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ABSTRACT

Background: Systemic inflammation during rheumatoid arthritis (RA) affects multiple organs and metabolic
pathways. Interleukin-18 (IL-18) and tumour necrosis factor-alpha (TNF-a) are the novel cytokines in RA, which
mediate synovial inflammation and articular manifestations through the modulation of osteoprotegerin (OPG) and
receptor activator of nuclear factor-kappa p Ligand (RANKL) expression. This might be reflected into serum
calcium to phosphorus ratio (Ca/P) of RA patients. In this context, our present study investigates the role of serum
Ca/P in the assessment of systemic inflammation in treatment-naive RA patients. Methods: This cross-sectional
study (2017-2019), conducted at Tripura, India, included 146 RA women (duration <15 months) and 40 age and
gender-matched healthy control (HC). All participants were divided into pre-menopausal (PreM) and post-
menopausal (PostM) group. We measured serum Ca, P, IL-18, TNF-0, OPG, and RANKL in all patients and HC.
Pearson’s bivariate correlation(r) and partial correlation (pR) analysis were performed to correlate Ca/P with 1L-18,
TNF-a and OPG to RANKL ratio (OPG/RANKL). Results: Serum Ca/P was found to be negatively correlated
with IL-18 (PreM, r=-0.68, p=0.01; pR=-0.54, p=0.01 and PostM, r=-0.53, p=0.01; pR=-0.66, p=0.01) and TNF-a
(PreM, r=-0.56, p=0.01; pR=-0.45, p=0.01 and PostM, r=-0.66, p=0.01; pR=-0.51, p=0.01). On contrary,
significant positive correlation was observed between Ca/P and OPG/RANKL (PreM, r=-0.81, p=0.01; pR=-0.73,
p=0.01 and PostM, r=-0.77, p=0.01; pR=-0.68, p=0.01). Conclusions: The study highlights a strong association
between Ca/P and systemic inflammation in RA. This implicates that Ca/P could be used as a marker for the real-
time evaluation of RA.

KEYWORDS: Ca/P; cytokines; OPG/RANKL; Osteoprotegerin; Rheumatoid Arthritis.

INTRODUCTION and destructive alterations of joints via induction of

Rheumatoid Arthritis (RA) is a systemic autoimmune
disease associated with progressive disability, premature
death, and socioeconomic burdens.™! The autoimmune
response evoked during the pathogenesis of RA
primarily affects the lining of the synovial tissue, thus
causing swollen and painful joints in patients.™? It is
reported that the exaggerated immune response mediated
by the inflammatory cytokines in RA may affect multiple
metabolic pathways, including those involved in bone
mineral homeostasis.”! A range of cytokines, including
IL-1, IL-4, IL-10, TNF-a, IL-17, IL-18, are reported to
participate in the modulation of the inflammatory
response during the pathogenesis of RA.*!

Several studies have revealed that interleukin-18 (1L-18)
is spontaneously released in RA synovial tissue, and it

tumour necrosis factor-alpha (TNF-a). TNF- o, in turn
activates T cells and promotes the recruitment of
osteoclasts at the site of tissue destruction.*®! The
activated T cells secrete receptor activator of nuclear
factor-kappa B Ligand (RANKL) which binds to
(receptor activator of nuclear factor-kappa ) RANK.
The RANK is expressed on the surface of osteoclasts that
convey the signal for osteoclastogenesis through binding
to RANKL. This RANK/RANKL signalling pathway is
hindered when osteoprotegerin (OPG), a decoy receptor
for RANKL, competes with RANKL for binding to
RANK. However, this binding is dependent of the
relative concentration of OPG and RANKL, suggesting
the importance of OPG to RANKL ratio (OPG/RANKL).
The binding of OPG to RANK prevents osteoclastoge-
nesis, thereby regulating bone resorption.”*™ Therefore,

seems to participate in the development of inflammatory IL-18 and TNF-a plays significant role in bone
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resorption during the pathogenesis of RA by modulating
the OPG/RANKL/RANK system.

