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ABSTRACT

Rheumatoid arthritis clinical symptoms can range from moderate to severe. It can destroy joints, result in chronic 
disability, and cause early death. A greater risk of cardiovascular disease is one of the clinically relevant comorbidities 
that rheumatoid arthritis is linked to. There are few, conflicting data that are currently available on lipid problems 
in RA. Inflammation seems to cause changes in high-density lipoprotein (HDL) and low-density lipoprotein (LDL) 
cholesterol levels. The purpose of this study is to ascertain how seasonal fluctuations in Iraq impact the concentrations 
of specific vital components in rheumatoid arthritis patients. 

Material and subjects: The study included (97) subjects, (55) confirmed rheumatoid arthritis, and (42) apparently 
healthy controls whose ages ranging between (30-60) years. The samples were collected and followed up across 
seasons during the period from January 2020 to February 2021. They were among outpatients who attended the 
Rheumatology Unit in Medical City/Baghdad. Measurements were made and a questionnaire was applied to each 
participant in the laboratories of the Medical City. 

Results: During the winter season, non-significant variations in urea, creatinine, AST, and HDL levels were seen between 
RA patients and healthy controls, although significant differences (P<0.05) were seen in ALT. In the moderate season, 
non-significant variations in urea, creatinine, AST, and HDL levels were observed between patients and controls, 
while significant differences (P<0.05) in ALT and Triglyceride levels were observed. Creatinine, ALT, and AST levels 
were not significantly different during the summer season, but urea, Triglyceride, and HDL levels were significantly 
different (P<0.05). Between the winter, moderate, and summer seasons, there were no significant differences in urea, 
creatinine, ALT, AST, S. Triglyceride, and HDL.While there was a significant difference (P<0.05) in cholesterol levels 
which increased in the winter season as compared with the summer season. 

Conclusion: The inflammatory condition, rather than the changing of the seasons, has a greater impact on the liver 
and kidney functioning in rheumatoid arthritis patients.
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INTRODUCTION

Rheumatoid arthritis (RA) has a wide range of clinical 
manifestations, ranging from moderate to serious 

illness, which can result in joint injury, permanent 
impairment, and early death, RA is a chronic and 
persistent inflammatory condition of the small and 
large joints, with structural damage to the articular 
and the periarticular besides the other consequences 
of systemic inflammation [1]. Numerous clinically 
significant comorbidities, such as an increased risk of 
cardiovascular disease, are associated with rheumatoid 
arthritis. The latter is obscured by conventional risk 
factors (such as hypertension and obesity), indicating 
that different mechanisms are at work when bad 
consequences occur. Lipids serve a crucial purpose 
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in mammalian cells [2]. There are few and conflicting 
published reports on lipid abnormalities in RA. The 
inflammation tends to be the cause of increases in 
cholesterol levels, high-density lipoprotein (HDL), and 
low-density lipoprotein (LDL) [3]. The pattern of lipid 
metabolism during inflammation is proatherogenic and 
thought to play a role in atherosclerosis, especially in 
chronic inflammatory conditions such as RA. The etiology 
of kidney disease has been linked to both medications 
and RA complications [4]. Chronic kidney disease (CKD) 
affects approximately 9–24% of patients with RA, and 
the average incidence of renal failure is higher in patients 
with RA than in those without the disease [5]. Previous 
research has linked renal dysfunction in RA patients 
to a variety of factors including age, hypertension, and 
medications [6]. The previous study has discovered 
fatty modifications, cellular necrosis, chronic passive 
congestion, and gross atrophy in the livers of untreated 
RA patients [7]. As a consequence, RA may cause liver 
damage on its own. The presence of abnormal liver 
function tests is an independent indicator of mortality 
[8]. Because of the high mortality rate associated with 
both rheumatoid arthritis and irregular LFTs, such a 
population with RA may be at greater risk. The aim of 
this study to evaluate some vital parameters of Iraqi 
rheumatoid arthritis patients.

