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*Başkent University, Faculty of Medicine, Departments of Internal Medicine and Gastroenterology, Adana, Turkey
**Karadeniz Technical University, School of Medicine, Departments of Internal Medicine and Gastroenterology, Trabzon, Turkey
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Plasma viscosity: a potential predictor of both medical treatment response and clinical stage of ulcerative colitis

AIM: Ulcerative colitis (UC) is one of the major forms of chronic relapsing inflammatory bowel diseases. The ability to
identify type, severity and responsiveness to therapy of UC using laboratory parameters has long been the aim of clini-
cal studies. The aim of this study was to assess the relation betweenplasma viscosity (PV) and disease activity and response
to medical treatment in patients with UC. 
MATERIAL AND METHODS: The study included 105 patients with UC and 42 healthy volunteers. Blood samples were
assessed for PV, erythrocyte sedimentation rate (ESR), high sensitive C-reactive protein (hs-CRP), D-dimer, and fibrino-
gen.
RESULTS: Patients with UC were grouped according to disease activity, i.e. active (n= 59) and remission (n= 46). PV
was higher in those with active UC compared with those with UC in remission or healthy subjects. It was significant-
ly higher in both UC refractory to steroid compared to UC responsive to steroid (p< 0.001) and UC refractory to
cyclosporine compared to UC responsive cyclosporine (p= 0.003). IncreasedSimple Clinical Colitis Activity Index (SCCAI),
Endoscopic Grading Scale (EGS), and Histological Disease Activity (HAD) scores were significantly associated with 
higher PV in patients with UC.
CONCLUSION: PV is a useful marker in predicting response to steroid or cyclosporine treatment in patients with active
UC. It could be replaced by ESR or hs-CRP as a measure of the acute phase response in UC since it is sufficiently sen-
sitive. These findings may help identify patients with active UC who will require colectomy.
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exacerbations. To date, no factors have been identified
as being reliable predictors of relapses in UC. Diagnosis
of UC is based on clinical symptoms combined with
radiological and endoscopic investigations. Tests some-
times invasive are routinely performed for the diagnosis
and care of patients with inflammatory bowel diseases
(IBD). It is necessary to employ non-invasive biomark-
ers. The ability to determine type, severity and progno-
sis of UC and response to therapy by using biomarkers
has long been the aim of clinical researchers 1,2. Simple
laboratory markers of colonoscopic activity in UC are
desirable, but none has yet been identified.

Introduction

Ulcerative colitis (UC) is a chronic inflammatory disease
of the intestines. The clinical course of UC is charac-
terized by periods of remission punctuated by clinical
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The main biomarkers in UC are acute-phase proteins
(APP), which are released from the liver in response to
cytokines, and measurement of serum concentrations
offers a valuable means of assessing IBD. The laborato-
ry tests most used to measure APP in clinical practice
are serum concentrations of C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR). Other bio-
markers of inflammation in UC include platelet count,
leukocyte count, and serum albumin and serum oroso-
mucoid concentrations 3. A good biomarker must be
accurate, reproducible, standardized, and easy to be inter-
preted by clinicians and must have a high diagnostic sen-
sitivity and specificity. Unfortunately, no single marker
has all these features. Development of biomarkers in UC
will be very important in the future. Clinical indices of
disease activity, such as the ulcerative colitis activity index
(UCAI) and Truelove-Witts criteria reflect the patient’s
well-being and the quality of life rather than the degree
of mucosal inflammation.
Goals of drug treatment for UC are to treat the symp-
toms and to induce clinical remission. In severe UC,
after three days of intensive treatment (hydrocortisone
and/or cyclosporine), patients with frequent stools (>8/d
or 3-8 stools/d) and CRP >45 mg/L should be identi-
fied as most of them will need to undergo colectomy 4

. Ileal-pouch anal anastomosis is an elective surgical treat-
ment in about 20%-30% of UC patients that eventual-
ly undergo surgery. Earlier colectomy in patients with
UC failing to respond to medical therapy has decreased
the mortality rate from 30% to <3% 5,6. Both steroid
and cyclosporine treatments reduce success of colectomy.
Moreover, significant side effects have been reported in
UC patients treated with both medical treatments 7.
Viscosity is known to be resistance of fluids against
flow. Hemorheological characteristics of blood include
plasma viscosity (PV), red blood cell deformability and
aggregation whole blood viscosity, hematocrit, and plas-
ma fibrinogen levels. PV is a biochemically changeable
content and is determined by plasma proteins, espe-
cially fibrinogen, immunoglobulins and other blood-
borne proteins, lipoproteins. Elevated PV may lead to
tissue injury by impairing microcirculatory flow, ele-
vated tendency for thrombosis, and shear stress injury
at the blood endothelial 8.
There have been few studies about the use of PV in clin-
ical practice. The first biochemical application of PV
measurement was reported in 1942 when its use in pul-
monary tuberculosis was described, and a relation
between ESR and PV was noted 9. There is only one
previous report of the use of PV in IBD 10. It was a
retrospective evaluation of PV measurement in a large
series of patients with UC. PV can be used as a non-
specific measure of APP 11,12 and may have several advan-
tages over the more widely used CRP or ESR. 
The aim of the present retrospective study was to reveal
the role of PV and other parameters in determining the
disease activity and response to medical treatment in UC

by employing multiple statistical approaches as delaying
colectomy means diminished success in the standard
practice. Laboratory indices may be particularly helpful
here, but no laboratory test has been shown to be with-
out limitations. This is the first study to investigate PV
and D-dimer.

