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ABSTRACT

Objectives: This study aims to evaluate the relationship between C-reactive protein (CRP)/albumin ratio (CAR) and disease activity, quality of life 
(QoL), and physical function in rheumatoid arthritis (RA).
Patients and methods: A total of 121 RA patients (22 males, 99 females; mean age 57.6±11.2 years; range, 32 to 85 years) applying to Ankara 
University School of Medicine Rheumatology Outpatient Clinic between January 2019 and February 2019 were included in this cross-sectional study. 
The inclusion criteria were fulfilling the American College of Rheumatology/European League Against Rheumatism 2010 RA classification criteria, 
being over 18 years and accepting to participate in the study. Demographic and clinical parameters including serum erythrocyte sedimentation rate 
(ESR), CRP and albumin levels were recorded. Disease activity was measured using Disease Activity Score 28 (DAS28)-ESR. General health, fatigue, and 
pain were questioned by means of a 100 mm visual analog scale (VAS). The QoL was assessed with the Rheumatoid Arthritis Quality of Life (RAQoL) 
Questionnaire. The functional status was determined using the Health Assessment Questionnaire (HAQ).
Results: Rheumatoid factor (RF) was positive in 56.2% of the patients. The median ESR was 19.0 mm/hour (interquartile range [IQR]: 19.5) and median 
CRP was 5.6 (IQR: 9) mg/L. The median CAR was 1.3 (IQR: 2.1) and median DAS 28-ESR was 3.6 (IQR: 1.5). There was a significant but weak correlation 
between CAR and DAS28-ESR (p<0.001, Spearman’s correlation coefficient [rs]=0.327). Moreover, CAR was positively correlated with ESR, CRP, and 
VAS physician’s global assessment (p<0.001, rs=0.497; p<0.001, rs=0.987, p<0.001, rs=0.401, respectively). However, no correlation was observed 
between CAR, HAQ, and RAQoL. In the RF positive group, there was a significant but weak correlation between CAR and RF titers (p=0.016, rs=0.292).
Conclusion: We observed a positive but weak correlation between CAR and DAS28-ESR, ESR, and the RF titer. Further studies are warranted to 
investigate the role of CAR in RA.
Keywords: Albumin, C-reactive protein, quality of life, rheumatoid arthritis.

Rheumatoid arthritis (RA) is a systemic 
autoimmune disease characterized by synovial 
inflammation eventually leading to joint 
deformities. It has a symmetric polyarticular 
involvement of the hands and feet as well as certain 
extra-articular manifestations.1 Early diagnosis and 
treatment of RA can restrain or decelerate joint 
damage in up to 90% of patients.2 Therefore, both 
early diagnosis and strict follow-up are mandatory 

for preventing irreversible disability. In addition to 
physical examination and clinical evaluation, the 
biomarkers are important in diagnosis and follow-
up of RA. The current classification criteria of 
RA partially rely on acute phase reactants (APRs) 
such as C-reactive protein (CRP), erythrocyte 
sedimentation rate (ESR) and autoantibodies 
including rheumatoid factor (RF) and antibodies 
against citrullinated proteins (ACPAs).3 “Treating 
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to target” strategy in RA recommends measuring 
disease activity regularly and adjusting therapy 
accordingly to optimize the outcome. The primary 
goal is capturing a state of clinical remission 
by assessing the disease activity with use of 
composite indices to monitor the severity of the 
disease. The disease activity score 28 (DAS28-
ESR) is the most widely applied instrument in 
both clinical trials and daily practice.4 It contains 
tender and swollen joint counts (TJC, SJC) on a 
total of 28 joints, patient's global assessment of 
general health on a 100 mm visual analog scale 
(VASglobal), and ESR. Other commonly used 
composite indices include Simplified Disease 
Activity Index (SDAI) and Clinical Disease Activity 
Index (CDAI).5 Patient-reported outcome (PRO) 
measures and evaluation of physical functions are 
also important adjunct disease activity indicators.6

