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ABSTRACT

Hemorrhoids is the most common anorectal disease. At present, the
research on hemorrhoids has focused on the external environment and behavioral
factors, while the research on genetic factors is rare. This study used mixed methods to
establish a preliminary hemorrhoid risk prediction model with genetic and risk factors,
providing clues and theoretical basis for further research on hemorrhoid prevention.
The research objectives of this study include the following four aspects: (1)To explore
the risk factors of hemorrhoids in Guangxi population. (2)To explore the causal
association of body mass index and hemorrhoids. (3) To explore the association of
FOXC2 polymorphism and its interaction with other risk factors with the susceptibility
to hemorrhoids in Guangxi population. (4)To establish a prediction model for
hemorrhoids.

This study can be divided into two phases. The first phase includes two
parts. In the first part, a case-control study was used to analyze the relationship between
the indicators in the questionnaire survey and the rs34221221 polymorphism of FOXC2
gene and hemorrhoids. The second part is to analyze the causal relationship between
BMI and hemorrhoids using Mendelian randomization method.

In the case-control study, 200 patients with hemorrhoids and 200 patients
without hemorrhoids were included according to the inclusion and exclusion criteria. A
self-made questionnaire was used to collect the general information, environmental and
behavioral factors that may be related to hemorrhoids, and the venous blood of patients
was collected for single nucleotide polymorphism detection. T-test was used to analyze
the quantitative data of the two groups, Chi-square test was used to analyze the
classification data, and logistic regression was used to analyze the correlation between
variables and hemorrhoids. The results showed that age, high education level,
constipation and chronic gastritis will-increase the risk of hemorrhoids (Adjusted
OR=1.03, 95% CI: 1.01-1.05; Adjusted OR=2.02, 95% CI: 1.16-3.52; Adjusted
OR=2.70, 95% CI: 1. 50-4. 87; Adjusted OR=1.96, 95% CI: 1.14-3.36), while bland
dietary taste and CT genotype could reduce the risk of hemorrhoids (Adjusted
OR=0.50, 95% CI: 0.28-0.89, Adjusted OR=0.642, 95% ClI: 0.424-0.972).

In the second part, using BMI as the exposure factor and hemorrhoids as
the outcome, a two sample Mendelian randomized analysis was performed. A total of



68 SNPs of BMI in east asian population were selected as genetic instrumental
variables, and total of 67 SNPs in south asian population were included. The causal
relationship between BMI and hemorrhoids was analyzed using IVW, MR- Egger and
weighted median models. No causal effect was found between BMI and hemorrhoids.
In East Asian population, in IVW model, B=1.790, 95% CI: 0.628-5.107, P=0.276; In
MR-Eegger model, B=0.316, 95% CI :0.013-7.908, P=0.486; In the WME model,
B=4.018, 95% CI: 0.816-9.794, P=0.087. In the South Asian population, in the IVW
model, B=0.753, 95% CI 0.417-1.362, P=0.349; In MR-Egger model, B=0.642, 95%
Cl : 0.144-2.862, P=0.563; In WME model, B=0.369, 95% CI: 0.146-0.993, P=0.035.
Cochran's Q test results showed that there was no heterogeneity in instrumental
variables of MR analysis (P>0.05), and there was no pleiotropy in MR-Egger based on
intercept (P>0.05). MR-PRESSO results showed that there was no outlier
(Gglobal>0.05).

The second phase is to use the variables related to hemorrhoids discovered
in the first phase as independent variables and hemorrhoids as the dependent variable
for logistic regression analysis. The regression coefficients of the obtained independent
variables are used as weights to establish a hemorrhoid risk prediction
model(Logit(P)=-1.4+0.03X1+0.79X>-0.71X3+1.02X4+0.65X5-0.45Xs, ~wWhere X3
represents age, X represents education level, Xs represents dietary taste, X4 represents
constipation, Xs represents chronic gastritis, and Xe represents the genotype of the
rs34221221 locus of the FOXC2 gene). The sensitivity of this model is 0.561, the
specificity Is 0.645, the cut-off value is 0.6, the accuracy of predicting the incidence of
hemorrhoids is 76%, the accuracy of predicting the incidence of non hemorrhoids is
90%, and the accuracy of predicting the incidence of hemorrhoids in the entire group is
87.8%.

In conclusion, This study found that age, education level, constipation, and
chronic gastritis can increase the risk of hemorrhoids, while a bland diet can reduce the
risk of hemorrhoids; the rs34221221 polymorphism of the FOXC2 gene is associated
with susceptibility to hemorrhoids, people with CT genotype are less susceptible to
hemorrhoids than those with CC genotype. The final established model is Logit(P)=-
1.4+0.03X1+0.79X>-0.71X3+1.02X4+0.65X5-0.45Xs, when the predicted value is
greater than 0.6, the predicted  result indicates the possibility of developing
hemorrhoids, and if it is less than 0.6, it indicates the possibility of not developing
hemorrhoids.

Keyword : Hemorrhoids, FOXC2 gene, Risk factors, Prediction model
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Chapter I

Introduction

1.1 Background

Hemorrhoids are one of the most common anorectal diseases, whose prevalence,
multiplicity are in consensus, and there are ten claims of nine hemorrhoids in Chinese
folk. Data showed that the prevalence of anorectal disease was 50.10% in urban and
rural residents of China, among whom the prevalence of hemorrhoids was up to 49.14%,
with adults predominating

Hemorrhoids can be divided into internal hemorrhoids, external hemorrhoids
and mixed hemorrhoids according to different locations. At present, it is believed that
internal hemorrhoids are pathological changes or displacements of the supporting
structure, vascular plexus and arteriovenous anastomotic branches of the anal pad (anal
vascular pad). External hemorrhoid is the pathological expansion or thrombosis of the
subcutaneous vascular plexus at the far side of the dentate line. Mixed hemorrhoid is a
mixture of internal hemorrhoids and external hemorrhoids [?1. The most widely accepted
classification is Go ligers' classification, which divides hemorrhoids from light to heavy
into first degree, second degree, third degree and fourth degree hemorrhoids [/,

This disease can cause many troubles and pains to patients, and common
symptoms are bleeding during defecation, perianal swelling, itching, and pain.
Hemorrhoids have many risk factors for morbidity, and constipation and prolonged
mental tension are commonly recognized as causes of hemorrhoids . However
diarrhea has also been shown to be a risk factor for the development of hemorrhoids [°!,
and pregnancy also results in congestion of the anal pads to produce hemorrhoids,
which resolve spontaneously shortly after production . Certain occupational factors
are also responsible for producing hemorrhoids. In-addition, many dietary factors,
including a low fiber diet, spicy food, and alcohol intake are also associated with
hemorrhoids, but the reported data are inconsistent [, It has also been reported that
obesity and high body mass index can be considered independent risk factors for
hemorrhoids *),

The pathogenesis of hemorrhoids has not been uniformly recognized, and



currently the accepted theories of hemorrhoid genesis in the international community
are: the theory of varicose veins, the theory of moving down the anal pads, the theory
of vascular proliferation, the theory of bacterial infection, the theory of pelvic floor
motility, etc., of which the theory of moving down the anal pads, the theory of vascular
proliferation, and the theory of varicose veins are the most recognized ['%. In China,
numerous scholars have endorsed the theory of varices, which holds that hemorrhoids
are a chronic disease of one or more soft venous masses formed by varicose veins at
the base of the anorectum and along the venous plexus of the anal mucosa. Some recent
studies have shown a close relationship between the occurrence and genetics of
hemorrhoids. According to an epidemic survey, the prevalence of hemorrhoids among
residents with a family history of anorectal disease was 81.00%, which was much
higher than that among patients without a family history (45.14%), and the occurrence
of hemorrhoids and genetic genes have a close relationship !,

If the genetic factors associated with the development of hemorrhoids can be
identified, and the interaction between these genetic factors and external environmental
factors has an impact on the development of hemorrhoids, then corresponding
preventive measures can be taken in the population, leading to a reduction in the
prevalence of hemorrhoids and a reduction in patient pain and a corresponding
economic burden.

Forkhead box C2 (FOXC2) or mesenchyme forkhead box 1 (MHF1) is a
transcription factor belonging to the human forkhead or winged helix family. It has been
confirmed that FOXC2 is closely related to the pathogenesis of varicose veins [1213],
Polymorphic sites highly related to varicose veins and hemorrhoids have been found in
the proximal upstream region of FOXC2 gene 2], Therefore, FOXC2 gene may also be
associated with hemorrhoids, which is a genetic factor in the occurrence and
development of hemorrhoids. However, there is no further study on the association
between FOXC2 gene and hemorrhoids in East Asian population.

Therefore, this study intends to explore the relationship between the FOCX2
gene polymorphism and its cross effects with major risk factors and hemorrhoids, and
initially establish a hemorrhoids risk prediction model with genetic factors, which
provides clues and theoretical basis for further research on hemorrhoids prevention and

treatment. Since race and nationality are the confounding factors in genetic factor



research, genetic research should be conducted in the same ethnic group with the same
genetic background. Therefore, this study intends to select Zhuang people living in
Guangxi, China, as the research object to eliminate the interference of race and ethnic
factors on the research results.

The Zhuang nationality is distributed in 31 provinces, autonomous regions and
municipalities directly under the central government in China, mainly in the south.
Guangxi Zhuang Autonomous Region is the main distribution area of Zhuang
nationality, with a total of 15.722 million people (2023). Most of the Zhuang people
live in mountainous areas, and most of them live in concentrated communities. they
have the same genetic background, so the national population is more suitable for the
study of hemorrhoids genetic factors.

In addition, Zhuang people eat rice as their staple food, like to eat sour and
pickled food, and often eat vegetables and meat after pickling. Zhuang people like to
drink and entertain guests with wine. Zhuang people often carry heavy objects on their
shoulders or shoulders when working.

The occurrence of anorectal diseases is closely related to gender, work, life, diet
and so on. Research shows that work posture, bad life behavior, excessive drinking,
often eating spicy food and pickled food are closely related to the occurrence of
hemorrhoids!'¥. The Zhuang people just have these characteristics, so it is speculated
that the prevalence of hemorrhoids in this nation should not be low. However, there is
no research on hemorrhoids in the Zhuang population. Based on the above reasons, this

study selected the Zhuang population as the research object.

1.2 Research questions
How to establish an effective hemorrhoid risk prediction model containing

genetic and risk factors?

1.3 Objectives of the Study
1.3.1 To explore the risk factors of hemorrhoids in Guangxi Zhuang population.
1.3.2 To explore the association of FOXC2 polymorphism and its interaction
with other risk factors with the susceptibility to hemorrhoids in Guangxi Zhuang

population.



1.3.3 To explore the causal association of body mass index and hemorrhoids.

1.3.4 To establish a prediction model for hemorrhoids.

1.4. Scope of the study

1.4.1 The research contents include the risk factors of hemorrhoids, the causal
relationship between body mass index and hemorrhoids, the association between
FOXC2 gene polymorphism and hemorrhoids, and the risk prediction model of
hemorrhoids.

1.4.2 The study population is Zhuang people in Guangxi, China. The number of
samples in the case group and the control group was 200.

1.4.3 The research setting is a provincial general hospital in Guangxi, China.
All participants were selected from the hospital

1.4.4 The research period is from November 2022 to December 2023.

1.5 Definition of Terms

1.5.1 Hemorrhoids, it refers to the soft venous mass formed by the expansion
and flexion of the venous plexus under the mucosa and anal skin at the end of the human
rectum.

1.5.2 Gene polymorphism, it refers to the simultaneous and frequent presence
of two or more discontinuous variants or genotypes or alleles in a biological population
(This study focuses on the polymorphism of the rs34221221 locus of the FOXC2 gene).

1.5.3 Susceptibility, it refers to the state of being very likely to be influenced,
harmed or affected by something. In this study, it refers to the likelihood of individuals
developing hemorrhoids.

1.5.4 Prediction model, it is a statistical model that estimates the probability of
a certain disease or a certain outcome according to a series of'individual characteristics.

1.5.5 Mendelian randomization(MR), it is a data analysis technique used in
epidemiological research to evaluate the causal relationship between exposure factors
and outcomes, using genetic variations that are strongly correlated with exposure
factors as instrumental variables.

1.5.6 Body mass index(BMI), this indicator is calculated by dividing weight

(kilograms) by the square of height (meters), and the ratio obtained from this formula



can to some extent reflect human density. In China, the adult body mass index falls
within the normal range of 18.5 to 23.9kg/m>.

1.5.7 Hardy-Weinberg equilibrium means that in an infinite random mating
population without mutation, migration and selection, the gene frequency and genotype
frequency will remain unchanged generation by generation. It is the most important
principle in population genetics.

1.5.8 Sensitivity, it can reflect the ability of the evaluation method to accurately
determine the actual disease case as having a certain disease. In this study, it was used
to reflect the ability of the hemorrhoid prediction model to accurately predict the
predicted person as having hemorrhoids.

1.5.9 Specificity, it can reflect the ability of the method to be evaluated to
correctly judge the research object who is not actually sick as not suffering from a
disease. In this study, it is used to reflect the ability of hemorrhoids prediction model to
correctly predict the predicted person as not suffering from hemorrhoids.

1.5.10. Youden index, also known as the Correct index, indicates that the
method to be evaluated can correctly judge the total ability of patients and non patients.
It is equal to the sum of sensitivity and specificity minus 1. When the sensitivity and
specificity are the largest, the Youden index is the largest. It means, at this value, the
judgment ability of the method to be evaluated is the strongest. Therefore, this study
uses the maximum value of the Youden index to determine the cut-off value of the
prediction model. It means when the maximum value of the Youden index is taken, the
corresponding model predictive value is the value to judge whether the predicted person
will suffer from hemorrhoids. When the predictive value is greater than this value, it
means that the predicted person has the risk of suffering from hemorrhoids. If it is less
than this value, there is no risk of suffering from hemorrhoids.

1.5.11 Positive predictive value, which represents the likelihood of a subject
developing a disease when their predicted result 1s positive. In this study, it represents
the likelihood of hemorrhoids if the predicted value of the subject is greater than the
cut-off value.

1.5.12 Negative predictive value, which represents the likelihood of excluding
a subject's disease if their prediction result is negative. In this study, it represents the

likelihood of the predicted person not developing hemorrhoids when their predicted



value is less than the cut-off value.

1.5.13 The cut-off value, it is the judgment standard, which is the boundary
value for judging the positive and negative of the test. It determines the normal value
of a certain index to distinguish between normal and abnormal. A reasonable cut-off
value is to make the authenticity of the test the best, to make the sensitivity and
specificity as high as possible, or to maximize the correct index (Youden index).

1.5.14 ROC curve, namely the receiver operating characteristic curve, is a
curve made with sensitivity as the ordinate and 1-specificity as the abscissa, indicating
the relationship between sensitivity and specificity. It is the most commonly used
method to determine the cut-off value.

1.5.15 Definition of variables in the questionnaire:

1) Higher education, in this study, it refers to the education of junior college or
above.

2) Family income, it refers to the per capita monthly income of a household.
According to statistics from the Nanning Municipal Bureau of Statistics in Guangxi,
the per capita disposable income of urban residents in Nanning in 2022 was 4263 6yuan,
which is an average of  about 4000 yuan per month
(http://tj.nanning.gov.cn/tjsj/tjgb/t5575662.html).

3) Drinking, it refers to drinking more than 50 milliliters each time, more than
once a month, is considered to be drinking. Guangxi Zhuang people generally drink
rice wine, which has an alcohol content of about 20%. According to Chinese literature
reports, consuming more than 10 milligrams of alcohol each time can be harmful to the
body. Therefore, it is calculated that drinking more than 50 milliliters each time can be
harmful to the body!'"!. Therefore, in this study, drinking more than 50 milliliters per
time is referred to as alcohol consumption.

4) Regular eating was defined as eating more than three times a week, while
occasional eating was defined as eating less than two times a month!!l,

5) Eating more meat than vegetables in each meal 1s defined as mainly meat
based, on the contrary, it is defined as vegetarian oriented, and eating as much meat as
vegetables was defined as uniformity of meat and vegetables!'®!.

6) Working in a sitting position for more than 4 hours a day is defined as

working in a sitting position. This definition is based on the literature on the impact of



prolonged sitting on mortality!!7-1°1,

7) Activities with more rapid breathing than normal, at least three times a week,
at least 10 minutes each time, are defined as high strength physical activity; Moderate
strength physical activity refers to the activity that takes more effort to breathe than
normal, at least 3 times a week, at least 10 minutes each time; Low strength physical
activity mainly refers to walking, including walking at work, at home, from somewhere
to somewhere, entertainment, games or leisure. These definition were developed based
on the International Physical Activity Questionnaire(IPAQ)12°.

8) Constipation refers to poor defecation at least in the past 3 months, which is
characterized by less frequent defecation, difficult defecation, or both?! 1.

9) Chronic gastritis was determined according to the history of the subjects.

1.6 Expected benefits of research

The hemorrhoid risk prediction model can be used to predict hemorrhoids in
high-risk groups, and corresponding preventive measures can be taken according to the
prediction results, so as to reduce the prevalence of hemorrhoids and reduce the

economic burden of diseases caused by hemorrhoids.



Chapter 1II

Literature Review

The research is entitled: Association between FOXC?2 gene polymorphism and
susceptibility to hemorrhoids. The aim of this study is to explore the genetic factors of
hemorrhoids and their interaction with external environmental factors, and to establish
a hemorrhoid risk prediction model. The researchers reviewed the concept,
pathogenesis and mechanism, prevalence, related risk factors, treatment and prevention
of hemorrhoids, and the introduction to Mendelian Randomization method as follows:

2.1 Introduction to Hemorrhoids

2.2 Epidemiology of hemorrhoids

2.3 Symptoms of hemorrhoids

2.4 Risk factors related to hemorrhoids

2.5 Pathogenesis of hemorrhoids

2.6 Diagnosis of Hemorrhoids

2.7 Treatment of Hemorrhoids

2.8 Prevention of Hemorrhoids

2.9 Introduction to Mendelian Randomization method

2.10 Conceptual framework of the study

2.1 Introduction to Hemorrhoids

Hemorrhoids are one of the most common anal and rectal diseases in clinical
practice. Hemorrhoids have been extensively documented in traditional Chinese
medicine literature. Thomson proposed the modern concept of hemorrhoids in 1975 [22!:
Hemorrhoids are pathological hypertrophy of the anal pad at the lower end of the rectum.
Hemorrhoids:can be divided into internal hemorrhoids, external hemorrhoids, and
mixed hemorrhoids according to their location of occurrence. Internal hemorrhoids are
soft venous masses formed by the enlargement, varicose veins, and congestion of the
hemorrhoid venous plexus above the dentate line of the anus and under the mucosa at
the end of the rectum. External hemorrhoids are diseases that occur below the dentate

line, caused by the dilation or rupture of the external venous plexus, recurrent



inflammation, blood stasis, thrombosis, or tissue proliferation. According to the
pathological characteristics of the organization, external hemorrhoids can be divided
into four categories: connective tissue external hemorrhoids, thrombotic external
hemorrhoids, varicose external hemorrhoids, and inflammatory external hemorrhoids.
Mixed hemorrhoids are the fusion of internal hemorrhoids and corresponding external
hemorrhoid vascular plexus across the dentate line into a whole 2*->*1, Hemorrhoids can
also be classified based on the location and severity of prolapse. The most widely
accepted classification is the Goligers classification system, which divides hemorrhoids
from mild to severe into first degree, second degree, third degree, and fourth degree

hemorrhoids °,

2.2 Epidemiology of hemorrhoids

The universality and multiplicity of hemorrhoids are recognized. There is a saying
that ten Chinese people have nine hemorrhoids. The general survey of diseases
organized by the Chinese Association of Anorectal Medicine from 1975 to 1997 showed
that the total incidence of anorectal diseases in China was 59.1% (33,837/57,297), of
which the incidence rate of hemorrhoids was the highest (51.56%), accounting for 87.25%
of all anorectal diseases, of which the incidence rate of internal hemorrhoids was the
highest (52.23%), followed by mixed hemorrhoids (21.05%) and external hemorrhoids
(14.04%). An epidemiological survey of common anorectal diseases among urban
residents in 31 provinces (autonomous regions, municipalities directly under the
Central Government) in mainland China carried out from 2013 to 2014 showed that
51.14% (21,885/42,792) of the total survey population reported anorectal diseases
among adults, with the highest incidence rate of hemorrhoids (50.28%) °!. A recent
epidemiological survey on residents aged 18-80 in five rural communities in Fengxian
District, Shanghai showed that the total incidence rate of hemorrhoids among the
surveyed population was 40.27% (2416/6000), with mixed hemorrhoids and external
hemorrhoids having significantly higher incidence rates than internal hemorrhoids. The
majority of hemorrhoids (80.63%) were diagnosed as damp heat descending syndrome
and spleen deficiency qi sinking syndrome in traditional Chinese medicine. After
analyzing the incidence of hemorrhoids at different age stages, it was found that the

incidence of hemorrhoids increases with age, with the highest incidence occurring in
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27281 The epidemiological survey results in the United

the age group of 35-59 years old !
States show that the incidence of hemorrhoids ranges from 4% to 55%, with nearly 4
million visits per year. The risk of hemorrhoids is highest among people aged 45 to 65
(29311 "while the incidence rate of hemorrhoids in major states is uneven 21, According
to research reports in South Korea, the overall prevalence of hemorrhoids is 14.4%,
with females (15.7%) having a higher prevalence than males (13.0%) [*3. According to
the research report of Austria, the incidence rate of hemorrhoids is 38.9%, of which
Grade I hemorrhoids have the largest number, accounting for 72.89% of the total
number of patients; The age group with the highest incidence rate is 45 to 49 years old,

1341, Hemorrhoids are also the most common rectal

with a prevalence rate of 60.87%
disease in Italy, with an estimated prevalence of 4.4%, and the peak age of onset is
between 45 and 65 years old. In addition, 50% of the population aged 50 and above
have experienced issues related to hemorrhoids 1*). In a survey conducted in Ethiopia,
it was found that the overall prevalence of hemorrhoids in the area was 13.1%, with
64.1% of patients suffering from grade I hemorrhoids. The prevalence of hemorrhoids
in females was 18.8%, higher than 7.7% in males, and 68.7% of female patients had a
history of childbirth [*®!. The incidence rate of hemorrhoids in Britain is 13.3% every
year, but this figure is only the statistics of patients coming to see a doctor. The number
of asymptomatic or asymptomatic hemorrhoid patients without statistical data is about

(371 The incidence of hemorrhoids among Russians has also reached

three times higher

13.4% 81,

Brief summary
In general, the prevalence of hemorrhoids has significant regional differences,

which varies from country to country, while the prevalence in China is relatively high.

The regional differences in the prevalence of hemorrhoids may be related to climate,

water and soil, food, eating habits, living habits, and even race and nationality. It may

also be related to the diagnostic criteria, preventive health care, and people's awareness

of hemorrhoids in various countries and regions.

2.3 Symptoms of hemorrhoids
The symptoms of hemorrhoids may overlap with those of other anorectal diseases,

such as skin growths, abscesses, fissures, polyps, inflammatory bowel disease, and
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anorectal tumors. The most common manifestation of hemorrhoids is painless rectal
bleeding that occurs during or immediately after defecation. Usually, patients observe

r 39421 Repeated bleeding

mild to moderate bright red bleeding on feces or toilet pape
may lead to secondary iron deficiency anemia. Sometimes, hemorrhoids may cause
massive bleeding and require emergency hospitalization and blood transfusions 43441,
Other symptoms include swelling, prolapse, infection, perianal skin irritation, itching,
and discomfort. In addition, prolapse of large hemorrhoids may cause a feeling of rectal
fullness and, in rare cases, can lead to difficulty in defecation. For uncomplicated
hemorrhoids, pain is rare. However, the presence of pain symptoms may indicate the
presence of other conditions, such as fissures, abscesses, perineal neuropathy, transient
rectal pain, and anorectal tumors. Regardless of the bowel movement, acute edema and
thrombosis of external hemorrhoids can lead to acute anal pain.

Below is a summary of the main clinical manifestations of hemorrhoids according
to their classification:

The main clinical manifestations of internal hemorrhoids are bleeding, prolapse,
perianal dampness, itching, and may be accompanied by thrombosis, entrapment,
strangulation, and difficulty in defecation.

The surface of external hemorrhoids is covered by skin and is not prone to bleeding.
The main clinical manifestations are soft tissue masses in the anal area, which may
cause discomfort, dampness, itching, or foreign body sensation. If blood clots or
inflammation occur, there may be pain.

The main clinical manifestation of mixed hemorrhoids is the coexistence of
symptoms of internal and external hemorrhoids, and in severe cases, it manifests as
prolapse of circular hemorrhoids.

Brief summary

Although hemorrhoids are not an immediate life-threatening' emergency, their
symptoms can also cause.discomfort to patients, thereby affecting the quality of work
and life. Due to its high incidence rate and the improvement of people's health
awareness, the medical expenses of medical examination, diagnosis, treatment, and
hospitalization caused by hemorrhoids are also constantly increasing, and the disease

burden cannot be underestimated.
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2.4 Risk factors related to hemorrhoids

Regarding the triggering factors of hemorrhoids, the Neijing in traditional
Chinese medicine was the first to propose the concept of "therefore satiety". Later, the
Zhu bing yuan Hou Lun comprehensively proposed that the causes of hemorrhoids
include feeling wind evil, improper diet, emotional factors, careless sexual activity, and
fatigue. Modern medicine believes that hemorrhoids are closely related to anatomy, age,
diet, occupation, bowel movements, genetics, living environment, education level,
lifestyle habits, sleep status, physical exercise, and pregnancy history. Foreign literature
studies have also found that factors that increase the risk of developing hemorrhoids
mainly include dietary fiber intake, constipation, diarrhea, pregnancy, prolonged sitting,
and excessive stress load 3. Chen Ping!*®! et al. found through investigation that
irregular lifestyle factors such as long-term lack of sleep, excessive fatigue, frequent
staying up late, irregular dietary habits such as hunger and satiety, overeating, and
dietary preference are related to the occurrence of hemorrhoids. Tan Naizhi [“"let al.
found through investigation that lack of exercise, poor mental health, and prolonged
bowel movements are related factors for the occurrence of hemorrhoids. Tian Yul*® et
al. found that a large proportion of patients with hemorrhoids have a history of
hemorrhoids in their immediate family members. Amina (! et al.'s research has shown
that frequent consumption of spicy and stimulating foods, high-fat foods, and minimal
intake of vegetables and fruits can easily lead to hemorrhoids. Below is a summary of
the factors that affect hemorrhoids that have been extensively studied.

2.4.1 External factor
2.4.1.1 Poor bowel habits and abnormal bowel movements

Many individuals have varying degrees of bad bowel habits or abnormal bowel
movements>®!. The so-called bad bowel habits include: prolonged bowel movements
can easily cause congestion in the anus and cecum, leading to diseases; Smoking while
using the toilet can buffer the brain's bowel reflex, which can easily cause constipation;
Excessive force during defecation may increase unnecessary burden and local
congestion on the muscles of the cecum, anus, and pelvic floor, leading to the
occurrence and spread of diseases, and so on. Abnormal bowel movements, including
diarrhea and constipation, are important causes of hemorrhoids. Constipation is the

biggest culprit. Long term retention of toxic substances in the cecum can not only cause
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colon cancer, but also lead to fecal accumulation, affecting blood circulation. Forcefully
removing dry fecal masses will inevitably cause significant pressure on the anus,
leading to a series of pathological changes such as blood stasis, swelling, and fissures.
Research has shown that patients with constipation are more likely to develop
hemorrhoids. This is also related to the degeneration of the supporting tissue in the anal
canal, as well as the tearing of the elastic supporting tissue caused by prolonged tension
during defecation and defecation. This can lead to distal displacement of the anal pad
and the development of hemorrhoids P21, In addition, studies have also shown that
hard stool and increased intra-abdominal pressure can hinder venous return, leading to
congestion of the hemorrhoid plexus and arteriovenous anastomosis at the anorectal
junction, thereby leading to the development of hemorrhoids 2!,

But there are also inconsistent research results. A study have shown that
hemorrhoids and constipation have different epidemiological characteristics, including
age, gender, race, and socio-economic status, which raises doubts about constipation as
a risk factor®*!, A study by the Milwaukee Veterans Medical Center found that diarrhea
rather than constipation is associated with hemorrhoids*®. In a study using national VA
data, the comorbidities associated with hemorrhoids were all diarrhea related diseases
(colitis, malabsorption, intestinal bypass surgery, chronic pancreatitis) rather than
constipation!®>l,
2.4.1.2 Long term mental stress

Long term mental stress is usually considered to be the cause of hemorrhoids. In
modern society, due to the acceleration of people's pace of life, people have been in a
state of high mental tension for a long time, resulting in a long-term high intestinal load.
In this state, constipation will occur, resulting in adverse stimulation of the anus and
increasing its pressure. Over time, it is often easy to cause anorectal tail vein abnormal
congestion, and then cause hemorrhoids 1.
2.4.1.3 Pregnancy

Pregnancy can lead to anal pad congestion, resulting in hemorrhoids, which will
subside soon after birth [, During pregnancy, progesterone hormone can relax the
smooth muscle of the whole body. This is very important for maintaining pregnancy
and preventing premature uterine contraction. This can also lead to other sequelae of

the gastrointestinal tract, including the decline of the whole intestinal motility (resulting
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in delayed gastric emptying and contraction), as well as the reduction of the tonic
contraction of sphincter (including the lower esophageal sphincter that causes
esophageal reflux and heartburn), and possibly the anal sphincter 36381,
2.4.1.4 Occupational factors

In modern medical anatomy, it has long been proved that human rectum and its
branches do not have venous valves, and there is no "valve" for venous blood flow.
Because human beings walk upright, when venous tissue fluid flows back to the heart
from bottom to top through the rectum under the action of gravity, the tail of human
anorectum is prone to blood stasis, which will lead to anal mucosal venous plexus
lesions, varicose, hyperplasia and other phenomena, and finally form hemorrhoids.
However, some occupations need to maintain posture for a long time, often standing or
sitting, and anorectal venous reflux is more likely to be difficult. Blood is deposited at
the bottom of the rectum, which is more likely to lead to anal mucosal congestion and
hemorrhoids ). Among the people with different employment status, the prevalence
rate of hemorrhoids in school students is the lowest, which is 4.88%. According to the
research of Chen Ping et al, the prevalence rate of hemorrhoids in employees is 44.42%,
among which the prevalence rate of drivers is the highest, which is 65.00%. The
prevalence rate of people working in high temperature and humidity environment was
71.10%, which was higher than that of people working in comfortable environment and
general environment; The prevalence of hemorrhoids is different in different weight-
bearing work. The higher the degree of weight-bearing work, the higher the prevalence
of hemorrhoids!*¢),
2.4.1.5 Dietary factors

Many dictary factors, including low fiber diet, spicy food and alcohol intake, are
also related to hemorrhoids, but the reported data are inconsistent [, Whether the diet
pattern or diet matching is reasonable is an important factor affecting the occurrence
and aggravation of hemorrhoids. For example, the quality of food, the type and quantity
of vegetables, the content of protein, fat, starch and cellulose, and the amount of water
intake will directly affect the composition of feces, leading to anorectal and Cecal
Diseases. For people who drink alcohol or eat spicy food for a long time, the incidence
of anorectal disease is significantly increased, because wine and spicy food can

stimulate gastrointestinal mucosa, cause vasodilation and colon dysfunction.
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2.4.1.6 Obesity and high body mass index

It has also been reported that obesity and high body mass index can be regarded
as independent risk factors for hemorrhoids [*'. This may be due to increased intra-
abdominal pressure due to high body weight and visceral fat, which is thought to cause
congestion in the veins of the distal rectum. Obesity can induce the release of
inflammatory cytokines and acute phase proteins, and ultimately activate the innate
immune system and affect metabolic homeostasis, leading to the formation of
hemorrhoids. At present, there are relatively few studies on overweight, obesity and
body mass index, and the relevant mechanisms have not been clarified.
2.4.1.7 Depression

This study found that depression and hemorrhoids have independent associations
331 Eating disorders and physical activity in patients with depression may be a possible
mechanism of the association between depression and hemorrhoids !, Conversely,
it seems that the impact of symptomatic hemorrhoids on the quality of life and mood
may also lead to depression. However, at present, people know little about the
relationship between hemorrhoids and depression, and it seems necessary to carry out
further research!®*,
2.4.1.8 Long term intestinal diseases and infectious diseases.