Materials and Methods

PATIENTS

The study included 105 patients with UC(55 females
and 50 males) aged 18 to 71 years (42±15 years,
mean±SD) and followed by Gastroenterology
Department of Baskent University, Adana, Turkey. Only
patients with a definite or strong suspicion of UCwere
screened. The recruited patients were hospitalized or fol-
lowed up at the outpatient clinic of Gastroenterology
Department. Inclusion criteria were age of 18-75 years
and a diagnosis of certain or probable UC. The patients
were grouped according to disease activity; i.e. active (n=
59) or remission (n= 46). The diagnosis of UC was
based on conventional clinical, radiological, endoscopic
and histological criteria. Upper endoscopic and ultra-
sonographic examinations of the patients were obtained.
The control group consisted of 42 healthy volunteers (19
females and 23 males) from the hospital staff and their
family members aged 42±12 years and having normal
liver functions according to standard biochemical tests.
The exclusion criteria were reported age of <18 or >75
years, pregnancy and known or probable Crohn’s colitis,
infectious colitis or ongoing infection. Furthermore, indi-
viduals suffering from chronic or acute diseases, such as
hypertension, diabetes mellitus, diseases of the liver, kid-
ney, and endocrine and immunological disorders, car-
diovascular disease, other known causes of protein-losing
enteropathy, abscess formation, intestinal fistulae or
obstruction, pseudomembranous colitis or other specific
infective colitis, previous intestinal resection, multiple
sclerosis, malignancy, alcohol-drinking subjects and
patients on drugs including steroid therapy, anti
inflammatory, antidepressant, anticonvulsant, anti-
platelet, anticoagulation, phenytoin, ketoconazole, anti-
tubercular therapy, thyroid hormone replacement, regu-
lar calcium and vitamin D supplementation were exclud-
ed from both patient groups and healthy controls.

CLINICAL, ENDOSCOPIC, AND HISTOLOGICAL DISEASE ACTIVITY

A complete medical history was obtained and physical
examination was performed in all the UC patients.
Disease activity (active or remission) in the patients with
UC was assessed withSimple Clinical Colitis Activity
Index (SCCAI), taking account of five clinical criteria:
day and night stool frequency, urgency of defecation,
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blood in the stool, general well-being, and presence of
extracolonic manifestations 13. An SCCAIof ≤2 points
was defined as clinical remission. Active disease was
defined as mild (SCCAI of 3-6), moderate (SCCAI of
7-11), or severe (SCCAI of ≥12).
Colonoscopy with biopsy sampling was performed in all
the patients with UC to assess endoscopic severity and
extent of the disease with Endoscopic Grading Scale
(EGS). Endoscopic severity was measured by a modified
endoscopic score on an 18-point scale 14 involving 9
parameters: erythema, vascular pattern, friability, granu-
larity, spontaneous bleeding, occurrence and severity of
ulcers, extent of ulcerated surface, and presence of
mucopurulent exudates. All parameters were scored from
0 to 2 points. Four grades of endoscopic activity were
considered according to the sum of all parameters: inac-
tive disease (0-3), mild disease (4-7), moderate disease
(8-12), and severe disease (13-18). The extent of the dis-
ease was recorded as proctitis, left-sided colitis, and
extensive colitis.
Grading of theHistological Disease Activity (HDA)was
performed with scores from 0 to 3 for four histological
variables 14: ulceration, erosion, crypt abscess, and cryp-
titis (HDA from 0 to 12). Four grades of histological
activity were considered according to the sum of the his-
tological variables: remission (0-3), mild disease (4-6),
moderate disease (7-9), and severe disease 10-12. The most
inflamed site in the colon or rectum was taken into
account for the assessment of the endoscopic and histo-
logical scores. 
Clinical remission was defined as baseline bowel func-
tion with absence of blood for at least one year.
Endoscopic remission was defined as normal endoscop-
ic features, i.e., grade 0 or 1 using a previously report-
ed grading score. Grade 0 corresponded to normal, vas-
cular pattern clearly visible, grade 1 erythema with loss
of vascular pattern, grade 2 erythema with loss of vas-
cular pattern plus contact bleeding, grade 3 erythema
with loss of vascular pattern plus spontaneous bleeding
and grade 4 erythema with loss of vascular pattern plus
obvious ulceration 15. UC was considered to be in remis-
sion when the combination of clinical, endoscopic, and
histological grading was suggestive of inactive disease.

SAMPLE COLLECTION AND ANALYSIS

All subjects fasted for at least 12 hours. Venous blood
from all the study subjects was collected in
ethylenediaminetetraacetic acid (EDTA)-containing tubes
without any additives between 8 and 10 a.m. The sam-
ples were sealed to prevent any evaporation and conse-
quent concentration, and transported on ice to the lab-
oratory for analysis. Plasma and serum were separated
by low-speed centrifugation (at 4 °C, at 1200g for 15
minutes), which were all performed later the same day.
Grossly hemolyzed or lipemic specimens were not used.

MEASUREMENT OF PLASMA VISCOSITY

PV was determined using standard technology in a pro-
grammable rotational viscometer (Brookfield Program-
mable Rheometer model DV-III plus, Stoughton, MA,
USA), which uses a cone-and-plate measuring head
requiring 0.5 mL of the sample fluid. The cone is cou-
pled to a motor by a spring, the rotational speed of
which can be preset, and determines the shear rate. All
measurements were performed at 37 °C, with a shear
rate of 450 s–1. The interassay coefficient of variation
was 2%. The viscosity measurement results were
expressed in mPa-s.

