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Abstract

The human immunodeficiency virus (HIV) destroys CD4 cells, which offer
protection from bacterial and fungal infections and cancers. Consequently, the
symptoms of HIV are similar to those of flu, such as sore throat, fever, muscle
pains, and chills lasting for 2-4 weeks. However, the presence of these symptoms
does not necessarily indicate an HIV infection. Moreover, some people with HIV
remain asymptomatic until the severe stage, thus highlighting the need of
undergoing an HIV test in case of exposure or high-risk of exposure to HIV.

Three disease stages are observed in people with HIV who remain untreated.
The first stage is a flu-like condition with a high viral load (the quantity of virus
present in the blood of a person with an infection). The second stage is chronic
HIV infection that is asymptomatic during incubation period; however, virus
replication proceeds continuously. This stage is either prolonged for a decade or is
short with rapid progression. The third stage is termed as acquired immune
deficiency syndrome (AIDS). People with AIDS have a significant viral load and
are vulnerable to other severe illnesses. If they remain untreated, their life
expectancy reduces to approximately 3 years.

Regarding the patterns of HIV from 1990 to 2019, the highest number of new
HIV infections occurred in 1997, with 3.3 million cases, while the highest number
of deaths occurred in 2004, with 1.8 million deaths. In 2019, approximately 36.8
million people worldwide were identified to be living with HIV, around 690,000

death cases were due to HIV-related illnesses, and 1.7 million new HIV infections



were confirmed. With the advancement of highly active antiretroviral therapy
(HAART), the life expectancy of individuals living with HIV has improved over
time. However, there are increasing concerns regarding the costs associated with
the long-term handling of the infection. These expenses include obtaining medical
care, HIV medications, and addressing comorbid conditions.

In contrast to the global trend, the number of new HIV infections in Korea has
been increasing, particularly among young people, since 1986. As of 2019, 1,222
new cases of HIV were confirmed, with 13,857 people confirmed to be living with
HIV. This trend is exceptional and mysterious given Korea's good healthcare
system, high education level, and efforts from both the government and private
sector for prevention and management.

This study was centered on individuals living with HIV, given their increased
risk for cancer. While previous investigations in Korea have shown an elevated
cancer risk among HIV-positive individuals compared to the general population,
specific risk factors within this group remain largely undefined. Notably, in Korea,
no study has yet been conducted to pinpoint cancer risk factors among those living
with HIV. The rising concerns surrounding obesity and cancer among individuals
living with HIV/AIDS cannot be overstated.

Previously, severe HIV infection was often termed a ‘wasting disease’ due to
the accompanying weight and muscle loss. However, the narrative has shifted with
the introduction of highly active antiretroviral therapy (HAART), which suppresses

viral replication, reduces metabolic demand, and often leads to weight gain. Post-



HAART, the prevalence of obesity among those living with HIV/AIDS has risen,
especially among those who were underweight when they initiated the therapy.
Consequently, recent updates to the treatment protocols for HIV and AIDS have
broadened their scope to incorporate the management of both obesity and cancer.

In Korea, the incidence of non-AIDS-related cancer among HIV/AIDS
patients has been on the rise. This study's outcomes highlight the association of
obesity, a significant issue in HIV care, with an increased risk for non-AlDS-
defining cancers. Hence, evaluating and managing obesity during the course of
HIV infection is of clinical significance, especially for the prevention of chronic
illnesses such as cancer.

Moreover, this study explored the risk factors for thyroid cancer in Korean
women over 40 years old, a demographic deemed high-risk. Although most types
of cancer present statistically significant elevated risks for HIV-positive individuals
compared to the general population, thyroid cancer seems to pose a greater risk for
the general populace.

This investigation found a connection between obesity markers such as body
mass index (BMI), waist circumference (WC), and waist-height ratio (WHTR), and
a heightened risk of thyroid cancer in Korean women. By combining obesity
indices like waist circumference (WC), waist-hip ratio (WHR), and waist-height
ratio (WHTR) with body mass index (BMI) categories, a notably increased risk of
thyroid cancer was identified in women exhibiting both an obesity-level BMI and

other obesity indices, compared to women with normal BMI and other obesity



indicators.

Individuals living with HIV are at a higher risk for cancer compared to the
general population. However, globally, no studies have been undertaken to
measure the strain on the healthcare system due to cancer treatment in HIV patients.
this study calculated the healthcare expenses associated with cancer in the first five
years post-diagnosis and the final six months of life for individuals living with HIV
in Korea. This would provide crucial information about the economic impact
linked to cancer in this at-risk group.

The principal findings from this section are as follows. It was discovered that
the average yearly medical costs associated with cancer were higher for AIDS-
defining cancers compared to non-AlDS-defining cancers. The largest medical
expenses in the first year after a cancer diagnosis were typically incurred in the
month immediately following the diagnosis. Total medical costs, influenced by
both average medical expenses and the number of cancer instances, were higher for
non-AlIDS-defining cancers as compared to AIDS-defining cancers. Finally, the
average monthly total medical expenses for each HIV-positive individual who died
after a cancer diagnosis tended to increase as they approached the time of death.

Ultimately, this study calculates the value of a statistical life for HIV, an
amount that society is willing to invest in reducing HIV mortality rates. The
application of the value of a statistical life method is key to comprehending the
socioeconomic consequences of HIV in our community. Simply focusing on the

medical or opportunity costs associated with HIV doesn't fully capture its overall



impact. Consequently, this study emphasizes the significance of the value of a
statistical life for HIV as an indicator of welfare loss and economic impact within
our society. This can provide valuable insight to policymakers when allocating
limited medical budgets. If a particular age group invests more in human capital
development, they will reap greater welfare benefits from a reduced risk of HIV
mortality. Hence, people aged between 30 to 49 with a high level of human capital
have a higher value over their extended life expectancy than those younger than 30
or older than 49. Furthermore, as the 45 to 49 age group has a larger population
size than any other group and age-specific population sizes were used as weight
parameters, the welfare gain for ages 45 to 49 has the highest value.

In conclusion, this study presents three novel findings. First, it identifies
obesity as a lifestyle-related risk factor for cancer in individuals with HIV (non-
AIDS-defining cancer) and Korean women over the age of 40 (thyroid cancer).
Second, it provides first-of-its-kind data on the financial burden associated with
cancer treatment during the first five years post-diagnosis and the final six months
of life for HIV-infected patients in Korea. Third, the study underscores the
importance of the value of a statistical life for HIV as a measure of welfare loss and
societal economic impact. This research is hoped to provide valuable insights for
medical professionals managing and preventing cancer risk groups, as well as

policymakers in charge of decision making in healthcare.
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Chapter 1. Introduction

1.1. Study Background

1.1.1. Mechanism of human immunodeficiency virus/acquired

immunodeficiency syndrome (HIV/AIDS)
Characteristics of HIV

The human immunodeficiency virus (HIV) destroys CD4 cells, which offer
protection from bacterial and fungal infections and cancers. Consequently, the
symptoms of HIV are similar to those of flu, such as sore throat, fever, muscle
pains, and chills lasting for 2-4 weeks. However, the presence of these symptoms
does not necessarily indicate an HIV infection. Moreover, some people with HIV
remain asymptomatic until the severe stage, thus highlighting the need of
undergoing an HIV test in case of exposure or high-risk of exposure to HIV. The
virus can spread via sexual contact, needle sharing, and vertical transmission
(mother-to-child) (CDC 2022, WHO 2023). It cannot be transmitted by mosquitoes,
other insects, tears or sweat, hugging, shaking hands, sharing dishes, and through

air. Furthermore, the virus cannot survive outside the human body (CDC 2021).

AIDS-Defining Conditions

Three disease stages are observed in people with HIV who remain untreated.
The first stage is a flu-like condition with a high viral load (the quantity of virus
present in the blood of a person with an infection). The second stage is chronic
HIV infection that is asymptomatic during incubation period; however, virus

replication proceeds continuously. This stage is either prolonged for a decade or is
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short with rapid progression. The third stage is termed as acquired immune
deficiency syndrome (AIDS). People with AIDS have a significant viral load and
are vulnerable to other severe illnesses. If they remain untreated, their life
expectancy reduces to approximately 3 years (CDC 2022). In Korea, the criteria for
the AIDS stage is CD4 cell count <200 cells/mm?® or having an AIDS-defining

disease such as Pneumocystis carinii pneumonia (KDCA 2021).

1.1.2. HIV/AIDS Epidemic

Eradication the public health risk posed by HIV/AIDS by 2030 is a
Sustainable Development Goal (SDG) (2021). In 2014, the “90-90-90” strategy
was proposed, which aims to ensure that 90% of people with HIV are diagnosed,
90% of them receive antiretroviral therapy (ART), and 90% of those treated
achieve viral load suppression, by 2020 (Sidibé, Loures et al. 2016). However,
according to the UNAIDS Global HIV and AIDS statistics, globally, only 67% of
people with HIV had received ART in 20109.

Although the “90-90-90” goal was not achieved, global efforts toward HIV
prevention and treatment have led to a steady decline in the number of new HIV
infections over the past decade. Regarding the patterns from 1990 to 2019, based
on the Global Burden of Disease Study 2019 (GBD 2019) data resources, the
highest number of new HIV infections occurred in 1997 (3.3 million cases), while
the highest number of deaths occurred in 2004 (1.8 million). Approximately 36.8
million (16.8 million men and 20.1 million women) people worldwide were
diagnosed with HIV, in 2019 (Jahagirdar, Walters et al. 2021). Around 690,000

deaths were due to HIV-related illnesses, and 1.7 million new HIV cases were
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confirmed in the same year (Heath, Levi et al. 2021, UNAIDS 2021). The global
trend of HIV can be summarized as below (Jahagirdar, Walters et al. 2021) and

(Heath, Levi et al. 2021, UNAIDS 2021).

Table 1-1. HIVV/AIDS Trend Worldwide

Details
Global HIV * 1.7 million new HIV infections in 2019 (Current)
Incidence ¢ 3.3 million new HIV infections in 1997 (Worst)
Global HIV * 690,000 deaths due to HIV-related illnesses in 2019 (Current)
Deaths * 1.8 million deaths due to HIV-related illnesses in 2004 (Worst)

Global HIV . ) )

* 36.8 million people with HIV in 2019
Prevalence

Globally, many countries have experienced a decrease in new HIV infections
due to the expanding coverage of HIV treatment. However, based on the data
source of the GBD 2019 and UNAIDS from 2010 to 2019 for 204 countries, an
upward trend has been observed in countries with high-ranking GDPs, such as the
United States (US), Brazil, Spain, and Portugal since 2010. In the US, the
incidence rate per 100,000 population increased from 15.6 in 2010 to 20.0 in 20109.
However, mortality rates of people with HIV are decreasing worldwide, and it has
been forecasted from 11 to 8.5 deaths per 100,000 population by 2040 (Govender,
Hashim et al. 2021).

In the US, based on the Census Data and the National HIV Surveillance
System, the estimated incidence rate of HIV infection among men who have sex
with men (MSM), persons who inject drugs (PWID), heterosexuals from 2010 to
2015 was as follows: MSM, 587.8 to 575.7 per 100,000; PWID, 52.5 to 34.3 per

100,000; and heterosexuals 5.5 to 4.1 per 100,000, respectively (Crepaz, Hess et al.
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2019). During these periods, HIV incidence rates reduced among all three groups.
In Taiwan, (Wu, Huang et al. 2022) estimated HIV incidence and prevalence
rates in 2012-2019 using the National HI\VV/AIDS Reporting and Case Management
System. Demographic information and risk characteristics for people with HIV
were gathered after the diagnosis. Compared with 2012, in 2019 the incidence rates
decreased from 9.4 to 7.1 per 100,000 people and prevalence rates increased from

111 to 158 per 100,000 people.

Figure 1-1. Number of new HIV infections, Korea in 1986-2020
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Source: Korean Statistical Information Service

Contrary to the global trend, the number of new HIV infections in Korea have
been increasing, particularly young people, since 1986. As of 2019, 1,222 new HIV
infections and 13,857 people with HIV were confirmed. This trend is exceptional
and inexplicable given Korea’s excellent health care system, high education level,

and efforts from both the government and private sector for prevention and



management (Kim, Choi et al. 2018).

Based on the 2019 Annual Report on the Notified HIV/AIDS in Korea, among
952 Korean men diagnosed with HIV in 2019, 442 and 332 were reported to have
been infected with HIV through sexual intercourse with men and women,
respectively.

With the advancement of ART, the life expectancy of people with HIV has
improved over time (Ray, Logan et al. 2010, Simmons, Ciancio et al. 2013).
However, concerns regarding the costs associated with the long-term management
of people with HIV have been mounting. Furthermore, the increased life
expectancy of people with HIV has led to an increase in the prevalence of HIV-
related comorbidities.

According to the healthcare coverage payer data in the US, which includes
commercial insurance, Medicaid, and Medicare from 2003 to 2013, people with
HIV were more likely to receive treatment for illnesses such as liver and thyroid
diseases than the general population (Gallant, Hsue et al. 2017).

(Martinez-Sanz, Serrano-Villar et al. 2022) summarized the discussion of 30
HIV experts to understand HIV-related comorbidities and to develop the strategies
on normalizing the health status of people with HIV. The main research topic has
changed from AIDS-defining illnesses to non-AlDS-defining illnesses. Moreover,
the burden of chronic inflammation in people with HIV are aggravated; however,
specialists in the field of HIV research look forward to mitigating this problem in

the future through efforts to understand its characteristics.



1.2. Study Purpose

To lessen the socioeconomic impact of cancer, it is essential to understand the
disease itself and develop and implement effective cancer prevention and
management strategies for those at high risk.

First, this study focuses on the identification of cancer risk factors among
HIV-positive individuals in Korea. Understanding how these individuals are at risk
of developing cancer can offer crucial insights for healthcare practitioners who
provide treatment to patients with HIV (Chapter 2).

Second, this study additionally identifies the risk factors associated with
thyroid cancer in Korean women aged 40 and above, a demographic group that
constitutes a high-risk group. According to the previous study, general population
were more susceptible to thyroid cancer than individuals living with HIV. This
additional analysis is devoted to comprehending the increasing prevalence of
thyroid cancer in society and formulating preventive strategies. (Chapter 3).

Third, this study analyzes the trend in healthcare expenditures related to
cancer treatment over five years post-diagnosis in individuals with HIV. It also
estimates the total medical costs, including cancer treatment, during the last six
months of life for these patients before death. These insights could be useful to
understand the economic burden associated with cancer beyond the impact of HIV
infection on people living with this condition. By reducing the risk of cancer
incidence in HIV-infected people, society can potentially save on the economic
burden related to cancer; therefore, estimated medical costs represent the extent to
which preventing cancer incidence can reduce the economic burden (Chapter 4).

Fourth, this study estimates cost of illness (COI) and the value of a statistical
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life (VSL) for HIV to understanding the socioeconomic consequences of HIV
spread on our society. The long-term increase in new HIV infections in Korea has
led to a mounting financial burden on the healthcare system. Life expectancy for
people living with HIV also has increased through effective HIV regimens (Ray,
Logan et al. 2010, Simmons, Ciancio et al. 2013). The study also analyzed the
medical expenditures for people living with HIV based on cost of illness approach.
The statistical value of life for those with HIV can indicate a loss of welfare within
society due to the disease. This information can aid policymakers in making
informed decisions regarding the distribution of scarce medical resources (Chapter

).

1.3. Structural Concept of Research

1.3.1. Necessity of an Economic and Epidemiologic Approach

Economics is the study of making the best choice to utilize scarce resources.
Scarcity and choice are keywords that cannot be separated from economics (Lee
2008). Indefinite availability of resources or budgets will render choice and
concentration inconsequential.

The health care sector, which has garnered an increased interest owing to the
COVID-19 pandemic, is no exception. The difficulties experienced when the
number of COVID-19 cases surged, such as insufficient medical resources,
facilities, and medical personnel, are closely related to limited resources.

Even otherwise, the annual national budget is limited; therefore, budgeting its
allocation to the health care sector remains an important issue. Considering the

amount of money spent on specific diseases, the current status of disease incidence
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and mortality, disease prevention strategies, and need for additional budgets are
necessary to appropriately utilize limited resources and budgets.

However, an economic approach alone may not suffice for a realistic analysis
of the socioeconomic burden and ripple effects of specific diseases. The author
believes that realistic research results can be derived when economic and
epidemiologic approaches are combined; however, to explain this concept,

epidemiology needs to be elucidated.

1.3.2. Definition of Epidemiology

Epidemiology (Celentano, Szklo et al. 2018) is the study of distribution of
diseases in the society or in certain populations, and the effects and the factors that
determine the distribution of these diseases. Epidemiologists attempt to determine
the susceptibility of some people to disease, while others stay healthy, based on the
premise that diseases do not occur accidentally within a population.

Epidemiology has four specific purposes. First, it finds the causes and risk
factors of diseases. Risk factor is a factor that increases the risk of developing a
specific disease. The ultimate goal of epidemiology is to improve people’s
morbidity and further reduce the risk of disease; therefore, a reasonable basis for
disease prevention must be provided.

Second, it attempts to understand the degree of disease burden in the society
which is crucial to gauge the appropriate level of required medical resources and
manpower.

Third, epidemiology evaluates the existing disease prevention and treatment

system and identifies areas to be improved through future investments. For
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example, whether the current health care system has effectively protected society
from COVID-19 and helped maintain a certain quality of life. At the outset, the
possibility of evaluating this aspect needs exploration, and if it is possible, the
evaluation methodology will merit consideration as well.

Fourth, epidemiology provides basic data to establish policies to address
environmental problems, disease prevention, and health promotion. For example,
because the medical system was overburdened due to COVID-19, those with other
specific diseases may have not received proper treatment; therefore, questions on
the adverse effects experienced by these patients and preventive measures would

require answers.

1.3.3. Research Questions

Herein, the key questions of the present research conducted by combining
economics and epidemiology are summarized below.

First, people with HIV are more vulnerable to cancer than the general
population. What are the risk factors for cancer incidence in people with HIV in
Korea? If cancer can be prevented in these people, their quality of life may
improve and the socioeconomic burden may be reduced; hence, are there any
preventable risk factors? (Chapter 2)

Second, if there is a cancer for which the general population is more
vulnerable than people with HIV, what are its risk factors? (Chapter 3)

Third, current treatments for HIV are effective and result in a significantly
lower mortality rate and longer life expectancy; however the burden of cancer has

increased. How many cases of cancer have been diagnosed and what is the
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treatment cost? (Chapter 4)

Fourth, is there a difference between the average annual cancer treatment cost
per person for people with HIV and those in the general population? If yes, what
are its implications? (Chapter 4)

Fifth, by how much will the mortality rate of people with HIV reduce if they
receive proper treatment? (Chapter 5)

Sixth, what is the total cost currently being spent on treating people with HIV
and what is the cost per person? (Chapter 5)

Seventh, if people with HIV receive prompt medical services, their mortality
rate can significantly decrease. However, this mortality rate is higher than that in
the general population; therefore, how much is society willing to pay to increase

the survival rate to that as the general population? (Chapter 5)

1.3.4. Differentiation of research

Regarding the answers to the aforementioned questions, the mortality rate of
people with HIV, the incidence of HIV infection, and the prevalence of HIV
treatments can be accurately confirmed by an epidemiological approach;
conversely, the increasing cost of cancer treatments for people with HIV, their
treatment expenses, and the cost that society is willing to pay to equalize the
survival rate of people with HIV to that of the general population can be confirmed
by an economic approach.

Several assumptions will be needed if a study is to be conducted without
identifying the characteristics of a disease (transmission route, incidence rate,

mortality rate, etc.) through an epidemiological approach. These were limitations
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of previous health economics studies.

Economics, a branch of social science, aims to discover the interrelationships
between people and society (Lee 2008). It should be preceded by an accurate
understanding of current social issues; therefore, this study aims to observe the
economic burden and its ripple effect, by first identifying the nature of a disease

through an epidemiologic approach.

1.4. Data Source

In this study, data were sourced from the Korean National Health Insurance
Service (NHIS) database. The health insurance data was originally collected for
health service administration.

The database was first used for academic purposes in July 2014, and the
current big data analysis center of the Korean NHIS was established post-April
2016. This database contains the medical information of almost all legal residents
in Korea, as all are required to subscribe to health insurance. However, information
on non-payment medical services such as cosmetic surgery is not included.
However, data such as gender, date of birth, medical treatment, drug prescription,
medical expenses, health examination information, and death can be obtained.

Although the database is available for research purposes, it cannot be used for
purposes not approved by the Korean NHIS, such as acts that may infringe on the
interests of third parties or attempts to identify pseudonymized information. This
database is built for administrative purposes; hence, it has the advantage of basic
information for the entire population. However, sometimes researchers are unable

to check detailed medical information, namely indices such as the stage at the time
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of diagnosis for cancer, the amount of virus or immune cells confirmed by blood
tests for viral infections, and the severity at the time of diagnosis of a specific
disease. Nevertheless, because the database is akin to a population without
sampling bias, the author deemed that it is most reliable as data for people with
HIV.

Under the national infectious disease monitoring system, when an individual
is diagnosed with HIV, it should be mandatorily reported within 24 h of
confirmation. Every year, the Korea Centers for Disease Control and Prevention
collects and officially announces information on the number of new HIV infections.

A comparison of the number of new HIV diagnoses (HIV cost-sharing system
code (V103))—confirmed by the Korean NHIS database—with that reported by the
Korea Centers for Disease Control and Prevention revealed that the average error
range was approximately 2% annually for 16 years from 2005 to 2019. Therefore,
this database was used to conduct the present study.

According to Article 44 of the National Health Insurance Act, “the cost-
sharing system reduces the self-burden rate for severely ill, rare, and incurable
patients, such as cancer with high medical expenses. If the system benefits are
received, the patient pays only 5/100 of the total cost of medical care benefits for

outpatient or inpatient treatment.”



Chapter 2. Risk factors for cancer in HIV-infected
individuals®

2.1. Study Background

Following the introduction of ART as the standard treatment for HIV
infection in adults, the survival rates and life expectancy of people with HIV have
improved significantly (Ray, Logan et al. 2010, Simmons, Ciancio et al. 2013).
However, the increased life expectancy has resulted in a higher probability of
developing various chronic diseases, which has conferred a substantial disease
burden in this population (Quiros-Roldan, Magoni et al. 2016, Yang, Beymer et al.
2019, Nanditha, Zhu et al. 2022).

The ART regimen suppresses viral load. People with HIV should begin ART
immediately after the diagnosis of HIV. Although ART cannot cure HIV, people
with HIV receiving treatment have a longer life expectancy and lead healthy lives.
Moreover, people having an undetectable viral load cannot transmit HIV to others
(NIH 2021).

Regarding cancer, ART has decreased the risk of AIDS-defining cancers,
which are directly linked with progressive immunodeficiency. Nevertheless, the
burden of non-AIDS-defining cancers has exhibited an increasing trend (Shiels,
Islam et al. 2018, Yarchoan and Uldrick 2018).

Cancer can be defined as a disease where gene changes occur in a cell,

causing abnormal changes or excessive multiplication. Cells are the smallest unit of

D This chapter is based on material originally presented in the "Association between
obesity and cancer risk in HIV-infected Asians"”, which was submitted to The Journal of
Global Health in 2023. _
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the human body, and cancer does not occur if cells in the body divide, grow, and
die, and are maintained at an appropriate level. Cancer is characterized by its
ability to spread to surrounding organs or tissues and distant organs, indicating the
importance of early diagnosis and prompt and appropriate treatment (NCIC 2023).

According to US National Cancer Institute, AIDS-defining cancers are
cancers that develop more frequently in people with HIV, because of their
increased vulnerability, than the general population. The development of at least
one AIDS-defining cancer indicates that these individuals have reached the AIDS
stage. There are three types of AIDS-defining cancers namely Kaposi sarcoma,
non-Hodgkin’s lymphoma, and cervical cancer(NCI 2023). The remaining cancer
types were categorized as hon-AlDS-defining cancers.

Historically, advanced HIV infection was frequently called a "wasting
disease™ because of the associated the loss of weight and muscle mass. In contrast,
antiretroviral therapy (ART) treatment, which inhibits viral replication, decreases
the metabolic demand, and is associated with weight gain. Following the
introduction of antiretroviral therapy (ART), the incidence of obesity among HIV
infected people has increased, particularly in patients who were underweight when
they started antiretroviral therapy (ART) (Yuh, Tate et al. 2015, Kanters, Renaud et
al. 2022). Obesity is a well-established risk factor for chronic diseases (Hypponen,
Mulugeta et al. 2019, Larsson and Burgess 2021), and recently, the European
Commission has recognized obesity as a chronic illness, instead of merely a
lifestyle-based condition (Burki 2021). With the increased prevalence of
overweight and obesity, and the associated increase in the risk of chronic diseases,
among HIV infected people, the management of weight and obesity is a crucial

aspect of HIV infected people care (Bailin, Gabriel et al. 2020). Nonet_heless, in
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HIV infected people, the association of obesity with various health outcomes,
particularly mortality, remains unclear and inconsistent (Sharma, Hoover et al.
2015, Yuh, Tate et al. 2015, Kumar and Samaras 2018). To our knowledge, only a
few studies have explored the association of obesity with cancer risk in people
living with HIV.

Regarding smoking, the smoking prevalence among adult men decreased from
45.4% in 2010 to 33.8% in 2018, while that among women slightly decreased from
2.7% to 2.0% during the same period. Regarding alcohol consumption (current
drinkers), those who participated in the survey in both 2010 and 2018 usually
consumed alcohol more than twice a week in the past year, and the average amount
of alcohol consumption per drink was more than 7 cups for men and 5 cups for
women. Men’s drinking rate decreased to 23.0% in 2018 compared with 26.3% in
2010; however, women recorded the same drinking rate, 3.6%, at both periods
(Park 2021).

The prevalence of obesity among Korean men has steadily increased over the
past 20 years, from 26.2% in 1998 to 42.8% in 2018, though it has not changed
significantly among Korean women during the same period, from 25.1% to 25.5%.
Age-wise comparison reveals that both men and women in their 30s and 40s have
the highest prevalence of obesity (Nam 2022). Therefore, this study chose obesity
index as a main variable in the nested case-control study, and additionally, smoking
and alcohol consumption rates, which have recently declined among lifestyle-
related cancer risk factors, were used as covariates because >90% of the people
with HIV in Korea are men. In Korea, HIV infected people have an increased risk
for both AIDS-defining and non-AlDS-defining cancers, including Hodgkin's

lymphoma, oropharyngeal cancer, and anal cancer (Park, Ahn et al. 2022_). Despite
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being comparatively lower than the prevalence in Western populations, the
prevalence of obesity in the Korean population has been rapidly increasing (Yang,
Han et al. 2022) and associated with an increase in the chronic disease burden in
the Korean general population. This study was aimed at examining the relationship
between obesity and cancer in Korean people living with HIV based on data

obtained from a nationwide health screening database.

2.2. Literature Review

2.2.1. Increased Cancer Risk in People with HIV

(Deeken, Tjen-A-Looi et al. 2012) found that people with HIV had the higher
incidence rates of non-AlIDS defining cancer than the general population. Despite
access to HIV treatment, people with HIV had higher cancer risks than the general
population. Furthermore, the study mentioned that the reason for increased non-
AIDS-defining cancer risks were unclear. It reviewed several studies from the US,
France, the United Kingdom (UK), and Switzerland and demonstrated the
standardized incidence rate (SIR) of non-AlDS-defining cancer. The cancer risks
for people with HIV were higher than that for the general population (reference
group, incidence rate=1) such as Hodgkin’s lymphoma (14.7-31.7), leukemia (2.2—
2.5), and anal (32.4-42.9), liver (7.0-7.7), head and neck (1.0-4.1), lung (2.2-6.6),
and renal (1.8-2.2) cancers (Deeken, Tjen-A-Looi et al. 2012).

(Hernandez-Ramirez, Shiels et al. 2017) analyzed the cancer risk for people
with HIV compared with the general population. The HIV/AIDS Cancer Match
Data (HACM) that was linked with HIV and Cancer Registries in the US was used.
Notably, 21,294 patients with cancer among 448,258 people with HIV were
7]
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identified from 2006 to 2012. People with HIV were found to be more vulnerable
to the cancer incidence than the general population. The incidence rates according
to cancer types were as follows: overall cancer (SIR 1.69, 95% CI=1.67-1.72);
AIDS-defining cancers such as Kaposi's sarcoma (SIR 498.11, 95% CI: 477.82—
519.03), non-Hodgkin’s lymphoma (SIR 11.51, 95% CI: 11.14-11.89), and
cervical cancer (SIR 3.24, 95% CI: 2.94-3.56); other virus-related cancers such as
anal cancer (SIR 19.06, 95% CI: 18.13-20.03), liver cancer (SIR 3.21, 95% CI:
3.02-3.41), and Hodgkin’s lymphoma (SIR 7.70, 95% CI: 7.20-8.23); and virus-
unrelated cancers such as lung cancer (SIR 1.97, 95% CI: 1.89-2.05) (Hernandez-
Ramirez, Shiels et al. 2017).

In Korea, (Park, Ahn et al. 2022) analyzed the cancer risk for people with HIV
compared with the general population. The study used the Korean NHIS database
NHIS and 11,552 cancer-free people (men: 10444 and women: 1108) and 361
patients with cancer (men: 317 and women: 44) during 2006-2018 were identified.
The cancer risk for people with HIV was higher for several types of cancers than
that for the general population. Overall cancer (SIR 1.68, 95% CI: 1.50-1.87),
Kaposi sarcoma (SIR 349.10, 95% CI: 196.10-502.20), anal cancer (SIR 104.20,
95% CI: 55.56-149.90) for men with HIV and overall cancer (SIR 1.26, 95% CI:
0.89-1.64), cervical cancer (SIR 4.98, 95% CI: 1.29-8.66), and non-Hodgkin’s
lymphoma (SIR 11.78, 95% CI: 1.29-21.21) for women with HIV presented higher
cancer risk than that for the general population (Park, Ahn et al. 2022). Despite
ART’s benefits of a longer life expectancy and improved health, the risk of AIDS-
defining cancer remains high for people with HIV, and the burden of non-AIDS-

defining cancer has been aggravated.
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2.2.2. Risk Factors of Cancer in People with HIV

Risk factors are factors that increase the risk of developing a particular disease.
These include behavior, heredity, and exposure to certain environmental hazards.
The ultimate purpose of determining the risk factor or cause of the disease is to
prevent the occurrence of the disease by reducing exposure to the factor or
eliminating the factor itself (Celentano, Szklo et al. 2018).

In the US and Europe, cancer is a major cause of death among people with
HIV. Moreover, as mentioned, people with HIV have a higher risk of developing
cancer (AIDS-defining and non-AlDS-defining) than the general population.
Between 2011 and 2013, 113 papers from Canada, the US, Australia, and Western
European countries were meta-analyzed to investigate any difference in the
prevalence of modifiable cancer risk factors between people with HIV and the
general population in the US (Park, Hernandez-Ramirez et al. 2016). Modifiable
cancer risk factors considered in the paper were obesity, smoking, alcohol
consumption, and hepatitis B virus (HBV) infection. Previous studies, which (Park,
Hernandez-Ramirez et al. 2016) considered, categorized people with HIV as
overall, male, and female groups. The median age of HIV infection in 113 previous
studies was 44 years, and the median proportion of males was 75.4%. Among the
113 studies, 59 were on the US and 46 on Western European countries. The US-
related results of this study are summarized herein. Regarding current smoking rate,
it was approximately 2.5 times higher in overall people (54.0% vs. 20.0%), males
(58.0% vs. 23.0%), and females (48.0% vs. 18.0%) with HIV than the general
population in the US. Regarding alcohol consumption, each study had a wide range

of periods, from the past 30 days to the past 6 months; hence, comparison of people
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with HIV with the general population proved to be a limitation. Regarding obesity
rate (body mass index (BMI) >30.0 kg/m?), the obesity rates in overall people
(17.0% vs. 24.0%) and males (25.0% vs. 32.0%) with HIV were lower than that in
the general population; conversely, it was higher in females with HIV (47.0% vs.
36.0%). HBV infection rates were higher in overall people (5.0% vs. 0.3%), males
(4.0% vs. 0.4%), and females (5.0% vs. 0.2%) with HIV than that in the general
population (Park, Herndndez-Ramirez et al. 2016).

To determine the risk factors of cancer in people with HIV in China, (Jin, Liu
et al. 2017) conducted a meta-analysis and systematic review of 102 studies. China
has been distributing ART nationwide since 2003; however, significantly higher
SIRs of AIDS-defining and non-AlIDS-defining cancer have been observed in
people with HIV than in the general population. Comparison of the characteristics
of overall people with HIV and the general population revealed that the prevalence
of smoking, alcohol consumption, and viral presence (HBV hepatitis C virus
[HCV], human papillomavirus [HPV], Epstein-Barr virus [EBV], human
herpesvirus-8 [HHV8]) among people with HIV were higher than those in the
general population. Smoking was divided into ever smoker (current and former)
and never smoker, and alcohol consumption was divided into former drinker and
current drinker. The criteria for overweight and obesity was (BMI =24 kg/m?).
Among modifiable behavioral factors, the smoking prevalence rate among people
with HIV was higher than that among the general population (Su, Tao et al. 2010,
Cheng, Chu et al. 2012); in particular, the current smoking rates among overall
people (41.1% vs. 28.3%), males (63.2% vs. 53.3%), and females (3.4% vs. 2.5%)
with HIV were higher than those among the general population in China. The rates

of overweight and obesity among people with HIV were lower than those among
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the general population (22.4 vs. 42.6), which was observed in the previous study in
Western countries as well (Park, Herndndez-Ramirez et al. 2016). The current
alcohol assumption rate among overall people with HIV (30.3% vs. 28.8%) was
higher than that among the general population. Regarding HBV infection, the
infection rates among overall people (12.5% vs. 7.2%), males (13.4% vs. 8.6%),
and females (10.4% vs. 5.7%) with HIV were higher than those among the general
population in China (Jin, Liu et al. 2017).

Since the introduction of antiretroviral drugs, many studies worldwide have
demonstrated that the risk of non-AlDS-defining cancers has increased among
people with HIV. Smoking, chronic inflammation, aging, immunocompromised
state, infections caused by viruses such as HBV, HCV, HPV, and EBV) are
potential cancer risk factors for people with HIV. Owing to the high smoking rate
among people with HIV, high SIRs for lung, pharyngeal, and kidney cancers,
which are classified as smoking-related cancers, are being confirmed. The increase
in liver cancer that is associated with HBV and HCV infections is well known.
Moreover, HPV infection is considered as a risk factor for anal cancer. Owing to
the influence of EBV infection, the incidence rate of Hodgkin’s lymphoma is high
among people with HIV. Although access to treatment for people with HIV has
considerably improved over the past few decades, the prognosis for the disease
remains worse than that in the general population, if non-AIDS-defining cancers
occur (Franzetti, Ricci et al. 2019).

(Nkwonta, Zhang et al. 2023) analyzed the prevalence trend of AIDS-defining
and non-AIDS-defining cancers, and cancer risk factors in 11,238 people with HIV
in South Carolina in the US using population-based HIV-linked data from 2005 to

2020. The study used the time-dependent proportional hazards model to predict
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cancer risk factors in people with HIV.

Among the 11,238 people with HIV, 250 and 454 were diagnosed with

AIDS-defining and non-AlIDS-defining cancer, respectively. In both cancer types,

men (compared with women), old age, hepatitis infection, kidney disease,

hypertension, and decreased thyroid function were identified as factors that

increased the probability of cancer. A higher viral load (HIV) had a higher

probability of developing AIDS-defining cancer, and a higher number of immune

cells (CD4 cells) had a lower probability of developing both cancers (Nkwonta,

Zhang et al. 2023).

Possible risk factors of non-AlIDS-defining cancer include HIV itself,

oncogenic viruses, and tobacco exposure (Deeken, Tjen-A-Looi et al. 2012).

People with HIV are more sensitive and vulnerable to the effects of environmental

carcinogens (Altavilla, Caputo et al. 2000, Altavilla, Caputo et al. 2004). Finally,

HIV infection itself can enhance tumor progression and metastasis (Corallini,

Sampaolesi et al. 2002).

Table 2-1. The Summary of Literature Review

Reference Re-se-arch Summary
Participants
Nkwonta, People with HIV | » Risk factors of cancer
Zhang et al. in South Carolina, | Men (compared with women), old age, hepatitis, kidney disease,
2023 US; using hypertension, and decreased thyroid function identified as factors that
population-based | increased the probability of cancer.
Time- HIV-linked data » AIDS-defining and non-AlDS-defining cancers
Dependent from 2005 to The higher the viral load, the higher the probability of developing

Proportional
Hazards Model

2020

AIDS-defining cancer, and the higher the number of immune cells (CD4

cells), the lower the probability of developing both cancers.

Franzetti, Ricci
etal. 2019

Review Paper
(Worldwide)

» Risk factors of AIDS-defining cancer
Smoking, chronic inflammation, aging, immunocompromised state, and

1]
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infections with viruses such as hepatitis B virus (HBV), hepatitis C
virus (HCV), human papillomavirus (HPV), and Epstein-Barr virus
(EBV)

Jin, Liu et al.
2017

Meta-analysis
And Systematic

Review

102 papers from
China that were
published from
2006 to 2015

*Including only
two papers from
before 2010

Comparison of prevalence rates between people with HIV and the
general population.

» Current smoking

* Overall people with HIV (41.1%) > general population (28.3%)

* Males with HIV (63.2%) > general male population (53.3)

* Females with HIV (3.4%) > general female population (2.5%)

* Smoking prevalence rate of people with HIV was higher than that of
the general population (Su, Tao et al. 2010, Cheng, Chu et al. 2012)

» Overweight and obesity (BMI > 24.0 kg/m?)

* Overall people with HIV/(22.4%) < general population (42.6%)

» Current drinker

* Overall people with HIV/(30.3%) > general population (28.8%)

» Hepatitis B virus (HBV)

* Overall people with HIV(12.5%) > general population (7.2%)

» Males with HIV(13.4%) > general male population (8.6%)

* Females with HIV(10.4%) > general female population (5.7%)

* This study compared the characteristics of people with HIV and the

general population in China.

Park,
Hernndez-
Ramrez et al.
2016.

Meta-analysis
and systematic

review

113 studies from
Western countries
that were
published from
2011 to 2013

*The US (59
studies), Canada,
Australia, and
Western
European
countries (46

studies)

Comparison of prevalence rates between people with HIV and general
population.