Bone resorption in RA can be well monitored by the
evaluation of serum calcium to phosphorus ratio (Ca/P)
since our bone is the reservoir of Ca and P in the form of
crystalline hydroxyapatite [Cayo(PO4)s(OH),].M 1t is
reported that oxidative stress in RA causes lipid
peroxidation in the synovial joints, which leads to
synovial tissue damage and an increase in serum P
level. > On the other hand, increased rate of Ca
metabolism and increased Ca excretion in RA patients
leads to a reduced serum Ca level.™®*® Qverall, this
results in reduced serum Ca/P in RA patients. Therefore,
correlating the Ca/P with the inflammatory markers may
explore the possible link between systemic inflammation
and modulation of calcium-phosphate metabolism in RA.
This approach might help real-time evaluation of RA
patients by developing early diagnostic procedures,
therefore better prognosis of the disease. In the present
study, we have investigated serum Ca/P in a
representative population of RA women and explored its
association with 1L-18, TNF-a, and OPG/RANKL in
them. We have included only women in our study
because of three specific reasons. Firstly, RA is three to
six times more prevalent in women than in males."*"*®!
Secondly, the woman exhibits more powerful cellular
and humoral immune responses than men. The
heightened immune responses in women are partly
attributable to the X chromosome bearing genes for sex
hormones, particularly estrogen that contributes to the
development and activity of the immune system. The
price of having two X chromosomes in women is a
higher risk of autoimmune disease.*¥ The third one,
women, undergo massive physiological changes
throughout their life due to a shift in their reproductive
and hormonal life events, suggesting a role for sex
hormones.”” The predominant sex hormone estrogen
level varies with reproductive and hormonal life events
in women, and estrogen stimulates autoimmunity. The
difference in hormone level of pre and post-menopausal
women plays a significant role in disease progression.?!
Therefore, we have classified the enrolled patients in pre
and post-menopausal subgroups of RA to explore the
relationship between immune modulations and Ca-P
metabolism.

MATERIALS AND METHODS

Study participants

Our present study included 146 RA women with disease
duration of less than 15 months and 40 age and gender-
matched healthy control (HC). The study was performed
during 2017-2019 and a total of 472 RA patients were
screened during this period from where only treatment-
naive 146 RA patients were enrolled in the study. The
selected patients were divided into pre (n=70) and post-
menopausal (n=76) group with 20 respective HC in each
group. All the patients registered at the outpatients'
department (OPD) of orthopedics of Tripura Medical

College & Dr. B.R. Ambedkar Memorial Teaching
Hospital, Tripura India, and compatible with the
diagnosis of RA as per the criteria of American College
of Rheumatology/European League against Rheumatism
(ACR/EULAR).”Z All patients gave their informed
consent to participate in the study in accordance with the
Helsinki Declaration. The study was approved by the
ethics committee of the Tripura Medical College & Dr.
B.R. Ambedkar Memorial Teaching Hospital, Tripura,
India (Ethical clearance approval No.- F.3 (PO-75)/Inst.
Ethical Com./SFTMC/2010-11/123284-123301, Date-
18/01/2017).

The inclusion criteria were: women with age over 18
years, signs and symptoms compatible with the diagnosis
of RA without any other health problems such as
diabetes, hypertension, chronic obstructive pulmonary
disease (COPD), coronary artery disease (CAD) and
functional limitations. The exclusion criteria were: RA
patients who had been treated with disease-modifying
anti-rheumatic drugs (DMARDs), non-steroidal anti-
inflammatory drugs (NSAIDs), and corticosteroids. We
have excluded the patients taking any Ca supplements
(CS) and hormone replacement therapy (HRT). The
inclusion and exclusion process of the study participants
is presented in Fig. 1. Peripheral blood was drawn from
all patients and HC after overnight fasting. Blood
samples were collected aseptically by trained health
professionals of concern OPD.
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[ Women with RA = 18 years, ]
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(n=472)

