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Ulcerative colitis (UC) is a chronic, idiopathic, in-
flammatory disease characterized by colonic in-

volvement. UC is typically characterized by relapsing 
and remitting mucosal inflammation that starts from the 
rectum and extends to the proximal colon [1, 2]. The op-
timal treatment plan is determined according to the site 
of involvement and disease activity. 

There are many instruments to measure disease ac-
tivity for the UC. Generally, these measures are non-
specific. Thus, patients with other disorders, such as 
irritable bowel syndrome, could attain high scores even 
in the absence of any inflammation [3]. The Truelove–
Witts criteria are one of the frequently used clinical in-
dices and mainly used to determining acute severe UC 

ABSTRACT
OBJECTIVE: There are many instruments to measure disease activity in ulcerative colitis. While determining clinical activity 
according to these instruments, many clinical and laboratory parameters are needed to be followed. Determination of disease 
activity with non-invasive and objective inflammatory indicators may be a practical and objective way. CRP/Albumin ratio 
(CAR) is an inflammatory marker that is considered to have prognostic value in various cancers, sepsis and acute pancreati-
tis. In this study, we aim to investigate diagnostic performance CAR in determining the clinical severity of ulcerative colitis.

METHODS: Between November 2011 and February 2017, hospital records and follow-up cards of patients with ulcerative 
colitis were reviewed retrospectively. One hundred forty-nine patients were included in this study. Patient’s demographic data, 
laboratory values, clinical disease activity, according to Truelove & Witts criteria and endoscopic activity according to the Mayo 
sub-score and treatments, were recorded. Diagnostic performance of CAR analyzed to determine the clinical severity.

RESULTS: Of the patients included in this study, 99 (62%) were male, and 50 (38%) were female. Mean age was 45.22±14 
years. When patients were grouped into remission, mild, moderate and severe disease according to disease activity, there was 
a statistically significant difference between CRP, CAR, erythrocyte sedimentation rate (ESR) and albumin levels (p=0.001; 
p<0.05). Area under the curve (AUC) values for the diagnosis of severe disease were 0.941, 0.931, 0.888 and 0.883 for CAR, 
CRP, ESR and albumin levels, respectively. Cut-off value to determine severe disease for CAR was 0.6 (sensitivity: 88.9%, 
specificity of 90.3%, positive predictive value (PPV) 85.1%, negative predictive value (NPV) 92.8%, AUC: 0.941, p<0.001). 

CONCLUSION: There was a significant relationship between CAR, CRP, ESR and albumin levels and clinical disease severity 
in patients with ulcerative colitis. CAR is a cheap and practical marker for the diagnosis of acute severe ulcerative colitis.
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[4, 5]. While determining disease activity, according to 
Truelove-Witts criteria, systemic inflammation find-
ings (temperature and number of pulses per minute), 
the number of bloody defecations within 24 hours, 
erythrocyte sedimentation rate (ESR) and hemoglobin 
levels (Hb) are used [6]. Therefore, many clinical and 
laboratory parameters need to be followed. Determining 
disease activity through non-invasive markers might be 
useful to make appropriate decisions, such as hospital-
ization or intravenous steroid treatment.

Low serum albumin and high C-reactive protein 
(CRP) levels are particularly associated with severe dis-
ease activity. These indicators are also associated with un-
responsiveness to corticosteroid and anti-tumor necrosis 
factor-alpha (anti-TNF) therapies and increased risk for 
colectomy [7–10].

CRP to albumin ratio (CAR) is an inflammatory 
marker that has been recently shown to have a prognos-
tic value in various cancer types, sepsis and acute pancre-
atitis [11, 12]. The high level of CAR value is associated 
with increased inflammatory burden, poor prognosis 
and mortality [13]. In this study, we aim to investigate 
the diagnostic performance of CAR in determining clin-
ical disease severity in the UC.

MATERIALS AND METHODS

In this study, clinical and follow-up data stored in the 
hospital database of 251 patients diagnosed with UC 
based on endoscopic, clinical, and pathological findings 
in the gastroenterology clinic at the Umraniye Training 
and Research Hospital, a tertiary health care institution, 
between November 2011 and February 2017 were retro-
spectively evaluated.

