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Med with Global Health as the Phrase in Title
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Global Health—Opportunities and Challenges for Education
and Research in Preventive Medicine

Xinguang Chen'"*
1. Wuhan University Global Health Institute, Wuhan 30022, China;
2. Department of Epidemiology at University of Florida,Florida 32610, USA

Abstract: Evidence from the published studies in the literature implies that global health is entering into a rapid
development stage. To stimulate more discussions around the topic of global health for the development of Global
Health Science, this study first outlined the overall trend in global health development. It then moved to the
discussion, in theory and from multi-levels, of the concepts, origin of the thought, internal and external driving
forces of global health, and current challenges to and historical opportunities for global health. Global health is first
a guiding principle, leading us to consider and solve health related problems with a global perspective. Global
health is also a new branch of science, and it can be termed as Global Health Sciences. Only when global health
becomes a branch of sciences, it will pave the way for searchers to tackle two global health problems in two
categories: The first category consists of health problems that are influenced by factors with a very large or a global
scope; and the second category consists of health problems that are of global impacts. We must make global health
sciences as an academic discipline to attract faculties and students for institutionalized teaching, research and
training. Global health sciences must have its unique methodological system. With regarding to teaching in
methodologies for global health, training for biomedical methods in general can be reduced so that more time can
be used to teach methods and techniques related to macro environment, culture, society, psychology, and
behaviors. With regarding to global health education programs. developed countries take a practice-oriented top-
down approach while China takes a future-oriented bottom-up approach. The rapid and worldwide development of
global health provides a window of opportunities for global health education and research in China. We suggest two
strategies for China to develop global health and to improve global health education: inviting experts from other
countries to come to China and sending Chinese out to other countries. The rapidly growing number of international
students in China creates an opportunity to conduct global health researches without going abroad. Due to the fact
that global health as an academic discipline is still in its early developmental stage, lots of the concepts and
definitions are evolving. Many concepts and ideas presented in this paper are simply personal thoughts and
perspective as an exploration. The purpose is to intrigue peer researchers’ participation in the discussion and to
promote the development of global health in establishment of global health as an academic discipline to advance

preventive medicine education and research.

Key words: Global health; global health sciences; methodology
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health curriculum of weill cornell medical college: how one

Exploration on Training of Global Health Undergraduates in China

Hao Xiang, Zongfu Mao, Huan Qin, Hua Chen, Lu Ma,

Qigiang He, Quan Wang, Chuanhua Yu, Yongyi Bi
Wuhan University School of Public Health/Global Health Institute, Wuhan 430071, China

Abstract: The growing of international communication and trading has altered the globalization of health
issues and health inequality into a common challenge that all the nations are confronted with. China has
been actively participating in global health practice, yet a crucial problem is that the traditional preventive
medicine education can no longer prepare the health workforce for the emerging global health demands.,
where global health professionals are badly needed. Currently, the global health education for
undergraduates are still in its infant stage, and there exists little mature education and training model to
follow. The School of Public Health of Wuhan University has organized several seminars with both
international and domestic experts, and explored the training objective as well as the knowledge,
competence structure and professional spirits for undergraduate professionals, based on the understanding

of the global health by both the Chinese government and experts in this area.

Key words: Global Health; undergraduate; competency; education
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Global Health: Health Problems’s Research

Fields and Commonly Used Indicators

Xinghua Yang
School of Public Health,Capital Medical University, Beijing 100069, China

Abstract; The global health problems refer that those need to solve across national borders and the
government, and using the global force. Solving these problems, in many cases is needed by
multidisciplinary and joint efforts of many departments. In the world, there are hundreds of agency
dedicated to these fields of global health. Involved the fields, included chronic non-communicable diseases,
Emerging infectious diseases and infectious diseases, the health inequality, environmental factors and
health, women’s and children’s health and the global burden of disease, birth defects, etc.. In this paper,
the fields of global health researches were reviewed, in order to understand, main research contents in the

global health studies.

Key words: Global health; research field; indicators
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Framework Construction and Application for
Global Health Information Platform

Jing Zhou', Chaozhen Lv', Xiaohui Liang®
1. Wuhan University School of Computer Science, Wuhan 410072, China;
2. Wuhan University Global Health Institute, Wuhan 410072, China

Abstract: Globalization has a profound impact on human health. Global public health problems,
exacerbated by globalization, are becoming more and more complicated and diversified, which may be
across national boundaries, departments and disciplines. In order to solve global health problems, it is
necessary to mobilize all forces around the world to take action. At present, internet provides a better
means to monitor and understand global health related information. In this paper, framework and
application of our global health information platform are introduced. The functions of information platform
mainly include two aspects: to analyze and disseminate theoretical and technological progress of global
health main research fields; and real-time monitor emergencies, epidemic situation and hot topics related
to the field of global health. The aim is to establish a Chinese-English bilingual information platform in the
global health field. The platform would help academic researchers understand and master global health
progress in time; acquire information of global health comprehensively, accurately and dynamically; and
eventually help deal with the risk of global diseases, formulate appropriate health policies and actively

participate in the global health affairs in the future.

Key words: Global health; information platform; basic framework; application
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Abstract: This paper reviewed the policies related to long-term care in China since 2000. Using the Chinese

Longitudinal Healthy Longevity Survey, this paper assessed the impact of the policy development on elder

care services abilities, institutionalization of the elderly, and unmet needs of Long-term care. This paper

also provided policy recommendations to help strengthen Chinese long-term care system development.

Those suggestions included government’s role in designing, developing, and establishing strategies and
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Abstract: Background: China is undergoing rapid modernization and industrialization with air quality becoming
a major concern and Air Quality Index (AQID) ratings in the hazardous range across the country. Children are
particularly vulnerable to poor air quality. Little research has occurred to assess parental concerns regarding
effects of poor air quality on their children’s health. Methods: A self-reported survey of 721 caretakers of chil-
dren between ages 2—10 was conducted in Nanchang. China. SPSS version 20 was used during data analysis.
Results: Most of the respondents agreed that air quality affected their child’s health. Those with less than a
high school education found less association between air quality and child’s health. Caretakers with knowledge
of the AQI and had children with asthma, allergies, bronchitis, and wheezing were more likely to associate air
quality with poor child’s health. Caretakers with higher income levels, were willing to relocate to a different
city, and had a child who had asthma, allergies, bronchitis, and wheezing were all significant predictors of
willingness to pay to improve air quality. Conclusion: This is the first study that shows a quantitative connec-
tion between caretaker’s attitudes and perceptions towards air quality in Nanchang, China but also illustrates a

need for further research.

Key words: Air Pollution; China; environmental Illness

1 Introduction

Air pollution has been shown through several
large epidemiologic studies to negatively affect
morbidity and mortality."""* In 2002, air pollution
accounted for more than half a million deaths and
3.1 million lost years of healthy life in developing
Asian countries.' Sustained exposure to air pollu-

tion in parts of China has reduced life expectancies

Received: 2014-09-18 ; Revised: 2014-09-25

by 5.52 years.”” In China, air pollution has been
rapidly increasing in recent years with the rapid e-
conomic growth. The development of new facto-
ries, cars and coal-fired power plants has led to
high levels of particulate matter."