[ Pre-menopausal RA (n=253) ]

Excluded due to:

Receiving RA treatments (n=129)
Diabetes mellitus (n=9)
Hypertension (n=11)

COPD (n=4)

CAD (n=2)

Functional limitations (n=2)

Asked to participate in the study
(n=96)

Informed consent given
(n=70)

Included in the study
(n=70)

[Post-menopausal RA (n=253)]

Excluded due to:

Receiving RA treatments (n=101)
Diabetes mellitus (n=14)
Hypertension (n=8)

COPD (n=1)

CAD (n=3)

Functional limitations (n=5)

Asked to participate in the study
(n=87)

Informed consent given
(n=76)

Included in the study
(n=76)

Total patients included in the study
(n=146)

Figure-1: Flowchart of the inclusion and exclusion process in the study.

Figure abbreviations: RA- rheumatoid arthritis, COPD-
chronic obstructive pulmonary disease, CAD- coronary
artery disease.

Basic characteristics of the patients and healthy
subjects

The demographic and clinical characteristics of the
patients were obtained through standard self-assessment
questionnaire. The demographic and clinical variables
included in the study are age, body mass index (BMI),
age at onset of disease, disease duration, percentage of
rheumatoid factor (RF) positive patient, number of joints
affected, pain score and disease activity score of 28
joints (DAS-28). The pain score was measured on a
visual analogue scale (VAS; 0-10 mm), a numerical
rating scale of pain (ranged from 0 to 10 as 0 means
there is no pain, 10 means it is the worst possible pain
patient had felt). An erythrocyte sedimentation rate
(ESR) based DAS-28 was measured using an online
DAS-28 calculator (http://www.4s-dawn.com/DAS28/).
A DAS-28 score of greater than 5.1 implies high disease
activity, 3.2 to 5.1 moderate disease activity, 2.6 to 3.2
low disease activity, and less than 2.6 remissions.**

Detection and measurement of inflammatory markers
RF in the patient's serum was qualitatively determined by
the available commercial kits (AGAPPE, India).The
serum concentration of IL-18, TNF-a, OPG, and
RANKL were measured by using commercially available
ELISA kits (ABCAM, USA) according to the
manufacturer's instructions. The test principle is based on
the standard enzyme-linked immune-sorbent assay
(ELISA). Human IL-18, TNF-a, OPG, and RANKL
specific capture antibody was pre-coated onto 96-well

plates. Appropriately diluted serum samples and
standards were added to the wells and followed by
washing with 1X phosphate-buffered saline (PBS).
Biotin conjugated detection antibody was added to each
well and washed with 1X PBS. Followed by washing,
Horseradish Peroxidase (HRP) conjugated streptavidin
was added to each well and washed as earlier. HRP
substrate 3,3’,5,5'-Tetramethylbenzidine (TMB) was
used to visualize HRP enzymatic reaction. TMB was
catalyzed by HRP to produce a blue coloured product
that changed into yellow after adding the acidic stop
solution. The density of yellowish product is
proportional to the concentration of cytokine of interest
(human IL-18, TNF-a, OPG, and RANKL) in the serum
sample. [Optical density (O.D.)- 450nm, BioTek,
Synergy H1 Hybrid Reader, USA]. (Kit Sensitivity: IL-
18- < 20 pg/ml, TNF-0, - <4.32 pg/ml, OPG- <11 pg/mL,
RANKL- < 10 pg/ml).

