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Complete Blood Count Parameters in Arthritis
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ABSTRACT
Osteoarthritis, rheumatoid arthritis, and gout are frequently encountered diseases in the 
orthopedic clinic. CRP is done to evaluate and monitor these disease processes. This study aimed 
to evaluate total leukocyte count with differential count, neutrophil/lymphocyte ratio, platelet, 
platelet/lymphocyte ratio, mean platelet volume (MPV), platelet distribution width (PDW), and 
plateletcrit in patients with arthritis. This was a cross-sectional study conducted at KIST Medical 
College, Teaching Hospital from 15 Ashad 2075 to 14 Ashad 2076. The patient’s demographic data 
and laboratory findings: total leukocyte count, differential count, hemoglobin, platelet count, 
plateletcrit, mean platelet volume, platelet distribution width, and plateletcrit. CRP, ESR, RA 
factor/anti-CCP, and Uric acid tests were also performed. Among 67 patients, osteoarthritis was 
seen in 53 (79.1%), rheumatoid arthritis  among 11(16.4%), and Gout among 3(4.5%). The ROC area 
under the curve was within acceptable limits for the neutrophil count, neutrophil/lymphocyte 
ratio, mean platelet volume, platelet distribution width. The sensitivity and specificity of the 
neutrophil count were 75% and 62% respectively (cut-off: 64.5%). Neutrophil/Lymphocyte ratio 
was increased and correlated with CRP (p-value: <0.001). PDW had a sensitivity of 90% and 
specificity of 83.0% (cut-off: 16.8 CV). For MPV, the sensitivity was 80% and specificity was 81%  
(cut-off: 9.1 fL). At 1.92 cut-off value, the sensitivity and specificity of neutrophil/lymphocyte 
ratio were 80.0% and 62.0% respectively. CBC parameters can provide an important clue to the 
treating physician, which helps to manage a patient with arthritis effectively. Neutrophil count, 
Neutrophil/Lymphocyte ratio, MPV, and PDW correlated with other inflammatory biomarkers 
and can be used to assess the patient with arthritis.
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INTRODUCTION
Joint pain is one of the most common causes 
of the Orthopedic Out-Patient Department 
visit in any hospital. Among various causes of 
joint pain, osteoarthritis, rheumatoid arthritis, 
and gouty arthritis are some of the common 
diseases. Osteoarthritis (OA) is a degenerative 
disease of a joint which commonly involve 
larger joints like the knee joint, hip joints. 
Despite having several causes of OA, 
increasing age, obesity and lack of proper 
exercise remain the most common causes.1,2 
Rheumatoid arthritis (RA), an autoimmune 
disease, involves small symmetrical joints 
and is a chronic disease, leading to limited 
function of the affected joints.3 Whereas, gouty 
arthritis is a systemic disease that occurs due 
to deposition of monosodium urate crystals in 
tissues. In patient with hyperuricaemia, these 
monosodium urate crystals get deposited in the 
joints which triggers inflammatory reaction.4 

Various investigations are being performed to 
identify the activity of the disease processes. 
Among them, C-reactive protein (CRP), 
erythrocyte sedimentation rate (ESR) are the 
commonly requested tests along with complete 
blood count. With positive CRP, a different 
approach is considered for a patient with 
joint pain. CRP is an inflammatory marker 
synthesized in the liver. The CRP value is 
increased when there is inflammation in our 
body. It not only indicates an acute inflammatory 
process but can be used to monitor the severity 
of disease in chronic conditions. 

Total leukocyte count (TLC) is elevated in the 
inflammatory process. It is well known that 
neutrophilia is encountered in bacterial and 
acute inflammatory processes within the 
first few days. In the case of viral infection or 
chronic inflammatory process, lymphocytosis 
may prevail. Platelets are known to have a 
pivotal role in hemostasis. In addition to that, 
platelet plays a major role in inflammation 
and tissue repair. Platelet not only releases 
vasoactive amines like serotonin, histamine 
but also releases PDFG and other cytokines 
that have roles in the inflammatory process.5 
The inflammatory process activates vascular 
endothelium which in turn activates platelets.  
Platelet production and its stimulation can be 
evaluated by measuring parameters,  available 
in complete blood count parameters, like mean 
platelet volume (MPV), platelet distribution 
width (PDW), plateletcrit, platelet count.6

This study aimed to evaluate CBC parameters 
including platelet indices in patients with 
arthritis (OA, RA, and gout) and identify them 
as inflammatory biomarkers. 