The following patients were excluded from this study: 
patients with (at diagnosis or presentation to the hos-
pital) malignancy, connective tissue disease, vacuities, 
celiac disease, chronic liver disease, chronic kidney dis-
ease, heart failure; patients with a history of systemic 
infection within the last four weeks, patients receiving 
steroid therapy, patients with unidentified disease sever-
ity according to Truelove–Witts criteria and patients 
with missing data related to the inflammatory indicators 
that were being analyzed. Additionally, infectious etiol-
ogy was evaluated (based on results of stool examination, 
culture, indirect haemagglutination test for entamoeba 
histolitica, histopathological findings and immunohis-
tochemistry results for cytomegalovirus colitis who re-

ceiving immunosuppressive therapy) in all patients who 
presented with acute exacerbation. Patients with active 
disease associated with infectious causes were excluded 
from this study.

A total of 149 patients, comprising 118 with clinically 
active disease and 31 in remission, were included in this 
study. The demographic characteristics of the patients 
at presentation, the treatments they received, disease ac-
tivity, site of involvement, endoscopic activity one week 
before or after the visit at which clinical activity was as-
sessed, and CRP, erythrocyte sedimentation rate (ESR), 
and albumin values tested during the visit were recorded.

Acute severe UC was defined as the patient pass-
ing more than six bloody stools/day plus one or more 
of the following: temperature >37,8 °C; pulse >90 
bpm; Hemoglobin level (Hb) <10.5 g/dL or ESR >30 
mm/h. Moderate activity was defined as patient pass-
ing more than four or more bloody stools/day plus all 
of the following: temperature ≤37,8 °C; pulse ≤90 bpm; 
Hb≥10.5 g/dL, ESR ≤30 mm/h. Mild activity was de-
fined as patient passing less than four bloody stools/day 
plus all of the following: temperature <37,8 °C; pulse 
<90 bpm; Hb>11.5 g/dL, ESR <20 mm/h according 
to Truelove–Witts criteria [6]. Patients with severe col-
itis who appear toxic, with a fever higher than 38,3°C, 
tachycardia, abdominal distention, signs of localized or 
generalized peritonitis, and leukocytosis, were consid-
ered to have fulminant colitis. Remission was defined as 
defecation without blood three times daily and a lack of 
abdominal pain and fecal urgency [3].

The endoscopic activity was assessed by experienced 
gastroenterology physicians using standard-definition 
colonoscopies (VP-4450HD system and EC-590WL 
Fujinon, Fujifilm, Tokyo, Japan). According to the mayo 
endoscopic activity index; normal endoscopic mucosal 
appearance was defined as Mayo:0. The presence of mu-
cosal erythema decreased vascular pattern and mild fri-
ability were defined as Mayo: 1. The presence of marked 
erythema, the absence of vascular pattern, friability and 
erosions were defined as Mayo: 2. The presence of spon-
taneous bleeding, ulceration were defined as Mayo: 3 [14].

Statistics
The IBM SPSS Statistics 22 (IBM SPSS, Turkey) pro-
gram was used to evaluate the data. Normal distribution 
of parameters was evaluated by the Shapiro–Wilks test. 
The Kruskal–Wallis test was used for comparing quan-
titative data and non-normally distributed variables in 
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descriptive statistics, whereas the Mann–Whitney test 
was used to determine intergroup differences. Spear-
man’s rho correlation analysis was used to examine the 
relationship among parameters that were not normally 
distributed. The optimal cut-off point was selected ac-
cording to the receiver operating curve (ROC) analysis. 
Significance was set at a p-value of <0.05.

RESULTS

A total of 149 patients, 118 of which had clinically active 
disease and 31 were in remission, were included in this 
study. Fifty (33.8%) patients were female and 99 (66.2%) 
were male. The mean age was 45.22±14 years. The num-
ber of patients with mild clinical activity was 39 (26.1%), 
patients with moderate clinical activity were 33 (22.1%), 
and patients with severe disease activity were 46 (31%). 
There was no patient with fulminant colitis in the severe 
active group. Demographic characteristics and clinical and 
endoscopic activities of the patients are shown in Table 1.

There was a statistically significant difference among 
groups concerning CAR, CRP, albumin, and ESR values 
(p<0.001) when patients were separated into groups as 
remission, mild, moderate, and severe according to their 
clinical activities. Comparisons of CAR, CRP, albumin, 
and ESR values among clinical activity groups are shown 
in Table 2. As disease activity increased from remission 
to severe activity, CRP, CAR and ESR significantly in-
creased, whereas albumin level significantly decreased 
(p=0.001; p<0.05).

