


Hematological Profile and Inflammatory Markers in Rheumatoid Arthritis Subjects: A Case-Control Study in Elele, Nigeria

ABSTRACT
Rheumatoid arthritis (RA) is a systemic autoimmune disorder characterised by inflammation affecting the joints and, in some cases, extra-articular organs. The condition typically follows a relapsing–remitting course, with periods of symptomatic exacerbation interspersed with phases of remission. This study evaluated the erythrocyte sedimentation rate and selected erythrocyte indices among individuals diagnosed with rheumatoid arthritis in the Elele community. A cross sectional case control study was employed with a total of 71 subjects consisting of 38 males (53.5%) and 33 females (46.5%)aged 20-60 years. Among the 71subjects, 32(45.1%) were positive (test) while 39(54.9%) were negative(controls). Among the 38 males, 14(36.8%) were positive while 24(63.2%) were negative. Of the 33 females, 18(54.5%) were positive while 15(45.5%) were negative. The packed cell volume, erythrocyte sedimentation rate, hemoglobin estimation and mean corpuscular hemoglobin concentration were assessed using standard procedures. Data analysis was conducted using statistical package for social science (SPSS) version 25, results were expressed in mean ± SD (standard deviation). T-test was used to compare the mean values of the tests and control groups. Values were considered significant at P<0.05. There was significant increase in erythrocyte sedimentation rate among females subjects with rheumatoid arthritis when compared with the control (p<0.05). There was significant decrease in packed cell volume among females with rheumatoid arthritis when compared with the controls. The hemoglobin concentration and mean corpuscular hemoglobin concentration were slightly reduced though statistically non-significant (p>0.05).There was a significant increase in mean corpuscular hemoglobin concentration among male subjects with rheumatoid arthritis when compared with the controls (p<0.05). There was no significant difference in erythrocyte sedimentation rate, packed cell volume and hemoglobin in the male subjects when compared with the controls. The overall assessment of these parameters showed a significant increase in erythrocyte sedimentation rate while packed cell volume was significantly reduced among the tests subjects when compared with the controls (p<0.05). But, there was no significant difference in the hemoglobin concentration and mean corpuscular hemoglobin concentration (p>0.05). In conclusion, there is increased red cell aggregation among these subjects, which was more pronounced among the females. Therefore, proper care should be instituted to avoid unnecessary complications. 
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic autoimmune disease which has an effect on millions of the world population, causing joint inflammation, pain progressing to larger joints, most often the bones and cartilage of joints are destroyed so also tendons and ligaments weakens (Venetsanopoulou et al., 2023). Besides its physical effects, it can also affect one’s mental state and cause mental illness, such as depression, given its permanent changes in activity level and lifestyle. The most common cause of RA is genetic related (Nazir et al., 2010). 
Rheumatoid arthritis may, in certain individuals, be precipitated by environmental factors acting upon a genetically predisposed host. A well-documented example is tobacco exposure in individuals carrying the HLA-DRB1 “shared epitope” allele, which is strongly associated with the development of anti-citrullinated protein antibody (ACPA)-positive rheumatoid arthritis (Klareskog et al., 2020). Genetic susceptibility is further underscored by the identification of specific single nucleotide polymorphisms (SNPs). In particular, variation in the PTPN22 gene, which is implicated in T-cell activation, has been associated with an increased risk of rheumatoid arthritis. Moreover, polymorphisms in the STAT4 gene have been linked not only to rheumatoid arthritis but also to systemic lupus erythematosus (SLE), another autoimmune condition. The STAT4 gene plays a critical role in the regulation and activation of immune cells, thereby contributing to the pathogenesis of these disorders (Sharma et al., 2018).
Globally, the prevalence of RA has been reported by different authors. Sah, et al., (2025) reported global RA prevalence of ~0.5–1.0% in developed countries; while Wei, et al., (2025) reported global prevalence of 0.73%. There are variations across geographical regions and ethnicities (Smolen et al., 2016). The incidence of elderly-onset RA is rising due to increased life expectancy and improved recognition of the disease in older adults. The Global Burden of Disease (GBD) Study estimates that RA affects over 18 million people worldwide, with a notable increase in disease burden in the elderly. Older patients often have more systemic symptoms and co morbidities, making their disease course more complex and costly (Safiri et al., 2019)

