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assessment of disease activity in
rheumatoid arthritis patients
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Abstract

Background: Albumin and derived neutrophil to lymphocyte ratio (dNLR) are known biomarkers that can reflect
systemic inflammation and it has been hypothesized that combination of both markers in one score (albumin-dNLR
score) can be useful in monitoring rheumatoid arthritis (RA) patients. The current study intended to measure
albumin -dNLR score in patients with RA in the order to find whether these new biomarkers could reflect the
activity of the disease and the articular activity detected by ultrasonography. We measured serum albumin and
dNLR in blood samples obtained from 100 RA patients and from 100 apparently healthy controls (HC). Albumin
-dNLR score was calculated according to the presence of hypoalbuminemia (≤ 3.76 gm/dl) and/or raised dNLR
(>1.37).

Results: RA patients had a significantly elevated dNLR (p< 0.001) and albumin-dNLR score (p< 0.001) compared to
their levels in HC, while serum albumin was significantly decreased (p< 0.001) in RA patients than its level in HC. In
RA patients, albumin-dNLR score correlated significantly with DAS28 (p< 0.001), erythrocyte sedimentation rate (ESR)
(p< 0.001), C-reactive protein (p< 0.001), grey scale (p< 0.001), power Doppler (p< 0.001) and total ultrasound score
(p< 0.001). Also, tender joint count, ESR and albumin-dNLR score were significant predictors of DAS28 in
multivariate regression analysis.

Conclusions: Our study settled that albumin - dNLR score is increased in RA patients than in healthy subjects. The
score correlated well with DAS28, acute phase reactants, and ultrasonographic synovitis scores implying that it
could be an easy valuable biomarker to monitor RA disease activity.

Background
Rheumatoid arthritis (RA) is a chronic illness of inflam-
matory nature that is known to have a prediction to syn-
ovial joints [1]. The target of RA management is to
reach remission or even low activity state which has
been found to improve outcome and reduce joint de-
struction and subsequent deformities [2].
Recently, monitoring of ongoing activity of RA has

been focused on, and many laboratory markers and

radiological modalities including musculoskeletal ultra-
sound (MSUS) were tested for their validity in measur-
ing and quantifying inflammation in RA patients [3–5].
Albumin synthesis by the liver can be downregulated

as a response to malnutrition and intense inflammation,
and both mechanisms have been identified in active RA
patients [6, 7]. Besides regulation of blood oncotic pres-
sure, albumin has been known as a potent anti-oxidant
and a key player in immune-regulatory mechanisms [8].
Also, derived neutrophil-to-lymphocyte ratio (dNLR)

is a cytological indicator that reflects the intensity of the
inflammatory process in various systemic diseases such
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as sepsis [9], malignancy [10], multiple sclerosis [11], RA
[12], and systemic vasculitis [13]. Chen et al. [14]sug-
gested that combination of albumin and dNLR in one
measurement (albumin-dNLR score) can be a simple
non- invasive marker that reflects both of disease activity
and nutritional status in RA patients.
We aimed to measure albumin-dNLR score in RA and

to investigate its possible relation with several clinical,
laboratory, and MSUS disease activity parameters.

Methods
Study participants
The local ethics committee approved this case-control
study on 18 September 2019, and a written consent was
provided by all study participants. One hundred RA pa-
tients, fulfilling the 2010 (American college of rheumatol-
ogy/European league against rheumatism) classification
criteria [15], were recruited from the Rheumatology and
Rehabilitation department, Benha university hospitals.
Also, One hundred age and sex comparable apparently
healthy subjects were enrolled as a control group. RA pa-
tients were subjected to detailed musculoskeletal and sys-
temic evaluation, and the 28 joint score (DAS28) [16] was
used to assess disease activity. Patients were excluded if
they had conditions that may have direct impact on albu-
min or dNLR levels as malignancy, other auto-immune
disease, recent infection, cardiovascular, hepatic, or renal
co-morbidity.