The endoscopic activity was documented by 
colonoscopy or rectosigmoidoscopy in 132 (88%) (25 
patients (80.6%) in the remission group and 107 (90.6%) 
patients in the clinical active group) patients. There was 

Parameters (n=149)

  n %

Age 45.22±14
Sex 
 Male 99 66.2
 Female 50 33.8
Disease location
 Proctitis 12 8
 Left-sided 64 43
 Extensive 73 49
Disease severity of UC (Mayo Subscore)
 0 12 9.1
 1 10 7.5
 2 16 12.1
 3 94 71.2
Clinical activity
 Remission 31 20.8
 Mild activity 39 26.1
 Moderate activity 33 22.1
 Severe activity 46 31
Treatment
 Mesalazine 140 94.1
 Sulfasalazine 9 5.8
 Azathiopyrine 44 29.4
 Anti-TNF 5 3.3
 Cyclosporine 2 1
CRP (mg/dl) 2.95±4.73
Albumin (g/dl) 3.75±0.82
CAR 1.01±1.77
ESR (mm/h) 32.41±25.18

UC: Ulcerative colitis; Anti-TNF: Anti-tumor necrosis factor; CRP: C-reactive pro-
tein; CAR: CRP/albumin ratio; ESR: Erythrocyte sedimentation rate.

Table 1. Demographic and clinical characteristics of the 
patients

   Clinical activity

 Remission Mild Moderate Severe p 
 Mean±SD Mean±SD Mean±SD Mean±SD

CRP (mg/dl) 0.25±0.23 0.43±0.37 2.07±2.82 7.57±5.94 0.001*
CAR 0.05±0.07 0.11±0.12 0.60±0.82 2.73±2.32 0.001*
Albumin (g/dl) 4.45±0.19 4.20±0.60 3.67±0.61 2.97±0.55 0.001*
ESR (mm/h) 13.78±9.71 16.14±12.58 32.07±17.56 57.63±23.15 0.001*

Kruskal Wallis Test  *p<0.05. CRP: C-reactive protein; CAR: CRP/albumin ratio; ESR: Erythrocyte sedimentation rate; SD: Standard deviation.

Table 2. Comparison of CAR, CRP, Albumin and ESR in different clinical activity of ulcerative colitis
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a statistically significant positive correlation between the 
endoscopic activity of the patients and CAR, CRP, albu-
min, and ESR values. The correlation coefficient of CAR 
was higher than that of CRP and ESR. The correlation 
between endoscopic activity index and CAR, CRP, and 
ESR is shown in Table 3.

Patients were separated into two groups as severe 
clinical activity (n: 46, 39%) and non-severe (n: 72, 61%) 
clinical activity while excluding patients in remission. 
CAR, CRP, and ESR values were statistically signifi-
cantly higher, whereas albumin levels were significantly 
lower in the severe clinical activity group than in the 
other groups (p=0.001; p<0.05; Table 4). ROC analysis 
was performed for CAR, CRP, albumin, and ESR to de-
termine the cut-off point for severe disease episode.

The area under the ROC curve (AUC) for CAR in 
severe disease episodes was found to be 0.941 (standard 
error 0.022) (Fig. 1A). The cut-off point for CAR in the 
case of severe disease episode was 0.6. The sensitivity, 
specificity, positive predictive value, and negative pre-
dictive value for this cut-off point were 88.9%, 90.3%, 
85.1%, and 92.8%, respectively.

AUC for CRP in severe disease episodes was 0.931 
(standard error 0.025) (Fig. 1B). In case of severe dis-
ease episode, the cut-off point for CRP was found to 
be 2. The sensitivity, specificity, positive predictive value 
and negative predictive value for this cut-off point were 
91.1%, 86.1%, 80.4%, and 93.9%, respectively. AUC for 
albumin in severe disease episode was 0.883 (standard 
error 0.03) (Fig. 1C). The cut-off point for albumin in 
the presence of severe disease episode was 3.6. The sen-
sitivity, specificity, positive predictive value, and negative 
predictive value for this cut-off point were 91.1%, 70.8%, 
66.1%, and 92.7%, respectively.