A literature!®?! has put forward the "infection theory" on the etiology of hemorrhoids,
because infectious diseases are easy to compress anal mucosal venous vessels to
produce hemorrhoids, such as bacillary dysentery, typhoid fever, chronic intestinal
infection, etc. Chenchangxiang and other researchers found that the detection rate of
intestinal pathogenic bacteria in patients with hemorrhoids was higher than that in
patients without hemorrhoids, and the number of patients with frequent diarrhea in
patients with hemorrhoids was significantly higher than that in patients without
hemorrhoids, which also supported the infection theory of hemorrhoids 163!,
2.4.1.9 Hemorrhoids and sexual life

Male reproductive and proctology doctors have found that men with poor sexual
habits or abnormal sexual activity are more prone to hemorrhoids. This is because
during sexual activity, the muscles of the whole body are in a highly tense state,
especially the pelvic and gluteal muscles continue to contract, which increases the

resistance of blood circulation around the anus and causes blood circulation disorders.
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If sexual activity is too frequent, anal veins often experience blood circulation disorders,
varicose veins, congestion, protruding from the mucosa or outside the anus, leading to
irreversible hemorrhoids!®¥.,
2.4.1.10 Exercise factors

Physical exercise has a great effect on the prevention and treatment of hemorrhoids.
The statistical results show that the incidence of hemorrhoids in middle-aged workers
who have been engaged in sitting posture for a long time is significantly higher than
others. Proper physical exercise can reduce venous pressure, strengthen the function of
cardiovascular system, eliminate constipation and enhance muscle strength, which play

an important role in the prevention and treatment of hemorrhoids!®*.

2.4.2 Internal Factors

2.4.2.1 Age

In the study of Chinese people, after analyzing the prevalence of hemorrhoids
at different ages, it was found that the prevalence of hemorrhoids increased with the
increase of age, and the prevalence of hemorrhoids at the age of 35-59 was the highest
[5-61 Riss et al. Showed that the prevalence of hemorrhoids by age was the highest

(651 Johanson and Sonnenberg

(60.8%) in the population between 45 and 49 years old
[55] reported that the age range with the highest prevalence of hemorrhoids was 45 to 65
years old. The study of Lee J H et al. Also found that the prevalence of self-reported
hemorrhoids (18.3%) and doctors' diagnosed hemorrhoids (9.7%) were the highest
among the people aged 40 to 491331, Although the prevalence of hemorrhoids in different
regions and races is slightly different, it can be seen from the summary that the main
age of hemorrhoids is about 40-60 years old. This may be related to the gradual decline
of the body's morphology and system function at this age, the relaxation and weakness
of anorectal nerves, blood vessels, muscles, ligaments, etc., the relaxation of fibrous
tissue reduces the ability of the tissue to support and suspend the anal canal "vascular
pad" and is prone to prolapse, and the distortion and congestion of blood vessels due to
the loss of proper support (1, It may also be that with the increase of age, bad lifestyle
and bad behavior factors are increasing, leading to the occurrence of hemorrhoids. Or
age interacts with other hemorrhoids risk factors.

2.4.2.2 Gender

The prevalence of hemorrhoids was not consistent between different genders. Haas
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et al.[’T and Johanson and Sonnenberg % reported that there was no difference in the
prevalence of hemorrhoids between men and women, while Riss et al. reported that the
prevalence rate of women (40.78%) is higher than that of men (37.09%)*%!. In the study
of Lee J H et al., the prevalence of self-reported hemorrhoids in women was higher than
that in men, while there was no difference in the prevalence of hemorrhoids diagnosed
by doctors between women and men. The researchers believe that the reason for this
finding is that women are more likely than men to avoid receiving anal examination to
diagnose hemorrhoids. Therefore, they believe that the prevalence of hemorrhoids in
men seems unlikely to be higher than that in women 3 . In short, the relationship
between gender and the incidence of hemorrhoids is still inconclusive, and the results
reported in different studies are different, which needs to be confirmed by larger sample
size data.
2.4.2.3 Family history

The investigation found that hemorrhoids also have a genetic tendency. The
mechanism may be related to genetic defects, multiple colon polyps, P-J syndrome and
other genetic anorectal diseases. In addition, it may also be related to abnormal
embryonic development. The statistical results showed that 77.81% of the patients with
genetic factors were hospitalized, indicating that the patients with hemorrhoids caused
by genetic factors are generally more serious and need hospitalization to alleviate or
recover. According to the epidemiological survey, the prevalence of hemorrhoids in
residents with a family history of anorectal disease was 81.00%, which was much
higher than that in patients without a family history (45.14%), and the occurrence of
hemorthoids was closely related to genetic genes!'l. Chen changxiang and other
researchers also said that the incidence of hemorrhoids in the children of parents with
hemorrhoids increased. The mechanism may be that the venous wall is congenital weak,
poor resistance, and can not tolerate vascular pressure, which can cause hemorrhoids
over timel%],

Brief summary

In short, hemorrhoids is a chronic disease with a long formation period.
Hemorrhoids have many complicated causes in daily life. Long term bad habits and
physical problems may lead to hemorrhoids. At present, the research on the etiology of

hemorrhoids is mostly limited to observational research, which can find out the related
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risk factors of hemorrhoids, but it has not yet been able to verify that these factors are
the related etiology of hemorrhoids, let alone clarify the pathogenesis of hemorrhoids
caused by these risk factors. Therefore, more efforts and further research are needed on

the etiology and pathogenesis of hemorrhoids.

2.5 Pathogenesis of hemorrhoids

2.5.1 Hemorrhoids pathogenesis theory

There is no unified understanding of the pathogenesis of hemorrhoids. At present,
internationally recognized hemorrhoids theories include varicose vein theory, anal pad
downward movement theory, vascular proliferation theory, bacterial infection theory,
pelvic floor dynamics theory, etc. Among them, the theory of anal pad downward
movement theory, the theory of vascular proliferation and the theory of varicose veins
have the highest recognition 8] .
2.5.1.1 pad downward movement theory

In 1975, Thomson%®! based on the work of Gass et al. [%!, proposed that the rupture
and degeneration of anal submucosal supporting tissue led to the formation of
hemorrhoids, thus basically forming the theory of anal pad downward. The anal pad is
composed of blood vessels, smooth muscle, connective tissue and elastic fibers, which
can assist the internal and external sphincter to maintain anal canal closure under
physiological conditions. The theory of anal pad downward movement holds that when
the fixed supporting structure of anal pad is damaged, the anal pad will move downward
and come out, thus forming hemorrhoids ”!1.

The theory of anal pad downward movement can well explain the typical clinical
manifestations of hemorrhoids, but it is difficult to explain the phenomenon that some
hemorrhoids only bleed without prolapse, nor can it explain the good therapeutic effect
of various microcirculation regulating drugs on early hemorrhoids
2.5.1.2 Neovascularization theory

Vascular proliferation theory: In the 19th century, many scholars discovered that
hemorrhoids are a very thick vascular tumor like sponge like tissue, believing that this
structure plays a certain role in the self-control mechanism of the anus and helps to

close it. In the 1960s, it was confirmed that there was arteriovenous communication in

the tissue, indicating that the tissue may have erectile function, which can enhance the
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self-control ability of the anus. Some scholars speculate that hemorrhoids originate
from the proliferation of this sponge like tissue, but this speculation also lacks evidence
because there are no signs of vascular proliferation in any specimen. Although the
theory of vascular proliferation lacks evidence, the discovery of arteriovenous
communication can explain why hemorrhoids bleed bright red instead of dark red,
indicating that hemorrhoids are not simply venous diseases ['!,

In the new angiogenesis theory, a large number of new blood vessels can
accumulate to form hemorrhoids, which can sag and prolapse with the further increase
of hemorrhoids. The new angiogenesis theory can explain the clinical symptoms such
as mass and prolapse, but it cannot fully explain the clinical manifestations of
hemorrhoids.
2.5.1.3 Varicose vein theory

The theory of varicose veins can be traced back to the period of Hippocrates and
Galen, which stems from the observation of scattered expansion of veins in
hemorrhoids. In the 18th century, Hunter, an English doctor, found varicose veins in the
removed hemorrhoids. He clearly believed that this was the cause of hemorrhoids, so
venous dilation was regarded as the basic pathological change of hemorrhoids. There
are two main reasons for varicose veins: one is the increase of local venous pressure,
and the other is the weakness of the local venous wall. The increase of venous pressure
is related to the lack of venous valve in the portal vein system and the lack of portal
systemic circulation in the anal canal. In 1749, Morgagni, an Italian pathologist,
proposed that anal varices were related to standing posture, and agreed that increased
intra-abdominal pressure could be transmitted to anal veins!’!.

Varicose vein theory can well explain the clinical manifestations of hemorrhoids,
such as hematochezia and mass. Tortuous and dilated veins can gather to form vascular
mass. At the same time, varicose veins are also more prone to rupture, which can rupture
and bleed in the case of defecation and other conditional stimuli. However, the varicose
vein theory has some limitations in explaining the symptoms of "prolapse".

In China, many scholars have accepted the varicose vein theory and believe that
hemorrhoids is a chronic disease caused by varicose veins at the bottom of anus and
rectum and anal mucosa. According to the varicose vein theory, the pressure of anal

vein is too high, and the venous return of hemorrhoids is blocked, which leads to the
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bending and expansion of hemorrhoids vein, and then forms hemorrhoids vein mass "),
Especially in patients with portal hypertension, the venous blood flow is blocked due
to the obstruction of the superior vena cava reflux, and the blood flows into the superior
and inferior veins of hemorrhoids through the inferior vena cava. In the hemorrhoid
nucleus of external hemorrhoids, vascular proliferation and dilation, and edema of
vascular endothelial cells are often seen. This is due to discontinuous venous dilation
of hemorrhoids, congestion of hemorrhoids venous plexus in anorectal mucosa, or
mucosal damage during defecation, obstruction of arteriovenous anastomosis, resulting
in capillary spasm, venous plexus dilation, hemorrhoids nuclear congestion and
swelling 73!,

There are many theories about the pathogenesis of hemorrhoids, but there is no
theory that can fully explain the formation of hemorrhoids, which needs further study.
Many scholars have tried to clarify the occurrence and development of hemorrhoids
from the perspective of molecular biology, and many scholars believe that the
occurrence and development of hemorrhoids are also closely related to genetics.

2.5.2 Molecular biological pathogenesis of hemorrhoids

At present, the related researches on the molecular biological pathogenesis of
hemorrhoids include: increased expression of matrix metalloproteinase-9 (MMP-9),
abnormal expression of smooth muscle actin (SMA) in vascular wall, increased
expression of nitric oxide synthase (NOS) and transient receptor potential vanilloid
subtype 1 (TRPV1) in hemorrhoids, new angiogenesis in hemorrhoids, down-
regulation of microRNAs (miRNA, miRNA or MIR), and overexpression of vascular
endothelial growth factor (VEGF) and fibroblast growth factor 2 (FGF2), etc.
2.5.2.1 Overexpression of MMP-9 destroys the supporting structure of anal pad

MMP is a zinc dependent matrix metalloproteinase; and MMP-9 is one of its most
complex MMP ™ Qin Lei et al. [" studied 110 cases of hemorrhoids and the
corresponding control group sections and found that MMP-9 showed a high expression
level in hemorrhoids, and its expression level in stage Il hemorrhoids was higher than
that in stage I hemorrhoids, and its expression level was positively correlated with the
severity of hemorrhoids, the development of disease course and the degree of interstitial
edema. This result suggested that MMP-9 was probably related to the occurrence of
hemorrhoids. Daihaol’® found that MMP-9 could hydrolyze a variety of protein
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components such as elastic fibers and destroy the supporting structure of anal pad. The
above results suggest that the overexpression of MMP-9 destroys the supporting
structure of the anal pad, which causes the anal pad to move down and prolapse, leading
to the occurrence of hemorrhoids.

Further analysis showed that the expression and activity of MMP-9 were regulated
by a variety of molecules. Among them, the regulatory effects of human neutrophil
gelatinase associated apolipoprotein (NGAL) and tissue inhibitor of metalloproteinase
(TIMPs) on MMP-9 have been studied. Serra et al.’’! found that NGAL expression
increased in stage IV internal hemorrhoids. NGAL can combine with MMP-9 to form
MMP-9/NGAL complex, inhibit the degradation of MMP-9, thereby improving the
biological activity of MMP-9 78] and indirectly participate in the pathogenesis of
hemorrhoids. TIMPs are the main endogenous inhibitors of MMPs in tissues, which
can be produced by endothelial cells and fibroblasts [, TIMPs can inhibit the
degradation of MMP-9 by combining its N-terminal with the N-terminal of MMP-9 (8%,
However, there is no research on the expression level or activity of TIMPs in
hemorrhoids.
2.5.2.2 Abnormal expression of SMA induces angiogenesis in myofibrous dysplasia,
resulting in destruction of anal pad supporting tissue

Myofibrous dysplasia blood vessels are a kind of blood vessels with sclerosis and
dysplasia of smooth muscle, which appear in the mucosa and submucosa of
hemorrhoids. Myofibrous dysplasia blood vessels invade the mucosal muscle layer,
making the mucosal muscle layer loose, fibrotic or broken, and the anal pad support
function is weakened, which can lead to hemorrhoids *". Fengdayong et al. ! found
through immunohistochemical staining that the expression of SMA in the vascular wall
of myofibrous dysplasia in hemorrhoids was uneven, and no positive expression of
SMA was observed in some venous walls, while the expression of SMA in the venous
wall of normal rectal mucosa was uniform. This result suggested that the abnormal
expression of SMA may induce the formation of blood vessels in myofibrous dysplasia,
thereby damaging the mucosal muscle layer and weakening the supporting effect of
anal pad, eventually lead to the occurrence of hemorrhoids.
2.5.2.3 Overexpression of NOS increases vasodilator NO, leading to varicose veins

In mammalian cells, NO can be endogenously generated by L-arginine through
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NOS 31, NOS can be divided into three types: neuronal type NOS, inducible type NOS,
and endothelial cell type NOS. Neuronal type NOS and endothelial cell type NOS
belong to structural type and catalyze the production of NO in a relatively constant
amount; Induced NOS belongs to the inducible type and can catalyze the production of
a large amount of NO when stimulated by inflammatory factors. NO has the function
of dilating blood vessels, inhibiting platelet adhesion and aggregation, and is also a
highly active and cytotoxic free radical. Excessive NO can cause abnormal vasodilation,
distortion, and support of connective tissue deformation ®4. Han Wei et al. 3! found
that the expression level of inducible NOS was significantly increased in hemorrhoid
tissue. Further research by Lohsiriwat et al. %% found that the expression levels of
neuronal type NOS, inducible type NOS, and endothelial cell type NOS in hemorrhoid
tissue were significantly higher than those in normal rectal tissue. In addition, in the
study by Gokee et al. *"), the expression level of asymmetric dimethylarginine, the main
endogenous inhibitor of NOS in the rectal mucosa of hemorrhoid patients, was
significantly reduced. The above research results suggest that the expression level of
NOS in hemorrhoid tissue increases, catalyzing the production of a large amount of NO,
causing varicose veins in hemorrhoid tissue, and thus participating in the pathogenesis
of hemorrhoids.
2.5.2.4 Overexpression of TRPV1 increases vasodilator NO, leading to varicose
veins

TRPV1 is a non selective cation channel that can be expressed in neurons,
endothelial cells, and other areas. Capsaicin can activate TRPV]I, increasing its
permeability to Nat+and Ca2+. The level of TRPV 1 in hemorrhoid tissue is significantly
higher than that in normal rectal tissue, and it is mainly distributed in the stratified flat
epithelium at the junction of the anus and rectum *®!. In-addition, TRPV1 can promote
the production of important vasodilator factor NO. Varela L 6 pez et all®) | treated
Wistar rats with capsaicin, and TRPV1 activation increased NO production by 29%
compared to the control group. The above research results suggest that the increase in
TRPV1 expression level in hemorrhoid tissue is likely to be caused by promoting NO
production, leading to varicose veins and the occurrence of hemorrhoids. However,
there is currently no direct research indicating the relationship between the increase in

TRPV1 expression level and the increase in NO generation in hemorrhoid tissue. The
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mechanism by which the increase in TRPV1 expression level leads to the onset of
hemorrhoids still needs further research.
2.5.2.5 Downregulation of miR-412-5p and miR-4729 expression leads to
abnormal proliferation of endothelial cells and promotes neovascularization
MiRNAs are endogenous single stranded non coding RNA molecules that can
regulate post transcriptional gene expression by inhibiting mRNA translation or
promoting mRNA degradation %, The study by Song et al. P!l suggests that the
occurrence of hemorrhoids may be closely related to miRNA transcription
abnormalities. Upregulation or downregulation of miRNA expression can lead to
abnormal expression of target genes and imbalance of certain signal transduction
pathways. A study ¥ found that miR-412-5p located in the delta-like homolog -
iodothyroxine deiodinase 3 imprinting cluster was significantly downregulated in
hemorrhoid tissue, causing high expression of target protein Xpol, resulting in a large
amount of p53 being removed from the nucleus, and the p53 p66SHC-p16 pathway
being inhibited, leading to imbalanced regulation of endothelial cell cycle, proliferation
of endothelial cells, and neovascularization of hemorrhoid tissue. Liu et al. [>)! found
that overexpression of exogenous miR-4729 in vascular endothelial cells can inhibit the
expression of methyltransferase like protein 14, interfere with the methylation of
tyrosine kinase 1 (Tyrosine kinase with immunoglobulin like and epidermal growth
factor homology 1, Tiel) mRNA, reduce the stability of Tiel mRNA, and inhibit the
expression of the Tiel/VEGFA signaling molecule loop, Causing inhibition of
endothelial cell proliferation. The expression of miR-4729 in hemorrhoid tissue is
significantly downregulated, indicating a weakened ability of miR-4729 to inhibit
vascular proliferation and cause neovascularization. MiRNAs play an important role in
regulating normal physiological functions and the progression of various diseases in the
human body, but their regulatory mechanisms in the development of hemorrhoids have
not been fully studied. The existing literature suggests that the significant
downregulation of miR-412-5p and miR-4729 expression in hemorrhoid tissue may be
the main cause of hemorrhoid vascular proliferation. miR-4729 is closely related to
VEGFA, which explains the pathogenesis of hemorrhoids from an epigenetic
perspective. Inhibiting the decrease in miR-412-5p and miR-4729 content is expected

to inhibit new blood vessel formation and correct pathological structural changes in
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hemorrhoids.
2.5.2.6 Overexpression of VEGF and FGF2 leads to abnormal microvascular
proliferation

VEGF is a mitogen of endothelial cells and plays an important role in
neovascularization. VEGF can promote neovascularization by inducing endothelial cell
proliferation and migration, while also increasing vascular permeability 4 allowing
nutrients in plasma to seep out and promoting the formation of capillary networks.
FGF2 is distributed in most tissues of the body and has a strong promoting effect on
cell proliferation, which can induce endothelial cell proliferation ). Studies ! have
shown that there is an interaction between VEGF and FGF2, and FGF2 can promote
the expression of VEGF. VEGF is also the basis for FGF2 to function. Liang Wenlong
et al. 7! found that the expression level of VEGF receptors in hemorrhoid tissue was
significantly higher than that in normal anal cushion tissue. High expression of VEGF
receptors induced the production of more VEGF, leading to excessive proliferation of
microvessels. Wang Qi et al. [*®! found that the expression levels of VEGF and FGF2 in
hemorrhoid tissue were significantly higher than those in normal rectal mucosal tissue,
and the expression of VEGF and FGF2 increased with the increase of hemorrhoid stage.
The above studies suggest that VEGF and FGF2 play important roles in the
neovascularization of hemorrhoids, and reducing the expression of VEGF and FGF2 is
expected to improve the clinical symptoms of hemorrhoids. Porwal et al. **! found that
the traditional Chinese herbal preparation Anoac-H can exert good therapeutic effects
in the treatment of hemorrhagic hemorrhoids by reducing the expression of VEGF and
other mechanisms, suggesting that/ VEGF has important value as a therapeutic target
for hemorrhoids.

Brief summary

The molecular biology research of hemorrhoids not ‘only further explains and
confirms the classic clinical theory of hemorrhoid pathogenesis at the micro level, but
also may provide new potential targets for the clinical treatment of hemorrhoids, which
will be beneficial for exploring effective prevention and treatment methods, and has
important social value and practical significance.

2.5.3 Genetic pathogenesis of hemorrhoids

2.5.3.1 Results of Hemorrhoid Genetics Research
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Recent studies have shown that the occurrence of hemorrhoids is closely related
to genetics. According to the epidemiological survey, the prevalence of hemorrhoids
among the residents with a family history of anorectal diseases was 81.00%, which was
much higher than that of the patients without a family history (45.14%). The occurrence
of hemorrhoids is closely related to genetic genes !l In addition, some genes and gene
polymorphic sites related to hemorrhoids were also found in the association study of
some genes and hemorrhoids. Salnikova Le found that the SNP site rs735854 of MYH9
gene was highly correlated with hemorrhoids by searching the PheWAS(Perform a
Phenome-wide association study)directory [1°), The study of Chiang CP found that the
expression of acetaldehyde dehydrogenase was significantly increased in hemorrhoids
patients compared with normal controls, suggesting that the direct metabolite of
acetaldehyde may play an etiological role in the pathogenesis of hemorrhoids ['!!. Other
studies showed that the expression of mir-412-5p was significantly decreased in
hemorrhoid tissues of hemorrhoid patients. This study also showed that the down-
regulation of endogenous mir-412-5p expression in vascular endothelial cells of
internal hemorrhoids led to the high expression of target gene xpol and the nuclear
translocation of p53 protein, making it unable to activate p66Shc and p16, which
ultimately weakened the regulation of vascular endothelial cell cycle, thereby
accelerating the division of hemorrhoid vascular endothelial cells and leading to
angiogenesis 19?1, The study of Song C also suggested that the results of high-
throughput RNA-Seq screening showed that hemorrhoids may be closely related to
abnormal miRNA transcription, leading to abnormal target gene expression and
imbalance of some signal transduction pathways. Abnormal expression of microRNAs
is a potential key factor in hemorrhoids ['%!. The study of Al-batayneh KM and Al-
battah RM also found the genes related to hemorrhoids and their polymorphic sites. In
the recruited hemorrhoid patients, they found that the SNP (-91 C G) in the proximal
upstream region of the FOXC2 gene was highly correlated with both varicose veins and
hemorrhoids, showing that varicose veins and hemorrhoids are closely related vascular
abnormalities, which means that they may have a common genetic etiology 1%,
2.5.2.2 FOXC2 gene polymorphism and hemorrhoids

Forkhead box C2 (FOXC2), or mesenchymal forkhead box 1 (mhfl), is a

transcription factor belonging to the human forkhead or winged helix family. The
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common feature of this family is that it has an independent conserved DNA binding
domain with a length of about 110 amino acids, called fox (forkhead box) domain,
which is called forkhead (or winglike helix) DNA binding domain. This binding domain
is a large loop structure folded into three helices (helix 1, 2, 3) and two wings (Winged).
According to this feature of the DNA binding domain, These transcription factors are
also called forkhead / winged helix transcription factors. This family is characterized
by a conserved homologous DNA binding domain consisting of 100 amino acids. This
family plays an important role in embryogenesis and cell differentiation of many
organisms. Among the human genes, forkhead transcription factors are currently
divided into foxa-q, with 17 subfamilies and 43 members. Foxx2 is one of the members
and is encoded by the human chromosome 16q24.1 region gene. The full length of
FOXC2 gene is 3288bp, of which the full length of cDNA is 1506bp. It has no intron
and only contains a single coding exon. The protein encoded by FOXC2 has a total of
494 amino acid residues.

At present, the research on FOXC2 gene function mainly focuses on the
expression of mouse embryos and the relationship between FOXC2 gene mutation and
human diseases. FOXC2 gene has been found to be associated with a variety of human
diseases. It is an indispensable transcription factor in the genesis and development of
cardiovascular and axial bones.

Studies have shown that FOXC2, together with TIE2, VEGFR-3, rasal, KRIT1,
MGC4607, PDCD10, Nemo, SOX18, EEG, ACVRLKL, MADH4, NDP, TIMP3,
NOTCH3, COL3A1, PTEN and other important regulators of angiogenesis, plays an
important role in the process of rangiogenesis ['°). Before the occurrence of the
circulatory system, the: genetic program first determines the characteristics of the
arteries and veins. A signal cascade amplification system including SHH, VEGF,
VEGFR2, FOXCI1, FOXC2, COUP-TFII and other factors: determines the
differentiation of the arteries and veins 1%l FOXC2 is highly expressed in mouse
embryonic venous valves, and mutation of FOXC2 gene can cause loss of function and
venous reflux of lower limb venous valves. It has been confirmed that FOXC2 is closely
related to the pathogenesis of varicose veins [!%* 1971 Mellor RH, Lim CS, etc. have all

(108,109

found mutations in FOXC2 gene in varicose vein patients 1. The linkage study of

twins by Ng et al confirmed the heritability of FOXC2 mutation in the occurrence and
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development of primary varicose veins; Further studies also showed that FOXC2

1191 The varicosity theory of

mutants had evidence of venous reflux on ultrasound !
hemorrhoids also believes that there is venous congestion and varicosity in the
hemorrhoid venous plexus. Therefore, FOXC2 gene may also be associated with
hemorrhoids, which 1s a genetic factor for the occurrence and development of
hemorrhoids, as found by Al batayneh km and Al battah RM in hemorrhoid patients of
Arab nationality ['°. However, there is no further study on the association between
FOXC2 gene and hemorrhoids in the East Asian population.

In addition, FOXC2 gene is a newly discovered transcription factor related to
fat metabolism. Studies have shown that FOXC2 can activate the main transcription
factor of adipocyte differentiation and is considered as the main effector gene of
adipocyte differentiation [''!!. In addition, it also has the function of regulating blood
lipid and body fat. In the study of Dutch and Finnish populations, it was shown that the
genetic gene of familial mixed hyperlipidemia with reduced HDL was located at
16924.1, and FOXC2 was located near this site. Sequencing of FOXC2 gene found that

121 n patients with type 2 diabetes,

its allelic variation was related to triglyceride level [
the C / C genotype of foxc2-512¢ >t is associated with increased body mass index. In
the multiple regression model including age, sex and emotional status, foxc2-512¢ > T
polymorphism is a significant independent predictor of body mass index '), There is
evidence that obesity and high body mass index can be regarded as independent risk

(891 Therefore, FOXC2 gene may also affect the occurrence

factors for hemorrhoids
and development of hemorrhoids by affecting obesity and body mass index.
Brief summary

At present, there are not many studies on hemorrhoids related genes, and the
relevant genes are also limited, but it can also be seen that the occurrence of
hemorrhoids has a certain correlation with gene polymorphism. This provides clues for

the pathogenesis of hemorrhoids and the prevention of hemorrhoids in the future.

2.6 Diagnosis of hemorrhoids

The diagnosis of hemorrhoids can be completed according to the medical
history, clinical symptoms and signs, physical examination and other auxiliary
examinations[t4-1171,
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Medical history

A comprehensive understanding of the characteristics of the medical history is
an important measure to make a clear diagnosis, formulate a correct treatment plan,
grasp the opportunity of operation and eliminate the contraindications of operation.
Before the physical examination, the following information should be asked:(1)
Condition: main symptoms such as prolapse, bloody stool or pain and other inducing
factors and onset characteristics; (2) Diet and living habits: including intake of water
and cellulose, health problems, frequency of defecation and stool properties, whether
there are bad living habits such as sitting and squatting for a long time; (3) Past medical
history: including the patient's personal medical history and family history of intestinal
tumor. For patients with rectal bleeding, it should focus on the investigation of
colorectal conditions; (4) Medication history: focus on understanding the current
medication situation of patients, especially anticoagulants, antihypertensive drugs and
hypoglycemic drugs; (5) If the patient is female, the pregnancy and childbirth history
and menstruation should be inquired.

Clinical signs

In order to accurately diagnose the morphology and distribution characteristics
of hemorrhoids and exclude other anal lesions, visual examination of the entire anal
canal and rectum (such as anorectal endoscopy) should be performed when conditions
permit.