OTHER MEASUREMENTS

Serum fasting blood glucose, total protein, albumin, blood
urine nitrogen (BUN), creatinine, serum lipids including
total cholesterol, triglyceride, aspartate aminotransferase,
alanine aminotransferase, and total bilirubin were mea-
sured in an Abbott AEROSET autoanalyzer using Abbott
kits (Abbott Laboratories, Abbott Park, IL, USA). 
Plasma D-Dimer (quantitative) and fibrinogen levels were
measured by an immunoturbidimetric method with
Diagnostic Stago START analyzer using Diagnostic
StagoFibri-Prest 2 kit (Rankin Biomedical Corporation,
Holly, MI, USA). Prothrombin time (PT) was measured
by Sysmex CA-1500 System (Siemens Healthcare
Diagnostics, Marburg, Germany). A complete blood
count [hemoglobin concentration, total white blood cell
(WBC) count, platelet count, mean platelet volume
(MPV)] was measured (Coulter counter; Coulter elec-
tronics, Luton). ESR was measured by the Westergren
method. High-sensitive CRP (hs-CRP) was detected by
rate nephelometry (Behringnephelometer; Hoechst UK,
Hounslow). D-Dimer, fibrinogen, PV, CRP, and ESR
were measured at baseline, on the third day, and in the
third month. 
This study was approved by BaskentUniversity insti-
tutional review board and ethics committee. Written
informed consent was obtained from all participants
at inclusion in accordance with the Helsinki
Declaration.

STATISTICAL ANALYSIS

All parametric results were expressed inmean±standard
deviation (SD). The Statistical Package Program for
Social Sciences (SPSS, version 21 for windows; SPSS
Inc., Chicago, Illinois, USA) was used to perform all
statistical calculations. Normal (Gaussian) distributions of
the continuous variables were evaluated by using One-
Sample Kolmogorov-Smirnov test. Categorical variables
were compared with X2 test. Comparisons between the
groups were made by using Student’s t-test, Mann-
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Whitney U test, and ANOVA as appropriate.
Correlations between the variables were determined with
Pearson or Spearman correlation tests as appropriate.
Differences were considered statistically significant at
p<0.05. 
A receiver-operating characteristic (ROC) curve demon-
strates characteristics of a diagnostic method by plotting
the false positive rate (1-specificity) on a horizontal axis
and the true positive rate (sensitivity) on a vertical axis
for various cut-off values. The area under the ROC curve
(AUC) is a popular measure for accuracy of a diagnos-
tic test. A diagnostic test that has a greater AUC is a
better predictor of presence of a disease. To determine
the accuracy and respective best cut-off values of inflam-
mation and coagulation markers for predicting response
to steroid or cyclosporine treatment in patients with
active UC, ROC curves, and their corresponding AUC
were used. Sensitivity and specificity were calculated for
each cut-off value. 

Results

There was not a significant difference in gender and
age between the UC patients and the controls (p>
0.05). The patients with active disease and those at
remission did not differ significantly in terms of gen-
der, age, duration of disease, and extent of disease (p>

0.05). Baseline demographic, clinical and laboratory
data about the patients and the healthy controls are
shown in Table I. The active UC patients had signif-
icantly higher scores for clinical, endoscopic, and his-
tological indices than the UC patients at remission (p<
0.001) (Table I).

HEMATOLOGICAL, BIOCHEMICAL, INFLAMMATORY, COAGULATION

PARAMETERS AND EFFECTS OF TREATMENT ON THESE

PARAMETERS

The hematological, and biochemical variables creatinine,
AST, ALT, PT, platelet count, and PT were significant-
ly higher in active UC than UC in remission (p<0.05)
(Table II). However, total protein, albumin, triglyceride,
hemoglobin and MPV levels were lower in active UC
than in UC in remission (p< 0.05).
As inflammatory and coagulation variables, PV, hs-CRP,
ESR, fibrinogen, D-Dimer, and WBC on admission were
higher in patients with active UC than in those with
UC in remission and the control group (Table III). A
comparison of the same parameters across different mea-
surement times is shown in Table IV. In the patients
with active UC, all inflammatory and coagulation para-
meters were significantly decreased on the 3rd day of
treatment except for WBC. In the 3rd month of treat-
ment, all inflammatory and coagulation parameters were
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TABLE I - Demographic, and clinical data about ulcerative colitis and controls

Ulcerative Colitis (n = 105)
Active Remission Control P value P value

(n = 59) (n = 46) (n = 42) (Active vs Remission) (Active vs Control)

Age (Range, year) 41.9±16.5 48.3±16.6 42.2±12.9 NS NS
(18 – 74) (22 – 80) (18 – 71)

Gender (M/F) 24/35 26/20 23/19 NS NS
Mean duration of disease, months (range) 14 (1 – 92) 23 (3 – 102) NS
Extent of disease 
Proctitis 20 21
Left-sided colitis 20 13 NS
Extensive colitis 19 12
SCCAI score 9.6 (5 – 15) 0 (1 – 2) <0.001
EGS score 10.9 (4 – 17) 0.8 (0 – 3) <0.001
HDA score 8.2 (4 – 12) 0 (0 – 3) <0.001
Medications 
5-ASA compounds 59 45
iv steroids 21 0
Topical steroids 16 0
Oral steroids 40 3
Azathioprine 9 20
Infliximab 0 3
Adalimumab 0 1

All results are expressed in mean±standard deviation 
M – Male; F – Female; SCCAI – Simple Clinical Colitis Activity Index; EGS – Endoscopic Grading Scale; HAD – Histologic Disease Activity
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TABLE II - Hematological, and Biochemical Characteristics of Patients with Ulcerative Colitis and Controls

Ulcerative Colitis (n = 105)
Active Remission Control P value P value

(n = 59) (n = 46) (n = 28) (Active vs Remission) (Active vs Control)

