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Abstract
Background and Aim: C-reactive protein (CRP)-to-albumin ratio (CAR) is a novel
score with prognostic value in inflammatory conditions. This study assessed the perfor-
mance of CAR as an objective marker of disease activity and prediction of subtherapeutic
infliximab trough levels in patients with inflammatory bowel disease (IBD).
Methods: A retrospective study was conducted on three different patient cohorts with
IBD: patients who had (i) fecal calprotectin (FC) measurements; (ii) Mayo Endo-
scopic Scores; and (iii) infliximab trough levels available. The relative performances
of CAR, albumin, and CRP were compared in predicting disease activity (based on
FC or Mayo Endoscopic Score) and infliximab trough levels.
Results: In both the FC (n = 289) and endoscopy (n = 65) cohorts, albumin and
CAR correlated with objective disease activity. CAR (area under the curve [AUC]
0.70) was only marginally better at detecting active disease, measured by FC, com-
pared to CRP (AUC 0.68). A CAR >0.15 was able to detect Mayo 3 disease (AUC
0.83, sensitivity 81%, specificity 89%). Albumin (r = 0.38) and CAR (r = �0.42)
correlated with infliximab trough levels (n = 204). The optimal CAR for detecting
subtherapeutic infliximab trough levels was >0.08 (AUC 0.70, sensitivity 66%, speci-
ficity 64%). Both albumin and CAR were independent predictors of subtherapeutic
infliximab trough levels but correlated poorly with infliximab trough levels longitudi-
nally in the same patient.
Conclusion: CAR was only a modest discriminator of subtherapeutic infliximab
levels and offers little more than CRP in detecting active disease. CAR has potential
to detect severe Mayo 3 disease and could be calculated in patients admitted with
suspected acute severe ulcerative colitis.

Introduction
A primary goal in the management of inflammatory bowel dis-
ease (IBD) is prevention of symptomatic clinical relapse. This
requires regular monitoring of intestinal inflammation and
assessing adequacy of therapy. Intestinal inflammation can be
monitored directly, by colonoscopy, or indirectly, by quantifying

inflammation with fecal calprotectin (FC) measurements.1–3 Ade-
quacy of therapy can be assessed by measuring drug metabolites
or drug trough levels in serum blood samples.4,5 Unfortunately,
all these methods are costly, and monitoring with common serum
biomarkers, such as C-reactive protein (CRP) and albumin, is
more convenient and cost-effective for patients.
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CRP is routinely used as a surrogate measure of intestinal
inflammation and as a prognostic measure of nonresponse to medi-
cal therapy and colectomy in patients with IBD.6–8 CRP can, how-
ever, also be elevated in extra-intestinal inflammatory diseases, may
be within normal limits even with active inflammatory disease, and
is affected by genetic variation.9 Serum albumin is inversely associ-
ated with clinical and endoscopic disease activity1,10,11 and predicts
colectomy in patients with ulcerative colitis (UC).12,13 Furthermore,
serum albumin has been associated with infliximab trough levels
and used as a covariate in dashboard-driven models targeting spe-
cific infliximab trough levels, emphasizing its role in infliximab
pharmacokinetics and therapy monitoring.14,15 Despite this, the role
of albumin in disease monitoring is not clearly delineated in patients
with IBD.

In other inflammatory diseases, combining CRP and albu-
min as a CRP-to-albumin ratio (CAR) has improved the perfor-
mance of either used alone; for example, CAR was a superior
predictor of 90-day mortality compared with albumin or CRP in
patients with sepsis.16–18 Its application in patients with IBD is
limited to its ability to predict symptomatic disease and mucosal
healing in Crohn’s disease1,10,19 and its prognostic value in
patients with acute severe UC.20,21 Its relationship to objective
inflammatory disease and in the detection of subtherapeutic
infliximab levels has not been reported.

Hence, the current study aimed to determine the utility of
measuring CAR and its performance compared with albumin
alone in the prediction of objective disease activity and in identi-
fying patients with subtherapeutic infliximab trough levels.

Methods

Patient selection. A single-center retrospective study was
conducted on three separate patient cohorts with IBD. Patient
demographics including age, sex, disease duration, and Montreal
classification were documented.