As a result of the federal Clean Air Act, the
United States’ Environmental Protection Agency
(EPA) calculates the Air Quality Index (AQD to

assess the level of particulate matter (PM) in the

air. The AQI includes five major air pollutants:
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ground-level ozone, particle pollution (also known
as particulate matter), carbon monoxide, sulfur
dioxide, and nitrogen oxide.! Particulate matter
(PM) is defined by the EPA as a complex mixture
of extremely small particles and liquid droplets."”
PM is classified based on their diameter and health
risks and vary based on the diameter of PM. PM
smaller than 2.5 micrometers in diameter (PM,;)
affects the lungs and heart and is emitted from
power plants, factories, and cars. Exposure to sulfur
dioxide, nitrogen dioxide, and particulate matter are
all associated with adverse health outcomes.™"%"™

The AQI is a scale from 0—500, with scores
below 100 indicating clean air and scores above 150
indicating unhealthy air quality. For scores be-
tween 100 — 150, sensitive groups including chil-
dren should take precautions. Although an AQI of
500 was supposed to be the maximum AQI level,
the US Embassy in Beijing reported an unprece-
dented AQI of 755 in January 2012."* The Chinese
Ministry of Environmental Protection reported that
only three of 74 cities met acceptable air quality
standards during the first six months of 2013."
Main sources of pollutants included coal, motor
vehicles, industrial, construction and transporta-
tion dust."

Respiratory diseases are mostly chronic disea-
ses that worsen with increasing exposure. With
China’s air quality projected to worsen, China’s
youth will be disproportionally affected by the poor
air quality. Children are a high-risk population be-
cause of their developing physical growth and lung
function and because they spend more time out-

[2,11]

doors than adults. Air pollution has been

shown to be associated with respiratory conditions

in childrent'*

and can also lead to hospital admitted
asthma cases due to PM'"). Other studies show expo-
sure to PM is associated with low birth weight,"*'**!
Nanchang is the capital of the Jiangxi province
with a population over five million as of 2010. Jian-
gxi is one of the poorest provinces in China. In

2011, a Jiangxi resident’s average monthly salary

1%

of 2,838 Yuan was second lowest out of 22 prov-
inces. However, Jiangxi is currently experiencing
economic growth due to industrialization. Its
17.1% growth rate of its resident’s average salary
is the largest of the 22 provinces."'®’ Nanchang’s air
quality has been shown to be ranked as low as 57"
out of 74 major cities and as high as 311"

The objective of this study is to examine
caregiver’s current attitudes and perceptions of air
pollution’s effects on their child and to establish a
baseline for future studies. Such information is
necessary and important because we were unable to
find any studies published in Chinese or English on

8] reported in 2011 that com-

this topic. Saksena
munities are now insisting on having more involve-
ment in making decisions that affect their health
and homes. Health behavior change is founded on
first understanding the knowledge and attitudes of
the targeted population."'”" Better understanding of
public opinion towards this important public health
topic will enable public health officials to enact

better strategies to improve the air quality through

policy change and education.

2 Methods

2.1 Data Sources

A cross-sectional survey between May to June
2013 was conducted at four sites: two primary pre-
vention clinics (Center for Disease Control sites),
the only Children’s Hospital in Jiangxi Province,
and a kindergarten. Members of the investigating
team had existing relationships with the four sites
that serve the majority of the Nanchang population
who live in two of the nine major districts. The In-
stitutional Review Board of Human Studies Pro-
gram at the University of Hawaii at Manoa ap-
proved the study. Local institution protocols at
Nanchang University were also followed.
2.2 Survey

As this was the first study of its kind, a 25-

item questionnaire was devised that focused on at-
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titudes and perceptions on air quality and air pollu-
tion. A majority of the questions utilized a four or
five point Likert scale. Questions included: demo-
graphic characteristics, general perceptions of air
quality, perceptions of the effect of air pollution on
children’s health, knowledge of air quality, and
personal and political action towards air pollution.
Utilizing a face-to-face interview style, each survey
took on average eight to ten minutes to complete.
2.3 Inclusion Criteria

Jiangxi residents aged 18 years or older who
were the parents or caregivers of a child between
two and ten years old were eligible. Interviewers
underwent an extensive training session prior to
survey collection and participated in a debriefing
meeting after the first day of survey collection to
better improve interviewing protocols. Interviewers
approached every possible participant who had a
child that appeared to be older than two years old.
Those who qualified were asked if they were will-
ing to participate. If they consented, the face-to-
face questionnaire was administered. Additionally,
40 surveys were sent home with the East Lake
Kindergarten students because in person adminis-
tration was not feasible.

2.4 Data Analysis

Data was analyzed using SPSS 20 (SPSS Inc,
Chicago, IL). Frequency data was assessed to de-
termine the basic perceptions of participants to-
wards air quality and pollution. In particular, we
focused on two outcome variables: whether or not
respondents would pay more in fees to improve air
quality and to what extent they thought air quality
affected their child’s health.

These independent and dependent variables
were chosen based on the knowledge, attitude, and
practices (KAP) behavioral survey model.""” The
questions in this model can reveal characteristic
traits of a person’s knowledge, attitude, and prac-
tices towards social, religious, and traditional fac-
tors. Such factors are often the source of miscon-

ceptions that can perpetuate the presence of a spe-

cific problem. Lacking knowledge of a problem is a
barrier to change. Using these variables, we are a-
ble to measure caretaker’s current attitudes and to
set a baseline for further research.

Gender, income level, caretaker’s age and
highest education are basic independent variables
included in most regression models. The other in-
dependent variables are respiratory complex one ,
respiratory complex two, their knowledge of air
quality index (AQI) and how frequently it was
checked, perception of what is the most important
problem towards child’s health, and if they would
move from Nanchang due to air quality impacting
their child’s health.

Using Principle Component Analysis, we fac-
tored upper respiratory infection and coughing into
chronic respiratory symptoms and asthma, aller-
gies, bronchitis, and wheezing into chronic non-re-
spiratory symptoms. Significant level was set at «
=0. 05.

Multivariate analysis involved a binary logistic
regression model and an ordinal logistic regression
model. The

whether the independent variables significantly

binary logistic regression tested
predicted whether respondents would pay more in
fees to improve air quality. The binary logistic re-
gression independent variables were gender, in-
come level, caretaker’s age, observing a connec-
tion between child’s health and air pollution, chro-
nic respiratory symptoms, chronic non-respiratory
symptoms, willingness to move cities, knowledge
of AQI. and education level. Caretaker’s age was
coded as <(50 years old and >>50 years old.

The ordinal logistic regression determined if
the independent variables were significant predic-
tors of caretakers determining to what extent air
quality affected their child’s health. Gender, living
in the city, income level, education level, knowl-
edge of AQI, chronic respiratory symptoms, chro-
nic non-respiratory symptoms, and most impor-
tant problem towards child health were the inde-

pendent variables for the ordinal logistic regression.
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3 Results

Of the 805 eligible participants who were ap-
proached, 721 completed the survey (89.5%).
Most (71.6%) of the participants were female.
The caretaker’s age ranged from 20 years of age to
76 years, and the majority (81. 8%) were under 50
years of age (Table 1).

