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Monocyte to Lymphocyte Ratio,
Neutrophil to Lymphocyte Ratio,

and Red Cell Distribution Width
are the Associates with Gouty Arthritis

Cengiz Kadiyoran?!, Orhan Zengin?, Hilal Akay Cizmecioglu?, Abdurrahman Tufan*, Orhan Kucuksahin®,
Medine Cumhur Cure®, Erkan Cure”*, Adem Kucuk® Mehmet Akif Ozturk*

ABSTRACT

Background: Neutrophils, monocytes, and macrophages activations are associated with a gout attack. Monocyte to lymphocyte ratio (MLR),
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), red cell distribution width (RDW), and mean platelet volume
(MPV) are well-known inflammation markers. In this study, we aimed to investigate whether they could be a predictive marker to the gout
attack.

Material and Methods: A hundred and ten gout patients (male/female, 86/24) and 90 (male/female, 64/26) age-, gender-, and body mass
index-matched volunteer controls were included in the study. Blood samples were obtained in the intercritical and attack period of the
patients. Hemogram, serum uric acid (SUA), C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR) values were studied.
Results: In the attack period NLR (p < 0.001), PLR (p < 0.05), MLR (p < 0.001), RDW (p < 0.05), MPV (p < 0.05), ESR (p < 0.001), CRP

(p < 0.001) and SUA (p < 0.001) values were significantly higher than intercritical period values. According to the results of regression
analysis; There was an independent strong relationship between the gout attack and SUA, (Beta [B] = 0.352, p < 0.001), ESR (B = 0.329,

p < 0.001), CRP (B = 0.286, p < 0.001), MLR (B = 0.126, p < 0.001), RDW (B = 0.100, p = 0.003) and NLR (B = 0.082, p = 0.014).

Conclusions: MLR, RDW, and NLR may be a strong predictive marker for a gout attack. MPV and PLR values in the gout attack may be
associated with systemic inflammation.
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INTRODUCTION

Gout is a common type of inflammatory arthritis and its
prevalence is increasing. It is common in men compared
to women. Acute episodes usually begin with sudden
pain and swelling in the joints of the toe or the lower ex-
tremities (1-3). There are many mechanisms that initiate
a gout attack that is one of the reasons for hyperuricemia
(4). Generally, when serum uric acid (SUA) level exceeds
6.4 mg/dl, the inflammatory attack starts with accumu-
lation in small joints in the form of monosodium urate
(MSU) crystals (5). The crystals accumulate in the joint
range and synovium where areas have excessive mac-
rophage and neutrophil migration. MSU crystals cause
the release of pro-inflammatory cytokines, such as inter-
leukin (IL)-1beta, IL-6, tumor necrosis factor (TNF), and
some chemokines (6). These pro-inflammatory cytokines
and lysosomal enzymes are released from macrophages
and neutrophils (7). Colchicine inhibits the inflammato-
ry effect of MSU crystals and the release of IL-1beta (6).
As aresult of phagocytizing of MSU crystals by treatment
or spontaneously by macrophages, the acute attack ends
and the asymptomatic period begins (5, 8). Gout patients
are exposed to local and systemic inflammation, especially
during the acute attack.

The presence and prognosis of systemic inflamma-
tion are increased by elevated C-reactive protein (CRP),
leukocyte, platelet, ferritin and decreased albumin levels
(9). Neutrophils, monocytes, and macrophages migrate to
the site of inflammation, causing inflammation by releas-
ing some cytokines and chemokines (8). Also, lysosomal
enzymes released from neutrophils and cytokines cause
reactive oxygen species (ROS) (4). Increased ROS and cy-
tokines cause the release of young and immature erythro-
cytes and platelets from the bone marrow to the periph-
ery (10). There is a relationship between the inflammation
level and the hemogram parameters such as neutrophil
to lymphocyte ratio (NLR), platelet to lymphocyte ratio
(PLR), monocyte to lymphocyte ratio (MLR), red cell dis-
tribution width (RDW), and mean platelet volume (MPV),
therefore; recently, researchers focused on investigating
the reliability of these inexpensive hematological parame-
ters. Many studies have reported that the parameters may
be a reliable and inexpensive marker as a prognostic factor
for predisposition to thrombosis, cancer patients, cerebro-
vascular and cardiovascular diseases (11-15).

In this study, we aimed to investigate whether NLR,
PLR, MLR, MPV, and RDW were higher in gout patients
compared to the control group. Secondly, we aimed to in-
vestigate whether these parameters increase in gout at-
tack and which markers may be the predictive marker for
the gout attacks.

