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Abstract 
 
Background Obesity, driven by excess calorie and fat intake, contributes to diabetes and cardiovascular 

disease. In rats, simple indices such as the Lee Index (LI) for obesity, triglyceride‑glucose index 
(TyGI) for insulin resistance, and atherogenic index of plasma (AIP) for cardiovascular risk provide 
cost‑effective tools to assess metabolic dysfunction and evaluate dietary or therapeutic 
interventions. 

Objective To show the effect of eight weeks of two types of feeding on the LI, TyGI and AIP in rats. 

Methods A comparative study involved 36 rats, divided into two groups; group 1 received an ordinary lab 
diet of 20 g per day and group 2 consumed a modified diet of 20 g per day. The studied parameters 
were the LI, TyGI, and AIP. LI was dependent on weight, and length from nose to anus, TyGI was 
dependent on triglyceride and glucose, while AIP was dependent on triglyceride and high-density 
lipoprotein cholesterol. All parameters were measured at 2 intervals (0 and 8) weeks. The study 
was done at Animal House at the College of Veterinary, University of Baghdad. 

Results The results showed that the LI did not significantly increase with no differences between the two 
groups conversely TyGI and AIP increased significantly in the modified and ordinary groups within 
8-week intervals. 

Conclusion Eight weeks of feeding of ordinary and modified diet in rats causes significant rise in TyGI and AIP 
but not enough to cause a significant change in LI. 

Keywords Obesity, Lee index, triglyceride glucose index, atherogenic index 

Citation Oudah AK, Ahmed MH. Impact of two different feeding regimens for eight weeks on Lee index, 
triglyceride glucose index and atherogenic index of rats. Iraqi JMS. 2025; 23(2): 424-430. doi: 
10.22578/IJMS.23.2.25 

 
List of abbreviations: HFD = High-fat diet, LI = Lee Index, TyGI = 
Triglyceride‑glucose index, AIP = Atherogenic index of plasma   
 

 
Introduction 

 besity is a growing health concern 
worldwide, leading to an increased risk 
of chronic diseases such as type 2 

diabetes and cardiovascular disease (1).  

The regulation of body weight is greatly 
influenced by the intake of calories, when there 
is an excessive intake of calories, regardless of 
their source, it leads to a state of positive energy 
balance this, in turn, results in the accumulation 
of fat and the development of metabolic 
dysfunction (2). 
The role of dietary fat composition in body 
weight regulation has garnered considerable 
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attention. Butter and soybean oil impact various 
dimensions of physiological and metabolic 
responses in both lean and obese rat models. 
The findings yield insights into the intricate 
interplay between dietary fat composition and 
body weight regulation (3,4). 
Lee index (LI) is an anthropometric technique to 
determine rat obesity (5). LI can be used as a fast 
and accurate way to determine obesity in rats 
subjected to a treatment weight gain. Stephens 
described the determination of obesity in rats 
proposed by Lee in 1928 (6); it consists of 
dividing the cube root of the weight in grams 
and national length in millimeters and 
multiplying by 1000. The result sets the 
nutritional content, LI, as a measure of obesity. 
The results below 0.300 are considered normal 
(7,8). 
The triglyceride glucose index (TyGI) is a 
biomarker that combines fasting triglyceride 
and glucose levels to assess insulin resistance 
and predict various health outcomes. Several 
studies have investigated the association 
between TyGI and different conditions. 
Research has shown that a high TyGI is 
significantly associated with an increased risk of 
acute kidney injury (AKI) in critically ill patients 
(9,10). In patients with coronary heart disease 
(CHD) and hypertension, an elevated TyGI is also 
associated with adverse prognosis and 
increased risk of cardiovascular events (11). 
The atherogenic index of Plasma (AIP) is a 
valuable tool used in studies with rats to assess 
their risk of developing atherosclerosis, a major 
contributor to cardiovascular disease (CVD) 
(12,13). AIP is a simple calculation that compares 
two key cholesterol values in a blood lipid 
profile total cholesterol and high-density 
lipoprotein cholesterol (HDL-C) (good 
cholesterol) (14,15). Studies might induce 
hyperlipidemia (high cholesterol) in rats with a 
cholesterol-rich diet and monitor changes in AIP 
to assess the atherogenic effect (16,17).  
Researchers might evaluate the effectiveness of 
potential therapeutic agents or dietary 
modifications by measuring their impact on AI 
levels in rats (18,19). 

