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Abstract: Objectives: Neutrophil-to-lymphocyte ratio (NLR) and red blood cell distribution width (RDW) are increased 
in inflammation-associated diseases. However, a clinical evaluation of these markers in patients with ankylosing 
spondylitis (AS) has never been reported. In this study we analyzed the NLR and RDW in patients with AS, explor-
ing their value in evaluating inflammation in AS. Methods: According to the New York AS standard revised in 1984, 
74 newly-diagnosed AS patients who had received no previous medical treatment were recruited, along with 195 
healthy controls who visited the hospital for regular physical examination. Parallel detection of laboratory indicators 
including NLR, RDW, high-sensitivity C-reactive protein (hs-CRP), erythrocyte sedimentation rate (ESR), and other 
clinical markers was carried out for both groups. SPSS17.0 software was used for statistical analysis. Results: The 
NLR and RDW in AS patients was significantly higher than in healthy controls, and both were significantly positively 
correlated with hs-CRP and ESR. Conclusions: NLR and RDW can be used as metrics to evaluate the inflammatory 
activity in AS. 
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Introduction

Ankylosing spondylitis (AS), which is a subtype 
of spinal joint disease, is a chronic progressive 
inflammatory disease with the spine as the 
major lesion site. The most commonly involved 
joints are the sacral joint, the spinal joint, the 
soft tissue of the vertebral body and limb joints. 
AS affects both youths and adults, and the 
onset of the disease is usually occult and 
patients present with unstable symptoms. 
There is no effective treatment for this disease, 
therefore early diagnosis and treatment are 
particularly important [1]. The etiology and 
pathogenesis of AS have are not yet fully under-
stood, and genetic, environmental and immu-
nological factors all play a role in the occur-
rence of AS.

Neutrophil-to-lymphocyte ratio (NLR) is an eas-
ily assessable, repeatable and low cost immu-
nological index, which reflects the oxidative 
stress and inflammatory state of the body. In 
recent years, NLR has become a widely used 

inflammatory indicator, notably as an indepen-
dent prognostic factor for coronary artery dis-
ease [2], with high levels of NLR increasing the 
risk of atrial fibrillation [3]. Studies have also 
shown that NLR can also be used as an index 
for tumor prognosis and evaluating the thera-
peutic effect of anti-cancer treatments [4-6]. In 
addition, NLR also has value for predicting dis-
ease recurrence [7]. Red blood cell distribution 
width (RDW) is a parameter for measuring the 
heterogeneity of red blood cell volume, which is 
commonly used in the differential diagnosis 
and classification of anemia along with mean 
corpuscular volume. Felker et al [8] firstly 
reported that RDW can be used as a prognostic 
indicator of heart failure in 2007, demonstrat-
ing that RDW is an independent prognostic fac-
tor for morbidity and mortality in patients with 
heart failure. Subsequent to this report, more 
studies have found that RDW is closely associ-
ated with the occurrence and development of 
cardiovascular diseases. There are also reports 
suggesting that RDW is associated with autoim-

http://www.ijcep.com


Analysis of NLR and RDW in ankylosing spondylitis

8571 Int J Clin Exp Pathol 2016;9(8):8570-8574

mune disease, liver disease, cancer, and other 
malignancies [9-11]. Although the molecular 
mechanisms of the involvement of RDW in 
these diseases remain unclear, we hypothesize 
that inflammation may be the key factor linking 
the two.

Besides HLA-B27, there is no other specific 
evaluation index in the experimental diagnosis 
of AS patients. As novel inflammation indexes, 
NLR and RDW are risk factors of many diseas-
es, and may have value in the assessment of 
disease activity and severity for AS. The current 
study analyzed NLR and RDW in AS patients, 
exploring their value and application to the 
evaluation of inflammation in AS patients.