• FC cohort: All patients with IBD who had FC values docu-
mented between May 2012 and May 2020 were included. The
Buhlmann EK-Cal ELISA, Schönenbuch, Switzerland, was used
to quantify FC at this institution. A FC ≥150 μg/g was considered
active disease.22 Patients were only included if CRP and albumin
were available within 1 month of the disease activity assessment.

• Endoscopy cohort with UC: All patients with UC who under-
went endoscopy between June 2012 and February 2018 were
included. Endoscopic disease severity was determined by the
4-point Mayo Endoscopic Score,23 as reported routinely by
endoscopists. A Mayo score ≥1 was considered active disease
and 3 considered severe disease. Patients were only included if
CRP and albumin were available within 1 month of the disease
activity assessment.

• Infliximab cohort: All patients with IBD treated with mainte-
nance intravenous infliximab (defined as ≥14 weeks’ therapy)
between November 2012 and April 2020 were included.
Patients were included if their infliximab therapy was at a dose
of 5–10 mg/kg given 4–12 weekly and with infliximab trough
levels tested within 1 week of other laboratory values, including
CRP and albumin. Infliximab levels were measured reactively
at the clinician’s discretion, rather than as routine practice. Mea-
surement of infliximab concentrations was performed using

various commercial ELISA kits, including Matriks Biotek Shi-
kari (Q-INFLIXI, Ankara, Turkey), LISA-tracker IFX assay
(Theradiag, Croissy Beaubourg, France), or Promonitor-IFX
1DL kit (Progenika Biopharma, Bizkaia, Spain). Kit results
were pooled together, as the same analytical method (ELISA)
with the same gold standards (infliximab) was used to create
calibration curves. Previous kit comparisons only showed minor
differences between the detected infliximab concentrations.24

FC within 3 months of the trough level was also documented if
available. Infliximab trough levels <5 μg/ml were considered
subtherapeutic.25,26

Statistical analysis. All statistical analyses and graphs were
performed with STATA 13 (StataCorp LLC, College Station, Texas,
USA) and GraphPad Prism 9 (Dotmatics, Boston, Massachusetts,
USA). Continuous variables were presented as medians (interquartile
range) and categorical variables as frequency (percentage).

In the FC and infliximab cohorts, all values were divided
into quartiles, and in the endoscopy cohort, Mayo Endoscopic
Score was divided into four groups (Mayo 0, 1, 2, 3). Albumin
and CAR values were compared across quartiles/groups using
the Kruskal–Wallis test and pairwise comparisons using Dunn’s
test. A statistically significant P-value was <0.05. Spearman cor-
relation coefficients were determined for the relationship of albu-
min, CRP, and CAR with active disease and infliximab trough
levels. Receiver-operating-characteristic (ROC) curves were used
to determine the area under the curve (AUC) of albumin, CRP,
and CAR for detecting active disease measured by FC and Mayo
Endoscopic Score and severe disease measured by Mayo Endo-
scopic Score and subtherapeutic infliximab trough levels. Cutoff
values were then calculated using Youden’s index. In the FC
cohort, a subanalysis was undertaken to generate the same ROC
curves for patients with CRP ≥5 mg/l. Univariable logistic regres-
sion analysis was used to find independent associations with
active disease and subtherapeutic infliximab trough levels in each
cohort to calculate odd’s ratios (OR). Any significant associa-
tions (P < 0.05) were then used in a multivariable analysis to
define independent associations. Two models (models 1 and 2)
were used in the multivariable analysis to avoid multicollinearity
of albumin and CRP with CAR.27

A longitudinal analysis was undertaken in all three
cohorts, where patients had two consecutive infliximab trough
levels or disease activity assessments (FC or Mayo Endoscopic
Score) available. Additional laboratory markers, albumin and
CRP, had to be available within 1 week of the infliximab trough
levels and within 1 month of the disease activity assessments.
Percentage change in each longitudinal measurement was calcu-
lated as (follow-up value) minus (baseline value) divided by
(baseline value), multiplied by 100 and then compared with albu-
min, CRP, and CAR using Spearman correlation coefficients.

Ethical considerations. The study was approved by the
Alfred Health Ethics Committee (Local Reference No. 319/20,
approved on 3 June 2020).

Results

Analyses using fecal calprotectin as a biomarker
of disease activity. Patient demographics of 289 patients

Inflammatory bowel disease management AL Nguyen et al.

