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Abstract

Background: Rheumatoid arthritis (RA) is a chronic auto-
immune disease. Along with extra-articular symptoms and sys-
temic consequences. It causes progressive symmetrical inflam-
mation of the joints resulting in cartilage damage, bone erosion
and articular disability.

Aim of Sudy: To study the Neutrophil lymphocytic ratio
(NLR), platelet lymphocytic ratio (PLR) and red cell distribu-
tion width (RDW) levelsin patients with RA, and the correla-
tion between them and disease activity using DAS-28ESR.

Patients and Methods: Sixty-five RA patients were com-
pared to 65 age and sex matched healthy volunteers as a control
group. Disease activity was determined using DAS-28ESR.
NLR and PLR were cal culated and recorded with RDW level
for al participants. They were analyzed and correlated to dis-
ease activity.

Results: NLR was statistically significantly higher in all RA
patients and active RA patients compared to control group. PLR
and RDW displayed statistically significantly higher valuesin
al RA patients, active and inactive RA patients in comparison
to control group. NLR had significant positive correlation with
DAS-28ESR, VAS(0-100), TJC, and PtGA. PLR and RDW did
not show any significant correlation with any of the clinical and
laboratory parametersin RA patients, except for RDW which
showed significant positive correlation with RF. NLR, PLR
and RDW with AUC 0.677, 0.681 and 0.935 respectively could
differentiate between RA patients and healthy controls. NLR,
PLR and RDW with AUC 0.723, 0.702 and 0.933 respectively
could differentiate between active RA patients and control indi-
viduals. PLR and RDW with AUC 0.649 and 0.939 respectively
could separate inactive RA patients from healthy individuals.

Conclusions: NLR, PLR and RDW are present at higher
levelsin RA patients compared to normal population. NLR
correlates with RA disease activity measured by DAS-28ESR.
NLR correlates with RA disease activity.
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Introduction

RHEUMAT OID arthritis (RA) is achronic autoim-
mune disease. Along with extra-articular symptoms
and systemic consequences. It causes progressive
symmetrical inflammation of the joints resulting in
cartilage damage, bone erosion and articular dis-
ability [1].

Evaluation of the disease activity is crucia while
monitoring RA patients [2]. The European L eague
Against Rheumatism (EULAR) suggests using
the Disease Activity Score-28 (DAS-28) to assess
disease activity in clinical studies [3]. Erythrocyte
sedimentation rate (ESR) and C-reactive protein

List of Abbreviations:

ACR : American College of Rheumatology.
Anti-CCP : Anticyclic citrullinated peptide antibodies.
AUC :Areaunder the curve.

CBC : Complete blood count.

CRP : C-reactive protein.

DAS-28 : Disease Activity Score-28joint count.
DMARDs : Disease-modifying antirheumatic drugs.

ESR : Erythrocyte sedimentation rate.
EULAR : European League Against Rheumatism.
IBD : Inflammatory bowel disease.

NLR : Neutrophil lymphocytic ratio.

PLR : Platelet lymphocytic ratio.

PtGA : Patient global assessment.

RA : Rheumatoid arthritis.

RDW: . Red cell distribution width.

RF: : Rheumatoid factor.

ROC curve: Receiver operating characteristic curve.
SLE : Systemic lupus erythematosus.

TJC : Tender joint count.

VAS : Visual analogue scale.
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(CRP) constitute essential components of the DAS-
28 score and are used to measure the inflammatory
markersin RA patients’ disease activity [4]. The
non-specificity of these inflammatory measures and
the fact that they have aflooring effect at reduced
disease activity are the primary disadvantagesin the
laboratory measurement of inflammation [5]. Even
at the lowest or nearly normal levels of ESR and
CRP, synovial inflammation has been found to be
visible using ultrasound and magnetic resonance
imaging. However, these techniques are money and
time consuming. So the demand for available, af-
fordable and effective markers for disease activity
and inflammatory process evolved [g].

Neutrophils, lymphocytes, and platelets all con-
tribute to the regulation of inflammation. Neutrophil
lymphocytic ratio (NLR) and platelet lymphocytic
ratio (PLR) can be regarded as inflammatory in-
dicators since systemic inflammation is linked to
changesin circulating blood cell number and com-
position. Therefore, Neutrophil lymphocytic ratio
(NLR), platelet lymphocytic ratio (PLR) can be
considered inflammatory markers [7]. Recent stud-
ies have reported the numbers and ratios of com-
plete blood count (CBC) subgroups in rheumatic
diseases [8,9]. NLR, PLRand red cell distribution
width (RDW) are inexpensive accessible labora-
tory indicators of systemic inflammation. It was
recommended to do additional studiesto determine
whether NLR and PLR can be used as biomarkers
to track RA activity in clinical practice or not [10].
Some studies displayed correlation between NLR
and PLR with DAS-28 [9,11,12] but others did not
[13,14]. Moreover, al studiesissued RDW in RA
were retrospective and only one of them mentioned
DAS-28 correlation with RDW [15-19] .