AUC for ESR in severe disease episodes was 0.888 
(standard error 0.032) (Fig. 1D). The cut-off point for 
ESR in the case of severe disease episode was 36. The 
sensitivity, specificity, positive predictive value, and neg-
ative predictive value for this cut-off point were 88.4%, 
84.6%, 79.2%, and 91.7%, respectively. The summary of 
ROC analysis is shown in Table 5.

Additionally, the diagnostic performance of CAR was 
evaluated with ROC analysis to differentiate patients 
who have severe from moderate clinical activity. The area 
under the ROC curve (AUC) for CAR in severe disease 
episodes was found to be 0,877 (standard error 0.041) 
(Fig. 2). The cut-off point for CAR to differentiate severe 
from moderate disease episode was 0.12. The sensitivity, 
specificity, positive predictive value, and negative predic-
tive value for this cut-off point were 97%, 79%, 62%, and 
87%, respectively.

DISCUSSION

UC is an inflammatory bowel disease characterized by 
relapses and remissions. Although the best indicator of 
disease activity is an endoscopic activity, it is important 
to determine the clinical severity while planning optimal 
treatment [5, 6].

There are many instruments to measure disease ac-
tivity for UC. Truelove–Witts criteria provide objective 
criteria to identify the severity of colitis and have been 
widely used to define the need for hospital admission 
and intravenous steroids [15].

  Clinical activity

 Non-severe Severe p 
 Mean±SD Mean±SD

CRP (mg/dl) 1.19±2.09 7.57±5.94 0.001*
CAR 0.34±0.61 2.73±2.32 0.001*
Albumin (g/dl) 3.95±0.65 2.98±0.55 0.001*
ESR (mm/h) 23.36±16.92 57.63±23.15 0.001*

Mann Whitney U Test *p<0.05. CRP: C-reactive protein; CAR: CRP/albumin ra-
tio; ESR: Erythrocyte sedimentation rate; SD: Standard deviation.

Table 4. CRP, CAR, albumin levels and ESR in severe and 
non-severe clinical activity

Parameters Mayo endoscopic activity

CRP
 r 0.561
 p 0.001*
CAR
 r 0.586
 p 0.001*
ESR
 r 0.468
 p 0.001*

Spearman Rho Correlation Analysis *p<0.05. CRP: C-reactive protein; CAR: 
CRP/albumin Ratio; ESR: Erythrocyte sedimentation rate.

Table 3. Relationship of endoscopic activity with CRP, CAR 
and ESR
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Inflammation indicators are instruments that show 
inflammation noninvasively and objectively and are also 
used to evaluate disease activity. The most useful biomark-
ers in ulcerative colitis are levels of CRP and faecal calpro-
tectin. Faecal calprotectin level is a useful noninvasive tool 
for monitoring disease activity over time. This biomarker 
has been shown to predict persistent inflammation and 
the risk of relapse [15]. CRP, an acute-phase protein 

synthesized from the liver in response to inflammatory 
cytokines, such as interleukin-6 (IL-6), TNF alpha, and 
interleukin-1 (IL-1), is one of the most commonly used 
nonspecific inflammatory indicators, and it has a half-
life of approximately 19 h [16]. CRP concentration is 
less useful in quiescent, mild, or moderately active UC, 
as it correlates weakly with endoscopic disease activity 
and may be normal in some patients with active UC [15, 

Parametre Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC p

CAR 0.6 88.9 90.3 85.1 92.8 0.941 0.001
CRP 2 91.1 86.1 80.4 93.9 0.931 0.001
Albumin 3.6 91.1 70.8 66.1 92.7 0.883 0.001
ESR 36 88.4 84.6 79.2 91.7 0.888 0.001

CRP: C-reactive protein; CAR: CRP/Albumin ratio; ESR: Erythrocyte sedimentation rate; PPV: Positive predictive value; NPV: Negative predictive value; AUC: The area 
under the receiver operating characteristic.

Table 5. ROC analysis of CAR, CRP, and ESR in the diagnosis of severe disease
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17]. However, there is a standard cut-off point for steroid 
unresponsiveness in patients with acute severe ulcerative 
colitis. A CRP value >4.5 mg/dl and the stool frequency 
of 3–8/day are strongly predictive of colectomy [4, 18, 
19]. In addition, CRP has been found to be superior to 
erythrocyte sedimentation rate, albumin, and procalci-
tonin in reflecting disease severity in UC [17–20]. 