Measurement of serum calcium and phosphorus
Serum Ca and P levels were determined by the
colorimetric method using a commercially available kit
(AGAPPE, India). Briefly, the serum samples and
standards were mixed separately with the test reagent.
The O.D. of the resulting coloured reactions was
measured against the blank (test reagent) using a
spectrophotometer (EPPENDORF, Bio Spectrometer
basic, Germany). (O.D., Ca-570nm, P-340 nm)

Statistical analysis

Statistical analyses were performed using the Statistics
Package for Social Sciences (SPSS for Windows, version
24.0; SPSS Inc, Chicago, IL, USA). We have tested the
normality of data distribution using SPSS software. The
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unpaired t-test was done using the GraphPad t-test
calculator online (https://www.graphpad.com/quickcalcs/
ttestl.cfm) to examine the significant difference of a
parameter between the two independent groups of RA.
We performed Pearson’s bivariate correlation to find the
correlation between serum Ca/P and pro-inflammatory
cytokines that include IL-18 and TNF-a, the correlation
between Ca/P and OPG/RANKL in both pre and post-
menopausal subjects. The partial correlation was sought
to re-evaluate the correlation between two variables by
adjusting or controlling the effect of other co-
variables.* All the experimental data were expressed as
Mean + SD. A p-value of less than 0.05 was considered
significant, less than 0.01 was considered highly
significant, and less than 0.0001 considered extremely
significant.

RESULTS

Demography of pre and post-menopausal RA and HC
subjects and their health status

The demographical and clinical data of the patients
enrolled in this study are shown in Table-1. The mean

age of the pre-menopausal RA group was 36.82 + 5.41
years, and the post-menopausal RA group was 56.5 +
7.54 years. The BMI of the post-menopausal RA subjects
was found to be lesser (20.69 + 2.81 kg/m?) as compared
to pre-menopausal RA subjects (22.78 + 3.2 kg/m?). BMI
was also found to be lower in pre and post-menopausal
RA as compared to their respective HC. The mean age at
onset of disease was lower in pre-menopausal RA (34.68
+ 5.83 years) compared to post-menopausal RA (51.33 +
6.9 years). For disease duration, there is no significant
difference observed between the pre-menopausal RA
(1.24 + 0.26 years) and post-menopausal RA (1.32 £
0.31years) (p=0.094). 66 % of the pre-menopausal RA
women were found RF positive, and 59.24 % of post-
menopausal RA women were found RF positive. The
post-menopausal RA women were found to exhibit
higher disease activity than pre-menopausal women. The
mean pain score of pre-menopausal women was 2.24 +
1.19, and post-menopausal women was 3.73 + 1.47. The
post-menopausal women showed significantly higher
DAS-28 (4.9 + 1.51) than pre-menopausal subjects (3.39
+1.03) (p=0.0001).

Table-1: Basic characteristics of pre and post-menopausal rheumatoid arthritis (RA) patients with respective

healthy control (HC).

Basic characteristics

(Demographic and Pre—meno_pausal Pre-meno_pausal Post-mengpausal Post-menclpausal
Clinical variables) RA (n=70) HC (n=20) RA (n=76) HC (n=20)
Adge, years 36.82 £5.41 37.4+7.44 56.5+ 7.54 57.55 £ 8.01
BMI (Kg/m?) 22.78 £3.2 23.45+2.28 20.69 + 2.81 21.69+ 2.7
Age at disease onset, 34,68 +5.8 : 51.33£6.9 :
years

Disease duration, 1.24 +0.26 : 13240231 :
years

RF % 66% - 59.2 % -

No of joints affected 11.65 £ 4.05 - 15.98 + 4.83 -

i’g;” score, VAS (1- 224+119 : 3.73+147 :
DAS-28 3.39+1.03 - 49+151 -

Values are expressed in mean + SD, except where otherwise indicated. BMI = body mass index,

VAS = Visual

Analogue Scale; DAS-28 = Disease Activity Score of 28 Joints.