Table 1 Demographics of respondents (n=721)
Characteristic % of sample
Female 71.6 %
Highest Education
< Elementary School 1.4%
Elementary School 6.8%
Middle School 18.6%
High School 34.1%
College 36.5%
Post-Graduate 2.6%
Place of Residence
Countryside 16.0%
City 84.0%
Income Level (Yuan)
<10,000 6.5%
10,000 to 29,999 24.0%
30,000 to 59,999 31.1%
60,000 to 99,999 23.4%
=100,000 15.0%
Median
Caretaker’s Age (Year) 35
Child’s Age (Year) 4

Participants were asked to select what they
believed were the top three contributors to air pol-
lution in the city. Motor vehicles were the most se-
lected cause of air pollution (89%) with an in-
crease in use of air conditioners selected the second
most often (35.6%). Waste burning, construction
of city and residential developments, industrial fa-
cilities, and cigarette smoke were selected by
around one third of all respondents. Power plants
were the least selected cause of air pollution (3.1%).

Of respondents, 78.5% were willing to pay
more in fees to improve air quality. A vast majority

of respondents (96.1%) felt that air quality affect-

™
FRE

1%

ed their child’s health with 57.1% of respondents
seeing a strong effect. 28% thought air quality
somewhat affected their child’s health and 11%
saw a little effect. Only 3.9% of respondents did
not see air quality affecting their child’s health.

Of the 10 independent variables in the binary
logistic regression, caretaker’s income level, child
having chronic non-respiratory symptoms, and
caretaker’s willingness to move to a different city
were significant predictors of the caretaker’s will-
ingness to pay more in fees to improve air pollu-
tion. The remaining 7 variables were not signifi-
cant predictors (Table 2).

Many of the independent variables in the ordi-
nal regression were significant predictors of seeing
an affect of air quality on their child’s health dur-
ing the univariate analysis. Observing a connection
between child’s health and air pollution was not an
independent variable in this regression model be-
cause of a moderately high correlation (r=0.57).
However, once all nine were combined in the final
model, only chronic non-respiratory symptoms,
those with less than a high school education, and
those that knew what the AQI and checked it fre-
quently significantly predicted to what extent
caretaker’s thought air quality affected their child’s
health (Table 3).

4 Discussion

Overall, it is clear that most residents of Nan-
chang believed that poor air quality significantly af-
fected their child’s health. Over 97% of caretakers
observed a connection between their child’s health
and air pollution and over 96% also of caretakers
felt air quality affects their child’s health. Given
the high response rate and the locations of data col-
lection, the sample seems to be fairly representa-
tive of the population of parents and caregivers in
Nanchang and the immediate surrounding country-
side. Females are typically the primary child caretakers

0

for most families,"" which explains the distribution of
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female to male caretakers in our study.

Table 2 Caretakers’ characteristics associating air quality
negatively affecting their child’s health

Adjusted OR with 95% C.L

Variable

Respiratory Complex Two 1.11 €0.97, 1.29)

Respiratory Complex One 1.24 (1.03, 1.48)

Location of Residence

Countryside 1.01 €0.66, 1.54)

City 1
Gender

Male 0.91 (0.65, 1.25)

Female 1

Income Level

<10,000 Yuan 0.90 (0.45, 1.81)
10,000 to 29,999 Yuan 0.65 (0.39, 1.05)
30,000 to 59,999 Yuan 0.92 (0.57, 1.47)
60,000 to 99,999 Yuan 0.65 (0.40, 1.06)
= 100,000 Yuan 1
Perceived Most Important
Problem
Air Pollution 1.61 (0.90, 2.88)
Water Pollution 1.21 (0.50, 2.88)
Food Safety 1.11 €0.64, 1.95)
Drug Safety 1
Education Level
< High School 0.58 (0.38, 0.89)
High School 0.77 (0.54, 1.10)
> High School 1

Knowledge of AQI & How of-
ten they check it

Knows AQI and checks it
frequently

Knows AQI and checks it
infrequently

2.21 (1.29, 3.74)

1.43 (0.96, 2.15)

Knows AQI but does not
check it

Does not know AQI 1

1.29 (0.81, 2.07)

However, it is not enough for caretakers to
understand that air pollution negatively affects
their child’s health. It is also important for care-
takers to know the major contributors towards air
pollution in order for health behavior change to oc-
cur. We asked caretakers what they perceived to be
the largest contributor of air pollution and only
3.1%

source of energy comes from coal, which accounts

selected power plants. China’s biggest
for about 75 percent of its energy.'*"! But each coal-
fueled power plant produces close to 775 Giga-
Watts and can be blamed for releasing about half of

China’s deadly PM."

Table 3 Caretakers’ characteristics associated with willing-
ness to pay more in fees to improve air pollution

Variable Adjusted OR with 95% C.I.
Gender 1.32 (0.89 , 1.97)

Income Level 1.2 (1.01 , 1.4

Caretaker’s Age 1.1 (0.67 , 1.87)

Have you observed a connection
between your child’s health and 0.85 (0.68 , 1.06)

air pollution?
Chronic Respiratory Symptoms 0.90 (0.75 , 1.07)

Chronic Non-Respiratory Symp- 1.26 (1001 » 1.59)
toms

Wllllr'lgnCSS to move to a differ- 1.63 (102 . 2.63)
ent city

1.12 (0.94 , 1.34)
1.05 (0.80, 1.38)

1.11 €0.64 , 1.92)

Knowledge of Air Quality Index
Education level

Living in the city

Power plants also release chemicals such as
sulfur dioxide and nitrogen oxide into the air as
well as particulate matter.”” As a result of contin-
ued economic growth in China due to industrializa-
tion, the use of coal-fueled power plants will con-
tinue to increase. Navarro writes that China adds a
new large coal power plant to its existing number
every week. [

In contrast to the 3. 1% of caretakers who se-
lected power plants, 89% of caretakers perceived
motor vehicles as the major source of air pollution.
As of 2009, car ownership in China has increased
by 25 times and is responsible for 51. 4 million tons
of air pollution.””” A study done by Badyda et
al.'? in 2013 showed people living in high automo-
bile traffic areas are four times more often to show
symptoms of bronchial obstruction. Car emitted
PM, ; caused significant increases in respiratory in-

L[26]

flammatory responses and nitrogen dioxide

emitted from automobiles may increase the risk of
insulin resistance."

An explanation for such a large discrepancy
between caretakers’ perceptions of motor vehicles

versus power plants as the largest contributor of

air pollution is the concept of point source pollu-
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tion. Point source pollution refers to pollution orig-
inating at any discrete source.’” Power plants are
known to be a main point source for air pollu-
tion.” A study by Yao and colleagues™” in 2006
also shows that high levels of PM concentrations
were found downwind of a power plant. Their find-
ings show that power plants can also be non-point
sources for air pollution. In Nanchang, power
plants are typically located outside city limits and
are not visible by residents on a daily basis. This
may explain the finding that respondents were less
likely to perceive power plants as a source of air
pollution.

We set out to understand how caretakers cur-
rently feel about the relationship between their
child’s health and air quality and to establish a
baseline for future research. These survey results
can be useful to Nanchang public health officials in
their approaches to improve the air quality in Nan-
chang though educating specific populations identi-
fied in our analysis.

While awareness of a problem is a key compo-
nent towards initiating public health change, will-
ingness to take action is an important next step. Of
the caretakers surveyed, 78. 5% of them were will-
ing to pay more in fees to improve the air quality.
Furthermore, 98% of caretakers consider impro-
ving the environment is the responsibility of every
citizen., This not only shows caretakers’ awareness of
air quality, caretakers’ are also ready to take action.