The elderly population is particularly affected by under diagnoses and under treatment, as joint symptoms are often misattributed to aging or osteoarthritis. On the burden of Rheumatoid arthritis (RA) in the elderly Population, James et al. (2025) reported that in Western Sub-Saharan Africa, RA prevalence among adults 60+ was approximately 162 per 100,000 (0.16%) in 2021. According to Adelowo et al. (2024), the prevalence of comorbidities among patients with rheumatoid arthritis is notably high, reported at 52.3%. The most frequently observed conditions include hypertension (22.3%), dyslipidaemia (11.3%), osteoarthritis (8.1%), diabetes mellitus (7.1%), peptic ulcer disease (6.4%), and interstitial lung disease (3.5%). Furthermore, increasing age and a longer duration of symptoms prior to diagnosis were found to be significantly associated with the occurrence of comorbidities.
In Nigeria, studies on the prevalence of RA are limited but emerging. Eledo, et al., (2020) studied the prevalence of rheumatoid arthritis among elderly subjects who attend the pilgrimage center Elele and observed a prevalence of 5%. About 4% of the females were positive while 1% of the males were positive. Yerima, et al., (2023) on a Rheumatology Clinic Audit in Northeastern Nigeria, observed that in 2020, RA accounted for 12.3% of rheumatic cases seen at a tertiary hospital clinic. Median age of presentation was approximately 41 years, suggesting comparatively lower representation in elderly demographics; age range included elders, but no specific ≥ 60 stratification. Rheumatoid arthritis exhibits a marked sex disparity, with women being approximately three times more likely to develop the disease than men. Disease onset most commonly occurs during the fourth and fifth decades of life, with approximately 80% of cases arising between 35 and 50 years of age. Beyond articular involvement, rheumatoid arthritis is associated with a range of systemic complications that contribute to increased mortality.
Clinically, the disease frequently manifests with systemic features such as fatigue, malaise, weight loss, anaemia, and elevated inflammatory markers, including erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) (Targońska-Stępniak et al., 2021). Furthermore, individuals with active disease are at an increased risk of cardiovascular complications and demonstrate heightened susceptibility to infections, likely attributable to underlying immune dysregulation (Symmons et al., 2011).
Elele community is located within the Ikwerre Local Government Area, where the predominant occupations of farming and hunting may predispose residents to repetitive joint stress and inflammation due to sustained physical activity. Such chronic inflammatory processes may contribute to the development of musculoskeletal disorders, including rheumatoid arthritis. The diagnosis of rheumatoid arthritis can be established through serological analysis, with rheumatoid factor and anti-citrullinated protein antibodies serving as important diagnostic and prognostic markers.
The erythrocyte sedimentation rate (ESR), a widely recognised marker of inflammation, is typically elevated in individuals with rheumatoid arthritis. Haemorheological alterations, including changes in blood cell properties and plasma composition, may lead to increased blood viscosity and consequently reduced blood flow. Conversely, optimal microcirculatory flow depends on appropriate viscosity levels to facilitate effective interactions between rheological factors and surrounding tissues (Klingel et al., 2000). Similar haemorheological abnormalities have been reported in systemic lupus erythematosus (SLE), including alterations in blood and plasma viscosity as well as impaired deformability of blood cells.
This study therefore evaluated selected parameters related to blood flow dynamics, including erythrocyte sedimentation rate, packed cell volume (PCV), haemoglobin concentration (Hb), and mean corpuscular haemoglobin concentration (MCHC), among individuals with and without rheumatoid arthritis in the Elele community. This investigation was undertaken in response to the limited available data on these parameters among rheumatoid arthritis patients in this predominantly agrarian population. This work was aimed at evaluating Erythrocyte Sedimentation Rate (ESR), Packed Cell Volume (PCV), Hemoglobin concentration (Hb) and mean corpuscular hemoglobin concentration (MCHC) among subjects with rheumatoid arthritis in Elele Community.
Objectives of the study
The objectives of this study are;
· To determine PCV, Hb and MCHC levels among rheumatoid arthritis patients and compare these results with those of the control subjects.  
· To access red cell aggregation among rheumatoid arthritis patients using erythrocyte sedimentation rate (ESR)and compare these results with those of the control subjects.  