» Obesity (BMI > 30.0 kg/m?)

* Overall people with HIV/(17.0%) < general population (34.0%)

* Males with HIV(25.0%) < general male population (32.0%)

* Females with HIV(47.0%) > general female population (36.0%)

» Current smoking

* Overall people with HIV(54.0%) > general population (20.0%)

* Males with HIV/(58.0%) > general male population (23.0%)

* Females with HIV(48.0%) > general female population (18.0%)

» Current drinker

Each study had a wide range of periods, from the past 30 days to the
past 6 months, which was a limitation when comparing people with HIV
and the general population.

» Hepatitis B virus (HBV)
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* Overall people with HIV(5.0%) > general population (0.3%)

* Males with HIV(4.0%) > general male population (0.4%)

* Females with HIV(5.0%) > general female population (0.2%)

* This study compared the prevalence of people with HIV with the

published prevalence estimates in US adults.

Deeken, Tjen- Invited article » Risk factors for non-AIDS-defining cancer
A-Looi et al. HIV itself, which means that the infection itself enhance tumor
2012 progression and metastasis; tobacco exposure; and oncogenic viruses

(HBV, HCV, HPV, and EBV)

Liver cancer is related to infection, with chronic HBV infection being the
primary cause of liver cancer in Korea (accounting for more than 60% and 10% of
liver and bile duct cancers, respectively) (Shin, Park et al. 2011). Notably, the main
transmission route of chronic HBV is mother-to-child perinatal infection (vertical
transmission) (Yim and Kim 2019). In Korea, chronic HBV in adulthood is
primarily transmitted sexually and is less likely to be associated with decreased
immunity in people with HIV. Moreover, the liver cancer incidence in people with
HIV did not differ significantly from that in the general population in Korea (Park,
Ahn et al. 2022), where HBV is endemic (Yim and Kim 2019). Obesity was
independently linked to liver cancer in individuals with chronic HBV (Kim, Choi

et al. 2018).

2.2.3. Obesity issues in people with HIV

Obesity and cancer have become important health concerns among people
with HIV. Therefore, recent updates to the management guidelines for people with

HIV/AIDS include management strategies for obesity and cancer (Ryom, De
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Miguel et al. 2022).

Earlier, HIV was referred to as a “slimming disease” because of the weight
and muscle loss experienced by people with HIV. However, since the introduction
of effective HIV treatments that inhibit viral replication, obesity in people with
HIV who were underweight at treatment initiation have been increasing (Yuh, Tate
et al. 2015, Kanters, Renaud et al. 2022). In 2021, the European AIDS Clinical
Society Guidelines included obesity and cancer in the health care management of
people with HIV (Ryom, De Miguel et al. 2022).

Weight gain and obesity are well-recognized risk factors of cancer and various
chronic diseases in the general population (Kyrgiou, Kalliala et al. 2017, Fang, Wei
et al. 2018). Insulin resistance, impaired glucagon metabolism, elevated levels of
leptin and other adipokines, and chronic inflammation have been identified as the
factors that connect obesity and a higher risk for cancer (Stone, McPherson et al.
2018). T-helper 1 and T-helper 17 cells, subtypes of CD4+ or T-cells, contribute to
the development of chronic inflammation and hyperglycemia; this is another factor
in the association between obesity and cancer (lp, Cilfone et al. 2016).
Consequently, these helper cells have been proposed as connectors between
inflammatory status and disrupted glucose metabolism secondary to obesity and
carcinogenesis (Alizadeh, Katsanis et al. 2013, De Simone, Pallone et al. 2013).
The decline of CD4+ cells in adults with HIVV (Okoye and Picker 2013) has led to a
hypothesis of the association between T-cell changes in adipose tissue, HIV
infection, and cancer has been proposed (Lewis, Lysaght et al. 2019).

In people with HIV, obesity or weight gain presents a contradictory impact,

often described as a “double-edged sword” (Kumar and Samaras 2018). Obesity or



weight gain can serve as an indicator of viral suppression and CD4+ cell recovery,
which is followed by the normalization of resting energy expenditure. Thus, weight
gain after ART was considered a “return to health” marker (Tate, Willig et al.
2012). However, it has become less common because the number of adults with
HIV-associated wasting syndrome has decreased (Kumar and Samaras 2018).
However, excessive weight gain or obesity is linked to a higher risk of diabetes and
other metabolic comorbidities in people with HIV (Kumar and Samaras 2018,
Nansseu, Bigna et al. 2018, Chang 2022), similar to that in the general population.

Since the introduction of antiretroviral drugs, overweight or obesity in people
with HIV has increased, and excessive increase in fat can cause metabolic
dysfunction, especially in those who are aging. Restoring normal weight through
HIV treatment is associated with a decrease in mortality; however, obesity and
overweight in people with HIV increase the risk of diabetes and cardiovascular and
liver diseases (Bailin, Gabriel et al. 2020).

Among people with HIV, the relationship between obesity or weight gain and
major chronic diseases, including cardiovascular disease or mortality, remains
unclear, with inconsistent research results and dependence on the initial weight

status (Kumar and Samaras 2018, Chang 2022).

2.2.4. Well-known Risk Factors of Cancer

Age (time from birth (WHO 1992)) is a most-studied risk factor for cancer in
epidemiological research. Cancer can be considered an age-related disease because
the incidence of cancer increases with age. Modifiable chronic diseases (obesity
and diabetes) tend to increase in middle age (45-64 years), a phenomenon that is

related to a higher risk of cancer and a lower survival rate of patients with cancer
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(White, Holman et al. 2014). Middle-aged adults are considerably affected by
smoking, malnutrition, lack of exercise, alcohol consumption, and certain chronic
infections that are known risk factors of cancer (Ott, Ullrich et al. 2011, Prasad,
Sung et al. 2012).

Diabetes is associated with an increased risk of breast (in menopausal women),
colon, and pancreatic cancers (La Vecchia, Giordano et al. 2011). Moreover, it
causes side effects that accelerate aging in humans (Cowie, Rust et al. 2009).

Overweight is a factor that increases the risk of various cancer types,
including thyroid, pancreatic, esophageal, gallbladder, colon, breast, cervical ¢, and
kidney cancers (Wolin, Carson et al. 2010, La Vecchia, Giordano et al. 2011).
Overweight is associated with an increased risk of metabolic syndrome, which is
associated with an increased risk of developing cancer (Trinchieri 2012, Gilbert
and Slingerland 2013). Metabolic syndrome issues include high blood pressure,
dyslipidemia, insulin resistance and hyperglycemia, inflammatory conditions, and
platelet reduction (Grundy 2016).

Furthermore, a link between sleep disorders and cancer risk has been observed,
suggesting that mitigation of sleep disorders can help prevent cancer (Blask 2009,
White, Holman et al. 2014). Increased physical activity and reduced sitting time
have benefits as well (Ory, Anderson et al. 2014).

According to International Agency for Research on Cancer (IARC),
carcinogens are individually categorized by risk levels because exposure to harmful
chemicals in daily life can increase the risk of cancer. Twelve carcinogens,
including trichloroethylene, benzene, and vinyl chloride, are well-known
carcinogens (Lim, Kim et al., 2018). Apart from heredity and chronic infection,

environmental pollution is considered as a cause of cancer as well (Alavanja and
T | ] o | |
26

-
Ll



Bonner 2012, Zhivin, Laurier et al. 2013)

In addition, health literacy is garnering attention. Analyses of the relationship
between health information literacy and cancer prevention behavior for people
below the poverty line reveals that providing information on cancer prevention
guidelines according to the literacy levels of different people can improve their
understanding of health promotion information. Improving awareness of health in
people with relatively low literacy may induce them to engage in cancer prevention
behavior (Kim and Kim 2021). Improving the older adult population’s
understanding of health information is vital, especially for those in rural areas

(Hwang 2016).

2.3. Materials and Methods

The Korea National Health Insurance Service database

This study utilized data from the National Health Insurance Service-National
Health Information database (NHIS-NHID) in Korea that collected information on
all individuals who were diagnosed with HIV between 2004 and 2020. The NHIS-
NHID includes data on demographics, healthcare service utilization, physician
prescriptions, health examinations, cancer screening results, and death of more than
97% of the Korean population who are covered by the NHIS — a universal and
mandatory national health insurance system. Moreover, the NHIS operates a
special cost-sharing system for diseases with high medical expenditure, such as

cancer, HIV infection, or rare, incurable diseases.



Case-control study

First, the definition of a case-control study and the reason for the conduct of
the case-control study are explained herein. While summarizing data on people
with HIV in Korea, it was confirmed that the people with HIV who developed
cancer were exposed to a specific cancer risk factor. Consequently, the researcher
established a study hypothesis on whether this risk factor was related to an increase
in cancer development in people with HIV. Since a meaningful conclusion cannot
be derived by simply looking at the degree of exposure to the risk factor in the
patients with cancer group, a comparative study with a matched control group
needs to be conducted, i.e., comparison of the exposure to risk factors ratio in the
patient and control groups. If exposure to a specific risk factor is associated with
cancer incidence, the risk factor exposure proportion in the patient group will be

higher than that in the control group.

Individual Matching

This section defines individual matching and explains the reason for
performing the analysis by individual matching. Individual matching is a method of
ensuring that each individual case (patient) and control has a similar distribution
for a particular variable when conducting a case-control study. For example, since
gender and age are important variables in the occurrence of diseases, the
distribution of gender and age between the case (patient) and control groups need
to be matched, i.e., if a specific patient with cancer is a 30-year-old male, a 30-
year-old male without cancer is selected as the patient’s control. Consequently, the
researcher can identify the quantitative difference between the case (patient) and

control groups in the degree of exposure to the risk factors.
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Study Design and Population

The eligible participants were adults who were diagnosed with HIV from
2004 to 2020 — a period wherein as adults with HIV infection were covered by the
special cost-sharing system. HIV infection was identified using a combination of
ICD-10 codes for HIV infection (B20-B24) and the cost-sharing system codes
(V103) for HIV treatment from the healthcare utilization database. To identify
incident HIV cases, individuals with medical utilization records for 2002—2003 that
contained ICD-10 codes for HIV infection were excluded from the study, in
accordance with the method followed in a previous study (Park, Choi et al. 2022).

In this study, the cancer incidence from 2006 to 2020 was determined using
the ICD-10 codes for cancer (C00—C99) and the cost-sharing system codes (V193,
V194, or V027) for cancer from the healthcare utilization database. Patients with a
medical history of cancer before the HIV diagnosis were considered as prevalent
cancer cases and excluded. AIDS-defining cancers include Kaposi sarcoma (C46),
cervical cancer (C53), and non-Hodgkin's lymphoma (C82-C86, C96). Non-AlIDS-
defining cancers include the other cancer types (Yarchoan and Uldrick 2018),
which were categorized as colorectal cancer; liver, bile duct, and pancreatic cancer;
lung and tracheal cancer; stomach cancer; thyroid cancer; prostate cancer; and anal
cancer.

From 2004 to 2020, a total of 16,671 incident HIV infection cases were
identified. In this nested case—control study, the association between obesity and
cancer risk in HIV infected people was examined (Figure 2-1). To create a nested
case-control matched set, individuals with a history of cancer before their HIV
diagnosis or those who were diagnosed with cancer before 2006, when the cancer

cost-sharing system began (N=421), were excluded. Additionally, as the_ National
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Health Insurance Service-National Health Information database (NHIS-NHID)
recorded body mass index (BMI) data during participation in the national health
screening program, individuals who had never participated in the program
(N=5,569) were excluded as were two individuals whose BMI data were missing,
despite participation in the health screening program. To prevent reverse causation,
individuals with incident cancer whose BMI was recorded within 90 days of their
cancer diagnosis were excluded (N=61) as their BMI might have been influenced
by cancer. After the application of these exclusion criteria, a dataset of 10,618
adults with HIV was obtained. Individuals, without a cancer diagnosis before their
HIV diagnosis, and diagnosed with HIV until December 31, 2020 were matched to
those with incident cancer (1:4 ratio) by sex, year of birth (2 years), year of HIV
diagnosis (2 years), and follow-up duration (defined as the number of days from
the date of HIV diagnosis to the date of cancer diagnosis, death, or December 31,
2020, whichever occurred first). The follow-up duration of matched controls was
set to be equal to or longer than that of each incident cancer case.

This study was approved by the Institutional Review Board of Hanyang
University, Korea (Approval no: HYUIRB-202111-005). We obtained permission
to utilize and analyze the pseudonymized NHIS-NHID through the National Health
Insurance Sharing Service system for our research. The consent waiver was
obtained for this present study. The study was conducted in compliance with
protocols of the Reporting of Observational Studies in Epidemiology for cohort

studies.
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Figure 2-1. Participant selection flowchart

People newly diagnosed HIV in the year of 2004-2020
n=16,671

n=61

Excluded: n=6053

* Participants who had a history of cancer before
HIV diagnosis or before 2006: n=421

.| * Participants without body mass index

" information: n=5_571

* Participants with available body mass index
only within 90 days from cancer diagnosis:

v

Cancer-free HIV infected people with available information on body mass index

¥

n=10,618
Y
Incident cancer cases (n=456) 1-4 individual matching by sex, vear
ATDS defining cancer (n=146) [e— of birth (+2 vyears), year of HIV diag —»|
Non-AIDS defining cancer (n=310) nosis (+2 vears), and follow-up durati

Cancer-free subjects until 2020

(=10,162)

on (cancer case < maiched control).

A

¥

Incident cancer cases(n=456)
ATDS defining cancer (n=146)
Non-AIDS defining cancer (n=310)

Controls (n=1,814)

Variable Definition

During the national health screening program, trained medical staff obtained
height and weight measurements for each individual. The BMI was calculated as
the weight (kg) divided by height, in meters, squared. For HIV-infected individuals
with multiple participations in the national health screening program, the results
nearest to their HIV diagnosis date were considered. The participants were
categorized according to the Asia—Pacific BMI classification into two groups: one
group was classified as obese (BMI >25 kg/m?) whereas the other was deemed
normal to overweight (BMI <25 kg/m?). The median difference from the date of
BMI assessment to the date of HIV diagnosis was 44 days. Responses from the

self-administered questionnaire, including health behaviors, medical history

b i i
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diagnosed by physicians, family history of chronic diseases, and anthropometric
measurements, were obtained from the national health screening records of the
NHIS-NHID.

Information from the self-reported questionnaire responses recorded during
the BMI assessment, including smoking status (never, former, or current); drinking
frequency in the past year (never, less than 1 day per week, 1-2 days per week, 3—4
days per week, or 5-7 days per week); physical activity (none, 1-6 days per week
or 7 days per week); history of stroke, heart disease, hypertension, diabetes,
dyslipidemia; and family history of stroke, heart disease, hypertension, and
diabetes, was included as adjusted variables in the analyses. A diagnosis of AIDS-
defining diseases within 3 months of the initial HIV diagnosis was ascertained
based on the ICD-10 code in the health utilization data and attendance at a
minimum of three clinics for the same disease within 1 year after the initial
diagnosis of AIDS-defining diseases, which included candidiasis, extrapulmonary
cryptococcus, cytomegalovirus, tuberculosis, chronic ulcers due to herpes simplex,
recurrent pneumonia, pneumocystis carinii pneumonia, progressive multifocal
leukoencephalopathy, toxoplasma gondii infection, and HIV-related wasting
syndrome (Brodt, Kamps et al. 1997). As cancer was the dependent variable,
AIDS-defining cancer was not included in the analysis. Based on the prescription-
related information, antiretroviral therapy (ART) prescription within 3 months of
HIV diagnosis was evaluated (none, less than 60 days, and 60—90 days).

Regarding HIV treatment, to avoid immortal time bias, the compliance
variable used was treatment initiated within 90 days of HIV diagnosis. Immortal
time bias is an error that can overestimate or underestimate the effectiveness of a

drug because the tracking time prescribed for the drug itself varies across studies.
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In studies including patients with cancer and controls, patients with cancer are
tracked from the time of HIV diagnosis to the time of cancer; however, the control
group is tracked from the time of HIV diagnosis to the time of death or the end of
the study period. When matching a total patient group with a control group,
researchers normally utilize the option that the follow-up period for the control
group should be equal to or longer than that for the patient group. Therefore, if
researchers consider only the effect of HIV treatment prescriptions on cancer
prevention, the longer the follow-up period of the control group, the longer the
treatment can be prescribed, resulting in an overestimation of the cancer prevention

effect of HIV treatment (Dekkers and Groenwold 2020).

Statistical Analysis

Baseline characteristics of both incident cancer cases after HIV diagnosis and
matched cancer-free controls are presented as proportions or means and compared
using the chi-square test and the t-test. Regarding covariates, forward selection or
backward elimination were utilized to consider their association with cancer
incidence. The relationship between obesity and cancer risk was evaluated through
simple logistic regression and then a multiple logistic regression model was used to
determine the associations between obesity and cancer incidence (adjusted with
forward selection or backward elimination considering weekly physical activity;
smoking status; drinking frequency; medical history of stroke, heart diseases,
hypertension, diabetes mellitus, dyslipidemia, tuberculosis; positive family history of stroke,
heart diseases, hypertension, diabetes mellitus; diagnosis of candidiasis, extra-pulmonary

cryptococcus, cytomegalovirus (CMV), tuberculosis (TB), chronic ulcers due to herpes

simplex, recurrent pneumonia, pneumocystis carinii pneumonia (PCP), progressive
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multifocal leukoencephalopathy (PML), toxoplasma gondii, wasting syndrome due to HIV;
prescription of antiretroviral therapy (ART) within 3 months of the initial HIV
diagnosis). The interrelationship between obesity and each cancer type was
examined using multiple logistic regression. The criterion for statistical
significance was set as a two-sided p-value, with p<0.05 deemed statistically
significant. Statistical analyses were performed using SAS version 9.4 (SAS

Institute Inc., Cary, NC, USA).

2.4. Results

Of the 456 cases of incident cancer, 146 had AIDS-defining cancer, including
25 cases of Kaposi sarcoma, 4 cases of cervical cancer, and 117 of non-Hodgkin's
lymphoma. There were 310 cases of non-AlDS-defining cancer, including 32 cases
of colorectal cancer; 44 cases of liver, bile duct, and pancreatic cancer; 38 cases of
lung and tracheal cancer; 39 cases of stomach cancer; 28 cases of thyroid cancer;
21 cases of prostate cancer; 16 cases of anal cancer; and 92 cases of other specific

types of cancer.

Figure 2-2. Proportions of incident cancer types in adults with HIV in Korea.

g Non-Hodgkin's lymphoma (C82-C86, C96) NI 117 (25.7%)
:‘T" Kaposi sarcoma (C46)  INIININNINN 25 (5.5%)
é Malignant neoplasm of cervix uteri (C53) W 4 (0.9%)
Malignant neoplasm of liver, bile duct, and pancreas (C22-C25) I 44 (5.6%)
Malignant neoplasm of stomach (C16)  SIINNIININNININ 39 (28.6%)
Malignant neoplasm of lung and trachea (C33-C34)  JINNNINNINIIN 38 (8.3%)
él “g Malignant neoplasm of colorectum (C18-C20) NI 32 (7.0%)
zg E Malignant neoplasm of thyroid gland (C73) i 22 (6.1%)
Malignant neoplasm of prostate (CE1) I 21 (4.6%)
Malignant neoplasm of anus (C21) JIININ 16 (3.5%)
Others  [IIHNRAEEEEEEmy - 92 (20.2%)
] 20 40 80 80 100 120 140
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Table 2-2 presents the incident cases for cancer types which were categorized

as overall, AIDS-defining, and non-AlIDS-defining cancers. This present study’s

aim is to identify the risk factor depending on the categorized cancer type and sex

(male or female).

Table 2-2. Proportions of incident cancer types

in men and women with HIV in Korea

Cancer Type Overall Men Women
Overall cancer 456 (100) 397 (87.1) 59 (12.9)
AIDS-defining cancer 146 (100) 133 (91.1) 13 (8.9)
Kaposi sarcoma 25 (100) 25 (100) 0(0)
Cervical cancer 4 (100) 0(0) 4 (100)
Non-Hodgkin's lymphoma 117 (100) 108 (92.3) 9(7.7)
Non-AIDS-defining cancer 310 (100) 264 (85.2) 46 (14.8)
Malignant neoplasm of colorectum 32 (100) 29 (90.6) 3(9.4)
Malignant neoplasm of liver, bile duct, and 44 (100) 38 (86.4) 6 (13.6)
pancreas
Malignant neoplasm of lung and trachea 38 (100) 33 (86.8) 5(13.2)
Malignant neoplasm of stomach 39 (100) 33 (84.6) 6 (15.4)
Malignant neoplasm of thyroid gland 28 (100) 19 (67.9) 9(32.1)
Malignant neoplasm of prostate 21 (100) 21 (100) 0(0)
Malignant neoplasm of anus 16 (100) 16 (100) 0(0)
Others 92 (100) 75 (81.5) 17 (18.5)

Table 2-3. Baseline characteristics of incident cancer cases and matched controls in

a cohort of cancer-free adults with HIV (overall cancer: both men and women)

. Cancer incident cases Controls !
Characteristics N % N % P-value
Age at HIV diagnosis (Mean/SD) 50.3 (12.4) 49.7 (12.5) 0.3872
Age group
-29 21 4.6 87 4.8
30-39 73 16.0 330 18.2
40-49 126 27.6 476 26.2 0.8418
50-59 134 29.4 514 28.3
>60 102 22.4 407 22.5
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Characteristics Cancer incident cases Controls ! P-value

Sex
Men 397 87.1 1581 87.2
Women 59 12.9 233 12.8 0.9572
Body mass index (Mean/SD) 23.5(3.3) 23.3(3.0) 0.2362
Obesity status
Normal ar;d Overweight 317 69.5 1334 735
(<25 Kg/m?)
Obese 0.0847
(25 Kg/m?) 139 30.5 480 26.5
Physical activity per week
Never 157 344 519 28.6
1-6 days/week 181 39.7 817 45.0 0.0305
7 days/week 105 23.0 450 24.8 '
Missing 13 2.9 28 1.6
Smoking status
Never smoked 200 43.8 799 441
Former smokers 62 13.6 307 16.9 0.1957
Current smokers 185 40.6 684 37.7 ‘
Missing 9 2.0 24 1.3
Drinking frequency during the last year
Never 236 51.8 969 53.4
Less than 1 day per week 33 7.2 109 6.0
1-2 days per week 117 25.7 519 28.6 0.0258
3-4 days per week 33 7.2 139 1.7 '
5-7 days per week 28 6.1 57 3.1
Missing 9 2.0 21 1.2
Medical history 2
Stroke 4 0.9 21 1.2 0.6079
Heart diseases 9 2.0 39 2.2 0.8151
Hypertension 52 114 220 12.1 0.6703
Diabetes mellitus 38 8.3 135 7.4 0.5214
Dyslipidemia 11 2.4 40 2.2 0.7895
Tuberculosis 5 1.1 38 2.1 0.1621
Positive family history
Stroke 31 6.8 111 6.1 0.5924
Heart diseases 18 4.0 55 3.0 0.3219
Hypertension 53 11.6 226 125 0.6270
Diabetes mellitus 50 11.0 186 10.3 0.6564
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 18 4.0 43 24 0.0627
Extra-pulmonary cryptococcus 2 04 6 0.3 0.6653
Cytomegalovirus (CMV) 21 4.6 67 3.7 0.3673
Tuberculosis (TB) 66 145 247 13.6 0.6350
Chronic ulcers 15 3.3 41 23 0.2053
due to herpes simplex
Recurrent Pneumonia 81 17.8 257 14.2 0.0538
Pneumocystis carinii pneumonia
(PCP) 28 6.1 90 5.0 0.3107
Progressive multifocal
leukoencephalopathy (PML) 5 11 13 0.7 0.3831
Toxoplasma gondii 34 7.5 103 5.7 0.1541
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Characteristics Cancer incident cases Controls ! P-value
Wasting syndrome due to HIV 2 0.4 9 0.5 0.9999
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never 240 52.6 608 335
Incomplete 65 14.3 275 15.2 <.0001
Complete 3 151 331 931 51.3

1Controls were paired with cancer cases based on sex, year of birth (£2 years), year of HIV
diagnosis (2 years), and follow-up duration (defined as the number of days from the date
of HIV diagnosis to the date of cancer diagnosis, death, or December 31, 2020, whichever
occurred first). The follow-up duration for matched controls was set 1:4, to be equal to or
longer than that of each cancer incidence case.

2Defined as a diagnosis by medical professionals.
3 |If the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-4. The association of risk factors and cancer incidence in HIV-infected

people (overall cancer: both men and women)

Forward selection

Backward elimination

Variable - (20%) - (20%)
Crude Odds Adjusted Odds Adjusted Odds
Ratio P-value Ratio P-value Ratio P-value
Age at HIV Diagnosis ~ 1.00 (1.00-1.01) 0.3871  1.00(0.99-1.01) 0.7265 1.00(0.99-1.01) 0.5952
Obesity status
Normal and
Overweight Ref (1)
(<25 Kg/m2)
Obese
(25 Kg/m2) 1.22(0.97-1.53) 0.0850 1.18(0.94-1.49) 0.1625 1.21(0.95-1.52) 0.1178
Physical activity per week
Never Ref (1)
1-6 days/week 0.73(0.58-0.93) 0.0111 0.75(0.58-0.95) 0.0196 0.76 (0.59-0.97)  0.0295
7 days/week 0.77 (0.58-1.02) 0.0667 0.81(0.61-1.08) 0.1531 0.84 (0.63-1.13) 0.2514
Smoking status
Never smoked Ref (1)
Former smokers 0.81(0.59-1.10) 0.1801 0.82(0.59-1.13) 0.2213
Current smokers 1.08 (0.86-1.35)  0.4990 1.12(0.87-1.42)  0.3815
Drinking frequency during the last year
Never Ref (1)
Less ths\:‘eelkday PEr 4 24(0.82-1.88) 0.3036 119 (0.77-1.84)  0.4278
1-2 days per week 0.93(0.72-1.18) 0.5379 0.97 (0.75-1.26)  0.8197
3-4 days per week 0.98 (0.65-1.46) 0.9017 0.99 (0.65-1.51)  0.9559
5-7 days per week 2.02 (1.26-3.24)  0.0037 1.80 (1.10-2.94)  0.0204
Medical history *
Stroke 0.76 (0.26-2.21)  0.6093
Heart diseases 0.92(0.44-1.91) 0.8151
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Hypertension 0.93(0.68-1.29) 0.6703
Diabetes mellitus 1.13(0.78-1.65) 0.5216
Dyslipidemia 1.10 (0.56-2.15)  0.7896
Tuberculosis 0.52 (0.20-1.32)  0.1695
Positive family history

Stroke 1.12 (0.74-1.69)  0.5925

Heart diseases 1.31(0.76-2.26)  0.3231
Hypertension 0.92 (0.67-1.27) 0.6271
Diabetes mellitus 0.18 (0.77-1.50)  0.6565

Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis

Candidiasis 1.69 (0.97-2.96) 0.0655 1.83(1.02-3.28) 0.0413 1.85(1.03-3.32)  0.0400
Extra-pulmonary 4 45 6 57.6.60)  0.7290
cryptococcus
Cytomegalovirus )
(CMV) 1.26 (0.76-2.08)  0.3681
Tuberculosis (TB) 1.07 (0.80-1.44) 0.6351
Chronic ulcers 147 (0.81-268) 02074 150(0.85-2.99) 0.1467 163 (0.86-3.07) 0.1327
due to herpes simplex
Recurrent Pneumonia 1,31 (1.00-1.72) 0.0543  1.48(1.11-1.98) 0.0085 1.50(1.12-2.00) 0.0070
Pneumocystis carinii
oneumonia (PCP) 1.25(0.81-1.94)  0.3115
Progressive multifocal
leukoencephalopathy ~ 1.54 (0.55-4.33)  0.4164  2.21(0.77-6.34) 0.1391  2.20(0.76-6.37)  0.1468
(PML)
Toxoplasma gondii 1.34(0.90-2.00) 0.1552  1.50(0.98-2.29) 0.0631 1.50(0.98-2.31) 0.0639
Wasting syndrome due )
t0 HIV 0.88(0.19-4.10) 0.8744
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never Ref (1)
Incomplete 2 0.60(0.44-0.82) 0.0011 0.55(0.40-0.75) 0.0002 0.54 (0.40-0.75)  0.0002
Complete 2 0.41(0.33-0.52) <.0001 0.38(0.30-0.48) <.0001 0.39(0.30-0.49) <.0001

1Defined as a diagnosis by medical professionals.

2 |f the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-3 presents the baseline characteristics of adults with HIV (overall
cancer incident cases and matched controls for both men and women) who were
included in this study. Of the 456 participants with incident cancer, 397 were men
(87.1%) and 59 were women (12.9%). The proportions of participants in their 50s,
40s, and over 60s were 29.4%, 27.6%, and 22.4% respectively. Compared to

matched controls, incident cancer was detected in a higher proportion of
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individuals who were living with obesity (not significant), never engaged in
physical activity or consumed alcohol 5-7 days per week. In contrast, the frequency
of antiretroviral therapy (ART) prescription within 3 months of the initial HIV
diagnosis was lower among the group with incident cancer as compared to the
matched controls. With regard to the diagnosis of AIDS-defining diseases within 3
months of the initial HIV diagnosis, the proportions of candidiasis infection and
recurrent pneumonia were higher in the group with incident cancer than in matched
controls, with borderline significance (p = 0.0627 and 0.0538, respectively).

The results of multiple logistic regression analysis of the association between
obesity and cancer are listed in Table 2-4 (overall cancer incident cases and
matched controls for both men and women), which indicates the relationship
between obesity and cancer in terms of the odds ratio (OR) after adjusting for
covariates. The adjusted OR of overall cancer linked with obesity was 1.21 (95%
Cl: 0.95-1.52, P=0.1178, backward elimination) compared with adults with HIV
without obesity. Furthermore, alcohol consumption for 5-7 days/week (reference
group: non-drinkers) and diagnosis of an AIDS-defining disease (candidiasis and
recurrent pneumonia) were associated with increased risk of overall cancer
incidence. Conversely, physical activity for 1-6 days/week (reference group: no
activity at all) and high compliance with HIV treatment 3 months after HIV
diagnosis were related to a decreased risk of overall cancer incidence.

The results of forward selection and backward elimination were almost
identical; however, the alcohol consumption frequency variable was not included

in the forwarding selection.



Table 2-5. Baseline characteristics of incident cancer cases and matched controls in

a cohort of cancer-free adults with HIV (overall cancer: men)

- Cancer incident cases Controls!
Characteristics N % N % P-value
Age at HIV diagnosis (Mean/SD) 49.9 (12.4) 49.3 (12.5) 0.3620
Age group
-29 18 4.5 76 4.8
30-39 67 16.9 305 19.3
40-49 113 28.5 424 26.8 0.7758
50-59 117 29.5 438 27.7
>60 82 20.7 338 214
Body mass index (Mean/SD) 23.3(3.1) 23.4 (3.0 0.9801
Obesity status
Normal ar;d Overweight 284 715 1159 73.3
(<25 Kg/m?)
Obese 0.4775
(>25 Kg/m?) 113 285 422 26.7
Physical activity per week
Never 134 33.8 440 27.8
1-6 days/week 161 40.6 715 45.2 0.0476
7 days/week 91 22.9 399 25.2 '
Missing 11 2.8 27 1.7
Smoking status
Never smoked 148 37.3 583 36.9
Former smokers 62 15.6 301 19.0 0.2790
Current smokers 180 453 675 42.7 '
Missing 7 1.8 22 14
Drinking frequency during the last year
Never 194 48.9 779 49.3
Less than 1 day per week 33 8.3 104 6.6
1-2 days per week 109 27.5 489 30.9 0.0603
3-4 days per week 29 7.3 133 8.4 '
5-7 days per week 25 6.3 56 3.5
Missing 7 1.8 20 1.3
Medical history?
Stroke 3 0.8 19 1.2 0.5972
Heart diseases 5 1.3 31 2.0 0.3500
Hypertension 44 111 184 11.6 0.7568
Diabetes mellitus 34 8.6 116 7.3 0.4090
Dyslipidemia 9 2.3 31 2.0 0.6984
Tuberculosis 4 1.0 35 2.2 0.1222
Positive family history
Stroke 24 6.0 102 6.5 0.7670
Heart diseases 16 4.0 50 3.2 0.3894
Hypertension 46 11.6 194 12.3 0.7091
Diabetes mellitus 41 10.3 162 10.2 0.9622
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 16 4.0 38 24 0.0754
Extra-pulmonary cryptococcus 2 0.5 6 0.4 0.6651
Cytomegalovirus (CMV) 19 4.8 64 4.0 0.5121
Tuberculosis (TB) 60 15.1 230 14.5 0.7758
Chronic ulcers 15 3.8 37 2.3
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Characteristics Cancer incident cases Controls* P-value
due to herpes simplex
Recurrent Pneumonia 74 18.6 235 14.9 0.0639
Pneumocystis carinii pneumonia
(PCP) 24 6.0 87 5.5 0.6746
Progressive multifocal
leukoencephalopathy (PML) S 13 12 08 0.3593
Toxoplasma gondii 30 7.6 97 6.1 0.3016
Wasting syndrome due to HIV 2 0.5 9 0.6 1.0000
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never 200 50.4 492 31.1
Incomplete® 60 151 251 15.9 <.0001
Complete® 137 345 838 53.0

1Controls were paired with cancer cases based on sex, year of birth (£2 years), year of HIV
diagnosis (2 years), and follow-up duration (defined as the number of days from the date
of HIV diagnosis to the date of cancer diagnosis, death, or December 31, 2020, whichever
occurred first). The follow-up duration for matched controls was set 1:4, to be equal to or
longer than that of each cancer incidence case.

2Defined as a diagnosis by medical professionals.
3 |If the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-6. The association of risk factors and cancer incidence in HIV-infected

people (overall cancer: men)

) Forward selection Backward elimination
. 20% 20%
Variable Crude Odds .~ Adjusted (gdds : ovalue  Adiusted (gdds : oval
Ratio -valde Ratio ~value Ratio ~value
gge atHIVv 1.00(1.00-1.01) 03619 1.00(0.99-101) 0.4648  1.00(0.99-1.01)  0.4648
iagnosis
Obesity status
Normal and
Overweight (<25 Ref (1)
Kg/m2)
Obese 1.09 (0.86-1.40) 0.4775 1.07(0.83-1.37) 06215  107(0.83-1.37)  0.6215
(=25 Kg/m2) ) ) ) ' ' ) ) ' '
Physical activity per week
Never Ref (1)
1-6 days/week 0.74 (0.57-0.96) 0.0219 0.76 (0.58-1.00) 0.0458  0.76 (0.58-1.00)  0.0458
7 days/week 0.75(0.56-1.01) 0.0578 0.79 (0.58-1.08) 0.1333 0.79 (0.58-1.08) 0.1333
Smoking status
Never smoked Ref (1) -
Former smokers 0.81 (0.59-1.13) 0.2111
Current smokers 1.05(0.82-1.34)  0.6927
Drinking frequency during the last year
Never Ref (1)
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Less than 1 day per

1.27 (0.84-1.94)  0.2605
week
1-2 days per week 0.90 (0.69-1.16)  0.4041
3-4 days per week 0.88 (0.57-1.35)  0.5459
5-7 days per week 1.79(1.09-2.95)  0.0213
Medical history 1
Stroke 0.63(0.19-2.13)  0.4538
Heart diseases 0.64 (0.25-1.65)  0.3550
Hypertension 0.95 (0.67-1.34)  0.7569
Diabetes mellitus 1.18 (0.79-1.76)  0.4094
Dyslipidemia 1.16 (0.55-2.46)  0.6986
Tuberculosis 0.45 (0.16-1.27)  0.1321  0.45(0.16-1.29) 0.1382 0.45 (0.16-1.29) 0.1382
Positive family history
Stroke 0.93(0.59-1.48)  0.7670
Heart diseases 1.29(0.72-2.28)  0.3904
Hypertension 0.94 (0.67-1.32)  0.7091
Diabetes mellitus 1.01 (0.70-1.45)  0.9621
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 1.71(0.94-3.09) 0.0786 1.72(0.92-3.20) 0.0888  1.72(0.92-3.20)  0.0888
Extra-pulmonary 4 55 57661y 0.7280
cryptococcus
Cytomegalovirus
y (CI\%IV) 119 (0.71-201)  0.5126
Tuberculosis (TB) 1.05(0.77-1.42)  0.7737
Chronic ulcers
due to herpes 1.64 (0.89-3.02) 0.1120  1.91(1.00-3.62)  0.0484  1.91(1.00-362)  0.0484
simplex
PRe"””e“.t 1.31(0.98-1.75)  0.0645 153 (1.13-2.08)  0.0067 153 (1.13-2.08)  0.0067
neumonia
Pneumocystis carinii
pneumo)r/ﬂa pcpy L1 (0.69-1.76)  0.6747 0.42(0.13-1.31)  0.1388  0.42(0.13-1.31)  0.1388
Progressive
| multifocal 167(0.59-4.77) 03382 2.49(0.86-7.26)  0.094 249 (0.86-7.26)  0.094
eukoencephalopathy
(PML)
Toxoplasma gondii 1.25(0.82-1.91) 0.3024 2.91(1.02-8.33) 0.0466  2.91(1.02-8.33)  0.0466
Wasting syndrome
duegtoyHIV 0.88(0.19-4.11)  0.8754
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never Ref (1)
Incomplete 2 0.59(0.42-0.82) 0.0014 0.53(0.38-0.74)  0.0002  0.53(0.38-0.74)  0.0002
Complete 2 0.40 (0.32-0.51) <.0001 0.36 (0.29-0.47) <0.0001 0.36(0.29-0.47)  <0.0001

1Defined as a diagnosis by medical professionals.

2 |f the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis

was 60 days or more, it was considered complete.
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Table 2-5 presents the baseline characteristics of people with HIV (overall
cancer incident cases and matched controls for males) who were included in this
study. The proportions of 397 participants in their 40s, 50s, and over 60s were
28.5%, 29.5%, and 20.7% respectively. Compared with matched controls, cancer
was detected in a higher proportion of individuals who were obese (not significant),
consumed alcohol 5-7 days/week, or never engaged in physical activity. In contrast,
the frequency of ART prescription within 3 months of the initial HIV diagnosis
was lower among the cancer group than among the matched controls. Regarding
the diagnosis of AIDS-defining diseases within 3 months of the initial HIV
diagnosis, the proportions of candidiasis and recurrent pneumonia were higher in
the cancer group than in the matched controls, with borderline significance
(P=0.0754 and P=0.0639, respectively).

