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EVALUATION OF SERUM PROCALCITONIN, SERUM IRON AND 
RE.D CELL DISTRIBUTION WIDTH (RDW) AS NOVEL BIOLOGICAL 

MARKERS IN INFLAMMATORY BOWEL DISEASES. 
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ABSTRACT: 

Background: Ulcerative colitis and Crohn’s disease are 
idiopathic inflammatory bowel diseases (IBD). Although some clinical 
activity indexes are commonly used in IBD, specific and sensitive 
laboratory markers that correlate with disease activity and associated 
complication are still lacking. Traditional markers, such as C-reactive 
protein (CRP), the erythrocyte sedimentation rate (ESR), and the 
white blood cell (WBC) count, are still the most common markers used 
in clinical practice. Procalcitonin (PCT) plays a major role in 
systemic inflammation and induces a dose-dependent increase in 
TNFα secretion. Plasma level of PCT increases during bacterial 
infections and sepsis. There are some data showing that serum PCT 
level is a useful marker in many inflammatory disorders. Previous 
findings suggested that inflammatory and infectious disease of the 
bowel might increase serum PCT levels. Anemia is the most prevalent 
extra intestinal complication of IBD. Serum iron was previously 
included in several studies as inflammatory marker of IBD.RDW is a 
quantitative measurement of anisocytosis. Pro-inflammatory cytokines 
have been reported to inhibit the maturation of erythrocytes, which is 
caused by erythropoietin. Thus, inflammation causes immature red 
blood cells to be released into the peripheral circulation, which may 
result in anisocytosis. 

Aim of the work: This study aims to evaluate sensitivity and 
specificity of serum procalcitonin, serum iron and red cell distribution 
width (RDW) as novel biological markers of activity in IBD patients. 

Patients and methods:60 Patients with confirmed IBD diagnosis 
(Crohn's and ulcerative colitis) were divided into 2groups (30 
remission and 30 exacerbation) classified according to Truelove and 
Witts index in ulcerative colitis and Harvey Bradshaw index in 
Crohn’s disease. Routine diagnostic investigations, serum 
Procalcitonin and serum iron level were withdrawn. Serum 
procalcitonin was done by commercially available ELISA kits. 

Results: The study showed significant difference between the 2 
groups as regards serum iron where median in remission was 52 
mcg/dl while in activity was 26 mcg/dl (P value:0.033),also for RDW 
(P value:0.014) and serum procalcitonin where mean in remission 
was 0.62 ng/ml while in activity was 0.98 ng/ml ( P value:0.029). 

Conclusion: RDW, serum procalcitonin and serum iron in IBD 
patients need to be included in further studies with larger sample size 
for the possibility to be used as future laboratory markers for disease 
activity. 
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INTRODUCTION: 

Ulcerative colitis (UC) and Crohn’s 
disease (CD) are idiopathic inflammatory 
bowel diseases that are generally 
complicated by systemic or local infection. 
Clinical, endoscopic, histological, and 
radiological investigations are typically 
necessary to make an accurate diagnosis and 
assessment of disease activity(1). 

Although some clinical activity indexes 
are commonly used in IBD, specific and 
sensitive laboratory markers that correlate 
with disease activity and associated 
complication are still lacking(2). 

Traditional markers, such as C-reactive 
protein (CRP), the erythrocyte sedimentation 
rate (ESR), and the white blood cell (WBC) 
count, are still the most common markers 
used in clinical practice (3). 

C-reactive protein (CRP) is a widely 
used marker of inflammation and it has been 
shown to correlate with disease activity, 
especially in CD patients (4). It increases 
rapidly during inflammatory processes and 
resolves early after amelioration of the 
inflammation. However, in UC patients, 
CRP response is usually moderate (5). 

Procalcitonin, a prohormone of 116 
amino acids is the precursor for the calcium 
homoeostasis hormone, calcitonin, which is 
found in the thyroid C cells and the 
pulmonary endocrine cells. It has been found 
to circulate at very low concentrations in 
normal serum(6). 

Procalcitonin plays a major role in 
systemic inflammation and induces a dose-
dependent increase in TNFα secretion (7). 

