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ABSTR AC T

Rheumatoid Arthritis (RA) is a systemic autoimmune inflammatory disorder that causes joints
destruction the aim here is to investigate the neutrophil - to - lymphocyte ratio (NLR) and platelet -
to- lymphocyte ratio (PLR) in RA patients and relation to Disease Activity Score of 28 joints (DAS28-
ESR). The study population included (260) participants which consist of (210) RA patients and (50)
healthy persons as a control. RA patients were two groups (107) received conventional diseases
modified anti-rheumatic drugs (cDMARD) and (103) received biological agents (bDMARD) plus
cDMARD each group subdivided into disease active patients (DAS28-ESR > 2.6) and patients in
remission (DAS28-ESR < 2.6). NLR in cDMARD, bDMARD plus cDMARD, and control group was 3.1
(£3.4), 2.2 (£1.3), and 2.4 (+1.3) respectively. PLR in cDMARD, bDMARD plus cDMARD, and control
group was 193.3 (£355.3), 115.7 (£42.7), and 115.6 (£43.1) respectively. There was statistically
significant difference in NLR and PLR among three groups (p = 0.023 and p = 0.030) respectively also
according to DAS28-ESR in patients with active disease (p = 0.006) for both NLR and PLR, while for

patients in remission NLR and PLR there were no significant differences detected (p = 0.901 and p =
DOl 0.638 respectively). The result of the current study support the idea that NLR and PLR can be
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considered as inflammatory parameters for evaluating disease activity in RA patients.

Rheumatoid arthritis, Disease activity, Neutrophil, Platelet, and Lymphocyte.

1. INTRODUCTION

Rheumatoid Arthritis (RA) is a complex inflammatory
persistent autoimmune systemic disorder with obscure etiology
and many organ involvements characterized by different
manifestations. It primarily occurs in the synovial tissues,
causes irreversible destruction, and a deformity of joints
clinically appears as progressive, symmetric polyarthritis. RA
if not treated early and properly it could lead to short life
expectancy, decrease quality of life, functional disability,
morbidity, and increase mortality, which ends with the societal
burden (Mohamad et al.,2021; Kugyelka et al.,2016).
Environmental factors and genetic predisposition
contribution to the inanition and triggering of RA (Assayag et
al., 2014). RA is most common autoimmune disorder in the
world. It is more common in women in contrast to men
(female: male, 3:1), (Karimifar et al., 2012). Its incidence is
about 0.5-1% in the general population (Willemze et al., 2012;
Sanmart et al., 2013). Inflammation considers as a key
component for the pathogenesis of RA. When RA is in the
active stage, inflammatory markers are ordinarily elevated and
reflect the disorder recreation (Chandrashekara et al., 2017).
Therefore, accurate and appropriate assessments of the RA
active disease inflammations rely on markers is critical for