METHODS

SAMPLES SELECTION

The study included 110 outpatients with gout (male/fe-
male: 86/24) who were admitted to our hospital, Depart-
ment of Rheumatology and Internal Medicine policlinics,
and 90 volunteer controls (male/female: 64/26) were
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included in the study. Patients’ Gout was diagnosed ac-
cording to the American College of Rheumatology (ACR)
2012 criteria (16). Blood samples were taken between 24
and 48 hours after the onset of pain, redness swelling
complaints in patients with gout attack according to ACR
2012 criteria. Blood samples for hemogram, erythrocyte
sedimentation rate (ESR), CRP, SUA, ALT, blood urea nitro-
gen (BUN) and creatinine values were taken in the inter-
critical period (17, 18). Patients with any of the following
conditions were not included in the study; other rheuma-
tologic diseases, uncontrolled diabetes, uncontrolled hy-
pertension, uncontrolled hyperlipidemia, hematological
and solid malignancy, acute and chronic infections, septic
arthritis, hemodialysis or peritoneal dialysis patients with
renal failure, and smokers.

RADIOLOGIC EXAMINATION

X-ray and radiological imaging of the patients were per-
formed during attacks and non-attacks period. In the in-
tercritical period, bone erosions were differentiated from
other erosive arthritis according to the shape of gout, and
the diagnosis of gout was confirmed by clinical, laboratory
and radiological findings. The presence of soft tissue swell-
ing in the joint region of acute gout arthritis was evaluated
radiologically by direct X-ray.

BLOOD PRESSURE (BP) MEASUREMENTS

After both gout patients and control group at least 15 min-
utes relaxing, systolic and diastolic BP measurements ob-
tained from their right and left arm by using sphygmoma-
nometer. According to their elevated arm measurements,
the dominant side was determined for blood pressure
measurement and that the arm was used for subsequent
BP measurements. After two additional measures which
were obtained from the dominant arm, waiting 5 minutes
between two measures, mean systolic and diastolic BP
were calculated in order to get a proper measurement.

BIOCHEMICAL PARAMETERS

BUN, creatinine, ALT, and SUA were performed with the
photometric assays of the Abbott Architect C16000 ana-
lyzer, CRP test was performed with the nephelometric
method of the Coulter Immage 800 device. The hemato-
logic tests were performed by the Abbott Cell Dyn Ruby
analyzer and ESR were studied in automatized Wester-
gren device (Eventus VacuPlus ESR 100, Ankara, Turkey).
NLR was obtained by dividing the neutrophil count by
lymphocyte count. MLR was calculated by dividing the
number of monocytes by lymphocytes. PLR was obtained
by dividing the platelet count by the number of lympho-
cytes. The RDW reported on all standard hemograms, is
an automated measure of the variation in red blood cell
(RBC) size or volume. The RDW is represented as a coef-
ficient of variation and is mathematically calculated as
the standard deviation of RBC volume/mean corpuscular
volume (MCV) x 100 (18). MPV value was obtained from
direct hemogram results.
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STATISTICAL ANALYSIS AND ETHIC ISSUE

The results were given as mean + standard deviation, me-
dian (range), and n (%). Statistical evaluation was per-
formed with SPSS (version 18) package program. Kol-
mogorov Smirnov test was used to determine whether
the data were homogenous. Homogeneous distribution
data were compared with the Independent Student Test.
Non-homogeneous distribution data such as CRP, ESR,
NLR, PLR, and MLR were compared with the Mann Whit-
ney U test. The Chi-square test was used to evaluate cat-
egorical data. The Pearson correlation test was used for
correlation analysis. Stepwise linear regression analysis
was performed to determine the independent variables
associated with attack formation in patients with gout.
Regression analysis was performed as an independent
variable such as NLR, MLR, PLR, MPV, hemoglobin, SUA,
creatinine, BUN, CRP, and ESR. A p value of < 0.05 was
considered significant. The study was approved by the lo-
cal ethics committees, and informed consent from each
participant was obtained.