Evaluation of inflammation
menopausal RA

The serum concentration of 1L-18 and TNF-a in pre and
postmenopausal RA and their age and sex-matched HC
were determined and given in Table-2 and Table-3. IL-
18 concentration was found to be higher in pre-
menopausal RA women (239.13 + 43.27 pg/ml) as
compared to pre-menopausal HC (81.75 + 16.33 pg/ml)
(p=0.0001). Serum IL-18 was also higher in post-
menopausal RA women (253.75 + 32.67 pg/ml) in
comparison to the post-menopausal HC group (104.63 +
17.79 pg/ml) (p=0.0001). IL-18 concentration was found
to be significantly higher in post-menopausal RA women
(253.75 + 32.67 pg/ml) as compared to pre-menopausal
RA women (239.13 + 43.27 pg/ml) (p=0.022) (Table-4).
The level of TNF-o was found to be higher in pre-
menopausal RA (27.93 + 11.68 pg/ml) than pre-
menopausal HC (4.09 + 2.15 pg/ml) (p=0.0001). In case

in pre and post-

of post-menopausal RA, TNF-o concentration (28.92 +
7.28 pg/ml) showed a similar trend when compared with
post-menopausal HC (5.58 + 3.02pg/ml) (p=0.0001). But
the serum concentration of TNF-a was not significantly
differed in postmenopausal RA women (28.9 + 7.28
pg/ml) as compared to pre-menopausal RA women
(27.93 £ 11.68 pg/ml) (p=0.544) (Table-4). Serum OPG
level was significantly reduced in RA subjects as
compared to HC (p=0.0001). The serum concentrations
of OPG in pre and postmenopausal RA are 329 + 41.11
pg/ml and 254.59 + 38.12 pg/ml. These are less than the
serum concentration observed in pre and postmenopausal
HC (i.e., 464.65 + 96.33 pg/ml and 460.74 + 129.83
pa/ml, respectively). Serum OPG was significantly
reduced in post-menopausal RA women (254.59 + 38.12
pg/ml) in comparison to pre-menopausal RA women
(329 + 41.11 pg/ml) (p=0.0001) (Table-4). On the
contrary, the level of Serum RANKL was found to be
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higher in RA in comparison to HC (p=0.0001). The
serum concentrations of RANKL in pre and
postmenopausal RA are 5.32 + 0.60 pg/ml and 6.37 +
1.36 pg/ml, respectively; in pre and postmenopausal
healthy women are 2.91 + 1.32 pg/ml and 3.14 + 0.83
pg/ml, respectively. RANKL was also increased
significantly in post-menopausal RA women (6.3 + 1.36
pg/ml) than pre-menopausal RA women (5.32 £ 0.60
pg/ml) (p=0.0001) (Table-4). Overall, this leads to a
reduced OPG/RANKL in postmenopausal RA women
(42.13 = 10.14) as compared to pre-menopausal RA
women (62.65 + 11.09) (p<=0.0001) (Table-4).

Change in serum Ca/P in pre and post-menopausal
RA

The serum concentration of Ca, P, and Ca/P in pre and
postmenopausal RA women and their age and sex-
matched HC were determined and given in Table-2 and

Table-3. The level of serum Ca was found to be lesser in
pre-menopausal RA women (8.95 + 0.68 mg/dL) as
compared to pre-menopausal HC (11.5 + 1.25 mg/dL)
(p=0.0001). Serum Ca in post-menopausal RA women
(7.40 = 0.99 mg/dL) is also lesser in comparison to HC
(8.51 + 0.77 mg/dL) (p=0.0001). On the contrary, serum
P level was found to be higher in both pre-menopausal
(3.32 + 0.58 mg/dL) and post-menopausal (4.63 + 0.85
mg/dL) RA women as compared to pre-menopausal
(2.61 £ 0.46 mg/dL) and post-menopausal (3.17 + 0.31
mg/dL) HC (p=0.0001).This results in decreased Ca/P in
RA women as compared to HC. The serum Ca/P was
also found to be significantly reduced in postmenopausal
RA women (1.70 £ 0.61) as compared to pre-menopausal
RA women (2.43 £ 0.66) (p=0.0001) (Table 4).

Table-2: Measures of inflammatory and biochemical markers of pre-menopausal healthy controls (HC) and

rheumatoid arthritis (RA) patients.