customizing the cure method and decide the effectiveness of
treatment. The therapeutic aim is lower disease activity or a
hold remission, which reduce distraction of the joints, a better
pleasant of life, and much less co-morbidity (Hobbs and Cohen,
2012). RA is generally assessed at the time of detection and
through the course of the cure and follows up by the Disease
Activity Score of 28 joints (DAS-28) system, which is assessed
by clinic examination including a number of swollen joints
counts (SJC) and a number of tender joints count (TJC), also
visual analogue scale (VAS) and laboratory findings such as
erythrocyte sedimentation rate (ESR) and/ or C-reactive protein
(CRP) (Inoue et al.,2007) which are (CRP) and (ESR) most
often used markers for assessment of inflammation in everyday
practice. Both of pervious mentioned markers have limitations,
like quick time inflammatory pastime beside low recognition
capacity with different inflammatory diseases (Colglazier et al.,
2005). The systemic inflammatory process is related to the
variation in components and blood cells counts. Anemia of
normochromic  type, neutrophilia, lymphopenia,  with
thrombocytosis shows up in different inflammatory diseases
(Kisacik et al., 2008). For that reason, the characteristics of
blood cell composition are used to estimate the inflammatory
level. In rheumatology search about the biomarkers come from
the need to recognize the underlying mechanisms in
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rheumatological disorder. Hemogram parameters especially
components of the immune system immune play an important
role in the evaluation of different disorders. Among the
immune system components lymphocytes, neutrophils, also
platelets are regarded as important cells for the management of
the inflammatory process (Scapini and Cassatella, 2014).
Patients with RA are frequently found with thrombocytosis
during active disease stages. While the number becomes less
during controlling of inflammation. By that, the degree of
thrombocytosis may correlate with the range of active
synovitis and maybe correlate with extra-articular features
(Elena et al., 2019). As it's recognize in the pathogenesis of
RA, neutrophils and, B and T lymphocytes have a key role
(Yao et al.,, 2013; Choi, et al., 2014). Neutrophils have a
position in increasing disease activity in RA patients through
secreting different substances such as (proteases and
intermediates reactive oxygen to the synovial house and lead to
activating different cells through secretion of tumour necrosis
factor-a (TNF-a), B Iymphocyte stimulator (BLYS),
interleukin-17 (IL-17), with various extra mediators (Kouri et
al., 2014). So, it has been suggested that PLR and NLR is a
good index inflammatory marker for the systemic disorder
(Scapini and Cassatella, 2014). Recently, many reports have
recommended the possible benefit of NLR with PLR, as
indicator markers for RA (Fu et al., 2015; Zhang et al., 2016;
Du et al, 2017; Zengin et al, 2018) and several
rheumatological disorders (Yolbas et al., 2016; Yang et al.,
2017; Wu et al., 2016; Balkarli et al., 2016). Many previous
researchers have found that NLR with PLR are good
biomarkers for systemic inflammation measurement in RA
((Kisacik et al., 2008; Yazici et al., 2013; Muddathir and Haj,
2013). A new meta-analysis showed highly significant increase
of NLR and PLR in RA compared to healthy individuals (Erre
et al., 2018). In addition, NLR and PLR were consistently
prophetic of remission in RA patients in a sustained manner in
previous studies (Chandrashekara et al.,2015; Tekeog et al.,
2016; Maden et al., 2017; Peng et al.,2015), where positive
relations of acute-phase reactant levels with disease activity
were found. These results support the suggestion that NLR
with PLR may serve as excellent inexpensive markers
important for the prognosis of RA. Complete blood counts test
is performed in patients with RA at baseline to monitor the
side effects of the drug and any changes in the disease that
occur. However, there are little data on the relationship
between most unstudied chronic inflammatory arthritis and
NLRs and PLRs. It is still a concern for RA (Mercan et al.,
2016) to discover that new biomarkers play a function in
several stages of expansion. As is known that RA is a chronic
disorder so correction for illnesses for which there is no
recovery requires lifelong treatment with anti-rheumatic drugs
(DMARD:s) (Park et al., 2018). Today, physicians' aim in the
treatment of RA is to eliminate inflammation. This means
reducing disease activity that controls symptoms and
preventing structural damage (Smolen et al., 2016). Biological
drugs have been the mainstay of treatment since the beginning
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of this century for their established effectiveness in the control
of disease activity, although biologics have shown superior
results in RA over existing synthetic disease-qualifying anti-
rheumatic drugs that initiate this drug. For its cost and impact, it
is used in case of if patients with RA do not get an appropriate
reaction by methotrexate (MTX) and/or other synthetic
DMARDs (Kiely et al., 2012; Bruno et al, 2011). This study
was conducted to find out the correlation between DAS28-ESR
and the estimated NLR and PLR in RA patients.