However, not every caretaker surveyed found
air pollution to be a problem towards his or her
child’s health. Further analysis from the ordinal lo-
gistic regression identified specific caretaker popu-
lations with whom to focus education efforts. Care-
takers with less than a high school education were
at lower odds of thinking air quality affected their
child’s health. Caretakers who knew what the AQI
was and checked it frequently had higher odds of
seeing air quality as having an effect on their
child’s health.

Initial education efforts led by Nanchang pub-

1%

lic health officials can focus on caretakers with less
than a high school education to awareness of the
effects of air quality on children’s health. In addi-
tion, public health officials can now improve
caretaker’s access to the daily AQI readings, in-
creasing the odds of a caretaker associating air
quality with their child’s health. Improving the air
pollution problem will require public health inter-
vention at multiple levels. This study can help to
further this public health change at the individual
and household levels and also potentially affect pol-

icy level change.

5 Limitations

This study has several limitations. It was lim-
ited to only four sites in Nanchang and two of
those sites were vaccination and wellness sites.
Therefore, parents who were not bringing in their
children for vaccines were not included in the stud-
y. Because all the sites were in Nanchang City,
those who lived in rural areas outside the city were
less likely to visit one of the four sites and partici-
pate. Also, men were under represented in this
study. Although social desirability is often an issue
in self report studies, the high level of concern
about air quality indicates that it was of minimal

concern in this study.
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Abstract: The worldwide increase of the obese population has become a topic of global health and a concern of
public health. As eating/feeding contributes to the maintenance of body weight, it becomes urgent to under-
stand effects of feeding behaviors on the control of body weight. One component of feeding behaviors is the fre-
quency at which meals are consumed during a day. Whether feeding more or less frequently benefits body
weight control or metabolic outcome of a subject is still an open question. Animals have been used extensively
in feeding behavior studies along with other physiological topics. The controlled conditions in animal studies al-
low the identification of potential behavioral and physiological factors that can promote or decrease feeding fre-
quency. Additionally, through the administration of natural and synthetic compounds, researchers have been a-
ble to measure how the feeding frequency of animals is affected in certain brain regions or molecular pathways.
The aim of this article is to review animal studies that reported factors positively or negatively affecting feed-
ing/eating frequency. Due to the large number of publications regarding animal feeding behaviors, we mainly
summarized the studies that focused on eating/feeding frequency in rodents. We believe that a better under-
standing of how feeding frequency of animals responds to various manipulations will allow us to translate re-

sults in animal studies to interventions in humans. In so doing, the obesity epidemic as a global health problem

can be curtailed.

Key words: Body weight; feeding frequency; eating behaviors; diet compositions; hormones; obesity

1 Introduction

With the rising prevalence of obesity, it be-
comes more and more urgent to understand factors
affecting eating behaviors in order to prevent these
detrimental outcomes. Both internal and external
factors affect feeding behaviors. Behaviors such as
timing of meal consumption, duration, and fre-
quency can all influence physiological processes of

1

metabolism M. It has been shown that increasing

the length of time between meals seems to promote
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brain and overall health of mice via changes in ex-
pression levels of genes beneficial for neuronal sur-
vival, synaptic plasticity, and neurogenesis as re-

23] Dietary restriction through

viewed elsewheret
either caloric restriction or intermittent fasting can
have a positive impact on cellular stress responses
leading to increased production of proteins involved
in protection against neurodegeneration, oxidative
stress, and obesity, thus not only prolonging life,
but also increasing the quality of life®). The fre-

quency of food intake may eventually affect meta-

bolic outcomes, such as alteration of body compo-

Author: Matthew Goff, Ph.D, Department of Nutrition at the University of Tennessee at Knoxville

Corresponding Author: Guoxun Chen, Department of Nutrition at the University of Tennessee. E-mail:gchen6@utk.edu



%2

sition and development of metabolic diseases.
Therefore, knowing what factors could positively
or negatively alter feeding frequency is of utmost
importance.

Animal studies have shown a wide range of
factors that could possibly influence the frequency
of food intake. These factors range from environ-
mental conditions (i.e. temperature) to dietary
components or drug usage. A variety of these con-
ditions have been studied in animal models for dec-
ades. It becomes possible to review their roles in
the regulation of feeding frequency in animals,
which have been primarily rodents. Therefore, this
review will focus mainly on studies conducted in
rodents, and on the physiologic, genetic, environ-
mental, and behavioral factors that primarily influ-
ence feeding frequency. In this article, feeding fre-

quency, eating frequency, and meal frequency are

used interchangeably.
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2  Environmental conditions & ma-

nipulation of dietary composition

The environment can play an important role in
the regulation of feeding frequency as shown in Ta-
ble 1. The manipulation of the environment allows
the examination of environmental factors that im-
pact feeding frequency. In female rats, the in-
creased food intake in cold is due to the increase of
meal frequency rather than a change in meal size™*.
One way to access the feeding behavior is to deter-
mine the costs and benefits in laboratory environ-
ments that offer multiple behavioral options and
then obtain animals’ allocation of time and effort
to each option. Studies performed in rats using a
procurement bar as well as activity wheels found
that feeding bout frequency declines with the in-

)FST

crease of feed cost (effort to get food)"™". In female

fed)

Diet

cafeteria diet

Table 1 Environmental Conditions & Dietary Composition
Manipulation Animals Intervention Testing Duration Mechanisms Conclusion  Ref.
o . Locomotor activity in-
Access to activity Wahmann running . .
) . . . creases during ovarian o
wheel (during ovari- Long Evans Rats wheel Diet: ground 4 days v FF 6
cycle Hormonal regula-
an cycle) rat chow X X
tion of satiety
Activity wheel
High procurement Diet: ground Purina L
gy SD Rats E 38 days total Anticipation v FF 7
cost Laboratory chow ad
libitum
Procurement bar
High procurement Diet: 45m ellets
S SD Rats & p 40 days Anticipation v FF 8
cost (rodent chow formu-
la)
Lactating rats: hy-
Hypercaloric diet . ercaloric foods Off- 1 hour (12 x5 min  Alterations in
y? . Wistar Rats g . . . A FF 12
during lactation spring: rodent chow bouts) dopamine metabolism
diet
Switching diets (Caf- Ch Diet Cafeteri Palatability for chow
) . how Diet Cafeteria . .
eteria-fed — chow-  Lister-hooded Rats 78 days total diet decreases following vV FF 13

FF:. Feeding Frequency; Ref: references; up arrow: increase; down arrow: decrease.
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rats with access to running wheel, their meal fre-
quency decreases in the dark with the rise of meal

[6

sizet® . If feed cost is too high, rats can adjust eat-

ing frequency, meal size, and daily food intake to

781 A more in-depth

accommodate the changes
perspective on the effects of meal pattern behaviors
in relation to food cost has been reviewed else-
where!.

