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Aim To assess C-reactive protein to albumin ratio (CAR) be-
fore and after treatment with biological agents in patients 
with psoriasis to determine whether CAR can be used as 
an inflammation biomarker.

Methods Medical records of patients with psoriasis treat-
ed with biological agents at the Department of Dermatolo-
gy, Gazi University Hospital were retrospectively evaluated 
between June 2018 and August 2019. The patients were 
divided into four groups based on the type of treatment 
(adalimumab, ustekinumab, infliximab, secukinumab). CAR 
was evaluated before and three months after treatment.

Results The study enrolled 157 patients with psoriasis vul-
garis (91 male) aged between 18 and 85. CAR significant-
ly decreased in all treatment groups (adalimumab group 
P < 0.001; ustekinumab P = 0.006; infliximab P = 0.007; 
secukinumab P < 0.001). The most prominent decrease in 
CAR was observed in patients treated with secukinumab 
(median CAR before treatment 1.52 [1.01-3.04] and after 
treatment 0.84 [0.62-0.99]).

Conclusion CAR may be a good indicator of systemic in-
flammation in psoriasis patients treated with biological 
agents.
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Psoriasis is a multisystem disease characterized by chronic 
inflammation (1-3). About 11%-40% of patients with psori-
asis suffer from psoriatic arthritis (4). Furthermore, patients 
with psoriasis are prone to various systemic comorbidities, 
such as hypertension, diabetes mellitus, hyperlipidemia, 
metabolic syndrome, stroke, cardiovascular disorder, and 
inflammatory bowel disease as a result of systemic inflam-
mation (4). The extent of cutaneous lesions and relation-
ship between the skin involvement and comorbid con-
ditions depend on the degree of systemic inflammation 
(1). Inflammation in psoriasis patients is effectively treated 
with biological agents – tumor necrosis factor-α (TNF-α) 
inhibitors such as infliximab, adalimumab, and etanercept; 
ustekinumab (interleukin [IL]-12/23 inhibitor), and secuki-
numab (IL-17 inhibitor) (4).

However, 20%-30% of the patients with psoriasis do not 
respond to biological therapy (5). Since inflammatory state 
indicates disease severity, there is a need for inflammation 
biomarkers that would facilitate prognosis making, selec-
tion of appropriate individual treatment, and treatment ef-
ficacy evaluation. Inflammation biomarkers that have been 
previously used in psoriasis patients include serum levels 
of C-reactive protein (CRP), haptoglobin, complement 3 
(C3), C4, TNF-α, IL-6, IL-8, IL-12, elafin, neutrophil-lympho-
cyte ratio (NL), and platelet-lymphocyte ratio (PL) (5-7).

Recently, CRP to albumin ratio (CAR) has been proposed as 
an inflammation biomarker and a prognostic factor in in-
flammatory processes such as cardiovascular disease and 
ischemic stroke (8,9). CAR indicates inflammation more ef-
ficiently than isolated serum CRP levels (9,10). Although 
it has been considered as a valuable indicator of inflam-
matory status, CAR has not been evaluated in patients 
with psoriasis. Therefore, this study assessed CAR before 
and after treatment with biological agents: adalimumab, 
ustekinumab, infliximab, and secukinumab, in patients 
with psoriasis.

PATIENTS AND METHODS

We retrospectively reviewed the medical records of 157 pa-
tients with psoriasis vulgaris who were treated with adali-
mumab, ustekinumab, infliximab, and secukinumab at the 
Department of Dermatology of Gazi University Hospital 
between June 2018 and August 2019. Data on age, sex, 
treatment agent, coexisting psoriatic arthritis, serum bio-
chemistry profile, including serum CRP and albumin lev-

els, were collected. The study enrolled all patients aged 
18 and over who had available data. The exclusion 

criteria were pregnancy, lactation, malignancy, chronic in-
flammatory disorders, such as lupus, rheumatoid arthritis, 
inflammatory bowel disease, liver failure, chronic renal dis-
eases, and malnutrition. The study was approved by Gazi 
University Ethics Committee (2019-309).