MATERIAL AND SUBJECTS

The study included (97) subjects, (55) patients with 
confirmed rheumatoid arthritis, and (42) apparently 
healthy controls who were selected with ages ranging 
between (35-60) years. The samples were collected and 
followed up in winter, moderate, and summer seasons 
during the period from January 2020 to February 2021. 
They were among those who attended the outpatients' 
Clinic in Medical City/Baghdad Teaching hospital/
Rheumatology Unit. Measurements were performed 
and the questionnaire was applied to all participants. 
Tests were done in Medical City – Teaching Laboratories. 
Ethical approval and permission were taken from 
the committee of the Ministry of Health and assigned 
consent for each patient was documented before taking 
the blood for the research study. The healthy control 
group had no history or clinical evidence of RA or any 
other chronic disease. Lipid profile, kidney function, and 
liver function estimations were performed by using kits 
from Roch Germany.

Statistical analysis 
Data procession software package SPSS 20 for windows 
was used to perform quantitative analysis. Data are 
expressed as mean ± standard error (M ± SE). Differences 
between means of two major groups are analyzed by 
using t-test and the significance is tested at a two-tail 
value. While differences among subgroups are analyzed 
by using one-way analysis of variance (ANOVA), then if 
there are significant differences, they are analyzed by 
the least significant difference (LSD) test. The p-value of 
differences <0.05was considered significant.

RESULTS

The results showed that there were non-significant 
differences during winter season between RA patients 
and healthy control in urea, creatinine, AST and HDL 
levels, while significant differences (P<0.05) were 
recorded in ALT (26.38 ± 1.35 mg/dL) (19.02 ± 1.35 
mg/dL), Cholesterol (198.06 ± 8.49 mg/dL) (162.66 ± 
6.35mg/dL) and Triglyceride (185.78 ± 13.71 mg/dL) 
(137.27 ± 6.98 mg/dL) sequentially. The results are 
detailed in the Table 1.

Same results were recorded in moderate season as there 
were non-significant differences in urea, creatinine, AST 
and HDL levels between patients and control while there 
were significant differences (P<0.05) in ALT (25.14 ± 
0.96 mg/dL)(15.00 ± 1.70 mg/dL), Cholesterol (174.70 
± 9.40 mg/dL) ( 183.86 ± 10.74 mg/dL) and Triglyceride 
level ( 164.62 ± 13.24 mg/dL)( 137.73 ± 7.82 mg/dL), as 
shown in Table 2.

In summer season there were non-significant differences 
in creatinine, ALT, AST levels, but significant differences 
(P<0.05) were occurred in urea (34.47 ± 1.96 mg/dL) 
(27.62 ± 1.24 mg/dL), Triglyceride (30.59 ± 1.78 mg/
dL) (21.61.71 ± 0.67mg/dL), and HDL (150.15 ± 18.57 
mg/dL) (99.28 ± 5.24 mg/dL), and as they illustrated in 
Table 3.

Results of statistical analysis showed that there were 
no significant differences in urea, creatinine, ALT, AST, 
S. Triglyceride, and HDL between winter, moderate, and 
summer seasons. While there was a significant difference 
(P<0.05) in cholesterol levels which increased in the 
winter season (198.06 ± 8.479mg/dl) as compared with 
the summer season (172.62 ± 7.78 mg/dl) (Table 4).

Table 1: Comparison between RA patients and control in renal, 
liver, and lipid profile parameters of the winter season.

Parameters (mg/dl) Control N (42) Mean ± SE Patients N (55) Mean ± SE
Urea 28.00 ± 2.30 26.00 ± 1.29

Creatinine 0.65 ± 0.04 0.67 ± 0.02
ALT 19.02 ± 1.35 26.38 ± 1.35*
AST 19.78 ± 1.24 22.80 ± 1.21

Cholesterol 162.66 ± 6.35 198.06 ± 8.49*
Triglyceride 137.27 ± 6.98 185.78 ± 13.71*

HDL 23.71 ± 1.58 27.43 ± 2.32
* P<0.0.5

Table 2: Comparison between RA patients and control in renal, 
liver, and lipid profile Parameters of moderate season.