Inflammatory and biochemical markers PreM HC (n=20) PreM RA (n=70) P-value
IL-18 (pg/ml) 81.75 + 16.33 239.13 +43.27 0.0001
TNF-o (pg/ml) 4.09 +2.15 27.93 £ 11.68 0.0001
OPG (pg/ml) 464.65 + 96.33 329+41.11 0.0001
RANKL (pg/ml) 291+1.32 5.32 £ 0.60 0.0001
OPG/RANKL 199.02 + 109.54 62.65 + 11.09 0.0001
Ca (mg/dL) 11.15+1.25 8.95 + 0.68 0.0001
P (mg/dL) 2.61+0.46 3.32+0.58 0.0001
Ca/P 446 +£1.15 2.43 £ 0.66 0.0001

Values are expressed in mean + SD; PreM= Pre-menopausal, PostM= Post-menopausal, IL-18= Interleukin-18; TNF-
o= Tumour Necrosis Factor-alpha; OPG= Osteoprotegerin; RANKL= Receptor Activator of Nuclear Factor kappa p
Ligand, Ca/P= Calcium to Phosphorous ratio, OPG/RANKL= OPG to RANKL ratio

Table-3: Measures of inflammatory and biochemical markers of post-menopausal healthy controls (HC) and

rheumatoid arthritis (RA) patients.

Lr_lflammgtory and PostM HC (n=20) PostM RA (n=76) P-value
iochemical markers

IL-18 (pg/ml) 104.63 +17.79 253.75 + 32.67 0.0001
TNF-a (pg/ml) 5.58 + 3.02 28.92 +7.28 0.0001
OPG (pg/ml) 460.74 £ 129.83 254,59 + 38.12 0.0001
RANKL (pg/ml) 3.14£0.83 6.37 £1.36 0.0001
OPG/RANKL 157.92 £ 70.45 42.13+10.14 0.0001
Ca (mg/dL) 8.51+0.77 7.40+0.99 0.0001
P (mg/dL) 3.17+£0.31 4.63 +£0.85 0.0001
Ca/P 2.72£0.48 1.70+0.61 0.0001

Values are expressed in mean + SD; PreM= Pre-menopausal, PostM= Post-menopausal, IL-18= Interleukin-18; TNF-

o= Tumour Necrosis Factor-alpha; OPG= Osteoprotegerin; RANKL= Receptor Activator of Nuclear Factor kappa
Ligand, Ca/P= Calcium to Phosphorous ratio, OPG/RANKL= OPG to RANKL ratio

Table-4: Measures of inflammatory and biochemical markers of pre and post-menopausal rheumatoid arthritis

patients (RA).

Inflammatory and biochemical markers

PreM RA (n=70)

PostM RA (n=76)

P-value

IL-18 (pg/ml)

239.13 £43.27

253.75 + 32.67 0.022
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TNF-a (pg/ml) 27.93 + 11.68 28.9+7.28 0.544
OPG (pg/ml) 329 £ 41.11 254.59 £ 38.12 | 0.0001
RANKL (pg/ml) 5.32 + 0.60 6.3+136 0.0001
OPG/RANKL 62.65 + 11.09 4213 +10.14 | 0.0001
Ca (mg/dL) 8.95 + 0.68 7.40 £ 0.99 0.0001
P (mg/dL) 3.32+ 058 4.63 £0.85 0.0001
Ca/P 2.430.66 1.70 £ 0.61 0.0001

Values are expressed in mean + SD; PreM= Pre-menopausal, PostM= Post-menopausal, IL-18= Interleukin-18; TNF-
o= Tumour Necrosis Factor-alpha; OPG= Osteoprotegerin; RANKL= Receptor Activator of Nuclear Factor kappa
Ligand, Ca/P= Calcium to Phosphorous ratio, OPG/RANKL= OPG to RANKL ratio

Correlation between serum Ca/P and inflammatory
markers in pre and post-menopausal RA