RESULTS

Age (58.1 + 11.8 vs. 58.5 + 14.9 years, p = 0.810), gender
(M/F: 86/24 vs 64/26, p = 0.415), and body mass index
(26.3 + 3.6 vs. 26.7 + 4.2 kg/m?, p = 0.454) of patients with
gout were similar to those of control patients. The comor-
bid conditions of these patients were similar to the control
group. Age, sex, disease duration, co-morbidity and medi-
cations of the patients were given in table 1. The intercrit-
ical period NLR (p < 0.05), RDW (p < 0.001), ESR (p < 0.05),
SUA (p < 0.001) systolic BP (p < 0.05), and diastolic BP
(p < 0.05) values of the gout patients were significantly
higher than the control group values. In the attack peri-
od of the gout patients: NLR (p < 0.001), PLR (p < 0.001),
MLR (p < 0.001), RDW (p < 0.001), MPV (p < 0.05), ESR
(p < 0.001), CRP (p < 0.001) and SUA (p < 0.001) were
higher than the values of the control group. When the at-
tack period and intercritical period of gout patients were
compared, the attack period was NLR (p < 0.001), PLR
(p<0.05), MLR (p < 0.001), RDW (p < 0.05), MPV (p < 0.05),
ESR (p < 0.001).), CRP (p < 0.001) and SUA (p < 0.001) val-
ues were significantly higher than intercritical period
values. MLR, NLR and RDW values of the patients were
given in figures 1, 2 and 3, respectively. All values of attack
period, non-attack period and control group are shown in
Table 1.
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Fig. 1 Monocyte to lymphocyte ratio in attack and intercritical
period of gouty arthritis.
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Fig. 2 Neutrophil to lymphocyte ratio in attack and intercritical
period of gouty arthritis.
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Fig. 3 Red cell distribution width in attack and intercritical period of
gouty arthritis.

Tab. 1 Age, gender, duration comorbidities, and medications for
Patients.

Gout Patients | Control Pvalue
(n = 110) (n=90)
Age (years) 58.1+11.8 58.5+14.9 | 0.810
Gender (M/F) 86/24 64/26 0.415
BMI (kg/m?) 26.3+3.6 267+42 | 0.454
Duration of disease 14.0 (1.0-96.0)
(months)
SBP (mmHg) 125.9 +11.0 122.0 +11.5 | 0.016
DBP (mmHg) 80.1+8.7 76.1+9.5 0.002
Hypertension 26 (23.6) 22(24.4) | 0512
Coronary artery 12(10.9) 10 (11.1) 0.570
disease
Diabetes mellitus 9(8.1) 11(12.2) 0.391
Hyperlipidemia 25(22.7) 25(27.7) 0.255
Chronic renal failure | 3(2.7) 2(2.2) 0.594
Thyroid disease 0(0.0) 1(0.9) 0.450
Colchicine 97 (88.1) 0(0.0) 0.001
Allopurinol 102 (92.7) 0(0.0) 0.001
NSAIDs 14 (12.7) 0(0.0) 0.001
Steroids 6(5.4) 0(0.0) 0.001
Acetyl salicylic acid 20 (18.1) 18 (20) 0.441
Diuretic (single or 5(4.5) 9(10) 0.110

combination)

The results were given as mean + SD, median (range) or n (%). M, male;
F, female; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; NSAIDs, non-steroidal anti-inflammatory drugs.
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Tab. 2 Hematological and biochemical parameters in attack and  attack free period in patients with gout.

Variables Attack period (n = 110)
WBC (x109/L) 9.6 + 2.0 *t1
Neutrophil (x109/L) 6.4 +2.0%*11
Lymphocyte (x109/L) 21+ 0.7*

Monocyte (x109/L) 0.8 (0.1-5.3)*t1
Platelet (x109/L) 2703+ 93.71

Hb (g/dL) 13.9 + 1.3**

MPV (fL) 10.3 + 1.0%t

NLR 3.1(0.4-8.8)**t1
PLR 128.8 (28.8-360.0)**1
MLR 0.4 (0.1-3.7)**t1
RDW 14.2 + 0.9%*1

ESR (mm/h) 36.0 (11.0-100.0)**1 1
CRP (mg/dL) 29.5(5.6-120.0)**t 1
Uric acid (mg/dL) 8.4 + 1.5%*11

BUN (mg/dL) 33.6 + 17.6**
Creatinine (mg/dL) 1.0 + 0.4*

ALT (IU/L) 36.5 +20.6*

The results were given as mean = SD and median (range).