Parameters (mg/dl) Control N (42) Mean ± SE Patients N (55) Mean ± SE
Urea 28.13 ± 1.74 27.17 ± 1.72

Creatinine 0.76 ± 0.05 0.89 ± 0.22
ALT 15.00 ± 1.70 25.14 ± 0.96*
AST 18.86 ± 1.12 22.74 ± 1.68

Cholesterol 183.86 ± 10.74 174.70 ± 9.40*
Triglyceride 137.73 ± 7.82 164.62 ± 13.24*

HDL 22.46 ± 1.83 34.23 ± 3.40
* P<0.0.5
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patients compared to the control group, it may be due, in 
part, to the limited physical activity of the patients, and in 
part to the effect of the medications taken by rheumatoid 
arthritis patients. Among the interesting things in this 
regard is that patients who underwent methotrexate 
therapy were more likely to have dyslipidemia than those 
receiving other DMARDS treatments [16]. A previous 
study reported elevated cholesterol and HDL cholesterol 
levels for those taking MTX drugs plus etanercept [17]. 
Studies reported that rheumatoid arthritis is linked to 
abnormal lipoprotein patterns. Increased cholesterol 
levels from baseline associated with increased TG and HDL 
led to a greater development of the disease activity [18].

In this study, the results of the lipid profile analysis 
indicate that it may depend on the progression of 
rheumatoid arthritis disease and response to treatment. 
Some other attributes this increase to aging, which 
is a risk factor for lipid profile disorders [19], as well 
as prolonged inflammation [20]. Therefore it can be 
assumed that aging and disease duration are potential 
risk factors for dyslipidemia in patients with RA. 
Therefore, improvement of the lipoprotein profile of 
those patients appears to be associated with suppression 
of inflammation [21].

The observed increase in cholesterol level during the 
winter season in this study can be explained depending 
on [22] who suggests that long-term cold exposure can 
increase the rate of lipolysis to some extent in adipose 
tissues, especially in Brown adipose tissues (BAT) 
which plays a major role in TG metabolism and controls 
TG clearance [23]. The BAT produces heat to maintain 
body temperature by consuming TGs that are stored in 
intracellular lipid droplets (LDs) [24]. Besides, monthly 
mean cholesterol level is negatively correlated with 
monthly mean temperature. And the seasonal differences 
in cholesterol levels were independent of body weight 
and other potential confounding factors [25].

Given the high prevalence of dyslipidemia (i.e., 
pathologic changes of plasma lipid molecules, including 
triglycerides, cholesterol, LDL, and HDL and their 
ratios) in RA patients and the inflammatory nature of 
RA, The survey of inflammation-induced plasma lipid 
alteration in RA patients could be the subject of further 
investigation [26]. On the other hand, intact metabolism 
is a critical factor that guarantees the proper function of 
the immune cells, and impairment of metabolic reactions 
in these cells contributes to RA inflammation [27,28].

CONCLUSION

The inflammatory condition, rather than the changing of 
the seasons, has a greater impact on the liver and kidney 
functioning in rheumatoid arthritis patients?

REFERENCES

1. https://www.elsevier.com/books/morreys-the-elbow-
and-its-disorders/morrey/978-0-323-34169-1 

DISCUSSION

Environmental factors induce complex post-
translational modifications in genetically vulnerable 
populations, which in turn trigger a pathologic activation 
of the immune system, ultimately leading to the clinical 
initiation of the disease [9]. And before the first clinical 
signs of RA, the immune initiation of the disease can be 
seen in the development of autoimmunity associated 
with the disease [10]. 

