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ABSTRACT

Background: The American College of Gastroenterology (ACG) currently recommends the Truelove and Witts
scoring system for evaluating Ulcerative Colitis (UC) disease activity. Inflammatory markers such as Matrix
Metallopeptidase 9 (MMP-9), High-sensitivity C-Reactive Protein (HsCRP), and Erythrocyte Sedimentation
Rate (ESR) have previously been shown to correlate with intestinal inflammation. To evaluate the association
of MMP-9, HsCRP, and LED with disease activity and treatment duration in UC according to the Truelove and
Witts criteria.

Methods: An observational analytic study with a cross-sectional design was conducted involving subjects
with UC diagnosed pathologically and receiving 5-ASA therapy at the Gastroenterohepatology Outpatient
Department of Dr. Soetomo Hospital. MMP-9, HsCRP, and ESR serum levels were measured. The disease activity
was determined based on the Truelove and Witts criteria. Analysis was done by spearman's correlation. P-values
and correlation coefficients (r) were presented.

Results: Among the 31 subjects, the majority were female (67.7%) with an average age of 46.84 years.
Approximately 35.5% subjects had been treated for more than 6 months. The MMP-9 and HsCRP serum levels
were above normal range (71% and 93.5% subjects, respectively). The majority (74.2%) of the subjects had
normal ESR levels. Among the investigated inflammatory markers, only ESR levels significantly had a very weak
positive correlation (p=0.010; r=0.004).

Conclusion: ESR serves as an effective biomarker for UC disease activity compared to MMP-9 and HsCRP.
Further study is warranted to explore the role of these biomarkers in UC management.
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ABSTRAK

Latar Belakang: American College of Gastroenterology (ACG) saat ini merekomendasikan sistem penilaian
Truelove dan Witts untuk mengevaluasi aktivitas penyakit kolitis ulseratif. Penanda inflamasi seperti Matrix
Metallopeptidase 9 (MMP-9), High-sensitivity C-Reactive Protein (HsCRP), dan Erythrocyte Sedimentation
Rate (ESR) sebelumnya telah terbukti berkorelasi dengan inflamasi usus. Untuk mengevaluasi hubungan MMP-
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9, HsCRP, dan LED dengan aktivitas penyakit dan durasi pengobatan pada kolitis ulseratif menurut kriteria
Truelove dan Witts.

Metode: Penelitian analitik observasional dengan desain cross-sectional dilakukan dengan melibatkan
subjek dengan kolitis ulseratif yang didiagnosis secara patologis dan menerima terapi 5-ASA di Departemen
Gastroenterohepatologi Rawat Jalan RSUD Dr. Soetomo. Kadar MMP-9, HsCRP, dan ESR serum diukur. Aktivitas
penyakit ditentukan berdasarkan kriteria Truelove dan Witts. Analisis dilakukan dengan korelasi spearman.
Nilai-p dan koefisien korelasi (r) disajikan.

Hasil: Di antara 31 subjek, mayoritas adalah perempuan (67,7%) dengan usia rata-rata 46,84 tahun. Sekitar
35,5% subjek telah dirawat selama lebih dari 6 bulan. Kadar serum MMP-9 dan HsCRP berada di atas kisaran
normal (masing-masing 71% dan 93,5% subjek). Mayoritas (74,2%) subjek memiliki kadar LED normal. Di
antara penanda inflamasi yang diteliti, hanya kadar LED yang secara signifikan memiliki korelasi positif yang
sangat lemah (p=0,010; r=0,004).

Simpulan: LED berfungsi sebagai biomarker yang efektif untuk aktivitas penyakit kolitis ulseratif dibandingkan
dengan MMP-9 dan HsCRP. Penelitian lebih lanjut diperlukan untuk mengeksplorasi peran biomarker ini dalam

manajemen kolitis ulseratif.

Kata kunci: ESR, HsCRP, MMP-9, Truelove and Witts, kolitis ulseratif

INTRODUCTION

Inflammatory Bowel Disease (IBD) is a chronic
inflammatory gastrointestinal tract disease associated
with an abnormal immune response to the intestinal
microflora. IBD is divided into Ulcerative Colitis
(UC) and Crohn's Disease (CD).' Epidemiologically,
UC cases are more numerous than those with CD,
with the prevalence of UC in Indonesia reaching
8.2% of all patients undergoing colonoscopy.? Current
management of UC aims to achieve symptomatic
remission and control asymptomatic inflammation.?
UC therapy focuses on controlling the degree of
inflammation to prolong remission and prevent
hospitalization and surgery. The American College
of Gastroenterology (ACG) guidelines recommends
the use of endoscopy and a scoring system to assess
UC disease activity. Many scoring systems for UC
involve invasive endoscopy and require complex
patient preparation, namely UCEIS and Mayo index.’
Truelove and Witts is a non-invasive assessment
of clinical activity based on individual complaints,
objective signs, and laboratory results. Recent reports
have shown that endoscopic examinations add little
information of UC disease activity. An accurate
evaluation can be obtained with clinical markers alone.
Clinical markers showed a significant decrease after
therapy in UC patients compared to baseline values.*

