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	 Inflammatory bowel disease (IBD) is a life-long illness; accordingly, the early 
recognition of the illness activity is significant for the management and prevention of 
complications. We aimed to assess the association between Hs-CAR, markers of inflammation, 
and CBC parameters in inflammatory bowel disease cases and their impact on illness activity. 
This study involved 100 Egyptian participants, comprising 80 individuals with IBD: 40 with 
active illness and 40 in remission, together with a control group of 20 healthy adults. Participants 
were chosen from the Outpatient Clinics of the Internal Medicine Departments at Al Zahraa 
University Hospital and Ain-Shams University Hospital in Egypt. The results revealed that 
CAR displayed a highly significant variance among the groups under investigation (P-value 
equal 0.003). Moreover, CAR was significantly higher in active CD patients compared to CD 
in the remission group and ulcerative colitis (UC) cases. In UC patients, CAR had a positive 
correlation with erythrocyte sedimentation rate (ESR), NLR, lymphocytes, and neutrophils. In 
CD patients, CAR was positively correlated with ESR, NLR, platelet (PLT), and lymphocytes. The 
UC-Mayo score and Crohn’s disease activity index (CDAI) have been positively correlated with 
ESR and CAR. The assessment of IBD activity by CAR is a non-invasive and easily accessible 
instrument. Furthermore, CAR was significantly greater in inactive IBD groups compared to 
IBD in remission groups. It is concluded that Hs-CAR is a promising non-invasive biomarker for 
early identification of IBD disease activity and severity, indicating a balance between nutritional 
status and inflammation.
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	 Inflammatory bowel disease, a chronic 
illness  caused by the interplay of genetic and 
environmental factors, has become an important 
international health problem with a consistently 
rising frequency. Inflammatory bowel disease 
usually refers to a combination of two distinct 
bowel-relapsing disorders, namely ulcerative 
colitis and Crohn’s disease (CD). 1
	 Early recognition of the disease activity 
of inflammatory bowel disease is crucial for 

an efficient management of the illness. This 
management may prevent complications and, as a 
result, enhance the quality of life and prognosis. 
The gold standard for the assessment and diagnosis 
of disease activity in cases with inflammatory 
bowel disease remains endoscopy. As a result, 
additional research is required to recognize a non-
invasive and cost-effective biomarker for clinic use 
2, 3 .
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	 In medical  t raining,  erythrocyte 
sedimentation rate (ESR) and the C-reactive protein 
(CRP) are frequently utilized as biomarkers to 
evaluate IBD. Nevertheless, these biomarkers are 
influenced by other biological factors, as infections. 
In light of this, there is a requirement for new, 
non-invasive, and efficient biological biomarkers. 
The C-reactive protein/albumin ratio (CAR) is an 
excellent marker for illness activity in cases, as it 
represents the balance among nutritional status and 
inflammation 4.
	 This investigation aimed to evaluate the 
highly sensitive CAR (Hs-CAR), inflammatory 
markers, and CBC parameters (NLR, PLR, LMR, 
and RDW) in IBD patients, as well as their relations 
with the activity of the disease 5, 6.

MATERIALS and METHODS

	 This was a prospective cross-sectional 
investigation that has been conducted on 100 
Egyptian participants, comprising 80 individuals 
with IBD: 40 with active disease and 40 in 
remission, together with a control group of 20 
healthy adults. Cases were selected from the 
Outpatient Clinics of the Internal Medicine 
Departments at Al Zahraa University Hospital 
and Ain-Shams University Hospital in Egypt from 
September 2022 to May 2023.
Inclusion criteria
	 Patients who were previously diagnosed 
with IBD with a disease duration of 2–20 years, had 
an age of 17–50 years, and maintained on 5ASA, 
corticosteroids, immunomodulators, or biologics.
Exclusion criteria
	 Patients with the following medical 
conditions: Other autoimmune illnesses, chronic 
or acute kidney failure, heart illnesses, diabetes 
mellitus, hypertension, tumor, chronic or acute 
infections and liver cirrhosis. 
	 The investigation involved 39 patients 
with UC aged 17-50 years, divided into three 
groups based on disease activity: 21 patients with 
activity (group Ia) and 18 patients with remission 
(group Ib); 41 cases who have cases disease aged 
20-49 years, divided by the Crohn’s disease activity 
index (CDAI) into 19 cases with activity (group 
IIa) and 22 patients with remission (group IIb); and 
20 healthy individuals as the control group (21-50 
years) with a mean ± SD of 34.60 ± 8.05.

