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Could C-Reactive Protein/Albumin Ratio be an Indicator of
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ABSTRACT

Objectives: To evaluate the relationship of C-reactive protein (CRP)/albumin ratio (CAR), neutrophil/lymphocyte ratio
(NLR), platelet/lymphocyte ratio with Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) in axial spondyloarthritis (Ax-
SpA).

Study Design: Cross-sectional study.

Place and Duration of Study: Clinic of Rheumatology, Diskapi Education and Research Hospital, Health Sciences University,
Turkey during January 2020-2021.

Methodology: One-hundred and nine patients aged >18 years were included. Age, gender, duration of disease, BASDAI scores
were recorded. CRP, erythrocyte sedimentation rate (ESR), albumin values, leukocyte, neutrophil, lymphocyte, platelet counts
were determined.

Results: The mean age and median disease duration of the patients were 45.03£10.63 and 5 (2-6.5) years, respectively.
Among these, 28 (58.3%) female and 44 (72.1%) male patients were found to be HLA-B27 positive. BASDAI= 4 was observed in
61 (56%) patients and <4 in 48 (44%) patients. CRP, albumin, ESR, NLR and CAR values between the patient groups were signifi-
cantly different. There was high correlation between BASDAI and CAR. There was a moderate correlation between CAR and
BASDAI in the patient group with normal acute phase reactants.

Conclusion: There is a significant correlation between CAR value and composite score such as BASDAI, which is commonly
used to assess systemic inflammation in Ax-SpA. These methods are reliable, recognised by reimbursement institutions and
include measurements that physicians can use practically in routine outpatient clinics.
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INTRODUCTION

Axial spondyloarthritis (Ax-SpA) isa chronicdisease that causes
inflammation inthe spine, sacroiliacandlarge peripheraljoints,
specific entheses, and extra-articular structures such as the
anterior uvea and aorta.' Intervertebral and facet joint anky-
losis occurs due to new bone formation in the axial skeleton,
leading to functional insufficiency. It is magnetic resonance
imaging (MRI) that enables early diagnosis. Early diagnosis and
administration of appropriate drug therapy have higher rates of
clinical remission. Therefore, there is an unmet need for the
identification of biomarkers associated with Ax-SpA.*
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Once the treatment is initiated, it is necessary to monitor its
effect meticulously. However, this is currently limited largely to
the patient’s self-reported measurements for the severity of
spinal symptoms and the levels of the most investigated and
relatively insensitive serological marker C-reactive protein
(CRP). Serial assessment of MRI scans is not feasible for objec-
tive evaluation of inflammation. Elevation in CRP is indepen-
dently associated with spinal radiographic progression in Ax-
SpA.’

In AX-SpA, itis important to evaluate the disease activity of the
patient in order to direct the treatment and obtain information
regarding the progression of the disease.” CRP and erythrocyte
sedimentation rate (ESR) are frequently used markers to eval-
uate acute phaseresponse duetotheirreliability and cost effec-
tiveness.® However, they are not considered sufficient.
Although they are frequently used as acute phase reactants
(APR) and reflect disease activity in Ax-SpA, their levels may be
within normal limits in approximately one-third of the patients
evenifthediseaseisactive.” CRPisarepresentative APR synthe-
sised mainly by hepatocytes under the control of proinflamma-
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tory cytokines, particularly interleukin-6 (IL-6).>Albumin is a
negative APR and an acute inflammation marker. Low albumin
levels are associated with the severity of inflammatory
response.’