2. Patients and Methods:

This case-control study was conducted between September
2019 and March 2021 in Erbil Center of Rheumatology,
Rizgary Teaching Hospital. The study population was included
(260) participants which consist of (210) patients who have
rheumatoid arthritis (RA) and (50) healthy individuals with age
and gender matching as a control group. The RA patients were
grouped according to the type of treatment into groups A (107)
received conventional diseases modified anti-rheumatic drugs
cDMARD while group B (103) patients who received biological
agents bDMARD plus cDMARD and each group further
subdivided into two groups based on Disease Activity Score
(DAS28): Patient DAS28 score < 2.6 for the patient in
remission and for active disease DAS28 score > 2.6. (Bruno et
al., 2018) RA patients are defined according to the diagnostic
criteria of the American College of Rheumatology/ European
League against Rheumatism (ACR/ EULAR) 2010 (Bruno et
al., 2018). Patients who were outpatients of the Department of
Rheumatology and Rehabilitation were recruited, and the
control group that enrolled was normal subjects. Informed
consent was taken from both patient and control groups. The
study protocol was accepted by the Kurdistan Board of Medical
Specialties Committee of Ethics. Patients with diabetes,
coronary artery disease, chronic obstructive pulmonary disease,
hypertension, pregnant women, other autoimmune diseases, and
patients who received corticosteroid treatment for the past 3
months were excluded. Complete blood cell counts CBC, ESR,
CRP, VAS, DAS28 with basal clinical features of the patients
and control group were obtained. Complete blood cell counts
CBC examined neutrophil counts, lymphocyte counts, and
platelet counts. NLR with PLR are studied as the ratio of
neutrophil and platelet counts in lymphocyte counts for both
patients and controls, respectively, and for the group of RA
patients, DAS28 checks 28 joints: (swollen and tender joint
number), patient Visual Analog Scale (VAS) (0-100), and the
ESR test calculated.

3. Statistical Analysis:

The Social Science Statistical Package (SPSS version 25) was
used. Proportions were compared using a chi-square test of
association, while, two independent samples Student's t-test
(unpaired t-test) was used to compare the means of the two
samples. Furthermore, three means were compared using one-
way analysis of variance (ANOVA) and by two groups using
post hoc tests (LSD). The spearman's rho correlation coefficient
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was calculated to evaluate the power of the correlation. A p-
value equal to or less than 0.05 was regarded as statistically
significant.

4. Results:

This study was composed of two groups of patients and one
control group. Group A consisted of cDMARDs (n = 107),
group B consisted of bDMARDs and cDMARDs (n = 103),
and the third group consisted of 50 subjects without

Table 1 Basic characteristics of the sample studied.
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rheumatoid arthritis (control group). As shown in Table 1, the
mean ages of the three groups were 50.4, 49.8, and 45.5 years,
respectively. Although this table shows that 88.1% of the
patients were female, there was no significant difference
between the three groups (p=0.892). As shown in Table 1, the
mean duration of disease was in the ¢cDMARD group (61
months), and in the bDMARD and cDMARD groups (66
months).

No.(%0) No.(%0)
Age (years)
<40 13(12.1) 18(17.5)
40-49 39(36.4) 29(28.2)
50-59 35(32.7) 31(30.1)
> 60 20(18.7) 25(24.3)
Mean(+SD) 50.4(11.2) 49.8(11.5)
Gender
Male 13(12.1) 13(12.6)
Female 94(87.9) 90(87.4)
Total 107(100.0) 103(100.0)
Duration of disease by months
Mean(+SD) 66 (£3.2) 61 (+2.9)

Duration of by months patients received hbDMARD plus cDMARD
Mean(+SD) 48 (+2.2)

No.(%0) No.(%0) p

14(28.0) 45(17.3)
18(36.0) 86(33.1)
11(22.0) 77(29.6)
7(14.0) 52(20.0)
45.5(10.7) 49.2(11.3) 0.149#
5(10.0) 31(11.9)
45(90.0) 229(88.1) 0.8924#
50(100.0) 260(100.0)

