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ABSTRACT

Rheumatoid Arthritis is a systemic autoimmune inflammatory disease characterized by synovitis and serositis (inflammation of
the lining surfaces of the joints, pericardium, pleura and rheumatoid nodules). This study was carried to determine the status
of biochemical parameters i.e. calcium, phosphorus and calcium/phosphorus ratio in serum and synovial fluid of RA patients.
A total of 66 RA patients were included in the study. Out of which 48(72.7%) were female patients of RA and 18(27.3%) were
male patients of RA. Some normal individuals (n=25) were also investigated. The levels of serum calcium and phosphorus
were found to be significantly (p<0.001) lowered as compared to normal individuals. A significant (p<0.001) decrease in levels
of calcium and phosphorus in synovial fluid of RA patients was observed. Calcium/phosphorus ratio was also found to be
lowered in RA patients. It was also observed that calcium/phosphorus ratio was more decreased in females as compared to
males.
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1. INTRODUCTION

Rheumatoid Arthritis is a chronic systemic disorder of unknown etiology that is dominated by a serious and debilitating sequelae
associated with progressive destruction of articular joints. It is an autoimmune disease affecting approximately 1-2% of total
world’s population [1]. The incidence of RA in women is higher than in men with a varying sex ratio of 2:1 — 3:1 [2]. The
potential of synovial inflammation to cause cartilage damage and bone erosions & subsequent changes in joint integrity is the
hallmark of the disease [3]. A generalized disturbance of skeleton metabolism has been suggested to occur in RA leading to
osteoporosis, a condition characterized by decreased bone mass and quality [4]. Calcium and phosphorus are important minerals
in the skeleton metabolism. The occurrence of marked decalcification in patients with rheumatoid arthritis and of marginal lipping
or osteocyte formation in individuals with degenerative joint disease suggested that an alteration of calcium and phosphorus
metabolism might be a primary feature of this disease [5]. Olhagen et al. [6] reported that calcium absorption was reduced in RA
patients whereas in a study by Kennedy et al.[7] calcium absorption was found to be increased. Calcium/phosphorus ratio is very
important in the formation of bones [8]. In a study it was found that there occurs a significant decrease in calcium/phosphorus
ratio in RA [9,10]. Hence the present study is undertaken to study the levels of calcium, phosphorus and calcium/phosphorus ratio
in both serum and synovial fluid of RA patients.

2. MATERIAL AND METHODS

The present study was undertaken in the Department of Biochemistry, Government Medical College, Amritsar in collaboration
with the Department of Orthopaedics, Guru Nanak Dev Hospital (associated hospital of Government Medical College). The
subjects were diagnosed cases of Rheumatoid Arthritis who were either attending OPD or admitted in the wards of Orthopaedics
department. The study group comprised 66 patients who were suffering from Rheumatoid arthritis. The disease was diagnosed on
the basis of American college of Rheumatology (ACR) 1987 [12] & 2010 [13] criteria. A detailed proforma having the required
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information of the subjects was prepared. Some normal individuals (n=25) were also investigated. 5 ml of venous blood was taken
from RA patients using dry disposable syringe under all aseptic precautions by venepuncture in the anticubital vein in a sterile,
acid washed vial for biochemical analysis. Blood was allowed to stand for half an hour and then centrifuged at 2500 rpm for 10
minutes. Serum was extracted and transferred to separate sterilized vials. In addition to serum, synovial fluid was also collected
from RA patients. 1ml of synovial fluid was taken. For aspiration of the affected joint, an appropriate gauge needle was attached
to a syringe and entry site was cleansed. The fluid was then aspirated after taking aseptic precautions. A two step process was
employed for arthrocentesis in which first puncture was made through the skin followed by a second thrust into the synovial
capsule. So both serum and synovial fluid were used for the biochemical investigations. The study was duly approved by the
ethical committee of the institution.

