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Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disease of 
unknown etiology affecting various joints of the body leading to 
swelling, pain, stiffness and finally functional inability. It is affecting 
0.8% of the total population of world with an annual incidence of 
0.5 - 1% in both developed and developing countries [1,2]. It is the 
most common inflammatory disease affecting approximately 0.75% 
of Indian adult population [3].  

Microbiological and pathological investigations are predominantly 
used in the diagnosis and prognosis of RA, whereas the utility of 
biochemical parameters is limited. Recently various biochemical 
parameters in RA are being explored by many studies [1,4-7]. 
There is paucity of information regarding the pattern of biochemical 
parameters like, magnesium, total proteins, albumin, globulin, 
glucose, urea, creatinine, bilirubin and various enzymes like 
transaminases in RA. Inflammation, irrespective of etiology is 
capable of inducing marked systemic alterations in trace metal 
distribution and metabolism [8].

Magnesium (Mg) is an essential nutrient and fourth most abundant 
mineral found in the body [9] Mg levels are changed in chronic 
inflammations and decreased level of Mg has been suggested to be 
reasonable marker of RA [4]. Magnesium is routinely measured in 
the blood and has many functions in the cardiovascular (CV) system, 
like as an activator of sodium potassium ATPase, antiarrhythmic 
and associated with risk of CD [9-12].
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The role of calcium in RA is not clear but interrelationship between 
calcium, vitamin D, parathyroid hormone suggests the possible 
role of calcium in RA and there is alteration in bone minerals like 
calcium, phosphorus [12]. Altered lipid levels have been reported 
in various inflammatory diseases including RA [13]. There is 
increased risk of atherosclerosis and cardiovascular diseases (CVD) 
in RA subjects than the general population [14] and additional 
factors are responsible for CVD in RA [15,16]. Based on present 
knowledge our study was primarily aimed to study the probable 
changes in serum magnesium, lipid profile and other biochemical 
parameters in newly diagnosed RA patients compared to healthy 
controls. We hypothesized that RA patients would have decreased 
serum magnesium and alteration in other biochemical parameters 
compared to healthy controls. Secondary objectives were 1) to 
explore relationship between serum magnesium, lipid profile and 
other biochemical parameters in RA and 2) to assess risk factors of 
CVD in newly diagnosed RA patients.

Materials and Methods
The present cross-sectional, case control study was carried out in 
the Biochemistry department, Surat Municipal Institute of Medical 
Education & Research (SMIMER), Surat, Gujrat, India, during 
January 2012 to June 2012. The patients attending medicine 
OPD were selected for the study. We studied 50 newly diagnosed 
RA patients and 50 age and sex matched healthy individuals as 
control. Controls were other healthy individuals having similar 
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Materials and Methods: We studied 50 newly diagnosed RA 
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parameters were measured in study subjects. Results were 
expressed as Mean ± SD and compared between RA subjects and 
controls by Independent sample t-test and Pearson correlation.

Results: We found decreased serum magnesium and calcium in 
RA subjects compared to the controls (p < 0.001). RA subjects 
had atherogenic lipid profile characterized by elevated total 
cholesterol (p = 0.054), LDL cholesterol (p = 0.008) and decreased 
HDL cholesterol (p < 0.001).  Serum uric acid was higher in RA 
cases compared to controls (p = 0.025). Serum magnesium was 
negatively correlated with total cholesterol, LDL cholesterol and 
positively correlated with HDL cholesterol in RA cases. 

Conclusion: Decreased magnesium level, dyslipidemia and 
increased uric acid observed in our study together may be more 
potent risk factors for CVD in newly diagnosed RA subjects. We 
recommend that serum magnesium should be investigated as 
a part of cardiovascular risk management in RA. We suggest 
that decreased serum magnesium and increased serum uric 
acid may be considered as nontraditional risk factors of CVD 
in RA.  Further prospective studies are needed to confirm the 
impact of inflammation on various biochemical parameters and 
cardiovascular outcomes in patients with RA.
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cholesterol levels compared to control group. There were significant 
increase in the levels of phosphorus, total proteins and albumin in 
RA subjects compared to controls [Table/Fig-2]. The study found 
that RA patients had higher uric acid and alanine transaminase (ALT) 
compared to controls. Serum creatinine and urea was decreased in 
RA cases compared to controls. There was no significant difference 
in the levels of triglyceride, VLDL cholesterol, total bilirubin, direct 
bilirubin, indirect bilirubin, urea, glucose, aspartate transaminase 
(AST) and electrolytes (Na+, K+ and Cl-) between RA cases and 
control group [Table/Fig-2,3]. 