The results of the multiple logistic regression analysis of the association
between obesity and cancer are listed in Table 2-6 (overall cancer incident cases
and matched controls for men), which indicates the relationship between obesity
and cancer in terms of the OR after adjusting for covariates. The adjusted OR of
overall cancer linked with obesity was 1.07 (95% CI: 0.83-1.37, P =0.6215)
compared with non-obese men with HIV. Furthermore, a diagnosis of an AIDS-
defining disease (chronic ulcers due to herpes simplex, recurrent pneumonia, and
toxoplasmosis) was associated with increased risk of overall cancer incidence for
men. Conversely, physical activity 1-6 days/week (reference group: no activity at
all) and high compliance with HIV treatment within 3 months after HIV diagnosis
were related to decreased risk of overall cancer incidence for men. The results of

forward selection and backward elimination were identical.



Table 2-7. Baseline characteristics of incident cancer cases and matched controls in

a cohort of cancer-free adults with HIV (overall cancer: women)

- Cancer incident cases Controls *
Characteristics N % N % P-value
Age at HIV diagnosis (Mean/SD) 52.7 (12.4) 52.7 (12.4) 0.9738
Age group
-29 3 5.1 11
30-39 6 10.2 25
40-49 13 22.0 52 0.9709
50-59 17 28.8 76
>60 20 33.9 69
Body mass index (Mean/SD) 24.4 (4.2) 22.8 (3.2) 0.0080
Obesity status
Normal ar;d Overweight 33 559 175 751
(<25 Kg/m?)
Obese 0.0037
(>25 Kg/m?) 26 44.1 58 24.9
Physical activity per week
Never 23 39.0 79 33.9
1-6 days/week 20 33.9 102 43.8 0.4714
7 days/week 14 23.7 51 21.9 '
Missing 2 3.4 1 0.4
Smoking status
Never smoked 52 88.1 216 92.7
Former smokers 0 0.0 6 2.6
Current smokers 5 8.5 9 3.9 0.1540
Missing 2 3.4 2 0.9
Drinking frequency during the last year
Never 42 71.2 190 81.5
Less than 1 day per week 0 0.0 5 2.1
1-2 days per week 8 13.6 30 12.9 00176
3-4 days per week 4 6.8 6 2.6 '
5-7 days per week 3 5.1 1 04
Missing 2 3.4 1 0.4
Medical history 2
Stroke 1 1.7 2 0.9 0.4933
Heart diseases 4 6.8 8 34 0.2700
Hypertension 8 13.6 36 155 0.7168
Diabetes mellitus 4 6.8 19 8.2 1.0000
Dyslipidemia 2 3.4 9 3.9 1.0000
Tuberculosis 1 1.7 3 1.3 1.0000
Positive family history
Stroke 7 11.9 9 3.9 0.0245
Heart diseases 2 34 5 2.1 0.6321
Hypertension 7 11.9 32 13.7 0.7061
Diabetes mellitus 9 15.3 24 10.3 0.2830
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 2 34 5 2.1 0.6321
Extra-pulmonary cryptococcus 0 0.0 0 0.0 -
Cytomegalovirus (CMV) 2 34 3 1.3 0.2662
Tuberculosis (TB) 6 10.2 17 7.3 0.4279
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Characteristics Cancer incident cases Controls * P-value
Chronic ulcers 0 0.0 4 17 0.5862
due to herpes simplex
Recurrent Pneumonia 7 11.9 22 94 0.5784
Pneumocystis carinii pneumonia
(PCP) 4 6.8 3 1.3 0.0327
Progressive multifocal
leukoencephalopathy (PML) 0 0.0 1 0.4 1.0000
Toxoplasma gondii 4 6.8 6 2.6 0.1208
Wasting syndrome due to HIV 0 0.0 0 0.0 -
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never 40 67.8 116 49.8
Incomplete 3 5 8.5 24 10.3 0.0411
Complete 2 14 23.7 93 39.9

1Controls were paired with cancer cases based on sex, year of birth (x2 years), year of HIV
diagnosis (2 years), and follow-up duration (defined as the number of days from the date
of HIV diagnosis to the date of cancer diagnosis, death, or December 31, 2020, whichever
occurred first). The follow-up duration for matched controls was set 1:4, to be equal to or
longer than that of each cancer incidence case.

2Defined as a diagnosis by medical professionals.

3 If the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-8. The association of risk factors and cancer incidence in HIV-infected

people (overall cancer: women)

Forward selection

Backward elimination

Variable - (20%) : (20%)

Crude Odds Ratio  P-value AdJqu;;aSOOdds P-value AdjugngOdds P-value
g?;g?]to:;v 1.00 (0.98-1.02)  0.9737 1.00(0.97-1.02) 0.7604 1.00 (0.97-1.02)  0.8213
Obesity status

Normal and
Overweight (<25 Ref (1)
Kg/m2)
Obese
(>25 Kg/m2) 2.38(1.31-4.30) 0.0042 2.17(1.13-4.18) 0.0197 2.27(1.19-4.33)  0.0132
Physical activity per week
Never Ref (1)
1-6 days/week 0.67 (0.35-1.31)  0.2457
7 days/week 0.94 (0.45-2.00)  0.8782
Smoking status
Never smoked Ref (1)
Former smokers -
Current smokers 2.31(0.74-7.18)  0.1485

Drinking frequency during the last year
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Never Ref (1)

Less than 1 day per
week

1-2 days perweek  1.21(0.52-2.82)  0.6648 1.28(0.52-3.17)  0.5888 1.24 (0.50-3.05)  0.6409
3-4daysperweek 59 (082.11.16)  0.0982 3'2123(%7' 01098  3.13(0.75-13.02)  0.1168
5-7days perweek  1357(138.133.71)  0.0255 10'1%%(85)’9' 0.0509  9.97 (0.96-104.00)  0.0546
Medical history *
Stroke 1.99(0.18-22.34)  0.5766
Heart diseases 2.05(0.59-7.04)  0.2564
Hypertension 0.86 (0.38-1.96) 0.717
Diabetes mellitus 0.82(0.27-2.51)  0.7266
Dyslipidemia 0.87(0.18-4.15)  0.8648
Tuberculosis 1.32(0.14-12.94)  0.8105
Positive family history
Stroke 3.35(1.19-9.41)  0.0218 3.03(0.95-9.67)  0.0611 2.98(0.94-9.49)  0.0644
Heart diseases 1.60 (0.30-8.46)  0.5795
Hypertension 0.85(0.35-2.02)  0.7064
Diabetes mellitus 1.57 (0.69-3.58)  0.2856
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 1.60 (0.30-8.46)  0.5795
Extra-pulmonary
cryptococcus
Cyto?(‘fl\g,la\';;""us 260 (0.44-1648) 02846 345(048-2453)  0.2169
Tuberculosis (TB)  1.44 (0.54-3.83)  0.4660
Chronic ulcers
due to herpes
simplex
Recurrent
Pneumonia 1.29 (0.52-3.19)  0.5791
Pneumocystis
carinii pneumonia  5.57 (1.21-25.63)  0.0273  7.54(1.38-41.02)  0.0195 7.29(1.35-39.5)  0.0213
(PCP)
Progressive
multifocal
leukoencephalopat
hy (PML)
Toxoplasma gondii 2,75 (0.75-10.09)  0.1267
Wasting syndrome
due to HIV
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never Ref (1)
Incomplete = 0.60 (0.22-1.69)  0.3368 0.52(0.16-1.62)  0.2555 0.51(0.16-1.60)  0.2486
Complete 2 0.44 (0.22-0.85)  0.0149 0.44(0.21-0.92)  0.0287 0.46 (0.22-0.95)  0.0362
1Defined as a diagnosis by medical professionals.
2 |f the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
-'f.l] —
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prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-7 presents the baseline characteristics of people with HIV (overall
cancer incident cases and matched controls for women) who were included in this
study. The proportions of 59 participants in their 40s, 50s, and over 60s were
22.0%, 28.8%, and 33.9% respectively. Compared to matched controls, cancer was
detected in a higher proportion of obese individuals who consumed alcohol 5-7
days/week. In contrast, the frequency of ART prescription within 3 months of the
initial HIV diagnosis was lower among the cancer group than among the matched
controls. Regarding the diagnosis of AIDS-defining diseases within 3 months of
the initial HIV diagnosis, the proportion of PCP was higher in the cancer group
than that in the matched controls. Moreover, the proportion of family history of
stroke was higher in the cancer group than that in the matched controls.

The results of the multiple logistic regression analysis of the association
between obesity and cancer are listed in Table 2-8 (overall cancer incident cases
and matched controls for women), which indicates the relationship between obesity
and cancer in terms of OR after adjusting for covariates. The adjusted OR of
overall cancer linked with obesity for women was 2.27 (95% CI: 1.19-4.33,
P=0.0132, backward elimination) compared with non-obese women with HIV.
Furthermore, diagnosis of an AIDS-defining disease (PCP) was associated with
increased risk of overall cancer incidence for women. Conversely, high compliance
with HIV treatment within 3 months after HIV diagnosis was related to decreased
risk of overall cancer incidence for women. The results of forward selection and
backward elimination were almost identical to each other; diagnosis of

cytomegalovirus (CMV) infection, an AIDS-defining disease, within 3 months of
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HIV diagnosis was not included in the backward elimination.

Table 2-9. Baseline characteristics of incident cancer cases and matched controls in

a cohort of cancer-free adults with HIV (AIDS-defining cancer: both men and

women)

- Cancer incident cases Controls *
Characteristics N % N % P-value
Age at HIV diagnosis (Mean/SD) 46.5 (12.1) 46.0 (12.2) 0.6843
Age group
-29 9 6.2 39 6.7
30-39 34 23.3 161 27.6
40-49 50 34.2 170 29.2 0.7387
50-59 31 21.2 130 22.3
>60 22 15.1 83 14.2
Sex
Men 133 91.1 532 91.3
Women 13 8.9 51 8.7 0.9524
Body mass index (Mean/SD) 23.1(3.2) 23.4 (3.3 0.4053
Obesity status
Normal ar;d Overweight 110 753 414 71.0
(<25 Kg/m?)
Obese 0.2980
(=25 Kg/m?) 36 24.7 169 29.0
Physical activity per week
Never 39 26.7 151 25.9
1-6 days/week 64 43.8 272 46.7 0.9189
7 days/week 37 25.3 151 25.9 '
Missing 6 4.1 9 15
Smoking status
Never smoked 66 45.2 225 38.6
Former smokers 21 144 97 16.6 0.2950
Current smokers 56 38.4 255 43.7 '
Missing 3 2.1 6 1.0
Drinking frequency during the last year
Never 79 54.1 285 48.9
Less than 1 day per week 8 55 46 7.9
1-2 days per week 42 28.8 194 33.3 0.6249
3-4 days per week 12 8.2 40 6.9 '
5-7 days per week 3 2.1 13 2.2
Missing 2 1.4 5 0.9
Medical history 2
Stroke 1 0.7 4 0.7 1.0000
Heart diseases 2 1.4 5 0.9 0.6321
Hypertension 7 4.8 62 10.6 0.0311
Diabetes mellitus 10 6.8 35 6.0 0.7041
Dyslipidemia 1 0.7 16 2.7 0.2185
Tuberculosis 2 1.4 8 1.4 1.0000
Positive family history
Stroke 8 55 31 5.3 0.9379
Heart diseases 5 34 20 3.4 0.9972
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Characteristics Cancer incident cases Controls ! P-value

Hypertension 17 11.6 82 14.1 0.4450

Diabetes mellitus 14 9.6 64 11.0 0.6274
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis

Candidiasis 8 55 16 2.7 0.1170

Extra-pulmonary cryptococcus 0 0.0 2 0.3 1.0000

Cytomegalovirus (CMV) 12 8.2 34 5.8 0.2887

Tuberculosis (TB) 29 19.9 78 13.4 0.0477

Chronic ulcers

. 5 3.4 15 2.6 0.5723
due to herpes simplex
Recurrent Pneumonia 29 19.9 97 16.6 0.3567
Pneumocystis carinii pneumonia
(PCP) 14 9.6 29 5.0 0.0343
Progressive multifocal
leukoencephalopathy (PML) 1 0.7 2 0.3 0.4891
Toxoplasma gondii 16 11.0 34 5.8 0.0284
Wasting syndrome due to HIV 1 0.7 3 0.5 1.0000
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never 97 66.4 198 34.0
Incomplete® 17 11.6 87 14.9 <.0001
Complete® 32 21.9 298 51.1

1Controls were paired with cancer cases based on sex, year of birth (+2 years), year of HIV
diagnosis (2 years), and follow-up duration (defined as the number of days from the date
of HIV diagnosis to the date of cancer diagnosis, death, or December 31, 2020, whichever
occurred first). The follow-up duration for matched controls was set 1:4, to be equal to or
longer than that of each cancer incidence case.

2Defined as a diagnosis by medical professionals.

3 If the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-10. The association of risk factors and cancer incidence in HIV-infected

people (AIDS-defining cancer: both men and women)

i Forward selection Backward elimination
. (20%) (20%)
Variable Crude Odds Adjusted Odds Adjusted Odds
) P-value . P-value - P-value
Ratio Ratio Ratio

Age at HIV Diagnosis ~ 1.00 (0.99-1.02) 0.6839 1.01(0.99-1.02) 0.4569 1.01(0.99-1.02) 0.4569

Obesity status

Normal and Overweight

(<25 Kg/m?2) Ref (1)
Obese
(>25 Kg/m2) 0.80 (0.53-1.22) 0.2986  0.83(0.53-1.29) 0.4096 0.83(0.53-1.29)  0.4096
Physical activity per week
Never Ref (1)
1-6 days/week 0.91 (0.58-1.42) 0.6815
7 days/week 0.95(0.57-1.57) 0.8375

Smoking status

3 ey ] 1
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Never smoked Ref (1) -
Former smokers 0.74 (0.43-1.27) 0.2753
Current smokers 0.75(0.50-1.12)  0.1547
Drinking frequency during the last year
Never Ref (1)
Lessthan 1day per 630 29.1.38)  0.2486
week
1-2 days per week 0.78 (0.52-1.18)  0.2447
3-4 days per week 1.08 (0.54-2.16) 0.8226
5-7 days per week 0.83(0.23-2.99) 0.7789
Medical history 1
Stroke 1.00 (0.11-9.01)  1.0000
Heart diseases 1.61(0.31-8.36) 0.5731
Hypertension 0.42 (0.19-0.95)  0.0360
Diabetes mellitus 1.15 (0.56-2.38)  0.7043
Dyslipidemia 0.24 (0.03-1.86) 0.1734
Tuberculosis 1.00 (0.21-4.75)  0.9983
Positive family history
Stroke 1.03(0.46-2.30) 0.9374
Heart diseases 1.00 (0.37-2.71)  0.9972
Hypertension 0.81(0.46-1.41) 0.4458 0.40(0.17-0.93) 0.0336 0.40(0.17-0.93) 0.0336
Diabetes mellitus 0.86 (0.47-1.58)  0.6277
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 2.05(0.86-4.90) 0.1044 2.30(0.90-5.83) 0.0889 2.30(0.90-5.83) 0.0889
Extra-pulmonary ) )
cryptococcus
Cytomegalovirus
y (CI\QAV) 1.45(0.73-2.87)  0.2907
Tuberculosis (TB) 1.61(1.00-2.57) 0.0492 156(0.84-2.91) 0.1611 1.56(0.84-2.91) 0.1611
Chronic ulcers 1.34(0.48-3.76) 05742
due to herpes simplex
Recurrent Pneumonia  1.24 (0.78-1.97)  0.3573
Pneumocystis carinii
pneumo{ﬂa (pCp)  203(1.04-394) 00376
Progressive multifocal
leukoencephalopathy ~ 2.00 (0.18-22.25)  0.5716
(PML)
Toxoplasma gondii 1.99(1.07-3.71) 0.0310 1.87(0.83-4.24) 0.1320 1.87(0.83-4.24) 0.1320
Wasting syndrome due
gtoyHIV 1.33(0.14-12.91)  0.8038
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never Ref (1)
Incomplete 2 0.40 (0.23-0.71) 0.0017 0.32(0.18-0.58) 0.0002 0.32 (0.18-0.58)  0.0002
Complete 2 0.22 (0.14-0.34) <.0001  0.20(0.13-0.31) <0.0001 0.20 (0.13-0.31) <0.0001

1Defined as a diagnosis by medical professionals.
2 |f the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.
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Table 2-9 presents the baseline characteristics of people with HIV (AIDS-
defining cancer incident cases and matched controls for both men and women) who
were included in this study. Among the 146 participants with cancer, 133 were men
(91.1%) and 13 were women (8.9%). The proportions of participants in their 30s,
40s, and 50s were 23.3%, 34.2%, and 21.2% respectively. Cancer was detected in a
lower proportion of individuals with obesity than in the matched controls (not
significant). The non-significant association between obesity and AlIDS-defining
cancer may be attributed to improved immunity or less severe AIDS progression in
people with HIV. Higher proportion of past medical history of hypertension in
matched controls than that in the AIDS-defining cancer group may be related to the
obesity proportion because both obesity and hypertension are part of metabolic
syndrome. The lack of statistical significance might be attributable to the small
number of incident cases. Furthermore, the frequency of antiretroviral therapy
(ART) prescription within 3 months of the initial HIV diagnosis was lower among
the AIDS-defining cancer incident cases than that among the matched controls.
Regarding the diagnosis of AIDS-defining diseases within 3 months of the initial
HIV diagnosis, the proportions of tuberculosis (TB), PCP, and toxoplasmosis were
higher in the AIDS-defining cancer incident cases than in the matched controls.

The results of the multiple logistic regression analysis of the association
between obesity and cancer are listed in Table 2-10 (AIDS-defining cancer incident
cases and matched controls for both men and women), which indicates the
relationship between obesity and cancer in terms of OR after adjusting for
covariates. The adjusted OR of AIDS-defining cancer with obesity was 0.83 (95%
Cl: 0.53-1.29, P=0.4096). Furthermore, a past medical history of hypertension and

high compliance with HIV treatment within 3 months after HIV diagnosis were
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associated with a decreased risk of AIDS-defining cancer incidence. Conversely, a

diagnosis of an AIDS-defining disease (candidiasis) was associated with an

increased risk of AIDS-defining cancer incidence. The results of forward selection

and backward elimination were identical.

Table 2-11. Baseline characteristics of incident cancer cases and matched controls

in a cohort of cancer-free adults with HIV (AIDS-defining cancer: men)

L Cancer incident cases Controls !
Characteristics N % N % P-value
Age at HIV diagnosis (Mean/SD) 46.0 (11.8) 455 (11.9) 0.6685
Age group
-29 7 5.3 32 6.0
30-39 33 24.8 156 29.3
40-49 48 36.1 165 31.0 0.7820
50-59 28 21.1 109 20.5
>60 17 12.8 70 13.2
Body mass index (Mean/SD) 23.2 (3.2) 23.5(3.3) 0.3512
Obesity status
(':'ggraag'/r?]’};j Overweight 99 74.4 372 69.9
Obese 0.3060
(=25 Kg/m?) 34 25.6 160 30.1
Physical activity per week
Never 34 25.6 132 24.8
1-6 days/week 58 43.6 256 48.1 0.8023
7 days/week 35 26.3 135 25.4 '
Missing 6 4.5 9 1.7
Smoking status
Never smoked 54 40.6 176 33.1
Former smokers 21 15.8 96 18.0 02244
Current smokers 55 414 254 47.7 '
Missing 3 2.3 6 1.1
Drinking frequency during the last year
Never 69 51.9 245 46.1
Less than 1 day per week 8 6.0 43 8.1
1-2 days per week 41 30.8 186 35.0 0.7523
3-4 days per week 10 7.5 40 75 '
5-7 days per week 3 2.3 13 2.4
Missing 2 15 5 0.9
Medical history 2
Stroke 0 0.0 3 0.6 1.0000
Heart diseases 1 0.8 3 0.6 1.0000
Hypertension 7 5.3 51 9.6 0.1140
Diabetes mellitus 10 7.5 31 5.8 0.4681
Dyslipidemia 1 0.8 14 2.6 0.3258
Tuberculosis 1 0.8 7 1.3 1.0000
Positive family history
5 2 .-':l'\._-i "' = I £ |_



Characteristics Cancer incident cases Controls ! P-value
Stroke 6 4.5 30 5.6 0.6072
Heart diseases 4 3.0 20 3.8 0.8003
Hypertension 16 12.0 77 145 0.4674
Diabetes mellitus 12 9.0 61 115 0.4201
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 7 5.3 14 2.6 0.1599
Extra-pulmonary cryptococcus 0 0.0 2 0.4 1.0000
Cytomegalovirus (CMV) 12 9.0 34 6.4 0.2847
Tuberculosis (TB) 26 19.5 75 14.1 0.1172
Chronic ulcers 5 38 14 26 0.5583
due to herpes simplex
Recurrent Pneumonia 26 195 94 17.7 0.6141
Pneumocystis carinii pneumonia
(PCP) 11 8.3 29 5.5 0.2212
Progressive multifocal
leukoencephalopathy (PML) 1 08 2 0.4 0.4886
Toxoplasma gondii 13 9.8 34 6.4 0.1733
Wasting syndrome due to HIV 1 0.8 3 0.6 1.0000
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis

Never 88 66.2 169 31.8
Incomplete 3 15 11.3 81 15.2 <.0001

Complete 2 30 22.6 282 53.0

1Controls were paired with cancer cases based on sex, year of birth (x2 years), year of HIV
diagnosis (2 years), and follow-up duration (defined as the number of days from the date
of HIV diagnosis to the date of cancer diagnosis, death, or December 31, 2020, whichever
occurred first). The follow-up duration for matched controls was set 1:4, to be equal to or
longer than that of each cancer incidence case.

2Defined as a diagnosis by medical professionals.
3 If the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-12. The association of risk factors and cancer incidence in HIV-infected

people (AIDS-defining cancer: men)

Forward selection

Backward elimination

Variable . (20%) : (20%)
Crude Odds pvalue Adjusted Odds P-value Adjusted Odds P-value
Ratio Ratio Ratio
Age at HIV Diagnosis ~ 1.00 (0.99-1.02) 0.6679 1.00(0.98-1.02) 0.8280  1.00(0.98-1.02)  0.8280
Obesity status
Normal and
Overweight (<25 Ref (1)
Kg/m2)
Obese
(>25 Kg/m2) 0.80(0.52-1.23) 0.3066 0.80(0.50-1.27) 0.3396  0.80(0.50-1.27)  0.3396
Physical activity per week
Never Ref (1)
1-6 days/week 0.88 (0.55-1.41)  0.5947
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7 days/week 1.01(0.59-1.71) 0.9808
Smoking status
Never smoked Ref (1)
Former smokers 0.71(0.41-1.25) 0.2381
Current smokers 0.71 (0.46-1.08) 0.1054
Drinking frequency during the last year
Never Ref (1)
Lessthan 1dayper 66 03.047) 03103
week
1-2 days per week 0.78 (0.51-1.2)  0.2651
3-4 days per week 0.89 (0.42-1.87) 0.7532
5-7 days per week 0.82 (0.23-2.96) 0.7610
Medical history 1
Stroke - -
Heart diseases 1.34 (0.14-12.95)  0.8026
Hypertension 0.52 (0.23-1.18) 0.1196
Diabetes mellitus 1.31(0.63-2.75)  0.4692
Dyslipidemia 0.28 (0.04-2.15)  0.2215
Tuberculosis 0.57 (0.07-4.66)  0.5985
Positive family history
Stroke 0.79 (0.32-1.94)  0.6080
Heart diseases 0.79 (0.27-2.36)  0.6783
Hypertension 0.81 (0.45-1.44) 0.4681
Diabetes mellitus 0.77 (0.40-1.47) 0.4214 1.90(0.82-4.37) 0.1331 1.90(0.82-4.37) 0.1331
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 2.06 (0.81-5.20) 0.1280 2.60 (0.96-6.99) 0.0591  2.60 (0.96-6.99)  0.0591
Extra-pulmonary ) )
cryptococcus
Cyto?}f&é{'};‘”ms 1.45(0.73-2.89)  0.2867
Tuberculosis (TB) 148 (0.90-2.43) 0.1186 1.63(0.94-2.83) 0.0836  1.63(0.94-2.83)  0.0836
e 10 Toree e 145 (0.51-4.09)  0.4869
Recurrent Pneumonia 1 13 (0.70-1.84) 0.6143 1.55(0.90-2.66) 0.1137 1.55(0.90-2.66)  0.1137
o oam! 157(0.76-3.22)  0.2239
Progressive multifocal
leu oentl:jel\p/)lrllalopathy 2.01(0.18-22.31)  0.5705
Toxoplasma gondii 159 (0.81-3.10) 0.1765
Was“”gtgyﬂ?\r/ome due 34 (0.14-12.95)  0.8026
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never Ref (1)
Incomplete 2 0.40 (0.23-0.71) 0.0017 0.27 (0.14-0.51) <0.0001 0.27 (0.14-0.51) <0.0001
Complete 2 0.22 (0.14-0.34) <.0001 0.18(0.11-0.28) <0.0001 0.18 (0.11-0.28) <0.0001

1Defined as a diagnosis by medical professionals.
2 |f the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.
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Table 2-11 presents the baseline characteristics of people with HIV (AIDS-
defining cancer incident cases and matched controls for men) who were included in
this study. The proportions of 133 participants in their 30s, 40s, and 50s were
24.8%, 36.1%, and 21.1% respectively. Cancer was detected in a lower proportion
of individuals with obesity (not significant), similar to that in Table 2-9. Moreover,
the frequency of ART prescription within 3 months of the initial HIV diagnosis
was lower among the AIDS-defining cancer incident cases than in the matched
controls.

The results of the multiple logistic regression analysis of the association
between obesity and cancer are listed in Table 2-12 (AIDS-defining cancer incident
cases and matched controls for men), which indicates the relationship between
obesity and cancer in terms of OR after adjusting for covariates. The adjusted OR
of overall cancer linked with obesity was 0.8 (95% CI, 0.50-1.27, P=0.3396). A
diagnosis of an AIDS-defining disease (candidiasis and TB) was associated with
increased risk of AIDS-defining cancer incidence for men. Conversely, high
compliance with HIV treatment within 3 months after HIV diagnosis were related
to a decreased risk of AIDS-defining cancer incidence for men. The results of

forward selection and backward elimination were identical.

Table 2-13. Baseline characteristics of incident cancer cases and matched controls

in a cohort of cancer-free adults with HIV (non-AIDS-defining cancer: both men

and women)
. Cancer incident cases Controls !
Characteristics N % N % P-value
Age at HIV diagnosis (Mean/SD) 52.1(12.2) 51.4 (12.2) 0.4360
Age group
-29 12 3.9 48 3.9

30-39 39 12.6 169 13.7 0.9628

40-49 76 24.5
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Characteristics Cancer incident cases Controls ! P-value

50-59 103 33.2 384 31.2
>60 80 25.8 324 26.3
Sex
Men 264 85.2 1049 85.2
Women 46 14.8 182 14.8 0.9809
Body mass index (Mean/SD) 23.7 (3.4) 23.2 (2.9) 0.0455
Obesity status
Normal ar;d Overweight 207 66.8 920 74.7
(<25 Kg/m?)
Obese 0.0047
(>25 Kg/m?) 103 33.2 311 25.3
Physical activity per week
Never 118 38.1 368 29.9
1-6 days/week 117 37.7 545 44.3 0.0158
7 days/week 68 21.9 299 24.3 '
Missing 7 2.3 19 15
Smoking status
Never smoked 134 43.2 574 46.6
Former smokers 41 13.2 210 17.1 0.0498
Current smokers 129 41.6 429 34.8 '
Missing 6 1.9 18 15
Drinking frequency during the last year
Never 157 50.6 684 55.6
Less than 1 day per week 25 8.1 63 5.1
1-2 days per week 75 24.2 325 26.4 0.0019
3-4 days per week 21 6.8 99 8.0 '
5-7 days per week 25 8.1 44 3.6
Missing 7 2.3 16 1.3
Medical history 2
Stroke 3 1.0 17 1.4 0.7804
Heart diseases 7 2.3 34 2.8 0.6222
Hypertension 45 14.5 158 12.8 0.4341
Diabetes mellitus 28 9.0 100 8.1 0.6043
Dyslipidemia 10 3.2 24 1.9 0.1716
Tuberculosis 3 1.0 30 2.4 0.1102
Positive family history
Stroke 23 7.4 80 6.5 0.5619
Heart diseases 13 4.2 35 2.8 0.2213
Hypertension 36 11.6 144 11.7 0.9668
Diabetes mellitus 36 11.6 122 9.9 0.3772
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 10 3.2 27 2.2 0.2885
Extra-pulmonary cryptococcus 2 0.6 4 0.3 0.3475
Cytomegalovirus (CMV) 9 2.9 33 2.7 0.8298
Tuberculosis (TB) 37 11.9 169 13.7 0.4070
Chronic ulcers 10 3.2 26 2.1 0.2459
due to herpes simplex
Recurrent Pneumonia 52 16.8 160 13.0 0.0845
Pneumocystis carinii pneumonia
(PCP) 14 4.5 61 5.0 0.7481
Progressive multifocal 4 13 11 0.9 05191

leukoencephalopathy (PML)
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Characteristics Cancer incident cases Controls ! P-value
Toxoplasma gondii 18 5.8 69 5.6 0.8909
Wasting syndrome due to HIV 1 0.3 6 0.5 1.0000
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never 143 46.1 410 33.3
Incomplete 48 155 188 15.3 <.0001
Complete 3 119 38.4 633 514

1Controls were paired with cancer cases based on sex, year of birth (2 years), year of HIV
diagnosis (2 years), and follow-up duration (defined as the number of days from the date
of HIV diagnosis to the date of cancer diagnosis, death, or December 31, 2020, whichever
occurred first). The follow-up duration for matched controls was set 1:4, to be equal to or
longer than that of each cancer incidence case.

2Defined as a diagnosis by medical professionals.
3 |If the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-14. The association of risk factors and cancer incidence in HIV-infected

people (non-AlIDS-defining cancer: both men and women)

Forward selection

Backward elimination

Variable - (20%) - (20%)
Crude _Odds P_value Adjusteq Odds p-value Adjustec_i Odds P-value
Ratio Ratio Ratio
Age at HIV Diagnosis ~ 1.00 (0.99-1.01) 0.4357  1.00(0.99-1.02) 0.5100 1.00(0.99-1.02)  0.5100
Obesity status
Normal and Overweight
(<25 Kg/m2) ’ Ref (1)
Obese
(25 Kg/m2) 1.47(1.13-1.93) 0.0048 1.47(1.11-1.94) 0.0073 1.47(1.11-1.94) 0.0073
Physical activity per week
Never Ref (1)
1-6 days/week 0.67 (0.50-0.89) 0.0063 0.68(0.50-0.91) 0.0105 0.68(0.50-0.91) 0.0105
7 days/week 0.71(0.51-0.99) 0.0445 0.74 (0.52-1.06) 0.0966 0.74 (0.52-1.06)  0.0966
Smoking status
Never smoked Ref (1)
Former smokers 0.84 (0.57-1.23) 0.3617 0.86(0.57-1.28) 0.4522 0.86 (0.57-1.28)  0.4522
Current smokers 1.29(0.98-1.69) 0.0683 1.39(1.03-1.87) 0.0299 1.39 (1.03-1.87)  0.0299
Drinking frequency during the last year
Never Ref (1)
Lessmj\;‘eikdayper 1.73(1.05-2.84) 0.0301 1.67(0.99-2.82) 0.0526 1.67(0.99-2.82) 0.0526
1-2 days per week 1.01(0.74-1.36) 0.9725 1.04 (0.75-1.44) 0.8220 1.04 (0.75-1.44)  0.8220
3-4 days per week 0.92 (0.56-1.53) 0.7580 0.88(0.53-1.48) 0.6346 0.88(0.53-1.48) 0.6346
5-7 days per week 2.48 (1.47-4.17) 0.0006 2.30(1.34-3.93) 0.0025 2.30(1.34-3.93) 0.0025
Medical history 1
Stroke 0.70 (0.20-2.40)  0.5681
Heart diseases 0.81 (0.36-1.85)  0.6228
Hypertension 1.15(0.81-1.65) 0.4344
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Diabetes mellitus 1.12 (0.72-1.74)  0.6045
Dyslipidemia 1.68 (0.79-3.54) 0.1761 1.89 (0.88-4.06) 0.1049 1.89 (0.88-4.06)  0.1049
Tuberculosis 0.39(0.12-1.29) 0.1233  0.36 (0.11-1.24) 0.1045 0.36(0.11-1.24)  0.1045
Positive family history
Stroke 1.15(0.71-1.87)  0.5621
Heart diseases 1.50 (0.78-2.86)  0.2236
Hypertension 0.99 (0.67-1.46)  0.9669
Diabetes mellitus 1.19(0.81-1.77)  0.3777
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 1.49(0.71-3.11) 0.2909 1.71(0.80-3.66) 0.1707 1.71(0.80-3.66)  0.1707
Extra-pulmonary 1.99 (0.36-10.93)  0.4275
cryptococcus
Cytomegalovirus
y (CI\g/IV) 1.09 (0.51-2.29)  0.8298
Tuberculosis (TB) 0.85 (0.58-1.25)  0.4074
; Chronic ulcers 1.55(0.74-324)  0.2487 1.69(0.78-3.67) 0.1821 1.69 (0.78-3.67)  0.1821
ue to herpes simplex
Recurrent Pneumonia  1.35(0.96-1.90) 0.0852  1.59(1.11-2.27) 0.0120 1.59(1.11-2.27) 0.0120
Pneumocystis carinii
pneumO{]ia pepy  0.91(050-164) 07482
Progressive multifocal
leukoencephalopathy ~ 1.45(0.46-4.59)  0.5267
(PML)
Toxoplasma gondii 1.04 (0.61-1.77)  0.8898
Wasting syndrome due
gtoyHIV 0.66 (0.08-551)  0.7022
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never Ref (1)
Incomplete 2 0.73(0.51-1.06) 0.0982 0.71(0.48-1.04) 0.0788 0.71(0.48-1.04) 0.0788
Complete 2 0.54 (0.41-0.71) <.0001 0.54(0.41-0.72) <.0001 0.54(0.41-0.72) <.0001

1Defined as a diagnosis by medical professionals.

2 |f the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-13 presents the baseline characteristics of people with HIV (non-
AIDS-defining cancer incident cases and matched controls for both men and
women) who were included in this study. Among the 310 participants with cancer,
264 were men (85.2%) and 46 were women (14.8%). The proportions of
participants in their 40s, 50s, and over 60s were 24.5%, 33.2%, and 25.8%

respectively. The incidence of non-AIDS-defining cancer was detected in a higher
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proportion of individuals with obesity who never engaged in physical activity,
smoked currently, or consumed alcohol 5-7 days/week. In contrast, the frequency
of ART prescription within 3 months of the initial HIV diagnosis was lower among
the non-AIDS-defining cancer incident cases than in the matched controls.
Regarding the diagnosis of AIDS-defining diseases within 3 months of the initial
HIV diagnosis, recurrent pneumonia was higher in the non-AlIDS-defining cancer
incident cases than that in the matched controls, with borderline significance
(P=0.0845).

The results of the multiple logistic regression analysis of the association
between obesity and cancer are listed in Table 2-14 (non-AlDS-defining cancer
incident cases and matched controls for both men and women), which indicates the
relationship between obesity and cancer in terms of OR after adjusting for
covariates. The adjusted OR of non-AlDS-defining cancer linked with obesity was
1.47 (95% CI: 1.11-1.94, P=0.0073). Furthermore, current smoking (reference
group: never smoking), consuming alcohol 5-7 days/week (reference group: no
drinking at all) and a diagnosis of an AlIDS-defining disease (recurrent pneumonia)
were associated with increased risk of non-AlDS-defining cancer incidence.
Conversely, physical activity 1-6 days/week (reference group: no activity at all)
and high compliance with HIV treatment within 3 months after HIV diagnosis were
related to a decreased risk of non-AlIDS-defining cancer incidence. The results of

forward selection and backward elimination were identical.

Table 2-15. Baseline characteristics of incident cancer cases and matched controls

in a cohort of cancer-free adults with HIV (non-AIDS-defining cancer: men)

Characteristics Cancer incident cases Controls ! pvalue
N % N %
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Characteristics Cancer incident cases Controls * P-value
Age at HIV diagnosis (Mean/SD) 51.9 (12.2) 51.2 (12.3) 0.4105
Age group
-29 11 4.2 44 4.2
30-39 34 12.9 149 14.2
40-49 65 24.6 259 24.7 0.9509
50-59 89 33.7 329 31.4
>60 65 24.6 268 25.5
Body mass index (Mean/SD) 234 (3.1) 23.2 (2.9 0.4717
Obesity status
(53;";2'/;@;’ Overweight g5 70.1 787 75.0
Obese 0.1012
(>25 Kg/m?) 79 29.9 262 25.0
Physical activity per week
Never 100 37.9 308 294
1-6 days/week 103 39.0 459 43.8 0.0248
7 days/week 56 21.2 264 25.2 '
Missing 5 1.9 18 1.7
Smoking status
Never smoked 94 35.6 407 38.8
Former smokers 41 155 205 19.5 0.0814
Current smokers 125 47.3 421 40.1 '
Missing 4 15 16 15
Drinking frequency during the last year
Never 125 47.3 534 50.9
Less than 1 day per week 25 9.5 61 5.8
1-2 days per week 68 25.8 303 28.9 0.0075
3-4 days per week 19 7.2 93 8.9 '
5-7 days per week 22 8.3 43 4.1
Missing 5 1.9 15 14
Medical history 2
Stroke 3 1.1 16 15 0.7799
Heart diseases 4 1.5 28 2.7 0.2771
Hypertension 37 14.0 133 12.7 0.5632
Diabetes mellitus 24 9.1 85 8.1 0.6030
Dyslipidemia 8 3.0 17 1.6 0.1341
Tuberculosis 3 1.1 28 2.7 0.1426
Positive family history
Stroke 18 6.8 72 6.9 0.9791
Heart diseases 12 4.5 30 2.9 0.1642
Hypertension 30 114 117 11.2 0.9229
Diabetes mellitus 29 11.0 101 9.6 0.5095
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 9 34 24 2.3 0.2982
Extra-pulmonary cryptococcus 2 0.8 4 0.4 0.3473
Cytomegalovirus (CMV) 7 2.7 30 2.9 0.8549
Tuberculosis (TB) 34 12.9 155 14.8 0.4325
Chronic ulcers 10 38 23 2.2 0.1388
due to herpes simplex
Recurrent Pneumonia 48 18.2 141 13.4 0.0499
Pneumocystis carinii pneumonia 13 49 58 55 0.6977

(PCP)
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Characteristics Cancer incident cases Controls ! P-value
Progressive multifocal
leukoencephalopathy (PML) 4 15 10 10 0.4987
Toxoplasma gondii 17 6.4 63 6.0 0.7923
Wasting syndrome due to HIV 1 0.4 6 0.6 1.0000
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never 112 42.4 323 30.8
Incomplete 45 17.0 170 16.2 0.0005
Complete 3 107 40.5 556 53.0

1Controls were paired with cancer cases based on sex, year of birth (2 years), year of HIV
diagnosis (2 years), and follow-up duration (defined as the number of days from the date
of HIV diagnosis to the date of cancer diagnosis, death, or December 31, 2020, whichever
occurred first). The follow-up duration for matched controls was set 1:4, to be equal to or
longer than that of each cancer incidence case.