Materials and methods

Study subjects

All 74 subjects were patients admitted to the 
Department of Rheumatology of Qilu Hospital 
affiliated with Shandong University (Qingdao, 
China) from Jan. to Dec. 2015. All patients gave 
written informed consent for participation in 
the study. The study cohort included 54 male 
patients and 20 female patients, with ages 
ranging from 14 to 71 years old who were newly 
diagnosed with AS and had not received any 
drug treatment. Additional inclusion criteria 
included: (1) meeting the New York criteria of 
AS modified in 1984; (2) exclusion of other 
autoimmune diseases, such as rheumatoid 
arthritis, systemic lupus erythematosus, Sjo- 
gren syndrome, and inflammatory enteritis; (3) 
exclusion of liver disease, such as hepatitis or 

Determination methods

Peripheral venous blood was collected from AS 
patients and healthy controls, and analyzed 
within 2 hours. NLR and RDW detection was 
conducted using a Sysmex XN 3000 automat-
ed hematology analyzer (Sysmex Corporation 
of Japan, Kobe, Japan) using reagents pur-
chased from the manufacturer, and hs-CRP 
analysis was carried out with a DELAT special 
protein analyzer (SEAC, Italy), using reagents 
purchased from Shanghai XIYAKE Diagnosing 
Necessities Co. (Shanghai, China). ESR was 
measured using a TEST1 automatic sediment-
ometer analyzer (Alifax, Polverara, Italy).

Statistical analysis

Using SPSS 17.0 software (IBM, Armonk, NY, 
USA) for statistical analysis, data are present- 
ed as mean ± standard deviation. Between-
group comparisons were carried out using the 
Student’s t-test; count data were analyzed 
using chi square test. Pearson correlation anal-
ysis was used to analyze the correlation of NLR 
and RDW with hs-CRP and ESR. P < 0.05 was 
considered statistically significant.

Results

Comparison of NLR and RDW between AS pa-
tients and healthy controls

The neutrophil count in the AS group was sig-
nificantly higher than the healthy control group 
(P < 0.001), and there was no statistically sig-
nificant difference in lymphocyte count between 
the two groups (P = 0.554; Table 1). The NLR of 

Table 1. General clinical characteristics
AS group Control group P value

Cases 74 195 -
Age (year) 40.16±15.22 42.14±12.92 0.323
Gender (M/F) 54/20 104/81 0.012
Neutrophil (109/L) 4.48±1.45 3.41±0.81 < 0.001
Lymphocyte (109/L) 2.37±0.96 2.30±0.57 0.554
NLR 2.04±0.74 1.56±0.51 < 0.001
RDW (%) 12.87±1.14 12.26±0.53 < 0.001
hs-CRP (mg/L) 26.34±25.87 - -
ESR (mm/h) 45.30±27.89 - -
Note: data are presented as mean ± standard deviation. -, no data 
available, NLR, Neutrophil-to-lymphocyte ratio; RDW, Red blood cell 
distribution width; hs-CRP, high-sensitivity C-reactive protein; ESR, 
Erythrocyte sedimentation rate.

liver cirrhosis; (4) exclusion of malignant 
tumors, end-stage renal disease, diabe-
tes, hypertension and other cardiovascu-
lar diseases; (5) exclusion of blood system 
diseases or recent recipients of blood 
transfusion. The 195 healthy controls 
were recruited from the hospital health 
examination center, with the afore men-
tioned diseases excluded as well. All pro-
cedures performed in studies involving 
human participants were in accordance 
with the ethical standards of the institu-
tional and/or national research commit-
tee and with the 1975 Helsinki declara-
tion and its later amendments or compa-
rable ethical standards.
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the AS group (2.04±0.74) was significantly high-
er than the healthy control group (1.56±0.51; P 
< 0.001); the RDW in the AS group (12.87±1.14) 
was significantly higher than in the healthy con-
trol group (12.26±0.53; P < 0.001; Figure 1).

Correlation analysis between NLR and RDW, 
and hs-CRP and ESR

The classic inflammation markers hs-CRP and 
ESR are the current means of measuring inflam-
mation in patients with AS. We further analyzed 
the correlation between NLR and RDW, and hs-
CRP and ESR. The Pearson correlation analysis 
showed that, in the AS group, NLR had a signifi-
cant positive correlation with hs-CRP and ESR 
(r = 0.5472, P < 0.0001; r = 0.3865, P = 0.001, 
respectively; Figure 2); RDW also showed a sig-
nificant positive correlation with hs-CRP and 

index of AS activity in patients. In this study, we 
included only newly diagnosed AS patients, to 
exclude the effects of drugs and other diseas-
es. The results showed that the levels of NLR 
and RDW in AS patients were significantly high-
er than in healthy controls, and that both had a 
significant positive correlation with hs-CRP and 
ESR, which are also indicators of the inflamma-
tion status of AS.