Magnesium was negatively correlated with alkaline phosphatase 
(-0.89), total cholesterol (-0.371), LDL cholesterol (-0.342) and 
direct bilirubin (-0.368) in RA patients. Magnesium had a fair degree 
of positive correlation with urea (0.293) in RA [Table/Fig-4]. 

socioeconomic, cultural and geographical background, selected 
after specific questionnaire- like age, occupation, monthly income 
and locality. Study was approved by institutional ethical committee 
and informed and written consent was taken from all participants.

Inclusion Criteria: Newly diagnosed cases of RA as per revised 
criteria of American Rheumatology Association (ARA) [17] having 
diseases duration less than one month and without history of 
anti-rheumatic treatment. We studied both males and females of 
age group 20-60 y. In all patients Rheumatoid Factor (RF), (Aspen 
Laboratories Pvt. Ltd; India) was positive.  

Exclusion Criteria: Known cases of RA who were taking 
anti-rheumatic treatment (including anti-inflammatory and /or 
glucocorticoids), patients suffering from diabetes mellitus, endocrine 
disorders, tuberculosis, cardiovascular, liver, kidney disease, obese 
(BMI > 30), patients taking lipid lowering drugs or any other therapy 
including vitamins and minerals and trauma cases were excluded 
from the study. 

Laboratory analysis: Blood sample was collected after overnight 
fast and laboratory analysis was done in the Clinical Biochemistry 
laboratory on the same day by using commercially available kits on 
fully automated clinical chemistry analyser Erba-XL 300 (Transasia 
Bio-Medicals Ltd. Mumbai, India). Serum magnesium measured 
by Calmagite method (Crest Biosystems, Goa, India), calcium 
by modified Arsenazo method (Pathozyme Diagnostics, India), 
phosphorus by UV molybdate, end point assay (Span Diagnostics 
Ltd. India). Total cholesterol, triglycerides and HDL cholesterol 
measured by enzymatic method (Aspen Laboratories Pvt. Ltd; 
India) [18]. LDL cholesterol and VLDL cholesterol were calculated 
by the Friedewald’s formula [18]. Alanine transaminase (ALT), 
aspartate transaminase (AST) and alkaline phosphatase measured 
by the modified International Federation of Clinical Chemistry 
(IFCC) method (Span Diagnostics Ltd. India). Other biochemical 
parameters were estimated by using commercial reagent kits 
(Pathozyme Diagnostics, India), bilirubin by modified Gendrassik 
and Groff method, uric acid by the uricase/PAP (peroxidase coupled 
with 4-aminophenazone) enzymatic method, creatinine by modified 
Jaffe’s fixed time kinetic method, total protein by Biuret reaction 
and albumin by Bromocresol Green method. Urea was estimated 
by enzymatic (urease/glutamate dehydrogenase, kinetic) method, 
glucose by glucose oxidase-peroxidase (GOD-POD) enzymatic 
method. Sodium (Na+), potassium (K+) and chlorides (Cl-) 
collectively called as electrolytes were measured by ion selective 
electrode method using Combisys-II, Eischweiler BGA plus E 
instrument (Eischweiler automatic analysing systems, Eschweiler 
GmbH & Co. Germany). 

Statistical analysis
Data analysis was performed using SPSS version 16.0 (SPSS 
Inc., Chicago). The data was carefully evaluated to obtain the 
mean values and SD and compared as student’s unpaired ‘t’-test 
between subjects and control. A p-value < 0.05 was considered 
as statistically significant. Person correlation coefficient (r) was 
calculated to explain relation of serum magnesium with other 
biochemical parameters in RA subjects. 