FBG (mg/dL) 93.6 ± 30.1 94.7 ± 27.3 89.2±14.3 NS NS
BUN (mg/dL) 16.9±7.0 18.1±3.9 18.0±4.6 NS NS
Creatinine (mg/dL) 0.9±0.1 0.9±0.1 0.8±0.1 0.031 0.021
Total Protein (g/dL) 6.3±0.6 6.8±0.2 6.8±0.1 <0.001 <0.001
Albumin (g/dL) 3.5±0.5 3.9±0.2 3.8±0.1 <0.001 <0.001
AST (IU/L) 36.1±10.0 31.9±7.7 34.5±7.8 0.012 NS
ALT (IU/L) 35.0±8.4 31.2±5.4 30.4±8.0 0.029 0.016
Total Bilirubin (mg/dL) 1.0±0.1 0.9±0.0 0.9±0.1 NS 0.007
Total Cholesterol (mg/dL) 167.4±21.5 171.4±24.1 180.5±23.7 NS 0.007
Triglyceride (mg/dL) 150.0±23.6 166.1±32.5 175.1±36.9 0.018 <0.001
PT (s) 12.7±1.2 11.6±0.7 12.05±0.5 <0.001 0.012
Hemoglobin g/dL 10.3±1.7 12.1±0.7 13.1±0.8 <0.001 <0.001
Platelet count /µL 389353.5±150921.9 261287.1±59301.0 262261.8±79429.8 <0.001 <0.001
MPV (fL) 6.7±0.8 9.1±0.9 9.2±0.9 <0.001 <0.001

All results are expressed in mean±standard deviation 
FBG – Fasting Blood Glucose; BUN – Blood urine nitrogen; AST – Aspartate aminotransferase; ALT – Alanine aminotransferase; PT –
Prothrombin time; MPV – Mean Platelet Volume NS – Non significant; P value: study groups in comparison with controls and patients

TABLE III - Inflammatory and Coagulation Parameters

Ulcerative Colitis (n = 105)
Active (n = 59)

Admission 3rd day 3rd month Remission Control P value P value
(n = 46) (n = 28) 1 2

PV (mPa-s) 1.63±0.03 1.40±0.03 1.19±0.02 1.15±0.01 1.13±0.00 <0.001 <0.001
hs-CRP (mg/L) 27.5±2.89 16.20±2.17 3.93±0.45 4.64±2.11 1.95±0.14 <0.001 <0.001
ESR (mm/h) 33.40±1.96 23.61±1.21 19.79±0.80 21.95±0.62 18.33±0.50 <0.001 <0.001
Fibrinogen (mg/dL) 332.74±17.44 274.84±8.67 260.59±6.01 234.78±7.02 234.80±6.35 <0.001 <0.001
D-Dimer (ng/mL) 383.52±23.84 317.01±17.34 301.67±11.33 267.21±10.05 <0.001 <0.001
WBC count 109/L 11001.12±466.42 13519.49±223657 7820.61±208.04 7721.52±208.32 7106.24±200.81 <0.001 <0.001

All results are expressed as mean±standard deviation 
PV – Plasma Viscosity; hs-CRP – High-sensitive C-reactive protein; ESR – Erythrocyte Sedimentation Rate; WBC- White Blood Cell
P value 1: values for Active Ulcerative Colitis in comparison with Ulcerative Colitis in Remission on admission
P value 2: Values for patients with Active Ulcerative Colitis in comparison to Control Group on Admission

TABLE IV - Comparison of repeated parameters of inflammatory and coagulation across measurement times

Active Ulcerative Colitis
Admission 3rd day Admission 3rd month 3rd month 
vs 3rd day vs 3rd month vs 3rd month vs Remission vs Control
(p Value) (p Value) (p Value) (p Value) (p Value)

PV (mPa-s) < 0.001 < 0.001 < 0.001 NS NS
hs-CRP (mg/L) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
ESR (mm/h) < 0.001 < 0.001 < 0.001 0.015 NS
Fibrinogen (mg/dL) < 0.001 NS < 0.001 0.002 0.006
D-Dimer (ng/mL) < 0.001 NS 0.002 NS NS
WBC count 109/L NS 0.015 < 0.001 NS 0.017

PV – Plasma Viscosity; hs-CRP – High-sensitive C-reactive protein; ESR – Erythrocyte Sedimentation Rate; WBC- White Blood Cell
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significantly decreased in comparison with those at
admission excluding fibrinogen. It was significantly high-
er in active UC than in UC in remission in the 3rd

month. Moreover, in the 3rd month, hs-CRP and WBC
were significantly higher in active UC than in the con-
trol group.
Of 59 active UC patients, 44 responded to steroid
treatment. The remaining 15 were switched to
cyclosporine treatment. Of 15 patients, 5 required
colectomy after 3 months. The mean age,PV, hs-CRP,
ESR, fibrinogen, D-Dimer, and WBC were signifi-
cantly higher in steroid refractory active UC than in
steroid responder active UC (Table V). Similarly, PV,
hs-CRP, and D-Dimer were significantly higher in the
cyclosporine refractory active UC patients than inthe
cyclosporine responder active UC patients. The mean
age and fibrinogen, D-Dimer and WBC were higher
in the cyclosporine refractory active UC patients than
in the cyclosporine responder active UC patients,
though not significantly.

ACTIVITY INDICES OF ULCERATIVE COLITIS

As PV increased sodid SCCAI scores [remission (n= 46):
1.15±0.10 mPa-s; mild (n= 8): 1.25±0.16 mPa-s; mod-
erate (n= 37): 1.61±0.21 mPa-s; severe (n= 14):
1.90±0.05 mPa-s], indicating that PV changes in UC
patients depending on disease activity (one-way ANO-
VA, p< 0.001) (Fig. 1). There was not a significant dif-
ference in PV between remission and mild activity
groupsbased on SCCAI scores (p= 0.433).
A similar relation was detected between the EGS score
and PV (p< 0.001). As PV increased so did EGS scores
in patients with UC [remission (n= 46): 1.15±0.10 mPa-
s; mild (n= 10): 1.27±0.16 mPa-s; moderate (n= 26):
1.57±0.21 mPa-s; severe (n= 23): 1.85±0.08 mPa-s] (one-
way ANOVA, p< 0.001) (Fig. 1). 
In addition, as PV increased so did HDA scores in
patients with UC [remission (n= 45): 1.15±0.10 mPa-s;
mild (n= 11): 1.29±0.22 mPa-s; moderate (n= 26):
1.60±0.22 mPa-s; severe (n= 22): 1.83±0.10 mPa-s] (one-
way ANOVA, p< 0.001) (Fig. 1).
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TABLE V - Inflammatory and coagulation variables According to Response to Medical Treatment