Visual examination mainly observes whether there is redness, swelling, fistula,
eczema, on the external skin of the anus in a resting state, whether there are external
hemorrhoids protrusions or internal hemorrhoids eversion, and abnormal anal canal
morphology.

All patients should receive digital rectal examination routinely, except those
with anal stenosis or severe pain. The patient with prolapse as the main complaint
should take the squat position and simulate defecation. The doctor should observe the
shape and tissue characteristics of the prolapse and record it with pictures. Before
anorectal digital diagnosis, necessary communication and prompt should be carried out
with the patient, supplemented by oily substances to fully lubricate the gloves, move
gently, press gently with the pulp of the fingers and then slowly enter the fingers to
determine whether the anal canal is narrow, anal sphincter tension, and whether the anal
canal surface is smooth, and then check whether the mucosal surface of the middle and
lower segments of the rectum is smooth and whether it touches tumors or feces along
the anatomical route, and judge the change of anal-angle and the coordination of anal
sphincter through rest, force discharge, and lifting the anus. The finger retraction should
also be slow. At the same time, observe whether the fingertips are stained with mucus,
pus, blood and other secretions.

Before anoscope, ask the patient to open his mouth and breathe to cooperate
with the examination. Under the microscope, observe the morphology and tissue
characteristics of hemorrhoids above and below the dentate line. At the same time,
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judge whether there are ulcers, cracks, anal papilla hypertrophy, bleeding points and
abnormal secretions accumulated in the intestinal cavity.

Auxiliary inspection

The purpose of auxiliary examination is to make clear the diagnosis of
hemorrhoids, exclude whether it is complicated with other serious gastrointestinal
diseases, such as inflammatory bowel disease and colorectal tumor, and understand the
basic situation of the whole body to exclude the contraindications of surgery.

Fecal occult blood test: as the simplest and cheapest screening method, it is
recommended to be used routinely. With informed consent, fecal gene testing can be
recommended. This method is a new cancer detection technology without intestinal
preparation, which has the advantages of noninvasive, convenient and accurate, and has
been included in the international guidelines for colorectal cancer screening.

Indications for colonoscopy: Colonoscopy is required for any one or more of
the following conditions.
1. Age>50 years old (has not undergone colon examination in the past decade);

2. Symptoms of digestive tract, such as bloody stools, mucous stools, and
abdominal pain;

3. Unexplained anemia or weight loss;

4. Have a history of colorectal cancer or precancerous diseases such as
colorectal adenoma, ulcerative colitis, Crohn's disease, schistosomiasis, etc;

5. Direct relatives with colorectal cancer or colorectal polyps;
6. Have a history of pelvic radiation therapy;

7. The fecal occult blood test result is positive.

2.7 Treatment of Hemorrhoids

At a symposium 1n 1980, Professor Marino Martin outlined the treatment of
hemorrhoids ['!8), that is, the treatment principle we followed later, that is, only
symptomatic hemorrhoids need treatment. There are many clinical treatments for
internal hemorrhoids, but each treatment has its corresponding indications, advantages
and disadvantages.

2.7.1 Conservative treatment

2.7.1.1 General treatment

The general treatment includes increasing the amount of dietary fiber, drinking
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more water, exercising frequently, reducing the intake of spicy food, defecating,
avoiding going to the toilet for too long, avoiding sitting for a long time, sitting in warm
water, etc. Labidi Asma et al. ') found in a 100 case-control study that people with
low fiber diet and low water intake are more likely to suffer from hemorrhoids.
Similarly, a meta-analysis of 378 patients with hemorrhoids showed that fiber
supplements had certain benefits in alleviating symptoms and reducing the risk of
bleeding!'?"!, Although the therapeutic effect of changing diet and lifestyle on
hemorrhoids is limited, it can be considered as part of conservative treatment and
preventive measures.
2.7.1.2 Drug therapy

This includes topical drugs (such as ointments, suppositories, lotions, etc.),
intravenous active drugs (such as plant extracts flavonoids, saponins, ginkgo biloba
leaves, etc.), anti-inflammatory and analgesic drugs, etc. Zagriadskilevgeny A et al. [!2!]
found in a multicenter observational study involving 1952 patients that flavonoids were
beneficial for alleviating hemorrhoid symptoms in most patients and were most
effective for stage I and II internal hemorrhoids. An Zhiying et al. ['*used Bai Zhi San
Huang Tang for fumigation and washing, and found that the effective rates for treating
stage I, 11, and III internal hemorrhoids were 94.4%, 73.3%, and 23.1%, respectively.
They also believed that Bai Zhi San Huang Tang had a good therapeutic effect on stage
I and II internal hemorrhoids. Na Yunlang et al. ['**! used Huaihua powder to treat stage
I internal hemorrhoids and found an effective rate of 74.1%. The research report by
Qijano Ce et al. ['>*) shows that the use of medication in pregnant women with
hemorrhoids poses a risk of fetal malformation or even death. When using medication
for pregnant women, it is important to carefully weigh the pros and cons. Drug therapy
is mainly used to treat acute symptoms of hemorrhoids, and as part of adjuvant therapy,
it has the advantages of improving symptoms and enhancing efficacy. However, caution
should be exercised when using it for pregnant women and patients.
2.7.2 Device therapy
2.7.2.1 Rubber ring binding

The mechanism of rubber ring ligation [!>/is to use rubber rings to wrap around
the upper pole area of internal hemorrhoids, thereby blocking blood supply, inducing

aseptic inflammatory reactions, leading to fibrosis and scar formation, and achieving
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the therapeutic goal. Aram [?% collected data from 890 patients with internal
hemorrhoids who underwent rubber ring ligation and conducted a retrospective study.
The cure rate of rubber ring ligation was 76%, the recurrence rate within 2 years was
20%, and the incidence of complications was 4%. Rubber ring ligation had a better
effect in treating stage 1l and III internal hemorrhoids. Yang Liang ['*” found through
comparing the therapeutic effects of endoscopic rubber ring ligation and Diosmin
tablets, that rubber ring ligation.

The effective rate of treatment is 94%, drug treatment is 80%, and the cure rate
of rubber ring ligation is higher. Abiodun Adekunle Adedapo et al. ['* found that
compared with 50% glucose sclerotherapy, endoscopic rubber ring ligation treatment
for stage II and III internal hemorrhoids has a higher cure rate and lower recurrence

1291 shows

rate, but also a higher degree of pain. The research report by Xiao Zaoxue [
that compared with microwave radiation surgery, automatic hemorrhoid ligation has a
higher treatment effectiveness, lower incidence of complications, less surgical time and
cost, and shorter postoperative recovery time. There are also relevant literature ['3l
indicating that rubber ring ligation has the advantages of mild postoperative pain and
fewer complications, but its long-term efficacy is lower than that of hemorrhoidectomy.
Peng Huabin!"*! found in his research that the total effective rate of both the rubber ring
ligation surgery and the PPH procedure for the treatment of mixed hemorrhoids is 100%.
However, the rubber ring ligation group has the advantages of mild pain, fewer
complications, shorter surgical time, and less intraoperative bleeding. From this, it can
be seen that the rubber ring ligation surgery is mainly suitable for the treatment of stage
I, 11, -and T internal hemorrhoids, as well as stage IV internal hemorrhoids and mixed
hemorrhoids. It has the advantages of significant therapeutic effect, fewer postoperative
complications, short hospital stay, low treatment cost, and low recurrence rate. However,
its long-term efficacy is lower than that of hemorrhoidectomy, and the postoperative
pain is also higher than that of sclerotherapy:.
2.7.2.2 Hardening method

The commonly used hardening agents in the hardening method include: poly
(cinnamyl alcohol), Xiao Zhi Ling, 5% sodium cod liver oil, 5% phenolic almond oil,
50% glucose, etc. The mechanism is to inject a hardening agent into the hemorrhoid

nucleus, causing a sterile inflammatory reaction in the tissue and leading to fibrosis,
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12l gelected

ultimately resulting in vascular occlusion and atrophy. Tomikl Yuichi et al.
83 patients with internal hemorrhoids and treated them with aluminum potassium
sulfate tannic acid sclerotherapy. The effective rate of sclerotherapy was as high as
97.6%, with 4 cases of complications and a recurrence rate of 9.6%. Huang Changxi et
al. 133 selected 120 patients with internal hemorrhoids and treated them with different
sclerotherapy - agents. They found that the total effective rate of polyguanol
sclerotherapy was 96.7%, and that of Xiaozhiling sclerotherapy was 93.3%, with
similar therapeutic effects. However, after six months of postoperative follow-up, the
incidence of sclerotic complications with Xiaozhiling was 18.3%, and the incidence of

134

sclerotic complications with polyguanol was 6.7%. Liang Qishou et al.['*¥ also

obtained the same results in a research report in 2015. However, in a prospective study

1351in 2017, it was shown that compared with the traditional

report by Huang Junjie !
sclerosant Xiaozhiling, the efficacy of polyguanol injection treatment is higher, the
recurrence rate is lower, the pain is mild, and the complications are fewer. The long-
term recurrence rate of polyguanol injection treatment is lower than that of Xiaozhiling

361 selected 116 patients with stage I and I1I internal hemorrhoids and

injection. Kodak!
treated them with closed hemorrhoidectomy and sclerosing injection of paclitaxel. The
results showed that the effective rates of the two were similar, but the sclerosing group
with paclitaxel had more advantages in terms of surgical time, symptom disappearance
time, intraoperative bleeding volume, and incidence of complications. The same results
also appeared in the research report of Liu Xians et al.l'*’). Fu Xinyao et al.l'*®]
conducted a study on the treatment of stage Il internal hemorrhoids using the injection
method of polyoxymethylene alcohol and the Procedure for prolapsing hemorrhoids
(PPH) surgery. The results showed that the cure rates and incidence of most
complications were similar in the two groups, but the incidence of postoperative pain
and anal edema was high in PPH surgery. Polycinnamyl alcohol hardener has better
therapeutic effects than traditional hardeners and is the most commonly used one.
Sclerosing agent injection therapy is suitable for stage I, II, and III internal hemorrhoids,
with advantages such as high effectiveness, low recurrence rate, mild pain, and fewer
complications. Compared with traditional hemorrhoidectomy and PPH surgery,

sclerosing agent injection therapy has advantages in treating mild to moderate internal

hemorrhoids.
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2.7.2.3 Binding method and hardening method

Pu Wanyun et al.['*1 used an automatic hemorrhoid ligation stapler combined
with 50% glucose injection to treat internal hemorrhoids. The results showed that
compared with the group treated with sclerotherapy alone, the combination of ligation
and sclerotherapy had a higher overall effective rate, fewer complications, shorter
wound recovery time, and lower pain scores. Zhu Yong "%l collected 72 patients with
internal hemorrhoids and studied the efficacy of automatic ligation combined with
lidocaine sclerotherapy injection. It was found that the combined group had a higher
effective rate than the single ligation group, and the postoperative improvement was
significant, with a lower recurrence rate and incidence of complications. It can be used
as a part of conservative treatment and preventive measures. Zeng Lusun et al. [4!]
treated 68 elderly patients with internal hemorrhoids using a combination of rubber ring
ligation and polyoxymethylene injection. The total effective rate of the combination
group (91.18%) was higher than that of the single ligation group (73.53%), and the
incidence of complications was low. Zhu Zhanqiu ['**! used the injection of Xiaozhiling
sclerosing agent combined with automatic hemorrhoid ligation to treat 126 cases of
internal hemorrhoids. It was found that the combined group had better postoperative
bleeding, pain, hospital stay, and difficulty urinating compared to the single ligation
group. Li Kangping et al. ['** treated a total of 200 cases of stage I, II, and III internal
hemorrhoids with negative pressure rubber ring ligation and injection of Xiaozhiling
sclerosing agent. They found that the combined group had a higher effective rate
(96.7%) than the single ligation group (88.6%) and the single sclerosing group (80.0%).
Rubber ring ligation combined with injection of sclerosing agent had the advantages of
high effective rate and low complications. The combination of ligation and
sclerotherapy combines the advantages of both, and compared with the treatment of
ligation or sclerotherapy alone, it has advantages such as higher effective rate, lower
incidence of complications, lower degree of pain, and shorter hospital stay. It is suitable
for the treatment of mild to moderate internal hemorrhoids.
2.7.2.4 Other therapies include infrared coagulation therapy, laser therapy

Cryotherapy, acupoint selection therapy, electrocoagulation therapy, etc. Most
mechanisms involve the degeneration and necrosis of tissues, causing hemorrhoids to

[144

shrink, and then achieving treatment through self-repair. An early study ['*¥ showed
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that rubber ring ligation was more advantageous than infrared coagulation therapy, but
a study published in 2006 [1*3] tended to have similarities between the two. Lu Can et
al. 14 treated 80 cases of stage I and II internal hemorrhoids with pricking the Jiaojiao
acupoint, and found that the pricking group was significantly better than the Taining
suppository drug treatment in improving the bleeding symptoms of patients. They
believe that pricking the Jiaojiao acupoint has a high therapeutic effect on stage I and
II internal hemorrhoids. Wei-Liang Loh et al.'*’! used single-stage electrocoagulation
to treat 100 cases of stage II and III internal hemorrhoids, with an effective rate of up
to 94%. After 36 months of follow-up, the recurrence rate was 6%, and it was pointed
out that it was more advantageous compared to a study on the treatment of internal
hemorrhoids using a large rubber ring ligation technique ['*3)- Paulo Boarini et al. [!4”]
selected 50 patients with stage I, 11, and III hemorrhoids, all of whom were treated with
semiconductor fiber laser electrocautery. The total satisfaction rate was 89%, the
symptom relief rate was 84%, and the hemorrhoid grading was reduced by at least one
level by 80%. Although these treatment methods have certain therapeutic effects, there
are relatively few literature reports on these treatment methods, and their efficacy still
needs to be proven through long-term clinical practice.

2.7.3 Surgical treatment

2.7.3.1 Hemorrhoidectomy

Hemorrhoidectomy includes Milligan Morgan hemorrhoidectomy (MMH),
semi open hemorrhoidectomy, Ferguson hemorrhoidectomy (FH), combined treatment
with sclerotherapy, and transanal hemorrhoidectomy. The mechanism is to achieve the
treatment goal by removing hemorrhoids, mainly suitable for stage Il and IV internal
hemorrhoids, mixed hemorrhoids, partial thrombotic “external hemorrhoids, acute
incarcerated hemorrhoids, severe bleeding, and non surgical treatment ineffective.
MMH surgery was first proposed by Miles and later improved by Milligan and Morgan.
This surgery is based on the theory of varicose veins, which involves ligating internal
hemorrhoids and removing external hemorrhoids without suturing. The FH procedure
invented by Fergusone sutures the surgical incision for external hemorrhoids, but it is
believed that the sutured incision is prone to infection. In a meta-analysis ['*%) it was
pointed out that in addition to the advantages of light pain, fast wound healing, and low

risk of bleeding, the external stripping and internal ligation closed surgery is similar to
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the open surgery in terms of postoperative recurrence, complications, and infections.
MMH surgery is considered the "gold standard" for the surgical treatment of
hemorrhoids 3!, but its disadvantage is high postoperative pain, which can easily lead
to complications such as anal edema and stenosis. Adrian Medina-Gallardo et al. [!3?]
analyzed the analgesic needs of 117 patients with internal hemorrhoids who underwent
MMH surgery and found that 22.2% of patients needed opioid drugs. With the
continuous development of technology, people have invented some new surgical tools
to alleviate the pain of patients and speed up the recovery of surgical wounds, such as

bipolar electric knife, ultrasonic knife, etc. Bilbin Yusuf et al.[!>*]

used ultrasonic scalpel
hemorrhoidectomy (HSH) and stapler hemorrhoid fixation (SH) to treat 99 cases of
stage III and IV internal hemorrhoids. The study found that the pain level and incidence
of complications were similar between the two, but the HSH group required
significantly shorter surgical time and had a lower recurrence rate. In the study

conducted by Nienhuijs et al.l!3¥

using bipolar electric knife and traditional
hemorrhoidectomy to treat internal hemorrhoids, it was found that the required surgical
time and pain rate were significantly reduced using electric knife treatment. A meta-

analysis conducted in 2013 135

showed that there was no significant difference in VAS
pain score, recurrence rate, and postoperative bleeding between LigaSure
hemorrhoidectomy (LH) and stapler hemorrhoid fixation, and stapler hemorrhoid
fixation had a higher recurrence rate. However, some studies!!® have shown that
compared with traditional surgery, there is no significant difference in terms of efficacy,
complications, recurrence rate, etc., but it actually increases the cost of surgery. Due to
the severe pain caused by traditional hemorrhoidectomy, people have improved their
surgical methods, such as transanal hemorrhoidectomy. A recent high-quality meta-

analysis [1%7]

showed that transanal hemorrhoidectomy and stapler hemorrhoid fixation
had similar rates of complications, readmission, length of hoespital stay, resumption of
work, and patient satisfaction, but significantly higher long-term recurrence rates than
stapler hemorrhoid fixation.
2.7.3.2 Procedure for prolapse and hemorrhoids with stapler (PPH)

The indications for PPH surgery mainly include stage III and IV internal
hemorrhoids, as well as stage II internal hemorrhoids with recurrent bleeding. This

surgical method was invented by Professor LONGA, and its mechanism is to remove
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and anastomose the prolapsed anal cushion mucosal tissue above the dentate line, and

(1581 ysed a retrospective

the prolapsed anal cushion is reduced. Liu Qingsheng et al.
study method to analyze 4580 patients with stage II-IV internal hemorrhoids treated
with PPH surgery, and concluded that PPH surgery had a high cure rate (98.03%) and
a low recurrence rate (0.09% in 2 years and 0.18% in 5 years). Liang Mingchao et al.
(151 ysed PPH and MMH surgery to treat 100 cases of stage III and IV internal
hemorrhoids. Compared with the effective rate (82%) of the MMH group, the total
effective rate (96%) of the PPH group was not only high, but also had advantages such
as fewer complications, shorter surgical time, and shorter hospital stay. A research
report 1% indicates that there is no significant difference in recurrence rate between
PPH surgery and traditional hemorrhoidectomy. A high-quality research report [16!]
indicates that the recurrence rate of PPH is higher after long-term follow-up. Based on
this drawback, people have made improvements on the advantages of PPH surgery,
such as transanal stapler partial rectal resection (STARR), selective hemorrhoid
mucosal resection and stapling (TST), modified transanal stapler rectal resection (TST
STARRPPIlus), PPH surgery combined with external dissection and internal ligation,
PPH surgery combined with Ligaure hemorrhoidectomy, TST combined with
polyoxymethylene alcohol sclerotherapy, and so on. Li Guobin et al. '?lused STARR
surgery to treat 47 patients with mixed hemorrhoids, resulting in 44 cases of symptom
disappearance and 3 cases of symptom improvement, all of which had no serious
complications. However, a study by Stuto A et al. ['®!in 2011 found that 2171 patients
underwent STARR surgery with significant improvement in symptoms, but there were
more postoperative complications (4.5% urgency, 3.6% bleeding, 3.4% perineal sepsis,
and 0.05% rectovaginal leakage). There are also studies ['** showing that TST and PPH
have similar efficacy and recurrence rates. The indications, efficacy, complications, and
recurrence rates of each improved stapler vary, and their long-term effects still need to
be continuously proven in clinical practice.
2.7.3.3 Hemorrhoid artery ligation surgery

The mechanism of hemorrhoid artery ligation surgery mainly includes the
following two aspects: firstly, by ligating the hemorrhoid artery, the blood supply to the
internal hemorrhoids is reduced, and the hemorrhoids will shrink; The second is to fix

the mucosal tissue on the muscle layer after ligation, which serves as a suspension for
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the anal cushion. This surgery was first reported by Morinaga and has since been
clinically practiced in multiple countries, achieving certain therapeutic effects. LIU H

1. 1651 ysed hemorrhoid artery ligation to treat patients with internal hemorrhoids,

eta
and showed that hemorrhoid artery ligation had satisfactory therapeutic effects in the
treatment of stage II and IIT internal hemorrhoids, but had poor therapeutic effects on

166] included 370 patients

stage IV internal hemorrhoids. A study by Brown SR et al. [
with stage II and III internal hemorrhoids and observed their recurrence rate one year
later. It was found that there was no significant difference in the recurrence rate between
the two groups compared to the use of rubber ring ligation, but ligation was more prone
to pain, higher cost, and more postoperative complications. Hemorrhoid artery ligation
has a significant therapeutic effect on internal hemorrhoids, mainly suitable for stage II
and IIT internal hemorrhoids. It has the advantages of minimally invasive, safe, and
simple operation, but the improvement effect on prolapsed internal hemorrhoid
symptoms is not good, and the recurrence rate is also high. People have improved their
surgical methods, such as hemorrhoid artery ligation and internal hemorrhoid
circumcision. Liu You et al. 197l selected 40 patients with mixed hemorrhoids for
treatment. Hemorrhoid artery ligation combined with internal hemorrhoid ligation had
a similar cure rate to traditional external and internal hemorrhoid ligation, but the
combined treatment group had a shorter course of treatment and fewer complications.
2.7.3.4 Hemorrhoid artery embolization

Endovascular embolization can accurately identify the branches of the hemorrhoid
artery, making it possible for the hemorrhoid artery to completely occlude, and avoiding

1681 reported three cases of

surgical trauma to the anus and rectum. In 2014, Vidal et al. |
hemorrhoid patients treated with hemorrhoid artery embolization. Both patients had a
history of surgery, which resulted in rectal bleeding after embolization. The other
patient without a history of surgery stopped bleeding after one embolization.
Zakharchenko A et al.['® used metal coils-and synthetic polyvinyl alcohol particles to
embolization the hemorrhoid artery in 40 cases. The satisfaction rates of patients with
stage III, I-II hemorrhoids were 83% and 94%, respectively. After embolization, the
hemorrhoid nucleus shrank by 43%, and there were no recent complications. Arterial

embolization is technically feasible for the treatment of hemorrhoids, with the

advantages of safety and good tolerability. More research is needed to evaluate the
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efficacy of this new technology in the treatment of hemorrhoids.

Brief summary

According to the treatment principle of hemorrhoids, asymptomatic hemorrhoids
do not require treatment. In clinical practice, conservative treatment and instrument
therapy are generally used to improve the symptoms of patients. When non-surgical
treatment is ineffective, surgical treatment is considered. But each treatment method
has its corresponding indications and efficacy, and clinical workers should choose
appropriate treatment methods based on the characteristics of the disease, the patient's
wishes, and local medical level. With the advancement of modern technology and the
continuous innovation of surgical instruments, the treatment methods for hemorrhoids
are becoming increasingly diverse. Seeking a treatment method that can not only
eliminate hemorrhoid symptoms but also minimize postoperative complications while
protecting the anal and anal structures is the overall goal and trend, and it is also the

direction of unremitting efforts and exploration by clinical workers.

2.8 Prevention of Hemorrhoids

Although the etiology of hemorrhoids is not yet clear and the influencing factors
are diverse, some preventive measures have been proposed based on past experience
and clinical practice results.

2.8.1 Prevention of constipation: (1) Diet: Diet is an important factor in
preventing hemorrhoids and reducing their recurrence. In daily diet, it is recommended
to choose foods such as vegetables, fruits, and legumes that contain more vitamins and
crude fiber. Eat more foods such as black sesame, walnuts, and honey to increase
gastrointestinal peristalsis, lubricate the intestines, and facilitate defecation. Eat less
spicy and stimulating foods, such as alcohol, chili, pepper, ginger, mustard, etc. Diet
should not be too much or too full to avoid worsening the occurrence of hemorrhoids
due to dry stools and difficulty in elimination Developing a habit of regular bowel
movements: It is best to develop a habit of regular bowel movements every morning.
Drinking a glass of cold water in the morning can stimulate gastrointestinal movement
and prevent constipation. When feeling the urge to defecate, do not hold back from
defecating, as prolonged tolerance can cause habitual constipation correcting bad bowel

habits: squatting in the toilet for too long or exerting excessive force during defecation
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can easily cause poor local blood circulation and lead to hemorrhoids over time
choosing the correct method for treating constipation: For general constipation patients,
a reasonable diet can be adjusted to develop a habit of regular bowel movements. You
can also massage the lower abdomen in a clockwise direction for 15-20 minutes before
going to bed every day to increase gastrointestinal motility. For stubborn constipation
or constipation caused by a certain disease, early diagnosis and treatment should be
given, and long-term use of laxatives or enemas should not be allowed!!"",

2.8.2 Strengthening exercise, it is beneficial for promoting blood circulation,
harmonizing the body's qi and blood, promoting gastrointestinal peristalsis, improving
pelvic congestion, effectively avoiding venous blood stasis in the anus and intestines,
preventing varicose blood vessels and constipation, and avoiding the occurrence of
hemorrhoidst”!.

2.8.3 Pay attention to pregnancy health: During pregnancy, due to the
significant increase in progesterone and relaxin in the female body, pelvic and rectal
blood vessels can dilate, leading to hemorrhoids. Pregnant women experience reduced
activity, slowed gastrointestinal motility, prolonged retention of feces in the intestinal
cavity, absorption of water, resulting in dry feces and difficulty in defecation. Therefore,
during pregnancy, activities should be increased appropriately. Avoid prolonged
standing and sitting, and pay attention to maintaining unobstructed bowel movements.
After each bowel movement, use warm water to fumigate and wash the local area of
the anus to improve local blood circulation, which is very beneficial for preventing
hemorrhoids. At the same time, during pregnancy, the fetus gradually increases, causing
an increase in abdominal pressure and aggravation of pressure on the inferior vena cava.
Especially when the fetal position is not correct, the pressure is more pronounced,
causing obstruction of venous return in the lower rectum and anal canal, leading to the
dilation of the hemorrhoid venous plexus, which can also exacerbate the onset of
hemorrhoids. Hemorrhoids should be mainly treated with high fiber foods, warm water
sitz baths, and ointment suppositoriest' 7>,

2.8.4 Avoid prolonged standing and sitting in a fixed position, and engage
in appropriate physical exercise: People who stand, sit, or squat for a long time are
prone to hemorrhoids, as prolonged exposure to these positions can affect pelvic blood

circulation, causing perianal venous congestion and dilation, leading to the formation



40

of hemorrhoids. Proper physical exercise, such as walking, jogging, and anal lifting
exercises, are beneficial for promoting blood circulation, harmonizing the body's qi and
blood, promoting gastrointestinal peristalsis, improving pelvic congestion, effectively
avoiding venous blood stasis in the anus and intestines, preventing blood vessel
varicose and constipation, and thus avoiding the occurrence of hemorrhoids!!”3).

2.8.5 Pay attention to keeping the lower body warm, keeping blood
unobstructed, drinking plenty of hot water, avoiding dehydration, and avoiding dry
stools caused by dehydration!!"#],

2.8.6 Diseases that can cause an increase in intra-abdominal pressure
should be treated promptly, such as dysentery, diarrhea, cirrhosis, etc, Timely
treatment of systemic diseases such as heart, lung, and liver to prevent increased
abdominal pressure and hemorrhoid venous hypertension! 74,

2.8.7 Often do anal lifting exercises, the specific method is to relax the whole
body, either sitting, standing, or lying down. Abandoning all distractions, intentionally
contracting the anus, slowly lifting it up, intending to lift the sinking qi to the dantian
and then relax. Repeat this process several to dozens of times, [ Generally, doing this
exercise thirty times a time, twice a day, can be done anytime, anywhere. It works well
when working, traveling, watching TV, or walking!!"*!,

2.8.8 Self massage: Hemorrhoids are the result of local blood stasis. Massage
is one of the traditional methods for fitness and disease control in China. The
Changgiang acupoint (located in front of the coccyx tip) on the meridians of traditional
Chinese medicine is the preferred acupoint for treating hemorrhoids. Taking the
Changgiang acupoint for massage can significantly improve local blood circulation. It
is very effective in both prevention and treatment!!’4],

2.8.9 Take medication in a timely manner. Once there are signs of hemorrhoid
attacks, such as mild discomfort, pain, itching, and bloody steols, medication should be
taken in a timely manner, and it is twice aseffective as usuall! >,

Summary
There are many influencing factors for hemorrhoids, but its prevention focuses on
nine aspects, including preventing constipation, strengthening exercise, avoiding sitting

or standing for a long time, paying attention to the lower body warmth, often doing anal

lifting exercise, self massaging Changqgiang acupoint, timely treatment of diseases that
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can cause increased intra-abdominal pressure, and early treatment.

2.9 Introduction to Mendelian Randomization method (MR)
2.9.1 The Origin, Principle, and Application of MR

With the successful completion of the human genome project, HapMap and the
thousand human genome project, researchers have obtained a detailed map of common
variation sites in the human genome. On this basis, genome wide association studies
(GWAS) have developed rapidly, and genome data related to complex diseases or traits
have surged ['7%], which has led to the emergence and application of MR.

The core of MR design is the use of instrumental variables. The concept of
instrumental variables originated from econometrics and was later widely adopted in
medical research ['”7). Instrumental variables refer to measurable variables that are
related to the target risk factor but not related to other factors or confounding factors.
In MR research design, genetic variation following Mendelian inheritance law is used
as an instrumental variable to replace unmeasurable risk factors to be studied. By
analyzing the association between genetic variation and risk factors, as well as genetic
variation and disease risk, we can infer the causal relationship between risk factors and
disease risk ['7. Katan!”! first proposed the concept of MR in 1986. Due to the
research being based on Mendelian's second law of inheritance, which randomly
assigns parental alleles to offspring during human gamete formation, it is called
Mendelian randomization research.

The analysis model of MR is "genetic variation risk factors disease risk". It is
known that genetic variation is strongly correlated with risk factors. If there is a causal
relationship between this risk factor and disease risk, carrying these genetic variations
can also alter disease risk. MR uses the opposite approach to infer: it is known that
genetic variation is strongly correlated with risk factors. By analyzing whether genetic
variation is related to disease risk, the causal relationship between risk factors and
disease risk can be derived.