Results
The present study was conducted in 100 subjects (39 males and 61 
females) of which 50 RA and 50 control subjects [Table/Fig-1]. We 
found lower magnesium concentrations in RA subjects (1.73 ± 0.46 
mg/dl) compared to the controls (2.12 ± 0.25 mg/dl), t (98) = 5.12, 
and data was statistically significant [Table/Fig-2,3]. Serum calcium 
level was lower in RA (7.75 ± 0.63 mg/dl) compared to controls (9.99 
± 0.66 mg/dl), t (98) =17.17. Alkaline phosphates level was increased 
in RA subjects (348.54 ± 99.51 IU/L) compared to controls (150.02 
± 52.26 IU/L), t (98) = -12.48. In RA subjects there was higher 
total cholesterol and LDL cholesterol (p = 0.054) and (p = 0.008) 
respectively RA patients had statistically significantly lower HDL 

Rheumatoid arthritis
(n =50)

Control subjects
(n =50)

Total
(n =100)

Age < 35 y > 35 y <35 y >35 y

Males 4 15 4 16 39

Females 6 25 11 19, 61

Total 10 40 15 35 100

[Table/Fig-1]:	Demographic characteristics of RA patients and control
 group

Biochemical parameters

Rheumatoid 
arthritis(n =50)

Control subjects
(n =50) p-value

Mean ± SD Mean ± SD

Magnesium (mg/dl) 1.73 ± 0.46 2.12 ± 0.25 <0.001*

Calcium (mg/dl) 7.75 ± 0.63 9.99 ± 0.66 <0.001*

Phosphorus (mg/dl) 4.58 ± 1.13 3.66 ±1.10 <0.001*

Alkaline phosphatase 
(IU/L)

348.54 ± 99.51 150.02 ± 52.26 <0.001*

Aspartate transaminase 
(AST) (IU/L)

29.14 ± 12.49 29.94 ± 30.41 0.864

Alanine transaminase 
(ALT) (IU/L)

29.24 ± 10.20 25.14 ± 9.41 0.039*

Total cholesterol (mg/dl) 212.58 ± 41.38 195.60 ± 45.66 0.054

Triglyceride (mg/dl) 146.84 ± 40.99 137.24 ± 40.13 0.24

HDL cholesterol (mg/dl) 31.22 ± 7.33 41.56 ± 9.00 <0.001*

LDL cholesterol (mg/dl) 150.66 ± 42.34 126.08 ± 49.28 0.008*

VLDL cholesterol (mg/dl) 29.38 ± 8.27 27.42 ± 7.93 0.23

Glucose (mg/dl) 110.02 ± 29.67 109.30 ± 20.93 0.889

Total bilirubin  (mg/dl) 0.92 ± 0.36 0.87 ± 0.08 0.387

Direct bilirubin  (mg/dl) 0.3820  ± 0.25 0.33 ± 0.06 0.167

Indirect bilirubin  (mg/dl) 0.53 ± 0.10 0.65 ± 0.77 0.305

Total protein  (gm/dl) 7.80 ± 1.10 7.14 ± 0.67 0.001*

Albumin  (gm/dl) 4.68 ± 0.70 4.07 ± 0.48 <0.001*

Globulin  (gm/dl) 3.64 ± 3.74 3.06 ± 0.53 0.279

Urea  (mg/dl) 27.51 ± 29.01 30.52 ± 6.45 0.0587

Creatinine  (mg/dl) 0.91 ± 0.21 1.10 ± 0.32 <0.001*

Uric acid  (mg/dl) 4.46 ± 1.74 3.73 ± 1.45 0.025*

Sodium (mmol/L) 142.26 ± 6.54 142.980 ± 5.11 0.541

Potassium (mmol/L) 4.44 ± 1.02 4.64 ± 0.713 0.26

Chloride (mmol/L) 101.12 ± 5.85 102.60 ± 4.95 0.176

[Table/Fig-2]:	Serum magnesium and other biochemical parameters in 
newly diagnosed RA patients and control subjects
* p < 0.05 statistically significant

Discussion	
Rheumatoid arthritis (RA) is a multifactorial disease which affects the 
immune system and ultimately various tissues in the body [1]. RA is 



www.jcdr.net	 Vilas U. Chavan et al., Evaluation of Biochemical Parameters in Rheumatoid Arthritis

Journal of Clinical and Diagnostic Research. 2015 Apr, Vol-9(4): BC01-BC05 33

Makhdoom et al., found that increase in level of alkaline phosphatase 
in RA patients as compared to normal range [12]. We observed 
increased level of alkaline phosphatase in RA subjects compared 
to controls. Our results corroborate the findings of Makhdoom, et 
al., [12]. 

We found increased level of total protein and albumin in RA 
compared to control subjects. The increase in proteins may be 
due to inflammation which induces marked systemic alterations in 
trace metal distribution which is linked with the production of an 
acute phase plasma protein as response to host defense [8]. We 
observed increased level of serum uric acid in RA patients, similar 
like Magnus et al., [7] and Ponoulas et al., [25] study. However, 
there was no statistical difference in the concentration of glucose, 
bilirubin, aspartate transaminase (AST), sodium, potassium and 
chloride between RA subjects and controls.  