Calcium in serum and synovial fluid was estimated by procuring O- Cresolphthalein complexone kit method based on
colorimetric end point method according to Barnett et al. [14]. Phosphorus in serum and synovial fluid was estimated by
Molybdate U.V kit method by Goodwin et al. [15]. Rheumatoid Factor was determined qualitatively by Latex slide test by Singer
J. M. et al. [REFERENCE MISSING — not listed in the reference list]

2.1 Statistical Analysis

The parameters were recorded, tabulated, depicted and analyzed using appropriate statistical methods and results were depicted as
follows:

NS: Not significant, p > 0.05;

S: Significant, p < 0.05 and p > 0.001;
HS: Highly Significant, p <0.001;

3. RESULTS

The present study has analyzed the levels of Calcium, Phosphorus and Ca/P ratio in serum and synovial fluid of 66 rheumatoid
arthritis patients and 25 age-matched healthy individuals.

Table-1: Age and sex related distribution of RA patients

Sex
Total Patients

Age Males Females

Group Number
(%0)age
Number(n) % age | Number(n) Yoage (m)

1-20 2 11.11 % 2 417 % 4 6.06%
2140 10 35.56 % 16 3333 % 26 39.39%
41-60 4 22.22% 26 54.16 % 30 454%
61-70 2 11.11 % 4 834% 6 0.09%
Total 18 27.3% 48 T72.7% 66 100%

Table-1 depicts that the present study was divided according to age into 4 groups as 1-20 years, 21-40 years, 41-60 years and 61-
70 years It was observed that rheumatoid arthritis is common between 21 years to 60 years of age. Maximum number (n=30,
45.4%) of individuals suffering from RA fell in the age group of 41-60 years followed by the age range of 21-40 years where
26(39.39%) individuals were found to suffer from RA. In the age group of 1-20 years and 61-70 years, there were 4(6.06%) and
6(9.09%) individuals respectively.
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Fig-1: Age and Sex Related Distribution of RA Patients

Table-2: Serum Calcium, Phosphorus and Calcium/Phosphorus ratio in normal individuals and RA patients

Calcium (Ca) Phosphorus (F) Ca/P ratio
Tvpe
(mg%) (mg %)
Range 90-106 30-45
Normal 290-1
Mean = S.D 9952+ 0.669 3420757
Individuals
Range 5.23-10.11 201-521
Arthritic 251 -1
. Mean = 5D 761095 303075
patients
df=62,
df=43,t=2212
=13.119,
.p=0.001
T and p values p=0.001 -
Highly Significant
Highly
Significant

Table-2 shows the levels of calcium, phosphorus and Ca/P ratio in serum of normal individuals and Rheumatoid arthritis patients.
Serum Calcium and phosphorus levels in RA patients were found to be significantly lowered as compared to normal individuals.
The mean =+ S.D of calcium in normal individuals was found to be 9.952 + 0.669 mg% and that of phosphorus was 3.42 + 0.757
mg% whereas the mean + S.D of calcium in RA patients was found out to be 7.61£0.95 mg% and that of phosphorus was 3.03 +
0.75mg%.The results were found to be statistically highly significant (p<0.001) for calcium and phosphorus. Ca/ P ratio was also
found to be lowered in RA patients.
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Fig-2: Serum Calcium and phosphorus in normal individuals and RA patients.

Table-3: Age and sex related variations in serum calcium, phosphorus & Ca/P ratio in RA patients.

Type Serum Serum
Range & Cap
Caleium Phosphorus
Age | Sex | Mean=S.D Ratlo
(mg %) (mg %)
Males Range 511-08 301302
20201
(=2) [ Mean=SD | 895=1195 | 3.06=0077
Fenmles | Range 652761 209231
3201
120 | ) Mean2SD | 7062077 332015
Toral Range 652-98 | 209-312
patients 304-1
£8 £13 26305
ey | Mem=SD | 8012136 632050
Males Range 6.91-8.84 219399
| 6901
(w-10) | Mean=SD | §14=050 3022052
Fenmles | Range 523891 201403
269 1
2140 | (u=16) | Mean:S.D | 7492000 278 2 0.60
Total Range 523-891 201-403
patients 26911
Mean+S.D | 7.74=091 2874057
(=26)
Males Range T19-843 | 2.61-456 216:1 |
(=) [ Mean=SD | 7972054 682081
Females | Range S3-10.01 301-521
3001
4160 | (0=26) | Mean=SD | 734=100 3192088
Total Range 53-1001 201521
patients 22801
Mem=SD | 7422097 3252087
(1=30)
Males Range 719- 8.1 207261
332:1
=2) [ MeanzSD | 7932107 3392039
Females Range 7-89 | 212-321
41
61-70 | yeqy [ MeanzSD | 7522091 12049
Total Range 789 212-321
patients I 20201
Mean+SD | 7662088 | 2624044
(=6)