Steroid Treatment Group Cyclosporine Treatment Group
Refractory (n=15) Responsive (n=44) P Value Refractory (n= 5) Responsive (n= 10) P Value

Age (year) 50.8±17.0 38.9±15.4 0.032 55.8±12.9 46.4±19.1 NS
PV (mPa-s) 1.85±0.08 1.55±0.2 <0.001 1.93±0.03 1.78±0.14 0.003
hs-CRP (mg/L) 46.53±16.47 21.12±10.2 <0.001 60.80±9.12 36.63±16.67 0.005
ESR (mm/h) 46.86±16.74 28.81±11.4 <0.001 52.00±10.09 42.09±19.63 NS
Fibrinogen (mg/dL) 492.06±139.19 278.43±77.71 <0.001 583.20±172.11 428.63±112.06 NS
D-Dimer (ng/mL) 605.00±173.73 308.02±103.54 <0.001 766.00±114.14 504.09±45.01 0.009
WBC count 109/L 14837.07±1666.38 9693.41±3086.45 <0.001 15351.20±1879.97 13800.00±2994.66 NS

All results are expressed in mean±standard deviation 
PV – Plasma Viscosity; hs-CRP – High-sensitivity C-reactive protein; ESR – erythrocyte sedimentation Rate; WBC- White Blood Cell

Fig. 1: Plasma Viscosity
According to Various
Activity Indices of UC.

READ-O
NLY

 C
OPY 

PRIN
TIN

G P
ROHIB

ITED



CORRELATIONS ANALYSIS OF INFLAMMATION INDICES,
MARKERS OF COAGULATION AND FIBRINOLYSIS ACTIVATION

WITH VARIOUS ACTIVITY INDICES OF UC

In a total of 105 UC patients, clinical, endoscopic, and
histological scores were strongly correlated with laborato-
ry parameters. Table VI shows correlation coefficients
between these three activity indices of UC and laborato-
ry variables. The highest positive correlation coefficient
was obtained between PV and either of three activity
indices (r= 0.890 for EGS; r= 0.883 for SCCAI; r= 0.874
for HDA). Although MPV had the second highest cor-
relation coefficient of the laboratory parameters, the rela-
tion between MPV and UC activity indices was negative. 
In the patients with UC, PV had a significant posi-
tive correlation with defecation count, hs-CRP, ESR,
fibrinogen, D-Dimer, body temperature, heart rate,
PT, PLT, AST, ALT, bilirubin and creatinine 

(Table VII) However, there was a negative correlation
between PV and Hgb, MPV, total protein, albumin,
and triglyceride. The highest correlation coefficient
was obtained between PV and MPV (r= -0.750;
p<0.001). However, similar relationships were not
found in the control group. In fact, there was a sig-
nificant negative correlation between PV and PT (r=
-0.325; p= 0.036), PLT (r= -0.318; p= 0.043), and
AST (r= -0.344; p= 0.028). 
Gender was not significantly correlated with PV in the
patient group and the control group. The mean PV was
1.59±0.31 and 1.66±0.23 (p= 0.369) in the male active
UC patients and the female active UC patients respec-
tively. It was 1.14±0.08 and 1.17±0.12 in the male UC
patients at remission and the female UC patients at
remission respectively (p= 0.368). It was 1.14±0.05 and
1.12±0.04 in the male healthy controls and the female
healthy controls respectively (0.337).
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TABLE VI - Pearson coefficient analysis of laboratory variables and various activity indices of ulcerative colitis

SCCAI EGS HDA

PV r 0.883 0.890 0.874
p <0.001 <0.001 <0.001

hs-CRP r 0.686 0.686 0.650
p <0.001 <0.001 <0.001

ESR r 0.645 0.647 0.586
p <0.001 <0.001 <0.001

Fibrinogen r 0.648 0.665 0.614
p <0.001 <0.001 <0.001

D-Dimer r 0.635 0.618 0.590
p <0.001 <0.001 <0.001

MPV r - 0.825 - 0.815 - 0. 839
p <0.001 <0.001 <0.001

PV – Plasma Viscosity; SCCAI – Simple Clinical Colitis Activity Index; EGS – Endoscopic Grading Scale; HAD – Histologic Disease Activity;
ESR – erythrocyte sedimentation Rate; hs-CRP – High-sensitivity C-reactive protein; MPV – Mean platelet volume

TABLE VII - Pearson coefficient analysis of clinical and laboratory variables in the ulcerative colitis patient group (n=105).

Plasma Defecation hs-CRP ESR Fibrinogen D-Dimer WBC SCCAI EGS HDA Body Heart
viscosity count count Temperature Rate

r 0.635 0.679 0.706 0.655 0.626 0.744 0.883 0.890 0.874 0.648 0.646
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

PT HGB PLT MPV Total Protein Albumin AST ALT Bilirubin Triglyceride Creatinine
r 0.665 -0.772 0.735 -0.750 -0.560 -0.698 0.356 0.326 0.369 -0.200 0.352
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.043 <0.001

WBC – White blood cell; SCCAI – Simple Clinical Colitis Activity Index; EGS – Endoscopic Grading Scale; HAD – Histologic Disease
Activity; ESR – erythrocyte sedimentation Rate; hs-CRP – High-sensitivity C-reactive protein; PT – Prothrombin time; HGB – Hemoglobin;
PLT – Platelet count; MPV – Mean platelet volume; AST – Aspartate aminotransferase; ALT – Alanine aminotransferase
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COLONOSCOPY RESULTS AND EXTENT OF DISEASE

The distribution of the UC patients by extent of the
disease was as follows (%; active vs remission): of all the
patients with proctitis, 33.9% had active UC and 45.7%
had UC in remission. Of all the patients with left-sided
colitis, 33.9% had active UC and 28.3% had UC in remis-
sion. Of all the patients with extensive colitis, 32.2% had
active UC and 26.1% had UC in remission. There was
not a significant difference in extent of the disease between
patients with active and those with inactive disease (p=
0.272) (Table I). There was a significant gradual increase
in the mean values for inflammation and coagulation mark-
ers in active UC patients (Table VIII ). The patients with
extensive colitis had the highest values of inflammation and
coagulation markers except for MPV. They had the low-
est mean value of MPV.