CAR was calculated as the ratio of serum CRP level (mg/L) 
to serum albumin level (g/dL), which were obtained from 
biochemistry profile. The patients were divided into four 
groups based on the type of biological agent they re-
ceived (adalimumab, ustekinumab, infliximab, secuki-
numab). Serum CAR was evaluated in all patients before 
and three months after the initiation of biological agent 
treatment. In addition, serum CAR was evaluated in each 
treatment group before and three months after biological 
agent treatment. Serum CAR was also compared between 
the treatment groups.

Statistical analysis

Data are expressed as mean ± standard deviation or me-
dian and interquartile range for quantitative variables, and 
counts and percentage for categorical variables. The nor-
mality of distribution was tested with the Kolmogorov-
Smirnov test or Shapiro-Wilk test. The significance of differ-
ences in CAR before and after treatment was assessed with 
the Mann-Whitney U test or Wilcoxon signed rank test for 
continuous variables and χ2 test for categorical variables. 
The significance of differences between treatment groups 
was evaluated with the Kruskal-Wallis analysis of variance 
for continuous variables. P < 0.05 was considered signifi-
cant. Statistical analysis was performed with SPSS, version 
20.0. (IBM Corp., Armonk, NY, USA).

RESULTS

The study enrolled 157 patients with psoriasis vulgaris (91 
or 58% male). The mean age was 48.33 ± 12.5 years (range, 
18-85). Thirty-one (19.7%, 18 male) patients were previous-
ly diagnosed with psoriatic arthritis, with no significant dif-
ference in the number of male and female patients. Six-
ty-five (41.4%) patients were treated with adalimumab, 42 
(26.8%) with ustekinumab, 32 (20.4%) with infliximab, and 
18 (11.5%) with secukinumab.

The median CAR was 0.83 (0.53-1.45) in women and 1.03 
(0.65-1.79) in men (P = 0.11). The median CAR before treat-
ment was 1.01 (0.66-1.01) in patients with psoriatic arthritis 
and 0.95 (0.58-1.59) in patients without psoriatic arthritis 
(P = 0.41). The median CAR three months after treatment 
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was 0.80 (0.40-1.38) in patients with psoriatic arthritis 
and 0.72 (0.47-1.06) in patients without psoriatic arthritis 
(P = 0.48). Decrease in CAR after treatment was significant 
both in patients with arthritis (P = 0.002) and patients with-
out arthritis (P < 0.001).

The median CAR in all patients before and three months 
after treatment was 0.97 (0.61-1.61) and 0.73 (0.45-1.11), 
respectively (P < 0.001). The median CAR also significantly 
decreased three months after the initiation of adalimum-
ab, ustekinumab, infliximab, and secukinumab (P < 0.001, 
P = 0.006, P = 0.007, P < 0.001, respectively) (Table 1).

The median CAR before treatment was highest in the 
secukinumab group (1.52 [1.01-3.04]), followed by inf-
liximab, ustekinumab, and adalimumab group. Before 
treatment, the median CAR was significantly higher in 
the secukinumab compared with adalimumab group 
(P = 0.001). After treatment, the median CAR was highest 
in the infliximab group (0.84 [0.48-1.23]), followed by the 
secukinumab, ustekinumab and adalimumab group. How-
ever, after treatment, the median CAR did not significantly 
differ between the treatment groups (P = 1.09).

Change in median CAR after treatment was 0.76 (0.33-1.42) 
in the secukinumab, 0.14 (-0.07-0.47) in infliximab, 0.12 
(-0.01-0.49) in ustekinumab, and 0.10 (-0.01-0.32) in adali-
mumab group. The most prominent decrease in CAR was 
detected in the secukinumab group (P < 0.001).