Interventions
Clinical Assessment
	 Full medical history was recorded, 
including personal history, age, body mass index 
(BMI), smoking, period of illness, and history 
of drugs for IBD, e.g., corticosteroids, ASA, 
immunomodulators, and biologics. The activity of 
IBD was evaluated as follows: cases have been 
categorized as having active illness or remission 
based on the CDAI scores for those who have 
CD and partial Mayo scores for those with US. 
The Mayo score is a composite measure that 
includes four components: stool frequency, flexible 
proctosigmoidoscopy, the physician’s global 
judgment results, and rectal hemorrhage. Patients 
with US exhibiting a partial Mayo score d” 2 have 
been categorized into the remission group, whereas 
the remaining cases have been categorized into the 
active disease group (Table 1). 7
Endoscopy
	 Endoscopy was utilized for disease 
localization.
Laboratory Investigations
	 The following parameters were assessed: 
CBC [hemoglobin (Hb), PLR, platelet count 
(PLT), NLR, monocyte count, neutrophil count, 
lymphocyte count, and LMR), inflammatory 
markers (CRP and ESR), and Hs- CAR. Briefly, 
CBC was performed on Sysmex KX-2IN, Jaban; 
The Biosystem A15 autoanalyzer (Biosystems S.A., 
Spain) has been utilized to evaluate serum albumin 
utilizing the appropriate chemical principles. 
Anticoagulant blood was placed in an upright tube, 
referred to as a Westergern tube, for the erythrocyte 
sedimentation rate. The rate at which red blood 
cells descend has been determined and reported in 
mm/h.6 In addition, the Human Hs-CRP enzyme-
linked immunosorbent assay (ELISA) reagent 
(Cat. No. 10603, Chemux BIOScience, South San 
Francisco, the United States) has been utilized in 
accordance with the established protocols to assess 
CRP.
Statistical Analysis
	 The data analysis in the investigation 
was conducted using SPSS version 24, with 
Shapiro-Wilk’s test for normal distribution. 
Quantitative data has been represented as the mean 
± standard deviation, while qualitative data has 
been represented as a frequency and percentage. 
The statistical comparisons were two-tailed, with 



2685Mohamed et al., Biomed. & Pharmacol. J,  Vol. 17(4), 2683-2692 (2024)

a significance threshold of P-value less than 0.05 
for significant distinctions.

RESULTS

	 Table 3 showed that, the mean age was 
33.46 ± 8.68 years in UC cases, 36.63 ± 6.86 years 
in CD patients, and 34.60 ± 8.05 years in the control 
group. Insignificant variance was found between the 
three studied groups in age (P-value equal 0.195). 
There was a high predominance of male gender in 
the two diseased groups as there were 71.8 % males 
in UC and 53.7% males in CD. Moreover, men to 
women ratio was 1:1 in the control group. There 
was statistically insignificant variance between 
the three groups under investigation in gender (P 
> 0.05).
	 The high sensitive CAR ratio was 
significantly greater in U.C cases compared to 
control subjects with mean  S. D (23.938.66, 
18.456.69) respectively (p=0.004). The highly 
sensitive CAR was significantly greater in C. D 
patients compared to control subjects with mean S. 
D (24.4810.21, 18.456.69) respectively (p=0.001). 
A significant variance has been observed as regard 
the high sensitive CAR between the studied groups 

(p-value equal 0.003). But insignificant variance 
observed as regard highly sensitive c- reactive 
protein / albumin ratio between U.C patients and 
C.D patients (p-value equal 0.627)) Table 4).
	 The Hs-CRP / Albumin ratio were 
significantly greater in active U.C and active C.D 
groups than in remitted U.C and remitted C.D with 
mean   S.D(29.28  5.63, 31.89  6.65, 17.69  7.33 
and 18.08  8.24 ) respectively (p-value <0.001). 
As regard Hs-CRP / Albumin ratio has been found 
to be significantly greater in cases with active 
ulcerative colitis and Crohn’s disease compared 
to the control group (p-value less than 0.001).But, 
there was insignificant variance detected in patients 
in remission state of both Crohn’s disease cases and 
ulcerative colitis compared to the control group 
(p-value greater than 0.005) (Table 5).
	 The MAYO score for ulcerative colitis 
illustrated a significant positive correlation with 
ESR, CAR, neutrophils, and NLR, while a negative 
correlation was found with albumin, PLR, and 
LMR. The CDAI showed a positive correlation 
with ESR, CAR, platelet count, neutrophils, and 
NLR, but a negative correlation with albumin, 
platelet-lymphocyte ratio, and lymphocyte-
monocyte ratio. These findings suggest that a 

