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Abstract

Aim: Collagens are the most abundant macromolecules in extracellular matrices and naturally occur in the cutaneous extracellular matrix. Assuming, that collagen
metabolism might be an important factor in the etiology of hemorrhoidal disease, we analyzed quality of collagen formation in the corpus cavernosum recti in patients
with hemorrhoids degree III and IV in comparison to persons without.

Methods: Employing a case-control design, this study compared 71 patients with hemorrhoids with 20 controls free of hemorrhoidal disease. From January 2017
until December 2017 all patients scheduled for surgical therapy of their III° or IV® hemorrhoids were consecutively evaluated. The collagen I/I1I ratio served as
parameter for the quality of collagen formation and was calculated using cross polarization spectroscopy.

Results: Type I collagen in the case group was significantly lower by about a half as compared to controls (5.98+0.10 vs 6.31+0.14; p<0.001). The collagen type 1/
11T ratio was highly variable but clearly lower in patients with hemorrhoidal disease than in controls (1,31+0,43 vs 2,31 +1,07; p<0.001). The percentage error of the
collagen type I/III ratio measurements was as low as 33% (median). Age and gender showed no association with collagen fibers Analysis of repeated measurements
showed very good reproducibility, with a Pearson’s correlation coefficient of 0.968.

Conclusion: Patients with hemorrhoidal disease showed a significant disorder in collagen metabolism. Pathophysiological process of hemorrhoidal disease seems to
be associated with this. It remains still unclear, whether the changes of collagen formation in hemorrhoidal tissue are caused by exogenous factors or hereditary reasons.

Introduction

The etiology of symptomatic hemorrhoids is still widely unknown
[1]. Stelzner described them as a complex compound of arteriovenous
links in the rectal mucosa with an interlace of unstriated muscles,
elastic fibers and connective tissue [2]. This “corpus cavernosum recti”
is an important component of the continence mechanism especially
for fluid stools and gas [2]. Although the prevalence of hemorrhoidal
disease ranges between 4.4% and 86% in normal population [3,4],
causes are still unknown. Some authors blame exogenous factors
like constipation and abnormal bowel habits [1]. An increased
maximum resting pressure in the anal region is the most consistently
demonstrated physiological abnormality. This leads to the hypothesis,
that hemorrhoids are a hyperplasia of the corpus cavernosum recti
caused by the high contraction of the internal anal sphincter [5]. On
the other hand epidemiological data and histopathological findings
support the hypothesis that reduced stability of the connective tissue
can be blamed for the incidence of symptomatic hemorrhoids [6].

Collagens are the majority of macromolecules in extracellular
matrices and naturally occur in the cutaneous extracellular matrix.
Thus, mutations in human collagen genes can cause different
connective tissue diseases and disturbance of macromolecular skin
architecture [7]. For example, type IV Ehlers-Danlos (EDS type IV)
syndrome is a collagenopathy characterized by vascular dissection or
rupture, with patients exhibiting thin translucent skin and easy bruising
[8]. Diagnosis is generally based on clinical findings and confirmed by
the identification of a causative mutation in COL3A1 [9]. Furthermore,
biochemical studies from cultured fibroblasts of EDS type IV-affected
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individuals show that structural abnormalities disturb pro-collagen III
synthesis and cause intracellular retention and reduced secretion [10].
In this case specific collagen network staining of skin sections could be a
rapid procedure for a clinical diagnosis [11]. Although there are at least
14 different types of collagen, type I and III are the two predominant
types implicated in patients with connective tissue disorders, like in
diverticulosis [12,13]. Type I collagen is composed of rigid fibrils and is
the predominant type found in the body [14,15]. The type III collagen
is thinner and generally regarded as immature and weak [15,16]. The
typical ration of type I to III collagen is four to one [17]. For example,
in hernia formation and aortic dissection collagen defects with a higher
rate of elastic type III collagen, have been found [18,19]. In several
studies it is described that collagen crosslinking is also increased in
diverticulosis caused by proliferation of type III collagen. This collagen
crosslinking increases with age, causing the tissue to become more rigid,
resulting in the characteristic diverticular outpouching with increased
intraluminal pressure [13,15].