2Defined as a diagnosis by medical professionals.
3 |If the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-16. The association of risk factors and cancer incidence in HIV-infected

people (non-AlDS-defining cancer: men)

Forward selection

Backward elimination

Variable - (20%) - (20%)
Crude Qdds p_value AdJusteq Odds p-value Adjusteq Odds p-value
Ratio Ratio Ratio
Age at HIV Diagnosis ~ 1.01 (0.99-1.02) 0.4102 1.01(0.99-1.02) 0.3367 1.01(0.99-1.02) 0.3206
Obesity status
Normal and Overweight
(<25 Kg/m2) ’ Ref (1)
Obese (>25 Kg/m2) 1.28(0.95-1.73) 0.1017 1.28(0.94-1.75) 0.1196 1.27(0.93-1.74)  0.1281
Physical activity per week
Never Ref (1)
1-6 days/week 0.69 (0.51-0.94) 0.0198 0.70(0.51-0.97) 0.0316 0.69 (0.50-0.95)  0.0237
7 days/week 0.65(0.45-0.94) 0.0227 0.69 (0.47-1.01) 0.0533 0.68 (0.47-1.00) 0.0512
Smoking status
Never smoked Ref (1)
Former smokers 0.87 (0.58-1.30) 0.4846  0.89(0.59-1.36) 0.6016 0.92 (0.60-1.40) 0.6869
Current smokers 1.29(0.95-1.74) 0.1011  1.36(0.99-1.87) 0.0618 1.38(1.00-1.90) 0.0528
Drinking frequency during the last year
Never Ref (1)
Less th\‘j\;‘eelkday e 175(1.06-290) 00296 1.63(0.96-277) 0.0690 1.67(0.98-2.83)  0.0592
1-2 days per week 0.96 (0.69-1.33) 0.8007 0.97 (0.68-1.37) 0.8435 0.96(0.68-1.36) 0.8303
3-4 days per week 0.87 (0.51-1.48) 0.6151 0.81(0.47-1.39) 0.4449 0.82(0.47-1.41) 0.4690
5-7 days per week 2.19(1.26-3.79)  0.0053 1.98(1.13-3.50) 0.0179 2.01(1.14-3.54) 0.0161
Medical history 1
Stroke 0.74 (0.22-2.57)  0.6377
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Heart diseases 0.56 (0.20-1.61)  0.2835
Hypertension 1.12 (0.76-1.66)  0.5633
Diabetes mellitus 1.13(0.71-1.82)  0.6032
Dyslipidemia 1.90 (0.81-4.45) 0.1405 2.03(0.85-4.83) 0.1101 2.07(0.87-4.92) 0.1016
Tuberculosis 0.42 (0.13-1.39) 0.1550  0.36 (0.11-1.24) 0.1064 0.36 (0.11-1.25)  0.1077
Positive family history
Stroke 0.99 (0.58-1.70)  0.9792
Heart diseases 1.62(0.82-3.21) 0.1671 1.63(0.79-3.34) 0.1837 1.65(0.80-3.39) 0.1727
Hypertension 1.02 (0.67-1.56)  0.9225
Diabetes mellitus 1.16 (0.75-1.79)  0.5098
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 1.51 (0.69-3.28)  0.3008
Extra-pulmonary 1.99 (0.36-10.95)  0.4269
cryptococcus
Cytomegalovirus
y (CI?/IV) 0.93(0.40-2.13)  0.8550
Tuberculosis (TB) 0.85 (0.57-1.27)  0.4329
e romC UICETS 1 76(083-374) 01437 216 (098-476) 00547 220 (100-483)  0.0507
ue to herpes simplex
Recurrent Pneumonia  1.43 (1.00-2.05) 0.0506  1.63(1.12-2.38) 0.0117 1.65(1.12-2.43) 0.0112
Pneumocystis carinii
pneumo)r/ﬂa (PCP) 0.89(0.48-1.64) 0.6979 0.21(0.05-0.94)  0.0414
Progressive multifocal
leukoencephalopathy ~ 1.60 (0.50-5.14)  0.4301
(PML)
Toxoplasma gondii 1.08 (0.62-1.87)  0.7924 4.39 (1.12-17.19) 0.0337
Wasting syndrome due
gtoyHIV 0.66 (0.08-5.52)  0.7025
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never Ref (1)
Incomplete 2 0.76 (0.52-1.13) 0.1774 0.74(0.49-1.10) 0.1374 0.73(0.49-1.10) 0.1306
Complete 2 0.56 (0.41-0.75) 0.0001  0.57 (0.41-0.77) 0.0003 0.56 (0.41-0.77)  0.0003

1Defined as a diagnosis by medical professionals.
21f the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-15 presents the baseline characteristics of people with HIV (non-

AIDS-defining cancer incident cases and matched controls for men) who were

included in this study. The proportions of 264 participants in their 40s, 50s, and

over 60s were 24.6%, 33.7%, and 24.6% respectively. The incidence of non-AlIDS-

defining cancer for men was detected in a higher proportion of individuals with
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obesity (not significant) who never engaged in physical activity, smoked currently,
or consumed alcohol 5-7 days/week. In contrast, the frequency of ART
prescription within 3 months of the initial HIV diagnosis was lower among the
non-AlIDS-defining cancer incident cases than among the matched controls.
Regarding the diagnosis of AIDS-defining diseases within 3 months of the initial
HIV diagnosis, the proportion of recurrent pneumonia was higher among the non-
AIDS-defining cancer incident cases than among the matched controls.

The results of the multiple logistic regression analysis of the association
between obesity and cancer are listed in Table 2-16 (non-AlDS-defining cancer
incident cases and matched controls for men), which indicates the relationship
between obesity and cancer in terms of OR after adjusting for covariates. The
adjusted OR of non-AlIDS-defining cancer linked with obesity for men was 1.28
(95% CI: 0.94-1.75, P=0.1196, forward selection). Furthermore, current smoking
(reference group: never smoking), consuming alcohol 5-7 days/week (reference
group: no drinking at all) and a diagnosis of an AIDS-defining disease (recurrent
pneumonia, PCP, toxoplasmosis) were associated with an increased risk of non-
AIDS-defining cancer incidence for men. Conversely, physical activity 1-6
days/week (reference group: no activity at all) and high compliance with HIV
treatment within 3 months after HIV diagnosis were related to a decreased risk of
non-AlDS-defining cancer incidence. The results of forward selection and
backward elimination were almost identical; however, the variables of diagnosis of
an AIDS-defining disease (PCP, and toxoplasmosis) were not included in the

forward selection.



Table 2-17. Baseline characteristics of incident cancer cases and matched controls

in a cohort of cancer-free adults with HIV (hon-AlIDS-defining cancer: women)

- Cancer incident cases Controls *
Characteristics N % N % P-value
Age at HIV diagnosis (Mean/SD) 53.1(12.0) 53.0 (11.9) 0.9671
Age group
-29 1 2.2 4 2.2
30-39 5 10.9 20 11.0
40-49 11 23.9 47 25.8 0.9989
50-59 14 30.4 55 30.2
>60 15 32.6 56 30.8
Body mass index (Mean/SD) 24.9 (4.4) 23.0 (3.1) 0.0058
Obesity status
Normal ar;d Overweight 29 478 133 731
(<25 Kg/m?)
Obese 0.0010
(>25 Kg/m?) 24 52.2 49 26.9
Physical activity per week
Never 18 39.1 60 33.0
1-6 days/week 14 30.4 86 47.3 0.1617
7 days/week 12 26.1 35 19.2 '
Missing 2 4.3 1 0.5
Smoking status
Never smoked 40 87.0 167 91.8
Former smokers 0 0.0 5 2.7
Current smokers 4 8.7 8 4.4 0.2644
Missing 2 4.3 2 1.1
Drinking frequency during the last year
Never 32 69.6 150 82.4
Less than 1 day per week 0 0.0 2 11
1-2 days per week 7 15.2 22 12.1 0.0542
3-4 days per week 2 4.3 6 3.3 '
5-7 days per week 3 6.5 1 0.5
Missing 2 4.3 1 0.5
Medical history 2
Stroke 0 0.0 1 0.5 -
Heart diseases 3 6.5 6 3.3 0.3904
Hypertension 8 17.4 25 13.7 0.5290
Diabetes mellitus 4 8.7 15 8.2 1.0000
Dyslipidemia 2 4.3 7 3.8 1.0000
Tuberculosis 0 0.0 2 1.1 -
Positive family history
Stroke 5 10.9 8 4.4 0.1447
Heart diseases 1 2.2 5 2.7 1.0000
Hypertension 6 13.0 27 14.8 0.7576
Diabetes mellitus 7 15.2 21 115 0.4970
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 1 2.2 3 16 1.0000
Extra-pulmonary cryptococcus
Cytomegalovirus (CMV) 2 4.3 3 1.6 0.2654
Tuberculosis (TB) 3 6.5 14 7.7 1.0000
Chronic ulcers - - 3 1.6 -
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Characteristics Cancer incident cases Controls ! P-value
due to herpes simplex
Recurrent Pneumonia 4 8.7 19 10.4 1.0000
Pneumocystis carinii pneumonia
(PCP) 1 2.2 3 1.6 1.0000
Progressive multifocal i 1 05

leukoencephalopathy (PML)

Toxoplasma gondii 1 2.2 6 3.3 1.0000
Wasting syndrome due to HIV
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never 31 67.4 87 47.8
Incomplete 3 3 6.5 18 9.9 0.0593
Complete 2 12 26.1 77 42.3

1Controls were paired with cancer cases based on sex, year of birth (£2 years), year of HIV
diagnosis (2 years), and follow-up duration (defined as the number of days from the date
of HIV diagnosis to the date of cancer diagnosis, death, or December 31, 2020, whichever
occurred first). The follow-up duration for matched controls was set 1:4, to be equal to or
longer than that of each cancer incidence case.

2Defined as a diagnosis by medical professionals.

3 If the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis

was 60 days or more, it was considered complete.

Table 2-18. The association of risk factors and cancer incidence in HIV-infected

people (non-AlDS-defining cancer: women)

) Forward selection Backward elimination
Variable - (20%) - (20%)
Crude Qdds P_value AdJusteq Odds p-value Adjusteq Odds p-value
Ratio Ratio Ratio
Age at HIV Diagnosis ~ 1.00 (0.97-1.03) 0.9669  0.99 (0.96-1.02) 0.5825 0.99(0.96-1.02)  0.5825
Obesity status
Normal and Overweight
(<25 Kg/m2) ’ Ref (1)
Obese (>25 Kg/m?2) 2.96 (1.52-5.76)  0.0014  2.86 (1.40-5.84) 0.0039 2.86 (1.40-5.84)  0.0039
Physical activity per week
Never Ref (1)
1-6 days/week 0.54 (0.25-1.18) 0.1208 0.47 (0.21-1.07) 0.0717 0.47 (0.21-1.07) 0.0717
7 days/week 1.14 (0.49-2.65) 0.7557 1.31(0.54-3.18) 0.5501 1.31(0.54-3.18) 0.5501

Smoking status

Never smoked Ref (1)

Former smokers - -

Current smokers 2.09 (0.60-7.28)  0.2481

Drinking frequency during the last year

Never Ref (1)

Less than 1 day per
week

1-2 days per week 1.49(0.59-3.79)  0.4006
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3-4 days per week 1.56 (0.30-8.10)  0.5949
5-7 days per week 14.06 (1.42-139.58)  0.0240
Medical history 1
Stroke - -
Heart diseases 2.05(0.49-8.51) 0.3248
Hypertension 1.32 (0.55-3.16)  0.5299
Diabetes mellitus 1.06 (0.34-3.36)  0.9207
Dyslipidemia 1.14 (0.23-5.66)  0.8760
Tuberculosis - -
Positive family history
Stroke 2.65(0.83-8.53) 0.1017 3.96(1.11-14.06) 0.0334 3.96 (1.11-14.06) 0.0334
Heart diseases 0.79 (0.09-6.90) 0.8286
Hypertension 0.86 (0.33-2.23)  0.7578
Diabetes mellitus 1.38 (0.55-3.47)  0.4982
Diagnosis of AIDS-defining diseases within 3 months of HIV diagnosis
Candidiasis 1.33(0.14-13.05)  0.0585
Extra-pulmonary i i
cryptococcus
Cytomegalovirus
y ( CI\%IV) 2.71(0.44-16.73)  0.2824
Tuberculosis (TB) 0.84 (0.23-3.05) 0.7874
Chronic ulcers i i i i
due to herpes simplex
Recurrent Pneumonia  0.82 (0.26-2.53)  0.7261
Pneumocystis carinii
pneumoi’“a (pCP) 1.33(0.14-13.05)  0.8088
Progressive multifocal
leukoencephalopathy - -
(PML)
Toxoplasma gondii 0.65 (0.08-5.55)  0.6959
Wasting syndrome due ) )
to HIV
Prescription of highly active antiretroviral therapy within 3 months of HIV diagnosis
Never Ref (1)
Incomplete 2 0.47 (0.13-1.7) 0.2480 0.41(0.10-1.66) 0.2120 0.41(0.10-1.66)  0.2120
Complete 2 0.44 (0.21-0.91) 0.0271  0.52(0.24-1.15) 0.1054 0.52 (0.24-1.15) 0.1054

1Defined as a diagnosis by medical professionals.
2 1f the prescription date of highly active antiretroviral therapy within 3 months of HIV
diagnosis was less than 60 days, the treatment was deemed incomplete. In contrast, if the
prescription date of highly active antiretroviral therapy within 3 months of HIV diagnosis
was 60 days or more, it was considered complete.

Table 2-17 presents the baseline characteristics of people with HIV (non-
AIDS-defining cancer incident cases and matched controls for women) who were

included in this study. The proportions of the participants in their 40s, 50s, and
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over 60s were 23.9%, 30.4%, and 32.6% respectively. The incidence of non-AIDS-
defining cancer for women was detected in a higher proportion of women with
obesity. In contrast, the frequency of ART prescription within 3 months of the
initial HIV diagnosis was lower among the non-AlIDS-defining cancer incident
cases than in the matched controls.

The results of the multiple logistic regression analysis of the association
between obesity and cancer are listed in Table 2-18 (non-AlDS-defining cancer
incident cases and matched controls for women), which indicates the relationship
between obesity and cancer in terms of OR after adjusting for covariates. The
adjusted OR of non-AIDS-defining cancer linked with obesity for women was 2.86
(95% ClI: 1.40-5.84, P=0.0039). Furthermore, a family medical history of stroke
was associated with an increased risk of non-AlIDS-defining cancer incidence for
women. High compliance with HIV treatment within 3 months after HIV diagnosis
had a decreased risk of non-AlDS-defining cancer for women, though not
statistically significant. The results of forward selection and backward elimination

were identical.

Table 2-19. Summary of cancer related risk factors in HIV-infected people

Cancer type

Both men and women

Men

Women

Overall cancer

Adjusted OR of obesity
(Ref: BMI =25.0 kg/m?)
1.18 (95% CI 0.94-1.49)

Adjusted OR of obesity
(Ref: BMI =25.0 kg/m?)
1.07 (95% CI 0.83-1.37)

Adjusted OR of obesity
(Ref: BMI =25.0 kg/m?)
2.17 (95% Cl 1.13-4.18)

Increased risk
factor

Heavy drinking and AIDS-
defining disease (candidiasis,
recurrent pneumonia, and
toxoplasmosis)

AIDS-defining disease
(candidiasis, chronic ulcers
due to herpes simplex,
recurrent pneumonia,
toxoplasmaosis, and
progressive multifocal
leukoencephalopathy (PML))

AIDS-defining disease
(Pneumocystis carinii

pneumonia (PCP)), the

family history of stroke

Decreased risk
factor

High compliance with HIV
treatment and physical
activity

High compliance with HIV
treatment and physical
activity

High compliance with HIV
treatment
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AIDS-defining
cancer

Adjusted OR of obesity
(Ref: BMI =25.0 kg/m?)
0.83 (95% CI 0.53-1.29)

Adjusted OR of obesity
(Ref: BMI =25.0 kg/m?)
0.80 (95% CI 0.50-1.27)

Increased risk
factor

AIDS-defining disease
(candidiasis)

AIDS-defining disease
(candidiasis and,
tuberculosis)

Decreased risk
factor

High compliance with HIV
treatment and family history
of hypertension

High compliance with HIV
treatment

Non-AIDS-
defining cancer

Adjusted OR of obesity
(Ref: BMI =25.0 kg/m?)
1.47 (95% CI 1.11-1.94)

Adjusted OR of obesity
(Ref: BMI =25.0 kg/m?)
1.28 (95% CI 0.94-1.75)

Adjusted OR of obesity
(Ref: BMI =25.0 kg/m?)
2.86 (95% CI 1.40-5.84)

Increased risk
factor

Currently smoking, heavy
drinking, and AIDS-defining
disease (recurrent
pneumonia)

Currently smoking, heavy
drinking, and AIDS-defining
disease (chronic ulcers
due to herpes simplex,
recurrent pneumonia,
Pneumocystis carinii
pneumonia, toxoplasmosis)

Family history of stroke

Decreased risk
factor

High compliance with HIV
treatment and physical
activity

High compliance with HIV
treatment and physical
activity

Physical activity

Three criteria summarize Table 2-19. First, regarding the estimation result of
BMI, when the coefficients of the multiple regression model using backward
elimination and forward selection were different, the estimate of the forward
selection was entered. However, no significant difference in the results of obesity
estimation in the two variable selection methods was observed. Second, if either of
the results determined by the two variables-selection method was P-value <10%,
the variables were included as risk factors for cancer.

Until recently, HIV has been referred to as “slimming disease”; however, it
has been linked to a statistically significant increased risk of non-AIDS-defining
cancer in both overall (men and women) and women. According to previous study,
owing to effective HIV treatments, recovering immune cells can reduce the risk of
AIDS-defining cancer, while a similar benefit for non-AIDS-defining cancer has

not yet been confirmed. However, the present study found that increased
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compliance with HIV treatment is related to the decreased risk of both AIDS-
defining and non-AIDS-defining cancer through a case-control study with
individual matching for gender, age, year of diagnosis for HIV, and follow-up

duration.

2.5. Conclusion and Discussion

This study investigated the relationship between obesity and cancer risk.
Unintentional weight loss is a symptom of HIV-associated wasting syndrome, an
AIDS-defining condition (Siddiqui, Samuel et al. 2022); therefore, the non-
significant association between obesity and AIDS-defining cancer may be
attributed to improved immunity or less severe AIDS progression in people with
HIV. The lack of statistical significance might be attributable to the small number
of incident cases of cancer. The study’s findings revealed lower point estimates of
AIDS-defining cancer risk in people with HIV and obesity than in people with HIV
and without obesity. In a previous study (Guiot, Mufioz-Mass6 et al. 2018), the
reduced risk of anal cancer, a non-AlDS-defining cancer associated with HPV
infection (Yarchoan and Uldrick 2018), was observed in people with HIV and
obesity, which may be associated with a slower progression of HIV infection as
well.

The increased risk of non-AlIDS-defining cancer in obese HIV infected people
compared to non-obese people living with HIV is similar to that observed in the
general population. Due to the limited numbers of each subtype non-AlIDS-
defining cancer, this study could not identify the association between obesity and

the cancer incidence for subtypes of cancer. In the general population, obesity is a
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well-established risk factor for colorectal cancer, with potential mechanisms
involving hormonal systems related to insulin regulation and adipokines (Ma, Yang
et al. 2013) that may underlie the connection between obesity and cancer in HIV
infected people. Furthermore, obesity is a risk factor for hepatobiliary and
pancreatic cancer, wherein obesity-induced insulin resistance and type 2 diabetes
constitute the most commonly proposed mechanisms (Preziosi, Oben et al. 2014, L,
Gan et al. 2016, Sohn, Lee et al. 2021).

This study has a few limitations. First, although weight change following
antiretroviral therapy (ART) is a crucial issue, many studies did not include
baseline weight measurements (Alizadeh, Katsanis et al. 2013). This study did not
account for weight or BMI trajectories either before or after antiretroviral therapy
(ART). However, when we considered the timing of antiretroviral therapy (ART)
introduction (mid-1990s), the high treatment rate, and the high viral suppression
rate among HIV infected people in Korea (Choi 2020), and the study period (adults
newly diagnosed with HIV between 2004 and 2020), it is likely that many
participants began receiving antiretroviral therapy (ART) shortly after their HIV
diagnosis. Second, we considered BMI measurements taken at least 90 days before
cancer diagnosis and those that were closest to the date of the HIV diagnosis to
ascertain the temporal relationship. This latent period might not be sufficient for a
temporal association, and the possibility of reverse causation (weight change after
cancer diagnosis and its impact on the association) exists. Given that weight loss is
a nonspecific cancer symptom (Nicholson, Hamilton et al. 2018), the existence of
reverse causation would lead to an underestimation of the association because
participants with incident cancer who had already experienced weight loss would

have been included among the cancer cases. Therefore, the observed results would
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tend toward the null hypothesis, and this suggest conservative results. Third, due to
unavailability of BMI data, HIV infected people without results from the national
health screening program were excluded, and this led to the exclusion of
approximately 33% of the potential participants. Thus, the study population may
not be representative of all HIV infected people. To increase validity, we used a
nested case-control study design, by selecting both incident cancer cases and
matched controls (matched by age, sex, and year of HIV diagnosis) from HIV
infected people who had participated in the national health screening program.
Fourth, as is characteristic of claim-based data, clinical information, such as the
CD4 T-cell count or viral load, was unavailable. Thus, the obesity status could not
be differentiated from the "normal™ immune status. Fifth, although several
covariates were adjusted to determine the independent association between obesity
and cancer risk, potential confounders, including a family history of cancer, were
not considered due to the unavailability of the relevant information.

HIV infected people have increased risks for both AIDS-defining and non-
AIDS-defining cancers. The burden of non-AIDS-defining cancer has been steadily
increasing. This study's findings revealed that obesity, which is a significant health
concern in HIV management, was associated with a higher risk of non-AIDS-
defining, but not AIDS-defining, cancer. The question of how to evaluate and
manage obesity during HIV progression is of clinical relevance, especially in terms
of the prevention of chronic diseases, including cancer. Further prospective studies
with a larger number of incident cancer cases, information on weight or BMI
trajectories over the course of the disease, relevant clinical information, and
confounders are required to further characterize the exact relationship between

obesity and cancer risk.
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The author reviewed previous studies and confirmed that the general
population had a higher risk of developing thyroid cancer than people with HIV.
The high incidence of thyroid cancer in the general population was related to
overdiagnosis; hence, lower risk of thyroid cancer among people with HIV can be
attributed to limited access to medical services. However, people with HIV had a
higher risk of developing breast and prostate cancers than the general population,
despite overdiagnosis. Therefore, attributing the trend of thyroid cancer only to
overdiagnosis was considered a limitation (Park, Ahn et al. 2022).

When previous studies estimated the age-standardized incidence rate (ASR)
per 100,000 women and men for thyroid cancer, the ASR for women was more
than three times higher than that for men (10.1:3.1) worldwide (Sung, Ferlay et al.
2021).

Therefore, in Chapter 3, the Health Examine Study (HEXA) database, a part
of the Korean Genome and Epidemiology Study (KoGES), was used to investigate
thyroid cancer risk factors for Korean women aged >40 years. The HEXA database
included variables such as oral contraceptives use, hysterectomy, and childbirth,
which are associated with the occurrence of thyroid cancer in women; hence, the
data can be considered as an appropriate source to analyze thyroid cancer risk

factors in women in the general population.



Chapter 3. Risk factors for thyroid cancer®

3.1. Study Background

The author reviewed previous studies and confirmed that the risk of thyroid
cancer in the general population was higher than that of people with HIV (Park,
Ahn et al. 2022). This trend is inexplicable; hence, this study identifies the risk
factors of thyroid cancer in the general population by focusing on women aged >40
years as a thyroid cancer risk group in this chapter.

Worldwide, in 2020, 19.3 million incident cancer cases were diagnosed and
resulted in 10 million deaths. With 586,000 cases, thyroid cancer was the ninth
most common cancer. A noteworthy feature of thyroid cancer is its higher
incidence in women than in men [global age-standardized incidence rate (ASR)
10.1 vs. 3.1 per 100,000 women and men, respectively]. The incidence of thyroid
cancer is higher in developed nations, compared to developing countries. In
particular, compared to women in developing countries, those in developed
countries have a 5.5 times greater likelihood of being diagnosed with thyroid
cancer (Sung, Ferlay et al. 2021).

In Korea, thyroid cancer is the most common type of cancer. Despite a
significant reduction in the number of thyroid cancer cases between 2012 and 2015
due to concern about overdiagnosis, the frequency of thyroid cancer has shown an
upward trend since 2015. The increase in thyroid cancer cases in Korea has been
mainly associated with the incidence in women. Overdiagnosis is a key factor in

the high incidence of thyroid cancer in Korea, which has been supported by a

@ This chapter is based on material that was originally presented in the "Association
between Obesity Indexes and Thyroid Cancer Risk in Korean Women: Nested Case-Control
Study", which was published in Cancers in 2022.
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relative survival rate of more than 100%, a robust link between screening rates and
the incidence of thyroid cancer, and a substantial period effect (Ahn, Kim et al.
2014, Kang, Won et al. 2022).

Despite the increasing awareness of the role of overdiagnosis in cases of
thyroid cancer, the exact causes of thyroid cancer remain unclear. Although
exposure to ionizing radiation in childhood is a well-known risk factor, additional
factors, including iodine intake, obesity, diabetes, estrogen, reproductive aspects,
autoimmune thyroiditis, and various lifestyle factors, have been suggested as
possible contributors of the thyroid cancer risk. Nonetheless, definitive proof
establishing a connection between these factors and the risk of thyroid cancer has
not been confirmed yet (Liu, Su et al. 2017).

In the Korean population, wherein thyroid cancer constitutes an epidemic,
studies have identified family history, obesity, non-smoking, non-drinking, and low
income as potential risk factors for thyroid cancer (Myung, Lee et al. 2017, Cho,
Chang et al. 2018, An, Kim et al. 2020). Among these risk factors, the association
between obesity and thyroid cancer risk has been researched considerably.
However, the majority of the research comprises case-control studies, which have
mainly focused on body mass index (BMI), which cannot help distinguish between
fat and muscle composition. Therefore, the association of body fat with thyroid
cancer risk has not been definitively established (Shin, Jee et al. 2017, Son, Lee et
al. 2018, Hoang, Song et al. 2021).

Consequently, this study was conducted prospectively to investigate the
relationship between various obesity indices, including waist circumference (WC),
waist-hip ratio (WHR), and waist-height ratio (WHTR), along with BMI as well as

their combinations, in relation to thyroid cancer among Korean women. This
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research aimed to ascertain the association between thyroid cancer and various

obesity indicators within the Korean population.

3.2. Literature Review

(Myung, Lee et al. 2017) identified 802 patients with thyroid cancer from
among 34,211 cohort participants using data collected by the National Cancer
Center of Korea from 2002 to 2012. The patient group (802 patients) was
compared with two control groups to conduct a study on the intergroup differences.
In the first control group, age and residential area were matched (1:1) and in the
second control group, age, residential area, and gender were matched (1:1).
Compared with the first control group, the risk of thyroid cancer was increased in
women rather than men in the patient group, while a higher income, was associated
with a lower risk of thyroid cancer in former or current smokers. Compared with
the second control group, alcohol consumption and a family history of cancer
(excluding thyroid cancer) were associated with a decreased risk of thyroid cancer,
although BMI and family history of thyroid cancer were associated with the risk of
thyroid cancer in the patient group. Finally, the study suggested that obesity (BMI
>25.0 kg/m?), a family history of thyroid cancer, non-drinking, non-smoking, and
low income were associated with an increased risk of thyroid cancer. In particular,
adjusted OR of BMI was estimated to be 1.42 (95% CI 1.09-1.85) for obesity
(BMI =25.0 kg/m?) and 1.28 (95% CI 0.98-1.68) for overweight (23.0< BMI
<25.0 kg/m?) compared with the normal weight (BMI <23.0 kg/m?).

(An, Kim et al. 2020) A study was conducted to identify risk factors for

thyroid cancer using the national health examinations of people aged >40 years
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(NHIS database from 2002 to 2013). For 4,977 patients with thyroid cancer, 19,908
(1:4 ratio) controls were matched by gender, age, residence, and income level, and
the Charlson Comorbidity Index (CCl). The CCI estimates the 10-year mortality
for a person who may have a range of multi-morbidities. The results of the case-
control study revealed that smoking and drinking were associated with a lower risk
of thyroid cancer, and obesity, with an increased risk. In the previous study, obesity
was defined as follows: 25.0< BMI <30.0 kg/m? and BMI >30.0 kg/m?. Both
obesity criteria have been confirmed to increase the incidence of thyroid cancer.
The OR of BMI >30 kg/m? (1.24, 95% CI: 1.04-1.47) was higher than that for
25.0< BMI <30 kg/m? (1.13, 95% Cl: 1.05-1.22) as a result of the adjusted logistic
regression analysis between thyroid cancer incident cases and matched controls.

(Cho, Chang et al. 2018) selected 96,855 people with no major missing
variables among those who underwent health checkups between 2006 and 2014 at
the health screening center of the Kangbuk Samsung Hospital. A total of 1,250
newly diagnosed patients with thyroid cancer have been confirmed since the first
medical examination. In this study, risk factors for thyroid cancer were analyzed
using Cox's proportional hazards regression model. The result of the analysis,
which adjusted covariates such as age, drinking, and exercise, indicated that
smoking was associated with a decreased risk of thyroid cancer. Subsequently,
obesity (BMI >25 kg/m?) and thyroid stimulating hormone (TSH) values were
added as covariates, and the analysis was repeated. The results were similar to
those obtained previously, i.e., smoking continued to be associated with a lower
risk of thyroid cancer.

(Hoang, Song et al. 2021) conducted a case-control study using patient

data from the National Cancer Center in Korea to determine the risk factors of
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thyroid cancer. A total of 41,109 cohort participants’ data on economic and social
characteristics and lifestyles from 2002 to 2014 were retrieved. This study focused
on the effect of obesity on thyroid cancer. The standard for obesity was defined as
BMI > 25.0 kg/m?, overweight as 23.0< BMI <25.0 kg/m?, and normal weight as
BMI <23.0 kg/m?. The potential controls for the 702 patients with thyroid cancer
was 37,236 participants with no history of thyroid-related diseases.

After a 1:1 matching between the patients and potential controls using
gender and age variables, the data of 702 patients with thyroid cancer and 702
controls were analyzed. Family history of thyroid cancer, marital status, education
level, occupation, income level, and smoking status were used as covariates. The
analysis confirmed that the adjusted OR for obesity (BMI >25.0 kg/m?) was 1.62
(95% Cl: 1.23-2.14) and that for overweight (23.0< BMI <25.0 kg/m?) was 1.46
(95% CI: 1.10-1.93) compared with the normal weight (BMI <23.0 kg/m?).
Obesity was identified to be significantly associated with an increased risk of
thyroid cancer.

(Son, Lee et al. 2018) used the National Sample Cohort (NSC) database in
the Korean NHIS to identify the risk factors for thyroid cancer incidence. The NSC
database included 351,402 participants aged >20 years who had undergone health
checkups from 2003 to 2008. (Son et al., 2018) identified 3,308 thyroid cancer
incident cases and subsequently, utilized Cox’s proportional hazard ratio model to
determine the association between obesity and thyroid cancer incidence. This study
defined normal weight (18.5-22.9 kg/m?), overweight (23.0-24.9 kg/m?), and
obesity (30.0 kg/m?) using the BMI. Compared with normal weight, the adjusted
hazard ratio of overweight was 1.211 (95% CI: 1.133-1.351) and that of obesity

was 1.274 (1.048-1.548). Gender, age, smoking status, exercise,_ alcohol
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consumption, history of diabetes, and history of dyslipidemia were used as
covariates. Smoking, drinking, and exercise exhibited an inverse correlation with
thyroid cancer incidence.

(Lee, Chai et al. 2021) conducted a meta-analysis of 24 studies worldwide
that analyzed the association between smoking and thyroid cancer because
although smoking is a well-known cancer risk factor, smoking and thyroid cancer
incidence are negatively correlated. The meta-analysis stratified gender, detailed
types of thyroid cancer, smoking status of patients, and smoking amount. The
analysis identified that smoking was associated with a decreased risk of thyroid
cancer in both men and women. However, (Lee, Chai et al. 2021) suggested that
further studies with sufficient sample size, depending on detailed types of thyroid
cancer, are needed.

In 2014, an epidemiological survey was conducted in the Jiangsu region
of China in 2014 to confirm the link between metabolic syndrome and thyroid
nodules. In this investigation, a total of 6,494 people underwent thyroid
ultrasonography to detect thyroid nodules. (Feng et., 2017) confirmed that WC,
fasting blood sugar, high blood pressure, and smoking were positively correlated
with the prevalence of thyroid nodules (adjusted by age and sex) using the
collected data (from the database of the epidemiological investment in Jiangsu,
China). Abdominal obesity in Chinese women was defined as WC >80 cm. The
adjusted OR of obesity (WC >80 cm) was 1.264 (95% CI 1.091-1.466).

(Kabat, Kim et al. 2012) analyzed thyroid cancer risk factors in
postmenopausal women using the Women's Health Initiative database. This
database contains information on physical measurements and clinical trials for the

general population conducted at 40 US medical institutions from 1993 to 1998.
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Among the 144,219 postmenopausal women in the cohort data, 294 had thyroid
cancer. The results revealed that BMI, WC, hip circumference (HC), and WHR
were not associated with thyroid cancer incidence. Conversely, tall height was
significantly associated with an increased risk of thyroid cancer. The risk of thyroid
cancer was 1.15 (95% CI 1.04-1.27) per 5 cm height increment, compared with the
height of the baseline group (<157.7 cm).

(Rinaldi, Lise et al. 2012) conducted an analysis of thyroid cancer risk
factors using the European Prospective Investigation into Cancer and Nutrition
(EPIC) cohort database. The EPIC cohort first collected health surveys and body
measurement information for 150,000 individuals aged 35-39 years in 10
European countries (including the UK, Germany, and France) between 1991 and
2000, and further updated participant information until 2009. A total of 343,765
women participated in the baseline survey, and repeated surveys confirmed 508
incident cases of thyroid cancer. If the WC was >83.5 cm compared with the
reference group (<74.0 cm), the hazard ratio was 1.34 (95% CI: 1.00-1.79), which

was associated with a high-risk of thyroid cancer. Obesity (BMI =30.0 kg/m?)

was not related with an increased risk of thyroid cancer incidence compared with
the reference group (normal: BMI 18.5-23.0 kg/m?). A WHR >0.815 among the
participants was associated with an increased risk of thyroid cancer (hazard
ratio=1.42, 95% CI: 1.42-1.91) compared with the reference group (WHR <0.758).
The WHR is calculated by dividing the WC by the HC.

The biological mechanisms underlying thyroid cancer and obesity have not
yet been clearly identified. Resistance to insulin, altered adipocytokine components,

inflammatory response, and their combinations have been suggested as



mechanisms underlying the relationship between obesity and thyroid cancer risk.

Endocrine disorders and inflammation of central obesity-related adipose tissue

were observed in obese individuals, leading to insulin resistance. High thyrotropin

hormone levels have been identified in overweight and obese individuals, and

thyrotropin is associated with mitogenic effects. In addition, high levels of serum

tumor necrosis factor-alpha (TNF-a), interleukin-6, TNF-0. immuno-reactivity, and

leptin hormone in thyroid tissues have been demonstrated in patients with thyroid

cancer (Shin, Cho et al. 2022).