This controversy and deficiency in literature
open the door for further studies. Up to our knowl-
edge, thereisno clinical study that evaluated the
three markers NLR, PLR and RDW concurrently
with RA activity in relation to DAS-28.

The aim of the study isto estimate the NLR,
PLR and RDW levelsin patients with RA and to
find if thereis a correlation between them and dis-
ease activity using DAS-28 ESR or not.

Patients and Methods

From April 2021 till August 2022, sixty five RA
patients diagnosed according to the 2010 Ameri-
can College of Rheumatol ogy/European League
Against Rheumatism (ACR/EULAR) [20] were con-
secutively recruited from the our outpatient clinic
of Rheumatology and Rehabilitation Department.
They were compared to 65 age and sex matched

healthy volunteers as a control group. Subjects with
chronic diseases, acute or chronic infection, auto-
immune diseases, malignancy, and pregnancy were
excluded. Informed consent was obtained from the
patients and controls. The study was performed with
the approvalof the institutional review board (IRB).

RA patients were evaluated through full medical
history, clinical examination and laboratory investi-
gations that include serum rheumatoid factor (RF),
anticyclic citrullinated peptide antibodies (anti-
CCP), ESR, CRP and CBC. Disease activity was-
determined using DAS 28-ESR. Different disease
activity states were classified according to DAS-28
cut-offs: Remission (<2.6), low (2.6 to <3.2), mod-
erate (3.2 to < 5.1), and high (>5.1) [21] . On the same
day of enrollment and examination 5ml of venous
blood samples were collected for estimation of CRP
and ESR and CBC. CRP was determined by using
the immunonephelometric (Dade Behring N Latex
High Sensitivity CRP mono assay) on a Behring
Nephelometer |1 analyzer level, ESR was deter-
mined using citrated blood sample 1:4 dilution to be
done by Westergren’s method. Also, venous blood
samples were collected from control group for eval-
uation of CBC. NLR and PLR were calculated and
recorded with RDW level for all participants.

Satistical analysis:

The data were analyzed using the statistical
package for the social sciences software version
21.0 (SPSS 21.0). Normal distribution of datawas
examined using the Kolmogorov—Smirnov test.
Mean and standard deviation while median and
range were recorded for parametric and non-para-
metric continuous variables respectively. Categori-
cal variables were represented as number and per-
centage. Results were compared between the groups
using student t-test and Mann-Whitney tests for par-
ametric and non-parametric continuous data respec-
tively. Chi-square test was used for comparison of
categorical data. Correlation between variables was
analyzed using Spearman’ s correlation test. p<0.05
was regarded as statistically significant.

Results

The study included 65 RA patients and 65
healthy controls. Mean £ SD of age in years was
46.7+14.4 and 44.1+13.7 (p=0.3) for RA patients
and healthy controls respectively. There was no dif-
ference between both groups regarding sex differen-
tiation (p=0.8). Asin RA group 8 (12.3%) patients
were males and 57 (87.7%) were females, and in
control group 9 (13.8%) were males and 56 (86.2%)
were females.
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According to DAS-28 ESR, 25 (38.5%) patients
werein remission while 8 (12.3%) and 32 (49.2%)
patients were having moderate and high disease ac-
tivity respectively. Table (1) demonstrates the clini-
cal, laboratory characteristics and type of treatment
in RA patients.

Table (1): Theclinical, laboratory characteristics and type of
treatment in RA patients.

Disease duration (years) median (range) 8 (0.4-35)

VAS (0-100) median (range) 60 (0-100)

TJC median (range) 5(0-24)

SJC median (range) 3(0-18)

PtGA median (range) 5(0-9)

DAS-28 ESR median (range) 4.95 (1.89-7.4)

DAS-28 ESR for active RA patients 59+1.1
(median £ SD)

DAS-28 ESR for inactive RA patients 2.310.2
(median £ SD)

Morning stiffness duration (min.) median 30 (O-75)
(range)

Patients with extra-articular 8 (12.3%)

manifestations No. (%)

ESR (mm/hour) median (range) 22.85(2.92-192)

CRP (mg/L) median (range) 27 (8-100)
RF:
+ve No (%) 53 (81.5%)
—-ve No (%) 12 (18.5%)
Anti-CCP:
+ve No (%) 62 (95.4%)
-ve No (%) 3 (4.6%)
Patients on DMARDs No. (%) 50 (76.9%)
Patients on biological treatment 15 (23.1%)

(Anti TNF-a) No. (%)

RA: Rheumatoid arthritis.