0.409+

#By Chi square test. 1By unpaired t test

As can be seen from Table 2, the mean ESR (31.3 mm/hr) was
significantly (p< 0.001) higher in the cDMARD group, than
the bDMARD plus cDMARD (25.3 mm/hr), which was also
higher than the control group (11.1 mm/hr). The mean CRP
follow the same pattern, except for the difference between the
bDMARD plus cDMARD group and the control (p = 0.162).
The mean WBC count was significantly higher (8.1*103/ul) in
the first two groups compared with 6.8*10%/ul in the control
group. The same pattern can be observed for the means of
neutrophils. Regarding the mean of lymphocytes, it was the
highest (2.5*10%ul) in the bDMARD plus cDMARD
compared with 2.1*10%/ul in the cDMARD, and 2.0*10%pl in
the control also. The platelets (PLT) means of the cDMARD
group (269.8*103/ul) and that of the bDMARD plus cDMARD
group (258.1*10%/ul) were significantly higher (203.7*10%/ul)
(p < 0.001) than the mean of control group. The means of Hb
of the cDMARD and bDMARD plus cDMARD groups (12.5
g/dI) were significantly less than the mean of the control group
(13.2 g/dl). Regarding the neutrophil-to-lymphocyte ratio
(NLR), the highest mean was in the cDMARD group (3.1)
compared to (2.2) in the bDMARD plus cDMARD (p =
0.008), and 2.4 in control (p = 0.086). The highest mean of
platelets-to- lymphocyte ratio (PLR) was also highest in the
cDMARD group (193.3), compared with 115.7 in the
bDMARD plus cDMARD (p = 0.015) and 115.7 in the control
(p=0.050).
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Table 2. The studied variables means

**By ANOVA; NLR, neutrophil-to-lymphocyte ratio; PLR,

From Table 3, the mean ESR was significantly higher (p<
0.0001) in both the cDMARD disease active group (48.8
mm/hr) and the bDMARD + ¢cDMARD disease active group
(37.4 mm/hr), than the cDMARD in remission group (12.8
mm/hr) and bDMARD plus ¢cDMARD in remission group
(12.9 mm/hr) respectively. The mean CRP follows the same
pattern, except for the difference between the bDMARD plus
cDMARD groups (p = 0.424). The mean of lymphocytes was
the lower (1.7 *10%pl) in the cDMARD active disease
compared to (2.4*10%/ul) in the cDMARD remission group the
difference was significant (p <0.0001) while in the bDMARD

platelets-to- lymphocyte ratio.

plus cDMARD groups, the mean of lymphocytes vice versa is
slightly higher in disease active (4.9) than remission group
4.7).

The mean of platelet (PLT) of the cDMARD disease active
group (297*10%/ul) was high significant than the mean of the
cDMARD remission group (240*10%/pl) (p= 0.004) same things
were found between the groups on bDMARD plus cDMARD
but there was no significant difference (p= 0.098).Among
patients on cDMARD, the result shows that the higher the
disease activity (DAS > 2.6), the higher the means of NLR (p =
0.020) and PLR (p = 0.015) compared with the means among
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patients with DAS < 2.6. No significant associations were 0.602) also PLR (p = 0.755) among patients on bDMARD plus
detected between the activity of the diseases with NLR (p = cDMARD.

Table 3. Means of the studied variables by disease activity and type of treatment.

*By unpaired t test; NLR, neutrophil-to-lymphocyte ratio; PLR, platelets-to-lymphocyte ratio.

Among patients with less active disease (DAS < 2.6), Table 4 among patients of the cDMARD group, 2.2 among patients on

fgg;’:;in?thz'gﬁfga("; fgfggelr;cgz dlthF?r?; j’tg‘ggg) 9P BDMARD plus cDMARD, and 2.4 in the control. The PLR

when patients with active (iisease are considered (.DAS. >2.6) means of the CDMARD group = 273.3 compared with 117 and

Si nifiléant differences were detected. The NLR means was 3 8’ L15.6 in the bDMARD plus cDMARD group and the control
g ' " group respectively.