CRP response may be influenced by genetic factors 
(single-nucleotide polymorphisms regulating CRP pro-
duction), the extent of involvement, and endoscopic and 
histological activity [21–23]. Rodgers et al. have stated 
that there is a positive and linear correlation between dis-
ease activity assessed by Lichtiger score and log (CRP) 
and a negative linear correlation with serum albumin 
level in patients with extensive and left colonic involve-
ment [20]. In another study, Karoui et al. have stated that 
there is a positive correlation between clinical and endo-
scopic activity and CRP levels [24].

Albumin level is inversely related to the extent of the 
inflammatory response, which arises from the decrease 
in albumin synthesis in the liver because of the hyper-
catabolic state associated with the inflammatory process 
and down regulation of synthesis by cytokines, such as 
TNF alpha and IL-6 [25]. Albumin level is also associ-
ated with nutritional status [26]. In many studies, hypoal-
buminemia was found to be associated with disease activ-
ity, unresponsiveness to treatment, and increased risk of 
colectomy in patients with acute severe UC [9, 10].

A high CRP and low albumin level may correlate 
with high level of inflammatory response. Chronic and 
high levels of inflammation refer to hypercytokinemia, 

which can lead to weight loss and malnutrition [27]. 
CAR reflects the combination of systemic inflammation 
and nutritional status. It has been shown that it can be 
used in predicting patient outcomes in many diseases, 
such as sepsis, acute pancreatitis, hepatocellular carci-
noma, small cell lung, pancreatic and esophageal cancer 
and soft tissue sarcoma [12, 27].

In this study, 110 patients had endoscopically active 
disease (73.8%, Mayo subscores 2 and 3), 137 patients 
(92%) had extensive left colon involvement. Because of 
the high rate of endoscopically active patients, a low pro-
portion of patients with proctitis, we think that the in-
flammatory burden is higher in patients not in remission. 
We found statistically significant differences concerning 
CRP, CAR, albumin, and ESR values of low, moderate, 
and severe activity groups created according to the remis-
sion and Truelove–Witts criteria. These markers show a 
statistically significant increase, whereas disease activity 
shifted from remission to severe clinical activity. When 
the correlation with endoscopic activity was evaluated, 
the correlation coefficient of CAR was higher than that 
of CRP. There was a significant positive correlation 
among CAR, CRP, and ESR and endoscopic activity. 
Effectiveness of CAR, CRP, albumin and ESR in assess-
ing disease severity according to clinical activity score 
was compared. The specificity (90.3% vs. 86.1%, 70.8%, 
84.6%), positive predictive value (85.1% vs 80.4%, 66.1%, 
79.2%), and AUC value (0.941 vs 0.931, 0.883, 0.888) 
of CAR in determining severe activity were higher than 
those of other parameters.

Limited information is available in the literature on 
the use of CAR in inflammatory bowel disease. Qin et al. 
reported a positive association between disease activity 
and CAR in patients with CD. [28]. In the second study, 
Gibson et al. found that CAR measured on the 3rd day of 
treatment in patients with acute severe UC was strongly 
predictive of non-responsiveness to steroid therapy that 
was superior to CRP and albumin. Gibson et al. found 
that the optimal cut-off point for the non-response of 
the steroid was 0.85 [29]. In our study, we found the cut-
off point to be 0.6 for diagnosing acute severe UC.

The first weakness of this study is retrospective de-
sign, inter-observer variability in determining clinical 
and endoscopic activity may affect the outcome of this 
study. Second, Truelove & Witts criteria are the gold 
standard for determining only severe activity, so the 
study was limited to only detecting the diagnostic per-
formance of the severe clinical activity. In addition, due 
to the small number of patients, we could not investigate 
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the prognostic value of CAR concerning colectomy risk. 
Third, the most important indicator of disease activity is 
endoscopic activity. However, there was a moderate cor-
relation between CRP and CAR with endoscopic activ-
ity in this study. Given that endoscopic activity was not 
assessed by the score-based other activity indices may 
have affected the correlation analysis result. Another 
weakness is that the nutritional status of the patients is 
uncertain due to the retrospective nature of the study.

In conclusion, the present study found a significant re-
lationship between CAR and disease activity, and CAR 
showed higher specificity and positive predictive value 
than CRP in predicting severe ulcerative colitis. CAR is 
a cheap, simple and easily calculated parameter that can 
be used to identify severe clinical activity.
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