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Rheumatoid Arthritis (RA) is a long-term autoimmune disease that causes inflammation and
jointdegeneration. It canlead to significantimpairment and aloss in quality of life for millions of
people worldwide. When diagnosing and treating RA, hematological and biochemical indicators
are frequently assessed. These data are essential for monitoring the disease's progression,
identifying organ involvement, and making treatment decisions. Objectives: To come up with
some significant differences in hematological and biochemical indicators between patients
with RA and healthy controls for the diagnosis of RA. Methods: Three hundred blood samples
were taken in total from the population of Faisalabad City; 150 blood samples were drawn from
people who have been confirmed diagnosed with RA, and 150 blood samples were collected
from healthy people without any disease. The significant levels between the two groups were
ascertained by calculating descriptive statistics and statistical comparisons using
independent t-tests for continuous variables. Results: Among assessed parameters,
erythrocyte sedimentation rate (ESR) and white blood cells (WBCs) were hematological
parameters found to be highly elevated in RA patients, whereas hemoglobin (Hb) and alkaline
phosphatase (ALP)are biochemical parameters that have been demonstrated significantly low
in RA patients as compared to healthy. Conclusions: Deferentially expressed parameters ESR,
WBCs, Hb,and ALP canbe used for the diagnosis of RA.

INTRODUCTION

Rheumatoid Arthritis (RA) is a systemic autoimmune
disease that damages joint and is characterized by a
persistent, symmetrical inflammation of the afflicted
joints, which leads to osteoporosis and other impairments.
Even though just a small number of joints are impacted at
first, extra-articular symptoms are frequently seen as
more joints become affected [1, 2]. Joint cartilage and
bone are both severely damaged by RA, resulting in severe
synovitis [3]. RA is classified as non-inflammatory joint
(osteoarthritis) and inflammatory due to crystal formation
(pseudogout and the basic calcium phosphate disease,
Gout), or by bacteria or viruses (Staphylococcus aureus
Neisseria Gonorrhea, Parvovirusand Enterovirus), or due to

auto-immune processes. It canalso cause damage to other
organs, such as the kidney, heart and lungs, the eye, the
digestive system, the nervous system, and skin [4].
Rheumatoid factor and antibodies against post-
translational modified proteins such as citrullination
(ACPA) and carbamylation (anti-CarP antibodies) are
among the autoantibodies that are indicative of the
condition. Immune cells may be drawn to the joint as a
result of these autoantibodies forming immune
complexes. Patients with RA can be classified as either
autoantibody-positive or autoantibody-negative based on
the presence of these autoantibodies[5]. The effects of RA
include significant morbidity, arise in mortality, and annual
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expenses in the billions [6]. Women are more likely than
males in the same age group to get RA, and the condition's
incidence increases with age [7]. The systemic character
of RA leads to a significantly shorter life expectancy than
the general population, worse quality of life, and decreased
social and occupational functioning [8]. Between 0.1% to
2.0% of persons globally are thought to have RA. Self-
reported datafromthe National Health Survey(NHS)for the
years 2014-2015 indicates that, in terms of RA prevalence
(2%), Australia has the largest population worldwide [9].
Pakistani patients are 44 years old on average [10].
Globally, the prevalence of RA varies, with industrialized
nations typically having a greater prevalence. This can be
attributed to a variety of variables, including genetics,
demographic differences, and underreporting in other
regions of the world, as well as exposure to environmental
risk factors [2]. There are no established diagnostic
criteria for RA. To be diagnosed with RA, a patient must
have at least one clinically swollen joint and receive at least
six out of ten points on an evaluation test [11]. The primary
diagnostic tools are the findings from imaging and blood
testing. The rheumatoid factor test is one of the many
bloodtestsusedtoidentify RA[12].

The aimaimed to potential biomarkers associated with RA,
so the CBC and biochemical chemistry of RA patients were
comparedtothose ofacontrolgroupinthisstudy.