LI, TyG, and AIP are costless bedside parameters 
that can be easily calculated. These parameters 
can predict the severity of disease in first-
diagnosed patients. Besides, LI is a parameter 
for obesity and weight gain, TyGl and AIP 
parameters can guide our treatment in the 
patient population. 
This study aimed to show the effect of eight 
weeks of two types of feeding on the LI, TyGl 
and AIP in rats. 
 
Methods 
Experimental animals  
The study was conducted from July 27th to 
September 30th, 2023 at the Animal House of 
the College of Veterinary Medicine, University 
of Baghdad, Iraq and involved male rats' group 
of 36, aged 7-9 weeks and within a range of 110-
150 grams. Ethical considerations were taken 
From the College of Pharmacy, Al-Nahrain 
University, Iraq, (approval ID: nah.co.pha.24) 
regarding dealing with rats. 
The rat's acclimatization period familiarized 
them with their new environment and dietary 
regime before a one-week study began. The rats 
received standard food pellets and fresh tap 
water. Accommodation in clean polypropylene 
cages in a controlled setting with a 12/12 light-
dark cycle and a constant temperature of 
23±2°C. Continuous monitoring of these vital 
parameters by temperature and humidity meter 
within the room. The 36 male rats were divided 
randomly into two groups of 18 each: Group 1 
included rats that received an ordinary lab diet 
of 20 g per day, and Group 2 included rats that 
consumed a modified diet (high-fat mix) of 20 g 
per day. Each rat was housed in a separate 
plastic cage within designated carts. 
 
Diet preparations  
The ordinary lab diet for rats was low in calories. 
It contained various ingredients such as wheat, 
barley, corn, dried milk, sunflower seeds, fish, 
meat, vegetable meal, chicken, egg, dietary salt 
mix, and gelatin (≈14.4% protein and ≈7.6% fat). 
While, the modified diet includes high-fat, as 
well as micronutrients. It is prepared using 
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butter, soy, peanuts, starch, tomato, potato, 
egg, chicken, cooked meat, and potato chips (≈ 
11.2% protein and ≈ 43.4% fat). The modified 
diet is produced by a specialized company 
“Altagi Feeders Company”. 
 
Body weight and length measurement  
Healthy rats weighing above 110 grams were 
involved in this study. Their body weight and 
length were tracked exactly, with week 0, and 
week 8 measurements documented using a 
calibrated electronic scale and Flexible tape for 
(20).  
 
Blood sampling and collection 
Blood sampling at baseline, and in week 8, the 
rats were carefully anesthetized using a precise 
intramuscular injection of ketamine (60 mg/kg 
body weight) and Xylazine (40 mg/kg body 
weight) (21). Using 23G syringe, specially chosen 
for its fine gauge to minimize tissue disruption, 
was used to gently draw 2 mL of blood from the 
rat's heart. The blood was then transferred to a 
clot activator tube, promoting efficient serum 
separation, the collected blood samples were 
centrifuged at 4000 rpm for 15 minutes, then 
the isolated serum was carefully extracted and 
stored at -20°C. This freezing step preserves the 
sample's integrity, ensuring reliable lipid profile 
measurements at a later stage. 
 
Assessment of lipid profile levels 
By Rat ELISA Kit of Sun Long Biotech Co. LTD and 
the procedure used as same Steps mentioned in 
the kit (22). 
 