Laboratory investigations
Venous blood samples were taken for measurement of
complete blood count (CBC), erythrocyte sedimentation
rate (ESR), C reactive protein (CRP), liver, and kidney
function tests. Also, rheumatoid factor (RF) was deter-
mined with latex agglutination test, and anti-cyclic
citrullinated peptide (anti-CCP) antibodies were assessed
using enzyme linked immunosorbent assay (ELISA)
method. Serum albumin was assessed by colorimetric
method (BioSystems, Barcelona, Spain), CBC was

measured using Sysmex-XP300, and dNLR was calcu-
lated according to the following equation: neutrophil
count/(leukocyte–neutrophil count) [10]. Albumin-
dNLR score was estimated according to the principle of
Chen et al. [14]: score 2 was considered if the patient
had both hypoalbuminemia (≤ 3.76 gm/dl) and raised
dNLR (> 1.37); score 1 was considered if the patient had
only one abnormality, while score 0 was given for those
who did not have neither raised dNLR nor
hypoalbuminemia.

Musculoskeletal ultrasound (MSUS) examination
Assessment of synovitis was preformed using both
greyscale (GS) and power Doppler (PD) techniques using
4-point scale. Twelve joints were examined according to
the method of Naredo et al. [17]with bilateral scanning
of 2nd and 3rd metacarpophalangeal (MCP) joints,
wrists, elbows, knees, and ankles. Total score was calcu-
lated by summation of both GS and PD scores (Fig. 1).
MSUS examination was carried out using Logiq P9 scan-
ner (General Electric, Wisconsin, USA).

Statistical analysis
Data analysis was executed using V23 of SPSS program
(Spss Inc, Chicago, USA). Mean and standard deviation
(SD) were used to present normally distributed data,
while median and interquartile range (IQR, between 1st
and 3rd quartiles) were used for non-parametric data.
Two groups in comparison between normally distributed
data were done by t test while Mann-Whitney test was
performed for non-parametric data.
Various correlations between albumin-dNLR score,

dNLR and serum albumin levels, and studied parameters
were tested by the Spearman correlation coefficient
(rho). The sensitivity and specificity at best cutoff point
for prediction of DAS28-ESR were tested by receiver op-
erating characteristic (ROC) curve analysis. Stepwise lo-
gistic regression analyses for the factors predicting
DAS28 (≥ 3.2 vs < 3.2) were conducted, and the results

Fig. 1 Active synovitis in greyscale (a) and power Doppler (b) MSUS in 50 years old rheumatoid arthritis patient with increased albumin-dNLR
score. MSUS, musculoskeletal ultrasound; dNLR, derived neutrophil-to-lymphocyte ratio
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were represented as odd ratio (OR) and 95% confidence
interval (95% CI). Significant value was considered if p <
0.05.

Results
One hundred RA patients with a mean age of 43 ± 10.3
years (73 females:27 males) as well as one hundred ap-
parently healthy controls of comparable age and sex
were incorporated in our study. Cutaneous involvement
was found in 22% of RA patients in the form of subcuta-
neous nodules and skin ulcers, while pulmonary

involvement was present in 18% of them and included
pleurisy, pleural effusion, and interstitial lung disease.
Also, 13% of our patients had ocular affection in the
form of Keratoconjunctivitis sicca, peripheral ulcerative
keratitis, and scleritis.
RA patients had a significantly increased dNLR (me-

dian 1.5; 1.175–1.885; p < 0.001) and albumin-dNLR
score (median 1; 0–2; p < 0.001) in comparison with
their levels in healthy subjects, while serum albumin was
significantly lower (median 3.9; 3.5–4.35; p < 0.001) in
RA patients than its level in healthy subjects. The

Table 1 Baseline characteristics of rheumatoid arthritis (RA) patients and the controls