PREDICTIVE PERFORMANCE OF INFLAMMATION AND

COAGULATION MARKERS

ROC curve analyses were conducted to determine
whether a cut-off point for marker indices could be
reliably used to predict responses to steroids. The AUC

was 0.948 (SE: 0.026) for D-Dimer, 0.944 (SE: 0.028)
for fibrinogen, 0.895 (SE: 0.040) for WBC, 0.869 (SE:
0.046) for PV, 0.823 (SE: 0.058) for MPV, 0.817 (SE:
0.057) for hs-CRP, and 0.814 (SE: 0.066) for ESR
(highest to lowest) (Fig. 2A). The best cut-off values
were 390 ng/mL for D-Dimer, 362.5 mg/dL for fib-
rinogen, 13650 109/L for WBC, 1.79 mPa-s for PV,
6.75 fL for MPV, 26 mg/L for hs-CRP, and 43 mm/h
for ESR.
ROC curve analyses were also made to predict respons-
es to cyclosporine. The AUC was 0.945 (SE: 0.059)
for PV, 0.927 (SE: 0.073) for hs-CRP, 0.900 (SE:
0.079) for D-Dimer, 0.800 (SE: 0.129) for fibrinogen,
0.691 (SE: 0.138) for WBC, 0.655 (SE: 0.138) for
ESR, and 0.564 (SE: 0.167) for MPV (from the high-
est to the lowest) (Fig. 2B). The best cut-off values
were1.92 mPa-s for PV, 52 mg/L for hs-CRP, 687.5
ng/mL for D-Dimer, 563 mg/dL for fibrinogen, 13950
109/L for WBC, 45 mm/h for ESR, and 5.95 fL for
MPV. The sensitivity of PV and fibrinogen was 60%.
The sensitivity of hs-CRP, ESR, D-dimer, and WBC
was 80%. 
In addition to these, the AUC was calculated for stool
frequency, PV, hs-CRP, fibrinogen, D-dimer and WBC
on admission, on the 3rd day and in the 3rd month
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TABLE VIII - Inflammation and coagulation markers in UC patients with active disease according to the extent of bowel inflammation

Proctitis Left-Sided Colitis Extensive Colitis p

PV (mPa-s) 1.40±0.25 1.65±0.20 1.84±0.10 <0.001
hs-CRP (mg/L) 11.67±10.42 24.75±20.33 47.31±18.38 <0.001
ESR (mm/h) 25.30±10.38 31.55±14.28 43.89±14.49 <0.001
Fibrinogen (mg/dL) 246.30±49.92 310.05±94.61 447.63±151.57 <0.001
D-Dimer (ng/mL) 273.00±81.93 320.35±83.97 566.3684±190.07 <0.001
WBC count 109/L 7718.00±1900.34 11106.50±3028.75 14346.11±2016.14 <0.001
PT (s) 11.7650±0.64 12.43±0.78 14.1105±0.78 <0.001
Platelet count /µL 256200.00±79554.41 390583.00±126838.62 528221.05±98359.18 <0.001
MPV (fL) 7.33±1.11 6.42±0.50 6.32±0.53 <0.001

PV – Plasma Viscosity; ESR – erythrocyte sedimentation Rate; hs-CRP – High-sensitivity C-reactive protein; PT – Prothrombin time; HGB –
Hemoglobin; PLT – Platelet count; MPV – Mean platelet volume; MPV – Mean platelet volume

TABLE IX - Receiver–operating characteristic curve of Inflammation and coagulation markers for response to steroid treatment in patients with
active UC

PV hs-CRP ESR Fibrinogen D-Dimer WBC MPV

Cut off 1.79 26 43 362.5 390 13650 6.75
Sensitivity 80% 93% 73% 80% 93% 80% 93%
Specificity 81% 70% 86% 90% 86% 80% 66%
PPV 60% 52 55 60 60 57 48
NPV 92% 97% 95% 93% 97% 92% 97%
AUC 0.869 0.817 0.814 0.944 0.948 0.895 0.823
Accuracy 81% 76% 83% 88% 88% 80% 73%

PV – Plasma Viscosity; PPV – positive predictive value; NPV – negative predictive value; AUC – area under curve; hs-CRP – High-sensi-
tivity C-reactive protein; ESR – erythrocyte sedimentation Rate; WBC- White Blood Cell
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separately to predict response to steroid and
cyclosporine treatment (Figs. 3, 4).

Discussion

Both activity and courses of UC are generally consid-
ered as unpredictable. During the course of the disease,
nearly 15% of patients with UC suffer from an acute
severe flare 16. In nearly 60% of these acute attacks,
steroid treatment is successful 3,17. In patients with UC
refractory to steroid treatment, cyclosporine may be effi-

cient with initial response rates ranging from 60% to
85% 18,19. Approximately 50% of patients with UC will
respond to cyclosporine but nearly half of these will
have a relapse when treatment is discontinued. The
responsiveness to these medical treatments is also poor-
ly predictable. It is quite important to know that
administration of steroids or cyclosporine influence suc-
cess of colectomy. Therefore, this study was directed
towards describing the laboratory factors that predict
responsiveness to medical treatment on admission and
the 3rd day of treatment. 
PV is a major indicative of capillary blood stream
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Fig. 2: Receiver–operating characteristic (ROC) curve for Inflammation and coagulation markers.