The result of Pearson's bivariate correlation was given in
Table-5. Significant correlations were observed between
serum Ca/P and markers of inflammation in RA women.
In pre-menopausal RA women the ratio of Ca to P was
found to be negatively correlated with 1L-18 (r= -0.68,
p=0.01) and TNF- o (r= -0.56, p=0.01), whereas a
positive correlation was observed between Ca/P and
OPG/RANKL ratio (r= 0.81, p=0.01). In the post-
menopausal RA women the Ca/P was also found to be
negatively correlated with 1L-18 (r= -0.53, p=0.01) and
TNF- o (r= -0.66, p=0.01), and positively with
OPG/RANKL (r=0.77, p=0.01).

The result of partial correlation remains same as
Pearson’s bivariate correlation (Table-5). A significant
correlation was observed between the Ca/P ratio and the
pro-inflammatory cytokines. The partial correlation (pR)
between Ca/P and IL-18 was found to be pR= -0.54,
p=0.01 in pre-menopausal RA women and pR= -0.66,
p=0.01 in post-menopausal RA women while adjusted
for TNF- a, the correlation between Ca/P and TNF- o
was found to be pR = - 0.45, p=0.01 and pR= -0.51,
p=0.01 in pre and post-menopausal RA women
respectively while eliminating the effect of IL-18. The
correlation between Ca/P and OPG/RANKL was pR =
0.73, p=0.01 in pre-menopausal RA women, and pR=
0.68, p=0.01 in post-menopausal RA women on
adjustment of both 1L-18 and TNF- a.

Table-5: Bivariate and Partial correlation among Ca/P, pro-inflammatory markers (IL-18 and TNF-a) and
OPG/RANKUL in pre and post-menopausal rheumatoid arthritis (RA) patients.

IL-18 TNF-a OPG/RANKL
PreM RA | -0.68 | 0.01° PreM RA [ -0.56 | 0.01° PreM RA | 0.81 | 0.01°
caP| " [PostMRA | 053|001 | " [PostMRA | -0.66 | 0.01° | " [PostMRA | 0.77 | 0.01°
Rt [ PreMRA | -054 0.017 R? | PreMRA | -0.45 0.017 e | PreMRA | 073 0.01"
PR "PostM RA | -0.66 | 0.01° | P~ [PostM RA | 051 | 0.01° | P~ [PostM RA | 0.68 | 0.01°

PreM= Pre-menopausal, PostM= Post-menopausal, RA= Rheumatoid Arthritis, IL-18= Interleukin-18, TNF-a=
Tumour Necrosis Factor-alpha, OPG= Osteoprotegerin, RANKL= Receptor Activator of Nuclear Factor kappa f§
Ligand, Ca/P= Calcium to Phosphorous ratio, OPG/RANKL= OPG to RANKL ratio, r= Pearson’s bivariate
correlation, pR'= partial correlation between Ca/P and IL-18 (adjusted for TNF- a), pR*= partial correlation between
Ca/P and TNF- a (adjusted for IL-18), pR*= partial correlation between Ca/P and OPG/RANKL (adjusted for IL-18

and TNF- «), *= p value.

DISCUSSION

The present study is based on the postulation that
autoimmune response mediated by pro-inflammatory
cytokines in RA may alter the serum Ca/P in patients.
The demographic data of our study shows reduced BMI
in post-menopausal women compared to pre-menopausal
women as a consequence of higher age. However, the
significantly reduced BMI in both pre and post-
menopausal RA women compared to their respective
control groups might be associated with RA
manifestations. The increased disability and gradual
deterioration in body mass of RA subjects reflected in
their BMI value.”™ A higher percentage of RF positive
cases was observed in both pre and post-menopausal RA.
Earlier studies have also reported a linear relationship
between RF positivity and disease progression.?® The
mean age at onset of the disease is significantly higher in
post-menopausal RA women since the hormonal
imbalance during menopause increases susceptibility to

RA#?1 The higher disease duration in the post-
menopausal group may be due to heightened and
persistent inflammation. This might be stemmed from
scarcity in hormones involved in the prevention of
inflammatory response in women with RA in the post-
menopausal group. Studies have reported that post-
menopausal hormone therapy can improve disease
conditions in subjects with RA.”® We have found a
higher pain score and disease activity score in post-
menopausal RA women compared to pre-menopausal
women with RA. This might result from sustained and
more robust inflammation in post-menopausal RA,
leading to swellings and pain in multiple joints.