Variable RA patients (n = 100) Controls (n = 100) P value

Demographic Age (Years) Mean ± SD 43 ± 10.3 40.5 ± 11.2 0.1

Sex (Male:female) (27:73) (28:72) 0.87

Body mass index (kg/m2) Mean ± SD 27.03 ± 2.95 26.83 ± 3.02 0.62

Clinical Disease duration (years) Median (IQR) 6 (3–10.5) – –

Morning stiffness duration (min) Median (IQR) 25 (15–30) – –

Tender joint count Median (IQR) 4 (2–9) – –

Swollen joint count Median (IQR) 1 (0–3) – –

Cutaneous manifestations n (%) 22 (22%) – –

Pulmonary involvement n (%) 18 (18%) – –

Ocular involvement n (%) 13 (13%) – –

Laboratory ESR (mm/1st h) Median (IQR) 25.5 (15–35) – –

C-reactive protein (mg/l) Median (IQR) 8 (3.35–16) – –

Hemoglobin (g/dL) Mean ± SD 11.2 ± 1.71 13.72 ± 1.52 < 0.001

White blood cells (x103/ul3) Mean ± SD 7.47 ± 1.98 7.34 ± 1.53 0.01

Neutrophils (× 103/ul3) Mean ± SD 4.46 ± 1.41 3.96 ± 0.98 < 0.001

dNLR Median (IQR) 1.5(1.175–1.885) 1.12 (0.985–1.33) < 0.001

Platelets (× 103/ul3) Mean ± SD 280.4 ± 97.25 270.01 ± 81.61 0.41

Rheumatoid factor (IU/mL) Median (IQR) 32 (24–74) – –

Anti-CCP (IU/mL) Median (IQR) 76 (31–153) – –

Albumin (g/dL) Median (IQR) 3.9 (3.5–4.35) 4.22 (3.91–4.73) < 0.001

Albumin-dNLR score Median (Range) 1 (0–2) 0 (0–2) < 0.001

DAS28-ESR Median (IQR) 3.8 (2.8–4.42) – –

MSUS Greyscale Median (IQR) 6 (2–11.5) – –

Power Doppler Median (IQR) 1 (0–3) – –

Total 12 joints US score Median (IQR) 6.5 (2–14.5) – –

Medications NSAIDs n (%) 42 (42%) – –

Corticosteroids n (%) 58 (58%) – –

Hydroxychloroquine n (%) 89 (89%) – –

Methotrexate n (%) 74 (74%) – –

Leflunomide n (%) 31 (31%) – –

Sulfasalazine n (%) 11 (11%) – –

Biological agents n (%) 16 (16%) – –

ESR erythrocyte sedimentation rate, dNLR derived neutrophil-to-lymphocyte ratio, Anti-CCP anti-cyclic citrullinated peptide, DAS disease activity score, MSUS
musculoskeletal ultrasound, NSAIDs nonsteroidal anti-inflammatory drugs. Bold values refers to significance at p < 0.05.
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Fig. 2 Comparison of serum albumin levels (a) and dNLR (b) according to different disease activity grades as assessed by DAS28 in rheumatoid
arthritis patients. dNLR, derived neutrophil-to-lymphocyte ratio; DAS, disease activity score. *significant at p < 0.05

Table 2 Correlations between serum albumin, dNLR and albumin-dNLR score with different variables in rheumatoid arthritis patients