METHODS

This study was a prospective, cross-sectional study. The
formulaforcomparing two independent means was used to
get the study's sample size, taking into account important
statistical factors, such as research power (0.84 for 80%
power)and the standard normal variate for the significance
level (1.96 for a 95% confidence interval). It was calculated
thatin order to guarantee sufficient statistical power, each
group needed at least 150 participants. As a result, the
studyinvolved 300 peopleintotal—150 RA sufferersand 150
healthy controls. The Safi Teaching Hospital of Riphah
International University in Faisalabad, Pakistan, analyzed
the samples from April to August 2023. The hematological
and biochemical parameters were compared. Simple
random sampling technique was used to enroll the
participants. Rheumatoid arthritis patients and healthy
controls from the Faisalabad area made up the study
population. The American College of Rheumatology's
diagnostic and clinical standards were met by the patients.
Rheumatoid arthritis and other inflammatory or
autoimmune disorders were not presentinthe participants
in the healthy control group, nor had they ever been. Those
who had recently undergone major surgery or blood
transfusions were nursing or pregnant, had a history of
medication use, or had co-occurring medical disorders
were among the exclusion criteria. Written, informed
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consent was taken by each participant. The research
protocolwasapproved by the Research Ethical Committee,
Riphah International University, Faisalabad, Pakistan.
Reference No. Res/RcRAHS/23/126 to ensure adherence
toaccepted ethical guidelines. Together with the complete
blood count (CBC), the following parameters were
measured: erythrocyte sedimentation rate (ESR),
rheumatoid factor (RA factor), and c-reactive protein
(CRP). In addition, aspartate transaminase (AST), alanine
transaminase (ALT), blood urea, creatinine, total bilirubin,
direct bilirubin, indirect bilirubin, alkaline phosphatase
(ALP),gammaGT(gGT), and anti-CCP tests were performed
to assess organ function. Red vacutainers without
anticoagulants were used to collect serum samples from
fasting subjects while EDTA-containing vacutainers were
used for CBC samples. The equipment underwent quality
control testing and was calibrated following the
manufacturer's instructions. For serum collection For the
collection of serum The blood was collected ina sterile test
tube, and the serum was separated by centrifuging 5 ml of
each sample for 5 minutes at 3500 rpm. Tests were carried
out 24 hours after the collection. A hematology analyzer
was used to performa CBC to evaluate several parameters,
suchasthe RBC, WBC, platelet, Hb level, mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), Mean
corpuscular hemoglobin concentration (MCHC), and DLC.
SLECTRA MINI and ROCHE COBAS c 311, were used to
measure the levels of RA factor and CRP in plasma or
serum. Enzyme-linked immunosorbent assay (ELISA) was
utilized to identify the existence of antibodies directed
against CCP in blood samples. SPSS version 23.0 was used
to analyze the data. For every variable, descriptive
statistics(mean + standard deviation)were computed. The
means of the RA group and the healthy control group were
compared using the independent t-test. Relationships
between independent predictors (such as hemoglobin,
WBC count, and ESR) and dependent variables (such as
CRP and anti-CCP) were investigated using regression
analysis. Boxplots were used to depict only statistically
significant parameters for better interpretability, and all
statisticaltestswere setatasignificance level of p<0.05.