Table-3 depicts the variations in serum calcium, phosphorus and Ca/P ratio in male and female patients of RA in different age
groups. As is clear from the table, in the age group of 1-20 years, in total RA patients (n=4) belonging to this age group, calcium
levels were found to range from 6.52 — 9.8 mg% with mean £ S.D of 8.01 = 1.36 mg%, whereas phosphorus levels were found to
range from 2.09 — 3.12 mg% with mean £+ S.D of 2.63 £ 0.50 mg% and Ca/P ratio was found to be 3.04: 1.

Out of the total patients (n=4) belonging to this age group, in females (n=2), the values for serum calcium were found to range
from 6.52-7.61mg% with a mean = S.D of 7.06 + 0.77mg% whereas phosphorus was found to range from 2.09-2.31 mg% with a
mean = S.D of 2.2 + 0.15 mg%. Similarly, the serum calcium levels for male patients (n=2) were found to range from 8.11-9.8
mg% with a mean + S.D of 8.95 £ 1.195 mg% whereas phosphorus levels were found to range from 3.01-3.12 mg% with a mean
+ S.D of 3.06 £ 0.077 mg% and Ca/P ratio in males was found to be 2.92 : 1 while in females it was 3.20 : 1. In the age group of
21-40 years, in total RA patients belonging to this age group (n=26), calcium levels were found to range from 5.23 — 8.91 mg%
with a mean + S.D of 7.74 = 0.91 mg% whereas phosphorus was found to range from 2.01-4.03 mg% with a mean + S.D of 2.87
+ 0.57 mg% and Ca/P ratio was found to be 2.69 : 1.0ut of total patients (n=26) belonging to this age group in females (n=16), the
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values for serum calcium were found to range from 5.23-8.91 mg% with a mean + S.D of 7.49 £+ 0.99 mg% whereas phosphorus
levels were found to range from 2.01-4.03 mg% with a mean+ S.D of 2.78 + 0.60 mg%. Similarly, the serum calcium levels for
male patients (n=10) were found to range from 6.91-8.84 mg% with a mean + S.D of 8.14 + 0.59 mg% whereas phosphorus levels
were found to range from 2.19-3.99 mg% with a mean = S.D of 3.02 + 0.52 mg% and Ca/P ratio was 2.69 : 1 in both females and
males of this age group.

In the age group of 41-60 years, in total RA patients (n=30) belonging to this age group, calcium levels were found to range from
5.3-10.11 mg% with a mean + S.D of 7.42 + 0.97 mg% whereas phosphorus levels were found to range from 2.01-5.21 mg% with
amean = S.D of 3.25 + 0.87 mg% and Ca/P ratio was found to be 2.28 : 1.Out of total patients (n=30) belonging to this age group,
in females (n=26) the values for serum calcium were found to range from 5.3-10.11 mg% with a mean £+ S.D of 7.34 + 1.00 mg%
whereas phosphorus was found to range from 2.01-5.21 mg% with a mean + S.D of 3.19 + 0.88 mg%. Similarly in males (n=4),
the serum calcium levels were found to range from 7.19-8.43 mg% with a mean £ S.D of 7.97 £ 0.54 mg% whereas phosphorus
levels were found to range from 2.61-4.56 mg% with a mean + S.D of 3.68 + 0.81 mg% and Ca/P ratio in males was found to be
2.16 : 1 while in females it was found to be 2.30 : 1.