2 of 10 JGH Open: An open access journal of gastroenterology and hepatology 8 (2024) e13059

© 2024 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



identified are summarized in Table 1. There were 0 (0–5) days
between FC and other laboratory values. The FC was 133 (40–600)
μg/g. In 140 (48%) fecal samples, FC values indicated active dis-
ease and, in 149 (52%), inactive disease. Serum albumin, CRP, and
CAR differed across patients divided into quartiles according to the
FC (P < 0.0001 for all, Kruskal–Wallis test; Fig. 1). Statistically sig-
nificant pairwise differences were observed for all quartiles, except
Q1 versus Q2 and Q3 versus Q4 for albumin, CRP, and CAR.

FC levels correlated (all P < 0.001) with albumin
(r = �0.27), CRP (r = 0.35) and CAR (r = 0.35). On ROC analy-
sis for identifying active disease, the AUC was highest for CAR
(0.70) compared to albumin (AUC 0.66) or CRP (AUC 0.68) alone
(Fig. 2). The optimal CAR for predicting active disease was >0.17
(sensitivity 45%, specificity 89%), and the optimal albumin concen-
tration was <37 g/l (sensitivity 59%, specificity 68%) (Table 2). On
analysis of patients with CRP ≥5 mg/l (n = 102), AUC remained
highest for CAR (0.71, cutoff 0.25, sensitivity 79%, specificity
68%), compared to CRP (0.70, cutoff 7.5 mg/l, sensitivity 80%,
specificity 58%) and albumin (0.65, cutoff 34 g/l, sensitivity 48%,
specificity 81%) in identifying patients with active disease.

On multivariable logistic regression analysis (Table 3),
independent associations with active disease were albumin
(OR 0.92), CRP (OR 1.04), CAR (OR 5.31), and UC compared
to Crohn’s disease (OR 2.44).

A subset of 216 patients had two consecutive FC levels
available, separated by 13 (7–23) months. The percentage change
in FC was associated (all P ≤ 0.0001) with albumin (r = �0.26),
CRP (r = 0.28), and CAR (r = 0.26) (Fig. 3).

Analyses using Mayo Endoscopic Score to mea-
sure disease activity in patients with ulcerative
colitis. Patient demographics of 65 patients with UC are sum-
marized in Table 1. Of all endoscopies, 31 (48%) were colonos-
copies and 34 (52%) flexible sigmoidoscopies, 34 (52%) were
performed as outpatient and 31 (48%) as inpatient procedures.
Inactive disease was found in 14% (Mayo 0: n = 9) and active
disease was found in 86% (Mayo 1: n = 12, Mayo 2: n = 28,
Mayo 3: n = 16). There were 0 (0–3) days between endoscopy
and other laboratory values.

With disease activity defined by Mayo Endoscopic Scores
0–3, there were differences detected across all groups for albu-
min (P = 0.003, Kruskal–Wallis test), CRP (P = 0.027) and
CAR (P = 0.015; Fig. 1). There was a downward trend of
median albumin concentration with increasing Mayo scores, with
differences between Mayo 0 (35 g/l) and Mayo 3 (26 g/l,
P = 0.012), and between Mayo 1 (36.5 g/l) and Mayo 3 disease
(P = 0.014). CRP and CAR increased with increasing Mayo
scores, where Mayo 0 differed from Mayo 3 disease for both
CRP (3 mg/l vs 15 mg/l, P = 0.019) and CAR (0.09 vs 0.63,
P = 0.013).

Mayo Endoscopic Score demonstrated significant correla-
tions with albumin (r = �0.46, P < 0.0001), CRP (r = 0.36,
P = 0.003), and CAR (r = 0.40, P = 0.001). On ROC analysis,
all markers were associated with active (Mayo 1/2/3) disease,
including albumin (AUC 0.73, P = 0.031), CRP (AUC 0.73,
P = 0.030), and CAR (AUC 0.74, P = 0.024) (Fig. 2). The opti-
mal values for albumin were < 33 g/l (sensitivity 59%, specificity

Table 1 Baseline characteristics of patients with inflammatory bowel disease (IBD)

FC cohort (n = 289) Endoscopy cohort (n = 65) Infliximab cohort (n = 204)