In the evaluation of patients with Ax-SpA, there is a need for
simple and rapid scales that can be used in outpatient clinic
conditions in daily practice in addition to composite score such
as Bath Ankylosing Apondylitis Disease Activity Index (BASDAI)
that has proven validity and reliability.” In recent studies, it has
been reported that platelet-lymphocyte ratio (PLR) and
neutrophil-lymphocyte ratio (NLR) are important in demons-
trating systemic inflammation.®® Similarly, as an inflammation
marker, the CRP-Albumin ratio (CAR) has been shown to have
prognostic significance in inflammatory processes such as
cardiovascular disease and stroke.'*' CAR value reflects
inflammation more accurately compared toisolated serum CRP
level.™** Although it is a valuable indicator for reflecting
systemic inflammation, the relationship of BASDAI to CAR in Ax-
SpAhas not been previously investigated. Therefore, this study
was done to investigate the relationship of CAR value with
BASDAIcompositescorein patients with Ax-SpA.

METHODOLOGY

In this cross-sectional study, 109 patients >18 years of age who
were regularly followed up in the rheumatology clinic during
January 2020 - 21 and diagnosed with Ax-SpA based on the
Assessment of SpondyloArthritis International Society (ASAS)
criteria,” were included. Pregnant and breastfeeding patients
and those who had other diseases like malignancies, active
hepatitis, chronic organ failure, and other chronic inflammatory
diseases, were excluded. Written informed consent was
obtained from each patient, and the study was conducted in
accordance with the HelsinkiDeclaration principles.

Demographic data, duration of disease, and BASDAI score of the
patients with Ax-SpA were recorded. ESR (0 - 20 mm/hour), CRP
(normalrange0-5mg/dL),andalbumin(g/dL) valuesweredeter-
mined based on laboratory analysis. Neutrophil (K/uL), lympho-
cyte (K/ pL) and platelet (K/uL) counts were determined from
based on complete blood count analysis. The CAR value were
calculated by dividing the CRP level by the albumin level. And
also PLR and NLR values were calculated by dividing platelet
count by lymphocyte count, and neutrophil count by the lympho-
cytecount, respectively.

BASDAI was used to evaluate disease-specific symptoms such
as fatigue, spinal and peripheral joint pain, swelling, and
morning stiffness and interpreted based on a score ranging
from 0 to 10. It has been shown that the Turkish version of
BASDAI is sensitive to changes, valid and reliable.™ The data of
the two groups, which were divided based on BASDAI score
(BASDAI =4 = high activity, <4 = low activity), were compared
statistically.

SPSS (Statistical Package for Social Sciences) version 22.0 soft-
ware was used for statistical analysis of the data. Descriptive
statistical data were presented as frequency (percentage),

mean * standard deviation (SD) and median (IQR: 25" percen-
tile-75" percentile). The distribution characteristics of numer-
ical variables were evaluated using the Shapiro-Wilk test. Inde-
pendent - Samples T-test was used for intergroup comparisons
of numerical variables with normal distribution, while Mann-
Whitney U-test was used for those without normal distribution.
Chi-square test was used for evaluating categorical data and
Spearman’s correlation analysis test (rho) was used for correla-
tion analysis. For the interpretation of correlation coefficients,
low (0.05 - 0.30), low-to-moderate (0.30 - 0.40), moderate
(0.40 - 0.60), good (0.60 - 0.70), very good (0.70 - 0.75), and
high (0.75 - 1.00) correlation ranges, which were recom-
mended by Hayran, were used as reference.” p <0.05 was
considered statistically significant.

RESULTS

The mean age of the 109 patients (48 females, 61 males)
included in the study was 45.03 + 10.63 years, and the median
disease duration was 5 (2 - 6.5) years. The numbers of female
and male patients who were found to be HLA-B27 positive were
28(58.3%)and 44 (72.1 %), respectively. The main characteris-
tics ofthe Ax-SpA patientsincluded areshowninTablel.

Tablel: Characteristics of Ax-SpApatients.