Laboratory parameters can reduce the frequency
of endoscopy, increase the objectivity of analysis,
improve patient comfort, and reduce the cost of care.
Some of the biological markers that have been widely
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studied and used to monitor UC disease activity are
Matrix Metalloproteinase 9 (MMP-9), Erythrocyte
Sedimentation Rate (ESR), and High-sensitivity
C-Reactive Protein (HsCRP). MMP-9 has been widely
documented as a major metalloproteinase associated
with IBD development. Studies in mice deficient in
MMP-9 showed that MMP-9 was involved in the
early stages of IBD development. However, the exact
mechanism is unclear.® MMP contributes greatly to
mucosal degradation in UC.” Therefore, MMP-9 is used
as a potential diagnostic and therapeutic target in UC.
In addition, HSCRP and ESR examinations are other
non-invasive and commonly available examinations
that can be used to detect disease activity in UC.

Study to evaluate the association between HsCRP
and ESR serum levels with the Truelove and Witts
criteria were still limited. Until this study was
conducted, there was still no study that clearly linked
MMP-9, HsCRP, and ESR serum levels to the treatment
duration and disease activity in UC. Therefore, our
study was done to analyze the association between
MMP-9, ESR, and HsCRP serum levels with the
treatment duration and disease activity from the
Truelove and Witts criteria.

METHODS

An observational analytic study with cross-sectional
design conducted at the Gastroenterohepatology
Outpatient Department at Dr. Soetomo Hospital from
April to December 2023. The subjects were patients
with UC diagnosed by anatomical pathology, aged >18
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years, and undergoing treatment with 5-ASA, and were
willing to participate and sign an informed consent.
Contraindications to endoscopy, other drug usage
for UC, smoking or alcohol consumption, metabolic
syndrome, obesity, cancer, diabetes, rheumatic,
cerebrovascular, autoimmune, cardiac, and psychiatric
diseases were excluded. The consecutive sampling
technique was used to obtain a minimum of 28 subjects.
This study passed the ethical clearance from Ethic
Committee of Health Research Dr. Soetomo Hospital
Surabaya (0820/KEPK/X1/2023).

Subjects were given 5-ASA and assessed for disease
activity based on Truelove and Witts criteria. Blood
samples were taken for MMP-9, ESR, and HsCRP
serum levels at the Gastroenterohepatology Outpatient
Department at Dr. Soetomo Hospital, then sent to the
Prodia Lab Surabaya. MMP-9 levels detection was
performed using the ELISA method. The independent
variables were MMP-9, HsCRP, and ESR serum levels,
while the dependent variables were the treatment
duration and disease activity based on Truelove and
Witts criteria. Data were collected through interviews,
medical records, and laboratory data, then analyzed
using SPSS version 23 with a Spearman’s correlation.
The significance was p <0.05.

RESULTS

As many as 31 subjects were included. The subjects
were patients with UC diagnosed pathologically and
control to the Gastroenterohepatology Outpatient
Department at Dr. Soetomo Hospital who met the
inclusion and exclusion criteria.

The characteristics of the study subjects were
described in Table 1. The mean age was 46.84 + 16.75
years (22-79 years). The majority of subjects were
female (67.7%). The mean body weight was 52.84
+ 8.88 kg (39-71 kg), height 159.58 + 7.67 cm (146-
176 cm), and waist circumference 79.00 + 4.78 cm
(64-89 cm). Most subjects had normal BMI (77.4%).
The average dose of 5-ASA was 1709.68 + 668.01
mg (500-4000 mg). The duration of treatment was
<6 months in 64.5% of subjects, and >6 months in
35.5% of subjects. The majority had increased blood
pressure (51.6%), normal heart rate (67.7%), fever
(61.3%), mild defecation frequency (83.9%), bloody
stool (45.2%), and anemia (16.1%). Laboratory showed
normal ESR (74.2%), abnormal HsCRP (93.5%), and
abnormal MMP-9 (71%) levels. As many as 58.1%
subjects included in moderate-severe Truelove and
Witts criteria.