Indices calculation  
LI was calculated according to this equation (23): 
LI = Cube root of body weight (g) / nose-to-anus 
length (cm)  
 

TyGI was calculated by using this equation (24): 
TyGI = Ln [fasting triglycerides (mg/dL) × fasting 
plasma glucose (mg/dL)/2] 
         
AIP was calculated by using this equation (25): 
AIP = Log (fasting triglyceride/HDL-C) 
 
Statistical analysis 
Data of the two groups were presented as mean 
± standard deviation (SD). Paired t-test were 
used to compare parameters between 0 and 8 
weeks, while unpaired t-test were used to 
compare parameters between two types of 
feeding. A P value less than 0.05 was considered 
as significant, while a p-value <0.001 was 
considered as highly significant. Statistical 
package for social sciences (SPSS) version 26 and 
Microsoft Office Excel 2024 were the software 
used for analysis.   
 
Results 
The ordinary diet group LI at week 0 (0.37±0.03) 
(P value = 0.053) was not significantly different 
than that of the modified diet group (0.37±0.05) 
(P value = 0.372). In both groups, the LI was 
increased in the next eight weeks of the study. 
However, this LI increment was not significantly 
different in week 0 and week 8 (P value = 0.783, 
0.927). The increase in LI during 8 weeks was 
less in those with a modified diet rather 
(102.58%) than in those with an ordinary diet 
(102.85%) (Table 1). 
As shown in table (2), TyGI showed a highly 
significant increment in both groups (P value 
<0.001) after 8 weeks of feeding, however, the 
difference in TyGI was more obvious in a group 
with a modified diet than in a group with an 
ordinary diet (106.28% vs 104.56%). Yet, no 
significant difference was noticed when 
compared TyGl at week 0 and week 8 between 
the both study groups (P value = 0.930, 0.064) 
respectively. 
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Table 1. Comparison of Lee index at week 0 and week 8 among normal and modified diet group 
groups 

 

Group 
Lee index 

P value* 
% of 

difference 
after 8 weeks 

Week 0 
Mean±SD 

Week 8 
Mean±SD 

Ordinary diet 0.37±0.03 0.38±0.03 0.053 102.85 
Modified diet 0.37±0.05 0.38±0.03 0.372 102.58 

P value** 0.783 0.927   
* P value by paired t-test, ** P value by unpaired t-test 

 
 

Table 2. Comparison of triglyceride glucose index at week 0 and week 8 among normal and 
modified diet group groups 

 

Group 
Triglyceride glucose index 

P value* 
% of 

difference 
after 8 weeks 

Week 0 
Mean±SD 

Week 8 
Mean±SD 

Ordinary diet 3.66±0.09 3.82±0.09 <0.001 104.56 
Modified diet 3.66±0.11 3.89±0.12 <0.001 106.28 

P value** 0.930 0.064   
* P value by paired t-test, ** P value by unpaired t-test 

 

 
There was a highly significant increase in AIP 
after 8 weeks of feeding (P value <0.001) in both 
groups and more obvious in a group with a 
modified diet than in a group with an ordinary 

diet (127.71% vs 121.08%). But no significant 
difference in AIP was shown at two times of 
measurement (0 and 8 weeks) (P value 0.645, 
0.138) respectively (Table 3). 

 
 

Table 3. Comparison of atherogenic index of plasma at week 0 and week 8 among normal and 
modified diet group groups 

 

Group 
Atherogenic index of plasma 

P value* 
% of 

difference 
after 8 weeks 

Week 0 
Mean±SD 

Week 8 
Mean±SD 

Ordinary diet 0.79±0.04 0.96±0.07 <0.001 121.08 
Modified diet 0.78±0.08 0.99±0.07 <0.001 127.71 

P value** 0.645 0.138   
* P value by paired t-test, ** P value by unpaired t-test 

 
 