Parameter Patient Group (n=109)
Age, years (mean * SD) 45.03 £ 10.63
Female, n (%) 48 (44%)
HLA-B27 positive, n (%) 72 (66.1%)
Disease duration, years 5(2-6.5)
BASDAI 0-10, (mean * SD) 3.94+1.14
CRP, mg/L 5.41(2.58 - 10.54)
ESR, mm/h 9 (4 -16)
CAR 1.20 (0.55 - 2.27)
NLR 1.99 (1.50 - 2.40)
PLR 119.08 (95.16 - 147.18)
Bilateral 88 (80.7%)
i o Right 10 (9.2%)
Sacroiliitis, n (%) Left 8 (7.3%)
Absence 3(2.8%)
AX-SpA: axial spondyloarthritis; BASDAI: Bath Ankylosing Spondylitis Disease
Activity Index; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate;
CAR: CRP-to-albumin ratio; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-
to- lymphocyte ratio; SD: standard deviation.

BASDAI score analysis revealed 61 (56 %) patients with a score
of =4 (high activity) and 48 (44 %) patients with a score of <4
(low activity), respectively. There was a statistically significant
differences in CRP, ESR, albumin, NLR and CAR values between
the high- and low-activity patient groups (p <0.05). The
comparison of demographic and laboratory data of patients
with Ax-SpA stratified based on disease activity is shown in
Tablell.

Correlation analyses between BASDAI score and other clinical
and laboratory parameters which indicate disease activity are
presented in Table Ill. There was a statistically significant posi-
tive correlation between BASDAI and CAR, ESR, CRP and NLR.
Further, it was noted a high correlation between CAR and CRP
(rho: 0.998, p <0.001), low-to-moderate correlation between
CAR and ESR (rho: 0.377, p <0.001), and CAR and NLR (rho:
0.347,p<0.001).
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Table Il: Comparison of patients according to disease activity index (BASDAI).

Low activity High activity

BASDAI <4 (n=48) BASDAI =4 (n=61) P
Age, years (mean + SD) 43 £ 10.77 46.62 + 10.32 0.077
Male Gender, n (%) 25 (52.1%) 36 (59.0%) 0.469
Disease duration, years 4(2-5) 5(25-7) 0.082
CRP, mg/L 2.25(1.04 - 3.81) 9.23 (6.27 - 15.11) <0.001
ESR, mm/h 6(4-11.75) 12(5-19) 0.001
Albumin, g/dL 4.58 (4.46 - 4.71) 4.36 (4.18 - 4.58) <0.001
CAR 0.49 (0.22 - 0.80) 2.20(1.49 - 3.71) <0.001
NLR 1.86 (1.42 - 2.14) 2.12 (1.75 - 2.53) 0.015
PLR 115.19 (87.52 - 136.98) 125.11 (95.75 - 156.26) 0.215
BASDAI: Bath ankylosing spondylitis disease activity index; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; CAR: CRP-to-albumin ratio; NLR:
neutrophil-to-lymphocyte ratio; PLR: platelet-to- lymphocyte ratio; SD: standard deviation.

Table IlI: Correlation evaluations of BASDAI and laboratory parame-
ters in Ax-SpA patients.

rho value p-value
CRP 0.901" <0.001
ESR 0.326" 0.001
CAR 0.898" <0.001
NLR 0.327" 0.001
PLR 0.149 0.123
BASDAI: Bath ankylosing spondylitis disease activity index; CRP: C-reactive
protein; ESR: erythrocyte sedimentation rate; CAR: CRP-to-albumin ratio;
NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to- lymphocyte ratio.
Spearman korelasyon analizi **p<001.

Patients with normal CRP and ESR (n = 49) were selected
and divided into two groups (BASDAI low activity [<4];
BASDAI high activity [=4]); based on the evaluation of these
groups, the median CAR of the low activity group (n = 43)
was 0.41(0.20 - 0.73) and that of the high activity group was
0.84 (0.55 - 0.95) (p = 0.033). In addition there was a
moderate correlation (rho: 0.410, p = 0.003) between
BASDAI and CAR in this group.