Variable Albumin dNLR Albumin-dNLR score

r p r p r p

Age (years) − 0.14 0.16 0.06 0.54 0.08 0.43

Body mass index (kg/m2) 0.17 0.09 0.04 0.69 0.02 0.87

Disease duration (years) − 0.09 0.37 0.12 0.23 0.17 0.09

Morning stiffness (min) − 0.23 0.02 0.49 < 0.001 0.44 < 0.001

Tender joint count − 0.08 0.41 0.31 0.002 0.39 < 0.001

Swollen joint count − 0.17 0.09 0.39 < 0.001 0.44 < 0.001

ESR (mm/1st h) − 0.15 0.15 0.35 < 0.001 0.44 < 0.001

C-reactive protein (mg/l) − 0.16 0.11 0.33 < 0.001 0.34 < 0.001

Hemoglobin (g/dL) 0.18 0.07 − 0.34 < 0.001 − 0.43 < 0.001

White blood cells (× 103/ul3) − 0.04 0.72 0.21 0.03 0.06 0.19

Neutrophils (× 103/ul3) − 0.04 0.68 0.52 < 0.001 0.39 < 0.001

dNLR − 0.002 0.98 – – 0.45 < 0.001

Platelets (× 103/ul3) − 0.06 0.56 0.25 0.01 0.31 0.002

Rheumatoid factor (IU/mL) 0.03 0.74 0.17 0.08 0.07 0.48

Anti-CCP (IU/mL) 0.06 0.56 − 0.004 0.97 0.03 0.79

Albumin (g/dL) – – − 0.002 0.98 − 0.59 < 0.001

Albumin-dNLR score − 0.59 < 0.001 0.45 < 0.001 – –

DAS28-ESR − 0.17 0.09 0.45 < 0.001 0.54 < 0.001

Greyscale − 0.09 0.37 0.35 < 0.001 0.42 < 0.001

Power Doppler − 0.17 0.09 0.46 < 0.001 0.43 < 0.001

Total 12 joints US score − 0.12 0.23 0.4 < 0.001 0.44 < 0.001

ESR erythrocyte sedimentation rate, dNLR derived neutrophil-to-lymphocyte ratio, Anti-CCP Anti-cyclic citrullinated peptide, DAS disease activity score, US
ultrasound, NSAIDs nonsteroidal anti-inflammatory drugs. Bold values refers to significance at p < 0.05.
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baseline data of RA patients and healthy controls were
shown in Table 1. No significant difference regarding
albumin-dNLR score was found between RA patients
with cutaneous, pulmonary, and ocular involvement (p =
0.48, p = 0.45, and p = 0.66, respectively) compared to
those without. Also, no significant difference (p = 0.11)
regarding albumin-dNLR score was found between sero-
positive (n = 82) and seronegative (n = 18) RA patients.
Serum albumin was significantly decreased in RA pa-

tients with high activity (n = 17) in comparison with
those in remission (n = 19, p = 0.035) and moderate ac-
tivity (n = 34, p = 0.02). Also, RA patients with high ac-
tivity had significantly increased dNLR more than those
with inactive disease (p < 0.001) and low disease activity
(n = 30, p = 0.004) (Fig. 2).

In RA patients, albumin-dNLR score had a significant
correlation with DAS28 (p < 0.001), ESR (p < 0.001),
CRP (p < 0.001), platelet count (p = 0.002), GS (p <
0.001), PD (p < 0.001), and total ultrasound score (p <
0.001). The correlations between albumin, dNLR, and
albumin-dNLR score with different characteristics of RA
patients were presented in Table 2.
Table 3 showed the sensitivity, specificity, and best

cutoff point of albumin-dNLR score, dNLR, ESR, and
CRP in prediction of DAS28-ESR and PD score in RA
patients calculated using the ROC curve analysis.
Logistic regression analysis for predictors of DAS28 in

RA patients was shown in Table 4: tender joint count (p
= 0.001), ESR (p = 0.012), and albumin-dNLR score (p =

Table 3 Receiver operating characteristic (ROC) curve for the performance of dNLR, albumin-dNLR score, ESR, and CRP in predicting
DAS28 and power Doppler score in rheumatoid arthritis patients