Plasma level of PCT increases during 
bacterial infections and sepsis(8).There are 

some data showing that serum PCT level is a 
useful marker in many inflammatory 
disorders. A previous study showed that 
plasma concentrations of PCT appear to 
reflect the derangement in gut barrier 
function in patients with acute 
pancreatitis(9).Similarly, another one showed 
that serum PCT levels increase significantly 
after colorectal surgery (10).Those findings 
suggested that inflammatory and infectious 
disease of the bowel might increase serum 
PCT levels(11). 

In patients with inflammatory bowel 
diseases (IBD), the association of 
procalcitonin with disease activity remains 
poorly investigated(12). 

Anemia is the most prevalent extra 
intestinal complication of IBD and can 
substantially affect the quality of life of 
patients with IBD (13). 

Serum iron was previously included in a 
number of study as inflammatory marker of 
IBD. 

RDW is a quantitative measurement of 
anisocytosis. Pro-inflammatory cytokines 
have been reported to inhibit the maturation 
of erythrocytes, which is caused by 
erythropoietin. Thus, inflammation causes 
immature red blood cells to be released into 
the peripheral circulation, which may result 
in anisocytosis (14). 

 

AIM OF THE WORK: 

This study aims to evaluate sensitivity 
and specificity of serum procalcitonin, 
serum iron and red cell distribution width 
(RDW) as novel biological markers of 
activity in IBD patients. 
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PATIENTS AND METHODS: 

This is a case control study where 60 
Patients with confirmed IBD (Crohn's and 
ulcerative colitis) were divided into group A: 
which included 30 patients with IBD in 
remission (controls) and group B 30 patients 
with IBD in activity (cases) classified 
according to Truelove and Witt’s index in 
ulcerative colitis and Harvey Bradshaw 
index in Crohn’s disease.The diagnosis of 
IBD was confirmed by a typical history, 
appropriate endoscopic and radiologic 
imaging studies as well as histopathological 
evaluations.  

All patients were subjected to clinical 
evaluation and investigation workup: 
Complete history taking and thorough 
clinical examination, laboratory 
investigations: CBC with RDW,ESR, CRP, 
serum albumin, stool analysis. In addition to 
the routine diagnostic investigations, serum 
Procalcitonin and serum iron level were 
withdrawn. Serum procalcitonin was done 
by commercially available ELISA kits. 

Ulcerative colitis patients were 
categorised into mild, moderate and severe 
based on the Truelove and Witts' severity 
index (3). 

 

 

 

 

 

 

 

 

 

  

  

Crohn’s disease patients were classified according to Harvey Bradshaw index: 
The Harvey-Bradshaw index was devised in 1980 as a simpler version of the CDAI for data 

collection purposes. It consists of only clinical parameters: 

 

A score of less than 5 is generally considered to represent clinical remission(15). 

General well being 0=very well 
1=slightly below average 
2=poor 
3=very poor 
4= terrible 

Abdominal pain 0= none 
1=mild 
2=moderate 
3=severe 

Number of liquid stool per day 
Abdominal mass 0 = none 

1 = dubious 
2 = definite 
 3 = tender 

Complications: with one 
point for each 

Arthralgia, uveitis, erythemanodosum,a phtousulcer, 
newfistula,analfissure, pyoderma gangrenosum. 
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Data Management and Analysis: 

The collected data was revised, coded, 
tabulated and introduced to a PC using 
Statistical package for Social Science (SPSS 
20). Data was presented and suitable 
analysis was done according to the type of 
data obtained for each parameter. 

i. Descriptive statistics: 

1. Mean, Standard deviation (± SD) and 
range for parametric numerical data, 
while Median and Interquartile range 
(IQR) for non parametric numerical 
data. 

2. Frequency and percentage of non-
numerical data. 

ii. Analytical statistics:  

1. Student T Test was used to assess 
the statistical significance of the 
difference between two study group 
means.  

2. Mann Whitney Test (U test) was 
used to assess the statistical 
significance of the difference of a 
non parametric variable between two 
study groups. 

3. Chi-Square test was used to 
examine the relationship between 
two qualitative variables  

4. Fisher’s exact test: was used to 
examine the relationship between 
two qualitative variables when the 
expected count is less than 5 in more 
than 20% of cells 

Measurement the serum level of high 
sensitive CRP was done by using ELISA 
enzyme linked immunosorbent assay (Bio 
check, Inc, 323Vinlage park Drive Foster 
city, CA 94404). 