The renal function of rheumatoid arthritis patients 
was assessed by measuring blood urea and creatinine, 
as the blood urea value was significantly decreased. 
These results, along with the results of another study 
that indicated a decrease in blood urea in rheumatoid 
arthritis patients [11] indicated that the kidneys of such 
patients were susceptible to seasonal changes.

On the other hand, the finding of increased levels of 
Creatinine in healthy individuals during the summer 
season, which causes reduced blood flow toward the 
kidney during heat stress conditions, was similarly, 
reported in previous studies done by Srikandakumar, 
et al., Suhair, and Indu, et al. [11-13]. The significant 
elevation in ALT during winter and moderate season 
in patients compared to healthy control, probably 
because of the use of MTX is in line with Akhlaghi, et 
al. who showed a trend of increasing liver enzyme 
concentrations in RA patients. Moreover, other studies 
have reported that there was a slight increase in the 
levels of aminotransferase (AST and ALT) in the blood of 
such patients [14,15]. The elevation of liver enzymes in 
this study may vary with disease activity, long-term MTX 
therapy, and different doses of therapy. Inflammation and 
MTX treatment may disrupt liver enzyme metabolism.

Concerning the high lipid levels in rheumatoid arthritis 

Table 3: Comparison between RA patients and control in renal, 
liver, and lipid profile parameters of the summer season.

Parameters (mg/dl) Control N (42) Mean ± SE Patients N (55) Mean ± SE
Urea 34.47 ± 1.96 27.62 ± 1.24*

Creatinine 0.78 ± 0.39 0.70 ± 0.27
ALT 19.43 ± 0.88 22.06 ± 1.90
AST 17.80 ± 1.02 20.01 ± 1.52

Cholesterol 166.38 ± 7.28 172.62 ± 7.78
Triglyceride 99.28 ± 5.24 150.15 ± 18.57*

HDL 21.61.71 ± 0.67 30.59 ± 1.78*
* P<0.0.5

Parameters(mg/
dl)

Winter Mean 
± ER

Moderate Mean 
± ER

Summer Mean 
± ER

Urea 26.0 ± 1.29 27.27 ± 2.72 27.62 ± 1.24
Creatinine 0.67 ± 0.02 0.89 ± 0.22 0.70 ± 0.27

ALT 26.38 ± 2.43 25.14 ± 0.96 22.06 ± 1.90
AST 22.80 ± 1.21 22.74 ± 1.68 20.01 ± 1.52

Cholesterol 198.06 ± 8.479a* 174.70 ± 9.40 172.62 ± 7.78
Triglyceride 185.78 ± 13.71 164.62 ± 13.24 150.15 ± 18.57

HDL 27.43 ± 2.32 34.23 ± 3.40 30.59 ± 1.78

Table 4: Differences in Renal, liver, and lipid profile parameters of 
RA patients groups according to seasons.



Reham Najim Abd, et al. J Res Med Dent Sci, 2022, 10 (8):133-136

136Journal of Research in Medical and Dental Science | Vol. 10 | Issue 8 | August  2022

diseases. Clin Liver Dis 2002; 6:933-946. 

16. Toosi TD, Rostamiyan A, Moharrami K, et al. Lipid profile 
changes in rheumatoid arthritis patients: Investigation 
of different affecting factors. Acta Medica Iranica 2018; 
665-670. 

17. Navarro-Millán I, Charles-Schoeman C, Yang S, et al. 
Changes in lipoproteins associated with methotrexate 
therapy or combination therapy in early rheumatoid 
arthritis: results from the treatment of early rheumatoid 
arthritis trial. Arthritis Rheumatism 2013; 65:1430-
1438. 

18. Boers M, Nurmohamed MT, Doelman CJ, et al. Influence 
of glucocorticoids and disease activity on total and 
high density lipoprotein cholesterol in patients with 
rheumatoid arthritis. Ann Rheum Dis 2003; 62:842-845. 