Acute phase reactants are important in both 
diagnosis and follow-up. The inclusion of CRP 
and ESR into composite indices is fully justified 
by their face and content validity.7 Of these, 
serum CRP is a representative APR which is 
mainly synthesized by hepatocytes under the 
control of proinflammatory cytokines, particularly 
interleukin-6 (IL-6).8 In a study on patients with 
RA, it was stated that serum CRP was the most 
useful biochemical marker for evaluation of disease 
activity among various APR tests including ESR, 
haptoglobin, ferritin, and fibrinogen.9 CRP to 
albumin ratio (CAR) is a novel inflammatory marker 
which may not only present the inflammatory 
aspect, but also the nutritional status. CAR was 
shown to have a prognostic value in lung cancer 
with significant correlation to overall survival.10 In 
a recent retrospective study on 160 patients with 
RA and 159 healthy controls, CAR was found to 
be higher than controls and positively correlated 
with DAS28-ESR. Therefore, CAR was proposed 
to be a novel inflammatory marker for monitoring 
disease activity in RA.11

As far as we are concerned, the association 
between CAR and other clinical parameters 
including physical status and quality of life (QoL) 
in patients with RA has not been investigated in 
any cross-sectional design before. Therefore, in 
this study, we aimed to evaluate the relationship 
between CAR and disease activity, QoL, and 
physical function in RA.

PATIENTS AND METHODS

In this cross-sectional study, 121 patients with 
RA (22 males, 99 females; mean age 57.6±11.2 
years; range, 32 to 85 years) applying to Ankara 
University School of Medicine Rheumatology 
Outpatient Clinic for their regular follow-up visits 
between January 2019 and February 2019 were 
included randomly. The inclusion criteria were 
satisfying the American College of Rheumatology/ 
European League Against Rheumatism 2010 RA 
classification criteria, being over 18 years and 
approving to participate in the study. Exclusion 
criteria were having malignancy, pregnancy, 
lactation, malignant hematologic diseases, other 
chronic inflammatory diseases, active hepatitis, 
chronic liver or renal insufficiency. The study 
protocol was approved by the Ankara University 
Ethics Committee (decision number: 1-12-2019, 
date: 14.01.2019). A written informed consent 
was obtained from each patient. The study was 
conducted in accordance with the principles of 
the Declaration of Helsinki.

Physical examination to ascertain number 
of tender and swollen joints was performed by 
a rheumatologist. VASglobal, physician’s global 
assessment (VASdr), patients’ pain assessment 
(VASpain), and patients’ fatigue assessment 
(VASfatigue) were marked with a number on 
1-100 mm VAS with higher numbers indicating 
worse status. The DAS28-ESR score is calculated 
using the number of tender joints or swollen joints, 
VASglobal, and ESR following the formula: 0.56 * 
√(TJC28) + 0.28 * √(SJC28) + 0.70 * ln(ESR) + 
0.014 * VAS (General Health).4 A DAS28-ESR 
score above 5.1 indicates high disease activity, 
whereas a DAS28-ESR score between 3.2 and 5.1 
means moderate activity, and <3.2 is associated 
with low disease activity-remission.12 

Blood analyses were performed on venous 
samples in the morning. Serum ESR was 
measured by Sistat device with infrared barrier 
technique (Sistat Ltd., Ankara, Turkey). Serum 
CRP was measured by immunoturbidimetric 
method with Beckman Coulter AU5800 device 
(IDS Co Ltd., Japan) with a normal range 
of 0-5 mg/L. Albumin levels were analyzed 
by spectrophotometric method depending on 
the principle of formation of green colored 
complexes with bromocresol using the Beckman 
Coulter AU5800 device  (IDS Co Ltd., Japan). 
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RF was measured with immunoturbidometric 
method with Beckman Coulter AU5800 device  
(IDS Co Ltd., Japan) and levels above 14 IU/mL 
were considered positive.