MATERIALS AND METHOD

Study Area 
[bookmark: _Hlk147252547]This study was carried out in Madonna University teaching hospital, Elele, Rivers State. Elele is a small town in Ikwerre local government area of Rivers State with a population of 20,620. It is located between latitude 5° 6’ 6” north and longitude 6° 48’ 51” east.
Study Population
A total of 71 subjects consisting of 38 males and 33 females aged 20-60 years were recruited for this study. Among the 71subjects, 32 were positive (test) while 39 were negative (controls). Among the 38 males, 14 were positive while 24 were negative. Of the 33 females, 18 were positive while 15 were negative.
Study Design
This was a cross sectional case control field based study carried out in Madonna University teaching hospital Elele, Rivers State. This research is an experimental study designed to evaluate some erythrocyte sedimentation rate and some red cell parameters among subjects with rheumatoid arthritis in Elele community.
Selection criteria
Inclusion criteria 
Subjects that were used for this study were between the ages of 20-60 years and who gave consent. Subjects who complained of regular joint and waist pains were recruited and screened for rheumatoid factor. Those who were positive were the test subjects while those negative were the controls.
Exclusion criteria
Subjects who had other autoimmune diseases, including systemic lupus erythematosus, vasculitis or scleroderma and patients with hematological conditions such as thalassemia or signs and symptoms of infection were excluded. Elderly subjects (>60years) and those with history of chronic diseases such as HIV 1&2, hepatitis B and C were excluded from the study.
Sample collection and storage 
Venous blood (4mL) was collected aseptically from each subject. 1mL was dispensed into a plain container, allowed to clot and later centrifuged to obtain the serum which was used for rheumatoid factor. The remaining 3mL was immediately dispensed into tri-potassium ethylene diamine tetra-acetic acid (EDTA) anticoagulant bottles, containing 1.2mg/mL concentration of anticoagulant for hematological analysis. 
Laboratory analysis
Latex Slide Test for the Qualitative and Semi-Quantitative Measurement of Rheumatoid Factor (RF) in Human Serum (Beduleva et al., 2020).
Principle: When rheumatoid factor (RF) is present in a patient’s serum, it interacts immunologically with immunoglobulin G (IgG) molecules adsorbed onto latex particles. Rheumatoid factor, a high-molecular-weight globulin, binds specifically to the Fc portion of IgG coated on finely dispersed polystyrene latex particles, resulting in visible clumping, a process referred to as agglutination. This agglutination reaction is interpreted as a positive result, indicating the presence of rheumatoid factor at a detectable concentration.