19. Higashi Y, Sukhanov S, Anwar A, et al. Aging, 
atherosclerosis, and IGF-1. J Gerontol 2012; 67:626-639.

20. Turesson C, Jacobsson LT, Matteson EL. Cardiovascular 
co-morbidity in rheumatic diseases. Vasc Health Risk 
Manag 2008; 4:605. 

21. Steiner G, Urowitz MB. Lipid profiles in patients with 
rheumatoid arthritis: Mechanisms and the impact of 
treatment. In Seminars in arthritis and rheumatism 
2009; 38:372-381. 

22. Nie Y, Yan Z, Yan W, et al. Cold exposure stimulates lipid 
metabolism, induces inflammatory response in the 
adipose tissue of mice and promotes the osteogenic 
differentiation of BMMSCs via the p38 MAPK pathway 
in vitro. International J Clin Exp Pathol 2015; 8:10875. 

23. Bartelt A, Bruns OT, Reimer R, et al. Brown adipose 
tissue activity controls triglyceride clearance. Nature 
Med 2011; 17:200-205. 

24. Khedoe PP, Hoeke G, Kooijman S, et al. Brown adipose 
tissue takes up plasma triglycerides mostly after 
lipolysis. J Lipid Res 2015; 56:51-59.

25. Garde AH, Hansen AM, Skovgaard LT, et al. Seasonal 
and biological variation of blood concentrations of 
total cholesterol, dehydroepiandrosterone sulfate, 
hemoglobin A1c, IgA, prolactin, and free testosterone in 
healthy women. Clin Chem 2000; 46:551-559. 

26. Robinson D, Bevan EA, Hinohara S, et al. Seasonal 
variation in serum cholesterol levels—evidence from 
the UK and Japan. Atherosclerosis 1992; 95:15-24. 

27. Greiner A, Plischke H, Kellner H, et al. Association of 
anti-cyclic citrullinated peptide antibodies, anti-citrullin 
antibodies, and IgM and IgA rheumatoid factors with 
serological parameters of disease activity in rheumatoid 
arthritis. Ann N Y Acad Sci 2005; 1050:295-303. 

28. Samimi M, Pourhanifeh MH, Mehdizadehkashi A, et al. 
The role of inflammation, oxidative stress, angiogenesis, 
and apoptosis in the pathophysiology of endometriosis: 
Basic science and new insights based on gene expression. 
J Cell Physiol 2019; 234:19384-19392.

2. Naud R, Houtman D, Rose GJ, et al. Counting on dis-
inhibition: a circuit motif for interval counting and 
selectivity in the anuran auditory system. J Neurophysiol 
2015; 114:2804-2815. 

3. Khovidhunkit W, Memon RA, Feingold KR, et al. Infection 
and inflammation-induced proatherogenic changes of 
lipoproteins. J Infect Dis 2000; 181:462-472. 

4. Smolen JS, Landewé R, Breedveld FC, et al. EULAR 
recommendations for the management of rheumatoid 
arthritis with synthetic and biological disease-modifying 
antirheumatic drugs. Ann Rheum Dis 2010; 69:964-975. 

5. Saisho K, Yoshikawa N, Sugata K, et al. Prevalence of 
chronic kidney disease and administration of RA-
related drugs in patients with RA: The NinJa 2012 study 
in Japan. Modern Rheumatol 2016; 26:331-335. 

6. Mori S, Yoshitama T, Hirakata N, et al. Prevalence of and 
factors associated with renal dysfunction in rheumatoid 
arthritis patients: a cross-sectional study in community 
hospitals. Clin Rheumatol 2017; 36:2673-2682. 

7. Richmond W. Preparation and properties of a cholesterol 
oxidase from Nocardia sp. and its application to the 
enzymatic assay of total cholesterol in serum. Clin Chem 
1973; 19:1350-1356. 

8. Ruhl CE, Everhart JE. Elevated serum alanine 
aminotransferase and γ-glutamyltransferase and 
mortality in the United States population. Gastroenterol 
2009; 136:477-485. 