DISCUSSION

Even in the era of new treatment strategies that make remis-
sion or “inactive disease” an achievable target in Ax-SpA, a
persisting need for standardized and easily applicable and
reliable tools for the evaluation of disease activity has been
reported.’ In clinical studies, it is seen that the BASDAI
composite score is commonly used to evaluate disease
activity in Ax-SpA. CAR value has been investigated in many
diseases as a value that reflects the systemic inflammation
burden similar to NLR and PLR.>**" In this study, which
investigated the relationship between CAR value and BASDAI
for the first time, there was a significant positive correlation
between BASDAI with CAR, ESR, CRP, and NLR. A moderate
correlation was also observed between BASDAI and CAR in
the patient group with normal APR.

Similar to this study, a positive correlation was found
between NLR and BASDAI in previous studies on patients
with Ax-SpA.™ However, the authors could not find any study
in the literature that evaluated the relationship between CAR
and BASDAI. Previous studies have shown increased CAR

values in cancer and intensive care patients; and have asso-
ciated with disease inflammation.’**® In addition, in a study
by Bozkurt et al. on 35 healthy volunteers and 35 patients,
who experienced uveitis episodes, it was reported that CAR
could be an important parameter in determining the activa-
tion of uveitis.”* However, there are only a few studies on the
role of CAR as an APR in autoimmune diseases. Yang et al.
reported a correlation between CAR and DAS28 in patients
with rheumatoid arthritis, and suggested that CAR may be
used as an indicator to evaluate the disease activity in such
cases.” Similarly, Sunar et al. reported a positive but weak
correlation among DAS28 - ESR and ESR with CAR." In their
recent retrospective study on 32 patients with arthritis and
32 healthy controls, Takayasu found that CAR was signifi-
cantly associated with disease activity, CRP, and ESR
levels.” In a study involving patients with antineutrophil cyto-
plasmic antibody-associated vasculitis, it was reported that
at diagnosis, CAR was an independent predictor of all-cause
mortality.”®> Another study found a positive correlation
between CAR and CRP and ESR in patients with rheumatoid
arthritis.”* A study, which included patients with psoriasis
reported that CAR could be used as an inflammatory
biomarker of psoriatic arthritis in addition to being an inflam-
matory biomarker of psoriasis in patients with psoriasis
treated with biological agent.”

BASDAI, a reliable and valid index in the evaluation of
patients with Ax-SpA, is one of the most commonly used
measures of disease activity. However, its application is
subjective and may result in possible high activity values, as
it is self-evaluated by the patients. It is also somewhat time
consuming and hence less applicable in busy environments.
It is believed that an objective tool is needed to evaluate
disease activity. CAR appears to be advantageous as a
quick, simple assessment method that positively correlates
with BASDAI. In addition, being significant in detecting high
disease activity in the group with normal APRs may be
another advantage. Therefore, CAR may be recommended
as a candidate for an additional disease activity index.

The first limitation of this study is that it was a single-centre
study and the number of patients was not very large.
Secondly, it was cross-sectional study and thirdly, other
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important indices used in the evaluation of disease activity
in Ax-SpA (e.g., the ankylosing spondylitis disease activity
score (ASDAS), ASDAS - CRP and ASDAS - ESR) were not
included in the study, and correlation calculations could not
be made. Finally, the effect of treatment on CAR and NLR
values were not evaluated. Further detailed investigations
should be conducted to determine the applicability of CAR as
an early diagnostic marker of inflammation in Ax-SpA.

With the emerging new treatment modalities, the need for
standard measurement methods that objectively indicate
disease activity, can be applied easily, and are not time
consuming is increasing. It is important that these methods
are reliable methods that can be recognized by reimburse-
ment institutions and include measurements that physicians
can use practically in routine outpatient clinics.

CONCLUSION

CAR may be a new and practical measurement method in
the follow-up of patients with Ax-SpA as it can be used
quickly in routine outpatient conditions, does not contain a
subjective parameter, does not increase the cost, and corre-
lates with validated measurement method such as BASDAI.
Therefore, CAR may be recommended as a candidate for an
additional disease activity index.
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