Traditional medical statistics and epidemiological research have certain
limitations. Traditional correlation analysis includes two statistical methods: correlation
analysis and regression analysis. The correlation results obtained from statistical

analysis based on established parameter models can only indicate the presence of
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covariant trends among variables, and cannot directly infer causal relationships between
variables!'®"!. In addition, due to the frequent influence of potential confounding factors
and reverse causal relationships, the results of traditional observational studies cannot
directly reflect causal relationships!8!l. Randomized controlled trials (RCTs) are the
gold standard for testing the causal relationship between medical related exposure and
outcomes. However, the implementation of RCTs is difficult and often limited by
medical ethics 8],

MR can compensate for the shortcomings of traditional methods mentioned above.
MR relies on the natural and random allocation of genetic variations during meiosis,
resulting in

Genetic variation is randomly distributed in a population'%3], Individuals naturally
and randomly carry genetic variations that affect risk factors at birth, such as genetic
variations that lead to elevated levels of low-density lipoprotein cholesterol (LDL-C)
or genetic variations that are not inherited. In a given population, groups the population
based on whether they carry the genetic variation, and then compare the occurrence of
outcomes between the two groups. This grouping method based on innate genetic
variation of individuals is completely random and not affected by confounding factors
such as other characteristics of the population, environment, socio-economic status, etc.,
and the causal time series is reasonable, similar to the random grouping process in
randomized controlled trials. The difference in disease risk between two subgroups
carrying different alleles will indicate the causal effect of this risk factor (such as LDL-
C) on the disease.

In clinical applications, MR not only helps to understand the etiology of diseases,
but also provides new strategies for disease treatment. For example, several large-scale
observational studies have shown that a decrease in plasma LDL-C levels is associated
with a decrease in the incidence of coronary heart disease, but these studies are difficult
to avoid confounding effects of LDL-C related factors. Research has shown that
mutations in the pre protein converting enzyme Bacillus subtilis protease Kexin 9 type
(PCSK9) gene are associated with a decrease in LDL-C levels. PCSK9 is a glycoprotein
mainly synthesized in the liver and can bind to LDL receptors on the liver surface,
weakening the liver's ability to metabolize plasma LDL-C and leading to an increase in

LDL-C levels. MR uses PCSK9 gene variation analysis to investigate the relationship
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between LDL-C and coronary heart disease. Evidence suggests that genetic variation is
associated with LDL-C levels, as well as the risk of coronary heart disease. This study
provides supporting evidence for the causal association between LDL-C and coronary
heart disease, and suggests that PCSK9 may be a new target for reducing LDL-CI!83],
At present, it has been confirmed that PCSK9 monoclonal antibody, as a novel lipid-
lowering drug, can reduce LDL-C to unprecedented levels and has a protective effect
on cardiovascular diseases .

2.9.2 Research Procedures

The research step of MR design mainly includes three steps: (1) Determine the
risk factors (exposure) and disease risk (outcome) to be studied, and the correlation
between the two can be detected in the observational study design. (2) Select
appropriate genetic variations [single nucleotide polymorphisms (SNPs) significantly
associated with risk factors obtained from GWAS] as instrumental variables. (3) MR
statistical analysis is used to detect whether genetic variations associated with risk
factors are also associated with disease risk, in order to evaluate the causal effect of risk
factors on disease risk.

The selection of the aforementioned instrumental variables (genetic variation) is a
crucial step in the research. The instrumental variable (genetic variation) in MR
research must meet three core assumptions: (1) the instrumental variable (genetic
variation) must be closely related to risk factors; (2) The instrumental variable (genetic
variation) should not be associated with confounding factors that affect the "risk factor
disease risk" relationship; (3) The instrumental variable (genetic variation) can only be
associated with disease risk through risk factors, and cannot affect disease risk through

other pathways "84 (Figure 1)

Hypothesis 2 -
X Confounding factors
. Hypothesis 1
Instrumental variable YPOICHS Expose > Outcome
. A
v Hypothesis 3 i

Figure 1 Three core assumptions of instrumental variables in Mendelian
randomization method
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2.9.4 The research types of Mendelian randomization

The commonly used types of MR research currently include single sample, two
sample, bidirectional, and two-stage MRI'8>-186] The classic research design is a single
sample MR, which refers to the study population coming from the same research
sample. Individual level data can be used to measure risk factors (exposure), disease
risk (outcome), and genetic variation (instrumental variables) within the same sample.
Two sample MR refers to the association data between genetic variation and risk factors,
as well as between genetic variation and disease risk, from two independent samples of
the same population. Usually, summary data from previous GWAS studies is used, and
individual level data can also be used. Two sample MR requires two samples to have
similar age, gender, and racial distributions. This method can make causal inference
without evaluating the correlation information between risk factors and disease risk!'®*/,
Bidirectional MR is mainly used when the causal direction of risk factors and disease
risks is uncertain. MR analysis is conducted from two directions to determine the
direction of causal association between the two. Two stage MR can detect the degree to
which the causal relationship between risk factors and disease risk is mediated by
intermediate variables of interest. The development of two-stage MR methods
originated from epigenetic epidemiology, used to study the degree of causal association
between methylation mediated exposure and medical related outcomes ['871. Currently,
other variables such as biomarkers are also commonly used as intermediate variables
for evaluation.

2.9.3 Limitations of MR

Although MR is superior to traditional observational epidemiological studies, it
also has certain limitations: (1) it 1s difficult to obtain suitable genetic variations.
Although a large number of genetic loci related to complex traits have been identified,
there are still some interesting risk factors that are difficult to obtain related genetic
variations due to the lack of GWAS research or public data resources. Even if genetic
variation is obtained, it may not be possible to effectively infer causal relationships due
to not meeting the three core assumptions. (2) Sufficient statistical ability. Insufficient
statistical ability will reduce the accuracy of the results. The determining factors of

statistical ability in MR research include the frequency of genetic variation, the effect
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of genetic variation on risk factors, and the sample size of the study. Integrating multiple
variants into a multi gene risk score or increasing sample size can help improve
statistical ability. (3) The result is not easy to interpret. The biological mechanisms
underlying most genetic variations are still unclear, making it difficult to explain the
underlying mechanisms of causal associations. Combining biological knowledge,
bioinformatics analysis, and subsequent basic experiments will help to interpret
research results. (4) Beavis effect: Complex diseases or traits are often associated with
a large number of gene loci, while GWAS studies only report the most significant small
portion of genetic variation, which may overestimate the association between genetic
variation and risk factors, thereby affecting causal inference in MR studies.
Summary

In summary, hemorrhoids are likely a hereditary, multifactorial chronic disease
that occurs at the bottom of the rectum and anal mucosal venous plexus. Currently, there
are multiple treatment methods for hemorrhoids, but their risk factors and pathogenesis
are still unclear. Especially the genetic mechanism has not been reported in the East
Asian population so far, but existing results indicate that the genetic mechanism is likely
related to the FOXC2 gene. Therefore, this study aims to explore the risk factors and
distribution patterns of hemorrhoids in the Zhuang population of Guangxi, and analyze
the relationship between FOXC2 gene polymorphism and its interaction with major risk
factors and the occurrence and development of hemorrhoids. A preliminary prediction
model for the risk of hemorrhoids with added genetic factors is established, providing
clues and theoretical basis for further research on the mechanism and prevention of

hemorrhoids.

2.10 Conceptual framework

The four problems to be solved in this research are:

2.10.1 Determine the external environmental risk factors for hemorrhoids based
on a questionnaire survey.

2.10.2 Determine the causal relationship between BMI and hemorrhoids based
on MR analysis results.

2.10.3 Determine the relationship between the rs34221221 polymorphism of the
FOXC2 gene and susceptibility to hemorrhoids based on the genotyping results of two
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groups of research subjects, and determine the impact of the interaction between genes
and environmental factors on susceptibility to hemorrhoids.

2.10.4 Based on the previous research results, a hemorrhoid risk prediction model
containing external environmental and genetic has been established.

Therefore, the ultimate goal of this research is to predict hemorrhoids in high-risk
populations through a hemorrhoid risk prediction model, and take corresponding
preventive measures based on the prediction results, thereby reducing the incidence of
hemorrhoids, alleviating the pain and economic burden of patients caused by

hemorrhoids. The research can summarize for conceptual framework as follows:
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1.1 Case-control study
Using questionnaire surveys and
laboratory testing to analyze the
external environmental factors
and genetic factors of
hemorrhoids, respectively
1) Demographic variables
-Gender
-age
-BMI
2) risk factor variables
-education level
-household income
-fertility (female)
-drinking
-eating habits
-working position
-physical activity
3) Genetic variables
-FOXC2 gene
Polymorphism
1.2 Mendelian randomization
analysis
Instrument variable - BMI
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Phase 11 \

2 Establishing a predictive
model

Using the hemorrhoid risk
factors and genetic factors
selected in the first stage as
independent variables and
hemorrhoids as dependent
variables, establish a
hemorrhoid prediction model,
test the model, and evaluate its
predictive performance using
ROC curves.
Test method

-Omnibus test

-Hosmer-Lemeshow

Goodness-Of-Fit test
Evaluating indicator

-Sensitivity

-Specificity

-Yoden index

Outcome variable -
hemorrhoids

-Positive predictive value

K -Negative predictive vaW

outcome
1. Risk factors for hemorrhoids
2. Genetic factors of hemorrhoids
3. Prediction model for hemorrhoids

Figure 2 Conceptual Framework



CHAPTER 11
MATERIALS AND METHODS

This study has four objectives, the first of which is to explore the risk factors for
hemorrhoids in the Zhuang population in Guangxi. The second is to explore the
relationship between FOXC2 gene polymorphism and its interaction with other risk
factors and susceptibility to hemorrhoids. The third is to explore the causal relationship
between body mass index and hemorrhoids. Finally, a hemorrhoid prediction model is
established based on the first three objectives. In this study, a mixed method was used.
The research is divided into two phases. At the first phase, the first is a case-control
study, the basic information, demographic information and possible hemorrhoids
related factors of the subjects were collected through a questionnaire survey, and the
main risk factors of hemorrhoids were analyzed. Secondly, the FOXC2 gene
polymorphism of the subjects was detected to analyze its relationship with hemorrhoids.
In addition, the causal relationship between body mass index and hemorrhoids was
analyzed by two sample Mendelian randomized analysis. In the second phase, the
binary logistic regression method was used to construct the hemorrhoids risk prediction

model and ROC curve was used to evaluate the prediction performance of the model.

3.1 Study design

3.1.1 Collect basic information, demographic information, and possible factors
related to hemorrhoids from participants through a questionnaire survey, and analyze
the main risk factors for hemorrhoids through case-control studies. The questionnaire
content includes the following variables: gender,” age, heigh, weight, ethnicity,
occupation, education level, family income, alcohol consumption, dietary habits,
dietary taste, spicy food consumption, pickled food . consumption, work position,
physical activity, and disease situation .

3.1.2 The blood samples of the subjects were collected and genomic DNA was
extracted. The FOXC2 gene polymorphism was detected in the laboratory, and the
correlation between FOXC2 gene polymorphism and hemorrhoids was studied by case-

control study.
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3.1.3 Two samples of Mendelian randomization method were used to explore
the causal relationship between body mass index and hemorrhoids in East and South
Asia. The research data are from GWAS public database.

3.1.4 Logistic regression was used to establish hemorrhoids risk prediction
model according to the risk factors of hemorrhoids obtained from questionnaire survey
and gene polymorphism analysis, and the prediction effect of the model was evaluated

by ROC curve.



3.2 Technical Flowchart

People visiting the First Affiliated Hospital of
Guangxi University of Traditional Chinese
Medicine. China

l

l

Case group (n=200 cases)

l

50

Control group (n=200 cases)

i

L 4

2. Collect 4ml venous blood

1. Collect the following information: gender, nationality,
height, weight, occupation, education level, monthly
family income, drinking, diet, working position, physical
activity and disease information;

b J

Laboratory tests: total cholesterol, triglyceride, high
density lipoprotein, low density lipoprotein, FOXC?2
gene polymorphism detection.

l

1. analysis of risk factors for hemorrhoids

2. Mendelian randomized analysis of the causal relationship
between body mass index and hemorrhoids

3. analysis of gene polymorphism and hemorrhoids susceptibility
4. establishment of hemorrhoids prediction model

Figure 3 Technical flowchart of case-control study
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3.3 Study population and samples
3.3.1 Study population

The study population was Guangxi Zhuang people in China. All participants
(Hemorrhoids patients or non hemorrhoids patients) were local residents of the Zhuang
ethnic group in Guangxi, who underwent colonoscopy at the Spleen and Stomach
Department of the First Affiliated Hospital of Traditional Chinese Medicine in Guangxi.
Inclusion and exclusion criteria for case and control subjects
Case group

Inclusion criteria: According to the Chinese guidelines for the diagnosis and
treatment of hemorrhoids (2020)!!'!7} local Zhuang hemorrhoids patients living in
Guangxi were selected, including patients with internal hemorrhoids, external
hemorrhoids and mixed hemorrhoids, aged 18-65 years.

Exclusion criteria: Exclude the following personnel: patients with birth defects,
colorectal cancer and other malignant tumors. Patients with serious illness who are not
suitable for the study. Minors under the age of 18 and the elderly over the age of 65.
Pregnant women and lying-in women.

Control group

Inclusion criteria: the subjects selected in the control group must be local
Zhuang people living in Guangxi without hemorrhoids and no blood relationship with
any individual in the case group, and the age requirement is 18-65 years old.

Exclusion criteria: Exclude the following personnel: Patients with varicose
veins (including primary varicose veins of lower extremity, varicocele of spermatic
cord, portal varicose veins, etc., all control subjects must be diagnosed) and their family
history. Patients with a family history of hemorrhoids. Patients with birth defects,
colorectal cancer and other malignant tumors. Patients with serious illness who are not
suitable for the study. Minors under the age of 18 and the elderly over the age of 65.
Pregnant women and lying-in women.

3.3.2 Calculation of sample size

The highest test efficiency i1s obtained when the sample content is equal between
cases and controls. Therefore, the sample size estimation method in this study when the
number of cases and the number of controls are equal in non-matched design was used

to estimate the sample size needed for the study, which was calculated using EpiCalc
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2000 software(https://en.cnki.com.cn/Article en/CJFDTOTAL-BJXB201202027.htm).
Based on the relevant literature, the OR was set at 2.12, the proportion of exposed in
the control group was 22.6%, the significance was 0.05 (two-sided test), and the power
was 90%, and finally, we calculated 179 in the control and case groups, respectively,
with a sample size of 358 cases. Because hemorrhoids may be a multifactorial and
complex disease, considering confounding factors, the actual sample content should
increase by about 10% based on ideal estimation, so about 200 cases and controls were

included in this study.

3.4 Sampling
All research subjects were selected from patients who underwent colonoscopy at
the Department of Spleen and Stomach, First Affiliated Hospital of Guangxi University

of Chinese Medicine, based on inclusion and exclusion criteria.

3.5 Research instrument and Methods.
3.5.1 Research instruments

Questionnaire: the questionnaire is one of the tools used in the study, which is
used to collect the baseline data of the research object and the influencing factors of
hemorrhoids. The questionnaire includes the following six parts.

Part 1: Basic personal information of the research subject, including current
address, gender, age, Height, weight, ethnicity, parental ethnicity, occupation, education
level, and family income.

Part 2: The alcohol consumption of the research subjects, including whether they
have consumed alcohol, the length of time they have consumed alcohol, the age at
which they first consumed alcohol, the types of alcohol consumed, and the frequency
and quantity of alcohol consumed per week.

Part 3: The dietary situation of the research subjects, including their usual habits
of meat and vegetables, staple food tendencies, habits of eating spicy food, habits of
eating pickled products, and dietary tastes.

Part 4: The working positions of the research subjects, including sitting positions,
standing and walking positions, and a combination of multiple positions.

Part S: The physical activity of the research subjects, mainly including three types
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of physical activity intensities: high, medium, and low.

Part 6: Diseases of the subjects and their parents and siblings, including
hypertension, diabetes, cancer, chronic diarrhea, chronic gastritis, constipation,
hemorrhoids, varicose veins and other diseascs.

R software: Use the TwoSampleMR package in R 4.0.2 software package to
conduct Mendelian randomization analysis on the causal relationship between body
mass index and hemorrhoids in East and South Asian populations.

The main instruments used for DNA extraction and FOXC?2 gene rs34221221
polymorphism detection :

Table 1 Main experimental instruments

Instrument

Production company

high speed centrifuge PICO 17

NANO-DROP
BIO RAD POWER PAC 3000
BIO RAD DNA SUB CELL

Gel Imaging System GIS-1600
ABI 9700 PCR System

ABI 3730 Water bath

Thermo

Thermo

BIO RAD

BIO RAD

Shanghai Tianneng Technology
limited company

Applied Biosystems

Applied Biosystems
TAISITE

3.5.2 Methods

3.5.2.1 Case-control study

A case-control study was conducted to analyze the association between various
indicators in the questionnaire survey and the rs34221221 polymorphism of the FOXC2
gene with hemorrhoids, in order to preliminarily examine the possible risk factors for
hemorrhoids.
Questionnaire investigation

The investigator first informs the patient or the physical examinee of the purpose
and content of the survey. After obtaining the consent of the other party, the investigator
asks questions. After the respondent truthfully answers, the investigator truthfully fills
in the information in the corresponding place of the questionnaire. After the
investigation, the investigator will enter the questionnaire information into the database

of SPSS software after verifying that the questionnaire information is correct.
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Blood sample collection

After the subjects signed the informed consent, 4ml of peripheral venous blood
was collected and centrifuged in EDTA-K2 anticoagulant tube at 5000 rpm/min for 10
minutes. The upper plasma and lower blood cells were extracted into a new centrifuge
tube, marked and frozen at -80 °C. After the sample collection was completed, it was
mailed to Hefei Linmei Biotechnology limited company in Fujian Province by cold
chain for blood lipid detection, DNA extraction and sequencing.
The DNA extraction and sequencing of this study were completed by Hefei Linmei
Biotechnology limited company.
Gene and SNP screening

Using the method of literature data mining, we collected the literature related to
the genetic research of varicose diseases, analyzed the genes and their polymorphisms
in the literature, and selected the genes and polymorphic loci with the strongest
association with varicose diseases as the research genes and polymorphic loci in this
study.
Laboratory Testing
DNA extraction

The kit used was:

Hipure tissue DNA Mini Kit (company: Magen, Article No.: d3121-02)

Experimental steps:

1. Add 25 pl proteinase K into 1.5-2.0ml centrifuge tube.

2. Transfer 10~250 pl of anticoagulant blood sample into a centrifuge tube
containing protease. Shake and mix for 5 seconds. If the sample<250 uL, adjust
the total volume to 250 pl with buffer PBS or buffer AE.

3. Add 250 pl buffer al to the sample. Reverse it for 3-5 times and mix it with high-
speed vortex for 15 seconds. 70 °‘C water bath for 10 minutes.

4. Add 250 pl absolute ethanol into the sample and vortex at high speed for 15 seconds.

5. Collect the droplets on the pipe wall by brief centrifugation.

6. Install the gDNA column into a new collection tube. Transfer the mixture to the
column. Centrifuge 10000 xg for 1 minute. Discard the collection pipe and
effluent.

7. Install the gDNA column into a new collection tube. Add 500 pl buffer dwl to
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the column. Reverse mixing for 2 times. Centrifuge 10000xg for 30-60 seconds.
8. Dump the effluent and put the column into the recovery header. Add 650 pl
buffer dw2 to the column, 10000 X g centrifuge for 30-60 seconds.

9. Dump the effluent and put the column into the recovery header. 10000 X g
centrifuge for 2 minutes.
10. Transfer the column to a new 1.5ml centrifuge tube (self-made), add 30~150
ul buffer AE preheated to 70 Cto the center of the membrane of the column.
Leave for 3 minutes. 10000 X g centrifuge for 1 minute.
11. Discard the DNA binding column and keep the DNA at -20°C for long-term
storage at 2-8 C.
Genomic DNA concentration and purity determination
The maximum UV absorption wavelength of genomic DNA is 260nm, protein is
280nm, and salt ions are 230nm. Based on this principle, add DNA solution 1 to
Nanodrop 2000 1 L. Measure the absorbance values of the DNA solution at 260 nm,
280 nm, and 230 nm, respectively, to calculate the DNA concentration and purity. For
standard samples, when the concentration is 1 1 g/ml, the OD260 of DNA sodium salt
is 0.02. When OD260=1, the concentration of dsDNA is approximately 50 1 g/ml.

The evaluation criteria for DNA concentration are as follows:
1.A260/A280>1.8 indicates residual RNA in the sample, which can be digested
using RNA enzymes;
2.A260/A280<1.6 indicates protein impurities in the sample, and the extraction
step can be repeated to improve DNA purity;
3.A260/A230<2.0 indicates that the salt ions in'the sample are too high and the
purification steps can be repeated.
Operation steps
1. UV-240 spectrophotometer was turned on and preheated for 10 minutes
2. Washed the colorimetric dish with distilled water, dryed it with absorbent paper,
added TE buffer, placed it on the S cell rack in the sample room, and closed the
cover.

3. Zero calibration after setting the slit.
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4. Diluted the standard sample and the tested sample appropriately (DNA 5 11
dilute with TE buffer to 1000 1 1) , Afterwards, recorded the number and
dilution.

5. Placed the colorimetric dish containing the standard sample or the sample to be
tested on the S rack in the sample room, and closed the cover plate.

6. Setted the wavelength of ultraviolet light and measured the OD values at 230nm,
260nm, and 280nm wavelengths.

7. Calculated the concentration of the sample to be tested.

The concentration of DNA samples( 1 g/ 1 1)= 0D260 X Dilution factor X 50/1000

PCR amplification method:
1. Primer design: software used: primer 5.0. See excel primer table for specific

primer information.

Table 2 Primer information of PCR amplification

Primer name Primer sequence Primer Product
length (bp) length (bp)
rs34221221-F1 CCGGGTGATTGGCTCAAAGT 20
rs34221221-R1  GGCCCTGAGAGCGAGAGAG 19 523
rs34221221-R2  CCGATTCGCTGGGGGCTT 18 190

2. Primer synthesis method: Hefei Linmei Biotechnology limited company.
3. Reagent used for PCR: 2xTagDNA polymerase, universal Biology (jkr-dem023).
4. Operation steps of PCR

PCR amplification system:

Table 3 PCR amplification system

Add items Volume
2X Tag DNA polymerase 20pL
Forward primer (10 Mm) 1uL
Reverse primer (10 Mm) 1ul
Template DNA 2ul
ddH20 l6uL

Total 40uL
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PCR amplification procedure:

Table 4 PCR amplification program

Temperature Time
94 °C 5 min
94 °C 30 sec
60 °C 30 sec %38 cycles
72 °C 30 sec
72 °C 5 min
4 °C save

Purification of PCR products

@ Preparation of digestive solution

Add items Volume
TaKaRa Alkaline
Phosphatase 0.5 uL
TaKaRa Exonuclease | 0.5 uL

Prepare digestive solution and mix shrimp alkaline enzyme and exonuclease in a 1:1
ratio. After centrifugation of PCR products, add more than 1uL of digestive solution to
each well into the PCR reaction solution.

(2) Purification reaction: Perform a programmed reaction using a PCR instrument.
The program is SAP: 37°C for 60 minutes, 80°C for 15 minutes.

Sequencing reaction

(O SEQ MIX Configuration

Reagent: ABI PRISM ® BigDye ® Terminator v3.1 Cycle Sequencing Kit
Prepare MIX according to the number of PCR reactions in the following table:

Table 5 MIX Liquid Preparation Method

Reagents Name Dosage
BigDye 0.4 uL
Sequencing Buffer 0.8 uL
H20 1.8 uL
Primer 1 uL
Template 1ul

Add 3ul or more of MIX to a 96 well plate according to the sequencing reaction table,
with 1ul corresponding to primers and lul corresponding to PCR products (note that
membrane sealing is required), and centrifuge.

The sequencing reaction only has one primer, and to avoid liquid consumption during

the sampling process, the system needs to be overconfigured.
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® SEQ program: Pre denaturation at 96°C for 2 minutes, 96°C for 10 seconds, 55 °C
for 5 seconds, 60°C for 90 seconds, 25 cycles.
Purification

This step is to remove as much impurities as possible from the sequencing reaction
system except for the target single stranded nucleic acid fragment, in order to reduce
the time required for ABI 3730 capillary electrophoresis
The impact of impurities on the quality of peak plots.

(1) Reagent preparation: 0.125 mol/L EDTA Na2 solution: Weigh 2.325g of
EDTA Na2 2H20 into a 50ml centrifuge tube and add 40ml of deionized water,

Heat in a 65°C water bath, oscillate intermittently several times until completely
dissolved. Dilute to 50ml with deionized water and shake for 10 seconds to mix well.
Anhydrous ethanol (premium grade)

Deionized formamide HIDI

(2) Mix anhydrous ethanol with distilled water to prepare 85% ethanol and 70%
ethanol, and use on the same day.

(3) After centrifugation of the sequencing reaction plate, 2.5 pl of EDTA Na2
solution was added to each reaction well, and 40pl of 85% ethanol was fully shaken for
3 minutes before centrifugation
3000g, 4 °C , 30 min (EDTA as a metal ion chelating agent can bind with ions in the
sequencing PCR reaction system to remove ions).

(4) After centrifugation, invert the sequencing reaction plate on absorbent paper
and stop immediately when the centrifugal force reaches 185g (or 900rpm).

(5) Add 50 w1 of 70% ethanol to each well, shake thoroughly for min, centrifuge
3000g, 4 ° C, 15 min (DNA fragments dissolved in 70% ethanol)

Low solubility, can be precipitated by centrifugation.

(6) Repeat step 4.

(7) Dry in dark for 15-30 minutes, add 10 .1 of HIDI (denaturation treatment,
carried out in a biosafety cabinet) to-each well, centrifuge and react at 96 °C in a PCR
instrument for 2 minutes, cool to 4 °C , and then remove.

On machine sequencing

After the denaturation is completed, the sequencing machine (ABI 3730) is used

for sequencing.
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1. Create sample board program

@ Select GA Instruments>ga3730>Plate Manager;

(2 Click the New button and fill in the corresponding content in the pop-up New
Plate dialog window (enter the name of the sample plate in the ID and Name blank
fields; select the corresponding sequencing program in Application; select 96 or 384
well plates in Plate Type; define the sampling order in Scheduling; select Septa in Plate
Sealing; and enter the operator in Owner Name and Operator Name).

® Click the "OK" button; In the pop-up Sequencing Analysis Plate Editor
window, fill in the relevant content (fill in the sample name in the Sample Name, fill in
"1" in the AO1 line for 96 well plates, and write 1, 2, 3, and 4 in the A0O1, BO1, A02, and
B02 lines for 384 well plates in sequence; select the data upload path in the Results
Group 1 column; select the sequencing program in the Instrument Protocol 1 column;
and select the data analysis program in the Analysis Protocol 1 column).

(@ Then select all AO1 rows, click Edit>Fill Down Special, select Fill Down
Special (96 Cap), and 96 rows will be automatically generated; If it is a 384-hole plate,
select all rows AO1, A02, BO1, and B02 in sequence, repeat the operation 4 times, and
click "OK"

2. Load sample board

(D Pull out the sample stack and open the injection stack door;

(2 Place the sample board (arranged from bottom to top for machine operation),
paying attention to the direction of missing corners;

(3 Close the sample loading stack door and push the sample loading stack back
to its original position.

3. Call the computer program

(D Select GA Instruments>GA 3730>Instrument Name>Run Schedule

@ Click the Search button, enter the sample board name in the pop-up Add
Plate to In Stack window, click the Search button, select the corresponding sample
board name, click the Add button to bring it up, and click the Done button to close the
window
4. Start the program

If the machine is in standby mode, click the green arrow button in the upper left

corner of the DC software, and then click the OK button to start the machine; If the

machine is constantly running, this step is not necessary.
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5. Result analysis

After obtaining the peak map, rename and analyze it to determine the presence and
category of mutations.
3.5.2.2 Mendelian randomization analysis:
Research Design

This research was a two sample MR study. Exploring the causal relationship
between BMI and hemorrhoids in East and South Asian populations. Using genetic
variation as instrumental variable, performed MR analysis with BMI as exposure and

hemorrhoids as outcome.The research design is shown in Figure 4.

Hypothesis 2

Confounding factors |&

r
A

Instrumental variable | Hypothesis 1 | Expose .| Outcome
(SNP) (BMI) (Hemorrhoids)

A

~ Hypothesis 3

Ay

)

SNPs highly Remove SNPs .| Search for possible confounding
correlated with BMI from outcome “| SNPsin phenoscanner V2

Inverse variance MR-Egger Weighted median | il MR-analysis
weighted
MR-PRESSO
Cochran's MR-Egger Leave-one-out | i | Sensitivity
O test intercent analysiss

Figure 4 Research design

Data Sourceand Acquisition

BMI data was sourced from the GWAS summary statistical data of BMI in Japan's
Biobank, which could be  obtained for free on the website
(https://pheweb.jp/downloads) , BMI was a continuous type of data, with a sample size
of 163,835 cases.

The hemorrhoids data was sourced from two datasets of the South and East Asian
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populations of Open GWAS (ukb-e-455 CSA, ukb-e-455-EAS). The sample size of the
South Asian population was 8640, including 657 cases and 7983
controls(https://gwas.mrcieu.ac.uk/datasets/ukb-e-455 CSA/); The sample size for the
East Asian population was 2658, with 228 cases and 2430
controls(https://gwas.mrcieu.ac.uk/datasets/ukb-e-455 _EAS/).
Selection of genetic instrumental variables

Mendelian randomization analysis needed to meet the following three core
hypothesis: (1) genetic IVs are strongly correlated with exposure; (2) There was no
correlation between IVs and any confounding factors affecting exposure outcome
association; (3) Genetic IVs could only affect the outcome through exposure factors,
but not through other paths.

In order to meet the above three principles, the following procedures are strictly

followed for the screening of instrumental variables: (1) SNPs strongly related to BMI
are extracted from GWAS data of BMI (P<5x 107®); SNPs strongly associated with

hemorrhoids were extracted from the GWAS database of hemorrhoids (P<1x107,
Because the sample size of hemorrhoids outcome was relatively small, we could only
relax the threshold of association, so we finally choose the more recognized 1x 107 as
the correlation threshold);(2) The linkage disequilibrium (LD) was clustered with
’<0.001 and genetic distance=10000kb to exclude the effect of strong LD on
subsequent analysis;(3) The intensity of correlation between loci and exposure factors
is determined by the F value of each SNP, F value=(p/SE)?. When F>10, it is generally
considered that there was no bias of instrumental variables, so SNPs with statistical
value of F less than 10 were screened out to exclude bias caused by weak instrumental
variables; (4) IVs were extracted from the outcome dataset; (5) The Asian population
(EAS) was used as a reference to coordinate the exposure and outcome loci to correct
or exclude the palindromic sequence and chain ambiguous SNPs; (6) MR-PRESSO was
used to exclude outliers to avoid potential level pleiotropy (P<0.05), and the
phenoscanner database was searched to exclude instrumental variables related to gender,
age, sedentary behavior, dietary fiber intake, constipation, diarrhea and other
confounding factors (P<1x107).