Table 1. Assessment of stool frequency, rectal bleeding, findings on endoscopy, physician’s global assessment 
according Mayo scoring system.7

Stool frequency: 
• 0 = Normal no. of stools for this patient
• 1 = 1 to 2 stools more than normal
• 2 = 3 to 4 stools more than normal
• 3 = 5 or more stools more than normalSubscore: 0 to 3
Rectal bleeding:
• 0 = No blood seen
• 1 = Streaks of blood with stool less than half the time
• 2 = Obvious blood with stool most of the time
• 3 = Blood alone passesSubscore: 0 to 3
Findings on endoscopy:
• 0 = Normal or inactive disease
• 1 = Mild disease (erythema, decreased vascular pattern, mild friability)
• 2 = Moderate disease (marked erythema, lack of vascular pattern, friability, erosions)
• 3 = Severe disease (spontaneous bleeding, ulceration)Subscore: 0 to 3
Physician’s global assessment:
• 0 = Normal
• 1 = Mild disease
• 2 = Moderate disease
• 3 = Severe diseaseSubscore: 0 to3
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Table 2. The Crohn's Disease Activity Index or CDAI is a research tool used to quantify the symptoms of patients 
with Crohn's disease. The CDAI was developed by WR Best and colleagues from the Midwest Regional Health 
Center in Illinois, in 1976.8 It consists of eight factors, each summed after adjustment with a weighting factor. 

The components and weighting factors are the following:

Clinical or laboratory variable	 Weighting factor

Number of liquid or soft stools each day for seven days	 x 2
Abdominal pain (graded from 0-3 on severity) each day for seven days	 x 5
General wellbeing, subjectively assessed from 0 (well) to 4 (terrible) each day for seven days	 x 7
Presence of complications*	 x 20
Taking Lomotil or opiates for diarrhea	 x 30
Presence of an abdominal mass (0 as none, 2 as questionable, 5 as definite)	 x 10
Hematocrit of <0.47 in men and <0.42 in women	 x 6
Percentage deviation from standard weight	 x 1

*One point each is added for each set of complications:
• the presence of joint pains (arthralgia) or frank arthritis
• inflammation of the iris or uveitis
• presence of erythema nodosum, pyoderma gangrenosum, or aphthous ulcers
• anal fissures, fistulae or abscesses
• other fistulae
• fever during the previous week.

Remission of Crohn's disease is defined as CDAI below 150.   Moderate to severe disease was defined as CDAI 
score 230-400 points .Severe disease was defined as a value of greater than 450.8 Most major research studies on 
medications in Crohn's disease define response as a fall of the CDAI of greater than 70 points.9 10 

Table 3. Demographic data among the studied groups

	                 UC (n= 39)	             CD (n= 41)              	            Control (n= 20)	
	 No.	 %	 No.	 %	 No.	 %	 Test of sig.	 p	
	