Manipulation of the dietary composition may
lead to changes in feeding behavior and impact dis-
ease development. Chronic hyperinsulinemia
caused by increased frequency of carbohydrate in-
take has been considered the driving force for insu-
lin resistance and development of obesity. Howev-
er, a reduction in the frequency of carbohydrate in-
take without a decrease in the recommended 55—
60% daily caloric intake has been proposed to at-
tenuate the problems in human subjects®,

Dietary composition has long-term impacts on
feeding frequency in rats. It has been shown that
chronic food restriction with low dietary fat can
cause overeating when a high-fat diet (HFD) was
provided to rats, and the animals fed a fat-free diet
(FFD) had the same body composition as the ones
fed a low-fat diet (LFD, 16% energy from fat) "'
. Interestingly, when lactating Wistar rats were
fed a hypercaloric cafeteria diet, male adult off-
springs had increase in eating frequency accompa-
nied with shorter eating bouts at 12-15 weeks of
age while female rats had both a higher number of
feeding bouts and longer feeding times"*. When
rats fed a cafeteria diet were switched to consume a
chow diet, their meal frequency dropped in the

5] Tt is possible that this decrease

first four weeks
in meal frequency was due to a reduction in palata-
bility for the chow diet that replaced the more de-
sirable cafeteria diet. The underlying molecular
mechanism of this long-term effect deserves to be

investigated further.

1%

3 Brain regions and hormones affect-

ing feeding frequency

The brain regions and neural circuits responsi-
ble for feeding have been gradually revealed over
time as shown in Table 2. It is reasonable to be-
lieve that neuronal signals play the most important
role in satiety and feeding behavior. Many original
studies have focused on the control of feeding be-
havior by neural circuitry and this will continue to be
the case due to the obvious connection of feeding be-
havior and increasing prevalence of obesity-*""*1,

It has been shown that lesions in the ventro-
medial and lateral hypothalamus regions have been
associated with increase or decrease food intake be-
haviors, respectively'™. Damage to the medial hy-
pothalamus in CD rats led to a hyperphagic effect
characterized primarily by increased feeding fre-
quency along with an increase in meal size''. In-
terestingly, when a 20-second delay of food pellet
release was implemented, there was little change
in total food intake by the rats due to decreases in
meal size while increasing meal frequency’™. An-
terior hepatic vagotomy presumably disrupts a he-
patic caloric sensory mechanism diminishes inhibi-
tory vagal effects on food intake with total parental
nutrition, and causes change of feed behaviors such
as increase of meal frequency in rats™®,

Feeding frequency is a result of coordinative
interactions of peptide hormones that can stimulate
and inhibit it. Ghrelin, a hormone stimulating food
intake, increased meal frequency in rats when it
was delivered to the ventral, but not dorsal subre-
gion of the hippocampus for 2 hours!'™. This in-
crease in feeding frequency with ghrelin was attrib-
uted to the activation of the phosphoinositide 3-ki-
nase signaling pathway when rats consumed a nor-

mal chow diet, but the consumption of a HFD blocked
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Table 2 Brain Regions and Hormones
Factor Animals  Treatment (dose) Delivery Method Mechanisms Region of Action Conclusion  Ref
Damage to Me- N D.ict; ad libitum (pellet . . -
. . T101 food pellets dispenser) Disruption of typical
dial Hypothala- CD Rats . i K X MH A FF 17
(45mg/pellet) Surgery: encephaloto- satiety signaling
mus (MH)
my procedur
3ml/h of fixed caloric D " { hepati
is on o
Hepatic vagoto- Fischer Post-vagotomy : distribution of glucose: irL}p on P Hepatogastric
i X ) i caloric sensory A FF 18
my 344 Rats TPN solution fat:amino acids= 50 * omentum
feedback loop
30 : 20
Ghrelin (0, 7.5,
. . renn _ ’ Dorsal and ventral hip- Activation of PI3K Ventral hippocam-
Ghrelin SD Rats 15, 75, 150, and . X . K A FF 19
pocampus ICV infusion signaling pathway pus
750 pmol/kg)
Gastrointestinal
Ghrelin (150 1 Disrupti f GLP-1 1 sens
Ghrelin SD Rats Pmolr usion 1SrUpHon of b VAsAT SERSOTY A FF 20
kg/min) and PPY signaling nerves/hypothala-
mus
Decreases  orosensory
Gl -lik sitive feedback Hypothalamus/
UOBOmIE  SDRats GLP-1(0-30pg)  ICV infusion postive feecbacs ypotharamy VFF 21
peptide-1 mechanisms driving hippocampus
feeding/licking
Injection via cannula in-
Wista Adrenaline (6, 20, MRN s/adren-
Adrenaline R ‘: ar dre6r;1 e b to median raphe nucle- . neutrons/q ren MRN A FF 22
ats an nmo ergic receptors
us (MRN) gie reeep
Binds to leptin receptor
leadi t tivati
Wist Leptin (0, 0.3, 1, e"ld ne ’btl) activa »10n Brain (arcuate,
s 0s$ s s
Leptin rstar 3, 6.25pg/kg body ICV injection ar? possible synfzrgl'sm dorsal and ventral v FF 24
Rats . with other feeding-in-
weight) . hypothalamus)
duced negative feed-
back signals
Nesfatin-130.59 (0.1, U lates
. C57Bl/6 eStAtIn S0 50 . e 1‘69 éxpreﬁslon Brain, hypothala-
Nesfatin-1 Mi 0.3, 0.9 nmol/ ICV injection of anorexigenic brain v FF 27
ice mus
¢ mouse) peptides
. Lo Hypothalamic-pi-
L Ev- 17B-estradiol-3- Intrascapular subcuta- Potentiat ffects of
Cyclic Estradiol ong &V Brestradio e 1s§1?u 1‘r subeuta ‘O‘ entiating etects o tuitary-gonadal A FF 28.29
ans Rats  benzoate (2pg) neous injection CCK ‘ .
(HPG) axis
. s CCK octapeptide Prolonged infusion Pancreas (acinar
Cholecystokinin  Long Ev- . . . . -
- (CCK-8, 1.1pg/ 1P infusion leading to prolonged cells)CNS (CCK A+ FF 31
(CCK) ans Rats . .
meal) gastric emptying receptors)
Inhibition of NPY/ .
. . . . . i Lateral brain ven-
. . C57BL/6 Kisspeptin-10 (0.3, -~ MCH  signaling; Re- . . .
Kisspeptin-10 . ICV injection . . tricle/hypothala- v FF 32
Mice 1, and 3 pg) cruitment of POMC-
mus
derived a-MSH us
Can lead to alterations
. Wistar Melatonin (1mg/kg Supplemented to drink- | an edA o aterd 1orj15
Melatonin . . in leptin and ghrelin Hypothalamus A+ FF 35
Rats body weight) ing water . .
signaling
Urocortin 2 C57BL/6 Ucn 2 (10 pg/kg . Activation of gastric . —
X . IP injection . Brain A FF 36
(Ucen 2) Mice body weight) vagal afferent fibers

FF: Feeding Frequency; Ref: references; up arrow: increase; down arrow: decrease.
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191 In contrast to the action of ghre-

this activation
lin, glucagon-like peptide-1 (GLP-1), and peptide
YY (PYY) are both hormones known to inhibit
food intake. An infusion of ghrelin (150 pmol/kg/
min) in Sprague Dawley (SD) rats attenuated the
inhibition of food intake caused by GLP-1 and PYY
and enhanced food intake by 28% primarily
through increasing feeding frequency”™. An in-
tracerebroventricular (ICV) infusion of GLP-1 into
rats led to a 50% reduction in sham-fed intake as-
sociated with a decrease in feeding frequency .
Injection of adrenaline, but not noradrenaline, at
60 nmol/0. 2 pl directly into the median raphe nu-
cleus of freely feeding Wistar rats caused induction of
feeding frequency in the 30-minute experiment*.
Leptin is a hormone mainly derived from adi-
pose tissue and is widely known for its role in the
regulation of energy balance’®!. When a drinking-
inclusive, empirical meal definition, and fenflura-
mine group was used as the satiation control, it
has been shown that leptin (ICV, 1pg) reduces
food intake through the reduction of meal frequen-

(24251 =~ Ag the control, fen-

cy on nocturnal feeding
fluramine (subcutaneous, 5 and 10mg/kg) does it
through reduction of meal size.