MR analysis

The inverse variance weighted (IVW), Mr-Egger and weighted median (WME)
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methods were used in the study. The IVW method assumes that all genetic variants were
effective IVs, used the ratio method to calculate the causal effect value of a single
instrumental variable, and summarizes each estimate for weighted linear regression to
obtain the total effect value. The MR-Egger method used the inverse of the outcome
variance as the weight to fit and evaluate the effect of exposure on the outcome . The
main difference with IVW method was that the existence of intercept term was
considered in regression, and its intercept can evaluate whether there was horizontal
pleiotropy between instrumental variables. The WME method took advantage of the
intermediate effects of all available genetic variants to obtain estimates by weighting
the inverse variance of the correlation between each SNP and the result. Because [IVW
method has higher test efficiency than the other tvo MR methods, this study used [IVW
method as the preferred causal effect estimation method. The twosamplemr package of
R 4.0.2 was used for bidirectional MR analysis.
Heterogeneity and sensitivity analysis

In order to ensure the validity of genetic instrumental variables, Cochran's Q was
used to test IVW and MR-Egger models to assess the heterogeneity between
instrumental variables . Secondly, MR-Egger test based on test intercept was used to
identify potential horizontal multiple effects. In addition, MR-PRESSO was used to
identify and eliminate outliers (10000 iterations), and the "leave-one-out" method is

further used to evaluate potential outliers.

3.6 Statistical analysis
3.6.1 All questionnaire data and laboratory test data are entered into the database for
statistical analysis. Quantitative data is expressed as mean =+ standard deviation (SD),
and classified data is expressed as absolute number (percentage).- The statistical
software was SPSS 26.0 (SPSS Corporation, Chicago, Illinois, USA). P<0.05 is
statistically significant. The statistical methods used include:

Descriptive statistics including frequency, percentage, mean, standard deviation,
used to explain the characteristics of the sample.

Independent sample t-test was used to test the hypothesis of height, weight and

blood lipid content between the two groups.
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Pearson chi-square test was used to evaluate the correlation between all
influencing factors and hemorrhoids and Harvey balance test of gene frequency.

Logistic regression was used to analyze the correlation strength and 95%
confidence interval of each risk factor and hemorrhoids after correction of confounding
factors, the interaction between genotype and each risk factor, and to establish the risk
prediction model of hemorrhoids.

ROC curve was used to evaluate the effectiveness of hemorrhoids risk prediction
model.
3.6.2 The double sample Mendelian randomization package of R software was used to

analyze the causal relationship between BMI and hemorrhoids.

3.7 Research Progress Schedule

Table 6 Research progress schedule

Time Objectives and content

2022.7-2022.10 11 Determine research direction, purpose, and content, and complete
iterature review.

1. Complete the design of the questionnaire Training for on-site
investigation personnel; Screening and signing of testing agreements
2022.11-2023.5 | for laboratory testing companies.

2. Mendelian randomization research method learning and data
mining.

1.Complete the questionnaire survey and collect biological samples,
and send the biological samples to the testing company for testing.
2. Complete the writing and submission of the first manuscript (MR
analysis).

2023.6-2023.10

3.8 Regarding data missing and data organization

When collecting questionnaire data, due to various reasons, some variables were
collected incompletely, so some variables were not analyzed during data analysis, such
as occupation, menstrual and reproductive history, and some disease history. In
addition, some variables have been classified or merged during data analysis, such as
household income and work position.
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3.9 Ethical approval

This research has been approved by the Ethics Committee of Guangxi Medical
University (No.0168 of 2022) and the Fthics Committee of Mahasarakham University
(208-075/2023). Participants will be informed of the research objectives, risks, and
methods, and their participation will be voluntary. In order to maintain ethical principles,

the information of all participants must be kept confidential.



CHAPTER IV
RESULTS

Introduction

All the results of the research are presented in this chapter, including five parts.
Section 4.1 is the analysis results of questionnaire data, including the general data of all
subjects, the correlation between various factors and hemorrhoids, the logistic
regression results of various factors and hemorrhoids after correcting confounding
factors, and the interaction between various factors.

Section 4.2 is the results of the Mendelian randomized study of the causal
relationship between BMI and hemorrhoids. This part is the result of analyzing the
causal relationship between BMI and hemorrhoids in East Asia and South Asia by using
three models of the two sample Mendelian randomization method. In addition, it also
shows the stability and sensitivity of the results.

Section 4.3 is the results of the comparative study of blood lipid items in patients
with hemorrhoids and non-patients, including the results of the comparative study of
total cholesterol, triglycerides, high-density and low-density lipoprotein in the two
populations.

Section 4.4 is the analysis results of the association between the rs34221221
polymorphism of FOXC2 gene and hemorrhoids, including the analysis results of the
interaction of genotype with blood lipids and external factors on hemorrhoids.

Section 4.5 is the result of hemorrhoids prediction model. This prediction model
includes external factors and genetic factors. In addition, this section also includes an

evaluation of the predictive model

4.1 Questionnaire data analysis

A total of 400 questionnaires were sent out (including 200 in the case group and
200 in the control group), and 400 questionnaires were recovered, with an effective rate
of 100%. The 400 subjects were all Zhuang people, 148 males and 252 females; The
oldest was 60 years old, the youngest was 18 years old, and the average age was 40.34

+ 10.92 years old.
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4.1.1 Analysis of demographic data

The demographic data analysis of the two groups showed that there were no
significant differences in age, gender, height, weight and BMI between the two groups.

See Table 7 for details.

Table 7 Analysis results of demographic data

Gender Body BMI

Group = n (M/F) weight (kg)  (>24/<24)

Age (years) Height (cm)

Case 200 75/125 41.28+10.36 162.08+7.24 60.92+11.58 70/132
Control =~ 200 73/127 39.41+11.41 161.84+7.40 61.14+12.21 82/118
x 2/t value 0.043 -1.716 -3.331 1.87 1.528

P value 0.836 0.087 0.741 0.852 0.216

Note: P<0.05 means the difference is statistically significant. All data were analyzed by using Chi
square or t-test based on continuous data.

4.1.2 The distribution of various factors in the population

The questionnaire survey investigated the subjects' education level, household
income, drinking, eating habits, working position, physical activity and other factors.
After analysis, it was found that education, household income, working position,
constipation and chronic gastritis were related to hemorrhoids, while other factors were

not related to hemorrhoids (Table 8).
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Table 8 Correlation analysis results of various factors and hemorrhoids

Variables, n (%) Cases (n=200) C(:r?gggl)s v’ value  p-value
Education level 7.879 0.005
Higher education 121 (60.5) 93 (46.5)

Non higher education 79 (39.5) 107 (53.5)

Household income (CNY/month) 5.438 0.020
>4000 128 (64.0) 105 (52.5)

<4000 72 (36.0) 95 (47.5)

Drinking 0.082 0.775
Yes 56 (28.5) 61 (30.5)

No 143 (71.5) 139 (70.6)

Dietary habit 2.661 0.264
Mainly meat based 73 (36.5) 59 (29.5)

Vegetarian oriented 28 (14.0) 36 (18.0)

Uniformity of meat and vegetables 99 (49.5) 105 (52.5)

Spicy food 0.174 0.917
Eating regularly 59 (29.5) 56 (28.0)

Occasionally eat 92 (46.0) 96 (46.0)

Not eating 49 (24.5) 48 (24.0)

Pickled food 0.058 0.971
Eating regularly 15 (7.5) 16 (8.0)

Occasionally eat 144 (72.0) 142 (71.0)

Not eating 41 (20.5) 42 (21.0)

Dietary taste 5.883 0.053
Salty 88 (44.0) 87 (43.5)

Bland 64 (32.0) 82 (41.0)

Moderate 48 (24.0) 31 (15.5)

Working position 6.895 0.009
Sitting position 99 (45.5) 73 (36.5)

Non sitting posture 101 (50.5) 127 (63.5)

Physical activity 2.396 0.302
High strength 24 (12.0) 25 (12.5)

Medium strength 53 (26.5) 40 (20.0)

Low strength 123.(61.5) 135 (67.5)

constipation 10.714 0.001
Yes 44 (22.0) 20 (10.0)

No 156 (78.0) 180 (90.0)

chronic gastritis 6.498 0.011
Yes 48 (24.0) 28 (14.0)

No 152 (76.0) 172 (86.0)

Note: P<0.05 means the difference is statistically significant
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4.1.3 Binary logistic regression analysis results of various factors

Perform binary logistic regression analysis with hemorrhoids as the dependent
variable and each factor as the independent variable (Table 9), the crude ratio
(unadjusted OR value) of each factor was calculated in the unadjusted binary logistic
regression, the results showed education level, household income, work position,
constipation, chronic gastritis and bland dietary taste were associated with hemorrhoids.
And then education level, household income, work position, dietary taste, constipation
and chronic gastritis were introduced into the model to calculate the adjusted OR value
of each factor. After adjusting for confounding factors, household income and work
position were not associated with hemorrhoids. However, after adjusting for
confounding factors, it was found that age was statistically correlated with hemorrhoids
and was an independent risk factor for hemorrhoids. In the variable of dietary taste,
both in the uncorrected binary logistic regression model and the model corrected for
confounding factors, the results showed that a bland diet can reduce the risk of
hemorrhoids (Table 10).

Table 9 Independent variables and their assignments in logistic regression analysis

Variable

code Variable Label Assignment

Y Group 0=control group, 1=case group

X1 Gender 1=male, 2=female

X2 Age Year

X3 BMI 1=>24,2=<24

X4 Education level 1=Higher education, 2=Non higher education
Household 1=>4000, 2=<4000

X5 income
(CNY/month)

X6 Working position = 1=Sitting position, 2=Non sitting posture
X7 Drinking situation 1=Yes, 2=No

. . 1=Mainly meat based, 2=Uniformity of meat and
$ Dictimaggl® vegetables, 3=Vegetarian oriented

X9 Spicy food 1=Eating regularly, 2=Eating Occasionally, 3=Not eating
X10  Pickled food 1=Eating regularly, 2=Eating Occasionally, 3=Not eating
X11  Dietary taste 1=Salty, 2=Bland, 3=Moderate
X12  Physical activity — 1=high strength, 2=Medium strength, 3=Low strength
X13  constipation 1=Yes, 2=No

X14  chronic gastritis 1=Yes, 2=No
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Table 10 Odds ratio and 95% confidence interval of binary logistic regression for each
factor

Unadjusted p- Adjusted OR*  p*-

Variable OR(95%CI)  value (95%CI) value
Age 1.02(1.00,1.04) 0.820 1.03(1.01,1.05) 0.008
High education(ref:Low) 1.76 (1.19,2.26) 0.005 2.02(1.16,3.52) 0.013

High household income (ref:Low) 1.54 (1.03,2.29) 0.034 1.01(0.60,1.68) 0.983
Working position(ref:Non sitting) 1.64 (1.09, 2.44) 0.015 1.42(0.91,2.23) 0.124
Drinking situation(ref:No) 1.06 (0.70,1.60) 0.796 1.35(0.84,2.17) 0.213
Dietary habit

Vegetarian oriented(ref)

Mainly meat based 1.60 (0.87,2.90) 1.300 1.82(0.99,3.47) 0.068
Uniformity of meat and vegetables = 1.21 (0.69, 2.13) 0.504 1.24 (0.67,2.29) 0.489
Spicy food

Not eating(ref)

Eating regularly 1.03 (0.60,1.77) 0.909 0.96 (0.53,1.75) 0.901
Occasionally eat 0.94 (0.58,1.53) 0.801 0.87(0.51,1.47) 0.602
Pickled food

Not eating(ref)

Eating regularly 0.96 (0.42,2.19) 0.924 1.07 (0.44,2.58) 0.886
Occasionally eat 1.04 (0.64,1.69) 0.879 1.22(1.72.2.07) 0.465
Dietary taste

moderate(ref)

Salty 0.65 (0.38,1.12) 0.122 0.62(0.35,1.09) 0.099
bland 0.50 (0.29,0.80) 0.016 0.50(0.28,0.89) 0.019
Physical activity

Low strength(ref)

high strength 1.05(0.57,1.94)  0.867 0.95(0.49, 1.83) 0.870
Medium strength 1.45(0.90, 2.43) 0.124 1.33(0.80,2.21) 0.279
constipation(ref:No) 2.54 (1.43,4.49) © 0.001 2.70(1.50,4.87) 0.001
chronic gastritis(ref:No) 1.94(1.16,3.25) 0.012 1.96 (1.14,3.36) 0.014

Note:*It refers to the corrected OR and P values for age, education level, family income, work
position, constipation, and chronic gastritis. P<0.05 means the difference is statistically significan
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4.2 Analysis of the causal relationship between BMI and hemorrhoids(Mendelian
randomization analysis)

4.2.1 1V screening results

After strict screening of instrumental variables, a total of 8,191,759 SNPs of BMI
in East Asian population were included in the study, and 68 SNPs were finally selected
as genetic instrumental variables; A total of 9,812,032 SNPs were included in the study
in the South Asian population, with 67 SNPs as the final instrumental variable. When
the instrumental variables were screened, their F statistical values were greater than 10,
indicating that the weak instrumental effect had been avoided(Appendix2-3) .

4.2.2 Causal effect of BMI and hemorrhoids

In East Asia and South Asia, the causal relationship between BMI and hemorrhoids
was analyzed using IVW, MR- Egger and weighted median models, respectively. No
causal effect was found between BMI and hemorrhoids. In East Asian population, in
IVW model, B=1.790, 95% CI: (0.628-5.107), P=0.276; In MR-Eegger model,
B=0.316, 95% CI (0.013-7.908), P=0.486; In the WME model, B=4.018, 95% CI
(0.816-9.794, P=0.087). In the South Asian population, in the IVW model, B=0.753,
95% CI1(0.417-1.362), P=0.349; In MR-Egger model, B=0.642, 95% CI (0.144-2.862),
P=0.563; In WME model, B=0.369, 95% CI (0.146-0.993), P=0.035(See Table 11 for
details). The regression slopes of MR-Egger, weighted median method, and weighted
mode method are shown in Figure 5.

Table 11 Two sample MR analysis results of the causal relationship between BMI and
hemorrhoids

Research Exposure/

B Method SNP(n) Beta 95%ClI p-value
object outcome
VW 68 1.79  0.628-5.107 0.276
EastAsian  BMI/™ o g pgger 68 0316 0.013-7.908 0.486
population ©* hemorrhoids
weighted median 68 4,018 0.816-19.794 0.087
AVAWY 67 0.753  0.417-1.362  0.349
South BMI/
Asian . MR-Egger 67 0.642 0.144-2.864  0.563
. hemorrhoids
population

weighted median 67 0.369 0.146-0.933  0.035

Note: P<0.05 means the difference is statistically significant
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Figure 5 Scatter plot of MR analysis on the relationship between BMI and hemorrhoids.

(1) ais the scatter plot for the East Asian population, and b is the scatter plot for
the South Asian; (2)The three methods used in the current manuscript have been
described. The bright blue line, green line and dark blue line represent IVW, weighted
median and MR-Egger method respectively.

4.2.3 Heterogeneity and sensitivity analysis

The heterogeneity and sensitivity of genetic instrumental variables were analyzed.
Cochran's Q test results showed that there was no heterogeneity in instrumental
variables of MR analysis (P>0.05), and there was no pleiotropy in MR-Egger based on
intercept  (P>0.05). MR-PRESSO results showed that there was mno outlier
(Gglobal>0.05). (See Table 4-6 for details). The distribution of points in the funnel plot
is roughly symmetrical, indicating the absence of imbalanced directional horizontal
multi effect patterns(See Figure 6). By gradually deleting each instrumental variable
from the MR analysis, the "leave-one-out" method was carried out to estimate the causal
effect of the instrumental variable with outliers. The results of "leave-one-out" method

were robust(see Figure 7 and Figure 8).
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Table 12 Sensitivity and heterogeneity test results of two sample MR analysis of BMI
and hemorrhoids

Cochran's Q Cochran's Q i Global
Population test (1VW) test (MR-Egger) MR-Egger test
Q P Q P Intercept  se P P
FastAsian 5522 ‘047 53978 0.855 0047 0043 0268 0839
South 55.52
Asian 0 0.886 52.468  0.869 0.005 0.021 0.820 0.876

Note: exposure is BMI, and the outcome is hemorrhoids. P<0.05 indicates statistical significance
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Figure 6 Funnel plot for MR analysis of the relationship between BMI and
hemorrhoids.

(1) a is the Funnel plot for the East Asian population, and b is the Funnel plot for the South
Asian; (2) The bright blue line and dark blue line represent IVW and MR-Egger method

respectively
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Figure 7 Sensitivity analysis of the "leave-one-out "method in MR analysis of BMI and
hemorrhoids in East Asian populations. After removing each SNP, the overall error line did not

change much (all error lines were to the right of 0), indicating that the results were robust.
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change much (all error lines were to the left of 0), indicating that the results were robust.
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4.3 Comparison of blood lipids between the two groups

The total cholesterol (TCHO), triglyceride (TG), high density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) of the two
groups were detected. After analysis, there was no significant difference in the content

of four lipid items in the serum of the two groups.(see Table 13 for details)

Table 13 comparison results of blood lipids between the two groups(Unit: mmol/l)

Group n TCHO TG HDL-C LDL-C

Case 200 3.32+1.24 3.07+3.88  0.89+0.32  1.87+0.81

Control 200 3.41+1.19 3.24+4.16  0.92+0.35 1.96%0.77

t value -0.709 -0.401 -1.035 -1.097
P value 0.479 0.688 0.301 0.273

Note: P<0.05 means the difference is statistically significant

4.4 Results of association analysis between rs34221221 polymorphism of FOXC2
gene and hemorrhoids.

4.4.1 DNA quality inspection results

After the genomic DNA extracted from the whole blood is electrophoresis on
the agarose gel, it can be clearly seen that the DNA bands are close to the spot sample,
and it can be completely determined that the molecular weight of DNA is at least greater
than 21Kb, indicating that the DNA extraction is successful, with good quality, and can

fully meet the downstream experiments. As shown in Figure 9.
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Figure 9 The whole genome DNA agarose gel electrophoresis map shows that the first
lane from left to right is mark, and the second lane to the sixth lane is the whole genome DNA.

4.4.2 Genomic DNA concentration and purity determination results
The concentration of all DNA samples is>20ng/uL; The ratio of A260/A280
ranges from 1.6 to 1.8; The ratio of A260/A230 is between 2.00 and 2.20. The extracted
DNA concentration and purity meet the experimental requirements. Please refer to
Appendix 4 for details.
4.4.3 Detection results of rs34221221 polymorphism of FOXC2 gene
Sanger sequencing showed that 164 (41%) of 400 DNA samples carried CC
genotype, and 234 (58.5%) carried CT genotype. The detection spectrum is shown in
Figure 10 . The TT genotype was not detected in all samples. There were two cases of
DNA sample test results that could not be judged, accounting for 0.5% of the total. The

test results can be found in Appendix 5.
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Figure 10 Map of Sanger sequencing results for rs34221221 polymorphic loci

4.4.4 Hardy-Weinberg genetic equilibrium law test results of genotype frequency
distribution in the control group.

According to Harvey Weinberg's law of equilibrium, hardy Weinberg's genetic
equilibrium coincidence test method was used to test the distribution of genotype
frequency in the control group, which was consistent with Hardy Weinberg's law of

equilibrium (P>0.05), as shown in table14.

Table 14 Test results of Hardy-Weinberg genetic equilibrium law

Gene locus  genotype n % X 2value p-value
CT 128 64

rs34221221 0.25 >0.05
CcC 72 36

Note: P<0.05 means the difference is statistically significant

4.4.5 Genotype frequency and allele frequency distribution

The frequencies of allele C and T in the case group were 73.2% and 26.8%,
respectively, and in the control group were 68% and 32%, respectively. There was no
significant difference between the two groups (P=0.105). The number of cases with CC
and CT genotypes in the case group was 92 and 106, respectively, and the frequency
distribution was 46.5% and53.5% , respectively; The number of cases in the control
group was 72 and 128 , and the frequency distribution was 36% and 64%, respectively.
After statistical analysis, the distribution difference of the two genotypes between the

two groups was statistically significant (p=0.034), see tablel5.
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Table 15 Distribution of allele frequency and genotype frequency in case group and
control group and their relationship with hemorrhoids susceptibility

Allele Case(n=198) Control(n=200) o values Adjusted OR o value
1- b 2-
/Genotype n % n % (95%CD
C 290 73.2 272 68 1
0.105
T 106~ 26.8 128 32 0.752(0.564-1.065) 0.115
CcC 92 465 72 36 1
0.034
CT 106 53.5 128 64 0.636 (0.417-0.971) 0.036

Note: a is the chi-square p value of the distribution difference of allele frequency and genotype
frequency between the case group and the control group, b and c are the logistic regression results after
adjusting the education level, age, dietary taste, constipation and chronic gastritis, respectively. The
difference was statistically significant when P<0.05.

4.4.6 Genetic polymorphisms and susceptibility to hemorrhoids

Multivariate unconditional logistic regression analysis showed that after adjusting for
the confounding factors of education level, age, dietary taste, constipation and chronic
gastritis , the minimum allele T and the risk of hemorrhoids had no statistical significance
(adjusted OR=0.752, 95% CI: 0.564-1.065, P=0.115); Compared with CC genotype, carrying
CT genotype was statistically correlated with the risk of hemorrhoids (adjusted OR=0.636,
95% Cl: 0.417-0.971, P=0.036), shown in table15.

Further stratified analysis was conducted on the relationship between various
genotypes at the rs34221221 locus of the FOXC2 gene and hemorrhoids, including
gender, age, BMI, education level, family income, alcohol consumption, dietary habits,
spicy and pickled food habits, dietary taste, work position, and activity intensity. The
results showed that compared with the CC genotype, the CT genotype was statistically
associated with the risk of hemorrhoids in the four population groups of males, non-
alcoholic, non-spicy, and pickled foods (Adjusted OR=0.349, 95% CI: 0.168-0.722,
P=0.005; Adjusted OR=0.576, 95% CI: 0.353-0.939, P=0.027; Adjusted OR=0.222, 95%
CI: 0.088-0.560, P=0.001; Adjusted OR=0.596, 95% CI: 0.374-0.948, P=0.029); The
stratified analysis of other factors did not find a statistical correlation between CT

genotype and the risk of hemorrhoids, shown in Table 16.
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Table 16 Stratified analysis of the relationship between rs34221221 polymorphism

and hemorrhoids susceptibility

Stratification Genoty _ Case(n=198) Control(n=200) . Adjusted OR
factors pe n % n % p-value (95%CI) *®
Gender
Male cC 37 50.0 21 28.8 1
CT 37 50.0 52 71.2 0.005 0.349(0.168-0.722)
CcC 55 44.4 51 40.2 1
Female cT 69 556 76 59.8 0.903 0.951(0.424-2.134)
Age (Year)
<40 CcC 42 45.7 37 37.0 1
CT 50 54.3 63 63.0 0.182 0.662(0.361-1.214)
>40 CcC 50 47.2 35 35.0 1
- CT 56 52.8 65 65.0 0.096 0.613(0.344-1.091)
BMI
<24 CcC 55 42.3 40 33.9 1
CT 75 57.7 78 66.1 0.149 0.676(0.398-1.150)
>4 CcC 37 54.4 32 39.0 1
- CT 31 45.6 50 61.0 0.066 0.533(0.272-1.042)
Education level
higher ed . CcC 36 45.6 36 33.6 1
lonerecucation ot 43 564 71 664 0073  0.572(0.311-1.053)
Non higher CcC 56 47.1 36 38.7 1
education CT 63 52.9 57 61.3 0.169 0.675(0.386-1.182)
Household income
>4000(CNY/month CcC 35 47.3 33 34.4 1
) cT 39 527 63 65.6 0.111 0.597(0.316-1.127)
<4000(CNY/month CcC 57 46.0 39 37.5 1
) CT 67 540 65 62.5 0.114 0.643(0.372-1.111)
Drinking situation
Yes CcC 26 49.1 24 414 1
CT 27 50.9 34 58.6 0.312 0.663(0.299-1.470)
No cC 66 45.8 46 33.1 1
CT 78 54.2 93 66.9 0.027 0.576(0.353-0.939)
Dietary habit
Mailly meatbased CcC 35 47.9 20 33.9 1
CT 38 52.1 39 66.1 0.074 0.511(0.245-1.068)
Vegetarian oriented % 46 5% g " .
CT 51 52.6 62 59.0 0.340 0.752(0.419-1.351)
Uniformity of meat CC 11 39.3 9 25.0 1
and vegetables CT 27 60.7 27 75.0 0.195 0.484(0.161-1.453)
Spicy food
Eating regularly CcC 26 44.8 23 41.1 1
CT 32 55.2 33 58.9 0.845 0.925(0.426-2.011)
Occasionally eat cC 40 435 38 39.6 ref
CT 52 56.5 58 60.4 0.456 0.794(0.432-1.457)
Not eating ccC 26 54.2 11 22.9 1
CT 22 45.8 37 77.1 0.001 0.222(0.088-0.560)
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Table 16 Stratified analysis of the relationship between rs34221221 polymorphism and
hemorrhoids susceptibility(Continued Table)

Stratification

Genoty

Case(n=198)

Control(n=200)

Adjusted OR

factors pe n % n % p-value® (95%CI) *®

Pickled food CcC 75 47.8 59 37.3 1

Yes CT 82 52.2 99 62.7 0.029 0.596(0.374-0.948)
cC 17 41.5 13 31.0 1

No CT 24 58.5 29 69.0 0.468 0.708(0.279-1.197)
Dietary taste CcC 44 50.6 33 37.9 1

Salty CT 43 494 54 62.1 0.098 0.594(0.321-1.102)
cC 29 46.0 27 333 1

Bland CT 34 54.0 54 66.7 0.126 0.580(0.289-1.164)
cC 19 39.6 11 36.7 1

Moderate CT 29 60.4 19 63.3 0.748 0.855(0.328-2.255)
Working position CcC 41 42.7 23 315 1

Sitting position CT 55 57.3 50 68.5 0.159 0.626(0.326-1.202)
cC 51 50.0 49 38.6 1

Non sitting posture CT 51 50.0 78 61.4 0.098 0.637(0.373-1.087)
Physical activity CcC 17 73.0 12 48.0 1

High strength CT 6 26.1 13 52.0 0.167 0.398(0.108-1.472)
cC 26 49.1 13 34.2 1

Medium strength CT 27 50.9 25 65.8 0.066 0.416(0.164-1.060)
CcC 49 40.2 46 34.1 1

Low strength CT 73 59.8 89 65.9 0.242 0.731(0.433-1.235)

Note: a and b are logistic regression results adjusted for education level, age, dietary taste,

constipation and chronic gastritis , P<0.05 is statistically significant.

4.4.7 Interaction between polymorphism at rs34221221 locus of FOXC2 gene and

external factors.

In the analysis of the interaction between rs34221221 polymorphism and various

external factors on hemorrhoids, it was found that CT genotype had interaction effects

with males, non-alcohol consumption, and non-spicy food consumption, all of which
could reduce the risk of hemorrhoids(OR=0.404, 95% CI: 0.204-0.719, P=0.009;
OR=0.585,95% CI: 0.361-0.947, P=0.029; OR=0.252,95% CI: 0.104-0.607, P=0.002).

No interaction was found between the polymorphism of rs34221221 locus and women,

age, BMI, education level, family income, alecohol consumption, dietary habits, eating

chili peppers, pickled food habits, dietary taste, work position, physical activity

intensity, number of abortions, and age of first childbirth, as shown in Table 17.
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Table 17 The interaction between the rs4221221 polymorphism of FOXC2 gene and
various external factors on hemorrhoids

Interaction factors B OR 95%ClI p-value
CC*Gender 1
CT*Male -0.907 0.404 0.204-0.719 0.009
CT*Female -0.172 0.842 0.510-1.390 0.501
CC*Age 1
CT*<40 0.001 1.001 0.985-1.017 0.930
CT*>40 -0.007 0.993 0.983-1.004 0.202
CC*BMI 1
CT*<24 -0.358 0.699 0.417-1.172 0.174
CT*>24 -0.623 0.536 0.279-1.029 0.061
CC*Education level 1
CT*higher education -0.342 0.711 0.410-1.233 0.224
CT*Non higher education -0.501 0.606 0.333-0.101 0.100
CC*Household income (CNY/month) 1
CT*<4000 -0.538 0.584 0.314-1.086 0.089
CT*>4000 -0.349 0.708 0.415-1.200 0.198
CC*Drinking situation 1
CT*Yes -0.311 0.733 0.346-1.552 0.417
CT*No -0.537 0.585 0.361-0.947 0.029
CC*Dietary habit 1
CT*Mainly meat based -0.586 0.557 0.274-1.130 0.105
CT*Vegetarian oriented -0.263 0.769 0.441-1.432 0.355
CT*Uniformity of meat and vegetables -0.663 0.515 0.177-1.501 0.224
CC*Spicy food 1
CT*Eating regularly -0.153 0.858 0.408-1.802 0.686
CT*Occasionally eat -0.160 0.852 0.477-1.522 0.588
CT*Not eating -1.380 0.252 0.104-0.607 0.002
CC*Pickled food 1
CT*Yes -0.186 0.831 0.674-1.023 0.081
CT*No -0.458 0.633 0.257-1.560 0.320
CC*Dietary taste 1
CT*Salty -0.515 0.597 0.327-1.092 0.094
CT*Bland -0.534 0.586 0.298-1.154 0.122
CT*Moderate -0.124 0.884 0.345-2.265 0.797
CC*Working position 1
CT*Sitting position -0.483 0.617 0.326-1.168 0.138
CT*Non sitting posture -0.465 0.628 0.371-1.065 0.084
CC*Physical activity 1
CT*High strength -1.121 0.326 0.096-1.101 0.071
CT*Medium strength -0.616 0.54 0.229-1.276 0.540
CT*Low strength -0.261 0.77 0.463-1.279 0.313
CC*Number of abortions 1
CT*<2times 0.145 1.156 0.498-2.679 0.736
CT*>3times -0.588 0.556 0.081-3.795 0.549
CC*First childbearing age 1
CT*<28years 0.229 1.257 0.576-2.743 0.566
CT*>28years -0.553 0.575 0.203-1.625 0.296

Note: P<0.05 is statistically significant.
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4.5 Establishment of hemorrhoids risk prediction model and evaluation
4.5.1 Establishment of hemorrhoids risk prediction model

The independent risk factors and genotypes related to hemorrhoids obtained from
the above analysis were used as independent variables, and whether suffering from
hemorrhoids was used as dependent variable for logistic regression (table 18). Then,
the regression coefficients of the obtained independent variables were used as weights
to establish the hemorrhoids risk prediction model. The final model was: Logit (P)
=-1.4+0.03X3+0.79X>-0.71X3+1.02X4+0.65X5-0.45X, X1 is age, Xo is education level,
X3 1s dietary taste, X4 is constipation, Xs is chronic gastritis, X6 is genotype. The
probability of hemorrhoids can be calculated by substituting the relevant information
of patients into the model. Model coefficients passed Omnibus test, X =31.211,
P<0.001, indicating that the modeling was successful. Hosmer-Lemeshow Goodness-
Of-Fit test was used to test the constructed model. There was no significant difference

between the predicted probability of hemorrhoids and the actual probability ( X

2=8.356, P=0. 399), suggesting that the model fitting was acceptable.