DAS28 Power Doppler score

Cutoff AUC Sensitivity Specificity Cutoff AUC Sensitivity Specificity

Albumin-dNLR score 1 0.75 96.1% 42.9% 1 0.69 89.5% 39.5%

dNLR 1.37 0.77 94.1% 65.3% 1.26 0.68 86 % 58.1%

ESR (mm/1st h) 18 0.79 94.1% 61.2% 23 0.7 73.7% 65.1%

C-reactive protein (mg/l) 6 0.81 84.3% 65.3% 4.6 0.78 89.5% 55.8%

ESR erythrocyte sedimentation rate, dNLR derived neutrophil-to-lymphocyte ratio, DAS disease activity score, AUC area under the curve

Table 4 Logistic regression analysis for predictors of disease activity using DAS28 among rheumatoid arthritis patients

Variable Univariate Multivariate

OR 95% CI P OR 95% CI P

Age (years) 1.01 0.97 to 1.05 0.52 – – –

Gender (male:female) 0.50 0.2 to 1.22 0.13 – – –

BMI (kg/m2) 1.09 0.95 to 1.26 0.20 – – –

Tender joint count 3.04 1.88 to 4.92 < 0.001 6.79 2.14 to 21.54 0.001

Swollen joint count 12.51 4.47 to 35.04 < 0.001 – – –

ESR (mm/1st h) 1.04 1.01 to 1.07 0.01 1.10 1.02 to 1.19 0.012

C-reactive protein (mg/l) 1.16 1.07 to 1.26 < 0.001 – – –

Hemoglobin (g/dL) 0.67 0.52 to 0.88 0.003 – – –

white blood cells (× 103/ul3) 1.02 0.83 to 1.24 0.88 – – –

Neutrophils (× 103/ul3) 1.34 0.99 to 1.81 0.06 – – –

dNLR 6.91 2.44 to 19.55 < 0.001 – – –

Platelets (× 103/ul3) 1.01 1.00 to 1.01 0.004 – – –

Rheumatoid factor (IU/Ml) 1.00 0.99 to 1.01 0.41 – – –

Anti-CCP (IU/mL) 1.00 1.00 to 1.005 0.57 – – –

Albumin (g/dL) 0.82 0.38 to 1.76 0.61 – – –

Albumin-dNLR score 5.92 2.62 to 13.38 < 0.001 27.62 1.86 to 408.45 0.016

Grey scale 3.26 1.87 to 5.68 < 0.001 – – –

Power doppler 10.8 3.87 to 30.14 < 0.001 – – –

Total 12 joints US score 2.59 1.65 to 4.08 < 0.001 – – –

OR odd ratio, 95% CI 95% confidence interval, ESR erythrocyte sedimentation rate, dNLR derived neutrophil-to-lymphocyte ratio, Anti-CCP Anti-cyclic citrullinated
peptide, DAS disease activity score, US ultrasound. Bold values refers to significance at p < 0.05.
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0.016) were significant predictors of DAS28 in multivari-
ate regression analysis.

Discussion
Rheumatoid arthritis is defined by its symmetrical destruc-
tive inflammation of the synovial tissue that leads to irre-
versible joint damage if not properly treated [18]. Close
monitoring of RA disease activity is necessary to achieve
treat-to-target strategy with the aim of reduction of articu-
lar damage and functional disability [19]. Exploration of
new biomarkers in RA continues to be an interesting issue
as there is a growing need of biomarkers that can help in
diagnosis, disease monitoring, identification of treatment
response, and predicting prognosis [20].
Our RA patients had increased dNLR compared to

controls that correlated with acute phase reactants,
DAS28, clinical, and ultrasonographic parameters of ac-
tivity. Other investigators found similar results and sug-
gested that dNLR could be a helpful cheap marker to
monitor disease activity [12, 21, 22] and has the ability
to predict remission [23] and treatment response [24] in
RA patients.
Furthermore, Zengin et al. [25] reported a significant

difference in dNLR between active early RA patients and
those in remission, and they concluded that dNLR can
help the diagnosis of early RA.
Neutrophils are one of the key players of innate im-