Focusing on the etiology of hemorrhoids there are studies showing
that disintegration of muscular and elastic components might lead to
a distal shift of the vascular padding [20]. Anatomic studies by Lierse
showed that dilated hemorrhoidal vessels and the surrounding muscle
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fibers lie within a lattice of collagen and elastic fibers [21]. Degradation
processes of this matrix, especially of the protein elastin during
ageing were described to be a decisive pathway in the development
of hemorrhoidal disease [21]. Elastic fibers in hemorrhoidal tissue
are linked to collagen fibers. The elastic fibers are responsible for the
elasticity; the collagen fibers are responsible for the tensile strength
[6,21]. Assuming, that collagen metabolism might be an important
factor in the etiology of hemorrhoidal disease, we analyzed the quality
of collagen formation in the corpus cavernosum recti in patients with
hemorrhoids degree III and IV in comparison to persons without.

Methods

Patients: Employing a case-control design, this study compared
patients with hemorrhoids with controls free of hemorrhoidal disease.
From January 2017 until December 2017 all patients scheduled for
surgical therapy of their III° or IV® hemorrhoids were consecutively
evaluated. All cases underwent a Milligan-Morgan hemorrhoidectomy.
Specimens of these patients were collected and fixed in 10% formalin
and immediately embedded in paraffin for later analysis. As the control
group we took 21 patients who had an amputation of the rectum
because of malignancy. They did not suffer from hemorrhoidal disease,
neither in present nor in past. The specimens from the controls were
also collected and fixed in 10% formalin after the procedure and got
immediately embedded in paraffin. All specimens were taken from the
same anatomical region. All patients gave informed consent, that the
specimen could be used.

Collagen type I/III ratio: Using cross polarization microscopy the
quality of collagen was analyzed by the collagen type I/III ratio. The
specimen was sliced into five-micrometer sections and were stained
one hour in Picrosirius solution (0,1% solution of Sirius Red F,BA
in saturated aqueous picric acid, pH 2). The sections were washed
afterwards for two minutes in 0.01 N HCL. Dehydration followed. Then
the section was cleared and mounted in synthetic resin. Thicker collagen
type I fibres were stained in red-orange shades, whereas thinner collagen
type III appeared as pale-green shades. For each sample, 10 regions
within the interface (400x, area 50 x 50 um) were captured by a digital
camera (Olympus C-3030, Hamburg, Germany). Using a digital image
analyzing software (Image-Pro Plus, media Cybernetics, Silver Spring,
Maryland, USA) the collagen I/I1II ratios were obtained.

In order to verify the reproducibility of measurements, 10 specimens
were randomly selected for a second measurement. This was performed
by repeating the same analytical methods on another slice of the
specimen without knowledge of the initial measurement results.

Statistical analysis: Both groups were compared with regard
to demographic variables and collagen measurements. As collagen
concentrations followed a highly skewed distribution, the base-10
logarithms of the values were calculated to meet the assumptions of
parametric statistical testing. Continuous data was analyzed by Student’s
t test, while proportions were compared between groups by Fisher’s exact
test. P values of less than 0.05 were considered significant. Furthermore,
the potential influence of demographic variables on collagen results was
examined. Because obesity was obviously associated with the type I/III
collagen ratio, analyses were stratified for obese and non-obese patients.

Reproducibility of collagen measurements was quantified by
calculating the difference between first and second measurement for
the type I/III collagen ratio. The percentage error of measurements
was obtained by dividing the absolute differences by the first measured
value. In addition, Pearson’s coefficient of correlation was calculated.
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Results

There were 71 cases and 20 controls with an about even gender
distribution within each group. On average, patients with hemorrhoidal
disease were 14 years younger than control group patients (Table 1).
Accordingly, some comorbidities were less prevalent among cases than
among controls. In spite of the malignancies in the control group, the
body mass index (BMI) was not significantly different between both
groups.

The percentage error of the collagen type I/III ratio measurements
was as low as 33% (median). Analysis of repeated measurements
showed very good reproducibility, with a Pearsons correlation
coefficient of 0.968.