The QoL was assessed with Rheumatoid 
Arthritis Quality of Life (RAQoL) Questionnaire.13,14 
The RAQoL comprises 30 items with a simple 
yes or no response respectively corresponding to 
1 or 0 points. Total score ranges from 0 to 30 and 
higher scores indicate poorer QoL.13

The functional status was determined using the 
Health Assessment Questionnaire (HAQ). The 
HAQ is a measure developed for determination 
of functional status in patients with arthritis. It 
consists of a total of 20 items in eight subgroups 
of functioning which are dressing, rising, eating, 
walking, hygiene, reaching, gripping and usual 
activities. Each item is scored from 0 to 3, which 
respectively represent no difficulty, some difficulty, 
much difficulty, and inability. The highest score 
of each subgroup determines the score for each 
category but may also be affected by usage of any 
assistive devices or aid. The overall score ranges 
from 0 to 3 with higher scores indicating worse 
physical function.15,16

Statistical analysis

The SPSS version 11.5 software (SPSS 
Inc., Chicago, IL, USA) was used for the 
analyses. The minimum sample size was 
calculated according to the results of the 
article by Yang et al.11 in which they reported 
a correlation coefficient of r=0.645, p<0.001 
between CAR and DAS28-ESR. Since the 
primary aim of the present study was to evaluate 
the association between CAR and DAS 28-ESR, 
assuming a modest correlation between these 
two parameters, we calculated the sample size 
with 95% power and a=0.05 error rate and 
found a minimum number of 121 patients. 
G*Power 3.1.9.2 package program (Heinrich-
Heine-Universität, Düsseldorf, Düsseldorf, 
Germany) was used for determination of the 
sample size. Descriptive variables were given as 
percentages, mean, median, standard deviation, 
and interquartile range (IQR). Whether the 
data were distributed normally was assessed by 
the Kolmogorov-Smirnov test and histograms. 
Mann-Whitney U test was used to investigate the 
significance of difference of DAS28-ESR and CAR 
between biologic and disease-modifying anti-

rheumatic drug (DMARD) users. Kruskal-Wallis 
test was used to observe any difference of CAR 
between remission-low, moderate, and high 
disease activity groups according to DAS28-ESR. 
Spearman’s correlation coefficient (rs) was used 
for correlations between non-parametric data. 
A p value <0.05 was considered statistically 
significant.

RESULTS

Of the 121 RA patients, 84.3% were married 
and 15.7% were single. Forty-three percent 
of them were primary and secondary school 
graduates while 30% were high school and 6.6% 
were university graduates. Sixty-five percent were 
housewives while 15% were employed and 20% 
were unemployed or retired. Of the patients, 
64.5% used synthetic DMARDs, and 35.5% were 
on biologic DMARD treatment. RF was positive 
in 56.2% of the patients. Sixty-seven percent 
of the patients complained of morning stiffness 
with a mean duration of 31.2±33.6 minutes. 
The median ESR was 19 mm/hour (IQR: 19.5) 
and median CRP was 5.6 (IQR: 9) mg/L. The 
CAR was 1.3 (IQR: 2.1), median albumin was 
4.3 (IQR: 0.4) g/dL, and median DAS28-ESR 
was 3.6 (IQR: 1.5) (Table 1). According to 
the DAS28-ESR, 38% of patients had low 
disease activity or were in remission, 50.4% had 
moderate disease activity, and 11.6% had high 
disease activity. When patients were classified 
according to their medications such as synthetic 
and biological DMARDs, no difference in terms 
of CAR and DAS28-ESR was found between 
groups (p=0.937 and p=0.918, respectively).

There was a significant but weak correlation17 
between CAR and DAS28-ESR (p<0.001, 
rs=0.327) while no correlation between CAR 
and VASglobal, VASpain, VASfatigue, HAQ and 
RAQoL was detected. Whether the magnitude 
of correlation fluctuates between remission-low, 
medium and high activity groups was investigated. 
We observed that there was a significant but 
weak correlation between CAR and DAS28-ESR 
in patients with moderate and high disease 
activity (p=0.053, rs=0.224). CAR also exhibited 
significant positive correlations with ESR, 
CRP, and VASdr (p<0.001, rs=0.497; p<0.001, 
rs=0.987; p<0.001, rs=0.401, respectively). There 
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were positive significant correlations between 
DAS28-ESR and HAQ, VASglobal, VASfatigue, 
VASpain, and VASdr (p<0.001, rs=0.579, p<0.001, 
rs=0.391, p<0.001, rs=0.427, p<0.001, rs=0.419, 
p<0.001, rs=0.711, respectively) and negative 
significant correlations between DAS28-ESR and 
RAQoL, and albumin level (p<0.001, rs=-0.355; 
p=0.023, rs=-0.207, respectively) (Table 2).