A) for Predicting Steroid Treatment
B) for Predicting Cyclosporine Treatment

Fig. 3: The area under the curve for predicting responsiveness to
steroid treatment.

Fig. 4: The area under the curve for predicting responsiveness to
cyclosporine treatment.
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through the microcirculation; an elevation in blood vis-
cosity decreases bloodstream in the microcirculation, thus
reducing tissue perfusion, which, if impaired, could lead
to potentially important clinical states 20. It is superior
to ESR in that it is practical and independent of packed
cell volume, gender, and age 21. PV measurement is
exactly harmless, very simple, cheap, and noninvasive. It
has been indicated that PV may be less useful in clini-
cal conditions associated with anemia and hypoalbu-
minemia; however, UC is associated with both condi-
tions 12.
In organic diseases, PV is an index of changes in plas-
ma proteins, principally a change in fibrinogen.
Fibrinogen strongly affects both blood coagulation and
rheology, and platelet aggregation. Clinical cohort inves-
tigations also suggest that fibrinogen is a risk factor for
cardiovascular disease. Half-life of fibrinogen is three to
six days whereas plasma half-life of CRP is about 19
hours and it is a nonspecific systemic marker of inflam-
mation. In addition,it has been reported that CRP lev-
els significantly differ between patients with UC and
those with Crohn’s disease (CD). It has been noted that
serum CRP levels are clearly elevated in patients with
CD, but are not elevated or slightly elevated in patients
with UC 22,23. There are two explanations for this dif-
ference. First,patients with CD have significantly higher
serum IL-6 levels than those with UC and healthy con-
trols. Also, inflammation is limited to the mucosa in
UC, but transmural in CD 24.
ESR is another traditional inflammation marker and
nonspecific like CRP. It is still widely used, but the use-
fulness of this test has decreased. ESR varies not only
with plasma protein levels but also hematocrit, size,
shape, and number of RBC, age, gender, anemia, blood
dyscrasias and pregnancy. During the first 24 hrs. of
acute-phase responses, CRP is a better indicator of the
acute phase. Compared with CRP, ESR reaches the high-
est point less quickly, decreases more slowly and has a
lesser degree of change 25.
MPV has been considered as a potential predictive mark-
er of clinical disease activity, being inversely proportion-
al to ESR and plasma CRP levels. The reason for a
decrease in MPV in clinically active UC is unknown,
but it may be a direct result of thrombopoiesis disorder
often observed in the early phases of systemic inflam-
matory progression 26.
There is also a relation between platelets and the
increased incidence of thromboembolic phenomena in
both CD and UC. Several investigations identified that
spontaneous platelet aggregation is observed in more than
30% of IBD patients 27.
Early treatment can improve management of patients
with UC at high risk of relapses. Bitton et al. reported
that ESR, CRP, IL-1b, IL-6, and IL-15 were not pre-
dictive of clinical recurrences in UC 28. In light of this
evidence from the literature and results of this study, PV
can be a better predictive marker in order to determine

whether UC responds or is refractory on the 3rd day of
medical treatment. In the present study, PV as a surro-
gate marker of disease activity in UC was evaluated. The
results showed that it was a sensitive and reliable indi-
cator of active disease in patients with UC. it was also
correlated with the degree of clinical activity as well as
disease severity on colonoscopy. itwas the only parame-
ter associated with more extensive involvement in UC. 
There has been only one study on PV in patients with
IBD [CD (n= 60) and UC (n= 71). However, it did
not have a control group absent] and was performed in
1992 10. The researchers reported that PV was higher in
patients with active CD than those with active UC. They
also reported that PV was correlated with CRP, but not
with any other laboratory measurements in patients with
UC. In the same study, they did not find a difference
between active UC and UC in remission in terms of
PV or a correlation between PV and UC disease sever-
ity. Unlike their study, the present study included a larg-
er sample with a UC group and a healthy control group
and revealeda higher PV level inthe active UC patients
than in the patients with UC in remission and the con-
trol group. In addition, UC activity indices, EGS,
SCCAI, and HAD had the highest correlation with PV.
This means PV has the most prognostic significance.
According to the correlation analysis, PV was correlated
with not only hs-CRP but also with ESR, fibrinogen,
D-Dimer, body temperature, heart rate, PT, PLT, AST,
ALT, bilirubin, and creatinine. MPV was the parameter
having the highest correlation with PV. In addition, this
is the first study to elucidate PV levels in active UC
patients in terms of responsiveness to medical treatment
and extent of bowel inflammation. In the present study,
ROC curves were constructed to predict responsiveness
to steroid and cyclosporine treatment for PV, fibrinogen,
major determiner of PV, and D-dimer fibrinogen/fibrin
degradation products.
In the present study, it can be emphasized that PV, D-
dimer, fibrinogen, platelet count and PT should be inves-
tigated together because of their relation with both
pathogenesis and complications of UC. The vascular the-
ory encourages the notion that intestinal vascular injury
is related to UC pathogenesis 29,30. There is evidence
that abnormalities within the microcirculation of the gas-
trointestinal tract play a pivotal role in development of
UC 30-32. Prothrombotic abnormalities within the coag-
ulation system 33-35, the presence of microthrombi with-
in the intestinal mucosa 30-32 and the increased risk of
thromboembolic complications in IBD patients 36-38