Nesfatin identified from hypothalamus is a

2 In one study, a

protein that controls appetite"
group of researchers investigated which portion of
the 82 amino acid Nesfatin controls its effects on
feeding. After the ICV administration of nesfatin-
11295 nesfatin-l;050, or nesfatin-lgs.4, s nesfatin-
15-50 (0.3 nmol/mouse) was the one that decreased
meal frequency”,

Rats with the ovariectomy altered feeding pat-
terns such as hyperphagia characterized by an in-
crease in meal size, and a decrease in meal frequen-
ey, Treatment of such rats with cyclic estradiol
resulted in normalization of the altered patterns in-

cluding reduced meal size and food intake with an

increase in meal frequency®!. The action of cyclic

1%

estradiol in ovariectomized rats is at least partially
attributed to potentiating the satiety effects of cho-
lecystokinin (CCK) . CCK, is one of the most
studied satiety hormones that plays a role in sup-

B0l A study utilizing male

pressing human feeding
Long Evans rats found that the infusion of 1.1 mg/
meal of the octapeptide of CCK (CCK-8) led to a
449% reduction in average meal size while daily
meal number increased by 162%™, This shift in
feeding pattern could be attributed to the pro-
longed infusion of CCK-8 leading to prolonged gas-
tric emptying.

Due to the wide distribution of the kisspeptin gene
in regions of the brain associated with food intake con-
trol, kisspeptin has been postulated as an important
regulator of food intake. Administration of kisspeptin-
10 (1pg/mouse) into the brain ventricle of mice with
17-hour depletion of food resulted in reduction of meal
frequency for 24 hours®*). However, central adminis-
tration of kisspeptin at similar doses failed to change
feeding behavior in rats, showing the effects could be
specific to species™** !,

When the gut-derived hormone melatonin was
included in drinking water, it increased the dark
phase meal frequency of normal rats, but not that
of streptozotocin-induced diabetic rats, which was

35 Intraperitoneal

already induced by diabetes
(IP) injection of urocortin 2 (Ucn 2, 10pg/kg
body weight) increased meal frequency of mice in
the 4-hour observation period after an over-night

fasting, and did not affect meal frequency of mice

fed ad libitum in the dark phase™®.

4 Natural and synthetic compounds

As shown in Table 3, natural and synthetic
compounds also affect feeding frequency. With the
increasing prevalence of obesity and obesity-related
disorders, a significant number of pharmaceutical

compounds have been used experimentally to regulate
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Table 3 Natural and Synthetic Compounds
Factor Animals Treatment (dose) Delivery Method Mechanisms Region of Action Conclusion  Ref
= D9-Tetrahydrocan- . L .
D9-Tetrahydro- ; . L Suppression in sati- — i
. Zucker Rats nabinol (1, 4, or 8 IP injection . . Hypothalamus A FF 37
cannabinol . ety signaling
mg/kg body weight)
CBIR antagonists
tivate dopa-
A5 Ob/ob  Mice AM251 (1, 3, 0r10 Ay e ‘Vie :’pa oo v FF .
C57BL/6 Mice mg/kg body weight) — - &0 o8¢ MG SIS WO '
stimulate locomotor
activity
CB1 receptor agonist
WIN 55, 212-2 (1
mg/kg), antagonist p . | .
roopiomelanocort- .
Topeka AM251 (3 /kg) H thala ar-
Cannabinoids opesa v M8/RE Injection in (POMC) ney = orothamicar A FF 39
Guinea Pigs or their cremophore/ cuate nucleus
. | rons
ethanol/saline vehi-
cle (1:1:18;
1 ml/kg)
AC187 ( 60-2, 000
. 1/k in), ei- ACI87 and lin- .
Amylin Receptor flino / lg/mm edl it an 'arfny'm Prevention of amy-
one or coad- ous sio
Antagonist SD Rats er aone 'r coa m' rafzen ug, n ,u“ o lin binding to its re- To be determined A FF 41
ministered with amy- Liquid  diet-intra-
(AC187) i _ L. i ceptor
lin (2.5 or 5pmol/ gastric infusion
kg/min)
Nalmef Img/kg Subcuta s injec- Opposes actions of
Nalmefene Zucker Rats Hme eTle (1mg/ke ‘u cutancous mjec ?péxes wetons o Hypothalamus A FF 43
body weight) tion opioids
To be determined
Bombesin (0. 1-4. 0 ( tricul Lateral bral
Bomibestio SD Rats ombesin IOV faffesiton IPEREEIVE s ateral cerebra R 45
mg) structures with ventricle
bombesin receptors?)
Activation/stimula-
2-buten-4-olide 2-buten-4-olide ( 30- tion of VMH glu- .
. L . Brain and cere-
(2-DTA synthet- Wistar Rats 100mg/kg body IP injection coreceptors;  Sup- . . V FF 47
. L . . brospinal fluid
ic derivative) weight) pression of LHA
neuron actions
Lithi Chloride L. Evans LiCl-150 mM (1.9 Meal-conti t Creates sions
1‘ fum oride Long vans Li 50 m ' ea 'con ingen reates aversions Taste buds  FF 13
(LiCD Rats mg/meal/rat) infusion (taste)
Pancreatic lipase
inhibitor (Ro 20 Ro 20—0083 (774 Inhibition of pan-
‘*0083); .Hepatf Jucker Rats mg/100 g diet) Ro Diet admixtures creati4c lipase an.d Ijiver and intes- \ FF 49
ic fatty acid syn- 22—0654 (322 mg/ hepatic fatty acid tines
thesis  inhibitor 100 g diet) synthesis enyzmes
(Ro 22—0654)
Implanted osmotic
. minipump Orally .
Olanza (1, 2.75, Th lation .
Olanzapine Wistar Rats EAPIE ? (drinking water IO 1 1?n Hypothalamus v FF 51
or 7.5 mg/kg/day) _ locomotor activity
—7.5 mg/kg/day
only)
. . Saccharin solution
Simmondsin il R Conditi d ¢
S t tas
Simmondsin Wistar Rats (0.15%, 0.25%., With various oncitionec faste Vagal nerve v FF 53

or 0.5%)

amounts of

simmondsin

aversions (CTA)

FF: Feeding Frequency; Ref: references; up arrow: increase; down arrow: decrease.
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feeding behaviors. When A9-tetrahydrocannabinol,
the principal cannabinoid of the cannabis plants,
was injected at 4mg/kg, it transiently (3 hours)
increased meal frequency in male Zucker lean (ZL.)
and fatty (ZF) rats"®*!. AM251, a cannabinoid re-
ceptor type 1 (CB1) antagonist, reduced feeding
frequency in ob/ob and agouti yellow obese
mice®™ . The effect of the CBl receptor on meal
frequency is short. CB1 agonist (WIN 55,212-2) a-
lone induced meal frequency in the second hour af-
ter administration, and suppressed meal frequency
between 3 to 6 hours, whereas its antagonist
(AM251) reduced meal frequency in the first hour

B9 The combination of agonist and antagonist

[39]

only
neutralized each other’s effects

Amylin, a hormone secreted by the pancreas
along with insulin during feeding, has been shown
to suppress food intake™®’. An amylin receptor an-
tagonist, AC187, induced meal frequency within 3
hours after administration”. Following the ad-
ministration of amylin which suppressed meal in-
take in Sprague Dawley rats by 50% as well as
meal size and frequency, infusion of AC187 led to

an attenuation of these responsest!