Age, years 37 (29–50) 34 (27–47) 36 (30–48)
Sex, male 155 (54%) 37 (57%) 117 (57%)
Smokers, % 22 (8%) 1 (2%) 9 (4%)
Disease duration, years 8 (3–17) 4 (1–10) 9 (4–17)
Immunomodulator Thiopurines 156 (54%) 25 (38%) 117 (57%)

Methotrexate 19 (7%) 4 (6%) 28 (14%)
Biologic therapy 200 (69%) 22 (34%) 204 (100%)
Disease type Crohn’s disease 216 (75%) - 154 (75%)

Ulcerative colitis 61 (21%) 65 (100%) 41 (20%)
IBD unclassified 12 (4%) - 9 (4%)

Crohn’s disease
Age at diagnosis A1: <17 years 41 (14%) 22 (14%)

A2: 17–40 years 137 (47%) 110 (71%)
A3: >40 years 37 (13%) 21 (14%)

Distribution Ileum (L1) 70 (24%) 43 (28%)
Colon (L2) 64 (22%) 42 (27%)
Ileocolonic (L3) 82 (28%) 67 (44%)

Phenotype Upper gastrointestinal (L4) 2 (1%) 2 (1%)
Inflammatory (B1) 157 (54%) 89 (58%)
Fibrostenotic (B2) 46 (16%) 40 (26%)
Penetrating (B3) 13 (4%) 25 (16%)
Perianal (p) 75 (26%) 64 (42%)

Ulcerative colitis
Distribution Proctitis (E1) 1 (0.3%) 1 (2%) 0

Left-sided colitis (E2) 29 (10%) 29 (45%) 20 (49%)
Extensive colitis (E3) 31 (11%) 35 (54%) 21 (51%)

FC, fecal calprotectin.

AL Nguyen et al. Inflammatory bowel disease management

JGH Open: An open access journal of gastroenterology and hepatology 8 (2024) e13059

© 2024 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.

3 of 10



89%) and CAR >0.09 (sensitivity 71%, specificity 78%) for
predicting active disease (Table 2). When inactive Mayo 0 disease
was compared to Mayo 3 disease, CAR was the best predictor of
severe disease with a cutoff of 0.15 (AUC 0.83, sensitivity 81%,
specificity 89%) compared with albumin or CRP alone. When
Mayo 0 disease was compared to Mayo 1 disease, CRP (AUC
0.69) was better at predicting mild active disease than CAR
(AUC 0.65).

On multivariable logistic regression analysis, biologic use
(OR 0.16) was the only independent association with active
(Mayo 1/2/3) endoscopic disease in patients with UC (Table 3).
There were no independent associations of any variables with
severe (Mayo 3) or mild (Mayo 1) endoscopic disease.

A total of 40 patients had two consecutive endoscopies
performed with a median of 15 (5–26) months between the pro-
cedures. Comparing change in Mayo Endoscopic Score to other
laboratory markers, associations were found for albumin
(r = �0.60, P < 0.0001), CRP (r = 0.33, P = 0.037), and CAR
(r = 0.41, P = 0.009; Fig. 3).

Analyses using infliximab trough levels. Patient
demographics of the 204 patients identified are summarized in
Table 1. Concomitant immunomodulators included thiopurines
in 57% and methotrexate in 14% of patients. At the time of the
infliximab trough levels, the median CRP was 3 (interquartile
range [IQR] 1–4) mg/l, albumin was 38 (35–40) g/l and FC was

Q1 Q2 Q3 Q4
32

34

36

38

40

42

Infliximab trough level quartiles (μg/ml)

Al
bu

m
in

 (g
/l)

<0.001

<0.0001

0.012

Q1 Q2 Q3 Q4
20

25

30

35

40

45

Fecal calprotectin quartiles (μg/g)

Al
bu

m
in

 (g
/l)

0.004

0.011

0.005

0.014

0 1 2 3
20

25

30

35

40

45

Mayo Endoscopic Score

Al
bu

m
in

 (g
/l)

0.012

0.014

Q1 Q2 Q3 Q4
0.00

0.05

0.10

0.15

0.20

0.25

Infliximab trough level quartiles (μg/ml)

CA
R

0.013

<0.001

<0.0001

Q1 Q2 Q3 Q4
0.0

0.5

1.0

1.5

2.0

2.5

Fecal calprotectin quartiles (μg/g)