(Bogovi¢ Crn¢i¢, Ili¢ Tomas et al. 2020) summarized well-known risk factors

of thyroid cancer such as iodine intake, hereditary conditions, estrogen, obesity,

lifestyle, environmental toxic pollutants, and exposure to ionizing radiation in

childhood.
Table 3-1. The Summary of Literature Review
Reference Risk factors for thyroid cancer Data source
(Hoang, Song | » Risk factors: obesity (BMI > 25.0 kg/m?) Patient cohort data
et al. 2021) * Sample size = 702 patients with thyroid cancer and 702 | from the National
Korea matched controls Cancer Center;

case-control
study

* 1:1 matched by gender and age

2002-2014

(An, Kim et
al. 2020)
Korea

case-control

» Risk factors: obesity (25.0 kg/m?2 < BMI <30.0 kg/m?
or 30.0 kg/m? <BMI), non-smoking, and non-drinking

* Sample size = 4,977 patients with thyroid cancer and
19,908 matched controls

* 1:4 matched by gender, age, residential area, income

National health
examination data of
people aged >40
years from 2002 to
2013, the Korea

study level, and the Charlson Comorbidity Index (CCI)® National Health
Insurance Service
(NHIS)
(Son, Lee et | » Risk factors: obesity (25.0 kg/m? < BMI <30.0 kg/m?) | National sample
al. 2018) and overweight (23.0-24.9 kg/m?) cohort (NSC)

© CCl is the estimator of the 10-year mortality for a person who may get a range of
comorbid health statuses.
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Korea * Sample size = 3,308 patients with thyroid cancer database; 2003-
among 351,402 participants 2008; the Korea
Cox's * Covariates (gender, age, smoking status, exercise, National Health
professional | alcohol consumption, and history of diabetes and Insurance Service
hazards dyslipidemia) (NHIS)
regression * Smoking, drinking, and exercise exhibited an inverse
correlation with the incidence of thyroid cancer
(Cho, Chang | » Risk factors: non-smoking and obesity (BMI >25 Health examination
etal. 2018) | kg/m?) database; between
Korea * Sample size = 1,250 newly diagnosed patients with 2006 and 2014;
thyroid cancer 96,855 participants health screening
Cox's * Covariates: age, year of health examination, alcohol center at the
proportional | consumption, exercise, and TSH levels (thyroid Kangbuk Samsung
hazards stimulating hormone) Hospital
regression
(Myung, Lee | » Risk factors: obesity (BMI>25.0 kg/m?), family Cohort data
etal. 2017) history of thyroid cancer, non-drinking, non-smoking, in the National
Korea and low income Cancer Center of

case-control

* Sample size = 802 patients with thyroid cancer and 802
matched controls

Korea (2002-2012)

study * 1:1 matched by gender, age (£2 years), and residential
area
(Lee, Chaiet | » Controversial association between smoking and Previous 24 studies
al. 2021) thyroid cancer incidence (published during

meta-analysis

* A reduced risk of thyroid cancer in both men and
women was identified. However, (Lee, Chai et al. 2021)
suggested that further studies with sufficient sample size
depending on detailed types of thyroid cancer were
needed

1990-2019) on the
association between
smoking and
thyroid cancer
incidence

(Feng et., » Risk factors of thyroid nodules®: waist circumference | Epidemiological
2017) (WC >90 cm in men and WC >80 cm in women), fasting | survey conducted in
Jiangsu, blood sugar, high blood pressure, and smoking the Jiangsu region
China * Sample size = 1,150 patients with thyroid nodules of China (2014)
among 6,494 participants
logistic * Covariates: gender and age
regression
(Rinaldi, Lise | » Risk factors: waist circumference (WC >83.5 cm), EPIC cohort (the
et al. 2012) waist-hip ratio (WHR >0.815) European
10 European | * Sample size = 508 patients with thyroid cancer among | Prospective
countries 343,765 female participants Investigation into
* Obesity, based on BMI, was not associated with an Cancer and
Cox’s increased risk of thyroid cancer. Nutrition),
proportional | * Smoking status was adjusted for Cox’s proportional data collected from
hazards hazards regression 1991 to 2000 and

©Thyroid nodule refers to a lump in the thyroid gland caused by excessive proliferation of

thyroid cells.
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regression updated until 2009.
(Kabat, Kim et | » The risk of thyroid cancer was 1.15 (95% CI 1.04- The Women's

al. 2012) 1.27) per 5 cm height increment compared with the Health Initiative

us height of the reference group (<157.7 cm) database in the US
* Sample size = 294 patients with thyroid cancer among | (1993-1998)
Cox's 144,219 postmenopausal women
proportional | * BMI, WC, hip circumference (HC), and WHR were
hazards not associated with thyroid cancer incidence
regression
(Bogovié » Well-known risk factors to date: low or high iodine Review paper

Crncic, Ili¢

intake, hereditary conditions, estrogen, obesity, lifestyle,

Tomas et al. | environmental toxic pollutants, and exposure to ionizing
2020) radiation in childhood
review
(Huxley, These studies suggest that central obesity indices, such
Mendis etal. | as WC, WHR, and waist-height ratio (WHTR) are more
2010), accurate indicators of abdominal fat than BMI and are
(Liu, Tong et | more strongly associated with an increased risk of
al. 2011), disease
(Zhou, Li et
al. 2021),
(Ke, Wang et
al. 2022)

3.3. Materials and Methods

Study population

We prospectively conducted a study by utilizing data from the Health

Examinee Study (HEXA), which is a part of the Korean Genome and

Epidemiology Study (KoGES). The objective of KoGES is to examine the

interactions between genetic and environmental elements with regard to the

emergence of chronic and complex diseases in Korea (Kim and Han 2017). The

study population of HEXA was composed of people aged 40-69 years who were

recruited between 2004 and 2014 at 38 large health examination centers and

training hospitals in eight regions of Korea. A total of 173,353 patients were

recruited, and 65,639 completed the follow-up studies between 2012 and 2017.
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To identify cancer cases, using a standardized questionnaire administered by
skilled interviewers, participants were asked whether they had been diagnosis with
cancer by a doctor. For those who finished the follow-up study (n=65,639), the
incidence of thyroid cancer was determined using a follow-up questionnaire. To
exclude cases of pre-existing cancer, individuals who had received a diagnosis for
any type of cancer from a doctor during the baseline survey (n=6,038) were
excluded. Moreover, participants with incomplete data on the variables that were
essential to the calculation of obesity indices (height, weight, waist circumference,
or hip circumference) were excluded (n=313). Furthermore, those who had cancers
other than thyroid cancer during the follow-up survey (n=1,155) were excluded.
Given the limited number of male participants with thyroid cancer, the final sample
comprised 40,143 cancer-free female participants and 412 female patients with
incident thyroid cancer.

According to the HEXA baseline study, self-reported thyroid cancer had a
positive predictive value of 96.1% (Cho, Shin et al. 2017). Another prospective
cohort study conducted in Korea demonstrated the accuracy of self-reported
incident thyroid cancer as having sensitivity and specificity of 98.1% and 99.8%,
respectively (Cho, Chang et al. 2018). Therefore, self-reported information on
physician-diagnosed thyroid cancer is considered reliable. The HEXA study
obtained informed consent from all participants for baseline and follow-up data
collection, including interviews and physical examinations (Health Examinees
Study 2015). This study was approved by the Institutional Review Board of

Hanyang University College of Medicine (IRB No. HYUIRB-202205-025).



Figure 3-1. Flow chart of selection of the study participants.

Study population
(N=173.353)

Excluded (N=132,798)

= Cancer patients who were already diagnosed or
unknown observations in the baseline (N=6.038)

= Unknown observations about obesity-related

— variables in the baseline (IN=313)

= Missing observations in the repeated survey (N=104,204)

= Different types of cancers in the repeated survey aside
from thyroid cancer in the repeated survey (N=1.133)

= Male participants® (N=21,088)

| |
Female patients with thyroid Female participants who

cancer incidence (n=412) are cancer-free (n=40,143)

1:4 matching by age, the vear of
enrollment and follow-up duration

Female thyroid cancer cases Matched female controls
(n=412) (n=1.648)

* Excluded male participants because the number of male thyroid cancer cases was too small.

Nested case-control data set

A total of 412 females with thyroid cancer were identified. Control
participants were selected randomly from among those who did not report any type
of cancer in both the baseline and follow-up questionnaires. For every case, four
controls were matched according to the birth year (exact match) and the enrollment
year (+1 year). The follow-up period was determined by computing the difference

between the enrollment and follow-up years. For matched controls, the follow-up
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period was either equal to or exceeded that of each case with thyroid cancer. The
final analysis included 412 females with thyroid cancer and 1,648 matched female

controls.

Definition of variables

Throughout the health examinations, skilled nurses gathered anthropometric
data, including measurements of height, weight, and waist circumference and hip
circumference (Health Examinees Study 2015). Obesity indicators included body
mass index (BMI), waist circumference (WC), waist-hip ratio (WHR), and waist-
height ratio (WHTR). BMI categories included obese (>25.0 kg/m?), overweight
(23.0-24.9 kg/m?), and normal (<23.0 kg/m?). Participants with a WC of 85 cm or
more, WHR of 0.85 or more, and WHTR of 0.5 or more were classified as obese
whereas those with WC less than 85, WHR less than 0.85, and WHTR less than 0.5
were considered normal (Lam, Koh et al. 2015, Ahn, Lee et al. 2020).

A standardized survey was administered by trained interviewers to obtain
information on the participants’ comorbidities as diagnosed by doctors (Health
Examinees Study 2015), medical history of their immediate family, lifestyle factors,
and reproductive factors. Lifestyle factors that were considered as covariates
included alcohol consumption (never, former or current); smoking status (never,
former or current); engaging in sweat-inducing exercise more than once a week (no,
yes); and reproductive factors, including having a hysterectomy (no, yes), using
oral contraceptives (never, former or current), and self-assessment of health status
(good, normal, bad). The comorbidities that were examined as covariates were
hypertension, diabetes, hyperlipidemia, osteoporosis, and intestinal polyps, which

are linked to both obesity and thyroid cancer (Mack, Preston-Martin et al. 2002,
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Tashiro, Akiyama et al. 2004, Navarro Silvera, Miller et al. 2005, Sullivan,
Ghushchyan et al. 2008, Zhao, Jiang et al. 2008, Stansifer, Guynan et al. 2015).
Furthermore, a family history of cancer, hypertension, and diabetes among first-
degree relatives was considered a covariate (Xu, Li et al. 2012). Fasting blood
glucose levels of blood samples obtained during health examinations were
categorized as either less than 100 or more than or equal to 100 mg/dL (Hwang,

Kang et al. 2016).

Statistical Analysis

Baseline survey characteristics for thyroid cancer cases and matched control
groups were presented as proportions or means and compared using the chi-square
or Fisher's exact test for categorical variables and the t-test for continuous variables.
A conditional logistic regression model was used to examine the relationship
between BMI, WC, WHR, WHTR, and thyroid cancer risk. Furthermore, multiple
conditional logistic regression models were applied, after adjusting for factors such
as drinking, smoking, sweating exercise, medical history (hypertension, diabetes,
hyperlipidemia, osteoporosis, intestinal polyps), hysterectomy, oral contraceptive
use, family history (cancer, hypertension, diabetes), fasting blood sugar, and
subjective health assessment. The relationships of WC, WHR, WHTR, and BMI
with thyroid cancer were analyzed using conditional logistic regression, after
adjusting for the mentioned covariates and using normal obesity indices for both
BMI and WC, WHR, and WHTR as the reference. Statistical significance was
established with a two-sided p<0.05. Statistical analyses were conducted using

SAS version 9.4 (SAS Institute, Cary, NC, USA).



3.4. Results

Table 3-2 illustrates the key characteristics of recently diagnosed thyroid

cancer cases and their corresponding control subjects. The thyroid cancer group

comprised a greater proportion of individuals with a history of osteoporosis,

intestinal polyps, and hysterectomy as compared to the matched control group

(9.0% vs. 5.8%, 4.8% vs. 2.4%, and 15.5% vs. 10.2%, all p<0.05). The mean

fasting blood sugar level was higher in patients with thyroid cancer than in their

matched control counterparts (94.0 mg/dL vs. 91.0 mg/dL, p<0.0039). At the initial

assessment, a worse self-evaluated health status was reported by individuals with

incident thyroid cancer than by controls (22.1% vs. 16.4%). There was no

significant difference in the remaining characteristics between the thyroid cancer

cases and their matched controls.

Table 3-2. Baseline characteristics of patients with incident thyroid cancer and

matched controls

Thyroid

Matched

Characteristic cancer cases 1 controls 1 P-value
Sample size 418 1,648
Age at cohort enrollment
Mean (SD) 51.0 (+6.7) 51.0 (+6.7) 1.000
40-49 183 (44.4) 732 (44.4) 1.000
50-59 175 (42.5) 700 (42.5)
> 60 54 (13.1) 216 (13.1)
Alcohol drinking
Never 272 (66.0) 1077 (65.4) 0.3970
Former or Current 135 (32.8) 561 (34.0)
Unknown 5(1.2) 10 (0.6)
Smoking
Never 397 (96.4) 1596 (96.8) 0.1358
Former or Current 9(2.2) 43 (2.6)
Unknown 6 (1.4) 9 (0.6)

Sweating exercise once or more per
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week

No 170 (41.3) 750 (45.5) 0.2110
Yes 242 (58.7) 896 (54.4)
Unknown 0 (0.0) 2(0.1)
Past medical history of
hypertension
No 348 (84.5) 1420 (86.2) 0.2616
Yes 63 (15.3) 227 (13.7)
Unknown 1(0.2) 1(0.1)
Past medical history of diabetes
No 394 (95.6) 1586 (96.3) 0.6626
Yes 18 (4.4) 60 (3.6)
Unknown 0 (0.0 2(0.1)
Past medical history of
hyperlipidemia
No 379 (92.0) 1508 (91.5) 0.7507
Yes 33 (8.0 140 (8.5)
Past medical history of
osteoporosis
No 375 (91.0) 1553 (94.2) 0.0171
Yes 37 (9.0 95 (5.8)
Past medical history of polyp of
intestine
No 392 (95.2) 1608 (97.6) 0.0088
Yes 20 (4.8) 40 (2.4)
Hysterectomy
No 346 (84.0) 1474 (89.4) 0.0083
Yes 64 (15.5) 168 (10.2)
Unknown 2 (0.5) 6 (0.4)
Use oral contraceptive
Never 324 (78.6) 1340 (81.3) 0.2267
Former or Current 82 (19.9) 296 (18.0)
Unknown 6 (1.5) 12 (0.7)
Family history of cancer
No 267 (64.8) 1150 (69.8) 0.1208
Yes 143 (34.7) 487 (29.6)
Unknown 2 (0.5) 11 (0.6)
Family history of hypertension
No 266 (64.6) 1105 (67.1) 0.5224
Yes 145 (35.2) 536 (32.5)
Unknown 1(0.2) 7 (0.4)
Family history of diabetes
No 313 (76.0) 1312 (79.6) 0.1560
Yes 97 (23.5) 322 (19.5)
Unknown 2 (0.5) 14 (0.9)
Fasting blood sugar
Mean (SD) 94.0 (x20.6) 91.0 (x16.5) 0.0039
<100 mg/di 327 (79.4) 1370 (83.1) 0.0861
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> 100 mg/dl 74 (18.0) 226 (13.7)

Unknown 11 (2.6) 52 (3.2)
Subjective health evaluation
Good 127 (30.8) 578 (35.1) 0.0463
Normal 192 (46.6) 788 (47.8)
Bad 91 (22.1) 271 (16.4)
Unknown 2 (0.5) 11 (0.7)

1Cases of thyroid cancer and their corresponding controls were precisely paired by
seX, birth year, and enrollment year (*1 year). The monitoring period for the

matched controls was established as equal to or longer than the duration for each
thyroid cancer case. SD, standard deviation.

The proportions of obesity in terms of BMI, WC, WHR, and WHTR are
shown in Fig. 3-2. The proportions of obese and overweight patients with BMI
were 32.8% and 25.7% in thyroid cancer cases and 24.2% and 28.9% in matched
controls, respectively (P-value = 0.0017). In group with thyroid cancer, the
prevalence of obesity according to WC, WHR, and WHTR measurements was
25.2%, 43.5%, and 52.9%, respectively, whereas the corresponding proportions for
matched controls were 17.4%, 38.3%, and 45.3%, respectively. Notably, a
significantly increased prevalence of obesity based on WC and WHTR

measurements was observed in the group with thyroid cancer.

Figure 3-2. Prevalence of obesity in baseline measurements *
(A) (B)
Pvalue = 0.0017 Povalue = 0.0003
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1Figure A illustrates the prevalence of obesity based on BMI measurements whereas B, C,
and D show the prevalence of obesity according to the WC, WHR, and WHTR
measurements, respectively. BMI categories included obese (>25.0 kg/m?), overweight
(23.0-24.9 kg/m?), and normal (<23.0 kg/m?). Participants were considered obese if they
had a WC of 85 cm or more, a WHR of 0.85 or higher, or a WHTR of 0.5 or greater.
Conversely, individuals with a WC less than 85 cm, WHR less than 0.85, and WHTR less
than 0.5 were classified as having normal anthropometry. P-values were calculated using
the chi-square test. The prevalence of obesity, as determined by BMI, WC, and WHTR
measurements, was significantly greater in the group with thyroid cancer than in matched
controls.

Table 3-3. Association between obesity indices and risk of thyroid cancer

Crude odds A?;(j?d
Obesity index ratio P-value . P-value
(95% Cl) ratio *
(95% ClI)
BMI
>25.0 Kg/m? 1.46 (1.12-1.91) 0.0052 1.37 (1.03-1.81) 0.0300
23.0-24.9 Kg/m? 0.96 (0.73-1.27) 0.7896 0.96 (0.72-1.28) 0.8000
< 23.0 Kg/m? ref (1) - ref (1) -
Waist circumference
>85cm 1.65 (1.25-2.17) 0.0004 1.55 (1.16-2.07) 0.0035
< 85cm ref (1) - ref (1) -
Waist-Hip ratio
>0.85 1.25(0.98-1.58) 0.0706 1.20 (0.93-1.54) 0.1529
<0.85 ref (1) - ref (1) -
Waist-Height ratio
>0.50 1.41 (1.11-1.78) 0.0045 1.37 (1.07-1.75) 0.0135
<0.50 ref (1) - ref (1) -
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1 This analysis considered various factors, after adjusting for the presence or absence of
hypertension, diabetes, hyperlipidemia, osteoporosis, and intestinal polyps. Additionally,
adjustments were made for family history of cancer, hypertension, and diabetes, as well as
drinking and smoking habits, participation in intense exercise, hysterectomy status, and oral
contraceptive use. Furthermore, fasting blood sugar levels and subjective health evaluations
were considered. These adjustments were undertaken to provide a clearer understanding of
the relationship between obesity indices and risk of thyroid cancer while controlling for
potential confounding factors.

Table 3-3 presents the relationship between various obesity indices and the
risk for thyroid cancer. Compared to the group with normal BMI (<23.0 kg/m2),
the risk of thyroid cancer increased 1.37 times (95% CI, 1.03-1.81) in the obese
BMI group (>25.0 kg/m2), after accounting for other variables. Obesity, as defined
by the WC (=85.0 cm) and WHTR (>0.5), was associated with an increased risk of
thyroid cancer (OR [95% CI] 1.55 [1.16-2.07] and 1.37 [1.07-1.75], respectively).

However, abdominal obesity, as measured by the WHR (>0.85), was not

significantly associated with the risk of thyroid cancer.

Table 3-4. Summary table of analysis for obesity indices and covariates

BMI
(ref: <23.0 kg/m?)

Waist circumference
(ref: <85 cm)

Waist-hip ratio
(ref: <0.85)

Waist-height ratio
(ref: <0.50)

Obese (>25.0 kg/m?)
Adjusted OR (95% CI)
1.37 (0.03-1.81)
P=0.0300

Obese (>85 cm)
Adjusted OR (95% ClI)
1.55 (1.16-2.07)
P=0.0035

Obese (>0.85)
Adjusted OR (95% CI)
1.20 (0.93-1.54)
P=0.1529

Obese (> 0.5)
Adjusted OR (95% ClI)
1.37 (1.07-1.75)
P=0.0135

Increased risk factors
in covariates

Past medical history of
hysterectomy, and
intestinal polyps, and
high fasting blood sugar
(>100 mg/dI) and
subjective health
evaluation

Increased risk factors
in covariates

Past medical history of
hysterectomy,
intestinal polyps, and
high fasting blood sugar
(>100 mg/dl) and
subjective health
evaluation

Increased risk factors
in covariates

Past medical history of
hysterectomy,
intestinal polyps, and
high fasting blood sugar
(>100 mg/dl) and
subjective health
evaluation

Increased risk factors
in covariates

Past medical history of
hysterectomy,
intestinal polyps, and
high fasting blood sugar
(>100 mg/dl) and
subjective health
evaluation

% This table summarizes tables 3-5, 3-6, 3-7, and 3-8
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Table 3-4 summarized four tables: tables 3-5, 3-6, 3-7, and 3-8. Regarding

multiple conditional logistic regression results, the present study identified

statistically significant covariates. Based on obesity indices as main variables,

significant covariates such as past medical history of hysterectomy and intestinal

polyps, high fasting blood sugar (2100 mg/dl), and subjective health evaluations

(cutoff point=P<0.05) were similar. This indicates that increased risk of thyroid

cancer for different obesity indices is consistent, and the effects of covariates are

similar in four obesity indices (BMI, WC, WHR, and waist-height ratio).

Table 3-5. Adjusted odds ratios between risk factors

and incidence of thyroid cancer (body mass index)

Variable | Adjusted Odds ratio | 95%Cl | P-value
BMI
<23.0 ref (1)
23.0-24.9 0.964 0.724-1.283 0.8
>=25.0 1.365 1.031-1.809 0.03
Past medical history of hypertension
No ref (1)
Yes 0.972 0.682-1.385 0.8755
Past medical history of diabetes
No ref (1)
Yes 0.949 0.506-1.78 0.87
Past medical history of hyperlipidemia
No ref (1)
Yes 0.771 0.497-1.193 0.2429
Past medical history of osteoporosis
No ref (1)
Yes 1.439 0.908-2.281 0.1209
Drinking
Never ref (1)
Former or Current 0.988 0.771-1.266 0.923
Smoking
Never ref (1)
Former or Current 0.777 0.365-1.655 0.5136
Intense exercise
No ref (1)
Yes 1.223 0.964-1.551 0.0976
Familial cancer
No ref (1)
Yes 1.196 0.935-1.529 0.1546
Familial hypertension
No ref (1)
Yes 1.05 0.817-1.349 0.703
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Familial diabetes

No ref (1)
Yes 1.18 0.885-1.574 0.2583
Hysterectomy
No ref (1) -
Yes 1.614 1.158-2.252 0.0048
Oral contraceptive
Never ref (1)
Former or Current 1.188 0.883-1.597 0.2545
Past medical history of polyp of the intestine
No ref (1)
Yes 2.253 1.243-4.083 0.0074
Fasting blood sugar
<100mg/dl ref (1)
>=100mg/d| 1.385 0.988-1.943 0.059
Subjective health evaluation
Good ref (1)
Normal 1.121 0.859-1.462 0.3996
Bad 1.572 1.135-2.176 0.0065

Table 3-6. Adjusted odds ratios between risk factors and incidence of thyroid

cancer (waist circumference)

Variable |  Adjusted Odds ratio 95% ClI | P-value
Waist circumference
<85cm ref (1)
>=85cm 1.548 1.155-2.074 0.0035
Past medical history of hypertension
No ref (1)
Yes 0.957 0.671-1.365 0.8082
Past medical history of diabetes
No ref (1)
Yes 0.954 0.507-1.795 0.8846
Past medical history of hyperlipidemia
No ref (1)
Yes 0.739 0.477-1.146 0.1765
Past medical history of osteoporosis
No ref (1)
Yes 1.444 0.911-2.288 0.1182
Drinking
Never ref (1)
Former or Current 0.977 0.763-1.253 0.8558
Smoking
Never ref (1)
Former or Current 0.773 0.363-1.647 0.5046
Intense exercise
No ref (1)
Yes 1.228 0.967-1.559 0.0919
Familial cancer
No ref (1)
Yes 1.191 0.932-1.522 0.1629
Familial hypertension
No ref (1)
Yes 1.059 0.825-1.36 0.6513

Familial diabetes
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No ref (1)
Yes 1.2 0.899-1.601 0.2157
Hysterectomy
No ref (1)
Yes 1.55 1.11-2.163 0.01
Oral contraceptive
Never ref (1)
Former or Current 1.19 0.885-1.6 0.2505
Past medical history of polyp of the intestine
No ref (1)
Yes 2.181 1.204-3.95 0.0101
Fasting blood sugar
<100mg/dl ref (1)
>=100mg/dI 1.383 0.986-1.941 0.0603
Subjective health evaluation
Good ref (1)
Normal 1.116 0.855-1.456 0.4181
Bad 1.594 1.151-2.208 0.005

Table 3-7. Adjusted odds ratios between risk factors and incidence of thyroid
cancer (waist-height ratio)

Variable |  Adjusted Odds ratio | 95% ClI [ P-value
Waist-height ratio
<0.5 ref (1)
>=0.5 1.366 1.066-1.75 0.0135
Past medical history of hypertension
No ref (1)
Yes 0.975 0.685-1.387 0.8874
Past medical history of diabetes
No ref (1)
Yes 0.941 0.502-1.763 0.8489
Past medical history of hyperlipidemia
No ref (1)
Yes 0.752 0.486-1.165 0.2019
Past medical history of osteoporosis
No ref (1)
Yes 1.432 0.903-2.272 0.1272
Drinking
Never ref (1)
Former or Current 0.978 0.763-1.253 0.8588
Smoking
Never ref (1)
Former or Current 0.797 0.374-1.699 0.5573
Intense exercise
No ref (1)
Yes 1.237 0.973-1.571 0.0819
Familial cancer
No ref (1)
Yes 1.205 0.943-1.54 0.1361
Familial hypertension
No ref (1)
Yes 1.069 0.832-1.372 0.603
Familial diabetes
No ref (1) | |
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Yes 1.19 | 0.892-1.587 | 0.2364

Hysterectomy

No ref (1) -
Yes 1.611 1.156-2.245 0.0049
Oral contraceptive
Never ref (1)
Former or Current 1.181 0.879-1.588 0.2696
Past medical history of polyp of the intestine
No ref (1)
Yes 2.268 1.253-4.105 0.0068
Fasting blood sugar
<100mg/dl ref (1)
>=100mg/dI 1.398 0.998-1.958 0.0514
Subjective health evaluation
Good ref (1)
Normal 1.118 0.857-1.459 0.4122
Bad 1.579 1.14-2.187 0.006

Table 3-8. Adjusted odds ratios between risk factors and incidence of thyroid

cancer (waist-hip ratio)

Variable |  Adjusted Odds ratio | 95% ClI | P-value
Waist-hip ratio
<0.85 ref (1)
>=0.85 1.2 0.934-1.542 0.1529
Past medical history of hypertension
No ref (1)
Yes 0.991 0.697-1.409 0.9598
Past medical history of diabetes
No ref (1)
Yes 0.911 0.487-1.706 0.7716
Past medical history of hyperlipidemia
Nio ref (1)
Yes 0.76 0.49-1.177 0.2189
Past medical history of osteoporosis
No ref (1)
Yes 1.424 0.9-2.255 0.1315
Drinking
Never ref (1)
Former or Current 0.978 0.763-1.254 0.8626
Smoking
Never ref (1)
Former or Current 0.788 0.37-1.678 0.5362
Intense exercise
No ref (1)
Yes 1.211 0.954-1.536 0.1154
Familial cancer
No ref (1)
Yes 1.191 0.931-1.523 0.1635
Familial hypertension
No ref (1)
Yes 1.071 0.834-1.375 0.5908
Familial diabetes
No ref (1)
Yes 1.197 0.899-1.595 0.2186
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Hysterectomy

No ref (1) -
Yes 1.624 1.165-2.262 0.0042
Oral contraceptive
Never ref (1)
Former or Current 1.187 0.884-1.595 0.255
Past medical history of polyp of the intestine
No ref (1)
Yes 2.23 1.233-4.035 0.008
Fasting blood sugar
<100mg/dl ref (1)
>=100mg/dI 1.426 1.019-1.996 0.0386
Subjective health evaluation
Good ref (1)
Normal 1.115 0.855-1.454 0.4217
Bad 1.599 1.155-2.213 0.0046

Table 3-9 presents the relationship between the combination of BMI, other

obesity indices, and the risk of thyroid cancer. Women who exhibited both an

obese BMI level (>25.0 kg/m?) and other obesity indices (WC > 85.0 cm, WHR >

0.85, or WHTR > 0.5) had an increased risk of thyroid cancer (OR [95% CI] 1.63

[1.14-2.31], 1.49 [1.05-2.12], and 1.42 [1.04-1.94], respectively) as compared

with those who had normal levels of BMI and each respective obesity index.

However, women with increased levels of only one obesity index did not display a

significantly increased risk of thyroid cancer.

Table 3-9. Associations between abdominal obesity, BMI, and thyroid cancer risk

(Combination of obesity indices)

. Adjusted
Parameter Crude co)dds N RVATS odds ratio * P-value
(95% C1) (95% CI)
BMI & waist circumference
>25.0 Kg/m? & >85 cm L.79 0.0005 163 0.0070
- - (1.29-2.49) ' (1.14-2.31) '
i ) 1.36 1.39
23.0-24.9 Kg/m* & >85 cm (0.76-2.42) 0.2989 (0.76-2.52) 0.2863
1.28 1.36
2
<23.0 Kg/m* & >85 cm (0.51-3.23) 0.6046 (0.53-3.53) 0.5261
2 1.20 1.18
>25.0 Kg/m* & <85 cm (0.84-1.71) 0.3072 (0.82-1.70) 0.3719
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0.92 0.93
_ 2
23.0-24.9 Kg/m?* & <85 cm (0.69-1.24) 0.5927 (0.68-1.26) 0.6297
<23.0 Kg/m? & <85 cm 1 1
BMI & waist-hip ratio
1.60 1.49
2
>25.0 Kg/m* & >0.85 (1.15-2.22) 0.0055 (1.05-2.12) 0.0266
1.07 1.05
_ 2
23.0-24.9 Kg/m* & >0.85 (0.72-1.59) 0.7346 (0.70-1.57) 0.8140
1.21 1.23
2
<23.0 Kg/m* & >0.85 (0.82-1.81) 0.3392 (0.82-1.84) 0.3229
1.45 1.37
2
>25.0 Kg/m* & <0.85 (0.98-2.16) 0.0633 (0.91-2.07) 0.1269
i 2 0.97 0.99
23.0-24.9 Kg/m* & <0.85 (0.68-1.39) 0.8716 (0.69-1.43) 0.9685
<23.0 Kg/m? & <0.85 1 1
BMI & waist-height ratio
1.51 1.42
2
>25.0 Kg/m? & >0.5 (1.13-2.02) 0.0059 (1.04-1.94) 0.0267
1.20 1.20
_ 2
23.0-24.9 Kg/m? & >0.5 (0.85-1.70) 0.2893 (0.85-1.72) 0.3023
1.11 1.10
2
<23.0 Kg/m* & >0.5 (0.71-1.74) 0.6577 (0.69-1.76) 0.6757
1.46 1.30
2
>25.0 Kg/m* & <0.5 (0.74-2.87) 0.2712 (0.64-2.65) 0.4621
0.74 0.75
_ 2
23.0-24.9 Kg/m?* & <0.5 (0.50-1.12) 0.1524 (0.49-1.13) 0.1660
<23.0 Kg/m2 & <0.5 1 1

1 This analysis considered various factors, after adjusting for the presence or absence of
hypertension, diabetes, hyperlipidemia, osteoporosis, and intestinal polyps. Additionally,
adjustments were made for family history of cancer, hypertension, and diabetes, as well as
drinking and smoking habits, participation in intense exercise, hysterectomy status, and oral
contraceptive use. Furthermore, fasting blood sugar levels and subjective health evaluations
were considered. These adjustments were undertaken to provide a clearer understanding of
the relationship between obesity indices and thyroid cancer risk while controlling for

potential confounding factors.

Table 3-10. Summary table of analysis for obesity indices and covariates

BMI and waist circumference

Reference group: BMI <23.0
kg/m2 and WC <85 cm

BMI and waist-hip ratio

Reference group: BMI <23.0
kg/m2 and WHR <0.85

BMI and waist-height ratio

Reference group: BMI <23.0
kg/m2 and WHTR <0.50

BMI >25.0 kg/m?
& WC >85 cm

Adjusted OR (95% Cl)
1.63 (1.41-2.31)

BMI >25.0 kg/m?
& WHR >0.85

Adjusted OR (95% Cl)
1.49 (1.05-2.12)

BMI >25.0 kg/m?
& WHTR >0.50

Adjusted OR (95% Cl)
1.42 (1.04-1.94)
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P =0.0070

P=0.0266

P=0.0267

Increased risk factors
in covariates

Past medical history of
hysterectomy and intestinal
polyps and subjective health

evaluation

Increased risk factors
in covariates

Past medical history of
hysterectomy and intestinal
polyps and subjective health

evaluation

Increased risk factors
in covariates

Past medical history of
hysterectomy and intestinal
polyps and subjective health

evaluation

% This table summarizes tables 3-11, 3-12, and 3-13

Table 3-10 summarized three tables: 3-11, 3-12, and 3-13. Regarding multiple

conditional logistic regression results with combined obesity indices, the present

study identified statistically significant covariates. Based on the combined obesity

indices as main variables, significant covariates such as past medical history of

hysterectomy and intestinal polyps and subjective health evaluations (cutoff point:

P<0.05) were similar. This means increased thyroid cancer risk by different

combined obesity indices is consistent, and the effects of covariates are also similar

in three combined obesity indices (BMI & WC, BMI & WHR, and BMI & waist-

height ratio)

Table 3-11. Adjusted odds ratios between risk factors and incidence of thyroid

cancer (combination BMI & waist circumference)

Variable | Adjusted Odds ratio | 95% CI | P-value
BMI&WC
<23.0 Kg/m? & <85 cm ref (1)
23.0-24.9 Kg/m? & <85 cm 0.928 0.683-1.259 0.6297
>25.0 Kg/m? & <85 cm 1.181 0.82-1.701 0.3719
<23.0 Kg/m? & >85 em 1.361 0.525-3.525 0.5261
23.0-24.9 Kg/m? & >85 cm 1.385 0.761-2.519 0.2863
>25.0 Kg/m? & >85 cm 1.625 1.142-2.312 0.007
Past medical history of hypertension
No ref (1)
Yes 0.95 0.665-1.357 0.7775
Past medical history of diabetes
No ref (1)
Yes 0.964 0.512-1.813 0.9084
Past medical history of hyperlipidemia
No ref (1) | |
7 y
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Yes 0.744 | 0.48-1.156 | 0.1884
Past medical history of osteoporosis
No ref (1)
Yes 1.45 0.915-2.3 0.114
Drinking
Never ref (1)
Former or Current 0.984 0.768-1.262 0.9014
Smoking
Never ref (1)
Former or Current 0.772 0.362-1.645 0.5021
Intense exercise
No ref (1)
Yes 1.236 0.973-1.569 0.0823
Familial cancer
No ref (1)
Yes 1.188 0.929-1.519 0.1702
Familial hypertension
No ref (1)
Yes 1.05 0.818-1.35 0.7
Familial diabetes
No ref (1)
Yes 1.189 0.891-1.589 0.24
Hysterectomy
No ref (1) -
Yes 1.562 1.118-2.183 0.009
Oral contraceptive
Never ref (1)
Former or Current 1.191 0.885-1.603 0.2483
Past medical history of polyp of the intestine
No ref (1)
Yes 2.196 1.211-3.98 0.0095
Fasting blood sugar
<100mg/dI ref (1)
>=100mg/d| 1.359 0.966-1.91 0.0779
Subjective health evaluation
Good ref (1)
Normal 1.121 0.859-1.462 0.4017
Bad 1.577 1.138-2.186 0.0063

Table 3-12. Adjusted odds ratios between risk factors and incidence of thyroid

cancer (combination BMI & waist-height ratio)

Variable | Adjusted Odds ratio | 95% ClI | P-value
BMI&WHTR
<23.0 Kg/m2 & <0.5 ref (1)
23.0-24.9 Kg/m? & <0.5 0.746 0.493-1.129 0.166
>25.0 Kg/m? & <0.5 1.304 0.643-2.645 0.4621
<23.0 Kg/m? & >0.5 1.104 0.693-1.759 0.6757
23.0-24.9 Kg/m? & >0.5 1.204 0.846-1.715 0.3023
>25.0 Kg/m? & >0.5 1421 1.041-1.939 0.0267
Past medical history of hypertension
No ref (1)
Yes 0.975 0.683-1.391 0.888
Past medical history of diabetes
No ref (1) | |
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Yes 0.953 | 0.508-1.787 0.8807
Past medical history of hyperlipidemia
No ref (1)
Yes 0.76 0.49-1.178 0.2193
Past medical history of osteoporosis
No ref (1)
Yes 1.44 0.907-2.288 0.1222
Drinking
Never ref (1)
Former or Current 0.981 0.765-1.259 0.8806
Smoking
Never ref (1)
Former or Current 0.792 0.371-1.686 0.5447
Intense exercise
No ref (1)
Yes 1.248 0.982-1.584 0.0698
Familial cancer
No ref (1)
Yes 1.194 0.934-1.527 0.1569
Familial hypertension
No ref (1)
Yes 1.057 0.822-1.359 0.666
Familial diabetes
No ref (1)
Yes 1.169 0.876-1.56 0.2899
Hysterectomy
No ref (1) -
Yes 1.617 1.159-2.255 0.0047
Oral contraceptive
Never ref (1)
Former or Current 1.174 0.873-1.58 0.2882
Past medical history of polyp of the intestine
No ref (1)
Yes 2.26 1.246-4.099 0.0073
Fasting blood sugar
<100mg/dl ref (1)
>=100mg/dI 1.366 0.974-1.917 0.0709
Subjective health evaluation
Good ref (1)
Normal 1.124 0.861-1.467 0.3885
Bad 1.562 1.127-2.165 0.0075

Table 3-13. Adjusted odds ratios between risk factors and incidence of thyroid

cancer (combination BMI & waist-hip ratio)

Variable | Adjusted Odds ratio | 95% CI P-value
BMI&WHR
<23.0 Kg/m? & <0.85 ref (1)
23.0-24.9 Kg/m? & <0.85 0.993 0.689-1.43 0.9685
>25.0 Kg/m? & <0.85 1.374 0.914-2.068 0.1269
<23.0 Kg/m? & >0.85 1.228 0.817-1.844 0.3229
23.0-24.9 Kg/m? & >0.85 1.05 0.701-1.572 0.814
>25.0 Kg/m? & >0.85 1.491 1.047-2.123 0.0266
Past medical history of hypertension
No ref (1) |
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Yes 0.961 0.673-1.373 | 0827
Past medical history of diabetes
No ref (1)
Yes 0.939 0.501-1.761 0.8444
Past medical history of hyperlipidemia
No ref (1)
Yes 0.762 0.491-1.183 0.2261
Past medical history of osteoporosis
No ref (1)
Yes 1.443 0.91-2.289 0.1192
Drinking
Never ref (1)
Former or Current 0.99 0.772-1.269 0.9362
Smoking
Never ref (1)
Former or Current 0.78 0.366-1.663 0.5205
Intense exercise
No ref (1)
Yes 1.228 0.968-1.559 0.0912
Familial cancer
No ref (1)
Yes 1.192 0.931-1.526 0.1633
Familial hypertension
No ref (1)
Yes 1.051 0.818-1.351 0.6973
Familial diabetes
No ref (1)
Yes 1.188 0.89-1.585 0.2429
Hysterectomy
No ref (1) -
Yes 1.613 1.156-2.251 0.0049
Oral contraceptive
Never ref (1)
Former or Current 1.191 0.886-1.602 0.2473
Past medical history of polyp of the intestine
No ref (1)
Yes 2.246 1.24-4.069 0.0076
Fasting blood sugar
<100mg/dI ref (1)
>=100mg/dI 1.374 0.978-1.928 0.0667
Subjective health evaluation
Good ref (1)
Normal 1.125 0.862-1.468 0.3853
Bad 1.572 1.134-2.179 0.0066

Obesity and overweight are associated with a higher risk of thyroid cancer

(Shin, Jee et al. 2017, Son, Lee et al. 2018, Hoang, Song et al. 2021). Despite

differences in obesity categories, the strength of the association and some

variations in the dose-response pattern between men and women, the International

Agency for Research on Cancer has conclusively confirmed the sufficiency of
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evidence in support of the hypothesis that body fatness, as defined by the BMI
category, increases the risk of thyroid cancer 1.1-fold for every increase of 5 BMI
units (Lauby-Secretan, Scoccianti et al. 2016). In an Asian cohort consortium study,
the connection between increased BMI and thyroid cancer risk was stronger in men
than in women (Shin, Cho et al. 2022). Although the present study did not include
men due to the small number of thyroid cancer cases among the participants, the
association between BMI and thyroid cancer risk in women was consistent with
findings from previous studies. There is a scarcity of epidemiological research that
collects body measurements other than height and weight. Although BMI is a
commonly used, practical obesity-related index, BMI does not reveal lean body
mass or the distribution of central and peripheral body fat (Kitahara, McCullough
et al. 2016).