RESULTS

The mean = SD of each parameter for both groups and the
p-value. Only the statistically significant parameters are
shown in boxplot graphs. The Hb level is 13.2 + 0.86 g/dL in
healthy individuals but is significantly lower in patients
(12.10 +£1.16 g/dL) due to a statistically significant difference
(p=0.000). The red blood cell count in healthy individuals is
4.22 +0.40 million/pL, whereas in patients, it is somewhat
higherat4.43+0.33. The statistically significant difference
in RBC counts between the two groups (p=0.000) suggests
apotentialalterationin RBC turnover or patient generation.
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In healthy persons, the mean WBC count is 7860.93 +
1486.73/uL, while in patients, it is 8595.86 + 2592.07/pL.
The variation in WBC counts is statistically significant
(p=0.003), indicating a sickness or immune response. With
a p-value of less than 0.0001, it was discovered that there
was a significant difference in the mean number of
eosinophils between the two groups: 3.49 +1.98 in the RA
patients and 2.61 + 1.99 in the control group. The mean
platelet countin patients is somewhat lower, at 247086.66
+ 74730.74/pL with a p-value of 0.055, than the platelet
counts in healthy individuals, which is 264646.66 +
82754.51/uL. The ESRis considerably greater in patients at
39.66+12.55mm/hrthaninhealthyindividualsat12.30 + 3.1
mm/hr. A significant difference between the two groups
(p=0.000). Between healthy individuals and patients, there
are no appreciable variations in the neutrophil,
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patients are significantly higher at 22.33 + 72.31 mg/L than
those of healthy individuals (7.21 + 1.51 mg/L), suggesting
higher inflammatory activity in the patient group. The
mean ALP(90.39+37.561U/L)and gGT(40.66 +26.211U/L) of
the patients are significantly different from the healthy
individuals'(ALT:57.73 +87.52 IU/L; gGT: 33.36 + 24.311U/L)
values(p-values of 0.000 and 0.013, respectively). However,
there are no significant differences between the ALT
(p=0.896) and AST (p=0.658) values of the two groups.
Patients with rheumatoid arthritis exhibit a substantial
relationship with their mean Anti-CCP level of 221.60 *
143.24 U/ml, which is significantly higher than that of
healthy individuals. The relationship is highly significant,
withap-value of 0.000(Table 2).

Table 2: Descriptive Statistics of Biochemical Parameters

lymphocyte, monocyte, and basophil parameters(Table 1). Parameter Healthy Patients p-value
Table1: Descriptive Statistics of Biochemical Parameters Urea 26.93+6.97 25.75+6.79 0.159
— Creatinine 0.64+0.19 0.73+0.22 0.001
Parameter Healthy Patients e Uric Acid 5.66+0.92 6.57 + 2.41 0.000
Hb 13.2+0.86 12.10 £1.16 0.000 RA Factor 8.01+1.72 83.83+166.92 0.000
RBCs 4.22 £0.40 4.43+0.33 0.000 CRP 7.21+1.51 22.33 £72.31 0.01
WBCs 7860.93 +1486.73 8595.86 + 2592.07 0.003 Total Bilirubin 0.39+0.13 0.46 +£0.51 0.069
Neutrophils 60.74 £ 8.49 60.41+10.52 0.767 Direct Bilirubin 0.34+0.57 0.22 £0.40 0.032
Lymphocytes 29.18+7.99 30.28+9.79 0.287 Indirect Bilirubin 0.30+0.19 0.26+0.17 0.100
Monocytes 6.46 +1.52 6.20 £1.42 0.129 ALT 57.73 +87.52 58.88 + 63.68 0.896
Eosinophils 3.49+1.98 2.61+1.99 0.000 ALP 125.96 + 56.84 90.39 + 37.56 0.000
Basophils 0.29+0.17 0.31+0.19 0.625 gGT 33.36 +24.31 40.66 + 26.21 0.013
Platelets 264646.66 + 82754.51 | 247086.66 + 74730.74 | 0.055 AST 35.69 + 30.84 34.31+22.65 0.658
ESR 12.30 £ 3.1 39.66 +12.55 0.000 Anti-CCP 7.63 +1.46 221.60 £143.24 0.000

A descriptive statistical analysis of the biochemical
parameters, p=0.139 shows that the difference in urea
levels between patients (25.75 + 6.79 mg/dL) and healthy
people (26.93 + 6.97 mg/dL) is not statistically significant.
The mean creatinine levels of patients are significantly
higher(0.73 +0.22 mg/dL)than those of healthy individuals
(0.64 + 0.19 mg/dL), with a p-value of 0.001, suggesting a
potential kidney malfunction in the patient group. The p-
value 0.000 indicates that patients' mean uric acid levels
are significantly higher (6.57 + 2.41 mg/dL) than those of
healthy people (5.66 + 0.92 mg/dL). The RA factor levels in
patients were found to differ significantly from those in
healthy individuals(8.01+1.72 [U/ml) by 83.83 +166.92 IU/ml,
with a highly significant p-value of 0.000. Patients' CRP
levels are significantly higher than those of healthy
individuals(7.21+1.51mg/L) at 22.33 + 72.31 mg/L, with a p-
value of 0.011, indicating higher inflammatory activity in the
patient group. The mean uric acid levels of patients are
significantly higher(6.57+2.41mg/dL)than those of healthy
individuals (5.66 + 0.92 mg/dL), as indicated by p=0.000.
With a highly significant p-value of 0.000, it was discovered
that the RA factor levels in patients differed significantly
(8.01+1.72 IU/ml)fromthosein healthyindividuals by 83.83 +
166.92 IU/ml. With a p-value of 0.011, the CRP levels of