CA
R

<0.0001

0.002

0.005

<0.0001

0 1 2 3
0.0

0.5

1.0

1.5

2.0

2.5

Mayo Endoscopic Score

CA
R

0.013

Q1 Q2 Q3 Q4
0

20

40

60

Fecal calprotectin quartiles (μg/g)

C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(m
g/

l)

<0.0001

<0.0001

0.004

0.006

0 1 2 3
0

20

40

60

Mayo Endoscopic Score

C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(m
g/

l) 0.019

Q1 Q2 Q3 Q4
0

2

4

6

8

10

Infliximab trough level quartiles (μg/ml)

C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(m
g/

l)

<0.001

<0.0001

0.033

Figure 1 Albumin, C-reactive protein and C-reactive protein-to-albumin ratio (CAR) in different quartiles of fecal calprotectin (n = 289, left column);
Q1 (7.5–40 μg/g), Q2 (41–133 μg/g), Q3 (135–600 μg/g), and Q4 (609–2375 μg/g), Mayo Endoscopic Score (n = 65, middle column) 0–3, and quartiles
of infliximab trough levels (n = 204, right column); Q1 (0.1–2.3 μg/ml), Q2 (2.4–5 μg/ml), Q3 (5.03–7.46 μg/ml), and Q4 (7.47–32.3 μg/ml). Each bar
represents the interquartile range with median in red. P-values between groups were calculated with Dunn’s test.
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138 (30–600) μg/g. Median time on infliximab until the trough
level was 2 (1–5) years. There were 101 (50%) subtherapeutic
infliximab trough levels. Albumin, CRP, and CAR differed
across patients divided into quartiles according to the infliximab
levels (P < 0.0001 for all; Fig. 1). The median albumin concen-
tration increased with increasing quartiles where the concentra-
tion in Q1 (35 g/l) was different from Q3 (38 g/l, P < 0.001) and
Q4 (40 g/l, P < 0.0001). CRP in Q1 (3 mg/l, P < 0.0001) and Q2
(3 mg/l, P = 0.033) differed significantly from Q4 (1 mg/l). Sim-
ilarly, CAR was highest in Q1 (0.10) compared to Q3 (0.07,
P < 0.001) and Q4 (0.03, P < 0.0001).

Infliximab trough levels correlated (all P < 0.0001) with
albumin (r = 0.38), CRP (r = �0.39), and CAR (r = �0.42),
but not with FC levels (r = �0.19, P = 0.144). Figure 2 shows
the ROC curves for albumin, CRP, and CAR for subtherapeutic
infliximab trough levels. The AUC for subtherapeutic trough
levels was highest for CAR (0.70) and albumin (0.70) followed
by CRP (0.68), all P < 0.0001. FC was not significantly associ-
ated with infliximab trough levels (AUC 0.61, P = 0.141). In
patients with Crohn’s disease (n = 154), all markers detected
subtherapeutic infliximab trough levels, albumin (AUC 0.74),
CRP (AUC 0.70), and CAR (AUC 0.72). There were no signifi-
cant associations seen in patients with UC (n = 41). The optimal
values to predict a subtherapeutic infliximab trough level in all

patients were an albumin of <36 g/l (sensitivity 44%, specificity
87%), CRP of >2.5 mg/l (sensitivity 74%, specificity 54%), or
CAR of >0.08 (sensitivity 66%, specificity 64%) for CAR
(Table 2).

On multivariable logistic regression analysis (Table 4),
independent associations with subtherapeutic infliximab trough
levels were found for albumin with an OR of 0.85, CAR
(OR 34.03), and years on infliximab (OR 0.88). CRP was not
independently associated with subtherapeutic infliximab trough
levels.

On analysis of patients receiving infliximab doses of 5 mg
per kg every 8 weeks (n = 125), albumin was the best predictor
of subtherapeutic infliximab trough levels (AUC 0.71), compared
with CAR (AUC 0.68) and CRP (AUC 0.65). In this group, albu-
min (OR 0.81) was the only marker independently associated
with subtherapeutic infliximab trough levels on multivariable
logistic regression analysis.