Investigations of the associations between obesity indices other than BMI and
thyroid cancer risk are limited and have produced inconsistent results for WC,
WHR, or WHTR (Kabat, Kim et al. 2012, Kitahara, Platz et al. 2012, Rinaldi, Lise
et al. 2012, Kitahara, McCullough et al. 2016). The European Prospective
Investigation into Cancer and Nutrition Study, which included participants from 10
countries, revealed that increased WC and WHR were significantly associated with
the thyroid cancer risk in females but not in males, whereas height and leg length
were related to thyroid cancer in males (Rinaldi, Lise et al. 2012). In contrast, a
study of postmenopausal women in the United States revealed that WC and WHR
were not significantly associated with thyroid cancer risk whereas greater height
was associated with the risk (Kabat, Kim et al. 2012). Another study that used the
NIH-AARP Diet and Health Study demonstrated that a larger WC was

significantly associated with an increased risk of thyroid cancer in both men and
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women (Kitahara, Platz et al. 2012).

A recent pooled analysis of 22 prospective studies identified that not only
BMI but also WC and height were associated with an increased risk of thyroid
cancer with an HR of 1.03 per 5 cm increment of WC and 1.07 per 5 cm increment
of height (Kitahara, McCullough et al. 2016). In Asia, although studies of obesity
indices other than BMI and thyroid cancer risk are scarce, research related to
thyroid nodules has shown a positive association between WC with the prevalence
of thyroid nodules (Feng, Zhang et al. 2017). Of the available obesity indices, BMI,
which provides information about total body fat, has been most frequently used to
determine the obesity status in general populations. However, more recently,
indices that reflect central obesity, such as WC, WHR, and WHTR, have been
suggested to provide a more accurate indication of abdominal body fat when
compared with BMI. Additionally, central obesity indices are said to be associated
with disease risk to a greater extent than BMI (Huxley, Mendis et al. 2010, Liu,
Tong et al. 2011, Zhou, Li et al. 2021, Ke, Wang et al. 2022). This study revealed a
significant association between increased central obesity indices, such as WC or
WHTR, and a higher risk of thyroid cancer in women from East Asia, where a

thyroid cancer epidemic has emerged.

3.5. Conclusion and Discussion

This research revealed that obesity indices, such as BMI, WC, and WHTR,
were linked to an increased risk of thyroid cancer in Korean women. On combining
obesity indices such as WC, WHR, and WHTR with BMI categories, a

significantly increased risk of thyroid cancer was detected for women with both an
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obese-level BMI and other obesity indices as compared to women with normal
BMI and other obesity indices.

Only a few studies have assessed the association between obesity indices and
the risk of thyroid cancer. A study showed that people who had both abnormally
obese levels of BMI and WC were much more vulnerable to thyroid cancer than
that of the reference group with normal BMI and WC (Kitahara, Platz et al. 2012).
Our findings indicate that only the combined variables of both obese-level BMI
and abdominal obesity (WC, WHR, and WHTR) were significantly associated with
the incidence of thyroid cancer. When only one of the indices was classified as
obese, either with BMI or an abdominal obesity index, the combinations did not
yield significant results. These outcomes provide further evidence in support of the
role of both total and central adiposity throughout an individual's life in the risk of
thyroid cancer.

The primary limitation of this study was the low participation rate in both the
baseline and follow-up surveys, which could have conferred selection bias due to
the loss to follow-up. However, when comparing baseline characteristics between
women who did or did not participate in the follow-up survey, no significant
differences were found, which suggests minimal impact from selection bias.

Additionally, incident thyroid cancer cases were identified using a
questionnaire during follow-up (Health Examinees Study 2015). Although the high
accuracy of self-reported cancer history in the HEXA study (Cho, Shin et al. 2017),
and another previous research (Cho, Chang et al. 2018) has been demonstrated the
validity of self-reported information, some comorbidity information might be
biased. However, considering the high accuracy of medical histories obtained via

self-reported questionnaires (Leggett, Khadaroo et al. 2016), the in_formation
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regarding comorbidities in this study, which was measured by trained interviewers,
would be accurate.

This study could not account for thyroid cancer subtypes or other markers due
to the lack of specific information. However, a previous pooled analysis indicated
that excess body fat was linked to an increased risk for most major thyroid cancer
types (Kitahara, McCullough et al. 2016).

Possible confounding factors or major risk factors for thyroid cancer, such as
ionizing radiation exposure or iodine intake, were not measured and could not be
adjusted. In addition, information about the covariates was obtained based on self-
reports in the survey, and the accuracy of the information was limited. Despite
these limitations, to the best of our knowledge, this study is the first to investigate
the association between a combination of obesity indexes and thyroid cancer risk,
suggesting that a combination of general obesity in terms of BMI and abdominal
obesity could elevate risk.

Thyroid cancer is the most prevalent cancer in Korea, and its incidence has
been increasing in many countries, with a resultant significant disease burden.
Given this situation, it is crucial to consider strategies to modify the risk factors to
mitigate the current thyroid cancer epidemic. The simultaneous increase in obesity
prevalence and thyroid cancer incidence, along with evidence from
epidemiological studies, raises questions about the role of obesity or other risk
factors in the pathogenesis of thyroid cancer. Future studies should focus on
identifying potential causes of the thyroid cancer epidemic by ascertaining various

risk factors.
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Appendix of chapter 3

Table 3-14. Crude odds ratios between each risk factor and

incidence of thyroid cancer

Variable | Crude odds ratio | 95% CI | P-value
BMI
<23.0 ref (1)
23.0-24.9 0.963 0.728-1.272 0.7896
>=25.0 1.462 1.12-1.907 0.0052
Waist circumference
<85cm ref (1)
>=85cm 1.648 1.252-2.169 0.0004
Waist-hip ratio
<0.85 ref (1)
>=0.85 1.246 0.982-1.58 0.0706
Waist-height ratio
<0.5 ref (1)
>=0.5 1.408 1.112-1.784 0.0045
Past medical history of hypertension
No ref (1)
Yes 1.195 0.865-1.651 0.2789
Past medical history of diabetes
No ref (1)
Yes 1.325 0.757-2.319 0.3242
Past medical history of hyperlipidemia
No ref (1)
Yes 0.962 0.638-1.451 0.8545
Past medical history of osteoporosis
No ref (1)
Yes 1.507 0.977-2.325 0.0638
Drinking
Never ref (1)
Former or Current 0.996 0.785-1.265 0.975
Smoking
Never ref (1)
Former or Current 0.865 0.412-1.818 0.7023
Intense exercise
No ref (1)
Yes 1.187 0.945-1.493 0.1409
Familial cancer
No ref (1)
Yes 1.225 0.965-1.555 0.0949
Familial hypertension
No ref (1)
Yes 1.125 0.891-1.422 0.3222
Familial diabetes
No ref (1)
Yes 1.215 0.926-1.594 0.1591

Hysterectomy
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No ref (1) -
Yes 1.655 1.2-2.282 0.0021
Oral contraceptive
Never ref (1)
Former or Current 1.224 0.921-1.627 0.1634
Past medical history of polyp of the intestine
No ref (1)
Yes 2.21 1.246-3.918 0.0067
Fasting blood sugar
<100mg/dI ref (1)
>=100mg/dI 1.447 1.064-1.969 0.0186
Subjective health evaluation
Good ref (1)
Normal 1.106 0.855-1.43 0.445
Bad 1.62 1.189-2.206 0.0022

Table 3-15. Crude odds ratios between combined obesity indices and incidence of
thyroid cancer

Variable | Adjusted odds ratio | 95% CI | P-value
BMI & waist circumference
<23.0 Kg/m2 & <85 cm ref (1)
23.0-24.9 Kg/m2 & <85 cm 0.922 0.685-1.242 0.5927
>25.0 Kg/m2 & <85 cm 1.202 0.844-1.712 0.3072
<23.0 Kg/m2 & >85 cm 1.277 0.506-3.226 0.6046
23.0-24.9 Kg/m2 & >85 cm 1.358 0.763-2.417 0.2989
>25.0 Kg/m2 & >85 cm 1.789 1.288-2.486 0.0005
BMI & waist-hip ratio
<23.0 Kg/m2 & <0.85 ref (1)
23.0-24.9 Kg/m2 & <0.85 0.971 0.68-1.387 0.8716
>25.0 Kg/m2 & <0.85 1.453 0.98-2.156 0.0633
<23.0 Kg/m2 & >0.85 1.214 0.816-1.806 0.3392
23.0-24.9 Kg/m2 & >0.85 1.07 0.722-1.586 0.7346
>25.0 Kg/m2 & & >0.85 1.595 1.147-2.217 0.0055
BMI & waist-height ratio
<23.0 Kg/m2 & <0.5 ref (1)
23.0-24.9 Kg/m? & <0.5 0.744 0.496-1.116 0.1524
>25.0 Kg/m? & <0.5 1.46 0.744-2.868 0.2712
<23.0 Kg/m? & >0.5 1.108 0.705-1.742 0.6577
23.0-24.9 Kg/m? & >0.5 1.204 0.854-1.698 0.2893
>25.0 Kg/m? & >0.5 1.51 1.126-2.024 0.0059
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Chapter 4. The economic burden incurred by
cancer in HIV-infected people®

4.1. Study Background

The burden of cancer has quickly grown worldwide due to factors such as
early detection, an aging population, increased prevalence of risk factors, and
medical technological advances. In 2020, it was estimated that there were 19.3
million new cancer cases and 10 million cancer-related deaths, which contributed
to cancer as the first or second leading cause of death in 112 out of 183 countries,
and the third or fourth leading cause in 23 countries (Sung, Ferlay et al. 2021). The
total global economic burden of cancer from 2020 to 2050 was estimated as US
dollars ($) 25.2 trillion, which is comparable to a tax of 0.55% on gross domestic
product per year worldwide (Chen, Cao et al. 2023). Although direct comparison of
this cost is difficult due to different methods or different years for cost estimation,
this value has been considerably increased compared to that in 2010, which was
estimated as $290 billion, including $154 billion of medical cost, $67 billion of
non-medical cost, and $69 billion of income loss in 2020 (Bloom, Cafiero et al.
2012).

The socioeconomic burden of disease can be categorized as direct expenses
(medical, transportation, and nursing expenses) and indirect expenses (future
income losses from early death and productivity losses owing to treatment). (NHIS
2017, Kim, Lee et al. 2020).

According to a report by the Korean NHIS, as of 2015, the socioeconomic

S This chapter is based on material that was originally presented in the "Economic
burden of cancer for the first five years after cancer diagnosis in patients with HIV in
Korea", which was published in The Journal of Cancer Prevention in 2023.
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cost of diseases was KRW 148.25 trillion, approximately 9.5% of the annual gross
domestic product (GDP). This is approximately 1.8 times higher than the cost in
2006 (KRW 82.46 trillion). As of 2015, cancer medical expenses amounted to
KRW 6.40 trillion, accounting for approximately 33.5% of the total medical
expenses of KRW 19.47 trillion caused by top 10 causes of death (cancer, heart
disease, cerebrovascular disease, pneumonia, suicide, etc.). Medical expenses
account for approximately 88.7% of the KRW 7.22 trillion in direct expenses
(NHIS 2017).

Previous studies on cancer burden have mostly focused on the total population.
However, some groups of people are more vulnerable to cancer. Understanding the
economic burden of cancer in this population would help policymakers to establish
targeted health policies for specific groups and effectively decrease cancer-related
morbidity. These groups include people with human immunodeficiency virus
(HIV) infection who are at a higher risk of cancer, particularly infection-related
cancer, due to immunosuppression as a consequence of HIV infection (Yarchoan
and Uldrick 2018). Expensive antiretroviral therapy against HIV is a global issue
for HIV control policy (Bingham, Shrestha et al. 2021) and poses a barrier to
treatment access and adherence (McCann, Horn et al. 2020, Tran, Saleem et al.
2021). Thus, people with HIV and poor adherence may be more vulnerable not
only to HIV-related complications but also to cancer. Estimating the economic
burden of cancer in this vulnerable population can facilitate the management of
cancer in individuals with HIV. Despite several studies on HIV treatment costs
(Nakagawa, Miners et al. 2015, McCann, Horn et al. 2020, Tran, Saleem et al.
2021), to the best of our knowledge, there have been no studies worldwide

estimating the burden on healthcare system related to cancer treatment of patients
1009 - 22 TH



with HIV. This study aimed to estimate the medical costs of cancer during the first
5 years after diagnosis and the last 6 months of life for patients with HIV infection
in Korea to provide essential data on the economic burden associated with cancer

in this high-risk population.

4.2. Literature Review

4.2.1. Cancer Burden and Related Issues in Korea

Cancer medical expenses in Korea more than doubled to KRW 9.9 trillion in
2020, compared with KRW 4.2 trillion in 2010. For newly diagnosed patients with
cancer, the average medical expenses per person increased significantly from KRW
8.4 million in 2010 to KRW 13.7 million in 2020. Despite cancer medical expenses
accounting for 11.8% of the total medical expenditure of the health insurance
system as of 2020, ongoing research on cancer medical expenses per cancer patient
from the time of cancer diagnosis is disorganized and diverse; thus, confirming
objective analysis results is challenging (Han 2022).

In a previous study (Han 2022), from 2007 to 2014, data of 16,774 patients
with cancer in the sample database of the NHIS were analyzed. The average annual
medical cost per patient was the highest for the first year after the diagnosis of
cancer in all five cancers (gastric, colon, liver, lung, and thyroid cancers and
leukemia); however, cost for each cancer type significantly differed. A comparison
of the five cancer types revealed that stomach cancer had the highest annual
medical cost per patient in the first year of diagnosis, approximately KRW 45
million. Colorectal, liver, and lung cancers were between KRW 10 million and

KRW 15 million. Leukemia was between KRW 5 million and KRW 10 million.
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The cancer with the lowest medical cost was thyroid cancer, approximately KRW 3
million. Except for leukemia, the average annual medical cost per person for all
cancers in the second year of diagnosis sharply declined compared with the first
year of diagnosis and exhibited minimal change until the third to fifth years.
However, leukemia significantly declined in the second year of diagnosis
compared with the first year of diagnosis and continued to decline until the third
and fourth years; however, in the fifth year of diagnosis, the average annual
medical cost per person increased to that slightly below the third year of diagnosis.

(Yoo 2019) estimated the average annual medical cost per person for cancer
using data from the Korea Health Panel Survey in 2012. Cancer medical expenses
included patients” co-payment, insurers’ payments, and non-reimbursement.
According to an analysis of a total of 308 newly diagnosed patients with cancer
(119 men and 189 women), the average medical cost per person was
129,093,729 as of 2012, estimated at ¥158,100,612 for men and ¥110,482,075
for women. However, this study did not estimate the average annual medical cost
per person for each type of cancer; hence, a direct comparison with the results of
(Han 2022)’s study was not possible.

(Shin, Kim et al. 2012) estimated the average annual medical cost of cancer
per person for five years from the time of cancer diagnosis for six most common
cancers (stomach, breast, liver, lung, colon, and thyroid cancers) using data from
the Korea Central Cancer Registry (2006-2010). The final study 28,509
participants were those selected by random sampling of 30% of patients with
cancer registered in the Korea Central Cancer Registry. The pattern of the highest
cancer medical expenses in the first year of diagnosis and a significant decrease in

medical expenses in the second year compared with the first year of diagnosis was
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common in all cancers; however, the first year medical expenses per person for
breast cancer was estimated to be $10,053, whereas that for thyroid cancer was
estimated to be $2,978. In all six carcinomas analyzed in this study, the second
year medical cost of diagnosis declined to 24-35% of that in the first year of
diagnosis and maintained a moderate decline. Moreover, (Shin, Kim et al. 2012)
compared the average medical expenses for five years from the time of diagnosis
per patient according to the SEER stages. SEER stages describe the extent of
disease spread from the organ where it occurred. It is divided into localized,
regional, and distant stages. For colorectal (localized $10,866 vs. regional $21,560
vs. distant $27,374), breast (localized $14,775 vs. regional $22,649 vs. distant
$35,557), and thyroid cancers (localized $4,936 vs. regional $6,260 vs. distant
$11,409), medical costs in regional stage or distant stages were 2—2.5 times higher
than those in the localized stage.

(Park, An et al. 2020) calculated the average annual medical expenses per
patient with non-Hodgkin’s lymphoma using the 2002-2015 Health Insurance
Corporation Health Examination database. The study participants were patients
diagnosed with non-Hodgkin’s lymphoma between 2004 and 2010. According to
estimates of 521 patients (331 men and 190 women), the second year annual mean
medical cost per person declined >50% compared with the annual mean medical
cost per person in the first year of diagnosis. The annual mean medical cost per
person from the second year exhibited a moderate decline until the fifth year (first
year: ¥16,241,853, second year: ¥W7,266,744, third year: ¥5,711,032, fourth year:

W4,430,109, and fifth year: ¥3,450,786 ).



4.2.2. Cancer Burden and Related Issues Worldwide

(Laudicella, Walsh et al. 2016) estimated medical expenses for patients
diagnosed with cancer between 2001 and 2010 among adults aged >18 years in the
UK from 3 years before diagnosis to up to 9 years after diagnosis. A total of three
data sources (National Cancer Data Repository (NCDR), Hospital Episode
Statistics (HES), and National Schedules of Reference Costs (NSRC)) were used to
analyze colon (n = 275,985), breast (n = 359,771), lung (n = 283,940), and prostate
(n = 286,426) cancers. Comparison of the annual mean medical cost per person in
the first year of cancer diagnosis by classifying it into those aged 18-64 years and
>65 years for each type of cancer revealed the following estimates: colorectal
(E17,241 vs. £14,776), breast (£11,109 vs. £7,788), prostate (£5,171 vs. £4,699),
and lung (£12,083 vs. £9,061) cancers. The annual mean medical cost per person in
the first year differed by stage at the time of cancer diagnosis, especially in patients
aged 18-64 years with colon cancer, the annual mean medical cost per person in
the first year was £4,276 higher in stages 3—4 than stages 1-2. In all cancers, except
prostate cancer, the annual mean medical cost per person in the second year
declined to approximately 28.6-47.4% compared with the first year and
subsequently maintained a moderate decline as it moved away from the time of
diagnosis. However, in the case of patients with prostate cancer aged >65 years, the
annual mean medical cost per person increased again in the 7th year from the time
of diagnosis.

(McGarvey, Gitlin et al. 2022) used Optum’s De-identified Clinformatics
Data Mart Insurance Claims database in the US to estimate the difference in

medical expenses according to the time of cancer diagnosis for each type of cancer
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in patients diagnosed with cancer in 2016-2020. The annual mean medical cost per
patient from the time of cancer diagnosis is the sum of the average monthly
medical expenses per patient for 1-12 months from the time of diagnosis. By
observing medical expenses for 4 years from the time of diagnosis, the average
cumulative medical expenses per patient were additionally estimated. A total of
20,422 individuals were diagnosed with breast, colon, cervical, lung, prostate, and
ovarian cancers. In the first year of diagnosis according to stage at the time of
diagnosis, the annual mean medical cost per person estimates were as follows:
breast (stage 1: $82,931 vs. stage 4: $249,187), cervical (stage 1: $60,443 vs. stage
4: $215,871), colon (stage 1: $110,882 vs. stage 4: $255,666), lung (stage 1:
$161,115 vs. stage 4: $418,590), ovarian (stage 1: $63,474 vs. stage 4: $217,214),
and prostate (stage 1: $60,530 vs. stage 4: $147,182) cancers. Additionally, the
average medical expenses per patient for 4 years from the time of diagnosis were as
follows: breast (stage 1: $169,479 vs. stage 4: $805,817), cervical (stage 1:
$131,308 vs. stage 4: $439,502), colon (stage 1: $232,346 vs. stage 4: $614,783),
lung (stage 1: $391,926 vs. stage 4: $1,037,868), ovarian (stage 1: $124,694 vs.
stage 4: $580,636), and prostate (stage 1: $131,943 vs. stage 4: $441,273) cancers.
(McGarvey, Gitlin et al. 2022) emphasized the need for early cancer diagnosis
because a higher stage at the time of diagnosis confirmed a higher average medical
cost burden per person for all cancers.

(Banegas, Yabroff et al. 2018) used the SEER-Medicare data in the US to
observe medical expenses from January 1, 2000 to December 31, 2008 for 45,522
patients diagnosed with cancer between January 1, 1988 and December 31, 2007
for four common cancers (breast, colon, lung, and prostate cancers). Medical

expenses in the first year of diagnosis for each carcinoma displayed a noticeable
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difference depending on the severity of cancer at the time of cancer diagnosis.
Based on the baseline age of 65 years, the annual mean medical cost per cancer
patient in the first year of diagnosis <65 years estimates were as follows: lung
(stage 1: $50,700 vs. stage 4: $97,400), breast (stage 1: $33,800 vs. stage 4:
$92,500), colon (stage 1: $34,100 vs. stage 4: $85,300), and prostate (stage 1:
$18,000 vs. stage: $42,400) cancers. Estimates of age >65 years were as follows:
lung (stage 1: $44,000 vs. stage 4: $71,200), breast (stage 1: $30,000 vs. stage 4:
$51,400), colon (stage 1: $35,500 vs. stage 4: $74,500), and prostate (stage 1:
$17,400 vs. stage 4: $24,500) cancers.

(Kutikova, Bowman et al. 2006) observed change over time in the cost of
medical care for patients with non-Hodgkin’s lymphoma from the beginning of
diagnosis in the US using the MarketScan medical and drug claims database. The
study participants were patients who were diagnosed with non-Hodgkin’s
lymphoma from 2000 to 2001. The average monthly medical cost per patient for
the initial stage of treatment after being diagnosed with aggressive non-Hodgkin’s
lymphoma (n = 356) was estimated to be $10,970. The average monthly medical
expenses per patient during the 12-month care period before death or during
hospice care were confirmed to be approximately $9,836. In addition, it was found
that higher medical expenses were spent when the treatment process failed after the
diagnosis of aggressive non-Hodgkin’s lymphoma.

In Taiwan, (Huang, Chen et al. 2020) analyzed the 3-year medical expenses
per patient from the time of cancer diagnosis for 10 most expensive cancers
(leukemia, oral cancer, lung cancer, etc.) using the Taiwan National Health
Insurance Research Database (NHIRD). The study participants were 545,221

patients diagnosed with cancer between 2007 and 2014. Leukemia ($28,£_164), non-
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Hodgkin’s lymphoma ($18,050), and esophageal ($19,816), oral ($19,644), and
lung ($18,410) cancers have a high average medical expenses per patient for 3
years from the time of diagnosis. Conversely, the cancer with the lowest medical
cost was liver cancer ($10,759).

A U-shape pattern was observed in three clinical stages of cancer care: the
initial phase, the first 6-12 months following diagnosis; the terminal phase, the
final 12 months before death; and the continuing phase, the period between the
initial and terminal phases. Consequently, previous studies have calculated the cost
of cancer care throughout these phases (Laudicella, Walsh et al. 2016, Goldsbury,
Yap et al. 2018, Mariotto, Enewold et al. 2020). Regarding end-of-life cancer care,
various cutoff timepoints have been examined, such as 3, 6, or 12 months before
death (Langton, Reeve et al. 2016, Laudicella, Walsh et al. 2016, Goldsbury, Yap
et al. 2018, Park and Song 2018, Leng, Jing et al. 2019, Mariotto, Enewold et al.
2020, Han, Kim et al. 2022, Luta, Diernberger et al. 2022). The initial and terminal
phases displayed a higher burden of medical expenses than the continuing phase,
illustrating a general U-shaped pattern (Laudicella, Walsh et al. 2016, Goldsbury,
Yap et al. 2018).

Medical spending in the US doubled from USD 1.9 trillion in 2010 to USD
3.8 trillion in 2019 (McCullough, Speer et al. 2020). Among these, cancer-related
medical expenses were estimated to have exceeded USD 200 billion (Martin,
Hartman et al. 2021). Based on medical information data before 2011, (Chow,
Bradley et al. 2022) concluded that the US was generally better at cancer
management than other developed countries, even if it spent more on cancer
management than other European countries. However, as of 2020, the US has the

highest medical expenditure per cancer patient among other high-income countries,
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and whether the survival rate of cancer patients is better than that in other countries
remains unclear. (Chow, Bradley et al. 2022) compared the mortality rate and
medical expenses of patients with cancer in the US and 22 high-income countries
and demonstrated that in the US the age-standardized cancer mortality rate per
100,000 was 86.2. Six countries had a lower age-standardized cancer mortality rate
per 100,000 than the US (Japan: 81.5, Iceland: 84.0, Finland: 84.2, Austria: 85.8,
Australia: 83.3, and South Korea: 75.5). However, the other 15 countries had a
higher age-standardized cancer mortality rate per 100,000 than the US, for example,
93.5 in Canada, 100.5 in the UK, and 107.9 in France. According to this study,
South Korea had the lowest age-standardized mortality rate per 100,000 among 22
developed countries. Regarding the proportion of cancer medical expenses in total
health care expenditures in each country, the US had a lower proportion at 5.33%,
as of 2015, than the median proportion 6.0% in 22 countries. Regarding annual
medical expenditure, the lowest proportion of cancer expenses was 3.70% in
Sweden in 2018. However, the year for calculating the proportion of cancer
medical expenses was different for each country. The study estimated age-
standardized cancer mortality rate using the GLOBCAN database and identified the
health care expenditure budget using OECD data. World Bank data was used for
the population size estimates of each country (Chow, Bradley et al. 2022).

Table 4-1. The Summary of Literature Review

Reference Details Data source
Han.2022 » First year average medical expenses per patient National Health Insurance
(Korea)  Stomach cancer: 345 million Service database;

«Colorectal cancer, liver cancer, or lung cancer: $10-15 | 2007-2014;
million sample size = 16,774

* Leukemia: ¥5-10 million
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Park, An et

» First year average medical expenses per patient

Health Insurance Corporation

al. 2020 * Non-Hodgkin’s lymphoma: ¥16,241,853. Health Examination database;
(Korea) | (Second year: W7,266,744, third year: ¥5,711,032, fourth | 2002-2015;
year: ¥4,430,109, and fifth year: $3,450,786) sample size = 521
(331 men and 190 women)
Yoo. 2019 | P First year average medical expenses per patient The Korea Health Panel
(Korea) * Included non-payment medical services Survey in 2012;
* All types of cancer: W129,093,729 sample size = 308
« All types of cancer (man): ¥158,100,612 (119 men, 189 women)
* All types of cancer (woman): ¥110,482,075
Shin, Kim et | » First year average medical expenses per patient The Korea Central Cancer
al. 2012 * Colon cancer: $10,053 Registry; 2006-2010;
(Korea) * Lung cancer: $12,896 sample size = 28,509
* Liver cancer: $9,956 (US$ 1 = ¥1100)
* Colorectal cancer: $11,024
* Thyroid cancer: $2,978
» Five-year average medical expenses per patient
*In colorectal (localized $10,866 vs. regional $21,560 vs.
distant $27,374), breast (localized $14,775 vs. regional
$22,649 vs. distant $35,557), and thyroid (localized $4,936
vs. regional $6,260 vs. distant $11,409) cancers, medical
expenses in regional or distant stages were 2-2.5 times
higher than that in the localized stage.
Huang, Chen | » Three-year average medical expenses per patient The Taiwan National Health
etal. 2020 | ¢ Leukemia: $28,464 Insurance Research database;
(Taiwan) * Non-Hodgkin's lymphoma: $18,050 2007-2014,
e Lung cancer: $18,410 sample size=545,221
* Gastric cancer: $11,883 * Unit: US dollar (USD)
* Colorectal cancer: $11,998
* Liver cancer: $10,759
Banegas, » First year average medical expenses per patient SEER-Medicare data;
Yabroff etal. | » Lung cancer 2000-2008;
2018 Age 18-64 years (stage 1: $50,700 vs. stage 4: $97,400) sample size = 45,522
(US) Age >65 years (stage 1: $44,000 vs. stage 4: $71,200)

* Breast cancer
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Age 18-64 years (stage 1: $33,800 vs. stage 4: $92,500)
Age >65 years (stage 1: $30,000 vs. stage 4: $51,400)

* Colon cancer

Age 18-64 years (stage 1: $34,100 vs. stage 4: $85,300)
Age >65 years (stage 1: $35,500 vs. stage 4: $74,500)

* Prostate cancer

Age 18-64 years (stage 1: $18,000 vs. stage: $42,400)
Age >65 years (stage 1: $17,400 vs. stage 4: $24,500)

Laudicella, | » First year average medical expenses per patient National Cancer Data
Walsh etal. | « Colorectal cancer Repository (NCDR),
2016 Age 18-64 years (stages 1-2: £14,911 vs. stages 3-4: | Hospital Episode Statistics
(England) | £19,187) (HES), and
Age >65 years (stages 1-2: £14,196 vs. stages 3—4: £15,411) | National Schedules of
* Breast cancer Reference Costs (NSRC);
Age 18-64 years (stages 1-2: £10,746 vs. stages 3-4: | 2001-2010;
£13,315) sample size = 922,182
Age >65 years (stages 1-2: £7,597 vs. stages 3—4: £8,804)
* Prostate cancer
Age 18-64 years (£5,171), >65 years (£4,699)
* Lung cancer
Age 18-64 years (£12,083), >65 years (£9,061)
*No classification about the stage in lung and prostate
cancer
Kutikova, » Monthly average medical expenses per patient The MarketScan medical and
Bowman et | * Non-Hodgkin lymphoma drug claims database;
al. 2006 - Monthly average medical expenses per patient in the initial | 2000-2001;
(Us) phase: $10,970 sample size = 356

- Monthly average medical expenses per patient before death
or during hospice care: $9,836

(Vodicka, Chung et al. 2019) interviewed 54 patients and 23 medical staff at

two medical centers in Kenya from July to October 2014 and suggested that

integrating cervical cancer and HIV treatments can ease the economic burden on

the medical system and individual patients. This study additionally estimated
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medical expenses for the treatment of cervical cancer in people with HIV in Kenya
and estimated that medical expense for treating one patient with cervical cancer

was approximately $1,345-$6,514.

4.3. Materials and Methods

This study utilized the Korea National Health Insurance Service-National
Health Information Database (NHIS-NHID), which is a mandatory and universal
claims database containing information of approximately 97% of the Korean
population. The NHIS-NHID comprised information of socioeconomic
characteristics, healthcare service usage, health screening, medical expenses for all
healthcare services and prescription drugs reimbursed by the NHIS, and death.

The researchers identified patients with incident HIV infection between 2004
and 2020, based on the International Classification of Disease-10th revision (ICD-
10) codes (B20-B24) and the cost-sharing system code (V103) for HIV infection.
The cost-sharing system in Korea is associated with a reduction in out-of-pocket
medical expenses for diseases with high financial burden, such as HIV infection,
cancer, and rare diseases; thus, the cost-sharing system code is valid for defining
diseases. To focus on incident HIV cases, patients who had received HIV-related
medical services between 2002 and 2003 were excluded from the study. To
calculate cancer-related medical cost per year after diagnosis, we selected HIV-
infected people who were newly diagnosed with cancer. To improve the accuracy
of cancer diagnosis, cost-sharing system codes (V193, V194, or VV027) for cancer,
in combination with the primary diagnosis of cancer based on the ICD-10 codes

(C00-C99), were applied. We excluded patients who were diagnosed with cancer
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before HIV diagnosis by excluding those who received medical services for cancer
before HIV diagnosis.

Of the 16,671 patients who were newly diagnosed with HIV between 2004
and 2020, the study identified 757 patients who were subsequently diagnosed with
cancer after their HIV diagnosis The newly diagnosed cancer cases included
AIDS-defining and non-AlIDS-defining cancers. AIDS-defining cancers included
Kaposi's sarcoma (C46), non-Hodgkin’s lymphoma (C82-C86, C96), and cervical
cancer (C53) (Park, Ahn et al. 2022). The remaining cancer types were considered

as non-AlDS-defining cancers.

Medical Costs

In this research, only direct medical costs were taken into account as "costs"
whereas indirect costs and expenses for non-covered healthcare services by the
NHIS were not considered. To distinguish cancer-related costs from those of HIV
or other diseases, all NHIS claims for inpatient, outpatient, and prescription with a
cost-sharing system code for cancer (V193, V194, or V027) were defined as
cancer-related costs. In the NHIS-NHID, expenses consist of patients’ co-payments
and insurers’ payments. The total medical cost for cancer was determined by
adding the patients' co-payments and insurance payments.

The total 5-year cancer-related cost from 2006 to 2020 was calculated from
the date of cancer diagnosis, and the cost was adjusted for annual variation with a
discount rate of 3% each year to standardize all expenses to the currency value in
2020. Subsequently, the monthly average medical cost of cancer from the first
month to 60th month was calculated. The individual average total cancer-related

medical cost for each year was calculated using the following equation.
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Notation,

E;= individual average medical cost related to cancer during each year after
cancer diagnosis

P;; = survival rate at month j during each year t
C:;= personal average expense of cancer patient at month j during each year t
t = each year after cancer diagnosis (t=1, 2, -, 5)

j = month of each year (j =1, 2, ~, 12)

To adjust annual currency value, (Kang, Yun et al. 2019) used fee-for-service
(FFS), (Park, An et al. 2020) applied the consumer price index (CPI, health), and
(Jung and Ko 2009) utilized a discount rate of 3%. According to a previous study
(Kim, Yoo et al. 2019), the annual rate of increase for FFS varies depending on the
type of medical institutions such as hospitals, dental clinics, and oriental medicine
clinics. During 2011-2018, the FFS of each medical institution exhibited an
increase in rate of 1.0-3.5%. The CPI, health recorded a rate of 0.4—2.2% between
2006 and 2020, excluding a negative 0.1% rate in 2018. For comparing FFS and
CPI, health, the author deemed that application of an annual discount rate of 3% on
average was reasonable.

The individual average monthly medical cost of cancer for 60 months was
calculated using the survival rate and monthly expenses from 2006 to 2020, which
were adjusted to the discount rate. Monthly survival rates were estimated using
non-parametric Kaplan-Meier estimates for censored data, and then monthly
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survival rates were multiplied by monthly expenses for cancer treatment. The
Kaplan—-Meier method does not need to divide the period into specific intervals,
based on non-parametric statistics, without assuming the distribution of the study
population (Lang, Lines et al. 2009). Considering that a significant part of cancer-
related medical costs is incurred within one year of cancer diagnosis, individual
average medical cost during the first year of cancer diagnosis was presented as
monthly expenses from the first to 12th month of cancer diagnosis. The cost
estimation was categorized for the AIDS-defining cancers and non-AlDS-defining
cancers, which were further subdivided based on the number of cases of each
cancer, including Kaposi's sarcoma; non-Hodgkin's lymphoma; and malignant
neoplasms of colorectum; malignant neoplasms of liver, bile duct, pancreas; and
malignant neoplasms of stomach. Despite relatively large number of malignant
neoplasms of the lung and trachea, their cost was not presented separately because
no patient could survive for up to 60 months. Other types of cancer were not sub-
categorized because of small number of cases.

To estimate cancer-related medical costs as a total social burden and its trend,
the total cancer-related medical cost during the first year of cancer diagnosis by
each month was calculated by the summation of the costs associated with all
individuals, stratified by the following year ranges: 2006-2008, 2009-2011, 2012—
2014, 2015-2017, and 2018-2020. Furthermore, for patients who were diagnosed
with cancer after the HIV diagnosis and subsequently died, the individual average
total medical cost (not limited to cancer-related medical costs) for the 6 months
before death was presented. The estimated medical costs in period t were converted
into US dollars according to the average 2020 exchange rate (USD 1$ = 1180

Korean won).
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The study was approved by the Institutional Review Board of Hanyang
University, Korea (approval no: HYUIRB-202111-005). We received permission
to analyze NHIS-NHID using pseudonymized information. This study complied
with the regulations of the Reporting of Observational Studies in Epidemiology for

cohort studies.

4.4, Results

Figure 4-1. Type of incident cancer in patients

with human immunodeficiency virus (HIV) in Korea
Unit: person (%)

Defining

Non-Hodgkin's lymphoma (C82-C86, C96) 208 (27.5%)

Kaposi sarcoma (C46) 56 (7.4%)

13 (1.7%)

Malignant neoplasm of cervix uteri (C33)

Non-AIDS-
Defining

Malignant neoplasm of liver, bile duct, and pancreas (C22-C23) 70 (9.2%)
Malignant neoplasm of stomach (C16) 58 (7.7%)
Malignant neoplasm of lung and trachea (C33-C34) 53 (7.0%)
Malignant neoplasm of colorectum (C18-C20) 50 (6.6%0)
Malignant neoplasm of anus (C21) 36 (4.8%)
Malignant neoplasm of thyroid gland (C73) 33 (4.4%)
Malignant neoplasm of prostate (C61) 27 (3.6%)
Malignant neoplasm of urinary tract (C64-C68) 16(2.1%)
Hodgkin's lymphoma (C81) 16(2.1%)
Malignant neoplasms of lip, oral cavity. and pharynx (C00-C14) 16(2.1%)
Malignant neoplasm of breast (C50) 13 (1.7%)
Multiple myeloma and malignant plasma cell neoplasms (C90, C88) 12 (1.6%)
Malignant neoplasm of brain and CNS (C70-C72) 10 (1.3%)
Malignant neoplasm of oesophagus (C15) 1 3 (0.4%)
Others 67 (8.9%%)

Of the 757 patients newly diagnosed with cancer after HIV diagnosis (Figure
4-1), AIDS-defining cancer, including 208 non-Hodgkin’s lymphoma, 56 Kaposi
sarcoma, and 13 cervical cancers, accounted for 36.6% (N=277). Non-AlIDS-
defining cancers, which accounted for 63.4% of cancer developed in HIV patients
included 70 cases of hepatobiliary and pancreatic cancer (9.2%), 58 stomach

cancer (7.7%), 53 lung and tracheal cancer (7.0%), and 50 colorectal cancer (6.6%).
¥ oy 1
124 AME-1THOS



Figure 4-2. Mean annual medical cost due to cancer per patient in the first 5 years

following cancer diagnosis in patients with human immunodeficiency virus
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The mean annual medical cost due to cancer per patient in the first five years
following cancer diagnosis for all cancers, AIDS-defining cancers, and non-AlDS-
defining cancers, are presented in Figure 4-2.