The lipid pattern observed in newly diagnosed RA in our study is 
atherogenic lipid profile or dyslipidemia. Similar atherogenic lipid 
profile was observed by Mullick et al., [26] in early cases of RA. We 
found different lipid profile pattern in newly diagnosed RA cases 
unlike other studies [27,28]. Serum magnesium observed in our 
study is negatively correlated with total cholesterol, triglycerides, 
LDL cholesterol and positively correlated with HDL cholesterol; our 
findings are supported by Mahalle et al., [11]. It is evident from our 
observation that decreased serum magnesium concentration is 
associated with atherogenic lipid profile and increases the risk of 
CVD, supported by other studies [9-11, 29]. Therefore magnesium 
preservation is very important in general especially in the subjects 
affected with disorder like RA. Although there was non-significant 
increase in total and direct bilirubin in newly diagnosed RA patients 

characterized by local and systemic inflammation and wide range of 
biochemical markers contribute directly or indirectly to pathogenesis 
of RA [5]. Age is also one of the factors in the development of RA. 
In our study out of 50 RA subjects 40 subjects were above 35 y 
and only 10 subjects were below 35 y. In the present study we 
found that for every male, 1.7 females were affected with RA. In our 
study 62 % of subjects affected with RA were females. Our study 
supports the findings of Bhowmick et al., [19]. 

Chronic inflammatory conditions are likely to alter magnesium level 
and possible mechanism of decrease magnesium in RA is due to 
chronic inflammation and autoimmune injury [4,20,21]. We have 
used photometric method of measurement of magnesium, which 
is most frequently used method in clinical laboratories, although, 
atomic absorption spectrophotometer (AAS) is used as reference 
method for measurement of magnesium [22]. In the present study, 
we found decreased level of serum magnesium in RA subjects as 
compared to controls. The results of our study are correlating with 
the study by Manole et al., [4] and Amin et al., [20]. Cortes et al., 
[21] suggested that the RA, an autoimmune disease is associated 
with serum magnesium disturbances. We are in concordance with 
Cortes et al., [21].    

It has been known that RA is associated with serum mineral 
disturbances and oxidative stress [20]. Decreased levels of serum 
magnesium and calcium may be due to many reasons. Water 
softeners and purifiers used for purification of water may decreases 
calcium and magnesium in drinking water [23]. We observed 
decreased level of serum calcium and increased level of serum 
phosphorus in RA subjects as compared to controls. Similar results 
observed by other studies [12,20,24] support our study.