strongly suggest that a hypercoagulable state may be an
important contributory factor in the pathogenesis of UC39.
Moreover, the incidence of thrombotic complications in
UC patients has been found to be from 1.3% to 8%
in clinical investigations 36,37. The results of the present
study are consistent with those of the previous studies.
Zezos et al. found that both active and inactive UC
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patients had significantly higher proportions of coagula-
tion markers than healthy controls 40. They also showed
a strong correlation between ESR, fibrinogen, and D-
dimers, which were correlated with the severity and
extent of ulcerative colitis.
A number of investigations have been carried out in
order to predict responsiveness of UC to steroid treat-
ment based on laboratory and clinical parameters.
Laboratory parameters include increased levels of CRP
and ESR and decreased levels of hemoglobin,
prealbumin, albumin, orosomucoid, and haptoglobin.
Clinical parameters include tachycardia and temperature
>101°F, stool frequency greater than eight per day, longer
duration of flare, polypoid mucosal tags, and pancolitis
41. In addition, predictive factors of resistance to steroid
treatment identified are CRP >45 mg/L, severe endo-
scopic lesions, reduced albumin, persistence of Truelove
and Witts criteria, toxic megacolon, and long duration
of current attack on the 3rd day of treatment 41-43. To
our knowledge, up to now, PV, fibrinogen and D-dimer
have not been investigated to predict responsiveness of
UC to steroid treatment. The present study demonstrates
that sensitivity for differentiation of responsiveness to
steroid treatment from resistance to steroid treatment was
the highest (93%) for hs-CRP, D-dimer, and MPV.
However, the highest accuracy (88%) was obtained for
D-dimer and fibrinogen. According to ROC curve analy-
ses, the first highest three AUCs belonged to D-Dimer,
fibrinogen, and PV in order. The results of the present
study can support replacement of ESR by D-dimer for
assessment of UC to steroid treatment. hs-CRP, D-
Dimer, and MPV were more sensitive at detecting steroid
responsiveness, but fibrinogen was the most specific. In
addition, on admission, stool frequency was another clin-
ical parameter, but on the 3rd month, the greatest AUC
belonged to PV. 
The second aim of this study was to identify predictive
factors of responsiveness to cyclosporine in steroid-refrac-
tory UC. There have been five retrospective studies on
the specific response to cyclosporine therapy 44,45. The first
two of them were conducted by Carbonnel et al 46

(n=32 patients with UC) and Travis et al. 41 (n= 14
patients with UC). They failed to define predictive mark-
ers. The third study was performed by Rowe et al. 44 on
36 patients with UC. They identified three predictive fac-
tors of resistance to cyclosporine: tachycardia, a high per-
centage of band neutrophils, and low albumin. The fourth
study was performed by Cacheux et al. on 135 patients
with steroid-refractory UC. They identified three predic-
tive factors of resistance to cyclosporine: body tempera-
ture >37.5 C, heart rate >90 bpm, and CRP >45 mg/L
45. Rowe et al. explained that lower bands, higher albu-
min, and lower pulse on admission were associated with
patients’initial response to cyclosporine 44. A major find-
ing in the present study was that the greatest AUC
belonged to PV on admission, belonged to hs-CRP on
the 3rd day, and belonged to D-dimer on the 3rd month.

Conclusions

In spite of the fact that PV, a neglected variable, is a
useful marker in predicting medical treatment and eval-
uation of clinical and colonoscopic activity in UC, it
is not the best. It can be used as an adjunct to tradi-
tional markers such as hs-CRP and ESR in clinical
practice. It seems thatthe best predictor of responsive-
ness to medical treatment is only a possible cut-off val-
ue of a combination of factors, namely, hs-CRP, PV,
fibrinogen, and D-dimer. The markers predictive of a
response to medical treatment would be useful in select-
ing treatment options and success of colectomy. The
ability to predict the activity of UC and responsiveness
to steroid or cyclosporine treatment would greatly help
both physicians and patients. Prospective studies are
needed to evaluate whether this new combined cut-off
value is useful to predict responsiveness to steroid or
cyclosporine.

Riassunto

La colite ulcerosa (UC) è una delle maggiori forme di
colonpatia infiammatoria cronica recidivante. La capa-
cità di identificare tipo, gravità e sensibilità alla tera-
pia su parametri di laboratorio è da tempo oggetto di
ricerca degli studi clinici. Lo scopo di questo studio è
quello di accertare la relazione tra la viscosità del pla-
sma (PV), l’attività della malattia e la risposta al trat-
tamento medico.
Lo studio si è svolto su 105 pazienti con UC e 42 volon-
tari sani. I prelievi di sangue sono stati utilizzati per
valutare la viscosità del plasma (PV), la velocità di eri-
trosedimentazione (ESR), la proteina C-reattiva ultrasen-
sibile (hs-CRP), il D-dimero e il fibrinogeno.
I pazienti con UC sono stati raggruppati in relazione al
grado di attività flogistica (cioè 59 attivi e 46 in remis-
sione). La PV è risultata più elevata in quelli con UC
attiva rispetto a quella dei soggetti in remissione o nei
soggetti sani. È risultata significativamente più elevata sia
nei casi di UC refrattaria al trattamento steroideo rispet-
to a quelli sensibili (p< 0.001), e nelle UC rafrattarie
alla ciclosrporina rispetto a quelli sensibili (p= 0.003).
Con l’aumento della PV nei pazienti affetti da UC sono
risultati significativamente associati il punteggio del
SCCAI (Increased Simple Clinical Colitis Activity
Index), dell’EGS (Endoscopic Grading Scale) e del
HAD (Histological Disease Activity (HAD).
Si conclude che la PV è un marker utile per la previ-
sione di sensibilità al trattamento sterorideo e con ciclo-
sporina nei pazienti con UC attiva. Potrebbe essere rim-
piazzata dalla ESR e dalla hs-CRP come misura della
risposta in fase acuta in quanto sufficientemente sensi-
bile. Questi risultati possono essere utili per
l’identificazione dei pazienti con UC attiva da destina-
re alla colectomia.
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