The relationships between hematological and biochemical
variables and specific RA-specific biomarkers like anti-
CCP, CRP, uric acid, and RA factor was also conducted.
There is a statistically significant positive association
based on regression coefficients between uric acid levels
and ESRbasedonthe p-value of 0.012 and the coefficient of
0.023. The association between urea levels and uric acid is
statistically significant, as indicated by the regression
coefficient of 0.081 and p-value of 0.000. Lower
hemoglobin levels and higher levels of RA Factor are
associated, as indicated by the p-value of 0.034 and
regression coefficient of -15.146. Additionally, platelets
showed a significant positive association with increased
levels of RAFactorand decreased platelet counts, witha p-
value of 0.022 and a regression coefficient of 0.000. ESR
also showed a significant positive association, with a
regression coefficient of 1.987and a p-value of 0.001. WBCs
demonstrated a positive association with a p-value of 0.001
and a regression coefficient of 0.005, suggesting a
relationship between elevated WBC counts and elevated
CRPlevels. Notably, a substantial negative association with
a p-value of 0.000 and a coefficient of -30.916 was
discovered between anti-CCP levels and Hb. This implies a
relationship between elevated anti-CCP levels and
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decreased Hb levels. Furthermore, a noteworthy positive
association with a p-value of 0.002 was observed between
the WBC and anti-CCP levels. The regression coefficient of
this connection was 0.011. This implies an association
between elevated WBC counts and elevated anti-CCP
levels. With a regression coefficient of 4.649 and a p-value
of 0.000, ESR also showed a significant positive link,
suggesting a potential association between elevated ESR
levels and elevated anti-CCP levels. Additionally, a
statistically significant negative association between the
levels of anti-CCP and urea was discovered, with a
regression coefficient of -2.815 and a p-value of 0.015. This
suggests a connection between reduced urea levels and
elevated anti-CCP levels. ALP's regression coefficient is -
0.323. This means that Anti CCP should drop by 0.323 units
foreveryunitincrease in ALP. ALP and Anti-CCP levels may
be inversely associated, based on the negative regression
coefficient(Table 3).

Table 3: Regression Analysis Results

Dependent

Independent Coefficient Standard

Variable Variable (B) Error SIETILEENCS
Uric Acid ESR 0.023 0.009 0.012
Uric Acid Urea 0.081 0.018 0.000
RA Factor Hb -15.146 7113 0.034
RA Factor Platelets 0.000 0.000 0.022
RA Factor ESR 1.987 0.607 0.001
CRP WBCs 0.005 0.002 0.001
Anti-CCP HB -30.916 6.339 0.000
Anti-CCP WBCs 0.0m 0.003 0.002
Anti-CCP ESR 4.649 0.497 0.000
Anti-CCP Urea -2.815 1.155 0.015
Anti-CCP ALP -0.323 0.147 0.028