White blood cell count is often used as an indi-
cator of inflammation in clinical practice. 
However, sometimes White blood cell is within 
the normal range, while the NLR has changed. 
As an easily assessable laboratory indicator, 
NLR can be used to assess systemic inflamma-
tion, and predict the mortality risk in patients 
with cardiovascular diseases [13]. As a marker 
of inflammation, NLR has two major advantag-

Figure 1. Comparison of NLR and RDW in AS patients and healthy controls.

Figure 2. Correlation analysis between NLR and RDW, and hs-CRP and ESR.

ESR (r = 0.3622, P = 0.0024; 
r = 0.3444, P = 0.0035, 
respectively; Figure 2).

Discussion

AS is a chronic serological 
negative rheumatic disease 
primarily affecting the spinal 
joint that seriously endangers 
human health. Clinical diag-
nosis of AS largely depends 
on abnormal X-ray scans; 
HLA-B27 can also be used for 
diagnosis, but more than 10% 
of AS patients are HLA-B27 
negative [12]. ESR and hs-
CRP are elevated in patients 
with many different diseases. 
We tested whether NLR and 
RDW could be used as an 
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es: 1) although various physiological conditions 
may affect a wide variety of absolute blood 
count values, the impact on NLR is very limited; 
2) as a ratio of two different immune character-
istics, changes in NLR are mainly caused by 
inflammation and lymphopenia [14]. Our study 
found that in both men and women the NLR in 
patients with AS was significantly higher than 
the healthy control group (2.04±0.74 and 
1.56±0.51, respectively; P < 0.001), which was 
consistent with the results of Gokmen et al 
[15]. They also found that NLR level in patients 
receiving anti-inflammatory treatment was sig-
nificantly lower than those who had not been 
treated. Thus, NLR can indeed reflect the 
inflammatory state of AS patients.

RDW reflects the individual differences in red 
blood cells, presented as the variation coeffi-
cient of the size of the red cell, with a greater 
value suggesting bigger differences. Recently, 
several studies have found that RDW is associ-
ated with inflammatory diseases, such as 
inflammatory bowel disease, Behcet’s syn-
drome, Sjogren’s syndrome, and rheumatoid 
arthritis [16-19]. RDW is therefore thought to 
be a potent inflammatory marker. Since the life 
cycle of a red blood cell is about 120 days, it is 
less affected by external environmental fac-
tors, which may make it more effective in evalu-
ating chronic inflammatory states. We found 
that the RDW value of AS patients was higher 
than healthy controls, suggesting that RDW can 
be used as a laboratory indicator of AS.

Hs-CRP and ESR have become the standard 
indicators of inflammatory activity for a variety 
of diseases. Hs-CRP is an acute phase glyco-
protein produced by the liver [20] as part of  
the inflammatory response to plasminogen 
released from sites of trauma or infection. 
Therefore, hs-CRP is a marker of acute respons-
es to bacterial infection or injury. In cases of 
inflammation or tissue necrosis, serum hs-CRP 
concentrations rise rapidly, but are seldom 
affected by other factors. In contrast, ESR is a 
more general indicator of inflammation. In a 
study with a large sample size of outpatients, 
Lippi et al [21] found that RDW were positively 
correlated with hs-CRP and ESR, with similar 
reports for systemic lupus erythematosus and 
rheumatoid arthritis [9, 19]. As newly recog-
nized indicators of inflammation, NLR and RDW 
have the advantage of less interfering factors 

and a longer period of reflecting the state of 
inflammation. We found that, in patients with 
AS, NLR and RDW were significantly positively 
correlated with hs-CRP and ESR (Figure 2), sug-
gesting that the combined detection of these 
two markers would effectively reflect the activi-
ty status of AS.