Procedure: Qualitative Test
All reagents and serum specimens were equilibrated to room temperature prior to analysis. The rheumatoid factor (RF) latex reagent was gently mixed to ensure a uniform suspension. One drop of RF positive control was dispensed onto one area of the reaction slide, while a drop of RF negative control was placed on a separate area of the same slide. Using a serological pipette, 40 μL of each undiluted specimen was applied to designated fields on the slide, employing a fresh tip for each sample to prevent cross-contamination. Subsequently, one drop of the RF latex reagent was added to each test field. The contents were mixed thoroughly using separate stirring sticks and evenly spread across the reaction areas. The slide was then gently rocked and examined under a visible light source for evidence of agglutination. A positive result was indicated by the presence of visible clumping on the reaction slide, whereas a negative result was characterised by a uniform milky suspension without any evidence of agglutination.
Determination of erythrocyte sedimentation rate 
Method: Westergren Method 
Principle: Citrated blood is vertically positioned using Westergren pipette which is left undisturbed. Red cells aggregate and sediment through the plasma. The ESR is the length of the column of clear plasma above the red cells and is measured in millimeter per hour (mm/hr). 
Procedure: A volume of 0.4 mL of trisodium citrate was pipetted into a Westergren tube, followed by the addition of 1.6 mL of EDTA-anticoagulated blood. The mixture was thoroughly homogenised to ensure proper anticoagulation. The Westergren pipette was then positioned vertically in the stand and left undisturbed, protected from direct sunlight and sources of vibration. After one hour, the erythrocyte sedimentation rate was measured and recorded in millimetres per hour (mm/h).
Determination of packed cell volume
Method: Microhematocrit Method. 
Principle: Anticoagulated blood (EDTA) in a heparinized capillary tube was centrifuged using a microhematocrit centrifuge at 12000g for 5 minutes to obtain constant packing of red cells. With the use of a microhematocrit reader, packed cell volume is read and results expressed as percentage (%). 
Procedure: A heparinised microhaematocrit capillary tube was immersed in the blood sample and filled to approximately two-thirds of its capacity. One end of the tube was then sealed using an appropriate sealant. The prepared tube was placed in a microhaematocrit centrifuge and centrifuged at 12,000 × g for 5 minutes. Following centrifugation, the packed cell volume (PCV) was determined using a microhaematocrit reader, aligning the base of the erythrocyte column with the “0” mark and the top of the plasma column with the “100” mark for accurate measurement.
Determination of hemoglobin concentration 
Method: Cyanmethemoglobin Method. 
Principle: It involves diluting blood sample with potassium cyanide and Potassium ferricyanide. The ferricyanide forms methemoglobin which is converted to cyanmethemoglobin by the cyanide. The amount of cyanmethemoglobin can be measured spectrophotometrically at a wavelength of 540nm. 
Procedure: Series of tubes were properly labelled for test samples, including a blank. 4ml of drabkins solution was pipetted into each of the tubes, and 20ul of samples were added into the various test tubes labelled, excluding the blank tube. Tubes were allowed to stand for 10 minutes and absorbance of test was read using the spectrophotometer at 540nm wavelength with the blank solution. 
Determination of mean corpuscular hemoglobin concentration
Principle: It is a measure of the average amount of hemoglobin per red blood cell. Hemoglobin is the protein in the red blood cells that carries oxygen throughout the body
Calculations: Hemoglobin level ÷ Hematocrit = MCHC 
Statistical procedure 
Data analysis was conducted using statistical package for social science (SPSS) version 25, results were expressed in mean ± SD (standard deviation). T-test was used to compare the mean values of the subject and control groups. Values were considered significant at P<0.05 and non-significant at P>0.05.                     
RESULTS
A total of 71 subjects were recruited; consisting of 38 males (53.5%) and 33 females (46.5%) aged 20-60 years. Among the 71subjects, 32(45.1%) were positive (test) while 39(54.9%) were negative (controls). Among the 38 males, 14(36.8%) were positive while 24(63.2%) were negative. Of the 33 females, 18(54.5%) were positive while 15(45.5%) were negative. The erythrocyte sedimentation rate (ESR), packed cell volume (PCV), hemoglobin (Hb) estimation and mean corpuscular hemoglobin concentration (MCHC) were compared with the control.
Table 1 showedcomparison of erythrocyte sedimentation rate and red cell parameters among female with Rheumatoid Arthritis and the controls. There was significant increase in erythrocyte sedimentation rate among females subjects with rheumatoid arthritis compared with the control (p<0.05). There was significant decrease in packed cell volume among females with rheumatoid arthritis when compared with the control. The hemoglobin and mean corpuscular hemoglobin concentration were slightly reduced though statistically non-significant (p>0.05).
Table 2 presented the comparison of erythrocyte sedimentation rate and red cell parameters among males with Rheumatoid Arthritis and the controls.
 There was a significant increase in mean corpuscular hemoglobin concentration (MCHC) among male subjects with rheumatoid arthritis when compared with the control (p<0.05). There was no significant difference in erythrocyte sedimentation rate, packed cell volume and hemoglobin concentration among the male subjects when compared with the control. The erythrocyte sedimentation rate was slightly increased while packed cell volume and hemoglobin concentration were slightly decreased though statistically non-significant (p>0.05). 
Table 3 showed comparison of erythrocyte sedimentation rate and red cell parameters between the tests and the controls. There was significant increase in erythrocyte sedimentation rate and a decrease in packed cell volume among rheumatoid arthritis patients when compared with the control (p<0.05). There was no significant difference in the hemoglobin and mean corpuscular hemoglobin concentration (p>0.05) 
Table1: Comparison of erythrocyte sedimentation rate and red cell parameters among female with Rheumatoid Arthritis and the controls
	Parameter
	Subjects
	Control
	t-value
	p-value
	Implications

	
	Mean±SD (n=18)
	Mean±SD (n=15)
	
	
	

	ESR (mm/hr)
	28.67±11.48
	12.53±4.61
	5.100
	0.000
	Significance

	PCV (%)
	30.06±9.76
	40.07±7.89
	-3.194
	0.003
	Significance

	HB (g/dl)
	11.34±13.46
	12.42±2.48
	-0.021
	0.983
	No significance

	MCHC (g/dl)
	30.89±4.04
	31.03±1.85
	-0.128
	0.899
	No significance


Table 2: Comparison of erythrocyte sedimentation rate and red cell parameters among males with Rheumatoid Arthritis and the controls
	Parameters
	Subject
	Control
	t-value
	p-value
	Implications

	
	Mean±SD (n=14)
	Mean±SD (n=24)
	
	
	

	ESR (mm/hr)
	15.57±7.13
	13.50±7.00
	0.874
	0.388
	No significance

	PCV (%)
	35.50±7.53
	39.50±5.77
	-1.841
	0.074
	No significance

	HB (g/dl)
	11.28±2.22
	12.11±2.19
	-1.121
	0.270
	No significance

	MCHC (g/dl)
	32.10±1.57
	30.54±1.22
	3.414
	0.002
	Significance



Table 3: Overall comparison of erythrocyte sedimentation rate and red cell parameters between the tests and the controls
	Parameter
	Subject
	Control
	t-value
	p-value
	Implications