munity, while lymphocytes are the cells that are engaged
in adaptive immunity. Innate immunity activation has
been proposed to be the initial event in RA pathogenesis
which is followed later by synthesis of neoepitopes and
auto-antigens through carbamylation or citrullination
mechanisms. These antigens are loaded on antigen-
presenting cells (APCs) which present them to T lym-
phocytes of central lymphoid organs. T lymphocytes can
stimulate B lymphocytes to produce pathogenic auto-
antibodies or it can migrate directly to inflamed joints
[26, 27].
There is an increased production and activation of neu-

trophils in response to increased proinflammatory cyto-
kines and mediators associated with chronic systemic
inflammatory conditions [28], while Wood et al. [29]sug-
gested that chronic inflammation leads to suppression of
lymphocyte synthesis as a result of impairment in apop-
tosis regulatory mechanisms. This can explain the increase
of dNLR in RA patient.
Moreover, neutrophils can contribute in the RA patho-

physiology through many mechanisms as production of
many immune mediators [30]and reactive oxygen spe-
cies [31]. Also, synovial fluid neutrophils express recep-
tor activator of nuclear factor-kB ligand (RANKL) which
regulates the process of bone remodeling mediated by
osteoclasts [32].

Albumin constitutes about 60% of the total concentra-
tion of plasma proteins [8] and is considered one of the
negative acute phase reactants as its level decreases in
response to inflammatory reactions. Many mechanisms
were suggested to explain the negative correlation be-
tween albumin and systemic inflammation such as extra-
vascular albumin loss due to increased vascular
permeability, hemodilution, and suppressed hepatic pro-
duction by inflammatory cytokines. Also, albumin levels
can be affected by the status of malnutrition found in
24.7 to 50% RA patients [33, 34]. The decreased albumin
levels in our RA patients were confirmed by many other
studies in the literature [6, 35].
Combination of albumin concentration with dNLR in

one index (albumin-dNLR score) was speculated to be a
valuable biomarker to reflect inflammatory status in gas-
tric cancer [36], pancreatic cancer [37], and RA [14]. We
observed a higher albumin-dNLR score in our RA pa-
tients compared to healthy subjects. Furthermore, it cor-
related well with DAS28 and ultrasonographic GS and
PD synovitis scores. Also, we reported a significant cor-
relation between albumin-dNLR score and platelet count
that is linked to propagation of inflammation and disease
activity in RA patients [38, 39].
Yet, no significant difference was found regarding

albumin-dNLR score between seropositive RA patients
and those who were seronegative. Moreover, albumin-
dNLR score did not correlate with RF or anti-CCP
autoantibodies.
To best of our knowledge, only one retrospective study

reported the association of albumin-dNLR score with
disease activity parameters among their RA patients
[14]. Moreover, they suggested that it can enhance the
efficacy of RA diagnosis. However, this marker should
be interpreted with caution in conditions associated with
hypoalbuminemia especially in those with hepatic or
renal disorders.
A strength point of our study lies in its prospective na-

ture. Also, disease activity in our RA patients was evalu-
ated using DAS28 and MSUS. Our work had some
limitations as all our patients were recruited from one
center that might not represent the whole population
spectrum. Also, most of our patients were receiving
medication that can affect the significance of our results,
and there is a need to conduct a follow-up study to
examine the effect of different therapeutic agents on
albumin-dNLR score in comparison with other inflam-
matory markers to determine which of these activity
markers is suitable for each patient and to test the prog-
nostic value of this marker. Study of this biological
marker is also recommended to be done in different
rheumatological diseases.
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Conclusions
Our study proved that albumin-dNLR score is increased
in RA patients than in healthy subjects. Also, its signifi-
cant correlation with DAS28, acute phase reactants, and
ultrasonographic synovitis scores implies that it can be
used as an inexpensive, available, and valuable biomarker
to monitor RA disease activity during the routine follow-
up visits without extra burden on the patient.
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