There were some limitations in this study. Due 
to the low incidence of AS in the region, the 
sample size was relatively small. Compared 
with the healthy control group, there were sig-
nificant differences in the gender distribution  
(P = 0.012) of our patient population. Further 
analysis, after grouping based on gender, found 
that NLR and RDW in AS patients were signifi-
cantly different than in the healthy control 
group (Figure 1). In addition, all the RDW values 
were obtained from a single laboratory, mini-
mizing the effects of the variation in different 
populations from different regions. NLR and 
RDW values were studied as representative 
markers for AS. We have not specifically evalu-
ated whether these markers increase during 
disease progression. However, our research 
showed that the increase of NLR and RDW has 
a certain correlation with AS. An in depth study 
of the changes of NLR and RDW after individual 
treatment in AS patients will have important 
clinical significance for the evaluation of AS 
activity. In summary, measuring NLR and RDW 
is simple, economic, and non-invasive, and 
these two parameters are valuable indicators 
for monitoring AS activity in combination with 
hs-CRP and ESR.

Acknowledgements

This research was partially supported by 
research funding from the National Natural 
Science Foundation (81170515), 863 Program 
(2014AA022304), the Shandong Technological 
Development Project (2013GSF11824) and 
Natural Science Foundation (Y2008C121), and 
Key Clinical Research Project of Qilu Hospital 
(QLKJ2015ZD07).

Disclosure of conflict of interest

None.

Address correspondence to: Qian Wang, Depart- 
ment of Clinical Laboratory, Qilu Hospital of 
Shandong University, 107 Wenhua West Road, Jinan 



Analysis of NLR and RDW in ankylosing spondylitis

8574 Int J Clin Exp Pathol 2016;9(8):8570-8574

250012, Shandong Province, China. E-mail: sd.
wangqian@163.com

References

[1] van der Linden S, van der Heijde D. Ankylosing 
spondylitis. Clinical features. Rheum Dis Clin 
North Am 1998; 24: 663-676, vii.

[2] Balta S, Celik T, Mikhailidis DP, Ozturk C, 
Demirkol S, Aparci M, Iyisoy A. The Relation 
Between Atherosclerosis and the Neutrophil-
Lymphocyte Ratio. Clin Appl Thromb Hemost 
2016; 22: 405-11.

[3] Shao Q, Chen K, Rha SW, Lim HE, Li G, Liu T. 
Usefulness of Neutrophil/Lymphocyte Ratio as 
a Predictor of Atrial Fibrillation: A Meta-
analysis. Arch Med Res 2015; 46: 199-206.

[4] Yang JJ, Hu ZG, Shi WX, Deng T, He SQ, Yuan 
SG. Prognostic significance of neutrophil to 
lymphocyte ratio in pancreatic cancer: a meta-
analysis. World J Gastroenterol 2015; 21: 
2807-2815.

[5] Li MX, Liu XM, Zhang XF, Zhang JF, Wang WL, 
Zhu Y, Dong J, Cheng JW, Liu ZW, Ma L, Lv Y. 
Prognostic role of neutrophil-to-lymphocyte ra-
tio in colorectal cancer: a systematic review 
and meta-analysis. Int J Cancer 2014; 134: 
2403-2413.

[6] Haruki K, Shiba H, Horiuchi T, Shirai Y, Iwase R, 
Fujiwara Y, Furukawa K, Misawa T, Yanaga K. 
Neutrophil to Lymphocyte Ratio Predicts 
Therapeutic Outcome After Pancreaticoduo- 
denectomy for Carcinoma of the Ampulla of 
Vater. Anticancer Res 2016; 36: 403-408.

[7] Tajiri K, Baba H, Kawai K, Minemura M, 
Yasumura S, Takahara T, Sugiyama T. 
Neutrophil-to-lymphocyte ratio predicts recur-
rence after radiofrequency ablation in hepati-
tis B virus infection. J Gastroenterol Hepatol 
2016; 31: 1291-9.