Attack free period (n = 110)

Control (n = 90)

8.4+19 8.8+3.0
54+19 53+25

2.3+ 09 27+07
0.7(0.1-2.3) 0.8(0.2-8.5)
239.3 + 80.5* 266.3 + 63.5
13.8 + 1.1** 146+17
9.9+1.0 9.9+0.8
2.3(0.6-13.1)* 1.8(0.8-6.4)
104.1(28.9-362.5) 95.0 (44.1-204.0)
0.3(0.1-1.9) 0.3(0.1-2.1)
13.8 + 1.3** 13112
12.0 (2.0-53.0)* 8.0 (2.0-37.0)
3.5(1.3-32.0) 2.2(0.3-15.9)
7.3 +2.3* 47+11

30.8 + 15.3** 153+4.7
1.0+ 0.4* 0902
3214225 27.9£19.8

WBC, white blood cell; HB, hemoglobin; MPV, mean platelet volume; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; MLR,
monocyte to lymphocyte ratio; RDW, red cell distribution width; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; BUN, blood urea nitrogen;

ALT, alanine aminotransferase.
*p < 0.05 ** p < 0.001vs control group
1p < 0.05, 1t p < 0.001 vs Attack free period

Tab. 3 NLR, RDW, MLR, uric acid, and correlation analysis of other
factors in patients with gout arthritis.

Variable SUA CRP

rvalue pvalue | rvalue | pvalue

Intercritical | NLR 0100 0138 0275  0.001

period ROW 0215 0001 0070 | 0.340
MLR 0115 | 0.089 0155  0.022
MPV 0.006 0924 0141  0.037
PLR 0.063 0355 | 0.168  0.013
SUA 0118 | 0.081
CRP 0118 | 0.081
SBP 0250 0.009  0.164  0.088
DBP 0216  0.023 0234 0.014

Attack NLR 0202 0001 0332  0.001

period ROW 0319 0001 0173  0.002
MLR 0.045 | 0.435 | 0.092 | 0.109
MPV 0.032 0577 0142  0.012
PLR 0.068 0232 0221 0.001
SUA 0.300  0.001
CRP 0300  0.001

SUA, serum uric acid; CRP, C-reactive protein; NLR, neutrophil to
lymphocyte ratio; RDW, red cell distribution width; MLR, monocyte to
lymphocyte ratio; MPV, mean platelet volume; PLR, platelet to lymphocyte
ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Tab. 4 Stepwise Linear Regression Analyses, determinants of attack
period in patients with Gout Arthritis.

Gout attack as Dependent Variable

Independent Variables | Beta coefficients | p value
SUA 0.352 0.001
ESR 0.329 0.001
CRP 0.286 0.001
MLR 0.126 0.001
RDW 0.100 0.003
NLR 0.082 0.014

SUA, uric acid; ESR, erythrocyte sedimentation rate; CRP, C-reactive
protein; MLR, monocyte to lymphocyte ratio; RDW, red cell distribution

width; NLR, neutrophil to lymphocyte

ratio.

In the correlation analysis for intercritical period,

there was a positive correlation between SUA and RDW
(p < 0.001). We found a positive association between CRP
and NLR (p < 0.001), MLR (p = 0.022), and PLR (p = 0.013).
In addition, we determined a positive association between
MLR and systolic BP (r = 0.199, p = 0.039). In the correla-
tion analysis for attack period; we found a positive associ-
ation between SUA and NLR (p < 0.001), RDW (p < 0.001),
and CRP (p < 0.001). We determined a positive relation
between CRP and NLR (p < 0.001), RDW (p = 0.002), MPV
(p = 0.012), and PLR (p < 0.001). Correlation analysis re-
sults are shown in Table 3.
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According to the results of stepwise linear regression
analysis; There was an independent strong relationship
between gout attack and SUA (p < 0.001), ESR (p < 0.001),
CRP (p < 0.001), MLR (p < 0.001), RDW (p = 0.003) and NLR
(p = 0.014). Regression analysis results are shown in Ta-
ble 4.

DISCUSSION

In this study, NLR and RDW values were significantly
higher in gout patients compared to the control group. In
the attack period, NLR, PLR, MLR, RDW, and MPV values
were significantly higher than the intercritical period and
control group. In the regression analysis, we found that
SUA, CRP, ESR, MLR, NLR and RDW values could be pre-
dictive markers for a gout attack.

Even if the SUA concentration is normal, a gout attack
may develop (19). However, there is a high correlation
between SUA concentration and gout attack (20). In our
study, we found a very high relationship between gout
attack and SUA level. Also, according to our findings, the
SUA level is the most important predictive marker for
a gout attack. Hyperuricemia leads to ROS formation and
endothelial dysfunction (21). Hyperuricemia is associated
with obesity, type 2 diabetes mellitus, atherosclerosis and
hypertension (22, 23). We found the systolic and diastolic
BP values in gout patients to be higher than the control
group. Also, we found a high relation between both systol-
ic and diastolic BP and SUA levels in the correlation anal-
ysis. Gout patients may be prone to cardiovascular disease
because hypertension is one of the major factors of ather-
osclerosis.