In the RF positive group (n=68), there was a 
significant but weak positive correlation between 
CAR and RF titers (p=0.016, rs=0.292). Also, 
CAR was significantly different between high, 
medium and low-remission disease activity groups 
(p=0.008). Post hoc analyses revealed that 
CAR was significantly higher in patients with 
DAS28-ESR >5.1 compared to those with low 
activity and remission (p=0.011).

DISCUSSION

C-reactive protein/albumin ratio is named 
among the inflammation-based prognostic 
scores which further include the neutrophil 
lymphocyte ratio, platelet lymphocyte ratio, and 
modified Glasgow prognostic score. CAR has 
been reported to be a significant predictor of 
worse overall survival in several cancer types,18-20 
Crohn’s disease,21 vasculitides,22 and critically ill 
patients. Moreover, CAR was reported to be an 
independent predictor of mortality and to perform 
better than CRP alone.23,24 Serum albumin, the 
most abundant protein of the blood plasma,25 
is not only an indicator of nutritional status but 
also a negative APR contributing to CRP in 
assessing inflammation. A retrospective study 
on 170 patients with antineutrophil cytoplasmic 
antibody-associated vasculitis proposed that 
CAR at diagnosis was an independent predictor 
of all-cause mortality. In a recent retrospective 
study including 32 patients with Takayasu arteritis 
and 32 healthy controls, CAR was found to be 
significantly correlated with disease activity, 
CRP and ESR levels.26 This study is among 
the first studies to evaluate the role of CAR in 
rheumatic diseases. Similar to their results, we 
found positive correlations between CAR and 
RA disease activity determined by DAS28-ESR, 
ESR, and CRP.

In a retrospective study on 160 patients with 
RA and 159 healthy controls, CAR was found 

Table 2. C-reactive protein/albumin ratio and its 
correlation with other clinical parameters

CAR

p rs

DAS28 <0.001 0.327

HAQ 0.155 0.130

RF* 0.016 0.292

RAQoL 0.295 -0.096

VASglobal 0.900 0.012

VASpain 0.886 0.013

VASfatigue 0.556 0.054

VASdr <0.001 0.401

ESR (mm/h) <0.001 0.497

CRP (md/L) <0.001 0.987

CAR: C-reactive protein to albumin ratio; rs: Spearman’s correlation 
coefficient; DAS28: Disease activity score 28; HAQ: Health Assessment 
Questionnaire; RF: Rheumatoid factor; RAQoL: Rheumatoid arthritis 
quality of life; VASglobal: Patients’ general health assessment on 
visual analog scale; VASpain: Patients’ pain assessment on visual 
analog scale; VASfatigue: Patients’ fatigue assessment on visual analog 
scale; VASdr: Physician’s global assessment on visual analog scale; 
ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; 
* In rheumatoid factor positive group.

Table 1. Demographic and clinical characteristics of 
patients (n=121)

% Median IQR Mean±SD

Age (years) 57.6±11.2

Gender
Female 81.8

Drug (bDMARD) 34.5

ESR (mm/h) 19 19.5

CRP (mg/L) 5.6 9

Albumin (g/dL) 4.3 0.4

RF (positive) 56.2

CAR 1.3 2.1

DAS28 3.6 1.5

VASdr 40 30

VASglobal 50 35

VASfatigue 70 30

VASpain 60 30

HAQ 1 1.25

RAQoL 14 17

SD: Standard deviation; bDMARD: Biologic disease-modifying anti-
rheumatic drug; ESR: Erythrocyte sedimentation rate; CRP: C-reactive 
protein; RF: Rheumatoid factor; CAR: C-reactive protein to albumin ratio; 
DAS28: Disease activity score 28; VASdr: Physician’s global assessment 
on visual analog scale; VASglobal: Patients’ general health assessment 
on visual analog scale; VASfatigue: Patients’ fatigue assessment on visual 
analog scale; VASpain: Patients’ pain assessment on visual analog scale; 
HAQ: Health Assessment Questionnaire; RAQoL: Rheumatoid arthritis 
quality of life.
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to be positively correlated with DAS28-ESR. 
Authors concluded that CAR could be a simple 
inflammatory parameter in RA with a potential 
value for monitoring RA disease activity.11 
Similarly, we observed a significant but weak 
correlation between CAR and DAS28-ESR. On 
the other hand, no correlation between CAR 
and HAQ and RAQoL was seen. Although we 
observed positive significant correlations between 
DAS28-ESR and HAQ, VASglobal, VASfatigue, 
and VASpain; and a negative correlation between 
DAS 28-ESR and RAQoL, CAR could not detect 
these available associations which were also 
established in several studies before.27,28 This may 
be a factor limiting the role of CAR as a disease 
activity marker in RA which have certain impacts 
on function and QoL.