Serum Procalcitonin was done also by 
sandwich ELISA. 

Serum Iron was done by using AU 680 
chemistry Beckman Coulter auto-analyzer. 

RESULTS: 

Table 1: Smoking and presentation in IBD patients 

  
Remission Activity test of significance 
N % N % p value sig. 

smoking 
No 28 93.3% 29 96.7% 

1 (F) NS 
Yes 2 6.7% 1 3.3% 

Abdominal pain 

No 10 33.3% 2 6.7% 

0.003 (F) S 
Mild 10 33.3% 5 16.7% 
moderate 8 26.7% 21 70.0% 
severe 2 6.7% 2 6.7% 

diarrhea 

no 22 73.3% 4 13.3% 

<0.001 (F) S 
<4 6 20.0% 4 13.3% 
4-6 0 0.0% 9 30.0% 
>6 2 6.7% 13 43.3% 

Bleeding per rectum 

no 28 93.3% 8 26.7% 

<0.001 (F) S 
little 0 0.0% 13 43.3% 
moderate 0 0.0% 8 26.7% 
severe 2 6.7% 1 3.3% 

tenesmus 
no 26 86.7% 19 63.3% 

0.037 (C) S 
yes 4 13.3% 11 36.7% 

weight loss 
no 18 60.0% 13 43.3% 

0.196 (C) NS 
yes 12 40.0% 17 56.7% 

fever 
no 26 86.7% 26 86.7% 

1 (F) NS 
yes 4 13.3% 4 13.3% 

arthralgia 
no 24 80.0% 14 46.7% 

0.007 (C) S 
yes 6 20.0% 16 53.3% 
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aphthos ulcer 
no 30 100.0% 25 83.3% 

0.052 (F) NS 
yes 0 0.0% 5 16.7% 

eye 
no 30 100.0% 28 93.3% 

0.492 (F) NS 
yes 0 0.0% 2 6.7% 

pyoderma gangrenosa 
no 30 100.0% 28 93.3% 

0.492 (F) NS 
yes 0 0.0% 2 6.7% 

Abdominal mass 
no 28 93.3% 29 96.7% 

1 (F) NS 
yes 2 6.7% 1 3.3% 

F : Fisher exact test  C:  Chi square test 

There is no statistically significant 
difference between patients in remission and 
in exacerbation as regards smoking. 

This table shows that there is 
statistically significant difference between 
the two groups as regards abdominal pain 
where 76.7% of patients in activity have 
moderate to severe pain in comparison to 
33.4% of patients in remission. 

There is significant difference in 
diarrhea where 73.3% of patients in 
remission have no diarrhea in contrast to 
patients in activity where 13.3% have less 
than 4 motions(mild),30% have 4-6 
motions(moderate) and 43.3% have >6 
motions(severe). 

There is significant difference in 
bleeding per rectum where 6.7% of patients 

in remission have bleeding per rectum in 
contrast to patients in activity where 73.3% 
have bleeding per rectum. 

There is significant difference in ten 
esmus where 13.3 %of patients in remission 
have ten esmus in comparison to 36.7% in 
activity. 

There is significant difference as regards 
arthralgia where 80% of patients in 
remission have no arthralgia while 53.3% 
during activity. 

There is no significant difference 
between patients in remission and activity as 
regards fever, weight loss, history of 
abdominal mass and other extra intestinal 
manifestation. 

 

Table 2: Comparison of clinical examination between patients in remission and activity 

  
Remission Activity test of significance 

N / Mean % / SD N / Mean % / SD p value sig. 

Pulse 
normal 28 93.3% 22 73.3% 

0.038 (C) S 
>90 2 6.7% 8 26.7% 

Fever 
<37.5 30 100.0% 29 96.7% 

1 (F) NS 
>37.5 0 0.0% 1 3.3% 

abd. mass no 30 100.0% 30 100.0% 
F : Fisher exact test  C:  Chi square test T: t test 

This table shows that there is a 
significant difference between the 2 groups 
as regards pulse 

Where 93.3% of patients in remission 
have normal pulse and 6.7 % only have 

tachycardia >90 while 73.3% in activity 
have normal pulse and 26.7% have 
pulse>90. 