It has long been known that IL-18 and TNF-a are
associated with an inflammatory response in several
autoimmune diseases.?®*” These two pro-inflammatory
cytokines play a pivotal role in the development of RA,
especially in post-menopausal women, since they are
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more prone to RA.[?* Although TNF-a in our study is
not significantly increased in postmenopausal RA
women as compared to pre-menopausal RA. But our
present study showed that IL-18 and TNF-a were
significantly higher in pre and postmenopausal RA
women than age and sex-matched respective HC groups.

We have observed decreased OPG/RANKL in both pre
and post-menopausal RA women in comparison to HC.
These data are corroborated with the findings that IL-18
induces TNF-o secretion, which raises RANKL
production by activated T cells, thereby reducing
OPG/RANKL."I The higher levels of 1L-18 observed in
our study subjects might be associated with an increased
level of TNF-o and thus lower the value of
OPG/RANKL. This might lead to increased
osteoclastogenesis by binding RANKL to its receptor
RANK on osteoclasts of bone and leading to bone
resorption. In this process, the bone mineral constituents
are passed into the sera of RA patients, which might
reflect through serum Ca/P.

Our correlation analysis showed that serum Ca/P is
negatively correlated with IL-18 and TNF-a in pre- and
post-menopausal RA groups. In RA patients, activated T
cells infiltration releases pro-inflammatory cytokines into
synovial joints, leading to hypertrophy and hyperplasia
of synovial tissue and bone. This creates a hypoxic
environment and generation of reactive oxygen species.
This, in turn, causes degradation of membrane
phospholipids and an increase in the serum level of P and
lipid peroxide.*? Garrett et al., 1990 have shown that
the inflammatory response in RA is associated with a
negative correlation between Ca/P and lipid peroxide.*!
However, the decrease in serum Ca also is a major
reason for decreased Ca/P in RA. It was reported earlier
that RA patients exhibit increased Ca metabolism and

increased Ca excretion, thus leads to reduced serum
Ca [15,16]

CONCLUSION

Increased expression of 1L-18 and TNF-a in RA causes a
decrease in serum Ca/P, which establishes a negative
correlation between Ca/P and pro-inflammatory
cytokines of our study (IL-18 and TNF-a). On the
contrary, the positive correlation between Ca/P and
OPG/RANKL justifies that raised I1L-18 and TNF-a in
RA causes an increase in RANKL production and hence
reduction in OPG/RANKL. This finding of our present
study highlights the importance of serum Ca/P in the
assessment of systemic inflammation in both pre and
post-menopausal women with RA.

In the current study, we have mainly focused on
circulating cytokines (IL-18 and TNF-a), but we cannot
collect the data for the synovial cytokines. Although it is
worth mentioning that cytokine expression may show
distinct values while evaluating in the serum and
synovial fluid.* Besides, all patients in the current study
are treatment naive. So, we cannot follow-up patients for

change in the Ca/P with amelioration of disease.
Moreover, it is unknown in this study whether treatment
restores the Ca/P back to normal in those RA patients.
Due to a small group of patients in this study, authors
think that cumulative data from many studies or more
extensive population-based studies could reveal the
implication of the Ca/P in the field to assess the
progression and efficacy of the treatment of RA.
However, our current study establishes that alteration in
serum Ca/P is closely associated with inflammatory
manifestations in RA. Therefore, the Ca/P in RA could
be implied to identify the disease progression, manage
therapeutic efficacy, and provide useful prognostic
information about the patient's long-term clinical
condition.
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