Table 4. Means of neutrophil -to- lymphocyte ratio and

platelet -to - lymphocyte ratio of the three study groups

according to disease activity

*By ANOVA; NLR, neutrophil-to-lymphocyte ratio; PLR, platelets

to- lymphocyte ratio.




There was a positive significant and relatively weak correlation
between the DAS score and the NLR (rho = 0.285, p = 0.003)
in the cDMARD group. There was also a significant and
medium strength correlation between the DAS score and the
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PLR (rho = 0.548, p<0.001). While among both groups, there
was a weak significant correlation between DAS with NLR and
PLR as shown in table 5.

Table 5. Correlation between DAS with neutrophil - to - lymphocyte ratio and platelets - to - lymphocyte ratio in the

cDMARD and the bDMARD plus cDMARD group

cDMARD

NLR DAS 0.285 0.003
PLR DAS 0.548 <0.001
bDMARD plus cDMARD

NLR DAS -0.020 0.840
PLR DAS -0.016 0.873
Both groups

NLR DAS 0.161 0.019
PLR DAS 0.307 <0.001

NLR, neutrophil-to-lymphocyte ratio; PLR, platelets-to- lymphocyte ratio.

Table 6 shows that, among patients on the cDMARD, around
two-thirds of them (65.4%) were on Methotrexate (MTX) only,

Table 6. Medicine that patient used

and 11.2 and 6.5% were taking the MTX with either HCQ or
SSZ respectively.

cDMARD

MTX (Methotrexate) 70 (65.4)
Leflunomoid 4 (3.7)
HCQ (hydroxychloroquine) 4 3.7)
SSZ (Sulfasalazine) 4 (3.7)
MTX + HCQ 12 (11.2)
MTX + SSZ 7 (6.5)
SSZ + HCQ 6 (5.6)
Total 107 (100.0)
bDMARD which taken by patient group on bDMARD plus cDMARD

Etanercept 45 (43.7)
Infliximab 37 (35.9)
Adalimumab 13 (12.6)
Rituximab 8 (7.8)
Total 103 (100.0)
5. Discussion:

During recent years the neutrophil/ lymphocyte ratio (NLR) inflammation in patients who have RA (Senem and

and platelet/ lymphocyte ratio (PLR) have been noted as novel
effective markers for inflammation (Xuanyu et al., 2017). This
evidence is clear in the current study result which is similar to
many types of research done previously in this regard such as
have been found in the research performed in Egypt which
considered the NLR and PLR as two novel inflammatory
biomarkers for assessing the activity of the diseases in a patient
with RA (Abd-Elazeem and Mohamed, 2018).

Also there is another multicenter retrospective research which
conducts in China that agreed RA groups had significantly
higher NLRs and PLRs than controls (Jin et al., 2021).

Other two studies on the relation between RA patient's disease
activity and NLRs and PLRs in Turkey supports the result of
the current study as the 1st one was concluding that assessment
of NLR with PLR levels can be used as additional markers for

Kervansaray, 2019), and 2nd one took into consideration in RA
the role of the neutrophils, lymphocytes, and platelets, so they
saw that the NLR with PLR which consists of these components
as inflammatory markers predict to made changes in the
disease, and suggested that they can be used as markers in the
disease activity follow up (Uslu et al.,2015). The third study
also was done in Turkey which analyzed only the NLR and
disease activity and found that it is a useful available low cost
and well-correlated marker for disease activity in the evaluation
of RA (Mercan et al., 2016).