[8] Felker GM, Allen LA, Pocock SJ, Shaw LK, 
McMurray JJ, Pfeffer MA, Swedberg K, Wang D, 
Yusuf S, Michelson EL Granger CB; CHARM 
Investigators. Red cell distribution width as a 
novel prognostic marker in heart failure: data 
from the CHARM Program and the Duke 
Databank. J Am Coll Cardiol 2007; 50: 40-47.

[9] Hu ZD, Chen Y, Zhang L, Sun Y, Huang YL, 
Wang QQ, Xu YL, Chen SX, Qin Q, Deng AM. 
Red blood cell distribution width is a potential 
index to assess the disease activity of systemic 
lupus erythematosus. Clin Chim Acta 2013; 
425: 202-205.

[10] Hu Z, Sun Y, Wang QQ, Han ZJ, Huang YL, Liu 
XF, Ding CM, Hu CJ, Qin Q, Deng AM. Red blood 
cell distribution width is a potential prognostic 
index for liver disease. Clin Chem Lab Med 
2013; 51: 1403-1408.

[11] Koma Y, Onishi A, Matsuoka H, Oda N, Yokota 
N, Matsumoto Y, Koyama M, Okada N, 
Nakashima N, Masuya D, Yoshimatsu H, 
Suzuki Y. Increased red blood cell distribution 
width associates with cancer stage and prog-
nosis in patients with lung cancer. PLoS One 
2013; 8: e80240.

[12] Danve A, O’Dell J. The ongoing quest for bio-
markers in Ankylosing Spondylitis. Int J Rheum 
Dis 2015; 18: 826-834.

[13] Balta S, Demirkol S, Unlu M, Arslan Z, Celik T. 
Neutrophil to lymphocyte ratio may be predict 
of mortality in all conditions. Br J Cancer 2013; 
109: 3125-3126.

[14] Bhat T, Teli S, Rijal J, Bhat H, Raza M, Khoueiry 
G, Meghani M, Akhtar M, Costantino T. 
Neutrophil to lymphocyte ratio and cardiovas-
cular diseases: a review. Expert Rev Cardiovasc 
Ther 2013; 11: 55-59.

[15] Gokmen F, Akbal A, Resorlu H, Gokmen E, 
Guven M, Aras AB, Erbag G, Komurcu E, Akbal 
E, Cosar M. Neutrophil-Lymphocyte Ratio 
Connected to Treatment Options and Inflam- 
mation Markers of Ankylosing Spondylitis. J 
Clin Lab Anal 2015; 29: 294-298.

[16] Song CS, Park DI, Yoon MY, Seok HS, Park JH, 
Kim HJ, Cho YK, Sohn CI, Jeon WK, Kim BI. 
Association between red cell distribution width 
and disease activity in patients with inflamma-
tory bowel disease. Dig Dis Sci 2012; 57: 
1033-1038.

[17] Aksoy SN, Savas E, Sucu M, Kisacik B, Kul S, 
Zengin O. Association between red blood cell 
distribution width and disease activity in pa-
tients with Behcet’s disease. J Int Med Res 
2015; 43: 765-773.

[18] Hu ZD, Sun Y, Guo J, Huang YL, Qin BD, Gao Q, 
Qin Q, Deng AM, Zhong RQ. Red blood cell  
distribution width and neutrophil/lymphocyte 
ratio are positively correlated with disease ac-
tivity in primary Sjogren‘s syndrome. Clin 
Biochem 2014; 47: 287-290.

[19] Lee WS, Kim TY. Relation between red blood 
cell distribution width and inflammatory bio-
markers in rheumatoid arthritis. Arch Pathol 
Lab Med 2010; 134: 505-506.

[20] Otterness IG. The value of C-reactive protein 
measurement in rheumatoid arthritis. Semin 
Arthritis Rheum 1994; 24: 91-104.

[21] Lippi G, Targher G, Montagnana M, Salvagno 
GL, Zoppini G, Guidi GC. Relation between red 
blood cell distribution width and inflammatory 
biomarkers in a large cohort of unselected out-
patients. Arch Pathol Lab Med 2009; 133: 
628-632.

mailto:sd.wangqian@163.com
mailto:sd.wangqian@163.com