VAS: Visua analogue scale.

TJC: Tender joint count.

SJC: Swallen joint count.

PtGA: Patient global assessment.

DAS-28: Disease activity score using 28 joint counts.
ESR: Erythrocyte sedimentation rate.

CRP: C-reactive protein.

RF: Rheumatoid factor.

Anti-CCP: Anticyclic citrullinated peptide antibodies.
DMARDSs: Disease-modifying antirheumatic drugs.
TNF-o: Tumor necrosisfactor alpha.

1551

Table (2) displayed the level of different CBC
components and hematological indicesin RA pa-
tients, active RA patients, inactive RA patients
compared to healthy controls. NLR was statistically
significantly higher in RA patients and active RA
patients compared to control group (p=0.001 and
p<0.001 respectively). Moreover, PLR displayed
statistically significant higher valuesin all RA pa-
tients, active and inactive RA patientsin compari-
son to control group. (p<0.001, =0.001 and =0.03
respectively). In addition, RDW showed statistical-
ly significant higher valuesin al RA patients, active
and inactive RA patients in comparison to control
group. (p<0.001, <0.001 and <0.001 respectively).

There were no statistically significant differ-
ences between RA patients receiving disease-mod-
ifying antirheumatic drugs (DMARDS) and those
receiving biological therapy regarding NLR, PLR
and RDW (p=0.7, 0.8, 0.2 respectively).

NLR had significant positive correlation with
DAS-28 ESR, visua analogue scale (VAS) (0-100),
tender joint count (TJC), and patient global assess-
ment (PtGA) (r=0.257,p=0.04), (r=0.267,p=0.033),
(r=0.359, p=0.004) and (r=0.289, p=0.021) respec-
tively. While it did not show any significant cor-
relation with other parameters. PLR and RDW did
not show any significant correlation with any of the
clinical and laboratory parametersin RA patients,
except for RDW which showed significant positive
correlation with RF (r=0.436, p=0.006) (Table 3).
Furthermore, no significant correlations were found
between the three hematol ogical parameters and all
clinical and laboratory parametersin active RA pa-
tients.

Receiver operating characteristic curve (ROC
curve) analysis was used to evaluate the potential
role of the NLR, PLR and RDW as diagnostic bio-
markersfor RA patients. NLR, PLR and RDW with
AUC 0.677, 0.681 and 0.935 respectively could dif-
ferentiate between RA patients and healthy controls
with cut off values 1.96, 126.5, 12.85 respectively
(Fig. 1A). Moreover, NLR, PLR and RDW with
AUC 0.723, 0.702 and 0.933 respectively could dif-
ferentiate between active RA patients and control
individuals with cut off values 1.98, 129.1, 12.85
(Fig. 1B). Only PLR and RDW with AUC 0.649
and 0.939 respectively could separate inactive RA
patients from healthy individuals with cut off value
126.5 and 12.95 respectively (Fig. 1C). While NLR,
PLR and RDW could not separate active RA pa-
tients from those in remission (Fig. 1D).
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Table (2): Thelevel of different CBC components NLR, PLR and RDW in RA patients, active RA patients, inactive RA patients
compared control group.

RA group
Control group
All patients Active Inactive (No=65 M1 P2 P3 P4
(No.=65) (No.=40) (No.=25)

RBCs (x10/uL) 46+1.3 4.7+1.6 4.4+05 4.8+0.4 0.1* 0.6* <0.001* 0.3*

mean £ SD
Hb (gm/dl) mean+ SD  11.35+1.6 11.36+1.1 11.34+1.9 12.9+0.9 <0.001* <0.001* <0.001* 1*
WBCs (><103/pL) 5.98 7.16+2.9 6.4+0.2 6.6(4.9-109) 0.01# 0.1# 0.006#  0.009*

mean £ SD (3.2-15.6)

median (range)

Neutrophils(><103/pL) 3.3(1.6-10.8) 4.49+2.3 3.8+1.6 4(2.5-7.6) 0.02#  0.3# 0.004#  0.004*
mean £ SD
median (range)