. Since amylin
can cross the blood-brain barrier, this compound
most likely affects meal frequency by acting within
the brain“'*', but AC187 has only been postulated
to act within the brain as the exact site of action
has yet to be determined.

When nalmefene, an opioid antagonist, was
administrated daily subcutaneously at 1mg/kg for
7 days, it increased meal frequency in ZF rats*J,
This increase in meal frequency was coupled with a
decrease in meal size as well as daily food intake.
The dopamine D, agonist N-0437 significantly re-
duced food intake in rodents without altering the

duration or frequency of feeding™*!. These studies

demonstrate the impact of opioids as well as opioid

1%

antagonists on the regulation of feeding behaviors

including feeding frequency in rodent models.
Bombesin, a tetradecapeptide, inhibits food

and fluid intake when administrated in the lateral

L1 Litorin, a bombesin-

cerebral ventricle of rats
like nonapeptide, was also found to dose-depend-
ently decrease food intake in Wistar rats after par-
enteral injection, but feeding frequency was not
significantly altered™™. Intragastrical administration
of 2-buten-4-olide, a synthetic derivative of 2-deoxyte-
tronic acid, reduced meal frequency in rats™.
Lithium chloride (LiCl) infusion (1.9 and 3.
8mg/meal/rat) dose-dependently reduced feeding

L8 This reduction in frequency

frequency in rats
with LiCl can most likely be attributed to the taste
aversion created when LiCl is blended into food. Ro
22-0654, an inhibitor of hepatic fatty acid synthe-
sis, and Ro 22-0083, an inhibitor of human pancre-
atic lipase, significantly reduced meal frequency in
both ZL and ZF rats whereas inhibitors of carbohy-
drate metabolism did not have the same effect"*"’,
The use of olanzapine, an atypical antipsychotic
drug. has been associated with weight gain in pa-

%1 In rats, administration of olanzapine via

tientst
an osmotic minipump for 9 days dose-dependently
(1 to 7.5mg/kg body weight) reduced meal fre-
quency as well as locomotor activity with the in-
crease of average meal sizel!.

Simmondsin, a glycoside extracted from jojo-
ba seeds, can reduce food intake and body weight
gain in rats®. Simmondsin has been suggested to
be the primary component of jojoba meal that leads
to its appetite reducing effects’®?. Rats with prior
experience with 0.5% simmondsin, but not the
ones without prior experience, fed normal food
supplemented with 0.5% simmondsin had reduced
meal frequency in the light phase, but not the dark

phase of feeding cyclel™.



%2

5 Factors associated with cancer and

inflammatory conditions

Disease conditions such as cancer or pathogen
exposure usually have negative outcomes on feed-
ing behavior. For example, mice with the methyl-
cholanthrene-induced sarcoma MCG-101 displayed
a reduction in meals consumed per day, demon-
strating the effects of tumor bearing on eating fre-

1) Using inhibitors that directly target cy-

quency"
clooxygenase-1 and-2, the anorexia induced by
MCG-101 tumors has been thought to be driven by
cyclooxygenase-1, but not cyclooxygenase-25
Bacterial lipopolysaccharides (LPS) derived
from the cell walls of dead and disintegrating
gram-negative bacteria activate Toll-like receptor 4
on cell membrane and have anorexia effects in ani-

55J . LPS infusion via hepatic portal vein

mal models'
(100pg/kg body weight) decreased meal frequency
along with reduction of food intake, without af-
fecting meal size or duration”*. LPS infusion has
also been shown to decrease feeding frequency
without altering fluid intake suggesting that LPS is
not altering the desire for consumption 7, It
should be noted that even though peripherally in-
fused LPS decreases meal frequency, centrally in-
fused LPS has been shown to alter meal size and
duration, therefore, the infusion site in which LPS
is administered determines the mechanisms in
which LPS alters feeding™. It has been observed
that the mRNA level of interleukin-1fcan be in-
duced by LPS and leptin in the hypothalamus™".
ICV administration of interleukin-18 decreased
nighttime (4.0ng/rat) and increased daytime (1 to
4.0ng/rat) meal frequency in male Wistar rats-*%,

Muramyl dipeptide (1.5mg/kg body weight),

one of the major components of cell wall of gram-

positive bacteria, reduced meal f{requency of adult
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rats at 3—6 hours of a 24-hour experimental period
when administered through IP injection"®”. This
reduction in feeding frequency most likely did not
stem from presumed taste aversion, but instead

from the bacterial infection causing sickness.

6 Genetic knockout studies

The genes responsible for the feeding frequen-
cy have been studied in mice after they are deleted
from mouse genome. Mice with conditional dele-
tion of brain-derived neurotrophic factor in smooth
muscle cells have elevated meal frequency accom-
panied by increases of food intake and development

21 This seems to be due to the disrup-

of obesity
tion of communication between the gastric intesti-
nal afferents and the brain, thus decreasing the
feeling of satiety.

The physiological functions of prostaglandin
E2 are mediated by E prostanoid receptor subtypes
1 to 4 (EP1-4R)" Mice with EP3R deletion
showed the increase of feeding during the light cy-
cle with the development of obesity:*d. Mice with
deletion of cholecystokinin type 1 receptor (CCKIR)
have lower meal frequency than their wild type
controls regardless of the dietary fat content, dem-
onstrating the role of CCK in the regulation of
feeding behavior®™. However, HFD consumption
prolonged meal time in both wild-type and CCKIR
knockout mice compared to those mice consuming
a LFD, indicating that CCK may play a role in
meal frequency whereas fat content may have a

greater role in regulating meal duration®,

7 Conclusion

As we have summarized here, both controlla-
ble and uncontrollable factors can affect feeding
frequency. With satiety/feeding regulation signals

derived from different regions within the body such
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as the hypothalamus, gastric intestinal tract, and
oral cavity, multiple complex interactions occur to
influence many facets of feeding behaviors. Leptin,
ghrelin, insulin, glucagon, amylin, and other hor-
monal factors play an active role in regulating feed-
ing behavior, but the exact mechanisms of how all
these hormones coordinatively influence feeding
frequency still needs to be examined. Rodent model
systems have been an invaluable tool to identify
mechanisms controlling feeding frequency. They
have provided vital information of translatability to
human feeding frequency investigation. As part of
the problem of obesity treatment is to control feed-
ing behaviors, additional studies of factors summa-
rized in this review are warranted. They certainly
will help us to control the epidemic of obesity and

other metabolic diseases.
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Abstract: We briefly reviewed the literature regarding medical students” knowledge of tobacco use, tobacco con-

trol advocacy and smoking cessation intervention, and found an alarming deficiency worldwide. Medical

students, especially those from developing countries, usually could not identify their responsibilities as future

physicians to advocate for strong tobacco control policies, and advise patients routinely to quit smoking. Many

medical schools failed to implement a tobacco control and smoking cessation curriculum, with one-third or even

fewer medical students reporting that they had received specific training on tobacco cessation. We described the

teaching program for tobacco control advocacy and smoking cessation for medical students in the University of