Although SUA inhibits the formation of ROS, it caus-
es ROS formation due to autophagy defects (24). SUA
shows the pro-inflammatory effect by direct stimulation
of the monocytes (24, 25). Monocyte stimulation causes
inflammation by releasing pro-inflammatory cytokines
(26). Monocytes play an important role both at the begin-
ning and end of the gout attack (27). MSU crystals provide
transformation of monocytes into macrophages by stim-
ulating transforming growth factor beta (8, 27). In addi-
tion, monocytes release pro-inflammatory cytokines in
the peripheral circulation. Monocytes accumulate in the
arterial wall and turn into macrophages and they cause lo-
cal damage by releasing pro-inflammatory cytokines from
macrophages (28). Low lymphocyte counts have been re-
ported to be related to inflammation, atherosclerosis and
plaque development (29). Increased monocyte count and
decreased lymphocyte count cause to raise MLR. There
has been a strong relationship between MLR and systemic
inflammation, cardiovascular disease and myocardial in-
farction (30, 31). In our study, we found MLR as a strong
predictive marker in the gout attack. Also, there was also
arelationship between MLR and systolic BP. The relation-
ship between MLR values and subclinical atherosclerosis
in gout patients may be investigated in the novel studies.

Neutrophils are the major responsible cells in gout
inflammation and attack development (32). The deposi-
tion of MSU crystals in tissues leads to massive leukocyte
inflammation (33). The release of pro-inflammatory cy-
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tokines and lysosomal enzymes from leukocytes causes
ROS to increase in the environment. Increasing the num-
ber of neutrophils also leads to an enhancement in blood
viscosity and hypercoagulability by causing interaction
in the platelets and endothelium (34). Neutrophils show
nonspecific inflammation and the decrease in the number
of lymphocytes reflects the inflammation (35). NLR, there-
fore; shows more effective inflammation than the neutro-
phil count (34). NLR is a powerful independent indicator
of prognosis in systemic inflammation, atherosclerotic
heart disease, and cancer patients (11, 12). We determined
a high relationship between NLR and SUA, especially dur-
ing the attack episode of gout. In our study, we found NLR
as a strong independent predictive marker for a gout at-
tack in regression analysis.

Inflammation and increased ROS suppress erythro-
poiesis. As a result of this suppression, erythrocytes in the
bone marrow pass into peripheral blood before they reach
adequate maturation, and complete immature erythro-
cytes increase in peripheral blood (36). Pro-inflammatory
cytokines increase the synthesis of hepcidin in the liver by
IL-6 mediated inhibition of iron reaching normoblasts and
these cytokines suppress normoblast proliferation and in-
crease the phagocytosis of erythrocytes (37, 38). As a result
of these events, the non-functional juvenile erythrocytes
increase in the peripheral blood. RDW is the best test that
shown this increase in the laboratory. RDW has been found
to be an independent predictive marker for inflammation
and atherosclerotic heart disease (39). We found a high
relationship between RDW and SUA, particularly during
the gout attack. In our study, we found RDW as a strong
predictive marker for a gout attack.

Platelets adhere to endothelial cells and increase in-
flammation by causing leukocytes to migrate to this area
and cling to it. On the other hand, increased cytokines and
ROS affect the thrombopoiesis and increase the output of
immature, larger than normal and active platelets to the
peripheral blood (10). These active platelets release ser-
otonin, thromboxane A , ADP and clotting factors to the
environment. MPV is a laboratory test that reflects these
platelets in the blood (10, 14). Studies have reported that
releasing the juvenile, dysformic erythrocytes and young,
large platelets to peripheral blood circulation; increase in
the risk of thrombosis (14, 39). Conway et al. reported that
platelet activity was significantly increased during the
attack, particularly with a predisposition to thrombosis
(40). Increased MPYV is associated with systemic inflam-
mation and atherosclerotic heart disease (10). However,
in our study, we found that PLR and MPV values for gout
attack were not predictive markers.

CONCLUSION

NLR and RDW values were higher in gout patients with
an attack-free period than controls. Inflammation contin-
ues in gout patients during attack-free periods. Increased
NLR, PLR, MLR, RDW, and MPV values during the acute
attack period indicate that inflammation is exacerbated.
MLR, RDW, and NLR may be a strong predictive marker
for a gout attack and systemic inflammation. Both attack
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period and intercritical period, increased inflammation
and platelet activation may cause various organ and sys-
tem diseases especially cardiovascular disease. Whether
the inexpensive hematological parameters are a marker
for cardiovascular disease in gout patients can be investi-
gated in novel studies.
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