A subset of 153 patients had two consecutive infliximab
trough levels available. Time between infliximab trough levels
was 8 (3–13) months. Comparing percentage change in
infliximab trough levels to other laboratory markers, significant
associations were found for CAR (r = �0.20, P = 0.014) and
CRP (r = �0.17, P = 0.035) (Fig. 3). Change in albumin had no
association with change in infliximab trough levels.
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Figure 2 Receiver-operating characteristic curves demonstrating the area under the curve (AUC) for albumin, C-reactive protein (CRP), and CRP-
to-albumin ratio (CAR) for active disease defined by fecal calprotectin ≥ 150 μg/g and Mayo Endoscopic Score ≥ 1, severe disease defined by Mayo
Endoscopic Score = 3 and for detecting subtherapeutic infliximab trough levels.
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Table 2 Receiver-operating-characteristic curve analysis and performance characteristics of albumin and C-reactive protein-to-albumin ratio (CAR)
in patients with active inflammatory bowel disease, defined by fecal calprotectin ≥150 μg/g, Mayo Endoscopic Score ≥ 1 or = 3 and subtherapeutic
infliximab drug levels, defined by <5 μg/ml

Area under the
curve

Cutoff
value

Sensitivity
(%)

Specificity
(%)

Positive predictive
value (%)

Negative predictive
value (%)

Active disease defined by fecal calprotectin ≥ 150 μg/g
Albumin (g/l) 0.66 <37 59 68 63 64
C-reactive protein (mg/l) 0.68 >5.5 46 87 77 64
CAR 0.70 >0.17 45 89 79 64

Active disease defined by Mayo Endoscopic Score ≥ 1
Albumin (g/l) 0.73 <33 59 89 97 26
C-reactive protein (mg/l) 0.73 >5.5 54 89 97 24
CAR 0.74 >0.09 71 78 95 30

Severe disease defined by Mayo Endoscopic Score = 3
Albumin (g/l) 0.83 <32 75 89 69 91
C-reactive protein (mg/l) 0.82 >5.5 75 89 69 91
CAR 0.83 >0.15 81 89 71 93

Subtherapeutic trough level < 5 μg/ml
Albumin (g/l) 0.70 <36 44 87 77 61
C-reactive protein (mg/l) 0.68 >2.5 74 54 62 68
CAR 0.70 >0.08 66 64 65 65

Table 3 Multivariable logistic regression analysis to determine associations with active disease defined by fecal calprotectin ≥ 150 μg/g in all
inflammatory bowel disease patients and Mayo Endoscopic score ≥ 1 in patients with ulcerative colitis

Univariable logistic regression Multivariable logistic regression

OR 95% CI P-value Adjusted OR 95% CI P-value

Fecal calprotectin ≥ 150 μg/g
Age, years 0.99 0.98–1.01 0.494
Sex (female vs male) 0.88 0.55–1.39 0.572
Smoking status (yes vs no) 0.78 0.32–1.92 0.596
Disease type (UC vs CD) 2.10 1.32–3.34 0.002 2.44 1. 49–4.01 0.000

Disease duration, years 0.99 0.97–1.02 0.551
Biologic use (yes vs no) 1.01 0.61–1.66 0.977
Immunomodulator use (yes vs no) 1.07 0.67–1.72 0.768
Albumin level (g/l): model 1 0.87 0.82–0.93 0.000 0.92 0.86–0.98 0.012

C-reactive protein level (mg/l): model 1 1.06 1.02–1.09 0.001 1.04 1.01–1.07 0.014

CAR: model 2† 6.64 2.30–19.12 0.000 5.31 1.83–15.39 0.002

Platelets (�109/l) 1.00 1.00–1.01 0.002 1.00 1.00–1.00 0.319
Hemoglobin (g/l) 0.97 0.96–0.99 0.002 0.99 0.97–1.01 0.238

Mayo Endoscopic Score ≥ 1
Age, years 0.98 0.94–1.03 0.493
Sex (female vs male) 1.61 0.37–7.10 0.527
Disease duration, years 0.92 0.84–1.00 0.060
Biologic use (yes vs no) 0.11 0.02–0.59 0.010 0.16 0.03–0.93 0.041

Immunomodulator use (yes vs no) 0.37 0.08–1.64 0.191
Albumin level (g/l) 0.86 0.75–0.99 0.034 0.88 0.75–1.03 0.114
C-reactive protein level (mg/l) 1.02 0.98–1.05 0.426
CAR 1.52 0.58–4.01 0.396
Platelets (�109/l) 1.00 1.00–1.01 0.249
Hemoglobin (g/l) 0.96 0.92–1.01 0.089