Table 18 correlation analysis between independent risk factors and hemorrhoids

Risk factor B OR 95%Cl p-value
Age 0.03 1.03 1.01-1.05 0.011
Education level 0.79 2.21 1.40-3.49 0.001
Dietary taste -0.71 049  0.27-0.88 0.017
Constipation 1.02 2.76 1.52-5.01 0.001
Chronic gastritis 0.65 1.92 1.12-3.30 0.017
Genotype -0.45 0.64  0.42-0.97 0.036

Note: P<0.05 is statistically significant,

4.5.2 Evaluation of hemorrhoids risk prediction model

Evaluate the constructed hemorrhoid risk model using ROC curves. Calculate
individual predicted values based on the prediction model formula, and plot the ROC
curve with the predicted values as the test variable (Figure 11). The results showed that
the area under the ROC curve was 0.61 (95% CI: 0.56-0.67, P<0.001).

Because when the sensitivity and specificity are the largest, the Youden index is
the largest. It means, at this value, the judgment ability of the method to be evaluated

is the strongest. Therefore, this study uses the maximum value of the Youden index to
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determine the cut-off value of the prediction model. It means when the maximum value
of the Youden index is taken, the corresponding model predictive value is the value to
judge whether the predicted person will suffer from hemorrhoids. When the predictive
value is greater than this value, it means that the predicted person has the risk of
suffering from hemorrhoids. If it is less than this value, there is no risk of suffering from
hemorrhoids.

After calculation, when the sensitivity is 0.561 and the specificity is 0.645, the
maximum value of the Youden index is 0.21, the corresponding predicted value is 0.6,
so the optimal cut-off value is 0.6(All sensitivity, specificity, Youden index, and
corresponding predicted values can be found in Appendix 6). This means that a
predicted value greater than 0.6 indicates a risk of hemorrhoids, while a value less than
0.6 indicates no risk of hemorrhoids. The Positive and Negative predictive value is 0.76
and 0.90, therefore, the accuracy of this model in predicting the incidence of
hemorrhoids is 76%, the accuracy of non hemorrhoid incidence is 90%, and the

accuracy of the entire group is 87.8%.
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Figure 11 ROC curve of hemorrhoid risk prediction model



CHAPTER V
DISCUSSIONS

In this chapter, the research findings are summarized, discussed, and concluded.
Firstly, Section 5.1 provides a summary of the risk factors for hemorrhoids identified
in this study. 5.2 is discussion consisting of three parts. Section 5.2.1 discusses the
relationship between external factors discovered in research and hemorrhoids. Section
5.2.2 discusses the correlation between internal factors and hemorrhoids. Section 5.2.3
discusses the predictive role of the hemorrhoid risk prediction model in hemorrhoids.
Section 5.3 is Summary and suggestions. Section5.4 Strengths and limitations of the

study. Section5.5 is a conclusion of this research.

5.1 Summary of research results

At present, there are various research results on the risk factors of hemorrhoids,
and many external factors may lead to the occurrence of hemorrhoids. There are also
research results indicating that genetic factors are also risk factors for hemorrhoids.
This study adopts a case-control research method, and through questionnaire surveys,
Mendelian randomization analysis, and genetic polymorphism testing, it is found that
age, education level, light diet, constipation, and chronic gastritis are associated with
the risk of hemorrhoids. Among them, age, education level, constipation, and chronic
gastritis increase the risk of hemorrhoids, while a light diet can reduce the risk of
hemorrhoids. This study also demonstrated through Mendelian randomization that there
is no causal relationship between BMI and hemorrhoids. In addition, this study also
found that the CT genotype at the rs34221221 locus of the FOXC2 gene is associated
with susceptibility to hemorrhoids, which can significantly reduce the risk of
hemorrhoids. Moreover, the CT genotype also interacts with three factors: male, no
alcohol consumption, and no spicy food consumption, all of which can reduce the risk
of hemorrhoids. This study also established a hemorrhoid risk prediction model using
the 6 hemorrhoid related factors discovered in the study, which has a certain predictive

effect on the incidence of hemorrhoids.
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5.2 Discussion
5.2.1 The relationship between external factors discovered in the research and
hemorrhoids
5.2.1.1 The correlation between education level and hemorrhoids

Education level refers to the level of educational knowledge and abilities acquired
by individuals through schools, training institutions, social experience, and other means.
Education level is an important indicator of human civilization progress and a crucial
condition for participating in social and economic development. In modern society,
individuals with higher levels of education generally have more opportunities and
advantages in career development, quality of life, and social status. Personal occupation,
quality of life, and behavior are related to many diseases, and harmful occupational
factors and unhealthy lifestyle behaviors are also risk factors for various diseases.

People with high levels of education are generally engaged in occupations
primarily focused on mental labor. Most of these professions require prolonged sitting
and minimal physical activity. Long term sitting without movement can slow down
gastrointestinal peristalsis, leading to abdominal distension and constipation ['*], which
has always been considered a risk factor for hemotrhoids. On the other hand, prolonged
sitting may lead to slow venous return, stasis of blood in the rectal and anal veins, and
may cause venous valve dysfunction, leading to obstruction of venous return and
prolonged congestion and dilation of venous plexus!'®®!, ultimately resulting in varicose
veins and hemorrhoids. In univariate analysis, this study also found a correlation
between a sitting work posture and the risk of hemorrhoids, but the correlation
disappeared after adjusting for the factor of education level. This is likely due to the
fact that sitting posture is an intermediate factor in the association between education
level and hemorrhoids, to the extent that when education level is introduced into the
model, its association with hemorrhoids is included in the factor of education level.

On the other hand, compared to those with lower levels of education, those with
higher levels of education also have relatively higher economic income. And a higher
income level means they have a higher level of consumption. Therefore, they tend to
consume high levels of polished rice, noodles, and meat in their diet, while the intake
of coarse grains with high dietary fiber is relatively reduced, which slows down food

digestion, reduces gastrointestinal motility, and easily causes bloating and
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constipation!'”’l, leading to hemorrhoids. In the factor analysis of this study, it was
found that higher household income was also associated with the occurrence of
hemorrhoids compared to lower household income. However, similar to the sitting
position, after adjusting for education level, the correlation between higher family
income and hemorrhoids disappeared. This also means that family income is an
intermediate factor in the association between education level and hemorrhoids.
5.2.1.2 The correlation between dietary taste and hemorrhoids

Diet plays a crucial role in maintaining life, promoting health, and prolonging
lifespan. A reasonable diet can provide the body with the nutrients it needs, such as
protein, fat, carbohydrates, vitamins, and minerals, to maintain normal body function,
enhance the body's immunity and resistance. In addition to reasonable dietary
combinations, dietary taste is also related to certain diseases.

A person's dietary taste is related to taste, which is mediated by receptor cells in
the taste buds on the dorsal and posterior surfaces of the tongue, as well as on the surface
of the oral and pharyngeal epithelium "'°!l, Taste receptor cells are also present in the
intestine 1?1, Saliva plays a crucial role in stimulating food contact with receptor cells.
They detect chemical signals that generate taste and stimulate the release of
neurotransmitters onto incoming nerve fibers, thereby transmitting signals to the
brainstem.

Taste plays a crucial role in food selection, whether one likes or dislikes food for
the first time. There are five types of taste, namely bitter, salty, sour, sweet, and fresh!!*?!.
People believe that sweetness can detect high-energy, high calorie, and pleasurable
substances, while bitterness perception can lead to avoidance or rejection of toxic or
toxic substances. Controlling the intake of Na+through saltiness is crucial for

1941 Freshness can

maintaining water balance and blood circulation in the body !
recognize amino acids, especially glutamic acid 1. Sourness is an important sensory
input that affects the intake of acidic food sources %],

The latest developments in the field of taste physiology have elucidated the roles

1971 " Current

of different basic taste patterns and their impact on health and disease
research on taste and disease has confirmed that taste is closely related to the risk of
certain diseases. For example, studies have shown a relationship between obesity and

sweetness 1?8191 while saltiness is associated with hypertension. Other taste types,
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such as sweetness, freshness, or bitterness, are also associated with changes in blood
pressure. And there is convincing evidence that changes in salt sensitivity can be used

n 2% Li Hangi et al. used the GeoDetector method

to predict the onset of hypertensio
to establish associations between seven flavors and multiple chronic diseases from the
perspective of spatial stratification heterogeneity. They found that out of 71 chronic
diseases, 16 diseases were significantly related to dietary taste. Compared to the impact
of individual flavors, the interaction of flavors increases the risk of sixteen diseases,
and the multiple combinations of flavors have a non-linear enhancing effect on disease
risk 1. In addition, taste is also related to diabetes, Parkinson's disease and
cardiovascular disease 2%,

This study found that compared to people with moderate dietary tastes, those with
a lighter diet have a significantly reduced risk of developing hemorrhoids. People with
a lighter taste tend to choose vegetarian foods, consuming less salt, sugar, and fat in
their bodies every day, while consuming a relatively higher proportion of dietary fiber.
This not only reduces the burden of high sugar, high fat, and high salt foods on the
digestive system, but also promotes the digestive function of the gastrointestinal tract,
plays a role in preventing constipation, and thus reduces the risk of hemorrhoids.
However, further research is needed to elucidate the reasons and mechanisms in this
regard.

5.2.2 Discusses the correlation between internal factors and hemorrhoids.
5.2.2.1 The correlation between age and hemorrhoids

Age is one of the important factors affecting human health. As people age, various
organs and systems in the human body will experience varying degrees of degeneration
and aging, such as the heart, blood vessels, lungs, kidneys, bones, joints, etc. The
function of these organs and systems decreases, and the risk of various chronic or acute
diseases increases accordingly.

As age increases, the digestive system function decreases, which may induce
abnormalities in the oral cavity, esophagus, stomach, intestines, liver and other organs.
As age increases, the secretion of salivary glands decreases, and the burden of food
digestion in the lower digestive tract increases; Annual esophageal muscle atrophy,
weakened contraction force, reduced esophageal peristalsis, and prolonged passage of

food.
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Atrophy and degeneration of gastric mucosa and glandular cells, reduced secretion
of gastric juice, leading to mechanical damage to the gastric mucosa. The formation
obstacle of mucus bicarbonate barrier makes the gastric mucosa susceptible to damage
by gastric acid and pepsin, reducing the digestive function of pepsin; The villi of the
small intestine become wider and shorter, the smooth muscle layer becomes thinner, the
contraction and peristalsis are weak, and the secretion of various digestive enzymes is
reduced, greatly reducing the digestive function of the small intestine; Atrophy of
colonic mucosa, thickening of muscular layer, and easy formation of diverticula. Slow
and weak intestinal peristalsis, weak absorption of water, insufficient filling of the large
intestine, inability to cause dilation sensation, ultimately leading to constipation. The
main clinical symptoms of constipation are prolonged defecation time, dry stools, and
prolonged exertion during defecation, leading to increased abdominal pressure and
damage to the connective tissue and submucosal muscles inside the anal pad, causing
relaxation and rupture. The anal pad loses its grip and moves downwards, causing it to
protrude from the anus and become hemorrhoids 2%,

In addition, as age increases, the tension of the valve gradually decreases, making
venous return difficult; The elasticity and tension of venous blood vessels will also
decrease, further reducing venous reflux, leading to venous filling and elevated venous
pressure, resulting in the appearance of dilated and tortuous veins Y. The varicose
veins at the bottom of the rectum and anal mucosal venous plexus form one or more
soft vein masses, leading to hemorrhoids. On the other hand, with the increase of age,
if there is a long-term high salt, high sugar, high fat diet, lack of exercise, irregular life,
etc., the aging of blood vessels begins to accelerate. As time goes on, it can be
manifested as the thickening of blood vessel walls or the formation of plaque leading
to narrowing of blood vessels, which makes the elasticity of blood vessels gradually
decline, while suffering from hypertension, diabetes Patients with diseases such as
hyperlipidemia have more significant vascular changes in this area. This change is also
the cause of venous congestion, increased venous pressure, and the expansion and
tortuosity of the veins, leading to the development of hemorrhoids.
5.2.2.2 The correlation between constipation and hemorrhoids

Constipation refers to poor or difficult bowel movements, usually manifested as

prolonged bowel movements, reduced frequency of bowel movements, dry stools, and
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difficulty in defecation. People usually attribute the onset of hemorrhoids to
constipation and abnormal bowel habits, and believe that constipation is the main
culprit. This is consistent with the results of this study. This study found that
constipation can significantly increase the risk of hemorrhoids. Possible reasons are as
follows: Constipation and excessive force during defecation may increase unnecessary
burden on the muscles of the cecum, anus, and pelvic floor, as well as local congestion,
leading to the occurrence of diseases. Effortlessly removing dry feces can also cause
significant pressure on the anus, leading to a series of pathological changes such as
bruising, swelling, and lacerations. At the same time, constipation and prolonged
tension during defecation can cause tearing of the elastic support tissue. This may lead
to distal displacement of the anal pad and the development of hemorrhoids B 521, In
addition, studies have shown that hard stool and increased intra-abdominal pressure can
hinder venous return, leading to congestion of the hemorrhoid plexus and arteriovenous
anastomosis at the anorectal junction, thereby leading to the development of
hemorrhoids B3,

Talley NJ et al.'s study reviewed the relationship between constipation and specific
comorbidities %1, Their data suggests that constipation can have significant clinical
consequences. And one consequence is constipation. Their research findings found that
both retrospective and prospective case-control studies showed a significant association
between constipation and hemorrhoids %2191 or an increased prevalence of
hemorrhoids in populations diagnosed with constipation [*31. Other studies have further
demonstrated the association between hemorrhoids and constipation symptoms [212,
Hong YS et al. conducted a cross-sectional study on 194, 620 healthy males and
females who completed health screening examinations, including colonoscopy, from
2011 to 2017. The study also found that constipation is associated with hemorrhoids [,

Although it is widely believed that constipation is related to hemorrhoids, there
are also inconsistent research results. Johnson and Sonnenberg found no association
between hemorrhoids and constipation, aging, cirrhosis, and varicose veins®®l. They
were also evaluating four large population data files in the United States, England, and
Wales when they discovered epidemiological differences in constipation and
hemorrhoids (i.e. different prevalence distributions by age, gender, and race). Although
these studies suggest that the frequency of hemorrhoids in patients with and without
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constipation may be the same, they do not necessarily rule out a causal relationship
between symptoms of constipation and hemorrhoids 231,
5.2.2.3 The correlation between chronic gastritis and hemorrhoids
Chronic gastritis refers to various chronic inflammatory lesions of the gastric

mucosa caused by different etiologies, and Helicobacter pylori infection is a common
cause of chronic gastritis. Animal and human studies have confirmed that Helicobacter
pylori infection can cause changes in the microbiota of the stomach or colon [24-217],
Yin et al. found in their experiment that the number of Staphylococcus aureus and
Lactobacillus in the stomach and duodenum of Mongolian gerbils decreased after
inoculation with Helicobacter pylori ?4. In the same model, Heimesaat et al.
demonstrated that mice infected with immunopathological Helicobacter pylori B8 can
increase the lumen load of Escherichia coli and enterococcus and
Bacteroides/Prevotella in the cecum 271, Research has found an interactive relationship
between dysbiosis of gut microbiota and the onset of diarrhea 81, Due to the disruption
of the gut microbiota, an increase in enterotoxins can lead to symptoms of diarrhea,
such as damage or increased sensitivity of the intestinal mucosa. Diarrhea patients have
a significantly reduced number of bacteria in their feces compared to healthy
individuals, accompanied by an imbalance in the proportion of bacteria. Diarrhea can
also cause changes in the number and type of gut microbiota. Therefore, the mutual
promotion of the two can easily lead to chronic diarrhea. Long term diarrhea can lead
to excessive abdominal pressure during defecation, prolonged increase in abdominal
pressure, and affect the blood flow of the rectal anal venous plexus, resulting in blood
stasis and venous dilation. Over time, it may form hemorrhoids. In addition, due to the
increase in bowel movements and frequent stimulation of the rectum and anus by feces,
the local load increases, which.is related to the damage to the veins at the rectum and
anus. Some existing research results have also found a significant association between
diarrhea and hemorrhoids 2% 2% but the mechanism is not yet clear and further
research is needed.

In addition, chronic gastritis can lead to weakened gastrointestinal function,
resulting in a decrease in the digestive and absorption functions of the gastrointestinal
tract towards food. It may also cause difficulty in defecation and result in a defecation

surface, which may also be a reason for the association between chronic gastritis and
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hemorrhoids.
5.2.2.4The correlation between BMI and hemorrhoids

BMI is calculated by dividing weight (kilograms) by the square of height (meters).
The ratio obtained from this formula can to some extent reflect human density. Due to
its simple calculation method, it is now widely used to evaluate the nutritional status,
obesity or physical development level of the human body. In general, the body mass
index of Chinese adults is within the normal range of 18.5-23.9 kg/m?, 24-27.9 kg/m?
is considered overweight, 28-32 kg/m? is considered obese, and over 32 kg/m? is
considered super obese.

Currently, research reports suggest that obesity and high body mass index can be
considered independent risk factors for hemorrhoids 1. This may be due to increased
abdominal pressure caused by high body weight and visceral fat, which is believed to

lead to congestion of the distal rectal veins ¥ 22%, In addition, obesity can induce the

release of inflammatory cytokines and acute phase proteins, ultimately activating the
innate immune system and affecting metabolic homeostasis, ultimately leading to the
formation of hemorrhoids 2161, Some other studies also support this result. The study
by Kibret AA et al. ! found a significant statistical correlation between BMI>25kg/m?
and hemorrhoids, indicating that being overweight increases the risk of developing
hemorrhoids. Lee KY et al. also found in their data analysis of 8139 adult women that
women with higher body mass index had a higher incidence of hemorrhoids 2211, The
study by Rise S et al. also found that body mass index (BMI) has a significant impact
on the occurrence of hemorrhoids, and even after correcting for other potential risk
factors, an increase in BMI increases the risk of hemorrhoids by 3.5% [, However, the
research results of Peery AF et al. are opposite, as they believe that overweight or
obesity are not related to the presence of hemorrhoids 2?2, In addition, Lee JH et al.'s
study showed that although multiple logistic regression analysis supports BMI as an
independent risk factor for hemorrhoids, there is_little difference in BMI between
patients with and without hemorrhoids. Therefore, its clinical relevance may be
questioned 2291,

The inconsistent results of numerous studies on the association between BMI and
hemorrhoids may be related to confounding factors, sample size, and different study

populations. Because current research on the relationship between the two is
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observational, it is inevitable to be influenced by confounding factors. Even randomized
controlled trials (RCTs) face high implementation difficulties, significant human and
material resources, and ethical issues in reality, making it impossible to conduct
unbiased research on a certain factor. Mendelian randomization (MR) is a method
developed to address the aforementioned issues. It can effectively utilize the results of
existing Genome wide Association Studies (GWAS) data, using genetic variation as
instrumental variables (1Vs), to explore the causal relationship between risk factors and
outcomes 2281, According to Mendelian inheritance law, parental alleles are randomly
assigned to offspring, which is equivalent to random grouping in RCT studies. In theory,
genetic variation is not affected by common confounding factors such as postnatal
environment, and genetic variation occurs earlier than exposure and outcome, ruling
out the problem of reverse causality. Therefore, using genetic variation as IVs to
analyze causal relationships between variables is gradually being applied in
epidemiological studies. At present, with the public publication of large-scale GWAS
data, a large number of reliable genetic variations have been provided for MR research,
and a large number of studies have used MR methods to explore the causal relationships
between multiple traits 2241,

At present, there is only one MR LDP (a probabilistic model for MR analysis in
identifying the causal effects between risk factors and disease outcomes using GWAS
summary statistics in the presence of LD and to properly account for horizontal
pleiotropy among genetic variables (MR-LDP)) article reported in the literature on BMI
and hemorrhoids, A study in this article confirms a positive causal relationship between
BMI and hemorrhoids in the European population [22°1. There have been no reports of
MR studies on BMI and hemorrhoids in other populations.

This study used a two sample Mendelian randomization method to investigate the
causal relationship between BMI and hemorrhoids in East and South Asian populations.
The results did not support a causal relationship between BMI and hemorrhoids in both
populations, which is consistent with the results of our observational study's univariate
analysis. MR is essentially a technique that evaluates the causal effects caused by
modifiable non genetic exposure factors through genetic data. The environmental
exposure factors measured in observational studies are more or less influenced by

behavioral, social, psychological, and other factors, resulting in bias. MR uses genetic
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variation as an instrumental variable to estimate the causal relationship between
exposure factors and outcomes, and the genetic variation represented by genotype is
not influenced by acquired factors. Therefore, compared to other types of research, the
results of MR are more reliable. Our study searched for and excluded instrumental
variables that may be associated with confounding factors such as gender, age,
sedentary behavior, dietary fiber intake, constipation, diarrhea, etc. on Phenoscanner
V2 when selecting instrumental variables. At the same time, we conducted
heterogeneity tests on the instrumental variables and tested the results for multiple
effects and robustness, ensuring the accuracy and reliability of the results.

However, due to the limited research on hemorrhoids GWAS in East and South
Asian populations, the sample size for obtaining hemorrhoid GWAS data in this study
was relatively small, especially in East Asian populations with only 2658 samples and
228 cases, which had a certain impact on the statistical efficacy of MR. Due to the small
sample size, further stratified analysis based on factors such as gender, age, blood type,
and occupation was not possible, resulting in a lack of more detailed research results.
These are all limitations of this study. When the GWAS data for hemorrhoids becomes
more comprehensive, further larger sample size MR analysis can be conducted to obtain
more accurate and detailed results.
5.2.2.5 The correlation between the rs34221221 polymorphism of FOXC2 gene
and hemorrhoids

FOXC2 is a gene located in the 16g24.1 region of the human chromosome,
encoding the forkhead box C2 protein. The FOXC2 gene has been found to be
associated with various human diseases. It is an indispensable transcription factor in the
occurrence and development of cardiovascular and axial bone. Research has shown that
FOXC2, along with TIE2, VEGFR-3, rasal, KRIT1, MGC4607, PDCD10, Nemo,
SOX18, EEG, ACVRLKL, MADH4, NDP, TIMP3, NOTCH3, COL3AL1, PTEN, and
other important angiogenic regulatory factors, plays an important role in the process of
angiogenesis *%!, Before the appearance of the circulatory system, genetic programs
first determine the characteristics of arteries and veins. The signal cascade amplification
system of FOXC2 with SHH, VEGF, VEGFR2, FOXC1, COUP-TFII, and other factors
determines the differentiation of arteries and veins [*°1. Animal experiments have

confirmed that FOXC2 is highly expressed in mouse embryonic venous valves, and



94

mutations in the FOXC2 gene can lead to loss of lower limb venous valve function and
venous reflux. Studies have shown that FOXC2 is closely related to the pathogenesis
of varicose veins (1197 Mellor RH, Lim CS, and others have found mutations in the
FOXC2 gene in patients with varicose veins [1%1%l The linkage study of twins by Ng
et al. confirmed the heritability of FOXC2 mutation in the occurrence and development
of primary varicose veins; Further research also suggests that the FOXC2 mutant has
evidence of venous reflux during ultrasound examination [**%, The theory of varicose
veins in hemorrhoids also suggests the presence of venous congestion and varicose
veins in the venous plexus of hemorrhoids. However, there is currently no further
research on the relationship between the FOXC2 gene and hemorrhoids in Southeast
Asian populations.

This study used the Sanger sequencing method to detect for the first time the
difference in the rs34221221 polymorphism of the FOXC2 gene between hemorrhoid
and non hemorrhoid patients. The results showed that in the Zhuang population,
compared with the CC wild genotype, the carrying rate of CT mutation genotypes in
the hemorrhoid population was significantly lower than that in the non hemorrhoid
population. This means that the risk of hemorrhoids in Zhuang people carrying the
mutated CT genotype was significantly reduced compared to those carrying the wild
CC genotype, The mutated CT genotype has a certain protective effect on hemorrhoids
in the Zhuang population. In recent years, few researchers have studied the rs34221221
polymorphism of FOXC2 gene, and there are individual studies on diabetes and
retinopathy of the eye. However, some studies have also found that the polymorphism
of this locus is associated with varicose veins. Surendran et al. found that the FOXC2
gene promoter variant -512C>T (rs34221221) is. associated with increased
susceptibility to varicose veins??62271, Shadrina AS et al. measured the allele, genotype,
and haplotype frequencies in 474 samples of patients with primary varicose veins and
478 control samples without a history of chronic venous disease. The haplotype
composed of the wild-type allele T and other alleles at the rs34221221 locus
polymorphism was found to be associated with an increased risk of varicose veins[?2®l,
Although hemorrhoids themselves are varicose veins, the above conclusions are not
consistent with our research findings, which may be related to differences in sample

size and the ethnicity of the study subjects. Another possible reason is that humans
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interact with the environment, resulting in significant genetic differences between
different regions and races, which are designed to adapt to the environment.

Although our study found that mutated CT genotypes can reduce the risk of
hemorrhoids in the Zhuang population compared to wild CC genotypes. However, the
occurrence of diseases is a complex process that is not only influenced by genetic
factors, but also by external environmental and acquired behavioral factors.
Hemorrhoids are also a disease influenced by multiple factors, especially behavioral
factors. Therefore, after analyzing the relationship between genetic factors and it, we
further stratified by gender and behavioral factors to analyze the impact of genetic
factors on susceptibility to hemorrhoids in populations of different genders and
behaviors. The results showed that after adjusting for confounding factors, compared
to the wild CC genotype, individuals with mutated CT genotypes had a significantly
reduced risk of hemorrhoids only in males, non drinkers, those who did not eat chili
peppers, and those who ate pickled foods. This indicates that certain individual
physiological or behavioral factors, and even other environmental factors, have a
significant impact on the susceptibility to hemorrhoids, and have masked the protective
effect of the rs43221221 polymorphism of the FOXC2 gene on the population with
hemorrhoids.

Genetic factors, environmental factors, and acquired behavioral factors can not
only affect an individual's susceptibility to diseases alone, but also influence the
occurrence and development of diseases through their interaction. Many diseases are
affected by the interaction of gene, environment and behavioral factors, such as
hypertension, diabetes, cancer, etc.[?2>231_ A comprehensive analysis of the interaction
between different genotypes of disease susceptibility genes and environmental and
behavioral risk factors is crucial for disease prevention. The study of interaction can
elucidate the genetic susceptibility of diseases, which helps to effectively prevent
diseases by controlling the environmental factors or behavior of individuals carrying
susceptibility genes. At the same time, by analyzing and identifying susceptible
populations, susceptible populations can be selected from the general population, so as
to focus on protecting susceptible populations. Therefore, research on the interaction
between genes and the environment has important public health significance. This study

analyzed the interaction between genotypes and various environmental or behavioral
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factors in individuals carrying mutated CT genotypes. It was found that CT genotypes
have an interactive effect on reducing susceptibility to hemorrhoids with gender (male)
and two behavioral factors: not drinking alcohol and not eating chili peppers. This result
indicates that individuals carrying the CT genotype are at a lower risk of developing
hemorrhoids if they are male or have not consumed alcohol or chili peppers. This
provides a basis for behavioral prevention of hemorrhoids.

As this study is the first to explore the association between the rs34221221
polymorphism of the FOXC2 gene and hemorrhoids, and also the first to explore the
relationship and interaction between this polymorphism and environmental, behavioral
factors and hemorrhoids, there are no other research results for comparison. This study
used a hospital based case-control study, and the results were inevitably biased. In
addition, due to the stratified analysis, the sample size of each layer is small, which has
a certain impact on the reliability of the results. These are all limitations of this study.
To obtain more reliable results on the impact of genetics and its interaction with
environmental and behavioral factors on susceptibility to hemorrhoids, it is necessary
to expand the sample size for research.

5.2.3 Effect of Hemorrhoid Risk Prediction Model

Although hemorrhoids are not a fatal disease, they also pose certain risks to the
body. Mild hemorrhoids can cause discomfort such as difficulty in defecation, bleeding
during defecation, and anal swelling, affecting work and quality of life. Severe
hemorrhoids can also cause diseases such as anemia, skin eczema, anal dysfunction,
and autonomic nervous system disorders, seriously affecting physical health and quality
of life. Moreover, there are various factors that can affect hemorrhoids, with a high
incidence rate among the population and a high risk of individual illness. Therefore,
We should not underestimate the disease. If the disease risk prediction model can
accurately predict the risk of hemorrhoids and take corresponding measures to prevent
the occurrence of hemorrhoids, it-can not only reduce the pain of people suffering from
hemorrhoids, promote physical health, but also reduce the burden of disease. Therefore,
this study used logistic regression analysis to establish a hemorrhoid risk prediction
model using the factors related to hemorrhoids discovered in this study. The established
model has been verified and evaluated to be effective and has a certain degree of

accuracy. It can be used for clinical and community prevention of hemorrhoids, as well
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as for screening high-risk populations. People can adjust their behavior habits based on
the predicted results to achieve the goal of preventing hemorrhoids, especially those

who carry genetic genes and have chronic gastritis and constipation.