DISCUSSION

Itisthought that the most significant improvementindexis
early diagnosis. Yet early diagnosis s still challenging since
it relies entirely on clinical data from the patient's health
record, physical examination, and blood and imaging
examinations [13]. Many autoimmune rheumatic diseases
can present as hematologic disorders, such as anemia,
coagulopathy, WBC and platelet abnormalities, and
hematologic malignancies [14]. This study indicated the
systemic characteristics of Rheumatoid and its effect on
hematopoiesis by identifying substantial variations in
several hematological markers between RA patients and
healthy controls. Anemia, a common consequence linked
with chronic inflammatory disorders like RA, was seen in
RA patients' significantly lower HB levels; similarly, low
levels have previously been observed in previous
investigations [15, 16]. RA patients showed a considerably
higher mean RBC, which was unexpected. According to
reports, inflammatory cytokines may inhibit RBC
maturation [17]. Consequently, we propose that aberrant
red cellindices could be thereason forlow HB evenin cases
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where the RBC count is larger. It is essential to carry out
additional studies into the underlying mechanisms
triggering RBC changes in RA. The WBC counts of RA
patients were considerably higher, suggesting increased
immune-mediated activity or a possible infection [18].
Moreover, leukocytes might be drawn to inflammatory
synovial tissues as a result of systemic inflammation in RA,
which would further raise WBC levels [19]. The systemic
inflammatory burden associated with RA is further
emphasized by the noticeably higher ESR levels seen in
these patients [20]. ESR is a non-specific inflammatory
marker that is influenced by red cell aggregation and
plasma protein concentration. It assesses how quickly
erythrocytes settle in an anticoagulated blood vertical
column [21]. Elevated ESR levels in RA are indicative of
increased production of acute phasereactantsinresponse
to cytokine-mediated inflammation [21]. Elevated ESR
readings in RA patients correlate with disease activity,
making them a helpful tool for monitoring treatment
response and disease progression [22]. Patients with RA
had lower platelet counts, however not to a statistically
significant degree. All these results point to a considerable
difference between the hematological features of RA
patients and healthy individuals. This is in line with the
systemic inflammatory aspect of the illness and how blood
cell counts are affected by it. Notably, RA patients had
higher uric acid levels, which may indicate a metabolic
disease[23]. Elevated amounts of uric acid can be caused
by medication adverse effects or increased purine
breakdownin patients with RA. Since raised uric acid levels
are associated with an increased risk of gout, a common
comorbidity in persons with RA, monitoring uric acid levels
and treating hyperuricemia is essential to preventing
complications from the condition. Serum uric acid
elevationis more common in RA patients and may serve as
an inflammatory marker for the degree of joint
inflammation. Furthermore, there is mounting evidence
that suggests larger steroid doses might result in
hyperuricemia. Therefore, it is important to implement
suitable preventative measures for these individuals [24].
The autoimmune origin of RA was confirmed by the
significantly higher levels of RA factor in RA patients as
compared to healthy controls. Most RA patients' serum
contains RA factor, an autoantibody that targets the Fc
region of immunoglobulin G(IgG)andis a crucial diagnostic
sign for the condition. RA factor contributes to synovial
inflammation, cartilage deterioration, and joint
degeneration in RA by promoting immune complex
formation and complement activation [25]. Patients with
RA have elevated CRP values, which are indicative of both
the disease activity and systemic inflammatory burden.
Elevated CRP is correlated with extra-articular symptoms,
joint destruction, and synovial inflammation in RA, making
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it a useful biomarker for monitoring disease activity and
directing treatment approaches. In contrast to earlier
research, increased bilirubin levels were also noted in RA
patients [26, 27]. These findings indicate notable
variations in several biochemical indicators, pointing to
possible anomalies in renal function, inflammation, and
autoimmune activity inindividuals with RA.

CONCLUSIONS

Raised ESR, WBCs, and low HB were the patients'
differential hematological markers; correlation studies
also showed arelationship between these parameters and
particular diagnostic tests. Biochemical tests revealed
elevated creatinine and gGT, low direct bilirubin and ALP.
Regression analysis revealed a link between ALP and anti-
CCP as well. Thus, high WBCs, low HB, low ALP, and
elevated ESR can all be utilized as indicators of rheumatoid
arthritis. The study's overall findings emphasize how
crucial thorough hematological and biochemical profiling
is for comprehending the pathogenesis of RA and
formulating effective clinical care plans. The study's
shortcomings, including its cross-sectional methodology
and comparatively small sample size, must be
acknowledged. Future research will consider this strategy
inthe hopes of findingunique markerslinked to every stage
of RA. To sum up, the intricate relationship between
hematological and biochemical indicators in RA highlights
the disease's systemic character and diverse
pathogenesis. To improve patient outcomes, advance our
understanding of the disease, and improve diagnostic
accuracyand treatment options, more study isneededinto
the complex interactions between hematological and
biochemical parametersinRA.
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