MATERIALS AND METHODS
This was a cross-sectional study conducted 
at KIST Medical College, Teaching Hospital 
from 15 Ashad 2075 to 14 Ashad 2076. Before 
the study, permission was obtained from the 
Institutional Review Board. Patients presenting 
with complaints of joint pain and with the 
diagnosis of OA, RA, and gout were explained 
regarding the on-going study. Once the consent 
was obtained, the patient’s demographic 
data was collected. CBC was performed and 
laboratory findings like TLC, differential count, 
hemoglobin (Hb), neutrophil/lymphocyte (N/L) 
ratio, platelet count, platelet/lymphocyte (P/L) 
ratio, plateletcrit, MPV, and PDW.   The manual 
differential count was performed only when 
felt necessary by the reporting pathologist. CRP, 
ESR, RA factor/anti-CCP, and uric acid tests were 
also performed. All the findings were recorded 
in the proforma. 

Statistical Analysis: The data were entered 
into Microsoft Excel. Analysis of the data was 
done by using SPSS (statistical program for 
social science version 17). Variables were given 
as mean ± SD and percentage. The student t-test 
was used to compare quantitative variables. 
Pearson correlation coefficient test (r test) 
was used to test the correlation between two 
quantitative variables. Means were compared 
among CRP positive and CRP negative groups. 
CRP was as the reference marker to confirm 
inflammatory process. CRP positive was 
considered as presence of significant ongoing 
inflammatory process and sensitivity of these 
parameters were analyzed accordingly. Linear 
regression test was used to find the relation 
between platelet indices and other parameters. 
Receiver operator characteristic (ROC) curve 
was used to find the cut-off value, sensitivity, 
and specificity of the MPV and PDW. A p-value 
of <0.001 is considered highly significant. If p 
is <0.05, it is considered as significant, and if 
p>0.05, it is considered to be insignificant. 

RESULTS
During the study period, a total of 67 patients 
were included in the study. The mean age of 
the patients was 50.7 years with a minimum 
of 20 years and a maximum of 85 years. There 
was female preponderance with 16 male and 
51 female (F:M=3.18:1). The most common age 
group was 41-60 years (n=34; 50.7%), followed 
by >60 years (n=18; 26.9%) and 20-40 years 
(n=15; 22.4%). Among all the study population, 
OA was the most frequently encountered 
disease (n=53; 79.1%), followed by RA (n=11 
16.4%) and gout (n=3; 4.5%). RA was diagnosed 
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with positive results of RA factor/ anti-CCP. 
Hyperuricemia was present in all three 
patients with gout. Anemia was observed in 16 
(23.9%) patients and all of them were female. 
The median values of laboratory findings are 
depicted in table 1. The correlation between 
diagnosis and TLC was significant (p-value 
<0.01). Whereas the correlation between 
diagnosis and differential count, platelet count, 
and ESR was not significant(p-value >0.05). 

Among the study- population, the mean total 
count was highest in the patients with RA, 
whereas, neutrophilia was more frequent 
among the patients with gout. Similarly, high 

ESR value was observed among patients with 
gout followed by RA. Platelet indices, such as 
MPV and PDW were elevated more among 
gouty patients followed by RA (Table 1). The 
correlation between diagnosis and P/L ratio, 
Plateletcrit, MPV, and PDW were not significant 
(p-value>0.05). 

CRP was done in all the patients and was 
positive in 20 (29.9%) patients. Among all the 
patients, CRP was positive in 2/3 (66.66%) of 
the patients with Gout, 13/53 (24.52%) with OA, 
and 5/11 (45.45%) with RA. Various laboratory 
parameters were analyzed in regards to CRP 
findings which is depicted in Tables 2 and 3. 

Table 1: Mean values of laboratory tests in various disease conditions among the study 
population (n=67)

Laboratory Tests
Clinical Diagnosis

Osteoarthritis
(Mean ± SD)

Rheumatoid arthritis
(Mean ± SD)

Gout
(Mean ± SD)

TLC (mm3) 7509± 1922 10327±3862 8233±702

Neutrophil (%) 62.9±10.5 64.8±10.7 68.3±0.6

Lymphocyte (%) 34.8±10.6 33.0±10.1 30.0±1.7

Platelet(mm3) 262566±75366 288545±99563 206666±112380

ESR (mm/hr) 10.7±7.8 11.0±3.2 16.0±8.0

Platelet/Lymphocyte 8290±3620 9156±3372 6915±3922

Plateletcrit 2.34±0.7 2.7±1.1 2.14±0053

MPV (fL) 8.9±1.4 9.3±0.8 11.9±4.9

PDW (CV) 16.6±2.1 17.7±1.4 15.5±5.2

Table 2: Confidence interval and p-value of various laboratory parameters in patients 
with positive CRP  (n=29)