Table 1. The characteristic of study subjects

Variable Value
Age (years)* 46.84 + 16.75 (22-79)
Gender
Male 10 (32.3)
Female 21 (67.7)

Body weight (kg)*

Height (cm)*

Body Mass Index (BMI)
Normal (18.5-22.9 kg/m?)
Underweight (<18.5 kg/m?)

Waist circumference (cm)*

5-ASA dose (mg)*

Treatment duration
=6 months
>6 months

Blood pressure
Normal

Increased (systolic 2130 mmHg

or diastolic 285 mmHg)
Heart rate

Normal

Tachycardia (290 x/minute)
Fever

Yes

No
Defecation frequency

Mild

Severe
Bloody stool

Yes

No
Anemia

Yes

No
ESR

Normal

Abnormal (230 mm/hour)
HsCRP

Normal (<0.3 mg/dL)

Abnormal (0.3 mg/dL)
MMP-9

Normal (169-705 ng/mL)

Abnormal (>705 ng/mL)
Truelove and Witts criteria

Mild

Moderate - severe

52.84 + 8.88 (39-71)
159.58 + 7.67 (146-176)

24 (77.4)
7 (22.6)
80.00 + 4.78 (64-89)
1500 + 668.01 (500-4000)

20 (64.5)
11 (35.5)

15 (48.4)
16 (51.6)

21 (67.7)
10 (32.3)

19 (61.3)
12 (38.7)

26 (83.9)
5(16.1)

14 (45.2)
17 (54.8)

5(16.1)
26 (83.9)

23 (74.2)
8 (25.8)

2 (6.5)
29 (93.5)

9 (29.0)
22 (71.0)

13 (41.9)
18 (58.1)

*Numerical variable: Mean + SD (min-max); Categorical variable: n (%)
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Table 2. The association between LED, HsCRP, and MMP-9 level and treatment duration

Treatment duration

Variable =6 months >6 months Spearman Correlation OR 95%ClI P value
LED
Normal 13 10 -0.28 0.19 0.02-1.77 0.20
Abnormal 7 1
HsCRP
Normal 1 1 -0.08 0.52 0.03-9.34 1.00
Abnormal 19 10
MMP-9
Normal 6 3 0.03 1.14 0.22-5.87 1.00
Abnormal 14 8

Table 3. The association between LED, HsCRP, and MMP-9 level and disease activity based on Truelove

and Witts criteria.

Variable True Love Severity Spearman P value
Mild Moderate-Severe Correlation

LED
Normal 13 10 0.004 0.010
Abnormal 0 8

HsCRP
Normal 0 2 0.23 0.50
Abnormal 13 16

MMP-9
Normal 4 5 0.86 1.00
Abnormal 9 13

The association between LED, HsCRP and MMP-9
levels and treatment duration were described in Table
2.

Normal ESR levels were common in treatment
duration of <6 months (13 subjects) compared to >6
months (10 subject), with a negative correlation (r =
-0.28) (p = 0.20). Normal HsCRP levels were similar
in treatment duration of <6 months and >6 months (1
subject each), with a negative correlation (r = -0.08)
(p = 1.00). Normal MMP-9 levels were common in
treatment duration of <6 months (6 subjects) compared
to >6 months (3 subjects), with a very weak positive
correlation (r =0.03) (p = 1.00).

The association between ESR, HsCRP and MMP-
9 levels and the Truelove and Witts criteria were
described in Table 3.

Normal ESR levels were commonly found in
mild (13 subjects) compared to moderate-severe (10
subjects). Abnormal ESR levels was most common in
moderate-severe (8 subjects). The correlation between
ESR levels and Truelove and Witts criteria was very
weakly positive (r=0.004) (p =0.010). Normal HsCRP
levels were not found in mild, but there were 2 subjects
in moderate-severe. Abnormal HsCRP levels was
commonly found in moderate-severe (16 subjects).
The correlation between HsCRP levels and Truelove
and Witts criteria was very weak (r=10.23) (p = 0.50).
Normal MMP-9 levels were more common in mild (4
subjects) compared to moderate-severe (5 subjects),
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but abnormal MMP-9 levels were common in both
criteria. The correlation between MMP-9 levels and
Truelove and Witts criteria was very strong (r = 0.86),
but not significant (p = 1.00).