DISCUSSION

In this study, the median CAR significantly decreased in 
psoriasis patients three months after biological agent treat-
ment. Furthermore, CAR decreased significantly in all treat-
ment groups. These results indicate that CAR may be used 
as a novel and easily obtainable inflammation biomarker in 
psoriasis patients treated with biological agents.

In our study, 31 (19.7%) patients had psoriatic arthritis. Pso-
riatic arthritis is a type of systemic inflammation related to 
psoriasis. CAR was similar in patients with and without pso-
riatic arthritis, and in patients with psoriatic arthritis it de-
creased significantly three months after treatment. These 
results indicate that in addition to being an inflammation 
biomarker of psoriasis, CAR might be used as an inflam-
mation biomarker of psoriatic arthritis in psoriasis patients 
treated with biological agents.

CRP is a widely used indicator of systemic inflammation (6). 
High serum CRP levels have been reported in patients with 
active psoriasis and chronic plaque psoriasis (2). Serum 
CRP levels and complete blood count-derived biomarkers, 
such as NL and PL, have been associated with disease se-
verity and joint involvement in patients with psoriasis. Se-
rum NL and PL levels decrease in psoriasis patients after 
infliximab, adalimumab, and ustekinumab treatment simi-
larly to serum CRP levels (6).

Recently, CAR has become accepted as an inflammation 
marker in various disorders. It has been used to detect in-
flammatory process and predict the prognosis of pancre-
atic cancer, colorectal cancer, coronary artery disease, and 
acute ischemic stroke (9,11-14). CAR is calculated by pro-
portioning serum CRP levels to albumin, which are both 
acute phase reactants (10). However, CAR might indicate 
inflammation more successfully than isolated serum CRP 
levels or albumin levels alone (9,10).

The risk of cardiovascular disease in psoriasis patients 
might be decreased by biological agents treatment since 
inflammation is the main etiological factor of atheroscle-
rosis (8,15-17). In this study, the most prominent decrease 
in CAR was observed in patients treated with secukinum-
ab. Secukinumab exerts its anti-inflammatory effect by 
targeting IL-17, a cytokine that plays an essential role 
in both the etiology of chronic skin inflammation 

TAbLE 1. The median serum C-reactive protein to albumin ratio (CAR) before and three months after biological agent treatment

CAR median (interquartile range)

before treatment after treatment P

Adalimumab (n = 65) 0.79 (0.52-1.14) 0.62 (0.36-1.02) <0.001
Ustekinumab (n = 42) 0.90 (0.63-1.73) 0.82 (0.56-1.34) 0.006
Infliximab (n = 32) 1.08 (0.64-1.85) 0.84 (0.48-1.23) 0.007
Secukinumab (n = 18) 1.52 (1.01-3.04) 0.84 (0.62-0.99) <0.001
All patients (n = 157) 0.97 (0.61-1.61) 0.73 (0.45-1.11) <0.001
Patients with arthritis (n = 31) 1.01 (0.66-1.01) 0.80 (0.40-1.38) 0.002
Patients without arthritis (n = 126) 0.95 (0.58-1.59) 0.72 (0.47-1.06) <0.001
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in psoriasis and the etiology of atherosclerosis. More-
over, secukinumab may improve the endothelial function 
in psoriasis patients by reducing blood oxidative stress. 
Therefore, it has been proposed to play a role in prevent-
ing psoriasis comorbidities (18-20).

The limitations of this study are retrospective design and 
lack of data about the relationship between CAR values 
and psoriasis severity. Regardless of these limitations, this 
is the first study that evaluated CAR in psoriasis. Since CAR 
decreased significantly in patients with psoriasis after adal-
imumab, ustekinumab, infliximab, and secukinumab treat-
ment, we suggest that it can be used as a novel, quickly 
and easily obtainable inflammation biomarker in psoriasis 
patients treated with biological agents.
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