 Tests t Df p-value
95% Confidence Interval of the 

Difference

Lower Upper

TLC 16.59 19 .000 7375 9504
Neutrophil 34.09 19 .000 66.0 74.6
Lymphocyte 14.74 19 .000 24.1 32.1
N/L ratio 6.22 19 .000 2.0 4.1
Platelet 11.74 19 .000 211149 302750
P/L ratio 9.86 19 .000 7852 12084
PDW 34.97 19 .000 17.0 19.1
MPV 23.02 19 .000 8.9 10.7
Plateletcrit 11.80 19 .000 2.0 2.9
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The mean of TLC, Neutrophil count, N/L ratio, 
PDW, MPV, and Plateletcrit were more among 
patients with positive than patients with 
negative CRP value. Platelet count was reversed 
among patients with positive CRP values (Table 
2 & 3). One way ANOVA was performed to 
compare mean values between CRP positive 
and negative samples. Signficant findings were 
observed for TLC and MPV only. For TLC , there 
was significant  difference between groups 
(F(2,60)=6.77, p=0.002. Similarly, for MPV, F 
(2,64) was 4.9 with a p-value of 0.002. 

A Tukey post hoc test showed that  in RA, TLC was 
statistically significant than in osteoarthritis 
(p=0.001). Similarly, Tuckey post hoc showed 
that in gout MPV was statistically significiant 
than in OA (p=0.007). 

Correlation between  CRP and Neutrophil 
count, Lymphocyte count, N/L ratio, PDW 
was  very significant (p-value<0.001). and 
CRP correlated well with P/L raio and MPV 
(p-value-<0.05).  Lymphocyte and CRP showed 
negative correlation. 

Table 3: Confidence interval and p-value of various laboratory parameters in patients 
with negative CRP  (n=38)

 Tests T Df p-value
95% Confidence Interval of 

the Difference
Lower Upper

TLC 20.61 46 .000 7055 8582

Neutrophil 44.03 46 .000 57.8 63.3

Lymphocyte 25.35 46 .000 33.9 39.8

N/L ratio 18.65 46 .000 1.6 1.9
Platelet 24.73 46 .000 245700 289235
P/L ratio 18.39 46 .000 6849 8533
PDW 55.78 46 .000 15.5 16.7
MPV 39.77 46 .000 8.4 9.3

Plateletcrit 21.83 46 .000 2.1 2.5

Table 4: Determination of sensitivity, specificity, and p-value of various variables among 
the study population

Test Result 
Variable(s) Area

Asymptotic 95% 
Confidence Interval Cut-off 

value

Sensitivity 
of the given 

cut-off

Specificity 
of the given 

cut-off
p-Value

Lower 
Bound

Upper 
Bound

TLC 0.59 0.45 0.74 NA NA NA >0.05

Neutrophil 0.77 0.65 0.89 64.5 75.0 62.0 =0.001

Lymphocyte 0.26 0.13 0.39 NA NA NA >0.05

N/L ratio 0.76 0.64 0.88 1.92 80.0 62.0 =0.001

Platelet 0.44 0.28 0.60 NA NA NA >0.05

P/L ratio 0.64 0.49 0.79 NA NA NA >0.05

PDW 0.86 0.75 0.97 16.8 90.0 83.0 <0.001

MPV 0.80 0.68 0.92 9.1 80.0 81.0 <0.001

Plateletcrit 0.51 0.35 0.67 NA NA NA >0.05
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ROC curve was used to analyze the importance 
of platelet-derived indices along with TLC, 
differential count, N/L ratio, platelet count, 
and P/L ratio and is shown in table 4. The 
area under curve (AUC)  of ROC curve of TLC, 
lymphocyte count, P/L ratio, and platelet count 
was unacceptable (<0.7) with a p-value of  
>0.05. AUC was acceptable for the neutrophil 
count, N/L ratio, PDW, and MPV (Table 4 and 
Fig.1). Among platelet-derived indices analyzed 
PDW had a sensitivity of  90.0% and specifi city 
of 83.0% at the cut-off value of 16.8 CV (Table 
4). Similarly, for MPV, the sensitivity was 80.0% 
and specifi city was 81.0% at the cut-off value 
of 9.1 fL. 

DISCUSSION
Herein, in this study, 67 patients with arthritis 
who visited Orthopedic OPD were analyzed to 
identify the role of various CBC parameters that 
are provided by Coulter Counter. Patients with 
OA, RA, and gout were included in the study. 
We tried to analyze the correlation between the 

disease activity and various CBC parameters 
that included newer platelet indices.