Regarding the relationship between the DAS score and NLR,
the finding of this study were also consistent with the study was
done in India that found the worse DAS score positively
correlated with NLR and concludes that NLR is a highly
significant in patient with RA so could be using as a good
indicator for estimate RA active disease patients (Quaiser and
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Khan, 2020). Armen et al. were regard the PLR as a novel
inflammatory marker together with NLR beside other
hematologic parameters, which helps in detect and evaluate the
activity and seriousness of much rheumatic disorder, and they
suggested that PLR-NLR collectively have more effect on
distinguishing RA patients in active stage from a healthy
person. A similar thing was detected when RA patients were in
remission in comparison with the healthy person (Armen et al.,
2019). Also, the meta-analysis which was done by Erre et.al.
Supports our result it found that the correlation between RA
and peripheral blood NLR and PLR was significant (Erre et al.,
2018). Other meta-analysis research was done by Hao et al
showed that NLR had strongly related to RA and PLR also
correlated to it. So considered NLR with PLR as cheap
available diagnostic biomarkers for autoimmune rheumatic
diseases (Xuanyu et al., 2017).

It is worth noting that in all the above research they did not
address the type of medication used by the patient, so we
compared our result of all groups that include in the study
together with the previously mentioned studies, while in our
research, we put the RA patients according to the type of
treatment into two groups for getting more precise results. So
when compare each group of the RA patient separately
according to the type of treatment in the RA group which
received cDMARD we found that the difference was
significant statistically among the (patient and control) groups
for NLR, PLR when the patients with disease active means
DAS28-ESR score of 2.6 and more while no significant
differences detected with patients that have a level of less than
2.6 means remission patients, (table4). Also, the correlation
between NLR and PLR with DAS28-ESR was significant
(tableb).

While for the patients who received bDMARD plus cDMARD
the difference was not significant in comparison to the control
group (table4) and (table5). And since the research that had
been conducted previously not identifying patients according
to the type of treatment, so the results was found regarding the
group that takes cOMARD treatment expected based on the
results of the above-mentioned research and compare it with
the current study result in term of that the ordinary protocol for
the treatment of RA is starting with cDMARD and in case of
inadequate response to this treatment shift to use the
bDMARD for the treatment so by that most of the patients
probably on cDMARD (Smolen et al 2016; Masahito et al
2016). Therefore, it is necessary to conduct more detailed
studies in this regard in the future.

Also, with regard to the results of this study of the group
receiving treatment bDMARD plus cDMARD, there are no
similar finding research, but there are a study conducted in
South Korea that evaluated RA patients who started anti-TNFa
drug as the first-choice biological therapy for insufficient
response to cOMARD treatment and evaluated the response to
treatment, and the remission rate of RA patients was performed
at 12 and 24 weeks. It found that NLR also PLR levels were

correlated positively with a measure of DAS28 disease activity
score. This supposed that NLR with PLR are beneficial
indicators for monitoring the inflammatory status of RA
patients using anti-TNFo agents (Han et al., 2019). This result
did not go with current study result but this discrepancy
assumed to be because of the differences in the study design. At
first, this study analyzed RA patients treated with bDMARD
plus cDMARD not only on anti-TNF-a agents. And second, this
study investigated the NLR and PLR after 48 (£2.2) months.
Nevertheless, even the studies mentioned above also found a
significant association at 24 weeks, unlike a significant
association at 12 weeks (Han et al., 2019). This concept
suggests that NLRs and PLRs can show a quick response in
case of inflammatory changes, and the capacity of these
biomarkers to portend therapeutic response may be restricted to
a short period of time.

Another study from Japan was conducted to detect if NLR
could be considered an indicator for the prognosis of the
response to hiological treatment. Found that active disease and
NLR are positively and significantly correlated with DAS28-
ESR than in people with low disease activity (Masahito et al.,
2016) but can't match the result with the current study because
the treatment that the patients received was biological treatment
alone and for the duration for 6 months while the participant
patients in this study received both hbDMARD plus cDMARD
and for a longer period so in this case, the effect of both types
of the drug will be on the NLR.

6. Conclusion:

The result of the current study supports that NLR and PLR can
be regarded as two parameters for inflammation assessment in
RA disease activity, especially for patients who receive
cDMARD.
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