There is no significant difference in 
fever between the 2 groups. 
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Table 3: Comparison of RDW, CRP, serum iron and serum procalcitonin in remission and activity 

  
Remission Activity test of significance 

Mean / Median SD / IQR Mean / Median SD / IQR p value sig. 
RDW 14.09 1.18 15.78 3.38 0.014 (T) S 
CRP 5 3.2 - 10 8.25 3.5 - 25 0.176 (M) NS 
S.Iron (mcg/dl) 52 30 - 68 26 12 - 60 0.033 (M) S 
Procal (ng/ml) 0.62 0.44 0.98 0.76 0.029 (T) S 

T: t test M:  Mann Whitney test   There is significant difference as regards RDW. 

This table shows significant difference 
between the 2 groups in serum iron where 
median in remission is 52 mcg/dl while 
median in activity is 26 mcg/dl. 

There is significant difference in serum 
procalcitonin where mean in remission is 
0.62 ng/ml while in activity is 0.98 ng/ml. 

There is no significant difference 
between the 2 groups as regards CRP. 

 

DISCUSSION: 

In our study, we did not find any 
correlation between smoking habits and the 
occurrence or severity of IBD (P value=1) 
because most of our patients in this study did 
not have a history of smoking at the time of 
diagnosis. There is no statistically significant 
difference between patients in remission and 
in exacerbation as regards smoking, this was 
similar to the study conducted by (Esmat et 
al.(16) where they did not find any correlation 
between smoking habits and the occurrence 
or severity of UC because most of their 
patients did not have a history of smoking at 
the time of diagnosis. 

As regards disease presentation in the 2 
study groups, patients in activity have more 
significant difference in the occurrence of 
abdominal pain (P =0.003), diarrhea (P 
<0.001), bleeding per rectum (P<0.001), 
tenesmus (P=0.037) and tachycardia (P= 
0.038) than patients in remission, those 
symptoms can be declared as clinical indices 
of severity for IBD. The cardinal symptom 
of UC is bloody diarrhea, sometimes 
accompanied with abdominal pain or 
frequent bowel movements. The cardinal 
symptoms of CD are similar to UC. Patients 

frequently present with chronic abdominal 
pain and/or diarrhea (17). 

As regards extra intestinal 
manifestations the occurrence of arthralgia 
was more significant in the activity group 
(P=0.007) while occurrence of other extra 
intestinal manifestation wasn’t significantly 
different between both groups. Joint 
involvement is the most common extra 
intestinal manifestation in IBD, affecting up 
to 35% of patients (18). 

Our study found that the mean value for 
RDW in remission is 14.09 %while in 
exacerbation is 15.78% and that there is a 
significant difference between the 2 groups 
(P value 0.014), this is similar to the study 
by Ipek et al.,(19) who conducted his study on 
310 ulcerative colitis patients and found that 
the mean RDW levels in patients with active 
ulcerative colitis and in those in remission 
were 16.8±2.9 and 15.5±1.4, respectively 
(P<0.001). 

As regards CRP, we found that there is 
no significant difference between the 2 
groups as regards CRP (P value 0.176), in 
contrast to Ipek et al.,(19) who found that 
CRP levels were significantly increased in 
patients with active UC compared to the 
patients in remission (P value <0.001). There 
is remarkable heterogeneity in the CRP 
response between CD and UC. Whereas CD 
is associated with a strong CRP response, 
UC has only a modest to absent CRP 
response (20). 

Also, we concluded that the serum 
procalcitonin level was higher in patients 
with IBD activity of a mean of 0.98 ng/ml 
than those in remission with a mean of 0.62 
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ng/ml (P value 0.029).This was similar to a 
study by Oussalah et al.,(12) that showed that 
the median value of serum procalcitonin was 
significantly higher in patients with active 
IBD (0.1 ng/mL; IQR 25–75th, 0.07 to 0.21) 
in comparison with those with inactive 
disease (0.07 ng/ml; IQR 25–75th, 0.06 to 
0.08) (P = 0.02). Similarly, Koido et al.,(21), 
showed that PCT was ~3-fold higher in 
patients with active disease Nishio et al.(22) 
found that PCT was ~3-fold higher in 
patients with active disease but not in those 
with active UC. In contrast Chung et al.,(23 ) 