Type I collagen in the case group was lower by about a half as
compared to controls (Table 2). The collagen type I/III ratio was highly
variable but clearly lower in patients with hemorrhoidal disease than in
controls (Figure 1). Collagen III was also slightly higher in cases than
in controls, but significance was only seen after log-transformation of
data, because a few control patients had very high values.

In the analysis of potentially modifying variables (Table 3), age and
gender showed no association with collagen fibers. However, obese
patients had a significantly higher collagen type I/III ratio as compared
to patients without obesity. Therefore, analyses were repeated for both
subgroups of obese and non-obese patients. In both subgroups, the
main findings could be confirmed (Table 4). Patients with hemorrhoids
had less collagen I, more collagen III, and a lower collagen type I/III
ratio.

Table 1. Demographic characteristics and comorbidities of cases and controls. Data are
means with standard deviations unless or counts and percentages. Data on height and
weight were missing for 3 cases

Cases (n="71) Controls (n =20) P value

Age in years 52.0 (9.4) 65.8 (12.4) <0.001
Male gender 38 (54%) 9 (45%) 0.61
Height in cm 171.7 (11.3) 170.7 (7.5) 0.65
Weight in kg 84.3 (21.8) 77.3 (19.1) 0.20
]i‘;dhy/lgdf;igﬁx 28.4(6.1) 263 (5.5) 0.18

Diabetes 1 (1%) 6 (30%) <0.001

Smoking 0 5(25%) <0.001

Hypothyreodism 9 (13%) 2 (10%) >0.99
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Figure 1. Comparison of collagen type I/l ratio between cases and controls
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Table 2. Comparison of collagen results between groups

Cases (n=171) Controls (n = 20) P value (t test)
Collagen I 985,737 £239,985 2,136,504 £669,870 )
& (Range 595,484 to 1,604,827) (Range 1,077,271 to 3,518,352)
LOG Collagen I 5,98 £0,10 6,31 £0,14 <0,001
Collagen 11T 69,397 £56,700 75,853 +£124,619 )
g (Range 5,524 to 204,333) (Range 148 to 399,245)
LOG Collagen III 4,68 +0,41 4,00 +1,03 0,009
. 32432 1992 £5101
Collagen VI ratio (Range 4 to 173) (Range 3 to 21835) :
Ratio of LOG Collagen I to LOG Collagen I1I 1,31 £0,43 2,31 £1,07 <0,001
Table 3. Analysis of potentially confounding variables within the case group
Subgroup 1 Subgroup 2 P value (t test)
Age >50 years (n= 40) <50 years (n=31)
LOG Collagen I 6.00 £0.10 6.00 £0.11 0.28
LOG Collagen III 4.68 +£0.42 4.68 +0.39 0.99
Ratio of LOG Collagen I to LOG 1324043 130 £0.44 079
Collagen III
Gender Males (n= 38) Females (n=33)

5.98 £0.11 0.99

LOG Collagen I 5.98 +0.10

LOG Collagen III 4.64 £0.41 4.72£0.41 0.43
Ratio of LOG Collagen I to LOG 1.34 £0.43 1.26 +0.44 046
Collagen 111

Body mass index >30 kg/m? (n= 18) <30 kg/m? (n=50)

LOG Collagen I 5.99 +0.09 5.98 +0.11 0.91
LOG Collagen III 4.43 £0.40 4.75 +£0.37 0.003
Ratio of LOG Collagen I to LOG 1,56 40.42 1.24 +0.40 0.005
Collagen IIT

Table 4. Comparison of collagen results between groups after subdividing groups according to body mass index

Cases (n=71) Controls (n = 20) P value (¢ test)

Non-obese subgroup (BMI <30 kg/m?) n=50 n=15

LOG Collagen I 5.98 +£0.11 6.31£0.15 <0.001

LOG Collagen III 4.75 +0.37 4.12 £1.00 0.03

Ratio of LOG Collagen I to LOG Collagen I1I 1.24 +£0.40 2.19 £1.03 0.003
Obese subgroup (BMI >30 kg/m?) n=18 n=5