Discussion 
The present study investigated the impact of 
two distinct feeding regimens over an 
eight‑week period on the LI, TyGl, and AIP. 
These indices were selected based on their 
ability to provide complementary insights into 

obesity, insulin resistance, and cardiovascular 
risk using relatively simple, non‑invasive, and 
reproducible measurements. 
Still, the question is what the main effect on the 
occurrence of obesity or dyslipidemia is with the 
types of food. This study applied to rats with 
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comparable age and weight initially, aiming to 
identify the effects of type of food on indices. 
Two study groups experienced an insignificant 
increase in the LI at week 8, with the same rate 
of percentage of increment. This may be 
explained as 8 weeks of feeding whether 
ordinary or modified is not enough to show 
significant change in LI. The mild increment in 
the LI in the two groups may be due to parallel 
changes in weight and height as they are in the 
stage of growing up and continuous feeding 
with limited activity for each rat as they were 
kept in a limited space within a cage whatever 
the type of feeding.  The LI, which is a measure 
of obesity, was found to be significantly 
increased in rats fed a high-fat diet (26) compared 
the effects of different diets on obesity in rats 
and consistently found that high-fat diets led to 
increased weight gain, adiposity, and fat depot 
weights, as indicated by higher LI values (27,28). 
The specific composition of the high-fat diets 
varied between the studies, with some using a 
butter-based high-fat diet and others using diets 
with different percentages of energy from lipids 
(29).  
In the present study, both ordinary and 
modified diet groups exhibited significant 
increases in the TyGI after 8 weeks, indicating 
that metabolic stress can arise even under 
standard dieting conditions. Importantly, 
however, the modified diet group 
demonstrated a greater percentage increase 
(106.28% vs. 104.56%), reflecting a trend 
toward more pronounced metabolic 
disturbance, even though the between-group 
difference did not reach statistical significance 
at this time point. These results align with 
previous work showing that high-fat diets 
induce adverse metabolic and endocrine 
changes in adipocytes and promote systemic 
inflammation when exposure is prolonged. 
Moreno-Fernández et al. (30) further 
demonstrated that high-fat/high-glucose 
feeding accelerates the development of 
metabolic syndrome in rats, reinforcing the 
notion that longer durations are required to 
capture the full extent of diet-induced 
impairment. In contrast, the rise in TyGI in the 
ordinary diet group may reflect the sensitivity of 

this index to understated metabolic shifts, as 
validated by Guerrero-Romero et al. (31) and 
Navarro-González et al., (32) who established 
TyGI as a reliable marker of insulin resistance 
and diabetes risk even in populations with 
normal fasting glucose. Thus, while both groups 
showed early increases, the trajectory of change 
suggests that high-fat diets may exacerbate 
metabolic risk over time. So, current findings 
verify the link between dietary fat intake and 
adverse metabolic outcomes observed in both 
animal models and human studies.  
The AIP was more obvious in a group with a 
modified diet than in a group with an ordinary 
diet. A higher AI indicates a greater risk of 
developing atherosclerosis, the plaque buildup 
in arteries leading to CVD (33).  Modified diet 
content is known to promote dyslipidemia, 
characterized by increased levels of atherogenic 
lipoproteins such as low-density lipoprotein 
cholesterol (LDL-C) and decreased levels of anti-
atherogenic lipoproteins such as HDL-C. These 
alterations contribute to an unfavorable lipid 
profile and elevate the AIP, reflecting an 
increased risk of atherosclerosis and 
cardiovascular diseases (34-36). High-fat diets 
have established models for inducing 
atherogenic changes in rats, they typically lead 
to elevated LDL-C and triglycerides, along with a 
decreased HDL-C, resulting in a higher AIP (37). 
The type of fat plays a role; saturated fats tend 
to increase the LDL-C and AIP, while 
unsaturated fats, particularly polyunsaturated 
fats, can have a lowering effect (38). In this study, 
eight weeks may not be enough time for 
significant changes in body composition or 
established metabolic pathways and factors like 
weight gain or lipid profile might take longer to 
develop with a study needs more than 12 weeks 
(39). 
In conclusion, both TyGl and AIP showed 
marked increases with no change in LI in both 
types of feeding for 8 weeks, which indicates a 
real change in lipid profile and blood glucose 
despite unchanging weight and height 
expressed by LI. Additionally, the type of food 
showed no difference on any studied index that 
suggests an insufficient interval of 8 weeks to 
make marked differences. 
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Future studies extending beyond 8 weeks, with 
additional markers of inflammation and insulin 
sensitivity, will be essential to determine 
whether the modified diet produces sustained 
and clinically relevant metabolic disturbances 
compared to ordinary diet. 
 