In the age group of 61-70 years, in total RA patients (n=6) belonging to this age group, calcium levels were found to range from
7.0-8.9 mg% with a mean + S.D of 7.66 £ 0.88 mg% whereas phosphorus was found to range from 2.12-3.21mg% with a mean +
S.D of 2.62 + 0.44 mg% and Ca/P ratio was found to be 2.92 : 1. Out of the total patients (n=6) belonging to this age group, in
females (n=4), the values for serum calcium were found to range from 7.0-8.9 mg% with a mean + S.D of 7.52 = 0.91 mg%
whereas phosphorus was found to range from 2.12-3.21 mg% with a mean + S.D of 2.74 + 0.49 mg%. Similarly in males (n=2),
the serum calcium levels were found to range from 7.19-8.71 mg% with a mean + S.D of 7.95 + 1.07 mg% whereas phosphorus
levels were found to range from 2.17-2.61 mg% with a mean + S.D of 2.39 + 0.39 mg% and Ca/P ratio in females was found to be
2.74: 1 whereas in males it was found to be 3.32: 1.
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Fig-3: Age And Sex Related Variations in Serum Calcium and Phosphorus in RA Patients

Table-4: Calcium, phosphorus and Ca/P ratio in synovial fluid of normal individuals and RA patients.
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CaP
Tvpe Calcium Phosphorus
Ratio
(mg%) (mg %)
Normal
Range 6.0-8.0 15-30 31:1
Indirviduals
Range 461 -638 1.29-4.12
Arthritic [ Mean £ 2271
patients(n=18) SD 5.36 £0.51 2360285

Table-4 shows comparison of calcium, phosphorus and Ca/P ratio in synovial fluid of normal individuals and RA patients. The
normal range of calcium in synovial fluid was 6.0-8.0 mg% whereas in arthritic patients it was 4.61-6.38 mg% with a mean + S.D
of 5.36 = 0.51mg%. The normal range of phosphorus in synovial fluid was found to be 1.5-3.0 mg% whereas in arthritic patients it
was 1.29-4.12 mg% with a mean + S.D of 2.36 + 0.85mg%. Normal Ca/P ratio in synovial fluid was found to be 3.1: 1 whereas in
RA patients it was found to be 2.27: 1. As is clear from the table that calcium and Ca/P ratio was reduced in synovial fluid of RA
patients.

2.25 2.36

Mean Value (in mg%)

Calcium Phosphorus

B NormalIndividuals = RA patients

Fig-4: Variations of calcium and phosphorus in synovial fluid of normal individuals and RA patients.

Table-5: Calcium, phosphorus and Ca/P ratio in synovial fluid of RA patients classified on the basis of Rheumatoid factor
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Type Calcium Phosphorus Ca/P
(mg%) (mg%) Ratio
RF Range 6.01 -6.38 1.29-4.12
+ve 2.32:1
Mean = S.D 5.9+0.543 2.77 £ 1.419
Males (n=3)
(n=3) RF Range 0.0-0.0 0.0-0.0
-ve 0.0:0.0
Mean = S.D 0.0£0.0 0.0£0.0
(n=0)
Total males Range 6.01 - 6.38 1.29-4.12
212z 1
(n=3) Mean = S.D 59 +£0.543 2.97+1419
RF Range 4.53 -5.99 1.19-4.01
Females | +ve 2.30 :1
Mean = S.D 525 + 0.46 2.28+0.74
(n=15) | (n=13)
RF Range 491 -5.64 1.46 -3.03
-ve 235 :1
Mean = S.D 5275+ 0.516 22454+ 1.11
(n=2)
Total females Range 4.53 -5.99 1.19-4.01
2.30:1
(n=15) Mean = S.D 525+0.44 2.28 £0.75
df=3,t=1.92,p | df=2,t=0.583,
T & P values A p>0.05
not
(males & females) -
Significant Significant