LOG Collagen I 5.99 +0.09 6.30 +0.14 <0.001

LOG Collagen III 4.43 £0.40 3.65£1.17 0.023

Ratio of LOG Collagen I to LOG Collagen III 1.56 +0.42 2.65+1.23 0.004

Discussion

The ratio of type I collagen to type III collagen has been studied in
the disease processes related to the structural integrity of tissues [18,
22-25]. Some studies have demonstrated that a decrease in the collagen
ratio plays a role in the recurrent inguinal hernias as well as aortic
dissection [19,24]. Shaun et al evaluated the collagen content and type
I/II collagen ratio in patients with diverticulitis versus a control group.
They wanted to find out whether a lower type I to III collagen ration in
younger patients may predispose these patients to the development of
diverticulitis [15]. They demonstrated that diverticulitis in the younger
patients is not associated with a lower type I/III collagen ratio. For them
it appears that a decrease in collagen ratio of the colon in older patients
is associated with an increase in type III collagen deposition [15].
Collagens are the most abundant macromolecules in the extracellular
matrices and naturally occur in the cutaneous extracellular matrix [11].
Mutations in human collagen genes cause numerous connective tissue
diseases and can disturb macromolecular skin architecture like in the
Ehlers-Danlos syndrome [15]. Our data clearly demonstrate a decrease
in the ration of type I to III collagen in hemorrhoidal tissue of patients
suffering from enlarged hemorrhoids, thus indicating a reduced
mechanical stability of the perivascular tissue and the anchoring
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connective tissue system. This goes hand in hand with the findings
of Willis et al. [6] and the study of Nasseri et al. [26]: Regarding the
still unknown process of pathophysiology of the hemorrhoidal disease
we could not demonstrate any significant difference in our collective
among different age groups. Although hemorrhoidal disease has been
associated with older age in the general population perhaps due to
genetic or hereditary factors patients with hemorrhoidal disease have a
tendency for more rapid tissue degradation.

In the analysis of potentially modifying variables (Table 3) in our
data, gender showed no association with collagen fibers. However,
obese patients had a significantly higher collagen type I/III ratio
as compared to patients without obesity. Therefore, analyses were
repeated for both subgroups of obese and non-obese patients and the
results were the same. There are no data in international literature
evaluating the influence of obesity or the influence of body weight on
the development of hemorrhodial disease. In our subgroup analyses
the non-obese cases (BMI<30) showed a significant lower ratio of
collagen I/III as the controls and the obese cases (BMI=30) had also a
significant lower ratio as the controls. This could indicate that obesity
is an independent variable in the pathophysiology of hemorrhoidal
disease. Our hypothesis that collagen metabolism might play a role
in the etiology of hemorrhoidal disease is in line with Stelzner's
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hypothesis of hemorrhoidal development: The physiological aging
process (degradation of elastin) in combination with a reduction of
the tensile strength of the collagenous components causes a loss of
elasticity. This could lead to an outflow obstruction and a pressure
increase in the arteriovenous glomerula with vascular dilatation.
Causing a destruction of the collagenous attachment of the vascular
padding and resulting in descendation of the corpus cavernosum recti
below the dentate line [6]. Epidemiological data show an association
with herniae and genitourinary prolapse [6] that might be caused by
individual connective tissue abnormalities.

We can conclude, in our study we found a significant reduction
of the collagenous ratio I/III in the hemorrhoidal tissue in patients
with hemorrhoidal disease in comparison to controls. Discussing the
findings on the background of international literature and taking in
consideration, that the connective tissue must be regarded as a highly
dynamic and complex system with permanent cell turnover and
remodeling of the extracellular matrix, the pathophysiological process
of hemorrhoidal disease should be seen in association with this.

Nevertheless, it remains still unclear, whether the changes of
collagen formation in hemorrhoidal tissue are caused by exogenous
factors or hereditary reasons. Further research has to be done on
collagenous metabolism and the influence of social and cultural factors
facing the pathophysiology of hemorrhoidal disease.
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