Biochemical parameters

Levene’s test for 
equality of variances

t-test for Equality of Means

F p-value t df p-value
Mean 

Difference

95% CI for mean difference

Lower Upper

Magnesium 18.93 <0.001 5.12 98 <0.001 0.384 0.235 0.532

Calcium 0.875 0.352* 17.172 98 <0.001 2.234 1.976 2.492

Phosphorus 0.394 0.532* -4.104 98 <0.001 -0.9180 -1.3619 -0.4741

Alkaline phosphatase 11.951 0.001 -12.48 98 <0.001 -198.52 -230.19 -166.84

Aspartate transaminase(AST) 0.479 0.491* 0.172 98 0.864 0.8 -8.429 10.029

Alanine transaminase (ALT) 0.031 0.861* -2.088 98 0.039 -4.1 -7.997 -0.203

Total Cholesterol 1.893 0.172* -1.948 98 0.054 -16.98 -34.27 0.316

Triglyceride 0.294 0.589* -1.183 98 0.24 -9.6 -25.69 6.499

HDL cholesterol 5.441 0.022 6.286 94.14 <0.001 10.32 7.06 13.58

LDL cholesterol 3.232 0.075* -2.702 98 0.008 -24.74 -42.91 -6.567

VLDL cholesterol 0.581 0.448* -1.209 98 0.23 -1.96 -5.177 1.257

Glucose 7.998 0.006 -0.140 88.091 0.889 -0.720 -10.928 9.488

Total bilirubin 2.817 0.096* -0.868 98 0.387 -0.046 -0.151 0.0591

Direct bilirubin 1.387 0.242* -1.392 98 0.167 -0.052 -0.1261 0.0221

Indirect bilirubin 1.728 0.192* 1.030 98 0.305 0.1140 -0.105 0.3336

Total protein 9.416 0.003 -3.592 81.30 0.001 -0.660 -1.026 -0.294

Albumin 4.681 0.033 -5.055 86.16 <0.001 -0.612 -0.8527 -0.3713

Globulin 2.143 0.146* -1.088 98 0.279 -0.582 -1.6432 0.4792

Urea 4.692 0.033 1.925 88.759 0.057 3.02 -0.098 6.138

Creatinine 15.986 <0.001 3.5 84.65 <0.001 0.1914 0.0826 0.3001

Uric acid 0.454 0.502* -2.272 98 0.025 -0.73 -1.367 -0.092

Sodium 0.188 0.665* 0.613 98 0.541 0.72 -1.611 3.051

Potassium 0.033 0.856* 1.134 98 0.26 0.2 -0.15 0.55

Chloride 0.086 0.769* 1.364 98 0.176 1.480 -0.674 3.634

[Table/Fig-3]:	 Independent sample t-test for biochemical parameters between RA cases and controls (n=100) 
*Equality of variances assumed as Levene’s test p-value is > 0.05
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unlike Fischman et al., [6], there was a negative correlation between 
serum magnesium and bilirubin (total and direct) in our study.  The 
increase in bilirubin level may be its possible anti-inflammatory role 
in RA [6]. Panoulas et al., [25] suggested that increased serum uric 
acid may be independently associated with CVD in RA subjects. 
Patients with RA have increased risk of CVD which may be due to 
abnormal lipid profile and systemic inflammatory response [13,14]. 
The change observed in the results of our study is possibly due to 
chronic inflammation and immune response that occurs in RA.  Thus, 
in addition to dyslipidemia, hypomagnesemia and increased uric acid 
together are more potent risk factors of CVD events in RA patients. 
The increased incidence of CVD in RA subjects is independent of 
traditional CVD risk factors and additional mechanisms and factors 
are responsible for CVD in RA [14-16,30]. Based on findings of our 
study, we suggest that decreased serum magnesium and increased 
serum uric acid may be considered as additional nontraditional risk 
factors of CVD in RA.

Limitations
Limitations of our study are small sample size, non measurement of 
extended lipid profile and other markers of inflammations. Specific 
information on dietary intake of magnesium was not obtained.

Conclusion
Our study concludes that newly diagnosed RA patients had 
significantly lower serum magnesium, calcium levels and increased 
levels of alkaline phosphatase, phosphorus, total proteins, albumin 

and uric acid compared to controls. We observed atherogenic lipid 
profile characterized by increased total cholesterol, LDL cholesterol 
and a reduction in the HDL cholesterol in newly diagnosed RA. 
Low level of magnesium, dyslipidemia and increased uric acid 
observed in our study together may be more potent risk factors for 
CVD in newly diagnosed RA subjects. We recommend that serum 
magnesium should be investigated as a part of cardiovascular risk 
management in RA. We suggest that magnesium supplementation, 
may prove to be beneficial to reduce the risk of CVD in RA patients. 
Further prospective, long-term studies are needed to determine the 
role of inflammation and its impact on various biochemical markers 
and cardiovascular outcomes in patients with RA.

List of abbreviations:

HDL= high density lipoprotein 

LDL= low density lipoprotein

VLDL= very low density lipoprotein.

References
  [1]	 O’Dell JR. Rheumatoid arthritis. In: Goldman L, Ausiello D, editors. Cecil text 

book of Medicine, 23rd edn, Philadelphia: Saunders Publication (An imprint of 
Elsevier); 2007. pp. 2003-13.

  [2]	 Scott DL, Wolfe F, Huizinga TWJ. Rheumatoid arthritis. Lancet. 
2010;376(9746):1094-08. 

  [3]	 Malaviya AN, Kapoor SK, Singh RR, Kumar A, Pande I. Prevalence of rheumatoid 
arthritis in the adult Indian population. Rheumatol Int. 1993;13(4):131-34.

  [4]	 Lucia M, Isabela S, Minerva G. Changes of serum magnesium level in patients 
with rheumatoid arthritis stage I-II, before treatment. Med Con. 2011;6(2):9-
16. 

  [5]	 Pallinti V, Ganesan N, Anbazhagan M, Rajshekar G. Serum biochemical markers 
in rheumatoid arthritis. Indian J Biochem Biophys. 2009;46(4):342-44.