Acknowledgement 
The authors gratefully thank Dr. Ammar A. 
Abdulwahid, College of Veterinary Medicine, 
University of Baghdad for his assistance in 
experimental work. 
 
Author contribution 
Oudah: Data collection, experimental work, 
writing the manuscript draft. Dr. Ahmed: Study 
design, statistical analysis, and final revision of 
the manuscript.  
 
Conflict of interest  
The authors declare that there was no conflict 
of interest. 
 
Funding 
Self-funding. 
 
References 
1. Okunogbe A, Nugent R, Spencer G, et al. Economic 

impacts of overweight and obesity: current and future 
estimates for eight countries. BMJ Glob Health. 2021; 
6(10): e006351. doi: 10.1136/bmjgh-2021-006351.  

2. Speakman JR, Hall K D. Models of body weight and 
fatness regulation. Philos Trans R Soc Lond B Biol Sci. 
2023; 378(1888): 20220231. doi: 
https://doi.org/10.1098/rstb.2022.0231. 

3. Rolland V, Roseau S, Fromentin G, et al. Body weight, 
body composition, and energy metabolism in lean and 
obese Zucker rats fed soybean oil or butter. 2002 Am 
J Clin Nutr. 2002; 75(1): 21-30. doi: 
10.1093/ajcn/75.1.21.  

4. Loh MY, Flatt WP, Martin RJ, et al. Dietary fat type and 
level influence adiposity development in obese but 
not lean Zucker rats. 1998 Proc Soc Exp Biol Med. 
1998; 218(1): 38-44. doi: 10.3181/00379727-218-
44265.  

5. Bastías-Pérez M, Serra D, Herrero L. Dietary options 
for rodents in the study of obesity. Nutrients. 2020; 
12(11): 3234. doi: 
https://doi.org/10.3390/nu12113234 

6. Stephens DN. Does the Lee obesity index measure 
general obesity? Physiol Behav. 1980; 25(2): 313-5. 
doi: 10.1016/0031-9384(80)90222-x.  

7. Bernardis LL, and Patterson BD. Correlation between 
'Lee index' and carcass fat content in weanling and 
adult female rats with hypothalamic lesions. J 
Endocrinol. 1968; 40(4): 527-8. doi: 
10.1677/joe.0.0400527.  

8. Malafaia AB, Nassif PA, Ribas CA, et al. Obesity 
induction with high fat sucrose in rats. Arq Bras Cir Dig. 
2013; 26(Suppl 1): 17-21. English, Portuguese. doi: 
10.1590/s0102-67202013000600005.  

9. Araújo SP, Juvanhol LL, Bressan J, et al. Triglyceride 
glucose index: A new biomarker in predicting 
cardiovascular risk. Prev Med Rep. 2022; 29:101941. 
doi: 10.1016/j.pmedr.2022.101941.  

10. Liu L, Xia R, Song X, et al. Association between the 
triglyceride-glucose index and diabetic nephropathy in 
patients with type 2 diabetes: A cross-sectional study. 
J Diabetes Investig. 2021; 12(4): 557-65. doi: 
10.1111/jdi.13371. 

11. Tao S, Yu L, Li J, et al. Association between the 
triglyceride-glucose index and 1-year major adverse 
cardiovascular events in patients with coronary heart 
disease and hypertension. Cardiovasc Diabetol. 2023; 
22(1): 305. doi: 10.1186/s12933-023-02018-9. 

12. Niroumand S, Khajedaluee M, Khadem-Rezaiyan M, et 
al. Atherogenic Index of Plasma (AIP): A marker of 
cardiovascular disease. Med J Islam Repub Iran. 2015; 
29: 240.  

13. Sa’adah NN, Purwani KI, Nurhayati APD, et al. Analysis 
of lipid profile and atherogenic index in hyperlipidemic 
rat (Rattus norvegicus Berkenhout, 1769) that given 
the methanolic extract of Parijoto (Medinilla 
speciosa). AIP Conf. Proc. 2017; 1854(1): 020031. doi:  
10.1063/1.4985422. 