DISCUSSION

As many as 31 subjects with UC were included.
In our study, the mean age was 46.84 = 16.75 years
(range 22-79 years). Most of the subjects with UC were
30 to 40 years old at diagnosis. It was higher in Asian
compared to Western. Silvia et al., in southeastern
Brazil showed a second peak in admission for UC in
the age of 60-69 years old.*

There was female predominance in this study
(67.7%). This was supported by a study of Betteridge
et al., as many as 35,404 cases of IBD, found a female
predominance among UC (RR = 1.53; 95% CI: 1.50-
1.57).° Many studies found mostly male or equal cases
for gender distribution. The enzyme polymorphism
involved in insulin signal transduction increased the
tendency of UC in male. However, it was refuted in a
study by Spanish researchers.®

5-ASA is the first-line therapy for UC.'" A study of
Wang et al., and Murray et al., reported that 5-ASA was
superior for maintenance of UC. 5-ASA given once
daily was effective and safe compared to conventional
dose for remission maintenance of UC. High-dose was
safe and no adverse events.!!:!?

229



Vasa Adi Wisnu Wardana, Titong Sugihartono, Miftahussurur

The mean body weight of our subjects was 52.84
+ 8.88 kg (range 39-71 kg); the height was 159.58 +
7.67 cm (range 146-176 cm); and the median waist
circumference was 90.00 (range 64-89 cm). The BMI
was normal (77.4%). The higher fat mass percentage
in UC related to weight gain. Consequently, BMI
has adverse effect for UC progression.® Adiposity
measurements were associated with increased risk of
CD but not UC in female. Staborth-Akil et al., reported
that high BMI had a better prognosis, while low BMI
indicated severe disease course in UC."

The clinical severity of UC can be classified based
on the Truelove and Witts criteria, namely defecation
frequency, bloody stools, fever, anemia, tachycardia,
and ESR levels. The criteria are divided into remission,
mild, moderate and severe.'* As many as 58.1% subjects
included in moderate-severe Truelove and Witts
criteria. The majority had increased blood pressure
(51.6%), normal heart rate (67.7%), fever (61.3%),
mild defecation frequency (83.9%), bloody stool
(45.2%), and anemia (16.1%). Based on laboratory
examination, it was reported normal ESR levels (74.2%)
and abnormal HsCRP and MMP-9 levels (93.5% and
71%, respectively). A prospective study of Jain et al.,
of 61 patients with severe acute colitis diagnosed by
Truelove and Witts criteria, concluded that It could be
used to define severe acute colitis."

Our study showed a correlation between ESR levels
and treatment duration (r=-0.28), so if the LED levels
was normal then the treatment duration should be >6
months. Subjects with normal ESR values were 0.19
times more likely to receive treatment =6 months
compared to >6 months (95%CI 0.02-1.77; p = 0.20).
ESR levels correlation with disease activity was very
weakly positive (r = 0.004) (p = 0.010). In UC, ESR
plays a major role. A study by Croft et al. showed
that ESR had good accuracy in assessing disease
activity according to the Mayo index and degree of
colectomy.'® Yoon et al., also showed that in addition
to CRP, ESR also had a moderate correlation with the
degree of disease activity. However, the sensitivity
and specificity of ESR are relatively lower compared
to CRP."” Turner et al., showed that the ESR threshold
for inactive disease was <23 mm/hour, for mild was
23-29 mm/hour, moderate was 30-37 mm/hour, and
severe was > 37 mm/hour.'® Osada et al., showed that
ESR was related to endoscopic results and histological
scores, where higher ESR levels were associated with
more severe endoscopy-assessed disease activity."”

Our study showed a correlation between HsCRP
levels and treatment period in a negative direction (r =

-0.08). Subjects with normal HsCRP levels were 0.52
times more likely to receive treatment = 6 months
compared to >6 months (95%CI 0.03-9.34; p = 1.00).
HsCRP levels correlation with disease activity was very
weak (r=0.23) (p=0.50). HsCRP has high sensitivity
and accuracy in diagnosing UC and shows the relation
between clinical conditions and endoscopic activity of
IBD. It has been reported that HsCRP reflects colonic
mucosal inflammation, even pancolitis, better than
fecal calprotectin. It has good diagnostic efficacy for
acute severe UC and can replace ESR.?*?! Studies had
shown that CRP levels at the beginning of combination
therapy or after 6 months of clinical remission were
not statistically associated with treatment failure.? In
addition, one-fifth of patients who did not remit after
induction achieved remission within six months of
continued therapy.”® This suggests that the 6-month
treatment duration is meaningful in UC disease activity.