Age (years)	 	 	 	 	
Range ®	                  17.0 – 50.0	                20.0 – 49.0	                21.0 – 50.0	 	 F=1.664	 0.195
Mean ± SD.	                  33.46 ± 8.68	              36.63 ± 6.86	              34.60 ± 8.05	 	
Median (IQR)	              33.0 (27.5 –38.0)	       37.0 (34.0 – 40.0)     	      34.50 (29.0 –39.5)	 	
Sex	 	 	 	 	 	 	 	
Male	 28	 71.8	 22	 53.7	 10	 50.0	 χ2=3.813	 0.151
Female	 11	 28.2	 19	 46.3	 10	 50.0	 	
Smoking	 	 	 	 	 	 	 	
No	 27	 69.2	 36	 87.8	 15	 75.0	 χ2=4.150	 0.126
Yes	 12	 30.8	 5	 12.2	 5	 25.0	 	
BMI	 	 	 	 	 	 	 H= 24.647*	 <0.001*
Range ®	                   17.84 – 23.56	             18.09 – 23.56	           19.42 – 30.18	 	
Mean ± SD.	                    20.67 ± 1.42	               20.14 ± 1.40	            24.55 ± 3.49	 	
Median (IQR)	            20.67 (19.54-21.77)    20.24(18.93-20.91)	 24.12(21.92-27.30)		
Duration (years)	 	 	 	 	 	 	 U= 408.50*	 <0.001*
Range ®	                      0.15 – 20.0	                    0.16 – 10.0	                    –	 	
Mean ± SD.	                     9.0 ± 5.29	                     4.56 ± 2.27	                    –	 	
Median (IQR)	               10.0(4.50 –13.0)	               5.0(3.0 – 5.0)	                  –	 	

p-value not more than 0.05 is considered statistically significant, p0 value not more than 0.01 is considered highly 
statistically significant, SD: standard deviation, analysis carried out by χ2 : Chi-square Test &*KW:Kruskal-Wallis 
Test .#:One Way ANOVA Test.
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Fig. 1. A: Comparison among active illness and remission in ulcerative colitis cases as regards clinical data. 
B: Comparison among active illness and remission in Crohn’s disease cases as regards clinical data.

Figure 1:(A): Showed that, the study analyzed clinical data of 339 U.C patients, revealing that there were (7) active 
U.C patients with mild symptoms, (14) with moderate symptoms, and (18) U.C patients in remission. Significant 
differences were found in stool number, blood presence, fever, cachexia, tenderness, and tachycardia, but no 
significant difference was found in tachycardia, dehydration, and vomiting. (B): The study analyzed clinical data 
of 41 chronic kidney disease (CKD) patients, revealing significant variances among active and remission groups in 
terms of stool count, fever, tachycardia, tenderness, dehydration, and vomiting. However, no significant difference 
was found in cachexia and dehydration between active and remission CD patients. The findings suggest that CKD 
can be a significant health issue.

Table 4. Comparison between the studied groups as regard Highly sensitive C - reactive protein CAR)

CAR	 UC (n = 39)	 CD (n = 41)	 Control (n= 20)	 H	 p

Range®	 4.82 – 35.65	 2.85 – 38.32	 2.99 – 25.66	 11.764*	 0.003*
Mean ± SD.	 23.93 ± 8.66	 24.48 ± 10.21	 18.45 ± 6.69	 	
Median (IQR)	 24.44(21.31 –30.67)	 25.71(19.02 –32.18)	 21.0(16.09 –22.73)	 	

comprehensive understanding of the disease’s 
pathophysiology is crucial for effective treatment. 
(Table 6).

DISCUSSION

	 Crohn’s disease is distinguished by 
transmural inflammation that might impact any 
part of the digestive tract in a non-continuous 
pattern, from the mouth to the anus. Complications, 
including strictures, abscesses and fistulas, may 
result from Crohn’s disease.11

	 Our investigation demonstrated that 
there was a high predominance of male gender 
in UC cases as there was 71.8 %, 53.7% males in 
CD patients. And 50% in control group, the mean 
age was (33.46 ± 8.68 years in UC cases, 36.63 

± 6.86 years in CD patients, and 34.60 ± 8.05 
years in control group). There was insignificant 
variance was found between the studied groups 
as regard age and gender (p-value 0.151 and 
0.195) correspondingly. In addition, there was 
insignificant variance reported when comparing 
the gender distribution and age between active and 
remission UC and CD groups.
	 These were supported by 12 who reported 
that there was statistically insignificant variance 
was found among active and remission groups in 
UC and CD patients as regard gender and age (p= 
0.76).
	 The investigation observed a significant 
variance in body mass index (BMI) among the 
control and UC patients. The control group showed 
a significant elevation in BMI compared to both 
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Fig. 2. A: Receiver operating characteristic (ROC) curve of Hs-CRP / Albumin ratio versus other markers of 
inflammation in prediction of disease activity in UC patients. B: Receiver operating characteristic curve of Hs-
CRP / Albumin ratio versus other markers of inflammation in prediction of disease activity in CD patients.