9. Porter CK, Riddle MS, Laird RM, et al. Cohort profile 
of a US military population for evaluating pre-disease 
and disease serological biomarkers in rheumatoid and 
reactive arthritis: Rationale, organization, design, and 
baseline characteristics. Contemp Clin Trials Commun 
2020; 17:100522.

10. Guo Q, Wang Y, Xu D, et al. Rheumatoid arthritis: 
Pathological mechanisms and modern pharmacologic 
therapies. Bone Res 2018; 6:1-4. 

11. Chavan VU, Ramavataram DV, Patel PA, et al. Evaluation of 
serum magnesium, lipid profile and various biochemical 
parameters as risk factors of cardiovascular diseases 
in patients with rheumatoid arthritis. J Clin Diagn Res 
2015; 9:BC01. 

12. Srikandakumar A, Johnson EH, Mahgoub O. Effect of 
heat stress on respiratory rate, rectal temperature and 
blood chemistry in Omani and Australian Merino sheep. 
Small Ruminant Res 2003; 49:193-198. 

13. Suhair MS. Effects of level of feeding and season on 
rectal temperature and blood metabolites in desert 
rams. Acad J Nutr 2012; 1:14-18

14. Indu S, Sejian V, Naqvi SM. Impact of simulated heat 
stress on growth, physiological adaptability, blood 
metabolites and endocrine responses in Malpura ewes 
under semiarid tropical environment. Anim Prod Sci 
2014; 55:766. 