14. Al Shawaf E, Al-Ozairi E, Al-Asfar F, et al. Atherogenic 
index of plasma (AIP) a tool to assess changes in 
cardiovascular disease risk post laparoscopic sleeve 
gastrectomy. J Diabetes Res. 2020; 2020: 2091341. 
doi: 10.1155/2020/2091341.  

15. Kim SH, Cho YK, Kim YJ, et al. Association of the 
atherogenic index of plasma with cardiovascular risk 
beyond the traditional risk factors: a nationwide 
population-based cohort study. Cardiovasc Diabetol. 
2022; 21(1): 81. doi: 10.1186/s12933-022-01522-8.  

16. Vinué Á, Herrero-Cervera A, González-Navarro H. 
Understanding the impact of dietary cholesterol on 
Chronic metabolic diseases through studies in rodent 
models. Nutrients. 2018; 10(7): 939. 
doi:10.3390/nu10070939 

17. Onody A, Csonka C, Giricz Z, et al. Hyperlipidemia 
induced by a cholesterol-rich diet leads to enhanced 
peroxynitrite formation in rat hearts. Cardiovasc Res. 
2003; 58(3): 663-70. doi: 10.1016/s0008-
6363(03)00330-4.  

18. Ojetola AA, Adedeji TG, Fasanmade AA. Changes in 
antioxidants status, atherogenic index, and 
cardiovascular variables after prolonged doses of D-
ribose-L-cysteine in male Wistar rats. Heliyon. 2021; 
7(2): e06287. doi: 10.1016/j.heliyon.2021.e06287. 



Oudah & Ahmed, Dietary Impact on Lee Index, TyGI, and AIP of Rats 

430 
 

 

19. Hassan S, El-Twab SA, Hetta M, et al. Improvement of 
lipid profile and antioxidant of hypercholesterolemic 
albino rats by polysaccharides extracted from the 
green alga Ulva lactuca Linnaeus. Saudi J Biol Sci. 2011; 
18(4): 333-40. doi: 10.1016/j.sjbs.2011.01.005. 

20. Gerbaix M, Metz L, Ringot E, et al. Visceral fat mass 
determination in rodent: validation of dual-energy x-
ray absorptiometry and anthropometric techniques in 
fat and lean rats. Lipids Health Dis. 2010; 9: 140. doi: 
10.1186/1476-511X-9-140. 

21. Van Pelt LF. Ketamine and xylazine for surgical 
anesthesia in rats. J Am Vet Med Assoc. 1977; 171(9): 
842-4.  

22. Sun Long Biotech – Rat ELISA kits. Available at 
https://www.sunlongbiotech.com/category.php?id=3
2. 

23. Adebayo AO, Akinloye AK, Oke BO, et al. Relationship 
between Body Mass Index (BMI) and testicular and 
hormonal parameters of sexually active male greater 
cane rats (Thryonomys swinderianus). Anim Reprod. 
2020; 17(1): e20190026. doi: 10.21451/1984-3143-
AR2019-0026 

24. Srinivasan S, Singh P, Kulothungan V, et al. 
Relationship between triglyceride glucose index, 
retinopathy and nephropathy in Type 2 diabetes. 
Endocrinol Diabetes Metab. 2020; 4(1): e00151. doi: 
10.1002/edm2.151.  

25. Kanthe PS, Patil BS, Bagali Sh, et al. atherogenic index 
as a predictor of cardiovascular risk among women 
with different grades of obesity. Int J Coll Res Int Med 
Public Health. 2012; 4(10): 1767-74. 

26. Fitriani D, Meliala A, Agustiningsih D. The 
administration of a long-term high-fat diet in 
ovariectomized Wistar rats (Study on daily food 
intake, Lee index, abdominal fat mass, and leptin 
serum levels). J Med Sci. 2016; 48(2): 69-80. doi: 
http://dx.doi.org/10.19106/JMedSci004802201601. 