C-reative protein is a well-established 
infl ammatory marker. Other infl ammatory 
markers such as IL-6, IL-8, procalcitonin are 
also an excellent infl ammatory markers.7-9 But 
CRP is widely available tests in our context. 
CRP is synthesized in the liver, the increased 
release is seen after the secretion of IL-6 by 
the macrophages and T-cells. It is an acute-
phase protein that binds with phospocholine 
and activates complement system which 
further promotes phagocytosis. The secretion 
of CRP is increased in both acute infl ammatory 
conditions and the active phase of chronic 
infl ammatory diseases.10

It is well-known that during acute infl ammation 
leukocyte count increases in the peripheral 
blood count that slowly wander off as the 
infl ammation subsides or transforms into 
chronic infl ammation. In chronic infl ammation, 
during the active phase of the disease process, 
TLC may increase slightly or may remain within 
the normal range. Furthermore, several factors 

Fig. 1: ROC curve of several variables. Note that parameters such as 
Lymphocyte count, Platelet count, TLC, Plateletcrit had unacceptable 
AUC.  Acceptable AUC can be seen for the Neutrophil count, N/L ratio, 

MPV, and PDW. 
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such as sex, hormonal variations, stress level, 
nutrition, diet, and lifestyle may influence 
the TLC value.11 Because of these factors, it is 
difficult to decide on the activity state of chronic 
inflammation bases only upon TLC value. In 
this study, the mean TLC was more among the 
patient with positive CRP than patients with 
negative CRP value. However, AUC and p-value 
were not significant in regards to identifying 
the severity of the disease conditions. 

The neutrophil is an important component 
of innate immunity and is elevated in several 
specific conditions like bacterial infections but 
is also elevated in nonspecific conditions like 
acute stress, vigorous exercise, first few hours 
of viral infections, and inflammations.12 The 
neutrophil count was higher (70 %) in arthritis 
cases with positive CRP than in arthritis cases 
with negative CRP value (60 %). The sensitivity 
was 75 % and specificity was 62% at the cut-off 
value of 64.5 %. Since positive CRP indicates an 
active phase in chronic disease, raised neutrophil 
value is an expected finding.  Furthermore, in 
the active phase, as neutrophil count increases, 
lymphocyte count is understandably decreased. 
Naturally, N/L ratio should be increased. In this 
study, N/L ratio was increased and correlates 
well with CRP (p-value: <0.001). At 1.92 cut-
off value, the sensitivity and specificity of N/L 
ratio were 80.0% and 62.0% respectively.  Uslu 
et al, in their study among 104 patients with 
RA, found N/L ratio and P/L ratio to have aided 
in the assessment of disease activity.13 Similar 
findings were observed in another study done 
by Koiwa et al, who found a reduction in N/L 
ratio after treatment of 358 patients suffering 
from RA.14 In contrast to the other study, P/L 
ratio was not significant in this study (p>0.05). 

Platelet indices, such as MPV, PDW are few 
newer biochemical markers with promising 
diagnostic importance. The MPV and PDW 
values were more in patients with positive 
CRP than in patients with negative CRP. The 
CRP findings correlated well with MPV and 
PDW and were statistically significant (p-value 
<0.001).  The sensitivity and specificity of both 
MPV and PDW were significant at certain 
cut-off values. For MPV the sensitivity and 
specificity were 80.0% and 81.0% respectively 
at the cut-off value of 9.1 fL.  A sensitivity of 
90.0% and specificity of 83.0 % was observed 
for PDW at the cut-off value of 16.8 CV. MPV 
was significantly higher in patients with RA, in 
a study done by Yazici et al.15 It also positively 
correlated with disease activity score 28.15

Although OA is a degenerative joint and 
underlying bone disease, it is associated with 
inflammation. In a patient with ongoing 

inflammation, there is increased production of 
proinflammatory cytokines, namely IL-6 which 
is released by the macrophages. This cytokine 
can directly stimulate the megakaryocyte, 
which leads to the increased rapid production 
of platelets. This rapid production of platelets 
leads to the release of large platelets along with 
smaller, more mature platelets. This may lead 
to an increase in MPV and PDW in patients with 
arthritis. 

The cut-off value of positively correlated 
variables are analyzed which are neutrophil 
count, N/L ratio, MPV, and PDW. These tests are 
relatively newer and vary significantly. Hence, 
standardization and identification of cut-off 
value are required for all the inflammatory 
conditions, for which larger sample size, 
diversity of study population is necessary. 

In conclusion, CBC parameters, which are 
readily available in the clinical laboratory, 
can provide an important clue to the treating 
physician, which helps to manage a patient with 
arthritis effectively. Among several parameters 
studied, neutrophil count, N/L ratio, MPV, and 
PDW correlated with other inflammatory 
biomarkers. Hence, with an elevated value 
of such parameters can be used to properly 
manage the patient.  It would be beneficial to 
establish the cut-off value of these parameters 
that would be able to indicate the activity and 
severity of the inflammatory process.  For this, 
standardization of the tests is necessary to 
allow its use in clinical practice. 
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