Ge et al.,(24) and Hosomi et al.,(25) found that 
PCT was non-significantly higher in patients 
with active disease 

While studying serum iron in IBD 
patients we found that there is a significant 
difference between the 2 groups (P value 
0.033). 
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والحديد فى الدم وتوزيع عرض خلايا الدم الحمراء كعلامات بيولوجيه تقييم نسبة البروكالسيتونين 
 .جديده فى مرض التھاب الامعاء

على الرغم من أن بعض .التھاب القولون التقرحى ومرض كرونز ھى امراض التھابيه مجھولة السبب: المقدمه
نفتقر العلامات المعمليه الخاصه والحساسه مؤشرات النشاط الاكلينيكيه تستخدم عادة في مرض التھاب الأمعاء، الا اننا 

لاتزال العلامات الاكثر شيوعا فى الممارسه الاكلينيكيه ھى العلامات التقليديه مثل .التى ترتبط بنشاط المرض ومضاعفاته 
يزيد  حيث يلعب البروكالسيتونين دورا رئيسيا فى الالتھابات .بروتين سى التفاعلى وسرعة الترسيب وكرات الدم البيضاء

ھناك بعض البيانات التي أظھرت أن مستوى . مستوى البروكالسيتونين فى البلازما اثناء الالتھابات البكتيريه وتعفن الدم 
تشير دراسات سابقه إلى أن امراض .ھو علامة مفيدة في العديد من الاضطرابات الالتھابية دمالبروكالسيتونين فى ال

فقر الدم ھو المضاعفه خارج الامعاء الاكثر انتشارا .مستويات البروكالسيتونين في الدم الالتھاب وعدوى في الأمعاء قد تزيد
. أدرجت نسبة الحديد فى الدم في العديد من الدراسات كعلامة التھاب فى مرض التھاب الأمعاء. فى مرض التھاب الأمعاء

السيتوكينات الموالية للالتھابات وقد وجد ان .ءلتفاوت حجم كريات الدم الحمراتوزيع عرض الخلايا الحمراء ھو قياس كمى 
وبالتالي، يسبب الالتھاب صدور خلايا الدم الحمراء غير . تمنع نضوج خلايا الدم الحمراءالتى يقوم بھا الإرثروبويتين

  .الناضجة  في الدورة الدموية الطرفية، مما قد يؤدي إلى تفاوت الكريات 

لى تقييم حساسية وخصوصية البروكالسيتونين والحديد فى مصل الدموتوزيع تھدف ھذه الدراسة إ :الھدف من العمل
 عرض الخلايا الحمراءكعلامات بيولوجية جديدة لنشاط  المرضى الذين يعانون مرض التھاب الأمعاء

كرون (مريضا ممن ھم مؤكد تشخيصھم  انھم يعانون من مرض التھاب الأمعاء  ٦٠تم تقسيم  : المرضى والاساليب
بالاضافه الى التحاليل التقليدية تم سحب . بدون نشاط  ٣٠فى نشاط و ٣٠الى مجموعتين )  والتھاب القولون التقرحي

  .البروكالسيتونين والحديد بعينة دم

وجدت النتائج فرق واضح بين المجموعتين فيما يخص نسبة الحديد فى الدم حيث كان المتوسط اثناء النشاط  :النتائج
26 mcg/dl 52 ما كان المتوسط فى غير النشاط بينmcg/dl وكلك بالنسبه لتوزيع عرض الخلايا الحمراء

  .ng/ml 0.62بينما فى غير النشاط  ng/ml 0.98والبروكالسيتونين فى الدم حيث كان المتوسط اثناء النشاط  

ضى التھاب الامعاء يحتاجوا توزيع عرض الخلايا الحمراء ونسبة الحديد فى الدم والبروكالسيتونين فى مر :لاستنتاجا
 .ان يدرجوا فى دراسات اخرى بعينات اكبرلامكانية استخدامھم فى المستقبل كدلائل نشاط لمرضى التھابات الامعاء

 

 

 

 

 

 

 

 

 

 

 

 

   