Lymphocytes (X103/ puL) 1.7+0.55 1.67+0.6 1.7+0.48 2.48+0.6 <0.001* <0.001* <0.001* 0.3*
mean £+ SD
Platelets (X103/ uL) 243£75 243.7£71 242+82 279+51 0.002* 0.008*  0.04* 0.7*
mean £+ SD
NLR 225(1.1-9.9) 24(1.27-9.9) 224+08  1.7(0.89-305) 0.001# <0.001# 0.1# 0.1#
mean £ SD
median (range)
PLR 142.8 152.1 146.8£53.2 118.5+29.4 <0.001# 0.001# 0.03# 0.5#
mean + SD (62.1-473.1) (62.1-473.1)
median (range)
RDW mean + SD 141+1.4 13.9+1.3 14.2+15 12+0.7 <0.001* <0.001* <0.001* 0.08*
RA : Rheumatoid arthritis. *Student t-test.
RBCs: Red blood cells. #Mann-Whitney.
Hb  :Hemoglobin. p-value <0.05 is statistically significant.
WBCs: White blood cells. pl Comparison between all RA patients and control.
NLR : Neutrophil lymphocytic ratio. p2 Comparison between active RA patients and control.
PLR : Platelet lymphocytic ratio. p3 Comparison between inactive RA patients and control groups.
RDW: Red cell distribution width. p4 Comparison between active and inactive RA patients.

Table (3): Correlation of NLR, PLR and RDW with different parametersin RA patients.

NLR PLR RDW
r p r p r p

Age 0.083 0.347 0.174 0.05 0.018 0.843
Sex 0.870  0.494 0.051 0.688 0.169 0.179
Disease duration -0.225 0.073 -0.186  0.142 -0.060  0.637
Morning stiffness duration -0.237  0.059 0.102 0.424 -0.035  0.785
VAS 0.267  0.033* 0.175 0.168 -0.08 0.527
TIC 0.359  0.004* 0.126 0.322 -0.045 721
SIC 0222 0.077 0.030 0.815 -0.117 0.354
PtGA 0289  0.021* 0.181 0.152 -0.103  0.146
RF 0051 0.761 -0.09 0.589 0.436 0.006*
Anti-CCP -0.097  0.456 0.012 0.930 0.167 0.195
ESR -0.08 0.532 0.154 0.224 -0.138  0.274
CRP -0.071  0.652 -0171 0.273 0.09 0.560
DAS-28ESR 0.257  0.04* 0.146 0.250 -0.121  0.338

NLR : Neutrophil lymphocytic ratio. RF : Rheumatoid factor.

PLR : Platelet lymphocytic ratio. Anti-CCP: Anticyclic citrullinated peptide antibodies.

RDW: Red cell distribution width. ESR : Erythrocyte sedimentation rate.

VAS: Visua analogue scale. CRP: C-reactive protein.

TJC : Tender joint count. DAS-28 : Disease activity score using 28 joint counts.

SJC : Swollen joint count. r: Spearman’ s correlation coefficient.

PtGA: Patient global assessment. p-vaue <0.05 is statistically significant.
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Fig. (1): ROC curvethrough NLR, PLR and RDW for differentiating between RA patients and control group (1A), between active
RA patients and control group (1B), between inactive RA patients and control group (1C), between active and inactive RA

patients (1D).

Discussion

Determining the disease activity in RA patients
has become in importance since evaluating the dis-
ease activity makes it easier to make clinical deci-
sions and personalize treatment [22] . Multiple stud-
ies have shown the limitations of ESR, CRP and
DAS-28 in follow-up of disease activity [23.24].
Remission criteria could be attained in low ESR
states, although patients might still have consider-
able amounts of swollen joints [25,26] . The devel op-
ment of measurable biomarkers that might aid in the
quick and accurate diagnosis of RA is still necessary
[20,27]. Even theideal indicator of disease activity
does not exist [29].

NLR and PLR could be considered inflammato-
ry markers owing to changes caused by the inflam-
mation in neutrophils, platelets, and lymphocytes
[7]. Leeetd. and Erreet d., in their meta-analysis

advocated more research to clarify the clinical sig-
nificance of NLR and PLR as biomarkers for track-
ing RA disease activity in routine practice [10,29] .
Recent meta-analysis concluded that NLR and PLR
could differentiate between RA patients with and
without activity but recommended further studies to
detect their utility in clinical practice [30]. Moreo-
ver, inflammatory conditions such inflammatory
bowel disease (IBD), systemic lupus erythemato-
sus (SLE), or Behget' sillness have been associated
with increased RDW [31-33]. Erre et al. [29] in his
meta-analysis stated that there are low numbers of
studies evaluating NLR and PLR as markersfor RA
disease activity by DAS-28. In our study, we aimed
to evaluate NLR, PLR and RDW in RA patients and
their role as hematol ogical markers for RA disease
activity.