5.3 Summary, Strengths, limitations and suggestions of the study

Hemorrhoids are likely a hereditary disease, and their onset is likely related to
multiple external and internal factors. According to the results of this study, the elderly
and highly educated individuals are high-risk groups for hemorrhoids. It is
recommended that individuals from these two groups pay special attention to diet and
appropriate physical activity, maintain stomach health, avoid chronic gastritis and
constipation, and avoid prolonged sitting.

This study is the first to investigate the influencing factors of hemorrhoids in the
Zhuang population, and also the first to conduct genetic research on hemorrhoids in this
population. At the same time, a hemorrhoid risk prediction model has been established,
which provides clues and reference basis for further research on the prevention of
hemorrhoids and the pathogenesis of hemorrhoids in this population.

However, in genetic research, this study only investigated the association between
a polymorphic site of one gene and hemorrhoids, and the occurrence of diseases is often
related to multiple genes. Therefore, more related genes need to be explored in the
genetic research of hemorrhoids. Besides, this study used a hospital based case-control
study, and the results may inevitably be biased. Moreover, due to the stratified analysis,
the sample size of each layer is relatively small, which has a certain impact on the
reliability of the results. To obtain more reliable results on the impact of genetics and
its interaction with —environmental and behavioral factors on susceptibility to
hemorrhoids, it is necessary to expand the sample size for research. In addition, because
part of the content of the questionnaire is based on the subjective memories of the
respondents, the content may not be true enough, and the results may have memory bias.
Finally, the risk prediction model constructed in this study has not yet undergone
external validation and needs to be further improved and optimized in multiple centers

to enhance its predictive ability.
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5.4 Conclusion

5.4.1 This study found that factors related to hemorrhoids include age, education
level, dietary taste, constipation, and chronic gastritis. Among them, age, education
level, constipation, and chronic gastritis are risk factors, while a bland diet is a
protective factor. That is, the older the age , the greater the risk of hemorrhoids, and
the higher education level , the greater the risk of hemorrhoids; Patients with
constipation and chronic gastritis are more likely to develop hemorrhoids; People with
a bland diet have a lower risk of developing hemorrhoids.

5.4.2 This study found that there is no causal relationship between BMI and
hemorrhoids in both East and South Asian populations.

5.4.3 This study found that the rs34221221 polymorphism of the FOXC2 gene
is associated with susceptibility to hemorrhoids, and individuals carrying the mutated
CT genotype are less likely to develop hemorrhoids than those carrying the wild-type
CC genotype. CT genotype has a protective effect on hemorrhoids in males, those who
do not drink alcohol, those who do not eat chili peppers, or eat pickled foods. The CT
genotype also interacts with males, those who do not drink alcohol, and those who do
not eat chili peppers, making these three populations less susceptible to hemorrhoids.

5.4.4 The risk prediction model for hemorrhoids s : Logit (P)=-
1.4+0.03X1+0.79X2-0.71X3+1.02X4+0.65X5-0.45X6, X1 is age, X2 is education
level, X3 is dietary stage, X4 is constipation, X5 is chronic gastritis, X6 is genotype.
When the predicted value is greater than 0.6, the predicted result indicates the
possibility of developing hemorrhoids, and if it is less than 0.6, it indicates the

possibility of not developing hemorrhoids.
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All approved investigators must comply with the following conditions:

1. Strictly conduct the research as required by the protocol;

2. Use only the information sheet, consent form (and recruitment materials, if any), interview
outlines and/or questionnaires bearing the Institutional Review Board's seal of approval ;
and return one copy of such documents of the first subject recruited to the Institutional
Review Board (IRB) for the record (if applicable);

3. Report to the Institutional Review Board any serious adverse event or any changes in the
research activity within five working days;

4. Provide reports to the Institutional Review Board concerning the progress of the research
upon the specified period of time or when requested;

5. If the study cannot be finished within the expire date of the approval certificate, the
investigator is obliced to reapply for approval at least two month before the date of
expiration.

6. All the above approved documents are expired on the same date of the previously
approved protocol (Protocol Number................)

* Alist of the Institutional Review Board members (names and positions) present at the meeting of Institutional Review Board on the
date of approval of this study has been attached (per requested). All approved documents will be forwarded to the principal
investigator.
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Appendix 2 Questionnaire

NO.

Consent Form

Association Between FOXC2 Gene Polymorphism and Susceptibility
to Hemorrhoids

I agree to participate the research project titled association between FOXC2 gene polymorphism
and susceptibility to hemorrhoids conducted by Huabei Wu, who has discussed the research
project with me.

I have received, read and kept a copy of the information letter/plain language statement. I have
had the opportunity to ask questions about this research and I have received satisfactory answers, 1
understand the general purposes, risks and methods of this research.

I consent to participate in the research project and the following has been explained to me:

the research may not be of direct benefit to me

my participation is completely voluntary

my right to with draw from the study at any time without any implications to me

the risks including any possible inconvenience, discomfort or harm as a consequence of my
participation in the research project

the steps that have been taken to minimize any possible risks

public liability insurance arrangements

what I am expected and required to do

whom I should contact for any complaints with the research or the conduct of the research

security and confidentiality of my personal information.

In addition, I consent to:

publication of results from this study on the condition that my identify will not be revealed.

Name: (please
print)

Signature:

Date:

23
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Filling requirements
1. Please use a signing pen or ball point pen to fill in the form. The
handwriting should be correct and clear, and should not be illegible or
altered at will.
2. Words or figures shall be filled in the designated horizontal line.
3. Except for special instructions, the options that do not need to be
investigated logically do not need to fill in any symbols.
4. Correction method after filling in errors: first cross out the wrong words
or figures with double horizontal lines, and fill in the correct words or
figures above the lines. Do not alter the original figures or words.

1. Basic information
Age (birth date on ID card)

Height (cm) , Weight (kg)__

Current address (write down the street or village name)

1.1 Gender: 1) male 2) female
1.2 Nationality

1.21 Your nationality is (indicated on the ID card): 1) Han 2) Zhuang 3)
Others_

1.22 Your father’s nationality is: 1) Han 2) Zhuang 3) Others___

1.23 Your mother's nationality is: 1) Han 2) Zhuang 3) Others__

1.3 Current occupation

1) Government Official 2) Manager 3) Chairman 4) Teacher

5) Doctor 6) Engineer 7) Lawyer 8) Artist 9) Accountant 10)
Business Staff 11) Civil Servant 12) Secretary 13) Staff

14) Attendants 15) Security personnel 16) Agriculture, forestry, animal
husbandry, fishing and other labor personnel 17) Production and transportation
equipment operators and related personnel 18) Military police personnel 19)
Retired personnel ~ 21) Other employees inconvenient to classify
1.4 Marital status:

1) Unmarried  2) Married 3) Widowed 4) Separation

1.5 Your education level:
24
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1) Below primary school  2) Primary school 3) Middle school

4) High school or technical secondary school 5) College and university

6) Postgraduate and above

1.6 The average monthly income of your family is:

1) Less than 2000 yuan 2) 2000-3999 yuan 3) 4000-5999 yuan

4) more than 6000 yuan

1.7 Menstruation and fertility (female only)

171 Your menarche is ______years old;

Have you stopped menstruation? I) No;  2) Yes. If yes, menopause age
is___ yearsold.

1.72 Do you have regular menstruation?

1) <21 days/cycle  2) 21-35 days/cycle  3)>35 days/cycle 4) None

1.73 The age of first birth is ____years, the number of existing children is | the
number of abortions is

2.Hemorrhoidal condition

2.1 Type of hemorrhoids

1) No hemorrhoids  2) Internal hemorrhoids 3) External hemorrhoids

4) Mixed hemorrhoids
2.2 How long has you got hemorrhoids? (Please write down the time of hemorrhoids)

2.3 What treatment have you had after hemorrhoids?

1) surgical treatment  2) Oral medication 3) External drug treatment

3. Drinking (Note: Drinking more than 50ml at a time is considered as drinking)
3.1 Do you drink now?

1) Drink 2) Don't drink

3) Drink before, but don't drink now (turn to 3.4)

3.2 How often do you drink now (or before)?

1) Daily or almost daily 2) 3-4 times a week

3) 1-2 times a week 4) 1-3 times a month 5) less than once a month

3.3 Your first drinking age year

25
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3.4 If you have given up drinking, when will you start to give up drinking?
1) I month ago 2) 1-6 months ago 3) 1 year ago
4) Two years ago 5) Quitdrinking__ Year 6) Unclear
3.5 What kind of wine do you choose to drink on most occasions?
1) Bai Wine 2) Red wine 3) Beer
4) Rice Wine 5) Others_
4. Eating habits
4.1 Your usual eating habits tend to
1) More meat and less vegetable ~ 2) Even meat and vegetables  3) More vegetables
and less meat 4) Others
4.2 Your habits for staple food
1) Mainly rice ~ 2) Mainly pasta  3) Mainly miscellaneous cereals
4) Rice, noodles and miscellaneous grains
4.3 Do you eat chilli?
1) Regular  2) Occasionally  3) No
4.4 Do you eat pickled vegetables or meat?
1) Regular  2) Occasionally  3) No
4.5 What is your usual taste?
1) Slightly salty 2) Slightly light 3) Moderate
5. What is your working position?
1) Standing for a long time (more than 4 hours a day)
2) Sitting upright for a long time (more than 4 hours a day)
3) All kinds of postures
6. Physical activity
6.1 Do you often do strong physical activities? (Powerful physical activity refers to

the activity that takes strenuous physical load and makes you breathe more

quickly than normal, at least 3 times a week, at least 10 minutes each time.)

1)Yes 2)No
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than normal, at least 3 times a week, at least 10 minutes each time).

1) Yes 2) No

6.3 How much time do you spend walking every day, including walking at work,
at home, from one place to another, for entertainment, games or leisure.

1) Walk for more than 1 hour every day

2) Walk for dozens of minutes every day

3) Walk for less than 10 minutes every day

7. Disease information (Note: "Yes" should be checked in the blank, and "No or

uncertain" should not be filled in)

disease oneself Parents brothers and
sisters

7.01 hypertension [] Fo1a [] Foib [] Folc
7.02 Diabetes [] Fo2a [] Fo2b [] Fo2e
7.03 Hyperlipidemia [] Fo3a [] Fo3b [] Fo3c
7.04 Chronic gastritis [] Fo4a ["] Foab [] Fo4c
7.05 Chronic gastric ulcer [] Fosa [] Fosb [] Fose
7.06 Chronic diarrhea [] Fo6a ["] Foeb [] Fo6e
7.07 Constipation [] Fo7a [] Fo7b [] Fo7e
7.08 Pancreatitis [] Fosa ["] Fosb [] Fose
7.09 Colon cancer [] Fo9a [] Foob [] Fo9e
7.10 Gastric cancer [[] F10a [] F10a [] F10a
7.11 Pancreatic cancer [ F11a (] Fuib [] Flie
7.12 Liver cancer [J F12a [] F12p [ F12e
7.13 Hemorrhoids [[] F13a []F13b [] F13c
7.14 Varicosity [] Fl4a [] F14p [] Fl4c
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D EA INEA |eaf beta se p—-valie n sam ples|R2 F{E

1510077638 |G |T 0.481818] 0.017211| 0.003179| 1.70E-09 2658 0.010905| 29.28172
151011939 |G |A 0.67463| 0.022501| 0.003456| 8.90E-11 2658| 0.015695| 42.35065
1510220751 [T |G 0.503941| 0.017234| 0.00319| 4.70E-08 2658| 0.010858| 29.15534
1510460960 |G |A 0.295705| -0.01984| 0.00347] 7.90E-09 2658| 0.012151| 32.66955
110504374 [T |C 0.597736] 0.020317|.0.003276] 2.50E-10 2658| 0.014264| 38.43231
1510795945 |T _|C 0.446737| —0.02008| 0.003302| 4.20E-10 2658| 0.013719| 36.94324
1510811660 |G |A 0.566393| -0.03335| 0.003213| 3.30E-25 2658| 0.038961| 107.6747
1510835389 |T |C 0.407781/ 0.020796] 0.003237| 1.30E-09 2658| 0.015295| 41.25561
1510993170 |G |C 0.702622| 0.020526| 0.003545| 3.40E-08| 2658| 0.012454| 33.49521
1511065983 [C |A 0.401218] 0.020049] 0.003336] 1.80E-09[ 2658| 0.013403| 36.08132
s11191021 [A |G 0.554408| -0.0193| 0.003197| 4.60E-10 2658| 0.013517| 36.39333
1511191425 |C. T 0.730832] —0.02423| 0.003575| 6.10E-10 2658| 0.016992| 45.91175
1511642015 |C_ |T 0.796593| —0.07739| 0.003949| 9.80E-79 2658| 0.126237| 383.7272
1511992893 |G [A 0.511201] 0.017491| 0.003175| 2.70E-08 2658| 0.011287| 30.31967
1512440611 |[C__ [T 0.784487] 0.023638| 0.003886| 1.30E-09 2658| 0.013733| 36.98161
1512597682 [C__|A 0.823583] 0.030829| 0.004186] 4.10E-13 2658| 0.020002| 54.21079
151292079 A |G 0.698259| 0.01886| 0.00347| 2.00E-08 2658 0.01099| 29.51265
1513019219 |T |C 0.600084| -0.0191| 0.003279| 2.30E-08 2658| 0.012596| 33.88065
1513419498 |G |A 0.461279| —0.01943| 0.003175| 1.50E-10 2658| 0.013889| 37.40756
151568079 [T |A 0.646554| 0.021867| 0.003326| 2.40E-11 2658| 0.016005| 43.20161
1516903285 [T |C 0.519083]| —0.02537| 0.00319| 2.90E-14 2658| 0.023231| 63.16821
1516937956 [A |G 0.436821] 0.019149| 0.003202] 1.20E-09 2658| 0.013276| 35.73417
1s185956464C [T 0.733963]| —0.02414| 0.003799| 1.20E-10 2658| 0.014967| 40.35594
151899444 |G |A 0.363124] 0.020684| 0.003304| 9.80E-10 2658 0.014533| 39.16957
151907240 |G |A 0.302364| 0.02527| 0.003452| 4.20E-13 2658 0.019759| 53.53871
15191569181G A 0.864925| 0.024324| 0.004687| 2.00E-08 2658| 0.010033| 26.91662
151996023 [T |G 0.289436] 0.029896| 0.003506| 7.70E-16 2658| 0.026631| 72.66731
1s2112347 [T |G 0.438402| 0.023655| 0.003196] 1.30E-12 2658| 0.020199| 54.75422
1s2206271 [T |A 0.648646| —0.02885| 0.003326| 9.30E-17 2658| 0.027528| 75.18504
152237897 |C_ |T 0.62387| —0.04225| 0.003335| 2.90E-39 2658| 0.056945| 160.3785
152240920 |C_ |T 0.5613297] —0.02022| 0.003185| 6.00E-10 2658| 0.014933| 40.26243
152297775 [T |C 0.231635] 0.024792| 0.003767| 2.30E-10 2658| 0.016034| 43.28015
152611742 [T |C 0.606303| —0.03547| 0.003251| 6.60E-25 2658| 0.042872| 118.9689
152920286 |G |A 0.368536| 0.020637| 0.00331| 1.10E-09 2658| 0.014411| 38.83399
153104546 |T |C 0.459587] 0.018117] 0.003199| 2.30E-09 2658| 0.011922| 32.04643
1329124 A |G 0.619871] 0.018806(| 0.003281| 2.40E-08 2658| 0.012207| 32.82329
153811801 |G |A 0.275387] 0.024907| 0.003741| 1.00E-10 2658| 0.016404| 44.29687
154385321 |G |A 0.392974| —0.01984| 0.003242| 2.80E-09 2658 0.0139] 37.43846
154686392 [A |G 0.663187] 0.028955| 0.00336| 7.00E-18 2658| 0.027173| 74.18863
14713762 |G |A 0.868813| -0.03215| 0.004705| 5.10E-13 2658| 0.017263| 46.65647
155015480 |C T 0.165453| —-0.02816] 0.004264| 4.20E-11 2658] 0.016139| 43.56948
15545943174C  |T 0.854935| —0.0288| 0.004916| 3.70E-09 2658] 0.012748| 34.29626
1562116681 1A |T 0.753288] 0.022152| 0.003685| 2.40E-09 2658] 0.013416| 36.11768
15633715 T |C 0.774585] -0.04486] 0.003795| 7.505-33]  2658] 0.049944] 139.6235
156475738 |C |G 0.231396| =0.01983| 0.003776| 4.40E-08 2658] 0.010269| 27.55652
16504551 (T |G 0.26655| —=0.02222| 0.003611| 1.20E-09 2658| 0.014048| 37.84211
156567160 [T |C 0.783178| —0.04857| 0.003856|.1.80E-34 2658] 0.056348| 158.5976
156575334 |C|T 0.650123[ =0.01776] 0.003365| 2.10E-08 2658] 0.010371| 27.83305
1856722025 |G |A 0.513584( 0.016553| 0.003171| 1.00E-08 2658 0.010152| 27.23905
156727262 |G |A 0.568971| —0.01891[ 0.003301| 6.60E-09 2658 0.012187| 32.76814
16947395 (A |T 0.801718] -0.0299| 0.003978| 1.00E-13 2658] 0.020806| 56.43613
157089228 [A |G 0.661346] 0.018799| 0.003355| 6.80E=10 2658| 0.011672| 31.36807
157120413 |A |G 0.634239| —0.02273] 0.003442]| 4.70E-11 2658| 0.016146| 43.58653
157132908 |G |A 0.712054| —0.01999| 0.003505| 4.40E-08 2658| 0.012094| 32.51431
157199766 |G |A 0.65046| —0.02162| 0.003382| 2.70E-09 2658] 0.015142| 40.83462
157350906 |G |A 0.349639| =0.01789| 0.003396{ 2.30E-08 2658 0.010334| 27.7326
157576635 [C|T 0.095708] =0.05033| 0.005384| 1.30E-19 2658] 0.031837| 87.33867
1575766425 |G |C 0.869451| —0.03109]| 0.004738| 8.50E-11 2658| 0.015942| 43.02794
1576179989 |T |G 0.759418]| —0.02523| 0.003749| 1.50E-11 2658| 0.016751| 45.24975
18577154330 |T |C 0.924939| 0.033176| 0.006269| 4.70E-08 2658| 0.010426| 27.98429
1579663428 |C_ |G 0.894576| —0.03278| 0.005626| 2.50E-08 2658] 0.012608| 33.91365
1580234489 A |C 0.804546| 0.029459| 0.004054| 1.70E-11 2658 0.019479| 52.76496
18101149 |G |A 0.753244| —0.02893| 0.004395| 2.90E-10 2658| 0.016037| 43.28879
1879620 |[C |T 0.668447| —0.02322| 0.003378| 1.10E-10 2658| 0.017462| 47.2037
189266627 |A |G 0.724929| 0.021896| 0.003551| 2.70E-10 2658| 0.014101| 37.98713
189268949 |C T 0.526696| 0.022082| 0.003216| 1.50E-13 2658| 0.017433| 47.12322
189368219 |C [T 0.583612| 0.037145| 0.003238| 1.50E-30 2658 0.047186| 131.5324
19568867 |G A 0.7760451 -0.029231 0.0038241 1.50E-13 26581 0.021507| 58.37952




124




125

ID EA [NEA |eaf beta se p-value [n_samples|R2 RE]