In evaluation of a patient with RA, DAS28, 
a reliable and valid index, is one of the most 
commonly applied composite disease activity 
measures. If computing DAS28 is considered 
time-consuming to some extent in busy settings 
due to dependence on an online calculator, PRO 
scales may be preferred. Routine Assessment of 
Patient Index Data 3 (RAPID3) and Rheumatoid 
Arthritis Disease activity index-5 (RADAI-5) 
may be named among these outcome measures. 
Significant correlations between RADAI-5 and 
DAS28 and CDAI, and RAPID3 and DAS28 
were depicted in several studies.29,30 These 
indices have been suggested to provide benefit 
by saving time in daily practice. Also, they help 
avoiding the possible physician variations and 
require minimal professional time for assessment 
of joints.31 Similar to PROs, CAR may be used 
in busy clinical settings since it omits joint 
examination. Furthermore, it can provide more 
objective information compared to PROs since 
it does not contain any parameter on patients’ 
perception of well-being. Hence, it is known 
that fibromyalgia which accompanies RA 
approximately in up to one in seven cases may 
affect expression of disease activity in RA patients 
negatively. Therefore, DAS28-ESR values and 
PROs should be regarded with caution in these 
patients.32,33 In a study comparing DAS28-ESR, 
CDAI, HAQ Disability Index and RAPID3 to 
evaluate disease activity in RA, it was noted that 
in areas where illiteracy is high, CDAI may be 
the preferred choice for assessment of disease 
activity.29 Therefore, CAR, an inflammation-

based ratio, may also be an adjunctive measure 
for assessment of disease activity in such areas 
since it depends only on laboratory data omitting 
patients’ own disease evaluation. The advantages 
suggesting CAR as a candidate for an adjunctive 
disease activity index may be its diminishing the 
time spent for joint examination in busy clinical 
settings and hampering possible overestimations 
due to patients’ self-evaluation.

Serum RF titers are known to display significant 
association with disease activity and DAS28 
score.34 Also, high titers of RF were reported to 
be a poor prognostic factor and a predictor of 
resistance to therapy in RA.35 In recent studies, 
high titers of both RF and ACPAs were reported 
to be associated with increased circulating 
tumor necrosis-alpha levels and reduced clinical 
responses.36 Therefore, the weak but significant 
correlation we observed between CAR and RF 
titer in the seropositive group is in accordance 
with the literature substantiating the role of CAR 
as an adjunctive disease activity marker.

The strong element of this study is the 
investigation of the relationship between CAR 
and RA disease activity, functional status, 
and QoL in a cross sectional design for the 
first time. Our results are similar to the first 
retrospective study observing a positive 
correlation between DAS28-ESR score and 
CAR in the literature.11 However, a limitation of 
the current study was the lack of evaluating the 
relationship between CAR and other disease 
activity indices such as CDAI and SDAI. Also, 
CAR’s sensitivity to change may be studied in a 
prospective setting. The role of CAR in other 
rheumatologic conditions may be investigated 
in further studies. Moreover, it would have been 
better if fatigue, which is regarded as an extra-
articular manifestation among patients with RA, 
was evaluated with a validated scale for RA such 
as the Functional Assessment of Chronic Illness 
Therapy to obtain more reliable and disease-
specific results.37

In conclusion, we found a positive weak 
correlation between CAR and DAS28-ESR, 
ESR, and the RF titer suggesting the potential 
role of CAR as an additional index to assess 
systemic inflammation in patients with RA. 
Further studies are required to determine the 
utility of CAR in RA.
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