	
	Mean±SD (n=32)
	Mean±SD (n=39)
	
	
	

	ESR (mm/hr)
	22.94±11.71
	13.13±6.14
	4.531
	0.000
	Significance

	PCV (%)
	32.44±9.14
	39.72±6.57
	-3.898
	0.000
	Significance

	HB (g/dl)
	11.88±10.08
	12.23±2.28
	- 0.211
	0.834
	No significance

	MCHC (g/dl)
	31.42±3.22
	30.73±1.49
	1.190
	0.238
	No significance




Discussion 
Rheumatoid arthritis is a chronic systemic disorder that primarily manifests as inflammation of multiple joints. Haemorheological abnormalities have been documented in several autoimmune conditions, and patients with rheumatoid arthritis are known to exhibit altered blood rheology. The present study was conducted to evaluate red cell aggregation in individuals experiencing multiple joint pain and considered to be at risk of developing rheumatoid arthritis. Such alterations may contribute to a pathogenic cycle involving endothelial damage and subsequent microvascular occlusion. The findings of this study demonstrated statistically significant differences in erythrocyte sedimentation rate (ESR) and packed cell volume (PCV) among female participants in the test group compared with controls (P < 0.05). In male participants, a statistically significant difference was observed in mean corpuscular haemoglobin concentration (MCHC) (P < 0.05) when compared with the control group. However, no statistically significant difference was observed in haemoglobin concentration (P > 0.05).
The erythrocyte sedimentation rate serves as an indicator of inflammatory activity, with higher values reflecting increased inflammatory processes. The elevated ESR observed in this study is consistent with the findings of Sharma et al. (2018), who reported a highly significant increase in ESR among test subjects compared with controls (P < 0.0001). Similarly, Babikir and Gaufri (2017) documented a significant elevation in ESR among patients with rheumatoid arthritis relative to control subjects (P = 0.0001), supporting the present findings. Red cell aggregation, characterised by the reversible formation of rouleaux structures under low shear conditions, is influenced by both plasma and cellular factors. The increased ESR observed may therefore be attributed to enhanced rouleaux formation within the study population. Packed cell volume reflects the proportion of erythrocytes in whole blood, and inflammatory states are often associated with reduced PCV, contributing to anaemia. This reduction may result from cytokine-mediated suppression of erythropoietin production, a common feature in chronic inflammatory conditions. Anaemia associated with chronic disease leads to diminished oxygen-carrying capacity and tissue hypoxia. In the present study, the PCV of individuals with rheumatoid arthritis was significantly lower (32.44 ± 9.14%) compared with controls (39.72 ± 6.57%) (P < 0.05), in agreement with the findings of Ricci et al. (2013). However, this contrasts with the report by Cimato et al. (2008), which indicated no significant difference in PCV between test and control groups.
Whole blood viscosity is largely dependent on the number and volume of erythrocytes and is therefore directly related to haematocrit. It has been estimated that an increase of one unit in haematocrit results in approximately a 4% rise in blood viscosity. Consequently, the significant reduction in haematocrit observed in this study may indicate a corresponding decrease in whole blood viscosity within the study population. Red blood cell (RBC) deformability is a critical determinant of blood viscosity and is influenced by multiple factors, including cytosolic viscosity, which is largely governed by the mean corpuscular haemoglobin concentration (MCHC). In the present study, a significant increase in MCHC was observed among male participants with rheumatoid arthritis compared with controls. This elevation may reflect enhanced RBC deformability in these individuals, potentially contributing to altered blood rheology associated with the disease.
Conclusion
[bookmark: _Hlk146965911][bookmark: _GoBack]This study revealed an increased erythrocyte sedimentation rate with a reduction in hematocrit levels among subjects who tested positive for Rheumatoid factor. An elevated erythrocyte sedimentation rate (ESR) reflects a heightened inflammatory activity within the synovium of individuals with rheumatoid arthritis, particularly in the microvascular regions. This persistent microvascular inflammation represents a recognised risk factor for the development of coronary artery disease in this patient population. The reduction in hematocrit values may predispose the subjects to anemia, especially among the females. 
Recommendations 
Based on these findings it has been observed that there is an increase in ESR and PCV especially in females as women are more likely to have arthritis than men. Short term methods including losing excess weight and staying at a healthy weight, being physically active can reduce pains, improve functions and mood are recommended. Long term treatment using medications such as anti inflammatory drugs which may slow down the disease and treat any immune system problems is also recommended 
Limitations of study
Some of the females were skeptical about the purpose of the study and therefore refused consent. This affected the population of the females who were expected to be higher because women are at a significantly higher risk for the disease.
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