†C-reactive protein-to-albumin ratio (CAR) is included in another multivariable logistic regression analysis (model 2) to avoid multicollinearity with albu-
min and C-reactive protein (mean variance inflation factors > 13).
All variables were included as continuous variables except sex, smoking status, disease type, biologic use, and immunomodulator use, which were
binary variables.
Bold values indicate significance, P < 0.05.
CAR, C-reactive protein-to-albumin ratio; CD, Crohn’s disease; CI, confidence interval; OR, odds ratio; UC, ulcerative colitis.
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Discussion
Our study examined the role of albumin and CAR as noninvasive
biomarkers of disease activity monitoring and infliximab trough
levels in IBD. On assessment of intestinal inflammation, increas-
ing disease activity was associated with reduced serum albumin
levels and increased CAR. Both markers were independently asso-
ciated with disease activity measured by FC. In patients receiving
maintenance infliximab therapy, both markers correlated with
infliximab trough levels and were independently associated with
subtherapeutic levels.

We studied the role of albumin and CAR as surrogate
markers of objective disease activity. The significant associations
found in this study reflect others where albumin correlated with FC
(r = �0.45 to �0.27),28,29 and both albumin and CAR (r = 0.59)
correlated with Mayo Endoscopic Score.30,31 While CAR has been
shown to be superior to its individual components in other studies30

and predict active disease better than CRP alone,1,10 our analysis
showed only a slightly superior AUC for CAR compared to CRP
and albumin. Similar findings were demonstrated in patients with
CRP ≥5 mg/l, a group where active disease is suspected.
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Figure 3 Comparison of % change of albumin, C-reactive protein and C-reactive protein-to-albumin ratio (CAR) with % change in fecal calprotectin
(FC) (n = 216), change in Mayo Endoscopic Score (n = 40), and % change in infliximab trough levels (n = 153) using two consecutive time points in
patients with inflammatory bowel disease. Spearman correlation coefficients were used for all graphs.
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Albumin had a higher cutoff for detecting active disease in
the FC cohort (<37 g/l), compared to the endoscopy cohort
(<33 g/l). The two cohorts differed in disease type and acuity,
with the FC cohort consisting mostly of patients with Crohn’s
disease and a median FC within normal range compared to a
median Mayo 2 score in the endoscopy cohort, which may
account for the different cutoffs. Another study of 601 patients
with Crohn’s disease showed a similar albumin cutoff of 36.8 g/
l.1 On the other hand, our CAR cutoff values (>0.09–0.17) were
all lower than other studies in Crohn’s disease (0.43–0.69)1,10

and UC (0.18–0.6)1,31 for detecting active disease. Potential
explanations may include that other studies used clinical scores
to define disease activity, known to have weak correlation with
endoscopic inflammation32 and UC studies included numerous
patients with acute severe UC,1 while our cohorts included routine
outpatient procedures and a median FC within normal range.
However, similar to other studies, all our cutoffs for active disease
had low sensitivity compared to specificity,1,10 thus limiting the
clinical utility of albumin and CAR in disease activity assessment.

In the FC cohort, albumin, CRP, and CAR all indepen-
dently predicted active disease, while in the endoscopy cohort
(noting a smaller sample size), none of the markers were associ-
ated with active or severe disease. CAR has previously been
shown to be an independent predictor of active disease according
to symptomatic activity indices.1 Longitudinally, albumin, CRP,
and CAR all correlated with disease activity scores.

Overall, the findings of this study suggest that albumin
and CAR are both able to identify active disease in patients with
IBD, although perform equivalently or only marginally better
than the already utilized serum marker, CRP. In clinical practice,
the greatest potential of CAR may be in detecting severe Mayo
3 disease in UC, where sensitivity and specificity were ≥81% if
CAR is >0.15. As both CRP and albumin are readily accessible
and inexpensive,1 CAR could help in quantifying the risk of

severe endoscopic disease in inpatients and outpatients, allowing
for early stratification of patients requiring urgent endoscopy and
timely escalation of medical therapy.