In all three groups, medical costs were the highest in the first year of cancer
diagnosis and decreased significantly in the second year. Compared with cancer
costs in the first year, the mean medical cost due to cancer in the second year
decreased by 65.5%  ($33,725—$11,620) for all cancers, 76.7%
($48,242—8%11,224) for AIDS-defining cancers, and 51.3% ($24,338—$11,855)
for non-AIDS-defining cancers. Although the cost decreased over the years
following cancer diagnosis, the decrease after the second year was less significant.
In the first year, the mean annual medical cost was approximately two-fold higher
for AIDS-defining cancers than that for non-AlDS-defining cancers; however,
there was no significant difference in the mean annual medical cost from the
second to fifth year between the two groups (Figure 4-2-A).

Similarly, the mean annual medical cost per patient stratified by the cancer
type was the highest in the first year and largely decreased in the second year. In
the first year, non-Hodgkin’s lymphoma showed a significantly higher mean
annual medical cost ($53,007) than that of other cancer types (less than $30,000).
In the second year, the mean annual medical cost of non-Hodgkin’s lymphoma
(%$10,751) decreased by 79.7% compared to that in the first year and was lower than

that of other types of cancers (Figure 4-2-B).
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Figure 4-3. Mean monthly medical cost due to cancer per patient in the first 12

months following cancer diagnosis in patients with human immunodeficiency virus
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Figure 4-3 shows the mean monthly medical costs of cancer per patient during
the first 12 months of cancer diagnosis. The AIDS-defining cancer group showed a
mean monthly medical cost of $12,461 in the first month, which was 2.2-times
higher than that of the non-AlIDS-defining cancer group ($5,679). The mean
monthly medical cost for AIDS-defining cancers and non-AlDS-defining cancers
in the second month decreased by 47-48% compared to that in the first month.
When analyzed by the cancer type, all cancer types showed the highest mean
medical cost for the first month after diagnosis, followed by a significant decrease
in the second month. The mean monthly medical cost of non-Hodgkin’s lymphoma
was the highest in almost each of the first 12 months among all cancer types, which

was $14,833 and $6,729 in the first and second months after diagnosis, respectively.

Figure 4-4. Total monthly medical cost due to cancer in the first 12 months

following cancer diagnosis in patients with human immunodeficiency virus

infection
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The total medical cost due to cancer for the first year of cancer diagnosis in
patients with HIV infection was $17,799,522 in 2006-2020. The total medical
costs due to cancer per month for the first year of cancer diagnosis in patients with
HIV infection in the year 2006-2008, 2009-2011, 2012-2014, 2015-2017, and
2018-2020 are shown in Figure 4-4. For the non-AIDS-defining cancer group, the
total monthly medical cost during the first 12 months was higher in recent years
(2018-2020) and decreased in the remote year groups, despite standardization
using the discount rate. However, for the AIDS-defining cancer group, there was

no consistent pattern in the total monthly medical cost according to the year of
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diagnosis, except in the first month, in which the highest cost was shown in recent

years.

Figure 4-5. Mean medical cost including the cost of cancer treatment and other

treatments per patient in the last 6 months of life in patients with human

immunodeficiency virus infection who were subsequently diagnosed with cancer
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Figure 4-5 shows the mean medical cost (for every two months) for all
healthcare services, including the cost of cancer treatment and other treatments for
each cancer patients with HIV infection in the final six months before death. The
mean medical costs increased closer to the time of death in the AIDS-defining,
non-AlDS-defining, and specific cancer types. Compared to the non-AIDS-
defining cancer group, the AIDS-defining cancer group showed a 69.1% ($18,670
vs. $ 11,043), 124.3% ($17,658 vs. $7,873), and 87.1% ($12,911 vs. 6,901)
increase in mean medical costs in the last 1-2 months, 3-4 months, and 5-6
months before death, respectively. Comparison among groups according to the
cancer type showed a higher medical cost burden in all final months of life in the
non-Hodgkin’s lymphoma than that in the other cancer groups.

Although the timing and data of previous studies are different from the present
study, the average annual medical cost per person after cancer diagnosis for people
with HIV has been confirmed to be much higher than that for the general
population.

(Park, An et al. 2020) calculated the average annual medical expenses per
patient with non-Hodgkin's lymphoma using the 2002-2015 Health Insurance
Corporation Health Examination database. The study participants were patients
diagnosed with non-Hodgkin’s lymphoma between 2004 and 2010. According to
estimates for 521 patients with non-Hodgkin’s lymphoma, after declining to >50%
in the second year compared to the first year, the average annual medical expenses
per patient maintained a moderate decline until the fifth year (first year:
16,241,853, second year: W7,266,744, third year: W5,711,032, fourth year:
4,430,109, and fifth year: ¥ 3,450,786).

Regarding non-Hodgkin’s lymphoma-related costs, the present stu_dy found
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that over time, the average annual medical cost per person decreases. However,
after the diagnosis of non-Hodgkin’s lymphoma in people with HIV, the average
annual medical cost per person was higher than that reported in previous studies
(first year: $53,007, second year: $10,751, third year: $7,120, fourth year: $5,258,
and fifth year: $6,633; $1 = ¥1180).

Furthermore, (Shin, Kim et al. 2012) estimated the average annual medical
cost of cancer per person for five years from the time of diagnosis for six most
common cancers (stomach, liver, lung, colon, breast, and thyroid cancers) using
data from the Korea Central Cancer Registry (2006-2010). The pattern of the
highest cancer medical expenses in the first year of diagnosis and a significant
decrease in medical expenses in the second year compared with the first year of
diagnosis was common for all six cancers. The average annual medical expenses
per person after cancer diagnosis in this study was estimated as below(converted
from won into US dollars ($1 = ¥1100):

Stomach (first year: $7,715, second year: $2,018, third year: $1,291, and
fourth year: $998), liver (first year: $9,956, second year: $3,466, third year:
$2,504, and fourth year: $1,986), and colorectal (first year: $11,024, second year:
$2,615, third year: $1,818, and fourth year: $1,320) cancers

Although the criteria for detailed carcinomas in our study and previous studies
were not similar, the average annual expenses of cancer per person for people with
HIV is higher than that for the general population. The present study estimated the
individuals’ average annual medical expenses for each type of cancer as below
(converted from won into US dollars ($1 = ¥1100): Malignant neoplasms of the
stomach (first year: $24,851, second year: $17,175, third year: $13,201, and

fourth year: $11,173), liver, bile duct, and pancreas (first year: $19,23_0, second
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year: $7,898, third year: $6,865, and fourth year: $3,159), and colorectum (first
year: $27,276, second year: $15,928, third year: $13,475, and fourth year: $4,102)

The initial and terminal phases generally had a higher burden of cancer-
related medical costs than that of the progressive phase, displaying an overall U-
shaped pattern. Previous studies usually defined the initial phase of cancer as the
6-12-month period after cancer diagnosis. However, the present study confirmed
that the first 30 days after cancer diagnosis needed approximately 25% of medical
expenses for the first year. Regarding health policy implications, the author
determined that excessive spending in the first 30 days would be much more
burdensome for health care systems and patients than spending at a constant level
per month for 6-12 months after cancer diagnosis.

(Choi, Golinkoff et al. 2023) found that 104 (58.1%) of 180 people with HIV
earned less than the minimum wage. In the present study, the average out-of-pocket
medical expenses per patient in the first month after cancer diagnosis was
identified as approximately $917 ($1 = ¥1180) for non-Hodgkin’s lymphoma.
This is approximately 6% of the average first month medical expenses per patient;
however, this can burdensome for people with incomes below the minimum wage.
A cost-sharing system may help patients with HIV and cancer financially. However,

society should remember that the economic status of people with HIV is low.

4.5. Conclusion and Discussion

In the present study, based on nationwide insurance claim data, we estimated
the annual direct medical cost due to cancer in the first five years following cancer

diagnosis, monthly medical cost due to cancer in the first 12 months of cancer
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diagnosis, and total medical cost in the last six months of life in all cancers, AIDS-
defining cancers, non-AlDS-defining cancers, and specific cancer groups in
patients with HIV infection, one of the most vulnerable populations to cancer. To
the best of our knowledge, this study is the first to estimate cancer-related medical
costs as an important chronic disease in HIV-infected people at the personal and
social levels.

The main findings of this study can be summarized as follows: first, we
identified that the mean annual medical cost due to cancer in HIV-infected people
was higher in AIDS-defining cancers ($48,242) than that in non-AlIDS-defining
cancers ($24,338), particularly in non-Hodgkin’s lymphoma ($53,007) for the first
year of cancer diagnosis; from the second year, the mean annual medical cost due
to cancer was significantly reduced and differences in the mean annual medical
cost of cancer were not observed according to the cancer type. Second, the highest
medical cost for the first year of cancer diagnosis was incurred during the first
month of cancer diagnosis. Third, total medical cost, which was affected by both
mean medical cost and number of cancer cases, was higher for non-AlDS-defining
cancers, reflecting higher incidence rate of non-AIDS-defining cancers,
considering their lower mean medical costs. Fourth, the mean monthly total
medical cost per HIV-infected person who died after cancer diagnosis increased
closer to the time of death.

Our findings showed a comparable pattern of expenses in medical costs due to
cancer for AIDS-defining cancer, non-AIDS-defining cancer, and each cancer type
in patients who developed cancer after HIV diagnosis. None of the previous studies
estimated cancer cost by month; our study revealed that the mean monthly cost of

cancer per patient was the highest in the first month of cancer diagnosis and then
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decreased by approximately 45-60% in the second month. The percentage of
medical costs due to cancer in the first month of the first year of cancer diagnosis
was 24.2% for all cancers, 25.8% for AIDS-defining cancers, and 23.3% for non-
AIDS-defining cancers. The results suggest that medical support for cancer in HIV-
infected people should be focused during the earlier period of cancer diagnosis.
The high medical costs of cancer during the initial phase in recent years might
be attributable to expensive anticancer therapies (Meropol and Schulman 2007,
Yabroff, Warren et al. 2007, Kimman, Jan et al. 2012). In another aspect, recent
increase in the total medical cost of cancer in terms of social burden can be
attributed not only to the increased cost but also to the increasing number of cancer
patients infected with HIV. A previous study suggested an increased cancer burden
in HIV-infected patients, and predicted that the burden of non-AIDS defining
cancers would increase whereas that of AIDS-defining cancers would decrease due
to aging and improved HIV therapies (Shiels, Islam et al. 2018). In this study, the
number of HIV patients with cancer was 235 in 2018-2020, 177 in 2015-2017,
152 in 2012—2014, 108 in 2009—2011, and 85 in 2006—2008. The increased total
medical cost due to non-AlIDS-defining cancers in recent years would reflect this.
Previous studies on the general population reported increased medical costs in
the final months of the life of patients (Park and Song 2018, Leng, Jing et al. 2019,
Han, Kim et al. 2022, Luta, Diernberger et al. 2022). In Korea, cost-sharing
systems to reduce out-of-pocket medical expenses for cancer are available for five
years after cancer diagnosis; hence, there are difficulties in estimating the medical
cost of cancer after five years of diagnosis. Thus, although we evaluated the burden
of medical costs in the last six months of life, we could not distinguish the cost of

cancer treatment from the total medical cost; thus, the cost included all health care
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services, in addition to cancer treatment. Our results showed that the mean total
medical cost per patient in the last two months of life was similar to that in the
initial phase. When the total medical cost per patient in the last six months of life
was assessed in 2-month increments, the total medical cost was the highest in the
last two months of life and tended to decrease in months that were farther from the
time of death.

There are several limitations of our study that must be considered while
interpreting its findings. First, cost considered in this study did not include the cost
of non-benefited healthcare services and prescription drugs that were not covered
by the NHIS. Despite expanding health insurance coverage for cancer treatment,
approximately 29.0% of healthcare services in cancer patients in 2006 were not
covered by the NHIS, and 11.0% of these services are still not covered by the
NHIS. Thus, medical cost estimated using the NHIS may underestimate the actual
medical cost of each patient. In addition, considering the coverage rate of cancer
treatment in previous years was lower than that in recent years, medical cost of
cancer in previous years may be underestimated to a greater extent than that in
recent years. Second, HIV-infected people are generally diagnosed with cancer at
an advanced stage due to a lower uptake of screening or limited medical access for
primary or secondary prevention (Shiels, Goedert et al. 2010, Park, Ahn et al.
2022) than the general population. Patients with advanced cancer at diagnosis have
higher medical costs than those with early stage cancer (Lao, Mondal et al. 2022,
McGarvey, Gitlin et al. 2022, Reddy, Broder et al. 2022). Because the NHIS-NHID
data did not include information on cancer stage, we could not consider stage-
specific cancer costs and their comparison with estimated cost in the general

population. Third, previous studies have defined the initial phase as t_he period
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spanning 6-12 months after cancer diagnosis and reported that the cancer-related
medical expenses are high in the initial phase and then decreases over time
(Goldsbury, Yap et al. 2018, Mariotto, Enewold et al. 2020). In contrast to previous
studies, our research focused on analyzing the monthly average medical expenses
per patient spent monthly from the time of cancer diagnosis. Our findings revealed
that approximately 25% of the average medical expenses per patient within the first
year after cancer diagnosis were spent in the first month. However, we were unable
to determine the details of the medical expenses. Further investigations are
warranted to elucidate the types of medical services that are associated with high
medical expenses in the first month after cancer diagnosis. Fourth, this study
considered medical costs of cancer from the NHIS for a long period (2006—2020).
The quality of information reported to the NHIS varies over time according to
changes in insurance policies. For example, the proportion of cancer cost-sharing
by the NHIS decreased from 30% to 10% in 2005 and from 10% to 5% in 2009
(Cho, Park et al. 2021). Thus, we showed the cost of adding patients’ co-payments
and insurers’ payments to avoid the impact of changes in the cost-sharing system.
However, other changes, such as reporting policies, are not reflected. Fifth, several
studies have provided separate estimations of the direct and indirect medical costs
of cancer in assessing the burden of cancer and reported high economic burden of
indirect medical costs, including production loss, cost of care, and transportation
expenses (Huang, Chen et al. 2020, Iragorri, de Oliveira et al. 2021,
Mohammadpour, Soleimanpour et al. 2022). In this study, we focused on changes
in medical costs from the date of cancer diagnosis and did not consider indirect
medical costs of cancer. Further studies considering both direct and indirect

economic burden of cancer in HIV-infected people, including premature death
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followed by productivity loss, are warranted. However, the estimated medical cost
of cancer in this study may be a simple and adequate index to understand the
economic burden of cancer in patients with HIV who are at a high risk for cancer.
The burden of medical costs in patients with HIV estimated in the present
study may be an important index for establishing healthcare policies for HIV
patients in whom cancer-related burden is expected to increase (Shiels, Islam et al.
2018). Further studies to estimate future cancer burden in people infected with HIV,
including projections of cancer incidence, mortality, and cancer-related costs,

including both direct and indirect costs, are warranted.
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Appendix of chapter 4

Table 4-2. Annual cancer incidence cases in patients

with human immunodeficiency virus (HIV) in Korea

All cancer 1 AIDS-Defining Non-AIDS-Defining

Incidence Column Incidence Column Incidence Column

cases percent cases percent cases percent

Total 757 100.0 277 100.0 480 100.0
2006 25 3.3 11 4.0 14 2.9
2007 30 4.0 21 7.6 9 19
2008 30 4.0 16 5.8 14 29
2009 27 3.6 9 3.2 18 3.8
2010 35 4.6 16 5.8 19 4.0
2011 46 6.1 19 6.9 27 5.6
2012 44 5.8 21 7.6 23 4.8
2013 50 6.6 22 7.9 28 5.8
2014 58 1.7 20 7.2 38 7.9
2015 47 6.2 20 7.2 27 5.6
2016 68 9.0 21 7.6 47 9.8
2017 62 8.2 17 6.1 45 9.4
2018 77 10.2 26 9.4 51 10.6
2019 73 9.6 17 6.1 56 11.7
2020 85 11.2 21 7.6 64 133

LAll cancer (patients) includes those who were diagnosed with AIDS-defining or non-AIDS-defining cancer.
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Table 4-3. The mean monthly medical cost of cancer per patient in the first 12

months of cancer diagnosis in patients with HIV

Table 4-3-A. Cancer type

Unit: US dollar (1$ = 1180%)

Month All Cancer * AIDS-Defining Non-AIDS-Defining
1 8,158 12,461 5,679
2 4,314 6,490 3,017
3 3,623 5,492 2,399
4 2,996 4,534 1,953
5 2,623 3,949 1,677
6 2,265 3,320 1,436
7 2,149 2,677 1,780
8 1,668 1,998 1,473
9 1,550 2,136 1,076
10 1,429 1,554 1,325
11 1,560 2,358 1,062
12 1,390 1,273 1,463

LAl cancer (patients) includes those who were diagnosed with AlIDS-defining or non-AIDS-defining cancer.

Table 4-3-B. Specific cancer type

Unit: US dollar (1$ = 1180%)

Malignant
o | Kepos | Novodins | L | e | reopamor
colorectum duct, and stomach
pancreas
1 5,451 14,833 6,084 5,674 5,494
2 5,041 6,729 3,399 2,420 2,767
3 2,141 6,191 2,832 1,457 2,263
4 1,688 5,115 1,601 1,654 1,541
5 2,080 4,177 2,599 1,184 1,136
6 1,616 3,516 1,638 1,420 1,503
7 1,393 2,789 2,370 810 2,002
8 1,276 2,055 1,175 920 869
9 1,522 2,183 1,371 963 1,418
10 1,429 1,637 1,347 1,053 1,315
11 678 2,519 1,314 636 2,093
12 1,340 1,263 1,545 1,038 2,451
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Table 4-4. The total monthly medical cost of cancer in the first 12 months

following cancer diagnosis in patients with HIV
Unit: US dollar (1$ = 1180%)

Type Month 2018-2020 2015-2017 2012-2014 2009-2011 2006-2008
1 2,055,725 1,522,329 1,187,021 823,837 755,074
2 665,491 592,179 591,629 315,477 184,465
3 586,476 506,642 371,206 263,111 185,060
4 486,380 350,811 388,554 187,718 154,045
5 385,277 268,303 337,781 163,448 93,143
All 6 259,301 252,407 235,705 121,460 107,097
cancer * 7 358,955 151,644 191,409 96,234 68,463
8 197,849 144,030 193,734 75,056 29,371
9 162,834 154,382 87,050 89,681 29,374
10 176,154 82,390 142,221 36,957 34,987
11 211,513 63,757 118,348 78,862 27,743
12 139,131 143,280 51,810 30,409 34,743
1 949,613 786,872 769,098 478,012 557,761
2 230,758 305,999 415,426 220,672 147,242
3 298,147 302,469 223,084 177,296 144,547
4 266,402 212,287 239,314 126,963 110,527
5 180,888 163,359 238,518 127,764 67,019
AIDS- 6 116,258 175,246 161,573 83,305 87,349
Defining 7 131,605 55,744 126,496 62,879 61,112
8 53,876 79,803 101,812 35,938 14,061
9 76,706 93,110 58,049 69,603 20,247
10 79,322 21,845 14,477 15,169 25,587
11 122,402 22,014 94,382 32,938 18,006
12 46,945 46,761 27,912 13,501 21,220
1 1,106,112 735,457 417,922 345,825 197,313
2 434,733 286,181 176,203 94,805 37,223
3 288,330 204,173 148,122 85,815 40,513
4 219,978 138,524 149,240 60,756 43,518
5 204,389 104,944 99,262 35,684 26,123
Non- 6 143,043 77,161 74,133 38,155 19,748
Dé;:?fng 7 227,350 95,900 64,913 33,356 7,351
8 143,973 64,227 91,922 39,118 15,310
9 86,128 61,272 29,001 20,078 9,127
10 96,832 60,545 67,743 21,788 9,400
11 89,111 41,742 23,966 45,924 9,737
12 92,185 96,518 23,898 16,908 13,523
LAll cancer (patients) includes those who were diagnosed with AIDS-defining or non-AlDS-defining cancer.
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Figure 4-6. The survival rates after diagnosis of cancer in HIV-infected people
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Chapter 5. The value of a statistical life of HIV

5.1. Study Background

In Korea, health care sector spending is significantly increasing owing to
advanced medical technology, population aging, and chronic diseases (Sang, Bae et
al. 2013). According to the Korean government’s notification, the Ministry of
Health and Welfare’s budget for 2023 is KRW 109.2 trillion, an increase of 12%
from the previous year. Consequently, many studies are being conducted on the
effect of diseases on society and economy through various methodologies such as
COl and the VSL to estimate the burden of diseases.

The present study focuses on HIV from economic and epidemiological
perspectives. The development of effective HIV treatment has significantly
increased the life expectancy of people with HIV; however, the risk of chronic
diseases, especially cancer, has increased as well. In the previous chapter, the
present study determined the preventable risk factors of cancer to reduce the
incidence of cancer in people with HIV, as well as the amount of medical expenses
spent on average per person for people with HIV and cancer.

There are increasing concerns regarding the costs associated with the long-
term handling of the HIV infection. These expenses include obtaining medical care,
HIV medications, and addressing comorbid conditions (Ritchwood, Bishu et al.
2017). A prior study utilizing the cost of illness method examined the medical costs
for individuals with HIV in Korea. Based on the findings, the average yearly
medical expenditure per person was 9,966,415 won in 2013 (Kwon, Bang et al.
2015). As the increasing pattern of annual new infections in Korea has persisted for

over 30 years, it may have exacerbated the economic burden on the Korean society
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in terms of not only medical expenses but also economic productivity losses due to
HIV.

Estimates of the cost of illness are good indicators of the socioeconomic
burden associated with a particular disease; however, they cannot capture the loss
of a country’s welfare due to disease. Therefore, the present study aims to estimate
the amount of money society is willing to pay to reduce the mortality rate of HIV,
often referred to as the VSL. In addition, from 2004 to 2020, the annual medical
expenses of people with HIV were estimated, which could be a comparative index
for the VSL.

Additionally, the VSL and COI are explained to clarify the interpretation of
the analysis results.

The VSL is based on the following question: how much is the society willing
to pay to avoid the death of an unspecified person. It is not an evaluation of the
value of an individual’s life, rather a value derived from the amount of payment for
a small change in the probability of death or a value given ex-ante. It is an estimate
of the amount society is willing to pay to reduce mortality rates without knowing
the decedent, a methodology that determines the amount society is willing to pay to
reduce the risk of probabilistic death before the event occurs. From a post-mortem
perspective, people at high risk of death probably spend all their money to survive
(lii, Herriges et al. 2003).

Conversely, COI is a methodology from a post-ante perspective. COI is an
analytical method for patients with certain diseases. It includes the amount of
medical expenses Korea spends to treat people with HIV, and the amount of future

income a person has lost from death if he or she has died due to HIV.
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5.2. Literature Review

5.1.1. Cost of illness®

COI can be broadly divided into direct cost (medical expenses, nursing
expenses, and transportation expenses) and indirect cost (future income loss from
early death and the time loss from inpatient or outpatient treatment [income earned
if a person worked during the treatment period] etc.).

(Kwon, Bang et al. 2015) analyzed the detailed medical expenses for 6,781
people with HIV as of 2013 in Korea using data from the Korea Health Insurance
Review and Assessment Service. The average age of the study participants was 43
years, and 89.1% were men. With 244 new HIV infections in 2000, 900 in 2008,
and 1,114 in 2013, this study aimed to identify the cost of HIV treatment in the
Korean medical system and determine the recipient of the largest portion of the
cost. The results revealed that the annual mean medical expenses incurred by one
person with HIV in Korea in 2013 was ¥¢8,966,415, 83.4% of which were drug
costs, and ART accounted for 94% of the drug costs.

(Treskova, Kuhlmann et al. 2016) analyzed the average annual medical
expenses per person for 1,154 people with HIV receiving HIV treatment during
2009-2012 at eight medical institutions in Germany. The results revealed that the
annual mean medical cost per patient was €22,231, and that ART accounted for
83.8% of the total medical cost.

In the UK alone in 2013, a total of 6,000 new HIV infections were identified,

approximately 50% of which or 3,250 cases were confirmed to be men who had

® Cost of illness is the methodology with the post-ante perspectives. Cost of illness is an analytical
methodology for patients with certain diseases.
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sex with men. (Nakagawa, Miners et al. 2015) estimated the lifetime immune status
and the distribution of HIV treatment costs for the aforementioned men with HIV
for the age of 30 years as of 2013. This estimate included the assumption that HIV
treatment had no shortage of resources and that the standard cost of health care
remained the same. The cost of treating a single 30-year-old person up to an
average life expectancy of 71.5 years (45.0-81.5) for MSM was estimated to be
£360,800. If 3.5% discount rate was applied, the estimated cost was £185,200.
ART accounted for approximately 68% of total medical expenses. In addition,
simulations have estimated that the cost of lifelong HIV treatment in 2013 would
be more than £1 billion if 3,000 new HIV infection occurred in 30-year-old men
who had sex with men (Nakagawa, Miners et al. 2015).

(Bingham, Shrestha et al. 2021) used US National HIV Behavioral
Surveillance (NHBS) data (2006-2015) to estimate the average amount spent on
lifelong medical expenses, from diagnosis to treatment of a single person with HIV
in the US. The average medical cost across a person’s life (from diagnosis to death)
with HIV was estimated to be $490,045 with an applied discount rate of 3% and
$1,079,999 without a discount. Lifetime medical expenses for one person included
inpatient and outpatient treatment, preventive therapy for related diseases, and tests

for other infection.

Table 5-1. The Summary of Literature Review for Cost of illness of HIV

Reference Details Notes
Bingham, The average medical cost across the life of a person with HIV U.S. National HIV
Shresthaetal. | (diagnosis to death) was estimated to be $490,045, with an Behavioral Surveillance
2021 applied discount rate of 3%, and $1,079,999, without a discount | (NHBS) data for 2006—
u.s 2015
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Nakagawa,
Miners et al.
2015
U.K

The cost of treating one 30-year-old person up to an average life
expectancy of 71.5 years (45.0-81.5) for men who have sex
with men (MSMs) was estimated to be £360,800. If a 3.5%
discount rate was applied, the estimated cost was £185,200.
Antiretroviral therapy (ART) accounted for approximately 68%

of total medical expenses

Computer simulation for
MSMs

Kwon, Bang et

Annual mean medical expenses incurred by one person with

The Korea Health

al. 2015 HIV in Korea in 2013 was 8,966,415, 83.4% of which were Insurance Review and
Korea drug expenses. Antiretroviral therapy (ART) accounted for 94% | Assessment Service data
of the drug costs. in 2013
Treskova, The annual mean medical cost per patient is €22,231, and Eight medical institutions’

Kuhlmann et al.

2016

Germany

antiretroviral therapy (ART) accounts for 83.8% of the total

medical cost

database in Germany;
2009-2012

5.2.2. Revealed Preference vs. Stated Preference

The VSL can be estimated using the stated preference or the revealed
preference method. Determining the better method from among the two for
estimating the VSL remains a challenge. Stated preference surveys the willingness
to pay for goods that cannot be traded in the market (non-market goods) for
samples representative of the population group. For the survey, sufficient
explanation of an objective and background (scenario) is needed to investigate
without bias the amount people are willing to pay. When conducting a survey on
stated preference, respondents should not be encouraged to answer in a socially
desirable direction. Moreover, the source and basis of reference data to form a
study scenario should be transparently and clearly disclosed. Revealed preference
is a method of estimating the amount of money people are willing to pay to avoid
mortality or certain risks using the information on the optional behavior that people

employ to maximize utility. In this case, sufficient information on the incidence
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and the mortality of diseases is needed, and a quantitative estimate of the amount
people are willing to spend is needed to reduce the corresponding mortality rate
using this information. Therefore, the researcher must review the study’s purpose
and the level of information that can be confirmed to determine the appropriate

methodology (Ahn, Bae et al. 2016, Kim 2016).

5.2.3. Willingness to Pay (Not Stated Preference)

Several studies asked people with HIV or high-risk groups to mention the
amount of money they are willing to pay for HIV self-test kits, prevention drugs, or
HIV. These studies (Nunn, Brinkley-Rubinstein et al. 2017, Mbachu, Okoli et al.
2018, Morgan, Ferlatte et al. 2018) were significant in determining whether the risk
group of HIV or people with HIV were willing to pay for preventive measures or
treatments.

However, the aforementioned studies and studies on the VSL need to be
differentiated. A previous study (Ahn, Bae et al. 2016) is used to elucidate the VSL.
Furthermore, the studies of (Nunn, Brinkley-Rubinstein et al. 2017, Mbachu, Okoli
et al. 2018, Morgan, Ferlatte et al. 2018) are reviewed herein.

According to (Hamlyn, Hickling et al. 2012), approximately 50% of newly
diagnosed persons with HIV in the US are those who have been infected by people
who were unaware of their HIV status; hence, HIV testing is an important part of
HIV/AIDS prevention and treatment. (Nunn, Brinkley-Rubinstein et al. 2017)
surveyed 1,535 people (December 2012— January 2014) in Philadelphia in the US,
where HIV prevalence is high, on their willingness to pay a certain amount of
money to buy HIV self-tests. Downtown Philadelphia, where the study was

conducted, is an area mainly inhabited by African Americans with an HIV
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prevalence of 3%. Among 1,535 participants, 1,362 (89.7%) were African
Americans and 1,198 (78.0%) were single. Approximately 90% of the 1,535
respondents said they were willing to use an HIV self-test, while 55% said they
were willing to buy an HIV self-test kit; however, only 23% said they were willing
to buy an HIV self-test kit priced >$40. The survey presented a total of six options
(None, $0-10, $11-20, $21-30, $31-40, and >$40) and defined that if a person
was willing to pay >$40, they would be willing to pay $40 for a HIV self-test kit.
In this study (Nunn, Brinkley-Rubinstein et al. 2017), the 1,535 respondents were
categorized into low-risk groups, people with concurrent sexual partners, drug
users, and people having condom-free sex with multiple sexual partners. Compared
with the low-risk group, people with concurrent sexual partners and those who use
drugs were more willing to use HIV self-test kits; however, no significant
differences were observed in the cost they were willing to pay. In conclusion, only
23% of participants said they were willing to pay a market price of $40 to buy an
HIV self-test kit (Nunn, Brinkley-Rubinstein et al. 2017).

(Morgan, Ferlatte et al. 2018) surveyed 7,176 people who belonged to the
high-risk HIV group (gays, men having sex with men, and bisexuals) in Canada on
whether they are willing to take pre-exposure prophylaxis (PrEP) and the amount
they are willing to pay if taking PrEP. PrEP is medication to prevent HIV infection.
According to US Centers for Disease Control and Prevention (CDC), PrEP can
reduce the probability of HIV infection via sexual relationships and injection drugs
by 99% and 74%, respectively. In Canada, PrEP received approval from Health
Canada in early 2016, and Canada includes PrEP distribution as an HIV prevention
strategy for men, gays, and bisexuals (Stahlman, Lyons et al. 2017). In this context,

(Morgan, Ferlatte et al. 2018) surveyed high-risk groups who were not infected
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with HIV in Canada on whether they were willing to take PrEP and the amount
they were willing to pay if choosing PrEP. This study collected information via an
online app in 2015, just before Health Canada approved PrEP distribution. The
results of the analysis revealed that 54.7% (n = 3,923) of the 7,176 survey
participants had awareness of PrEP and 47.4% (n = 3,399) said they were
interested in PrEP. Among the participants who were interested in PrEP (n = 3,399),
947 (27.9%) said they were willing to pay for it and take it. Awareness of PrEP
was different depending on the region where the survey participants lived, and it
was relatively high among participants living in the city. Factors affecting the
willingness to pay for PrEP were annual income and education levels. People with
an annual income with >$40,000 were more likely to pay to take PrEP than those
with an annual income of <$20,000, and regarding education, those with a college
education or higher were more likely to pay than those with a high school diploma
or lower. The procedure to determine the amount people were willing to pay to
take PrEP was as follows: first, the respondents were asked to check if they were
interested in PrEP, and if interested, move on to the question of the maximum
amount they could pay to take PrEP, and second, regarding the amount they were
willing to pay for PrEP/month, they were provided a choice of up to $1,200,
starting from <$100. According to the analysis, approximately 72.1% (n = 2,452)
of the 3,399 respondents who said they were interested in PrEP said they would
take it only if health insurance was applied. Among the remaining 27.9% (n = 947),
most chose <$100/month. This study highlighted the problem that access to PrEP
varies depending on income and education levels, and that costs covered only
through private insurance can lead to health inequality (Morgan, Ferlatte et al.

2018). |
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In 2014, (Mbachu, Okoli et al. 2018) conducted a survey among 125 people
with HIV/AIDS aged >18 years who are receiving free ART? benefits at Nigerian
public hospitals and asked whether they or their families intended to pay a monthly
fee to receive ART. This determined whether HIV treatment provided free of
charge by the national hospital is valuable and whether it was important to people
with HIV. The results revealed that approximately one-third of the 125 participants
were willing to pay a monthly fee of $15.26-$15.31. Respondents were more
willing to pay if they were currently engaged in economic activities, had a high
social status, and were younger. The gender proportion was 50% (Mbachu, Okoli

et al. 2018).

Table 5-2. The Summary of Literature Review for WTP not VSL

Reference Participants Details
Morgan, 7,176 people who belong to the high-risk Question:
Ferlatte et al. HIV group (gays, men having sex with Are you interested in Prep® (pre-exposure
2018 men, and bisexuals) in Canada. prophylaxis)? If you are interested in PrEP,
*N=7176 how much money are you willing to pay for
Canada PrEP?
Among the 7,176 participants, 3,399 (47.4%)
WTP Not VSL responded that they were interested in PrEP;
subsequently, the research teams asked these
participants about their intention to pay for

(@ Antiretroviral therapy (ART) is HIV treatment with regimen to suppress the virus in the body.
People living with HIV should take HIV medicine right after the diagnosis of HIV. Antiretroviral
therapy (ART) cannot perfectly cure HIV but through treatments, HIV infected people have a longer
lifespan and healthy lives. The purpose of antiretroviral therapy (ART) is to reduce the amount of the
virus in the body and people with the status of undetectable virus have no risk to transmit HIV to
others according to National Institutes of Health (NIH).

Antiretroviral therapy (ART) is HIV treatment with regimen to suppress the virus in the body.
People living with HIV should take HIV medicine right after the diagnosis of HIV. Antiretroviral
therapy (ART) cannot perfectly cure HIV but through treatments, HIV infected people have a longer
lifespan and healthy lives. The purpose of antiretroviral therapy (ART) is to reduce the amount of the
virus in the body and people with the status of undetectable virus have no risk to transmit HIV to
others according to National Institutes of Health (NIH).
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PrEP. Approximately 72.1% (n=2,452) of these
respondents answered they would take PrEP
only if health insurance was applied. Of the
remaining 27.9% (n=947), most chose <
$100/month

Nunn, Brinkley-
Rubinstein et al.

1,535 people in Philadelphia, US
* N=1535

Quiestion:

How much would you be willing to pay for a

2017 (Respondents were categorized into low- HIV self-test kit?
risk groups, those with concurrent sexual | Only 23% of participants said they were willing
u.s partners, drug users, and those having to pay a market price of $40 to buy an HIV self-
condomless sex with multiple sexual test kit, 77% answered none or <$40.
WTP Not VSL | partners) *Downtown Philadelphia, where the study was
conducted, is an area mainly inhabited by
African Americans with an HIV prevalence of
3%
Mbachu, Okoli | 125 survey participants (people with Question:
etal. 2018 HIV/AIDS) in Nigeria How much are you willing to pay per month
*N=125 for HIV treatment?
Nigeria Approximately one-third of the 125 survey
(Considered age, economic activities, and | participants were willing to pay $15.26—
WTP Not VSL | social statuses) 15.31/month. Respondents were found to be

more willing to pay if they were currently
engaged in economic activities, if they had high

social status, and if they were younger.

5.2.4. Willingness to Pay by Stated Preference to Estimate the VSL

Although the study of (Ahn, Bae et al. 2016) is not for HIV, from the author’s

perspective, it is a good example of the stated preference methodology to

understand the VSL. This study conducted a face-to-face survey among 1,000

adults aged 20— 64 years to identify the amount of money they are willing to pay to

reduce mortality from air pollution by 0.01% from 0.04% to 0.03%. Prior to

conducting this face-to-face survey, this study simplified the terminology of the
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questionnaire through focus group interviews. Moreover, (Ahn, Bae et al. 2016)
conducted a preliminary survey among 208 people and set an appropriate amount
of money that participants can choose as the willingness to pay to reduce mortality.
The options for participants to choose were ¥10,000, ¥¢15,000, ¥30,000,
¥W50,000, and ¥80,000. The willingness to pay to reduce the mortality from air
pollution by 0.01% was estimated to be an annual average of ¥10,141 per person
for 10 years. Based on this, the VSL of environmental pollution (calculation
formula = 10,141*10/0.0001) was estimated as ¥1,014,130,000. After a discount
rate of 5.5% was applied, the VSL for environmental pollution was ¥806,455,977.
Identifying the amount money for people to pay to avoid the death of one
unspecified person in society is important when estimating the VSL. The
probability of death to be reduced is presented; however, the questionnaire should

be conducted in uncertain situations (i.e., no one knows who will die).