Figure 2 (A): show the receiver operating characteristic (ROC) analysis was performed to determine the diagnostic 
value of ESR, CAR, albumin, NLR, PLR and LMR in determining UC activity. It is found that  ( ESR) can significantly 
determine UC activity in patients at (cut off <14) with sensitivity (95.24) and specificity(88.89), (CAR) at (cut 
off <23.53) with sensitivity (90.48) and specificity (83.33), albumin at( cut off <3.6) with sensitivity(95.24) and 
specificity (100), (NLR) at (cut off <7.5) with sensitivity (95.24) and specificity (94.44), (PLR) at (cut off50.46) 
with sensitivity (100) and specificity (100) and (LMR) at (cut off  0.05) with sensitivity (100) and specificity (100).
Figure 2 (B): show the receiver operating characteristic (ROC) analysis was performed to determine the diagnostic 
value of ESR, CAR, albumin, NLR, PLR and LMR in determining CD activity. It is found that  ( ESR) can significantly 
determine CD activity in patients at (cut off <17) with sensitivity (94.74) and specificity(90.91), (CAR) at (cut off 
<25.71) with sensitivity (94.74) and specificity (90.91), albumin at( cut off3.5) with sensitivity( 94,74) and specificity 
(100), (NLR) at (cut off < 2.48) with sensitivity (94.74) and specificity (86.36), (PLR) at (cut off120) with sensitivity 
(94.74) and specificity (90.91) and (LMR) at (cut off  0.09) with sensitivity (100) and specificity (100).

the UC and CD groups. However, insignificant 
variance has been observed between the UC and 
CD patients. The control group also demonstrated 
a significant elevation in BMI compared to 
both active and remission UC or CD groups. 
Insignificant variance has been detected between 
active and remission states in the UC and Crohn’s 
disease groups.
	 Our result was supported by 13 who 
reported that there was difference in CD patients 
as regard BMI compared to controls (P-value less 
than 0.001), while there was no obvious variance 
was observed in UC cases compared to controls 
(P< 0.064)
	 Our investigation observed that clinical 
symptoms in cases with UC were mild in seven 
patients (33.3%), moderate in fourteen patients 

(66.6%). In comparison, CD patients exhibited 
mild clinical symptoms in three patients (15.7%), 
moderate symptoms in twelve patients (63.15%), 
and severe symptoms in four patients (21.0%)
	 Contrary to our findings, researcher 
conducted a study which demonstrated that the 
severity of clinical symptoms in UC cases has been 
classified as mild in 149 cases (49.0%), moderate in 
125 cases (41.1%), and severe in 26 cases (8.6%).14

	 Our investigation illustrated a significant 
variance among the groups under investigation 
as regard the occurrence of fever (p-value equal 
0.032), and vomiting (p-value equal 0.002). 
However, insignificant variance has been found 
among the studied groups as regard tachycardia 
(p=0.178), tenderness (p=0.246)
	 Our study supported by researcher who 
illustrated a significant variance among the UC 
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patients as regard occurrence of fever (P=0.002). 
But disagreed with our study as regard vomiting15.
	 Our study showed that highly sensitive 
c-reactive protein /albumin ratio concentration 
were significantly higher in active UC patients 
compared to remission UC patients (P-value less 
than 0.001). Similarly, highly sensitive c-reactive 
protein/albumin ratio levels were significantly 
greater in active CD patients compared to remission 
CD cases (P-value less than 0.001).
	 Our study agreed with Glapa-Nowak  who 
demonstrated a significant variance among active 
and remission in both UC and CD groups as regard 
highly sensitive c-reactive protein /albumin ratio 
(p-valueless than 0.001) 16.
	 The results  of  our invest igat ion 
demonstrated that the c-reactive protein/albumin 
ratio has been significantly elevated in cases with 
active Crohn’s disease and ulcerative colitis in 
comparison to the control group (p-value less than 
0.001). And there was a significant distinction as 
regarding the highly sensitive CAR among the 
groups under investigation (p-value equal 0.003).
	 Our study agreed with Jeong who 
demonstrated a statistically significant variance 
between active UC patients and control group17.
	 Our investigation demonstrated that a 
significant positive association has been observed 
between MAYO score for ulcerative colitis (UC) 
and ESR (r=0.766, p-value less than 0.001), CAR 
(r=0.681, p-value less than 0.001), neutrophils 
(r=0.725, p-value less than 0.001), and NLR 
(r=0.647, p-value less than 0.001). But there was 
a negative correlation with albumin (r= -0.737, 
p-value less than 0.001), PLR (r= -0.781, p-value 
less than 0.001) and LMR (r= -0.690, p-value less 
than 0.001).
	 Chen conducted an investigation that 
demonstrated a positive association between the 
MAYO score for ulcerative colitis and ESR (r = 
0.421, P-value less than  0.001), neutrophil (r = 
0.344, P-value less than 0.001), CRP (r = 0.595, 
P-value less than  0.001), and the CRP/albumin 
ratio (r = 0.637, P < 0.001). However, a negative 
association has been observed with albumin (r = 
“0.692, P-value less than 0.001) and LMR (r = 
“0.495, P < 0.001)18.
	 In our study, our receiver operating 
characteristic analysis has been carried out to 
determine the diagnostic value of ESR, CAR, 
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Table 6. Correlation between laboratory parameters and the disease activity in ulcerative colitis & 
Crohn’s disease cases