This study also examined the association of albumin and
CAR with infliximab trough levels. Infliximab trough levels are
measured to help optimize infliximab efficacy in patients with
IBD; however, they are costly and not widely available. Albumin
and CAR increased and decreased, respectively, with increasing
infliximab trough levels. This albumin pattern was also demon-
strated in 728 patients with UC after 8 and 52 weeks of
infliximab therapy,4 and a positive correlation was seen between
albumin and infliximab trough levels in patients with Crohn’s
disease (0.379, P = 0.004).5 To our knowledge, no studies have
compared CAR to infliximab trough levels.

In our study, albumin and CAR were only marginally supe-
rior to CRP for detecting subtherapeutic infliximab trough levels,
albeit with suboptimal sensitivity and specificity. These markers
were also independent predictors of subtherapeutic infliximab
trough levels, while CRP and FC were not. However, on repeated
measurement in the same patient, there was no correlation for
albumin and poor correlation for CAR with change in infliximab
levels. Taken together, this suggests that while albumin and CAR
may be suggestive of subtherapeutic infliximab levels and could
be a trigger for performing therapeutic drug monitoring in individ-
ual patients, they have minimal utility in a monitoring capacity.

We acknowledge limitations in our analysis, including its
single-center, retrospective design. Blood testing was performed
within 1 month of the disease activity assessment and 1 week of
the infliximab trough levels, which may introduce other con-
founders. In the FC and infliximab cohorts, we used FC as a dis-
ease activity marker, which is slightly inferior to endoscopy. In
the endoscopy cohort, the Mayo Endoscopic Score was per-
formed by different endoscopists and was not confirmed by a
blinded, central reading of endoscopic findings. In the infliximab

Table 4 Univariable and multivariable logistic regression analysis to determine associations with subtherapeutic (<5 μg/ml) infliximab trough levels

Univariable logistic regression Multivariable logistic regression

OR 95% CI P-value Adjusted OR 95% CI P-value

Age, years 1.02 1.00–1.05 0.035 1.01 0.99–1.04 0.373
Sex (female vs male) 1.26 0.73–2.21 0.408
Smoking status (yes vs no) 3.76 0.76–18.56 0.104
Disease type (UC vs CD) 1.22 0.61–2.43 0.573
Disease duration, years 1.00 0.96–1.03 0.782
Time on infliximab, years 0.85 0.76–0.95 0.004 0.88 0.78–0.99 0.030

Immunomodulator use (yes vs no) 1.45 0.78–2.69 0.243
Albumin level (g/l): model 1 0.80 0.73–0.88 0.000 0.85 0.77–0.95 0.003

C-reactive protein level (mg/l): model 1 1.11 1.04–1.20 0.004 1.07 1.00–1.14 0.068
CAR: model 2† 76.78 4.31–1369.47 0.003 34.03 2.18–532.02 0.012

Fecal calprotectin (μg/g) (<150 vs ≥150) 2.19 0.77–6.23 0.144
Platelets (�109/l) 1.00 1.00–1.01 0.111
Hemoglobin (g/l) 0.97 0.95–0.99 0.011 0.99 0.97–1.01 0.541

†C-reactive protein-to-albumin ratio (CAR) is included in another multivariable logistic regression analysis (model 2) to avoid multicollinearity with albu-
min and C-reactive protein (mean variance inflation factors > 8).
All variables included as continuous variables except sex, smoking status, disease type, immunomodulator use, and fecal calprotectin, which were
binary variables.
Bold values indicate significance, P < 0.05.
CAR, C-reactive protein-to-albumin ratio; CD, Crohn’s disease; CI, confidence interval; OR, odds ratio; UC, ulcerative colitis.
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cohort, the FC levels were performed within 3 months of the
infliximab trough levels, which may be an inaccurate representa-
tion of disease activity.

In conclusion, this study demonstrated that albumin and
CAR are only modest discriminators of subtherapeutic infliximab
levels and should not be used in a monitoring capacity to predict
infliximab levels. In measuring objective disease activity in
Crohn’s disease and UC, albumin and CAR offered little more
than CRP alone. In the absence of systemic inflammation, with a
normal albumin and CRP, CAR offers very little as a prognostic
tool. Ranges in CAR for this cohort of patients are too low, so to
use it as a discretionary tool at these levels serves limited pur-
pose. The potential utility of CAR was in detecting Mayo 3 dis-
ease in patients with UC. CAR could be a valuable additional
serum marker measured in patients admitted with suspected acute
severe UC, with the additional benefit of providing prognostic
value as demonstrated in previous studies.
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