5.2.5. Willingness to Pay by Revealed Preference to Estimate the VSL

(Soares and Philipson 2005) estimated the VSL for HIV/AIDS using the
revealed preference methodology in sub-Saharan Africa. In 2000, the death toll of
people with HIV/AIDS in sub-Saharan Africa was estimated to be approximately
2.2 million, and the HIV/AIDS mortality rate was 0.38%. In this context, (Soares
and Philipson 2005) calculated the VSL to identify the economic welfare loss
caused by HIV/AIDS in sub-Saharan Africa. The methodology of the VSL begins
with the following question: how much does the ssssociety intend to pay to reduce
the difference in mortality between the general population and people with HIV.

This study estimated the amount of money people were willing to pay at each
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individual level to lower the mortality rate of HIV/AIDS, and subsequently,
multiplied this estimated individual willingness to pay by the number of people in
the age group to calculate the VSL. However, detailed information on the status of
HIV/AIDS incidence and prevalence provided by each sub-Saharan country was
insufficient. Therefore, (Soares and Philipson 2005) used the World Health
Organization (WHO) life table to identify the population size and death toll as of
2000. The number of HIV/AIDS-related deaths was confirmed by UNAIDS's Joint
United Nations program on HIV/AIDS. The number of deaths by age group could
not be identified because of data restrictions; hence, the age-specific number of
deaths at that time in sub-Saharan Africa was estimated under the assumption that
the age-specific death distribution is the same as the age-specific population
distribution. Sub-Saharan Africa’s GDP per capita for each country was used as an
income variable. The social welfare loss caused by HIV/AIDS in 34 countries in
sub-Saharan Africa as estimated by (Soares and Philipson 2005) was $800 billion,
comparable to the total annual GDP of the sub-Saharan region. In the case of
Botswana and Zimbabwe, 1.5% of people with HIVV/AIDS were confirmed to be
dead annually. The term individual willingness to pay means the average amount
that one person intends to pay to reduce the mortality from HIVV/AIDS based on the
GDP per capita. The individual willingness to pay at the age of 18 years was
approximately $1,867, which was 129% of the GDP per capita in the region. The
individual willingness to pay from age 5-30 years exhibited an increasing trend
and subsequently decreased after the age of 30 years. The pattern of willingness to
pay by age group had an inverted U-shape (Soares and Philipson 2005).

(Fimpel and Stolpe 2010) estimated the VSL of HIV in Eastern Europe

considering the level of human capital investment and risk aversion propensity in
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each age group. This study used information such as HIV prevalence and mortality
for 25 Eastern European countries between 1995 and 2004. (Fimpel and Stolpe
2010) benchmarked the revealed preference model from (Soares and Philipson
2005). The coefficients of income, education, HIV-prevalence, HIV-incidence,
HIV-mortality, and HIV-treatment accessibility were estimated for each country.
The research question (the VSL for HIV) was as follows: how much money you
are willing to pay (“how much you are willing to give up”) to extend your life by
lowering the mortality from HIV. This referred to the amount society wanted to
pay to reduce the difference in the 7-year survival rate between people with HIV
and people without HIV in each age group. Mortality rates of people with HIV
were confirmed from the 2004 EuroHIV (HIV Surveillance Report for Europe).
The 7-year survival rate indicators were used from the time of HIV diagnosis by
distinguishing between groups receiving and not receiving HIV treatment.
However, accurate information on the distribution of HIV treatments in each
Eastern European country was difficult to confirm; hence, the WHO’s data on the
accessibility of HIV treatments in each country between 2003 and 2005 was used.
(Fimpel and Stolpe 2010) classified the level of healthcare systems in 25 Eastern
European countries into grades 1-6. The distribution rates of HIV treatment were
assumed to be >80% in first-class countries and <10% in sixth-class countries.
Information on each country’s income used GDP per capita; however, it was
adjusted by age group in consideration of the level of human capital investment.
This study assumed that in Eastern Europe in the early 2000s, on average, an
individual's human capital level was the highest at the age of 35 years with
adequate academic and work experiences, which gradually decreased. This is based

on the idea that up to the age of 35 years, people go through the process of
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acquiring and learning new information, and subsequently, this knowledge
becomes outdated. The VSL in 25 Eastern European countries was estimated as
approximately $841 billion, which was approximately 10% of the total GDP per
year between 1995 and 2001. The HIV mortality rate in Eastern Europe at that time
was 0.15%, which is the number of people with HIV who died divided by the
number of Eastern European population size. Even the death of person with HIV
by suicide or from an accident was not excluded. The VSL by age group was the
highest among those aged 25-45 years. However, this did not suggest that Eastern
Europeans between the ages of 25 and 45 years considered life to be more dignified.
In addition, young adults tend to behave in a less risk-averse manner than others;
therefore, the amount young adults are willing to pay to reduce the mortality rate
can be lower than that of the middle-aged adults. For example, regarding individual
willingness to pay to reduce the mortality rate for HIV, Russia’s VSL was
approximately $30,000 (age: 35 years) and $15,000-$20,000 (age: 25 years). In the
author’s perspective, (Fimpel and Stolpe 2010) assumed that productivity of older
adults is lower than that of middle-aged adults; the old generation’s risk aversion
propensity is unclear. The VSL is intricately linked with income, health status, and
risk aversion propensity of each age group; hence, affirming that the VSL is high in

a specific age group for only one reason may be prove difficult.

5.3. Materials and Methods

Revealed preference approach to estimate VSL for HIV
The present study used the revealed preference method. Regarding the stated

preference method for the survey, an objective and sufficient background
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(scenario) explanation is needed to identify the amount of money people are
willing to pay to decrease the mortality rate. When conducting a survey on stated
preference, respondents should not be encouraged to answer in a socially desirable
or purposed direction. Although it may be technically possible to design a suitable
survey to estimate the VSL for HIV, social stigmatization of people with HIV

poses a challenge.

Issue of stigma for people with HIV

Since the development of effective HIV treatments, the immunity of people
with HIV has improved, and their life expectancy has increased. However, HIV
infection is uncurable, and people with HIV experience emotional issues such as
social atrophy, frustration, depression, and anxiety. Notably, HIV stigma can lead
to social discrimination. People with HIV may have difficulties in familial
relationships. Families residing with people with HIV experience anxiety and fear
as well. Korea is implementing programs for people with HIV such as protection of
personal information, support for long-term care and treatment for mental health
issues, and expansion of the scope of medical expenses; however, social adaptation
remains a challenge for people with HIV-(Rhee, Kim et al. 2018). Previous studies
have reported that most people in Korea regard people with HIV as homosexuals or
those leading sexually promiscuous lives and tend to stigmatize and discriminate
them. Furthermore, the general population tends to disregard people with HIV
(Sohn and Park 2012, Yang 2021).

In this context, the author deemed that the revealed preference approach is a
more suitable research method for this study because of the possibility of

accurately estimating detailed epidemiological indicators of the survival rate and
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HIV treatment distribution rate of people with HIV using the Korean NHIS
database. If the public has already negatively stereotyped people with HIV, an

unbiased and accurate survey cannot be easily conducted.

Theory of the value of a statistical life by revealed preference

Assuming that personal preferences play a significant role in the shift of
economic welfare, the value of a statistical life related to a specific accident or
illness can be determined by the amount of money someone is willing to pay to
decrease the mortality rate, or the compensation one may accept to relinquish it
(Freeman I11, Herriges et al. 2014). The value of a statistical life is not merely a
calculation of an individual's contribution to the gross domestic product (GDP), but
an empirical analysis method that measures the intrinsic value of life (Fimpel and
Stolpe 2010).

In this present study, the Philipson and Soares's approach (Soares and
Philipson 2005) was adopted to estimate the monetary value of welfare loss due to
HIV. The hypothetical question is how much money society is willing to pay to
decrease HIV mortality until it aligns with the general population's age-dependent
mortality rate.

The survival rate between ages a and t is represented by S(t,a). 6 serves as
the exogenous variable, such as HIV, which leads to varying survival rates for
those living with HIV. We can express Sg(t,a) = dS(t,a;6)/06 as the
difference in survival rates between individuals with HIV and the general
population. The objective of our study was to identify the monetary value

connected to Sg(t,a). MWP, represents the marginal value that an individual at
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age a is willing to substitute the income to reduce mortality due to HIV.

°° c(t)
MWE, = j e Pt~ _ 1 y(t) — c(t)) Sp(t, a)dt
a E(C (t})
Equation 1

Notation,
a = the specific current age
t = the specific future age as time passes
Se(t,a) = S(t,a) — Sy (t, a)

S(t,a) = the cumulative survival rate age from a to t in general population

Sy (t, @) = the cumulative survival rate age from a to t in people living with HIV
Suw(t,a) = ??(ﬂ){lﬂ (@)Strear(t, a) + (1 - lp(a))snon_treat(t; a)} + (1 - 7?(&))5(’5. a)

n(a) = the age dependdant HIV incidence rate

Y(a) = the age dependdant probabitity of getting access of HIV treatment
y(t) = income at give time t

c(t) = consumption at give time t

p = dicount rate

In this present study, age-specific population size was utilized as the
weighting parameter to estimate welfare loss. We used the terms, social-level
willingness to pay to reduce HIV mortality, the value of a statistical life (VSL) for
HIV, and welfare loss due to HIV in our society interchangeably, as they share the

same meaning. In the results section, the cost of illness (COI) is presented as an
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index comparable to the VSL; however, these methods have distinct research
targets. The scope of the COIl analysis is limited to people living with HIV while
that of VSL should be based on the entire population, considering the potential risk
of the illness to the whole society.

MWPF, is the marginal value that an individual at age a is willing to
substitute the income for to reduce mortality due to HIV. P(a) is the age-specific

population size as the weight to estimate social marginal willingness to pay.

MWPSOCEHI = MWPH * P(ﬂ)

Equation 2

Empirical Analysis and Data Source

( )
e(c(t)) = ;C(Et)) = the consumption elasticity of utility function
1
c Y
u(c) ™=y + 6

¥y = the elasticity of substitution in consumption

8 = the value to generalize utility of the death to zero

We followed the approach of (Soares and Philipson 2005, Fimpel and Stolpe
2010) using parameter values calibrated based on data from the U.S, as explained
by (Murphy and Topel 2003). (Murphy and Topel 2003) confirmed that & (the

consumption elasticity of the utility function) is 0.346 from an early influential
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study by (Viscusi 1993). Using 0.346 as ¢, (Browning, Hansen et al. 1999) arrived
at a conclusion regarding y (the elasticity of substitution in consumption) from a
meta-analysis, suggesting a value slightly above 1. Subsequently, (Soares and
Philipson 2005) set y at 1.25 and established -16.16 as the value for & (the value to
generalize the utility of death to zero).

Several assumptions were made in the present study. First, the VSL for HIV
was only based on the survival rate; thus, both pain and morbidity were not
considered. Second, the endpoint of life was set at the life expectancy for 2019,
which is 83.7 years old. Third, the income variable, denoted by c(t), was not
time-dependent, and thus remained constant during the calibration of VSL.

To estimate the cumulative survival rate from age a to t in people living with
HIV, denoted by Sg-(t, @), the Korea National Health Insurance Service (NHIS)
database, which includes all 16,671 incidence cases in Korea from 2004 to 2020,
was employed. To compare the survival rate between the general population and
people with HIV, we determined the 10-year cumulative survival rate from the
specific age, represented by a. The age specific access rate to HIV treatment was
identified using the NHIS database. If an individual with HIV received HIV
treatment for over 30 days, they were considered to have access to medical care. In
contrast, individuals that did not receive HIV treatment or received HIV treatment
for less than 30 days were considered to not have access to care. The Kaplan-Meier
function was employed to estimate the survival rate of people living with HIV
based on two groups (more than 30 days of HIV treatment vs None or less than 30
days of HIV treatment).

Regarding the age-specific incidence rate of HIV, the parameter, 1(a), was
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derived using the 2019 Annual Report on Notified HIV/AIDS in Korea. The
general population's age-specific cumulative survival rate from a to t, represented
by S(t,a), was calibrated using life tables from 2004 to 2020 released by
Statistics Korea. As a weight parameter to estimate the VSL for HIV, the 2019
mid-year population size was used. The 2019 median income data were also
employed as the annual income. To account for the future currency value, a 3%

discount rate was applied.

How to derive the equation of an individual's marginal willingness to pay

The revealed preference method is based on (Soares and Philipson 2005). To
explain details of the equation, this present study showed how to derive the model

of individual marginal willingness to pay.

V(a) = f " e -5 (t, ayu(c(®))dt

wheref e_"“_“)S(t,a)y(t)dt:f e Pt-Dg(t, a)c(t)dt
a (el

Equation3

L= ["e s, ulc®)dt + A{[f, e ISt a)(y(t) — c(t))dt}

First order condition,

aL
ac(t)

= Q_P(t_“)_g(t’ Q)HJ(C(t)) —_ ;‘I,HE_p(t_ﬂ)S(t, a) =0
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Defined as MWP, = ETR)
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5.4. Results

Figure 5-1. Annual medical expenses for HIV treatment from 2004 to 2020
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Figure 5-1 displays the annual medical expenses for HIV treatment from 2004
to 2020, as defined by the cost-sharing code (V103) in the Korea National Health
Insurance Service (NHIS) database. The annual expenses for HIV treatment were
found to exhibit an upward trend, which explains the worsening of the economic
burden of HIV over time. Improved accessibility to antiretroviral therapy (ART) for
people living with HIV has increased the survival rates after HIV infection;
however, the annual incidence of HIV in Korea continues to increase, leading to a
cumulative burden on the healthcare system. Moreover, we found no significant
change in the age distribution of medical expenses. In 2020, the proportion of
individuals in their 20s and 30s remained high, accounting for 50% of the total
expenses. A higher proportion of young individuals with longer lifespans among

HIV-infected people could place a greater burden on our society.

165



Table 5-3. The mean annual medical expenses Per person to treat HIV

Unit: won
Total The mean annual

Year Medical The “””?ber of medical expenses

Expenses People with HIV Per person
2004 1,468,948,520 533 2,756,001
2005 4,678,903,220 1,149 4,072,152
2006 11,782,943,070 1,762 6,687,255
2007 17,177,220,630 2,373 7,238,610
2008 22,601,604,970 2,945 7,674,569
2009 30,549,536,330 3,547 8,612,782
2010 38,884,880,390 4,140 9,392,483
2011 47,967,915,750 4,864 9,861,825
2012 55,684,596,200 5,716 9,741,882
2013 68,816,638,260 6,657 10,337,485
2014 81,075,150,880 7,721 10,500,602
2015 88,868,814,550 8,713 10,199,566
2016 101,793,351,940 9,743 10,447,845
2017 115,079,190,400 10,738 10,717,004
2018 122,861,365,130 11,710 10,492,004
2019 130,201,366,700 12,777 10,190,292
2020 133,667,130,070 13,403 9,972,926

Table 5-3 presents the average annual medical expenses per person with HIV.
This represents only the cost of treating HIV. From 2013 to 2020, the average
annual medical expense for HIV treatment per person is approximately
¥10,000,000.

Table 5-4 presents the probability of obtaining a prescription for HIV
treatment for >30 days among people with HIV. As the age at diagnosis increases,
the chances of accessing treatment for >30 days decreases, with a probability of
91% and 83% for those aged 20-24 and 60-64 years, respectively. Duration of
HIV treatment >30 days) was classified based on the medical advice that at least

30 days are needed to suppress the viral load.
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Table 5-4. Probability of gaining access to treatment for over 30 days with an ART
prescription by HIV-infected people

Unit: person
Age group Yes No Total Rate
20-24 1623 155 1778 0.912823
25-29 2287 277 2564 0.891966
30-34 1967 254 2221 0.885637
35-39 1811 189 2000 0.905500
40 - 44 1729 183 1912 0.904289
45-49 1428 164 1592 0.896985
50 - 54 1213 191 1404 0.863960
55 - 59 867 174 1041 0.832853
60 - 64 536 132 668 0.802395

In Table 5-5 the age-wise HIV incidence rate in 2019 was calculated by
dividing the age-wise number of new HIV infections by the age-wise modified
population size (age-wise modified population size in 2019 = age-wise population
size in 2019 - the age-wise number of people with HIV in 2018). Owing to
concerns that the 2020 Annual Report on the Notified HIV/AIDS in Korea may not
accurately represent the true number of HIV infections during the COVID-19

pandemic, the 2019 HIV incidence rate was instead used. The 25—-29 age group had

a higher incidence rate than all the other age groups.

Table 5-6 presents the age-specific 10-year survival rates for people with HIV,
depending on whether they received HIV treatment for >30 days. The disparity in
the 10-year survival rate for individuals (those receiving HIV treatment for >30
days vs. those that do not receive treatment or receive treatment for <30 days) was
found to increase when the age at HIV diagnosis is older. Ages 25-29 and 60-64
exhibited a difference of 7.7% and 20.0%, respectively, depending on whether HIV
treatment was received. The survival rate change pattern in Table 5-6 can be

confirmed via Figure 5-2.
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Survival Distribution Function

Survival Distribution Function

Survival Distribution Function

Figure 5-2. Survival rate of HIV infected people depending on HIV treatment
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Table 5-5. Age-specific HIV incidence rate in 2019

Age group Rate
20-24 0.00004234727
25-29 0.00008631378
30-34 0.00007016557
35-39 0.00003031121
40-44 0.00002671548
45-49 0.00002211239
50-54 0.00001503301
55-59 0.00001526295
60-64 0.00001194265
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Table 5-6. 10-year survival rate of HIV-infected people according to gaining access

to HIV treatment for more than 30 days with an ART prescription

Age HIV-infected people
Over 30 days None or below 30 days

20-24 0.8637 0.9764
25-29 0.9059 0.9825
30-34 0.8559 0.9573
35-39 0.7214 0.9304
40-44 0.6312 0.9163
45-49 0.5123 0.8614
50-54 0.6522 0.8405
55-59 0.5803 0.799
60-64 0.5212 0.7212

Table 5-7. Difference in the 10-year survival rates between individuals with HIV1

and the general population

Age General population HIV-infected people Difference
20-24 0.9949553685 0.9949541667 0.0000012018
25-29 0.9934852182 0.9934835558 0.0000016625
30-34 0.9908456382 0.9908424708 0.0000031674
35-39 0.9859867153 0.9859844317 0.0000022836
40-44 0.9782631950 0.9782608106 0.0000023844
45-49 0.9677157341 0.9677125880 0.0000031461
50-54 0.9536032602 0.9536011748 0.0000020854
55-59 0.9315460792 0.9315434982 0.0000025810
60-64 0.8916059252 0.8916034181 0.0000025071

1 Survival rates for people with HIV estimated using the Korea National Health Insurance

Service (NHIS) database

Table 5-7 shows the difference in 10-year survival rates between individuals
with HIV and the general population, denoted by Sg(t, a). This coefficient is key
to estimating the VSL of HIV. Sg(t,a) depends on accessibility to HIV treatment
and HIV incidence rate. In this study, no statistical assumption was made regarding

parameter Sg(t,a). In table 5-7, the age-wise 10-year survival rate of the general
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population was estimated using the life table. The life table, obtainable from the
Korean Statistical Information Service, is based on age-adjusted rates per 100,000
people, which presents the survival rate of the 1-year-old unit by standardizing the
population in Korea annually. When calculating the cumulative 10-year survival
rate for those aged 20 years, the number of survivors aged 30 years is divided by
the number of survivors aged 20 years (based on a standardized population of
100,000).

Table 5-8 displays the annual income and population size for each age group.
The age-specific population size was utilized as a weight parameter to calibrate the
social marginal willingness to pay to reduce the mortality rate of HIV in our

society (social MWP).

Table 5-8. Annual income and population size

Unit: won
Age group Annual median income Population size
20-24 21,480,000 3,353,801
25-29 28,440,000 3,430,877
30-34 34,200,000 3,151,167
35-39 38,040,000 3,960,321
40-44 38,040,000 3,857,129
45-49 33,600,000 4,478,730
50-54 30,000,000 4,258,855
55-59 26,400,000 4,259,892
60-64 22,080,000 3,601,453

Source: Korean Statistical Information Service

Korea has consistently increased its budget for providing medical care to
people living with HIV from 2004 to 2020, with a significant amount (i.e.,
133,667,130,070 won) spent in 2020. This substantial economic burden can be

associated with not only the high cost of HIV treatment but also the increasing

-
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trend of new HIV cases each year and the extended life expectancy resulting from
medical care for HIV. In 2019, of the 1,222 new cases of HIV in Korea, 469
(38.4%) were among individuals younger than 30 years. The economic burden can
become increasingly heavier with time if the same pattern of HIV new cases
persists. In this context, the VSL for HIV was estimated based on five-year age
intervals, ranging from 20-24 to 60-64, to identify the welfare loss due to the
higher mortality rate of individuals with HIV relative to that of the general
population. To enhance accuracy, the VSL for HIV was estimated using the
revealed preference methodology, with epidemiological indices, such as HIV
incidence, survival rate, and treatment accessibility, all differentiated by age groups,

considered.

Table 5-9. Individual and social marginal willingness to pay to reduce the mortality
rate due to HIV

Unit: won
Age group MWP individual MWP social
20-24 2,096 7,030,606,574
25-29 3,724 12,775,748,814
30-34 8,223 25,912,515,765
35-39 6,307 24,978,306,913
40 - 44 6,237 24,057,569,285
45 - 49 6,797 30,443,568,105
50 - 54 3,699 15,751,562,607
55-59 3,618 15,411,303,412
60 - 64 2,552 9,189,910,454

Based on the study findings, age-specific survival rates vary depending on
whether individuals receive HIV treatment for more than 30 days. For individuals
in their 20s, the survival rates did not dramatically decrease even if they did not

receive treatment for more than 30 days. However, for individuals older tha_n 40,
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HIV treatment was identified to be more crucial for reducing the mortality rate.
Fortunately, the rates of accessing HIV treatment with a prescription for more than
30 days were consistently high in the 20-49 age cohort. However, for people living
with HIV who were older than 50 years at the time of diagnosis, the rates were
lower: 86% for individuals between 50 and 54, 83% for the 55-59 age group, and

80% for people aged 60-64.

Figure 5-3. The value of a statistical life of HIV in Korea (Social MWP)
unit: won
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Figure 5-3 displays an inverted U-shaped curve for age-specific social
willingness to pay to reduce the mortality rate for HIV, which aligns with findings
of previous studies (Johannesson, Johansson et al. 1997, Kip Viscusi and Aldy
2007, Aldy and Viscusi 2008, O’Brien 2018, Viscusi 2020). The 30-49 age group
had a higher income than the other age groups. If a specific age group invests more
in developing human capital, they will experience greater welfare gains from a

reduced risk of HIV mortality (Fimpel and Stolpe 2010). Thus, throughout
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extended life expectancy, people aged 30 to 49 with a high level of human capital
have a higher value than those younger than 30 or older than 49 (Table 5-9).
Additionally, as the 45 to 49 age group has a larger population size than any other
group and age-specific population sizes were employed as weight parameters, the
welfare gain for ages 45 to 49 holds the highest value.

The present study estimated the value of a statistical life (VSL) for HIV in
Korea. Table 5-10 summarizes the estimated VSL for HIV. However, the
populations examined in the three studies differed significantly in terms of HIV
mortality rates, accessibility of HIV treatment, health care systems, population size,
and GDP per capita. Additionally, the statistical assumptions utilized in the three
studies also varied. Therefore, it is challenging to directly compare the specific
VSL estimate from this study with the results of another study.

The results for the VSL demonstrate considerable variation across each study.
(Lindhjem, Navrud et al. 2011) conducted a compilation of 76 previous studies that
estimated the VSL in relation to health, the environment, or traffic using the stated
prevalence method. Within the environmental category, the average estimated VSL
was $8,963,795, with a minimum value of $24,427 and a maximum value of
$197,000,000. Concerning health-related studies, the average estimated VSL was
$3,996,563, with a minimum value of $4,450 and a maximum value of
$75,400,000. For traffic-related studies, the average estimated VSL was
$6,861,777, with a minimum value of $21,086 and a maximum value of
$112,000,000. These findings indicate substantial variation in the VVSL estimates
across previous studies, which can be attributed to factors such as the level of
mortality risk reduction, the nature of the risk, the population size, and the

characteristics of the methodology.
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Table 5-10. The comparison of the results with previous studies

Fimpel and Stolpe

Soares and Philipson

P t st
resent study 2010 2005
) Eastern Europe sub-Saharan Africa
Region Korea ] .
25 countries 34 countries
VSL $150.5 million $841 billion $800 billion
(% of GDP) (0.009% of the Korea (10.2% of the whole (Approximately 100% of
GDP, 1$=1100won) regions” GDP) the entire regions’ GDP)
HIV gross
mortality 0.0003% 2 0.15% 0.38%
rate 1
0
91% (20-24 years) Average 44%
89% (2529 years)
Classified the level of
89% (20-34 years .
o years) healthcare systems in 25
HIV treatment 91% (35-39 years) Eastern European
distribution 90% (40—44 years) countries into grades 1— Not included
6. The distribution rate of
0,
rate 90% (4549 years) HIV treatment was
86% (50-54 years) assumed to be >80% and
83% (55-59 years) <10% in the first-class
and sixth-class countries
80% (6064 years) . ’
respectively.
Age range 20-64 years 20-65 years 0-49 years
GDP per capita
Income Age-specific ;
g- p (Adjusted for human GDP per capita
data median income capital level according to

age group)

L All deaths among people with HIV are included (suicide or accident was not excluded). In
Korea, HIV mortality rate excluding deaths due to suicide and accidents can be calculated.
However, in the table, this study used the same criteria with previous studies to compare
HIV gross mortality rates.
2Between 2006 and 2018, 1669 people with HIV died (Park, Choi et al. 2022); this was
divided by pooling the annual population in this period.
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5.5. Conclusion and Discussion

To provide valuable information for policymakers in the medical field, an
understanding of not only medical science and micro-economics, but also
epidemiology is required (Kim 2009). As a result, epidemiological indices, such as
survival rate and incidence rate for HIV, were estimated in the present study using
the National Health Insurance Service (NHIS) database in Korea. We used a
pseudonymized NHIS database, which includes all HIV incidence cases from 2004
to 2020. These data are not randomly sampled but consist of comprehensive claims
data, including medical administration information (Ryu 2017), such as medical
expenses, diagnosis, prescription, treatment, and death. The use of epidemiological
data, such as the NHIS, can help gain a better understanding of the progression of a
disease (Fairchild, Tasseff et al. 2018). The strength of the present study lies in the
use of the VSL approach, combined with realistic epidemiological indices based on
a large dataset (NHIS).

Previous studies have estimated the VSL for HIV in developing countries,
such as those in sub-Saharan Africa and Eastern Europe. Due to low rates of access
to HIV treatment and high mortality rates among people living with HIV, the VSL
for HIV was significantly high in these regions. In Eastern European countries, the
VSL for HIV was 10% of the annual regional GDP from 1995 to 2001 (Fimpel and
Stolpe 2010) and in specific sub-Saharan African countries, it ranged from 50% to
200% of the annual GDP (Soares and Philipson 2005).

Korea also had an increasing pattern of HIV cases from 2004 to 2019 based
on the NHIS database. In this context, estimating the VVSL for HIV in a country

with a high level of GDP, such as Korea, can be valuable for policymakers.
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Despite its strengths, the present study had a few limitations. First, we could
not include individuals younger than 20 and older than 65 years in estimating the
VSL for HIV. In previous studies related to children's health policies, the VSL
method was applied to the 5-9 and 10-14 age groups to reduce mortality risk with
safety gear (Jenkins, Owens et al. 2001). Another study measured job risks for
elderly individuals and estimated their VSL (Viscusi and Aldy 2007). However,
our study focused on the economically active population, specifically ages 20-64.
Notably, the VSL curve of this study had an inverted U-shape with peak at ages 45-
49. Therefore, although we did not include individuals younger than 20 and older
than 64, the overall estimation would not be significantly underestimated. Besides
the 20-64 age range, the income data were not accurate based on 5-year intervals.
As a result, we did not extend our analysis beyond the economically active
population. Second, people living with HIV have varying characteristics, such as
region, race, gender, and immigrant status. Thus, understanding the heterogeneity
of the study population is important from an economic aspect and for risk
management (Viscusi 2010). Even though the characteristics of heterogeneity
could not be considered in this study, we stratified the age group with a 5-year
interval, which is a significant factor used to estimate VSL in previous studies
(Evans and Smith 2006, Aldy and Viscusi 2008, Fimpel and Stolpe 2010, O’Brien
2018, Herrera-Araujo and Rochaix 2020). Third, we assumed individual
consumption is constant and time independent. If time-dependent employment
rates and the amount of consumption could be considered, the estimate of the VSL
would be more valid. However, to mitigate the effect of the constant amount of
consumption, we applied the discount rate of consumption for future consumption.

In this study, we used economic methods and epidemiological data to
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calculate the VSL for HIV. Korea has experienced a growing trend of new HIV
diagnoses based on the NHIS database since 2004, leading to an increased
economic burden with the extended lifespan of individuals with HIV. Our study
highlights the VSL and the cost of illness for HIV as indicators of welfare loss and
economic impact within our society, which can be useful to policy makers.
Nonetheless, additional research with a dynamic methodology, which accounts for
time-dependent variations in consumption and considers HIV-related morbidity
conditions, is necessary. This approach will facilitate the monitoring of disease

progression and enable a deeper understanding of the virus.
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Chapter 6. Conclusion

The research was centered on individuals living with HIV, given their
increased risk for cancer. While previous investigations in Korea have shown an
elevated cancer risk among HIV-positive individuals compared to the general
population (Park, Ahn et al. 2022), specific risk factors within this group remain
largely undefined. Notably, in Korea, no study has yet been conducted to pinpoint
cancer risk factors among those living with HIV.

It's widely accepted that lifestyle modifications can play a significant role in
cancer management (Kim, Yeom et al. 2014), and so this study sought to identify
modifiable cancer risk factors for people living with HIV. Among these risk factors,
obesity, physical activity levels, dietary habits, and smoking come into
consideration (Anand, Kunnumakkara et al. 2008). As per the Korea Health Panel
survey, both smoking and drinking rates among adults in 2018 were less than in
2010 (Park 2021). However, obesity continues to be a global health concern, with
its prevalence increasing more than threefold since 1975 (Congdon and Amugsi
2022). Previous research anticipates a steady growth in the rate of obesity by 2030
(Finkelstein, Khavjou et al. 2012). Given this backdrop, the current study selected
obesity as the primary lifestyle-related risk factor for cancer.

The rising concerns surrounding obesity and cancer among individuals living
with HIV/AIDS cannot be overstated. Previously, severe HIV infection was often
termed a ‘wasting disease’ due to the accompanying weight and muscle loss.
However, the narrative has shifted with the introduction of HAART (Highly Active
Antiretroviral Therapy), which suppresses viral replication, reduces metabolic

demand, and often leads to weight gain. Post-HAART, the prevalence of obesity
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among those living with HIV/AIDS has risen, especially among those who were
underweight when they initiated the therapy (Yuh, Tate et al. 2015, Kanters,
Renaud et al. 2022). Consequently, recent updates to the treatment protocols for
HIV and AIDS have broadened their scope to incorporate the management of both
obesity and cancer (Ryom, De Miguel et al. 2022).

In Korea, the incidence of non-AlDS-related cancer among HIV/AIDS
patients has been on the rise. This study's outcomes highlight the association of
obesity, a significant issue in HIV care, with an increased risk for non-AlIDS-
defining cancers, but not for AIDS-defining ones. The evaluation of cancer risk
associated with obesity in Korean adults living with HIV showed an increased
likelihood for non-AIDS-defining cancers. However, the correlation between
obesity and AIDS-defining cancers was found to be statistically insignificant.

Hence, evaluating and managing obesity during the course of HIV infection is
of clinical significance, especially for the prevention of chronic illnesses such as
cancer. More comprehensive prospective studies, featuring a larger pool of incident
cancer cases, data on weight or BMI fluctuations over the disease's duration,
relevant clinical information, and confounding factors, are necessary to fully
comprehend the actual connection between obesity and cancer risk.

Moreover, this study explored the risk factors for thyroid cancer in Korean
women over 40 years old, a demographic deemed high-risk. Although most types
of cancer present statistically significant elevated risks for HIV-positive individuals
compared to the general population, thyroid cancer seems to pose a greater risk for
the general populace. The high incidence of thyroid cancer among the general
population could be linked to overdiagnosis issues, suggesting that those living

with HIV, who may have restricted access to healthcare services, could exhibit
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lower risk factors for thyroid cancer. Even though overdiagnosis is a concern for
both breast and prostate cancers, the risk connected with these cancers is higher for
the HIV-positive population compared to the general population (Park, Ahn et al.
2022). This makes it difficult to attribute the trend in thyroid cancer solely to
overdiagnosis. Thus, the study also incorporated an examination of the risk factors
for thyroid cancer in Korean women aged 40 and above, categorized as a high-risk
group.

This investigation found a connection between obesity markers such as body
mass index (BMI), waist circumference (WC), and waist-height ratio (WHTR), and
a heightened risk of thyroid cancer in Korean women. By combining obesity
indices like waist circumference (WC), waist-hip ratio (WHR), and waist-height
ratio (WHTR) with body mass index (BMI) categories, a notably increased risk of
thyroid cancer was identified in women exhibiting both an obesity-level BMI and
other obesity indices, compared to women with normal BMI and other obesity
indicators. This represents the first research to consider the combination of overall
(BMI) and abdominal (WC, WHR, and WHTR) obesity as a risk factor for thyroid
cancer.

Thyroid cancer is the most prevalent cancer in Korea, and its incidence is
increasing in numerous countries, resulting in a substantial disease burden. Given
this situation, it's crucial to develop strategies to alter risk factors to mitigate the
current thyroid cancer epidemic. The simultaneous upsurge in obesity prevalence
and thyroid cancer incidence, supported by epidemiological studies, raises queries
about the potential role of obesity and other risk factors in the onset of thyroid
cancer. Future studies should focus on identifying potential catalysts for the thyroid

cancer epidemic by examining a range of risk factors.
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Individuals living with HIV are at a higher risk for cancer compared to the
general population (Park, Ahn et al. 2022). However, globally, no studies have
been undertaken to measure the strain on the healthcare system due to cancer
treatment in HIV patients. The objective of this study was to calculate the
healthcare expenses associated with cancer in the first five years post-diagnosis and
the final six months of life for individuals living with HIV in Korea. This would
provide crucial information about the economic impact linked to cancer in this at-
risk group.

The principal conclusions from this section are as follows: Firstly, it was
discovered that the average yearly medical costs associated with cancer were
higher for AIDS-defining cancers compared to non-AlDS-defining cancers. This
was particularly evident in the case of non-Hodgkin's lymphoma during the first-
year post-diagnosis. However, the average yearly medical expenses related to
cancer significantly reduced from the second year onwards, with no noticeable
difference based on the cancer type. Secondly, the largest medical expenses in the
first year after a cancer diagnosis were typically incurred in the month immediately
following the diagnosis. Thirdly, total medical costs, influenced by both average
medical expenses and the number of cancer instances, were higher for non-AIDS-
defining cancers as compared to AIDS-defining cancers. This implies a higher
occurrence rate for these cancers despite their lower average medical costs. Finally,
the average monthly total medical expenses for each HIV-positive individual who
died after a cancer diagnosis tended to increase as they approached the time of
death.

The estimated medical cost burden for patients with HIV, as assessed in this

study, could provide a critical reference point for crafting healthcare policies aimed
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at this demographic, particularly given the anticipated rise in their cancer-related
burden (Shiels, Islam et al. 2018). There is a need for additional research to
precisely forecast the future cancer burden among individuals living with HIV.
This includes estimations of cancer incidence, death rates, and associated costs,
covering both direct and indirect expenditures.

Ultimately, this study calculates the value of a statistical life for HIV, an
amount that society is willing to invest in reducing HIVV mortality rates (Soares and
Philipson 2005, Fimpel and Stolpe 2010). The application of the value of a
statistical life method is key to comprehending the socioeconomic consequences of
HIV in our community. Simply focusing on the medical or opportunity costs
associated with HIV doesn't fully capture its overall impact. Consequently, this
study emphasizes the significance of the value of a statistical life for HIV as an
indicator of welfare loss and economic impact within our society. This can provide
valuable insight to policymakers when allocating limited medical budgets.

According to the findings of the study, survival rates that are age-specific
differ based on whether individuals undergo HIV treatment for more than 30 days.
For those in their 20s, survival rates did not substantially decrease even without
treatment for more than 30 days. However, for those aged over 40, HIV treatment
was deemed essential for reducing mortality rates. Encouragingly, rates of
accessing HIV treatment with a prescription for over 30 days remained consistently
high in the 20-49 age bracket. Yet, for HIV-positive individuals who were over 50
years old at the time of diagnosis, these rates were lower: 86% for those aged
between 50 and 54, 83% for the 55-59 age group, and 80% for individuals aged 60-
64.

If a particular age group invests more in human capital development, they will
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reap greater welfare benefits from a reduced risk of HIV mortality (Fimpel and
Stolpe 2010). Hence, people aged between 30 to 49 with a high level of human
capital have a higher value over their extended life expectancy than those younger
than 30 or older than 49. Furthermore, as the 45 to 49 age group has a larger
population size than any other group and age-specific population sizes were used as
weight parameters, the welfare gain for ages 45 to 49 has the highest value.

Despite the global decrease in new HIV cases due to the broadening scope of
HIV treatment, there has been an upward trend since 2010 in countries with high
GDP, including the United States, Brazil, and Spain (Govender, Hashim et al.
2021). Korea also exhibited a rising pattern of HIV cases from 2004 to 2019,
according to the NHIS database. In this scenario, calculating the VSL for HIV in a
high-GDP country like Korea can provide valuable insights for policymakers.
However, further research employing a dynamic method that takes into account
time-dependent changes in consumption and HIV-related morbidity conditions is
required. This strategy will aid in tracking disease progression and promoting a
more comprehensive understanding of the virus.

In conclusion, this study presents three novel findings. Firstly, it identifies
obesity as a lifestyle-related risk factor for cancer in individuals with HIV (non-
AIDS-defining cancer) and Korean women over the age of 40 (thyroid cancer).
Secondly, it provides first-of-its-kind data on the financial burden associated with
cancer treatment during the first five years post-diagnosis and the final six months
of life for HIV-infected patients in Korea. Thirdly, the study underscores the
importance of the value of a statistical life for HIV as a measure of welfare loss and
societal economic impact. This research is hoped to provide valuable insights for

medical professionals managing and preventing cancer risk groups, as well as
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policymakers in charge of budget allocation in healthcare.
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