	                      MAYO (UMC) score	                   CDAI (CD)
	 rs	 p	 rs	 P

ESR	 0.766	 <0.001*	 0.748	 <0.001*
Hs CRP	 -0.003	 0.985	 0.175	 0.274
Albumin	 -0.737	 <0.001*	 -0.758	 <0.001*
Hs c-reactive protein/albumin ratio (CAR)	 0.681	 <0.001*	 0.680	 <0.001*
CBC	 	 	 	
Hb	 -0.023	 0.889	 -0.294	 0.062
RDW	 -0.018	 0.915	 -0.173	 0.279
PLT	 0.035	 0.830	 0.368	 0.018*
Neutrophils	 0.725	 <0.001*	 0.627	 <0.001*
Lymphocytes	 0.261	 0.108	 -0.205	 0.200
Monocytes	 0.026	 0.877	 -0.172	 0.283
NLR	 0.647	 <0.001*	 0.680	 <0.001*
PLR	 -0.781	 <0.001*	 -0.723	 <0.001*
LMR	 -0.690	 <0.001*	 -0.775	 <0.001*

CDAI: Crohn’s Disease Activity Index

albumin, NLR, PLR and LMR in determining UC 
activity. It is found that ( ESR) can significantly 
determine UC activity in patients at (cut off <14) 
with sensitivity (945.24) and specificity(88.89), 
(CAR) at (cut off <23.53) with sensitivity (90.48)  
and  specificity  (83.33),  albumin  at(  cut  off d” 
3.6)  with sensitivity(95.24) and specificity (100), 
(NLR) at (cut off <7.5) with sensitivity (95.24) 
and specificity (94.44), (PLR) at (cut offd”50.46) 
with sensitivity (100) and specificity (100) and 
(LMR) at (cut off d”0.05) with sensitivity (100) 
and specificity (100).
	 It was supported our findings as regard 
(ESR) cutoff value. But, they did not agree with 
our results as regard sensitivity (67.8%) and 
specificity (72.5%), as our study showed higher 
values (p=0.03) 19.

CONCLUSION

	 Early detection of the disease activity 
of IBD is of great significance for the treatment 
of this disease, which can effectively prevent 
complications and therefore improve prognosis as 
well as quality of life. Endoscopy continues to be 
the gold standard for the diagnosis and evaluation 
of the disease activity in IBD patients. Therefore, 

there is an urgent need for novel non-invasive and 
effective biological biomarkers for the accurate 
assessment of IBD activity in the clinic. Our results 
showed that highly sensitive c-reactive protein /
albumin ratio (CAR) is strongly associated with 
activity of IBD disease and could be excellent 
noninvasive biomarker for early detection of 
activity and severity of disease. 
	 In addition, The High sensitive c-reactive 
protein/albumin ratio (CAR) is a promising 
indicative biomarker of balance between 
inflammation and nutritional status 
Recommendation
	 Large-scale investigation is required 
to assess the correlation between CAR levels 
and IBD activity, confirm current findings, and 
recommend regular monitoring and assessment of 
CAR parameters in IBD patients.
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