rs10077638 |G [T  |0.481818 |0.017211 |0.00318 |1.70E-09 |8640 0.00338018 | 29.29699
rs1011939 |G A 0.67463 [0.022501 [0.00346 |8.90E-11 (8640 0.00488144 | 42.37273
rs10220751 |T |G |0.503941 |0.017234 |0.00319 |4.70E-08 |8640 0.00336564 | 29.17054
rs10460960 |G [A 0.295705 [-0.01984 [0.00347 |7.90E-09 [8640 0.00376978 | 32.68658
rs10504374 |T |[C  |0.597736 |0.020317 |0.00328 |2.50E-10 |8640 0.00443181 | 38.45235
rs10795945 |T |[C  |0.446737 |-0.02008 |0.0033 |4.20E-10 8640 0.00426083 36.9625
rs10811660 |G [A 0.566393 [-0.03335 [0.00321 |3.30E-25 (8640 0.01231811 | 107.7309
rs10835389 |T |[C  |0.407781 |0.020796 |0.00324 |1.30E-09 |8640 0.00475582 | 41.27712
rs10993170 |G [C 0.702622 [0.020526 [0.00355 |3.40E-08 [8640 0.00386469 | 33.51267
rs11065983 |C |[A  [0.401218 |0.020049 |0.00334 |1.80E-09 |8640 0.00416183 | 36.10013
rs11191021 |A |G |0.554408 |-0.0183 |0.0032 |4.60E-10 8640 0.00419767 36.4123
rs11191425 |C |T 0.730832 |-0.02423 [0.00357 |6.10E-10 [8640 0.00528973 | 45.93568
rs11642015 |C [T |0.796593 |-0.07739 |0.00395 |9.80E-79 |8640 0.04255491 | 383.9273
rs11992893 |G [A 0.511201 {0.017491 [0.00318 |2.70E-08 [8640 0.00349957 | 30.33547
rs12419948 |[T |A  [0.592799 |0.035092 |0.00323 |1.50E-26 |8640 0.0134545 117.805
rs12440611 |C [T  |0.784487 |0.023638 [0.00389 |1.30E-09 |8640 0.00426523 37.0009
512597682 |C A 0.823583 [0.030829 [0.00419 |4.10E-13 [8640 0.00623994 | 54.23905
rs1292079 |A |G |0.698259 |0.01886 [0.00347 |2.00E-08 |8640 0.00340674 | 29.52804
rs13019219 |T |[C  [0.600084 |-0.01891 |0.00328 |2.30E-08 |8640 0.00390898 | 33.89831
rs13419498 |G |A  [0.461279 |-0.01943 |0.00318 |1.50E-10 |8640 0.00431415 | 37.42706
rs1568079 |T |A |0.646554 |0.021867 |0.00333 |2.40E-11 |8640 0.00497904 | 43.22413
rs16903285 |T |[C 0.519083 [-0.02537 [0.00319 |2.90E-14 [8640 0.0072635 63.20114
rs16937956 |A |G [0.436821 |0.019149 |0.0032 |1.20E-09 |8640 0.00412195 35.7528
rs185956466/C [T  |0.733963 |-0.02414 |0.0038 |1.20E-10 |8640 0.0046526 40.37698
rs1899444 |G |A  [0.363124 |0.020684 [0.0033 |9.80E-10 |8640 0.00451644 | 39.18999
rs1907240 |G |A  |0.302364 |0.02527 |0.00345 |4.20E-13 |8640 0.00616306 | 53.56662
rs1915691811G [A 0.864925 [0.024324 [0.00469 |2.00E-08 [8640 0.00310801 | 26.93066
rs1996023 |T |G [0.289436 |0.029896 |0.00351 |7.70E-16 |8640 0.00834665 72.7052
rs2112347 |T |G |0.438402 |0.023655 [0.0032 |1.30E-12 |8640 0.0063021 5478276
rs2206271 |T |A 0.648646 |-0.02885 [0.00333 |9.30E-17 [8640 0.00863334 | 75.22423
rs2237897 |C [T  |0.62387 |-0.04225 |0.00333 |2.90E-39 |8640 0.01823752 | 160.4621
rs2240920 |C |T 0.513297 [-0.02022 [0.00319 |6.00E-10 [8640 0.00464186 | 40.28342
rs2297775 |T |C  |0.231635 ]0.024792 |0.00377 |2.30E-10 8640 0.00498804 | 43.30271
rs2611742 |T |C  |0.606303 |-0.03547 |0.00325 |6.60E-25 |8640 0.01359261 | 119.0309
rs2920286 |G |A 0.368536 |0.020637 [0.00331 |1.10E-09 [8640 0.00447792 | 38.85424
rs3104546 |T |C  |0.459587 |0.018117 |0.0032 |2.30E-09 |8640 0.00369814 | 32.06314
rs329124 A |G 0.619871 [0.018806 [0.00328 |2.40E-08 [8640 0.00378745 32.8404
rs35560038 |A [T  [0.380392 |0.050017 |0.0033 |4.50E-49 |8640 0.02594768 | 230.1068
rs4385321 |G |A  [0.392974 |-0.01984 |0.00324 |2.80E-09 |8640 0.00431769 | 37.45797
rs4686392 |A |G 0.663187 |0.028955 [0.00336 |7.00E-18 [8640 0.0085199 7422731
rs4713762 |G |A  |0.868813 |-0.03215 |0.0047 |5.10E-13 |8640 0.00537507 46.6808
rs5015480 |C |T 0.165453 [-0.02816 [0.00426 |4.20E-11 [8640 0.00502122 43.5922
rs545943172/C [T  |0.854935 |-0.0288 |0.00492 |3.70E-09 |8640 0.00395675 | 34.31414
rs62116681 |A [T  |0.753288 |0.022152 |0.00368 |2.40E-09 |8640 0.00416601 | 36.13651
rs633715 T |C 0.7/74585 |-0.04486 [0.0038 |7.50E-33 [8640 0.01591492 | 139.6963
rs6504551 |T |G |0.26655 |-0.02222 |0.00361 |1.20E-09 |8640 0.00436404 | 37.86184
rs6567160 |T |[C 0.783178 [-0.04857 [0.00386 |1.80E-34 (8640 0.01803865 | 158.6802
rs6575334 |C [T  |0.650123 |-0.01776 |0.00337 |2.10E-08 |8640 0.00321348 | 27.84756
rs6722025 |G |A ]0.513584 |0.016553 [0.00317 |1.00E-08 |8640 0.00314512 | 27.25325
rs6727262 |G A 0.568971 [-0.01891 [0.0033 |6.60E-09 [8640 0.00378111 | 32.78522
rs6947395 |A [T |0.801718 |-0.0299 |0.00398 |1.00E-13 |8640 0.00649443 | 56.46556
rs7089228 |A |G 0.661346 [0.018799 [0.00336 |6.80E-10 [8640 0.00362014 | 31.38443
rs7120413 |A |G [0.634239 |-0.02273 |0.00344 |4.70E-11 |8640 0.00502318 | 43.60926
rs7132908 |G |[A [0.712054 |-0.01999 |0.0035 |4.40E-08 |8640 0.00375193 | 32.53126
rs7199766 |G A 0.65046 [-0.02162 [0.00338 |2.70E-09 [8640 0.00470752 | 40.85591
rs7350906 |G |A [0.349639 |-0.01789 |0.0034 |2.30E-08 |8640 0.00320192 | 27.74706
rs75447473 |C |T 0.988943 [0.105011 [0.01531 |4.60E-12 [8640 0.00541723 | 47.04887
rs7576635 |C [T  [0.095708 |-0.05033 |0.00538 |1.30E-19 8640 0.01001494 87.3842
rs76179989 |T |G [0.759418 |-0.02523 |0.00375 |1.50E-11 8640 0.00521386 | 45.27334
rs/ 7154330 |T |C 0.924939 |0.033176 [0.00627 |4.70E-08 [8640 0.00323089 | 27.99888
rs80234489 |A |C  |0.804546 |0.029459 |0.00405 |1.70E-11 |8640 0.00607453 | 52.79247
rs8101149 |G [A 0.753244 |-0.02893 [0.0044 |2.90E-10 [8640 0.00498903 | 43.31136
rs§79620 |C [T  |0.668447 |-0.02322 |0.00338 |1.10E-10 |8640 0.00543777 | 47.22831
rs9266627 |A |G [0.724929 |0.021896 |0.00355 |2.70E-10 8640 0.00438069 | 38.00693
rs9268949 |C |T 0.526696 [0.022082 [0.00322 |1.50E-13 [8640 0.00542855 | 47.14779
rs9368219 |C [T  |0.583612 |0.037145 |0.00324 |1.50E-30 |8640 0.0150065 131.601
rs9568867 |G [A 0.776045 [-0.02923 [0.00382 |1.50E-13 [8640 0.00671656 | 58.40995
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DNA
Sample number volume | entration A260/A280 A260/A230
(uf) (ng/ub)
1 30 50.90 1.943 1.919
2 30 41.45 1.793 1.847
3 30 56.41 1.824 1.873
4 30 37.85 1.894 1.802
5 30 49.20 1.898 1.844
6 30 72.31 1.886 1.803
7 30 57.05 1.921 1.847
8 30 71.05 1.937 1.885
9 30 51.50 1.856 1.836
10 30 42.20 1.759 1.855
11 30 44.85 1.785 1.913
12 30 70.50 1.843 1.928
13 30 53.50 1.787 1.958
14 30 62.80 1.826 1.867
15 30 37.35 1.765 1.811
16 30 49.75 2.014 1.906
17 30 56.25 2.003 1.969
18 30 62.25 1.855 1.912
19 30 51.60 1.945 2.039
20 30 79.85 1.951 1.954
21 30 51.65 1.899 1.965
22 30 62.05 1.839 1.831
23 30 43.95 1.917 1.926
24 30 47.05 1.910 1.837
25 30 42.95 1.858 1.889
26 30 39.60 1.868 1.885
27 30 51.10 1.932 1.849
28 30 45.20 1.906 1.848
29 30 55.50 1.983 1.837
30 30 46.60 1.943 1.821
31 30 53.70 1.992 1.840
32 30 71.65 2.028 2.012
33 30 46.45 1.889 2.018
34 30 47.20 1.914 1.899
35 30 46.95 1.910 1.838
36 30 58.05 1.984 2.051
37 30 89.90 1.973 1.983
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38 30 60.20 1.869 1.880
39 30 44.70 1.904 1.875
40 30 61.45 1.919 1.979
41 30 88.25 1.990 2.071
42 30 139.30 1.964 2.167
43 30 62.00 1.956 1.880
44 30 55.30 1.914 1.932
45 30 73.20 1.994 2.033
46 30 37.35 1.855 1.869
47 30 139.20 2.010 2.147
43 30 50.15 1.938 1.842
49 30 41.20 1.865 1.892
50 30 63.80 1.926 1.869
51 30 41.10 1.916 1.915
52 30 36.65 1.841 1.890
53 30 41.25 1.897 1.804
54 30 50.95 1.821 1.832
55 30 42.65 1.849 1.825
56 30 111.95 1.991 1.902
57 30 63.40 1.918 1.927
58 30 36.30 1.765 1.838
59 30 54.45 1.890 1.896
60 30 48.20 1.822 1.894
61 30 139.45 1.984 1.879
62 30 213.20 1.931 2.025
63 30 81.80 1.943 1.849
64 30 41.85 1.740 1.847
65 30 53.60 1.894 1.945
66 30 48.90 1.875 1.836
67 30 56.80 1.923 1.849
68 30 82.75 1.949 1.834
69 30 45.30 1.832 1.838
70 30 69.30 1.992 1.871
71 30 76.95 1.941 1.842
72 30 74.30 1.958 1.834
73 30 81.40 1.963 1.858
74 30 146.40 1.965 2.006
75 30 58.15 1.906 1.849
76 30 78.75 1.908 1.833
77 30 82.50 1.935 1.850
78 30 143.15 1.987 2.026
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79 30 105.65 1.954 1.950
80 30 73.65 1.879 1.914
81 30 93.65 1.900 1.881
82 30 37.50 1.736 1.798
83 30 64.80 1.929 1.848
84 30 39.85 1.744 1.804
85 30 43.20 1.830 1.852
86 30 40.80 1.787 1.836
87 30 44.65 1.803 1.832
88 30 54.60 1.807 1.874
89 30 83.05 1.810 1.902
90 30 37.90 1.802 1.871
91 30 51.15 1.811 1.838
92 30 146.75 1.909 1.981
93 30 313.50 1.929 2.175
94 30 51.35 1.761 1.829
95 30 33.15 1.729 1.867
96 30 43.75 1.757 1.844
97 30 35.70 1.725 1.838
98 30 65.25 1.760 1.848
99 30 44.60 1.773 1.875
100 30 62.05 1.830 1.840
101 30 34.35 1.873 1.844
102 30 56.85 1.869 1.962
103 30 73.55 1.885 1.864
104 30 60.30 1.968 1.929
105 30 34.05 1.810 1.853
106 30 32.70 1.789 1.837
107 30 48.25 1.969 1.884
108 30 Ja850 1.784 1.890
109 30 34.60 1.724 1.824
110 30 33.30 1.758 1.855
111 30 35.25 1.763 1.878
112 30 42.80 1.774 1.879
113 30 38.90 1.721 1.824
114 30 62.10 1.845 1.939
115 30 36.65 1.732 1.831
116 30 36.25 1.734 1.853
117 30 48.85 1.818 1.888
118 30 72.40 1.870 1.986
119 30 34.40 1.902 1.793
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120 30 56.10 1.798 1.887
121 30 115.70 1.851 1.824
122 30 37.70 1.768 1.878
123 30 40.10 1.730 1.827
124 30 97.65 1.872 1.942
125 30 38.35 1.737 1.856
126 30 108.30 1.879 1.990
127 30 41.40 1.765 1.905
128 30 42.45 1.780 1.830
129 30 35.85 1.722 1.799
130 30 43.75 1.765 1.888
131 30 36.95 1.767 1.846
132 30 44.05 1.922 1.872
133 30 41.35 1.883 1.907
134 30 86.15 1.888 1.952
135 30 39.20 1.769 1.824
136 30 47.00 1.770 1.860
137 30 65.45 1.895 1.995
138 30 57.35 1.802 2.122
139 30 31.80 1.724 1.826
140 30 58.35 1.803 2.126
141 30 152.15 1.948 2.142
142 30 81.45 1.870 2.130
143 30 277.25 2.004 2.154
144 30 145.75 1.909 2.151
145 30 155.15 1.931 2.101
146 30 86.40 1.871 1.992
147 30 58.80 1.841 1.889
148 30 298.45 1.933 2.137
149 30 44.60 1.731 1.914
150 30 31.45 1.908 1.857
151 30 100.40 1.944 1.971
152 30 114.80 1.949 2.110
153 30 98.70 1.928 1.986
154 30 42.20 1.732 1.905
155 30 34.60 1.880 1.890
156 30 106.25 1.875 1.986
157 30 157.70 2.015 1.936
158 30 133.30 1.983 1.879
159 30 214.45 1.998 2.090
160 30 109.85 1.905 2.133
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161 30 46.35 1.733 1.836
162 30 54.50 1.825 1.880
163 30 39.95 1.814 1.899
164 30 89.65 1.867 2.047
165 30 223.05 1.906 2.115
166 30 197.05 1.965 2.149
167 30 253.90 1.983 2.038
168 30 182.25 1.933 2.210
169 30 173.00 1.964 2.097
170 30 64.30 1.808 1.905
171 30 72.25 1.849 2.095
172 30 179.20 1.954 2.058
173 30 237.55 1.965 2.161
174 30 194.10 1.983 2.144
175 30 112.35 1.901 2.064
176 30 131.30 1.902 1.947
177 30 60.55 1.949 1.815
178 30 166.90 1.893 2.166
179 30 190.40 1.955 1.862
180 30 101.85 1.886 1.867
181 30 169.15 1.943 2.040
182 30 53.30 1.960 1.836
183 30 58.55 1.972 2.022
184 30 83.55 1.961 2.021
185 30 61.90 1.908 1.789
186 30 51.80 1.928 1.792
187 30 60.60 1.936 1.809
188 30 143.65 1.946 1.977
189 30 137.85 1.932 2.102
190 30 478.35 1.940 2.151
191 30 81.40 1.933 2.001
192 30 108.05 1.854 1.813
193 30 182.15 1.953 2.049
194 30 51.25 1.850 1.787
195 30 26.35 1.729 1.788
196 30 95.80 1.837 2.023
197 30 93.60 1.896 1.836
198 30 43.70 1.742 1.784
199 30 39.65 1.879 1.793
200 30 150.75 1.832 1.782
201 30 142.51 1.835 1.966
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202 30 113.84 1.862 1.903
203 30 61.90 1.833 1.822
204 30 102.00 1.840 1.830
205 30 49.45 1.838 1.804
206 30 102.65 1.881 1.870
207 30 77.05 1.853 2.049
208 30 87.20 1.940 2.000
209 30 95.25 1.900 1.783
210 30 178.95 1.822 1.954
211 30 103.00 1.899 1.964
212 30 140.90 1.938 1.800
213 30 375.65 1.977 2.085
214 30 63.10 1.898 1.785
215 30 114.95 1.875 1.950
216 30 108.10 1.876 1.833
217 30 82.45 1.894 2.161
218 30 97.60 1.954 1.849
219 30 87.95 1.957 2.099
220 30 60.35 1.919 1.985
221 30 116.00 1.910 1.866
222 30 76.75 1.940 2.103
223 30 78.85 1.941 2.033
224 30 133.95 1.894 1.808
225 30 47.00 1.973 2.164
226 30 85.60 1.923 2.073
227 30 105.85 1.915 1.827
228 30 132.00 1.924 1.856
229 30 83.15 1.941 2.060
230 30 140.30 1.936 2.138
231 30 175.30 1.899 1.875
232 30 89.80 1.912 1.789
233 30 51.70 1.962 2.057
234 30 46.50 1.915 1.836
235 30 79.75 1.837 1.785
236 30 137.30 1.894 1.903
237 30 161.70 1.912 1.834
238 30 131.65 1.961 2.027
239 30 127.90 1.923 2.070
240 30 117.65 1.905 1.788
241 30 99.20 1.940 2.024
242 30 261.70 1.883 1.984
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243 30 97.30 1.904 2.114
244 30 85.45 1.822 1.795
245 30 87.10 1.948 1.859
246 30 112.55 1.909 1.957
247 30 47.60 1.936 2.100
248 30 63.85 1.895 1.792
249 30 96.75 1.884 2.027
250 30 110.75 1.844 2.087
251 30 54.95 1.921 1.799
252 30 66.65 1.698 1.791
253 30 73.70 1.954 1.829
254 30 51.00 1.966 1.992
255 30 31.10 1.910 2.048
256 30 70.85 1.886 1.833
257 30 91.20 1.734 1.841
258 30 75.15 1.900 1.959
259 30 70.90 1.909 1.816
260 30 104.30 1.932 1.837
261 30 138.70 1.912 1.931
262 30 175.10 1.836 1.822
263 30 86.95 1.909 2.006
264 30 69.65 1.857 1.809
265 30 72.20 1.918 1.876
266 30 53.45 1.866 1.786
267 30 66.80 1.809 1.805
268 30 112.35 1.967 1.886
269 30 163.25 1.965 2.001
270 30 90.05 1.989 2.138
271 30 91.25 1.855 1.912
272 30 131.30 1.928 1.826
273 30 47.50 1.907 1.818
274 30 84.60 1.886 1.803
275 30 66.80 1.900 1.872
276 30 47.70 1.912 2.032
277 30 46.95 1.955 2.102
278 30 118.25 1.913 1.870
279 30 94.65 1.930 2.134
280 30 137.50 1.950 1.828
281 30 71.90 1.743 1.807
282 30 102.19 1.944 1.924
283 30 131.05 1.898 1.820
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284 30 56.90 1.974 2.054
285 30 77.70 1.882 2.038
286 30 84.45 1.914 1.821
287 50 45.60 1.987 2.141
288 50 109.30 1.944 2.037
289 50 120.70 1.930 2.001
290 50 90.75 1.922 2.103
291 50 125.60 1.984 2.118
292 50 170.00 1.936 1.809
293 50 130.70 1.907 2.184
294 50 78.10 1.896 2.074
295 50 78.80 1.951 2.014
296 50 128.90 1.800 1.892
297 50 85.80 1.933 2.017
298 50 145.10 1.956 2.096
299 50 76.10 1.976 2.131
300 50 97.15 1.950 1.878
301 50 73.00 1.945 1.981
302 50 146.70 1.914 1.965
303 50 127.50 1.966 2.105
304 50 74.50 1.848 1.854
305 50 81.05 1.854 2.059
306 50 66.55 1.864 2.196
307 50 137.95 1.820 1.940
308 50 122.90 1.953 2.130
309 50 180.80 1.947 1.902
310 50 71.70 1.878 2.015
311 50 109.40 1.864 2.006
312 50 60.05 1.870 2.191
313 50 53.40 1.850 1.961
314 50 44.05 1.835 2.045
315 50 55.60 1.907 2.115
316 50 103.00 1.953 2.003
317 50 99.70 1.855 2.117
318 50 78.35 1.955 2.080
319 50 99.95 1.898 1.802
320 50 103.00 1.932 1.835
321 50 114.50 1.850 2.087
322 50 98.75 1.814 2.173
323 50 47.90 1.825 1.862
324 50 135.53 1.727 1.804
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325 50 37.90 1.860 2.160
326 50 46.45 1.839 1.999
327 50 72.70 1.847 2.161
328 50 74.20 1.992 2.086
329 50 126.90 1.823 2.035
330 50 107.00 1.975 2.140
331 50 108.50 1.800 1.966
332 50 52.20 1.854 2.144
333 50 49.50 1.956 2.099
334 50 127.70 1.943 2.030
335 50 77.50 1.994 2.148
336 50 126.55 1.812 1.873
337 50 130.60 1.802 1.810
338 50 43.30 1.814 1.936
339 50 83.80 1.878 2.129
340 50 47.05 1.847 2.057
341 50 89.50 1.946 1.886
342 50 89.90 1.992 1.839
343 50 102.60 1.924 2.003
344 50 137.30 1.933 2.033
345 50 106.00 1.936 2.064
346 50 161.30 1.912 1.920
347 50 250.01 1.845 1.892
348 50 79.55 1.863 2.158
349 50 118.70 1.955 2.155
350 50 57.80 1.877 1.811
351 50 92.80 1.875 2.054
352 50 154.60 1.947 1.914
353 50 123.70 1.933 1.927
354 50 72.75 1.885 2.192
355 50 119.20 1.882 1.841
356 50 47.50 1.867 2.159
357 30 143.45 1.946 1.966
358 30 36.05 1.918 1.808
359 30 155.75 1.964 2.007
360 30 185.25 1.997 1.837
361 30 33.05 1.701 1.806
362 30 141.35 1.960 1.934
363 30 135.75 1.950 1.862
364 30 235.76 1.932 2.099
365 30 86.85 1.911 1.812
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366 30 270.10 1.966 2.081
367 30 108.35 1.894 1.807
368 30 191.50 1.966 1.955
369 30 242.85 1.958 2.122
370 30 102.90 1.775 1.825
371 30 141.70 1.997 2.187
372 30 66.80 1.921 2.077
373 30 205.20 1.970 2.002
374 30 119.85 1.935 1.838
375 30 100.90 1.935 1.807
376 30 34.40 1.846 1.814
377 30 81.95 1.881 1.861
378 30 35.25 1.812 1.805
379 30 130.65 1.914 1.846
380 30 123.35 1.729 2.018
381 30 38.65 1.810 1.805
382 30 176.85 1.968 1.946
383 30 139.10 1.926 1.808
384 30 104.80 1.934 1.874
385 30 67.05 1.880 1.804
386 30 36.35 1.780 1.816
387 30 122.90 1.916 1.851
388 30 134.00 1.913 1.833
389 30 205.55 1.961 2.014
390 30 124.15 1.915 1.824
391 30 110.00 1.852 1.804
392 30 63.75 1.949 1.925
393 30 79.70 1.835 1.810
394 30 59.20 1.768 1.816
395 30 91.35 1.825 1.809
396 30 128.75 1.950 1.827
397 30 124.15 1.886 1.851
398 30 74.50 1.828 1.833
399 30 81.50 1.857 1.840
400 30 145.35 1.968 2.045
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Sample

Sample

Sample

number genotype number genotype number genotype

1 CT 41 CcC 81 CT

2 CT 42 ccC 82 ccC

3 CcC 43 CcC 83 CT

4 CcC 44 CT 84 CcC

5 cC 45 CC 85 CT

6 CcC 46 CT 86 CT

7 CT 47 CcC 87 CT

8 CcC 48 CT 88 CcC

9 cC 49 CT 89 ccC
10 CT 50 CccC 90 CT
11 CT 51 CT 91 CcC
12 CT 52 CT 92 CT
13 CcC 53 CT 93 CcC
14 CC 54 CT 94 CT
15 CcC 55 CT 95 CcC
16 CcC 56 CT 96 CT
17 CC 57 CT 97 CT
18 CcC 58 CccC 98 CT
19 cC 59 CT 99 CT
20 CT 60 CccC 100 CT
21 CT 61 CcC 101 CT
22 CC 62 CT 102 CT
23 CT 63 CcC 103 CcC
24 CcC 64 CccC 104 CT
25 CT 65 CT 105 CT
26 CT 66 CT 106 cC
27 CT 67 CT 107 CT
28 CC 68 CT 108 CcC
29 cC 69 CT 109 cC
30 CcC 70 CcC 110 CcC
31 CT 71 CT 111 CT
32 CT 72 CT 112 CT
33 CcC 73 cc 113 CcC
34 CT 74 CT 114 CT
35 CcC 75 cC 115 CT
36 CcC 76 CT 116 CT
37 CcC 77 CcC 117 CT
38 CcC 78 CC 118 cC
39 CT 79 CT 119 CT
40 CT 80 CT 120 CcC
121 CT 161 CcC 201 cC
122 CC 162 CC 202 CcC
123 CcC 163 CT 203 CT
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124 CC 164 CT 204 CT
125 CcC 165 CcC 205 CT
126 CT 166 206 CT
127 CC 167 CT 207 CT
128 CcC 168 CT 208 CT
129 CT 169 CT 209 CT
130 CcC 170 CT 210 CT
131 CC 171 CT 211 CC
132 CT 172 CC 212 CcC
133 CT 173 CcC 213 CT
134 CcC 174 CT 214 CcC
135 CT 175 CC 215 CcC
136 CT 176 CC 216 CcC
137 CT 177 CT 217 CT
138 CcC 178 CT 218 CT
139 CcC 179 CT 219 CT
140 CcC 180 CT 220 CcC
141 CT 181 CT 221 CcC
142 CcC 182 CT 222 CcC
143 CcC 183 CC 223 CcC
144 CcC 184 CcC 224 CT
145 CT 185 CT 225 CcC
146 CT 186 CT 226 CT
147 CcC 187 CT 227 CT
148 CT 188 CC 228 CT
149 CT 189 CC 229 CT
150 CT 190 CC 230 CcC
151 CT 191 CT 231 CT
152 CT 192 CC 232 CT
153 CT 193 CT 233 CT
154 CT 194 CT 234 CcC
155 CC 195 cC 235 CcC
156 CC 196 CcC 236 CT
157 197 G 237 CT
158 CcC 198 CT 238 CT
159 CC 199 CT 239 CT
160 CC 200 CC 240 CT
241 CT 281 cC 321 CT
242 CT 282 CT 322 CT
243 CT 283 CT 323 CcC
244 CC 284 CT 324 CT
245 CC 285 CT 325 CT
246 CC 286 CT 326 CT
247 CT 287 CC 327 CC
248 CT 288 CT 328 CT
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249 CT 289 CT 329 CT
250 CT 290 CT 330 CT
251 CT 291 CT 331 CC
252 CC 292 CC 332 CT
253 CT 293 CT 333 CT
254 CC 294 CT 334 CC
255 CT 295 CT 335 CT
256 CT 296 CT 336 CC
257 CT 297 CT 337 CC
258 CC 298 CT 338 CC
259 CC 299 CC 339 CT
260 CT 300 CC 340 CT
261 CC 301 CT 341 CT
262 CC 302 CC 342 CT
263 CT 303 CT 343 CT
264 CC 304 CC 344 CC
265 CT 305 CT 345 CT
266 CT 306 CC 346 CC
267 CT 307 CC 347 CT
268 CT 308 CT 348 CT
269 CT 309 CT 349 CC
270 CT 310 CC 350 CT
271 CC 311 CC 351 CC
272 CT 312 CC 352 CT
273 CC 313 CT 353 CT
274 CT 314 CC 354 CT
275 CT 315 CT 355 CC
276 CT 316 CT 356 CT
277 CT 317 CC 357 CT
278 CT 318 CT 358 CC
279 CT 319 CC 359 CC
280 CC 320 CC 360 CT
361 CC Sl CT 381 CC
362 CT 372 CT 382 CC
363 CT 373 CT 383 CT
364 CC 374 CT 384 CC
365 CT 375 CT 385 CT
366 CT 376 cC 386 CC
367 CT 377 CC 387 CT
368 CT 378 CT 388 CT
369 CC 379 CT 389 CC
370 CC 380 CT 390 CT
391 CT 395 CT 399 CC
392 CT 396 CC 400 CT
393 CC 397 CT 398 CT
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The coordinates of the curve

Test result variable: predicted value
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Positive when greater than Sensitivity 1- specificity Youden index
or equal to this value

-3.59 1 1 0
-2.53 0.995 1 -0.005
-2.46 0.995 0.995 0
-2.4 0.995 0.99 0.005
-2.34 0.995 0.98 0.015
-2.31 0.995 0.975 0.02
-2.275 0.985 0.975 0.01
-2.25 0.98 0.975 0.005
-2.22 0.98 0.97 0.01
-2.165 0.97 0.97 0
-2.11 0.965 0.97 -0.005
-2.065 0.965 0.965 0
-2.03 0.96 0.965 -0.005
-2.015 0.96 0.96 0
-2 0.955 0.96 -0.005
-1.985 0.955 0.955 0
-1.975 0.949 0.945 0.004
-1.96 0.944 0.945 -0.001
-1.925 0.939 0.945 -0.006
-1.89 0.934 0.94 -0.006
-1.86 0.934 0.935 -0.001
-1.835 0.929 0.935 -0.006
-1.825 0.924 0.93 -0.006
-1.81 0.924 0.915 0.009
-1.8 0.924 0.915 0.009
-1.78 0.914 0.905 0.009
-1.75 0.909 0.905 0.004
-1.735 0.909 0.895 0.014
-1.73 0.909 0.895 0.014
-1.72 0.909 0.885 0.024
-1.705 0.904 0.885 0.019
-1.69 0.904 0.88 0.024
-1.675 0.904 0.865 0.039
-1.66 0.894 0.845 0.049
-1.645 0.894 0.84 0.054
-1.635 0.894 0.835 0.059
-1.625 0.889 0.835 0.054
-1.62 0.889 0.83 0.059
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-1.615 0.884 0.825 0.059
-1.605 0.879 0.825 0.054
-1.595 0.879 0.82 0.059
-1.59 0.879 0.82 0.059
-1.585 0.874 0.815 0.059
-1.575 0.874 0.81 0.064
-1.565 0.874 0.8 0.074
-1.555 0.869 0.8 0.069
-1.545 0.864 0.8 0.064
-1.535 0.859 0.8 0.059
-1.525 0.859 0.795 0.064
-1.51 0.854 0.795 0.059
-15 0.854 0.795 0.059
-1.495 0.848 0.785 0.063
-1.485 0.848 0.775 0.073
-1.47 0.838 0.775 0.063
-1.45 0.838 0.765 0.073
-1.435 0.833 0.76 0.073
-1.415 0.833 0.755 0.078
-14 0.833 0.755 0.078
-1.395 0.828 0.74 0.088
-1.39 0.823 0.74 0.083
-1.385 0.818 0.735 0.083
-1.375 0.818 0.73 0.088
-1.37 0.813 0.72 0.093
-1.365 0.808 0.71 0.098
-1.355 0.808 0.705 0.103
-1.345 0.793 0.705 0.088
19335 0.788 0.705 0.083
-1.325 0.783 0.7 0.083
-1.31 0.783 0.695 0.088
-1.29 0.778 0.695 0.083
-1.265 0.778 0.69 0.088
-1.245 0.778 0.685 0.093
-1.235 0.773 0.68 0.093
-1.23 0.773 0.68 0.093
-1.225 0.768 0.675 0.093
-1.22 0.763 0.675 0.088
-1.215 0.758 0.67 0.088
-1.205 0.758 0.665 0.093
-1.195 0.758 0.66 0.098
-1.19 0.758 0.66 0.098
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-1.185 0.753 0.655 0.098
-1.165 0.747 0.645 0.102
-1.15 0.747 0.645 0.102
-1.145 0.742 0.635 0.107
-1.135 0.732 0.63 0.102
-1.125 0.727 0.615 0.112
-1.11 0.722 0.615 0.107
-1.095 0.722 0.61 0.112
-1.085 0.722 0.595 0.127
-1.08 0.722 0.595 0.127
-1.065 0.717 0.59 0.127
-1.045 0.712 0.58 0.132
-1.035 0.707 0.58 0.127
-1.025 0.702 0.57 0.132
-1.02 0.702 0.57 0.132
-1.015 0.697 0.565 0.132
-1.005 0.692 0.565 0.127
-1 0.687 0.565 0.122
-0.985 0.682 0.56 0.122
-0.955 0.682 0.55 0.132
-0.935 0.677 0.545 0.132
-0.93 0.677 0.545 0.132
-0.92 0.672 0.53 0.142
-0.905 0.672 0.525 0.147
-0.9 0.662 0.525 0.137
-0.895 0.657 0.525 0.132
-0.885 0.652 0.525 0.127
-0.88 0.652 0.52 0.132
-0.865 0.646 0.52 0.126
-0.85 0.646 0.52 0.126
-0.845 0.641 0.515 0.126
-0.84 0.636 0.515 0.121
-0.835 0.631 0.515 0.116
-0.83 0.631 0.515 0.116
-0.825 0.626 0.505 0.121
-0.815 0.621 0.505 0.116
-0.81 0.616 0.505 0.111
-0.805 0.616 0.5 0.116
-0.795 0.616 0.495 0.121
-0.785 0.616 0.49 0.126
-0.775 0.616 0.48 0.136
-0.765 0.611 0.475 0.136
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-0.755 0.606 0.475 0.131
-0.75 0.606 0.47 0.136
-0.745 0.606 0.46 0.146
-0.735 0.606 0.455 0.151
-0.725 0.601 0.45 0.151
-0.72 0.601 0.445 0.156
-0.715 0.591 0.44 0.151
-0.7 0.581 0.435 0.146
-0.685 0.581 0.43 0.151
-0.675 0.581 0.425 0.156
-0.67 0.581 0.42 0.161
-0.665 0.581 0.415 0.166
-0.655 0.581 0.405 0.176
-0.645 0.576 0.405 0.171
-0.64 0.571 0.395 0.176
-0.635 0.566 0.395 0.171
-0.63 0.561 0.39 0.171
-0.625 0.561 0.385 0.176
-0.615 0.561 0.37 0.191
-0.605 0.561 0.365 0.196
-0.6 0.561 0.36 0.201
-0.595 0.561 0.355 0.206
-0.59 0.556 0.35 0.206
-0.585 0.551 0.35 0.201
-0.575 0.545 0.35 0.195
-0.565 0.54 0.345 0.195
-0.555 0.535 0.34 0.195
-0.545 0.535 0.33 0.205
-0.54 0.53 0.33 0.2
-0.535 0.52 0.33 0.19
-0.53 0.52 0.325 0.195
-0.52 0.515 0.325 0.19
-0.505 0.51 0.32 0.19
-0.495 0.505 0.315 0.19
-0.49 0.505 0.315 0.19
-0.485 0.5 0.31 0.19
-0.48 0.5 0.31 0.19
-0.475 0.495 0.305 0.19
-0.46 0.485 0.305 0.18
-0.445 0.485 0.3 0.185
-0.435 0.475 0.29 0.185
-0.425 0.47 0.29 0.18
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-0.42 0.465 0.29 0.175
-0.415 0.46 0.29 0.17
-0.4 0.455 0.29 0.165
-0.375 0.449 0.29 0.159
-0.355 0.444 0.29 0.154
-0.345 0.434 0.285 0.149
-0.335 0.434 0.28 0.154
-0.33 0.434 0.275 0.159
-0.33 0.429 0.275 0.154
-0.325 0.424 0.275 0.149
-0.32 0.424 0.275 0.149
-0.32 0.414 0.265 0.149
-0.32 0.414 0.265 0.149
-0.305 0.409 0.26 0.149
-0.285 0.404 0.255 0.149
-0.28 0.404 0.255 0.149
-0.275 0.399 0.24 0.159
-0.26 0.394 0.24 0.154
-0.245 0.394 0.235 0.159
-0.235 0.389 0.23 0.159
-0.23 0.384 0.23 0.154
-0.22 0.379 0.23 0.149
-0.21 0.374 0.23 0.144
-0.205 0.374 0.225 0.149
-0.195 0.364 0.215 0.149
-0.18 0.364 0.21 0.154
-0.165 0.364 0.205 0.159
-0.15 0.364 0.2 0.164
-0.14 0.359 0.2 0.159
-0.14 0.359 0.195 0.164
-0.13 0.354 0.18 0.174
-0.115 0.348 0.18 0.168
-0.11 0.348 0.17 0.178
-0.11 0.343 0.17 0.173
-0.095 0.338 0.17 0.168
-0.075 0.333 0.165 0.168
-0.065 0.323 0.165 0.158
-0.06 0.318 0.165 0.153
-0.06 0.318 0.16 0.158
-0.055 0.313 0.155 0.158
-0.045 0.308 0.155 0.153
-0.035 0.303 0.155 0.148
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-0.025 0.303 0.145 0.158
-0.02 0.303 0.14 0.163
-0.02 0.303 0.135 0.168

-0.015 0.298 0.135 0.163
0.005 0.298 0.13 0.168

0.03 0.288 0.13 0.158
0.04 0.288 0.125 0.163
0.045 0.278 0.12 0.158
0.06 0.273 0.12 0.153
0.075 0.273 0.115 0.158
0.08 0.268 0.115 0.153
0.09 0.263 0.115 0.148
0.1 0.263 0.11 0.153
0.115 0.253 0.105 0.148
0.13 0.253 0.1 0.153
0.135 0.247 0.1 0.147
0.15 0.242 0.1 0.142
0.16 0.237 0.1 0.137
0.185 0.232 0.1 0.132
0.215 0.227 0.1 0.127
0.22 0.222 0.1 0.122
0.225 0.217 0.095 0.122
0.235 0.212 0.095 0.117
0.245 0.212 0.09 0.122
0.265 0.212 0.085 0.127
0.285 0.212 0.075 0.137
0.29 0.212 0.07 0.142
0.295 0.207 0.07 0.137
0.32 0.197 0.065 0.132
0.34 0.192 0.065 0.127
0.36 0.187 0.065 0.122
0.385 0.187 0.06 0.127
0.4 0.182 0.06 0.122
0.42 0.177 0.06 0.117
0.44 0.177 0.055 0.122
0.455 0.177 0.05 0.127
0.47 0.172 0.05 0.122
0.48 0.167 0.05 0.117
0.485 0.167 0.045 0.122
0.495 0.162 0.04 0.122
0.515 0.162 0.035 0.127
0.53 0.162 0.035 0.127
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0.54 0.157 0.03 0.127
0.56 0.141 0.03 0.111
0.575 0.136 0.03 0.106
0.585 0.131 0.03 0.101
0.595 0.126 0.03 0.096
0.63 0.121 0.03 0.091
0.675 0.116 0.03 0.086
0.695 0.111 0.03 0.081
0.71 0.106 0.03 0.076
0.725 0.101 0.03 0.071
0.75 0.091 0.03 0.061
0.775 0.086 0.03 0.056
0.795 0.086 0.025 0.061
0.815 0.081 0.025 0.056
0.83 0.076 0.025 0.051
0.855 0.071 0.025 0.046
0.87 0.066 0.025 0.041
0.915 0.056 0.025 0.031
0.98 0.051 0.025 0.026
1.01 0.051 0.02 0.031
1.02 0.04 0.02 0.02
1.04 0.035 0.02 0.015
1.065 0.03 0.02 0.01
1.09 0.03 0.015 0.015
1.145 0.025 0.015 0.01
1.19 0.025 0.01 0.015
1.26 0.025 0.005 0.02
1.385 0.02 0.005 0.015
1.525 0.015 0.005 0.01
1.67 0.01 0.005 0.005
1.845 0.005 0.005 0
2.205 0.005 0 0.005
3.46 0 0 0
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