Another study on CRP levels in UC was by
Henriksen et al. This study showed that CRP levels >10
mg/l was associated with the risk of surgery within 4
years. However, CRP levels in UC were significantly
lower than in CD.** Therefore, HSCRP levels is one
of the biological markers that is closely related to the
level of disease activity in UC. However, a study by
Tatsumi et al., stated that the hs-CRP levels between
patients with active disease and patients with remission
was not significant (0.076 [0.023—0.283] vs. 0.035
[0.013-0.087] mg/dL, respectively). Hs-CRP levels
showed a relatively weak correlation with clinical
activity (r=0.361).%

Normal and abnormal MMP-9 levels commonly
found in =6 months treatment duration (6 and 14
subjects, respectively) in our study. Its correlation
was very weak (r = 0.03). Subjects with normal
MMP-9 levels were 1.14 times more likely to receive
treatment for =6 months compared to >6 months
(95%CI 0.22-5.87; p = 1.00). Normal and abnormal
MMP-9 levels were more common in subjects with
moderate-severe disease activity (5 subjects and 13
subjects, respectively) compared to mild. MMP-9
levels correlation with disease activity was very strong
(r=0.86) (p = 1.00).

MMP-9 is one of the metalloproteinase enzymes
secreted by neutrophils. Study had shown that MMP-9
levels in the UC was increased compared to controls.?®
Faubion et al., found that MMP-9 associated with
disease activity by Mayo index.”” MMP-9 in UC acts as
a proinflammatory mediator and plays a role in colonic
mucosal remodeling. It catalyzes the degradation
of the extracellular matrix and proteolytic enzymes
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which increases inflammation. Therefore, MMP-9
expression will worsen the degree of UC.”? However,
the inflammation in UC due to MMP-9 was not clear,
It was involved in reducing cell adhesion and calling
neutrophils at the site of injury.®

Dysregulated MMP-9 expression in UC are
implicated in the establishment and maintenance
of inflammation. It is induced by proinflammatory
cytokines, namely TNF-a and IL1-0. It maintains the
pro-inflammatory process by releasing TNF-a and
TGF-B, by potentiating IL-8, and activating IL1-p.
Proteolysis of the basement membrane constituents
collagen IV and laminin was done by MMP-9.
Disruption of the epithelial basement membrane may
result in apoptosis of epithelial cells, contributing to
disruption of epithelial barrier of the colonic mucosa,
which worsen the inflammation. It also facilitated
the transmigration of lymphocytes and neutrophils to
the site of inflammation.? Jakubowska et al., found
an overexpression of MMP-9 in UC.* Piechota-
Polanczyk et al., reported that increased tissue levels of
cyclophilin A (CyPA) associated with higher MMP-9
and TNF-a levels in UC.*!

Studies on MMP-9 serum levels in UC are rare.
Yablecovitch et al., reported that subjects with MMP-
9 levels of 2945 ng/ml had an increased relapse rate
within 24 months [AUC 0.72 [95% CI: 0.56-0.88];
hazard ratio 8.1 (95% CI 3.0-21.9, p < 0.001)].*?
Ghweil et al., reported that MMP-9 levels was higher
in active UC compared to inactive one (11.02 + 5.29
vs 4.01 £ 1.72 ng/ml, p = 0.000). MMP-9 levels and
disease severity had strong positive correlation.** The
possibility of secondary infection and antibiotic can
increase the regulation of MMP-9 levels, Its abnormal
levels were obtained after a treatment period of both
=6 months and > 6 months.**

There were some limitations in this study. First,
there were no control group. All patients in our study
were patients with UC who had been diagnosed
pathologically and consumed 5-ASA, so there was
no comparison of inflammatory parameters of LED,
HsCRP, and MMP-9 between the case and control
group who were not diagnosed with 5-ASA. Another
study with larger sample size and samples with
undiagnosed UC as controls were needed. Second,
there were no comparison of the inflammatory
parameters (LED, HsCRP, and MMP-9) before and
after consuming 5-ASA so that the treatment period
assessment could not be significantly ascertained.
Further cohort studies that followed samples before
and after consuming 5-ASA were needed.
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CONCLUSION

ESR, HsCRP and MMP-9 serum levels and
treatment duration were not statistically significantly
related. UC disease activity can be evaluated with
ESR levels as an effective biomarker, when compared
to MMP-9 and HsCRP levels. Further study is
needed to explore the role of these biomarkers in the
management of UC with a larger number of samples
and comparation with non-UC subjects as control. In
addition, a prospective cohort study that follows the
subjects from before 5-ASA until consumed 5-ASA
for the treatment duration is needed. Mayo index,
UCEIS, or fecal calprotectin in assessing the severity
and activity of UC can be used for further study.
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