15. Walker NJ, Zurier RB. Liver abnormalities in rheumatic 

https://www.liver.theclinics.com/article/S1089-3261(02)00052-1/abstract
http://acta.tums.ac.ir/index.php/acta/article/view/7419
http://acta.tums.ac.ir/index.php/acta/article/view/7419
http://acta.tums.ac.ir/index.php/acta/article/view/7419
https://onlinelibrary.wiley.com/doi/abs/10.1002/art.37916
https://onlinelibrary.wiley.com/doi/abs/10.1002/art.37916
https://onlinelibrary.wiley.com/doi/abs/10.1002/art.37916
https://onlinelibrary.wiley.com/doi/abs/10.1002/art.37916
https://academic.oup.com/biomedgerontology/article-abstract/67A/6/626/584011
https://academic.oup.com/biomedgerontology/article-abstract/67A/6/626/584011
https://www.dovepress.com/cardiovascular-co-morbidity-in-rheumatic-diseases-peer-reviewed-fulltext-article-VHRM
https://www.dovepress.com/cardiovascular-co-morbidity-in-rheumatic-diseases-peer-reviewed-fulltext-article-VHRM
https://www.sciencedirect.com/science/article/pii/S0049017208000383
https://www.sciencedirect.com/science/article/pii/S0049017208000383
https://www.sciencedirect.com/science/article/pii/S0049017208000383
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4637617/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4637617/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4637617/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4637617/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4637617/
https://www.nature.com/articles/nm.2297
https://www.nature.com/articles/nm.2297
https://www.jlr.org/article/S0022-2275(20)35639-X/abstract
https://www.jlr.org/article/S0022-2275(20)35639-X/abstract
https://www.jlr.org/article/S0022-2275(20)35639-X/abstract
https://academic.oup.com/clinchem/article-abstract/46/4/551/5641166
https://academic.oup.com/clinchem/article-abstract/46/4/551/5641166
https://academic.oup.com/clinchem/article-abstract/46/4/551/5641166
https://academic.oup.com/clinchem/article-abstract/46/4/551/5641166
https://academic.oup.com/clinchem/article-abstract/46/4/551/5641166
https://www.sciencedirect.com/science/article/pii/002191509290171C
https://www.sciencedirect.com/science/article/pii/002191509290171C
https://www.sciencedirect.com/science/article/pii/002191509290171C
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1196/annals.1313.031
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1196/annals.1313.031
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1196/annals.1313.031
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1196/annals.1313.031
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1196/annals.1313.031
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.28666
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.28666
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.28666
https://journals.physiology.org/doi/abs/10.1152/jn.00138.2015
https://journals.physiology.org/doi/abs/10.1152/jn.00138.2015
https://journals.physiology.org/doi/abs/10.1152/jn.00138.2015
https://academic.oup.com/jid/article-abstract/181/Supplement_3/S462/2191190
https://academic.oup.com/jid/article-abstract/181/Supplement_3/S462/2191190
https://academic.oup.com/jid/article-abstract/181/Supplement_3/S462/2191190
https://ard.bmj.com/content/69/6/964.short
https://ard.bmj.com/content/69/6/964.short
https://ard.bmj.com/content/69/6/964.short
https://ard.bmj.com/content/69/6/964.short
https://academic.oup.com/mr/article-abstract/26/3/331/6301383
https://academic.oup.com/mr/article-abstract/26/3/331/6301383
https://academic.oup.com/mr/article-abstract/26/3/331/6301383
https://academic.oup.com/mr/article-abstract/26/3/331/6301383
https://link.springer.com/article/10.1007/s10067-017-3804-5
https://link.springer.com/article/10.1007/s10067-017-3804-5
https://link.springer.com/article/10.1007/s10067-017-3804-5
https://link.springer.com/article/10.1007/s10067-017-3804-5
https://academic.oup.com/clinchem/article-abstract/19/12/1350/5676740
https://academic.oup.com/clinchem/article-abstract/19/12/1350/5676740
https://academic.oup.com/clinchem/article-abstract/19/12/1350/5676740
https://www.sciencedirect.com/science/article/pii/S0016508508018908
https://www.sciencedirect.com/science/article/pii/S0016508508018908
https://www.sciencedirect.com/science/article/pii/S0016508508018908
https://www.sciencedirect.com/science/article/pii/S2451865420300065
https://www.sciencedirect.com/science/article/pii/S2451865420300065
https://www.sciencedirect.com/science/article/pii/S2451865420300065
https://www.sciencedirect.com/science/article/pii/S2451865420300065
https://www.sciencedirect.com/science/article/pii/S2451865420300065
https://www.nature.com/articles/s41413-018-0016-9
https://www.nature.com/articles/s41413-018-0016-9
https://www.nature.com/articles/s41413-018-0016-9
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2015&volume=9&issue=4&page=BC01&issn=0973-709x&id=5740
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2015&volume=9&issue=4&page=BC01&issn=0973-709x&id=5740
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2015&volume=9&issue=4&page=BC01&issn=0973-709x&id=5740
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2015&volume=9&issue=4&page=BC01&issn=0973-709x&id=5740
https://www.sciencedirect.com/science/article/pii/S092144880300097X
https://www.sciencedirect.com/science/article/pii/S092144880300097X
https://www.sciencedirect.com/science/article/pii/S092144880300097X
https://www.semanticscholar.org/paper/Effects-of-Level-of-Feeding-and-Season-on-Rectal-in-Mohamed/b24d89fc917019ce547c7d555fa1602d17e184a8
https://www.semanticscholar.org/paper/Effects-of-Level-of-Feeding-and-Season-on-Rectal-in-Mohamed/b24d89fc917019ce547c7d555fa1602d17e184a8
https://www.semanticscholar.org/paper/Effects-of-Level-of-Feeding-and-Season-on-Rectal-in-Mohamed/b24d89fc917019ce547c7d555fa1602d17e184a8
https://agris.fao.org/agris-search/search.do?recordID=US201600105585
https://agris.fao.org/agris-search/search.do?recordID=US201600105585
https://agris.fao.org/agris-search/search.do?recordID=US201600105585
https://agris.fao.org/agris-search/search.do?recordID=US201600105585
https://www.liver.theclinics.com/article/S1089-3261(02)00052-1/abstract

