients," Iraqi Journal of Science, vol. 64, no. 6, pp. 2750-2758, 2023.

[38] T. Asefaw, M. Wolde, A. Edao, A. Tsegaye, G. Teklu, and F. Tesfay," Assessment of liver and
renal function tests among gasoline exposed gas station workers in Mekelle city, Tigray region,
Northern Ethiopia," PLOS ONE, vol. 15, no. 10, p. 0239716, 2020.

[39] R.S. Moghada, M. Afshari, and A. Ganjali, "Effect of occupational exposure to petrol and
gasoline components on liver and renal biochemical parameters among gas station attendants, a
review and meta-analysis," Reviews on Environmental Health, 2020.

[40] Z. Ahmadi, A. Moradabadi, D. Abdollahdokht, M. Maharani, and M.H. Nematollahi,
"Association of environmental exposure with hematological and oxidative stress alteration in
gasoline station attendants," Environmental Science and Pollution Research International, vol.
26, no. 20, pp. 20411-20417, 2019.

[41] A.H. Abdulameer, and S.Z. Hussein, "Assessment of Oxidative Stress Parameters for some
Baghdad City Fuel Stations Workers," Iraqgi Journal of Science, vol. 64, no. 6, pp. 2669-2680,
2023.

[42] S.H. Hasan, and H.R. HASAN, "Oxidative stress status in sera and seminal plasma and their
correlation with lead (Pb) and cadmium (Cd) in Iraqi infertile male," International Journal of
Pharmaceutical Research, vol. 12, no. 4, 2020.

[43] A. M. Qasem Surrati, W. M. Saeced, and E. M. Alfadhli "Anthropometrics and Plasma
Atherogenic Index in Saudi Women Madinah KSA," Pakistan Journal of Medical Sciences
Online, vol. 40, no. 3, 2023.

[44] J.C. Fernandez, A.C. Ochoa, J.A. Varela, and [.N. Perez, "Atherogenic index of plasma: novel

predictive biomarker for cardiovascular illnesses," Archives of Medical Research., vol. 50, pp.
285-294,2019.

3633


https://pubmed.ncbi.nlm.nih.gov/?term=Rahimi+Moghadam+S&cauthor_id=32853169
https://pubmed.ncbi.nlm.nih.gov/?term=Afshari+M&cauthor_id=32853169
https://pubmed.ncbi.nlm.nih.gov/?term=Ganjali+A&cauthor_id=32853169
https://pubmed.ncbi.nlm.nih.gov/?term=Moosazadeh+M&cauthor_id=32853169

Khalid and Kadhim Iraqgi Journal of Science, 2025, Vol. 66, No. 9, pp:3625-3634

[45] ] Q. Min, Z. Wu, and J.Yao, "Association between atherogenic index of plasma control level and
incident cardiovascular disease in middle-aged and elderly Chinese individuals with abnormal
glucose metabolism," Cardiovascular Diabetology, pp. 23-54, 2024.

3634


https://www.researchgate.net/scientific-contributions/Qianqian-Min-2252094538?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/scientific-contributions/Zhigang-Wu-2254338805?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/scientific-contributions/Jiangnan-Yao-2273569917?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24ifX0