Table-5 shows that when RA patients were classified on the basis of Rheumatoid factor it was observed that Ca/P ratio was
significantly lowered in females as compared to males irrespective of the fact that Rheumatoid factor was positive or negative. All
the three males (n=3), had RF positive in synovial fluid whereas out of 15 females, 13 females were found to be RF positive
whereas 2 were found to be RF negative. It was observed that the levels of calcium and phosphorus in synovial fluid of female RA
patients were found to be lower than that of males. The range of synovial fluid calcium of total male patients(n=3,RF+ve) was
found to be 6.01-6.38 mg% with a mean = S.D of 5.9 + 0.543mg% whereas the range of phosphorus was found to be 1.29-4.12
mg% with a mean £ S.D of 2.77 = 1.419 mg%.

The range of synovial fluid calcium of total female patients(n=15) was found to be 4.53-5.99 mg% with a mean + S.D of 5.25 +
0.44 mg% whereas the range of phosphorus was found to be 1.19-4.01 mg% with a mean £ S.D of 2.28 + 0.75 mg%. In RF
positive females (n=13),the range of synovial fluid calcium was found to be 4.53-5.99 mg% with a mean = S.D of 5.25 + 0.46
mg% whereas the range of phosphorus was found to be 1.19-4.01 mg% with a mean + S.D of 2.28 + 0.74 mg%. In RF negative
females (n=2) the range of synovial fluid calcium was found to be 4.91-5.64 mg% with a mean + S.D of 5.275 + 0.516 mg%
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whereas the range of phosphorus was found to be 1.46-3.03 mg% with a mean + S.D of 2.245 £ 1.11 mg%. Ca/P ratio of male RA
patients was 2.12: 1 and that of female RA patients was 2.30: 1.

Mean Value (in mg%bo)

Calcmum Phosphorus

= NalesRF(+ve) ®Females RF(+ve) ®DMalesRF(-ve) = Females RF(-ve)

Fig-5: Calcium and Phosphorus in Synovial fluid of RA patients classified on the basis of Rheumatoid factor

4. DISCUSSION

The impaired bone metabolism and biochemical abnormalities are thought to occur in rheumatoid arthritis patients. Age and sex
wise distribution of the patients revealed that the disease is very common in the age range of 21-60 years, maximum number of
patients clustering between 41-60 years followed by 21-60 years age group. The disease was found to be most prevalent in
females (n=48) than males(n=18). The females in the age group of 41-60 years were the potential candidates for the occurrence of
the disease. Moreover a thorough examination of each group revealed that females suffering from this disease always
outnumbered the males. In the present study it was observed that serum calcium and phosphorus levels were found to be
significantly (p<0.001) lowered as compared to normal individuals. The results were in concordance with the findings of Olhagen
et al. [6] who stated that calcium absorption was reduced in RA patients & did not corroborate well with the study of Kennedy et
al. [7] who stated that serum calcium levels were increased in RA patients. The present study revealed that decline in Calcium
may be due to its decreased absorption may be one of the factors responsible for the causation of rheumatoid arthritis. A
significant (p<0.001) decrease in the levels of calcium and phosphorus in synovial fluid was observed. Calcium and phosphorus
ratio was found to be significantly lowered in RA patients as compared to normal individuals which is in consistent with the
findings of Walwadkar et al. [16] who stated that a significant decreased Ca/P ratio in RA patients as compared to controls
indicates that there is altered calcium and phosphorus metabolism in RA as calcium and phosphorus are important constituents of
bone. So ultimately bone metabolism is altered in RA patients. The decline in Ca/P ratio was maximum in 41-60 years age group
where there was clustering of maximum number of individuals suffering from rheumatoid arthritis. So impaired calcium
absorption will increase the risk of osteoporosis in rheumatoid arthritis. Bone undergoes a continuous process of breakdown and
formation so that every year approximately 10% of the skeleton in adults is remodeled. An imbalance between the rates of
breakdown and formation leads to bone loss. The result is fragile bones and an increased risk of fractures. [4]
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