  [6]	 Fischman D, Valluri A, Gorrepati VS, Murphy ME, Peters I, Cheriyath P.  Bilirubin 
as a protective factor for rheumatoid arthritis: An NHANES Study of 2003 - 
2006 Data. J Clin Med Res. 2010;2(6):256-60.

  [7]	 Magnus JH, Doyle MK, Srivastav SK. Serum uric acid and self-reported 
rheumatoid arthritis in a multiethnic adult female population. Curr Med Res 
Opin. 2010;26(9):2157-63. 

  [8]	 Dean C. The magnesium miracle. 1st edn. New York: Ballintine Books (an imprint 
of the Random House Publishing Group. Inc.); 2007. pp. 1-400. [ISBN-13: 978-
0345494580]

  [9]	 Weisinger JR, Bellorin-Font E. Magnesium and phosphorus. Lancet. 
1998;352(9125):391-96. 

[10]	 Chiuve SE, Korngold EC, Januzzi Jr. JL, Gantzer ML, Albert CM. Plasma and 
dietary magnesium and risk of sudden cardiac death in women. Am J Clin Nutr. 
2011;93(2):253-60. 

[11] Mahalle N, Kulkarni MV, Naik SS. Is hypomagnesaemia a coronary risk 
factor among Indians with coronary artery disease? J Cardiovasc Dis Res. 
2012;3(4):280-86. 

[12] Makhdoom A, Rahopoto MQ, Laghari MA, Qureshi Pir AL, Siddiqui KA. Bone 
mineral levels in rheumatoid arthritis.  Medical Channel. 2009;15(3):99-102.

[13] Steiner G, Urowitz MB. Lipid profiles in patients with rheumatoid arthritis: 
mechanisms and the impact of treatment. Semin Arthritis Rheum. 
2009;38(5):372-81. 

[14]	 Kaplan MJ. Cardiovascular complications of rheumatoid arthritis: assessment, 
prevention, and treatment. Rheum Dis Clin North Am. 2010;36(2):405-26. 

[15] Dessein PH, Joffe BI, Singh S. Biomarkers of endothelial dysfunction, 
cardiovascular risk factors and atherosclerosis in rheumatoid arthritis. Arthritis 
Res Ther. 2005;7(3):R634-43. 

[16]	 del Rincón ID, Williams K, Stern MP, Freeman GL, Escalante A.  High incidence 
of cardiovascular events in a rheumatoid arthritis cohort not explained by 
traditional cardiac risk factors. Arthritis Rheum. 2001;44(12):2737-45. 

[17]	 Arnett FC, Edworthy SM, Bloch DA, Mcshane DJ, Fries JF, Cooper NS, et al. The 
American Rheumatism Association 1987 revised criteria for the classification of 
rheumatoid arthritis. Arthritis Rheum. 1988;31(3):315-24.

[18]	 Rifai N, Bachorik PS, Albers JJ. Lipids, lipoproteins and apolipoproteins. In: 
Burtis CA, Ashwood ER, editors. Tietz fundamentals of clinical chemistry, 5th 
edn, Philadelphia: Saunders (an imprint of Elsevier); 2001. pp. 462- 93.

[19]	 Bhowmick K, Chakraborti G. Gudi NS, Kutty Moideen AV, Shetty HV. Free radical 
and antioxidant status in rheumatoid arthritis. Ind J Rheumatol. 2008;3(1):8-12.

[20] Amin RS, Adallah FR, Abdel-Hamid NM. Variations in some. Blood minerals related 
to bone remodeling and haematopoiesis in rheumatoid arthritis. Abstracts of 
The IXth International Convention of Polish Magnesium Society “Contemporary 
directions in researches on elements” Kazimierz Dolny upon Wisla, Poland 9th 
-12th September, 2004. Magnesium Research. 2005; 18(2):135-40. [Magnesium 
Research. 18(2); 135-40, June 2005, ABSTRACTS]

[21]	 Cortes YE, Moses L. Magnesium disturbances in critically ill patients. Compend 
Contin Educ Vet. 2007;29(7):420-27. 

[22]	 Endres DB, Rude RK. Mineral and bone metabolism. In: Burtis CA, Ashwood 
ER. Tietz Textbook of clinical chemistry, 5th edn, Philadelphia: Saunders (an 
imprint of Elsevier); 2001. pp. 804-05.

Biochemical parameters
Pearson’s correlation coefficient

 (r-value)
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Note: if r is positive, it indicates positive correlation, if r is negative, negative 
correlation
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