In our study, NLR and PLR were statistically
significantly higher in all RA patients and active RA



1554 Neutrophil Lymphocytic Ratio, Platelet Lymphocytic Ratio & Red Cell Distribution Width in RA

patients compared to control group. Thisresult is
compatible with what stated in the literature[8,9, 11-
14,34,35].

We did not find any statistically significant dif-
ference between inactive RA patients and control
subjects regarding NLR. In agreement with our
results Abd-Elazeem et al. [11] found the same re-
sults, while Zhang et al. and Koca et al. [14,15]
found statistically significant difference between
both groups. They included in their study a higher
number of inactive RA patients (59 and 73 patients
respectively) than ours. Moreover, they included
more elderly patients[14,15]. On the other hand, we
found a statistically significant difference between
both groups (inactive RA group and control group)
regarding PLR which iswell matched with other
studies[8,11,14,34].

Uslu et al. [36] found statistically significant dif-
ferencein NLR and PLR between active and inac-
tive RA patients. This does not match our results
and could be attributed to the small number of inac-
tive patients in our study (25 patients) compared to
those in their study (64 patients).

RDW was found to be statistically significantly
higher in RA patients, active RA and inactive RA
patients compared to control group in this study.
While there was no difference between active and
inactive RA patients. These results are in accord-
ance with other studies [15-19]. On the other hand,
Kocaet a., [15] concluded that there was statisti-
cally significant difference between active and inac-
tive RA patients regarding RDW. In their study they
contributed 73 inactive RA patients compared to 25
inactive RA patients that were included in our study.

Up to our knowledge, thisisthe first study that
evaluated NLR, PLR and RDW as hematological
biomarkers together in one study and its correlation
to RA disease activity. In our study, NLR had sig-
nificant positive correlation with DAS28-ESR, VAS
(0-100), TJC and PtGA while PLR and RDW did
not show any correlation with disease activity pa-
rameters or inflammatory markers.

Some studies as Gokman et al. and Zhang et al.
[13,14] concluded no correlation of NLR and PLR
with disease activity. Other studies as Mercan et al.
[9], Abd-Elazeem et al. [11], Fawzy et dl. [12] and
Tecer et d., [16] stated that there are positive corre-
lations of NLR, PLR and RDW with disease activ-
ity. These variations in results among studies could
be attributed to the heterogenicity in included RA
patients. Some studies included only newly diag-
nosed patients [12,34]. Other studies did not catego-

rize the patientsinto active and in remission [8,9,13].
Moreover, the disease activity measured by DAS-
28 in different studies was not similar.

Inour study, NLR, PLR and RDW differentiate
between all RA patients and active RA compared
to healthy individuals. Jin et a., stated that NLR
only could differentiate between all RA patients
and healthy individuals with cut off value 2.13 [35].
Zhang et al. [14] documented that NLR and PLR
could differentiate between active RA patients vs.
control group, without mentioning to the cutoff val-
ue. Moreover, Peng et al. [34] found PLR could dif-
ferentiate between active RA vs control group while
NLR failed to differentiate.

In our study, NLR, PLR and RDW could not sep-
arate active RA patients from those in remission. In
contrast to Chandrashekara et al. [6] who observed
that NLR could differentiate between them. This
could be explained by the small number of inactive
RA patients (25 patients) in our study compared to
177 inactive RA patientsin his study.

In this study, RDW showed diagnostic value in
differentiating between RA patients and active and
inactive RA patients versus control group with tre-
mendous AUC, sensitivity, and specificity. Thisis-
sue has not been studied widely in literature.

Our study has some limitations. Of these limita-
tions, the relatively small number of included RA
patients and the small number of inactive RA pa-
tients. Samples of this study have been taken dur-
ing corona pandemic; most patients visited clinics
were active patients. Chronic anemiais observed
over time, but we did not consider vitamin B12, fo-
lic acid values which may affect the RDW values.

Conclusions:

NLR, PLR and RDW are present at higher levels
in RA patients compared to normal population that
indicates their role in the pathogenesis of RA. NLR
correlates with RA disease activity. Therefore, itis
valuable in evaluation and follow-up of the disease
activity. NLR, PLR and RDW have suitable sensi-
tivity and specificity for discrimination between RA
patients and control group and between active RA
patients versus control group. Moreover, RDW and
PLR could discriminate between inactive RA pa-
tients and control group.
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