27. Buyukdere Y, Gulec A, Akyol A. Cafeteria diet 
increased adiposity in comparison to high fat diet in 
young male rats. PeerJ. 2019; 7: e6656. doi: 
10.7717/peerj.6656.  

28. Lima TDR, Voltarelli FA, Freire LS, et al. High-fat diet 
and fructose drink introduced after weaning rats, 
induces a better human obesity model than very high-
fat diet. J Food Biochem. 2021; 45(4): e13671. doi: 
10.1111/jfbc.13671.  

29. Jiri Mutu Z, Shilong L, Peng N, et al. Efficacy of Kushen 
decoction on high-fat-diet-induced hyperlipidemia in 
rats. J Tradit Chin Med. 2022; 42(3): 364-71. doi: 
10.19852/j.cnki.jtcm.20220225.002.  

30. Moreno-Fernández S, Garcés-Rimón M, Vera G, et al. 
High fat/high glucose diet induces metabolic 

syndrome in an experimental rat model. Nutrients. 
2018; 10(10): 1502. doi:10.3390/nu10101502 

31. Guerrero-Romero F, Villalobos-Molina R, Jiménez-
Flores JR, et al. Fasting Triglycerides and Glucose Index 
as a Diagnostic Test for Insulin Resistance in Young 
Adults. Arch Med Res. 2016; 47(5): 382-7. doi: 
10.1016/j.arcmed.2016.08.012.  

32. Navarro-González D, Sánchez-Íñigo L, Pastrana-
Delgado J, et al. Triglyceride-glucose index (TyG index) 
in comparison with fasting plasma glucose improved 
diabetes prediction in patients with normal fasting 
glucose: The Vascular-Metabolic CUN cohort. Prev 
Med. 2016; 86: 99-105. doi: 
10.1016/j.ypmed.2016.01.022.  

33. Kazemi T, Hajihosseini M, Moossavi M, et al. 
Cardiovascular risk factors and atherogenic indices in 
an Iranian population: Birjand East of Iran. Clin Med 
Insights Cardiol. 2018; 12: 1179546818759286. doi: 
10.1177/1179546818759286.  

34. Stadler JT, Marsche G. Obesity-Related Changes in 
high-density lipoprotein metabolism and function. Int 
J Mol Sci. 2020; 21(23): 8985. doi: 
10.3390/ijms21238985 

35. Manjunath CN, Rawal JR, Irani PM, et al. Atherogenic 
dyslipidemia. Indian J Endocrinol Metab. 2013; 17(6): 
969-76. doi: 10.4103/2230-8210.122600.  

36. Cooney MT, Dudina A, De Bacquer D, et al. HDL 
cholesterol protects against cardiovascular disease in 
both genders, at all ages and at all levels of risk. 
Atherosclerosis. 2009; 206(2): 611-6. doi: 
10.1016/j.atherosclerosis.2009.02.041.  

37. Althwab SA, Alamro SA, Al Abdulmonem W, et al. 
Fermented camel milk enriched with plant sterols 
improves lipid profile and atherogenic index in rats fed 
high-fat and -cholesterol diets. Heliyon. 2022; 8(10): 
e10871. doi: 10.1016/j.heliyon.2022.e10871. 

38. Siri-Tarino PW, Sun Q, Hu FB, et al. Saturated fatty 
acids and risk of coronary heart disease: modulation 
by replacement nutrients. Curr Atheroscler Rep. 2010; 
12(6): 384-90. doi:10.1007/s11883-010-0131-6. 

39. DiNicolantonio JJ, O'Keefe JH. Effects of dietary fats on 
blood lipids: a review of direct comparison trials. Open 
Heart. 2018; 5(2): e000871. doi: 10.1136/openhrt-
2018-000871 
 

 

Correspondence to Dr. Majid H. Ahmed 
E-mail: majid.almoheb@nahrainuniv.edu.iq 

majid.almoheb@gmail.com 

Received Apr. 2nd 2024 
Accepted Dec. 23rd 2025

 

mailto:majid.almoheb@nahrainuniv.edu.iq
mailto:majid.almoheb@gmail.com