Hong Kong, shared our experiences and made recommendations on future tobacco control and cessation train-

ing for medical students.
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Introduction

The tobacco epidemic is one of the biggest
public health threats in the world. Each year, to-
bacco use kills nearly 6 million people worldwide,
with more than 5 million of these deaths resulting
from direct tobacco use and more than 600, 000
deaths from secondhand smoke exposuretl, Nearly
80% of tobacco-related deaths occur in low-and
middle-income countries, where the burden of to-
bacco-related illness and death is heaviest and rap-
idly expanding™"'*. The World Health Organiza-
tion (WHQO) estimates that unless urgent action is
taken, over 8 million people will die from tobacco

use annually by the year 2030,

Received: 2014-08-22 ; Revised: 2014-09-25

Physicians play a critical role in reducing to-
bacco use by encouraging nonsmoking patients not
to use any tobacco products and advising smoking
patients to quit™®. Physician’s advice is associated
with increased likelihood of quitting™®®'. Even brief
advice is associated with a substantial increase in

patients’ smoking cessation rates/ ',

After re-
ceiving such advice to quit smoking, patients were
more likely to report trying to quit, quitting for at
least 24 hours, making more quit attempts, and
having more successful quitting outcomes com-
pared with those who received no such advice >
Physician’s advice to quit smoking not only moti-
vates smokers to quit but also increases their quit-

[8,15]

ting confidence Introducing tobacco control

advocacy and brief cessation intervention or coun-

Author: Janice M. Johnston, Ph.D, School of Public Health, University of Hong Kong

Corresponding Author:Janice M. Johnston, School of Public Health, University of Hong Kong.E-mail: jjohnsto@ hku.hk
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seling skill training in medical education is an im-
portant first step in encouraging medical profes-
sionals to engage in tobacco cessation counseling.
However, physicians often miss the opportu-
nities to advise patients to quit smoking. Data from
the 1995 US National Ambulatory Medical Care
Survey showed that smoking counseling by physi-
cians represented only 21% of smokers’ visitsH®.
Training on tobacco control and cessation tech-
niques is scarce or often lacking in the medical cur-
riculum, particularly in developing countries''™, A
1995 international study of 493 medical schools in
93 countries found large variation in tobacco use
and cessation counseling teaching and learning in
the medical curriculum (88% of medical schools
covered the topic of tobacco-related diseases at
some level, 12% did not address the issue of to-
bacco use in their curriculum, only 11% of medical
schools had specific tobacco-related teaching mod-
ules, and 58% reported incorporating tobacco use
and cessation teaching within other teaching con-

YU There was a paucity of research on teach-

tent
ing of tobacco control advocacy. Also among
schools with a tobacco cessation curriculum, it is
not clear whether tobacco control advocacy is in-
cluded as part of the training program. Many medi-
cal students are smokers themselves and lack the
motivation to advise patients to quit smoking. Two
studies of Chinese medical students found that
38% male students in Wuhan were smokers
(smoking on at least one day in the past 180
days)M, and 27% of male students Hainan
smoked in the past 30 days'’.

Alarmed by the prevalence of and attitudes to-
wards smoking in young doctors and medical

Y, in 1994, a 3-hour seminar on tobac-

students?
co or health was introduced to second year (pre-
clinical) medical students. The seminar achieved
significant improvements in the student’s knowl-
edge of, attitudes towards tobacco control and

agreement with the role of the doctor in providing

[22]

stop-smoking advice" The success of this and

1%

the deepening of involvement of academic staff in
tobacco control in Hong Kong led to the design of
the new tobacco control curriculum in the 1997
New Medical Curriculum. With over 30 years of
tobacco control efforts, Hong Kong now has the
lowest smoking prevalence (10.7% daily smokers
in 2012) in the developed world™.

This paper briefly reviews the literature re-
garding (1) medical students’ knowledge of tobac-
co use, tobacco control and smoking cessation in-
tervention; and (2) their attitudes toward tobacco
control policies. The teaching program for tobacco
control advocacy and smoking cessation for medical
students in the Li Ka Shing Faculty of Medicine of
the University of Hong Kong 1997 New Medical

Curriculum is then described.

1 Knowledge of tobacco use and smoking
cessation counseling

The paucity of medical students’ knowledge
of tobacco use was clearly identified in the late
198051 Worldwide, medical students generally
underestimate the causal relationship between to-
bacco use and chronic diseases such as coronary
heart disease, cancers (e.g., lung, bladder), neo-
natal mortality, and other clinical outcomes"*"*".
Although knowledge of and skill acquisition in to-
bacco control and smoking cessation interventions
has been widely recommended for inclusion in
medical curricula and as an accepted educational
outcome competency in many medical schools,
such educational aims are often neglected. World-
wide, few students in the healthcare professions
(dentistry, medicine, nursing, and pharmacy) re-
ceive formal training in tobacco use cessation inter-

51321 Prior studies reported a deficiency in

ventions
knowledge of tobacco control or tobacco cessation
training among medical students in New York,

[24.25.28:33] " Many students recog-

Europe, and Asia
nize the ‘duty-of-care’ for a health professional to

provide smoking cessation counseling and intend to
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provide smoking cessation and counseling advice

for patientS[M.25,28.29.34.35]

. Some students constrain
smoking cessation counseling to patients with
smoking related diseases or on patient request
whereas others intend to counsel patients irrespec-
tive of their symptoms or diagnosisH*?0:29:36:371
Most medical students agree that healthcare pro-
fessionals should acquire specific smoking cessation
. A 2011 study of college

students at Sun Yat-sen University in China (the

counseling skills"? %23

largest comprehensive university in Guangdong
province) found that more than one-third of medi-
cal students did not know the harm of tobacco

use.%

2 Attitudes toward tobacco control
policies

Medical students demonstrate moderate or
strong support for tobacco control policies: smok-
ing ban in public venues (74% in Europe, 85% in
Asia, 90% in Hong Kong, 100% in Australia),
health warning labels on cigarette packages (67 %
in Europe, 70% in Asia, 99% in Australia), to-
bacco sale restriction to children (64% in Europe,
85% in Asia, 90% in Hong Kong, 99% in Aus-
tralia) , tobacco advertising ban (54% in Europe,
58% in Asia, 86% in Hong Kong, 93% in Aus-
tralia), and price increase in tobacco products
(36% in Europe, 44% in Asia, 94% in Austral-
ia)t?4235)  However, reports of tobacco control

policy advocating practice are lacking.

3 Medical curriculum on tobacco use
in the University of Hong Kong

Tobacco control and smoking cessation was
included in the formal undergraduate medical
student curriculum at the University of Hong

4221 Following implementation of

Kong since 199
the new medical curriculum in 1997, tobacco con-

trol and smoking cessation teaching and learning
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was systematically and more fully integrated in the
curriculum from MBBS Year 1—4 through clinical
scenarios in problem based learning (PBL: small
group teaching, student led and supported by a
teacher; Year 1—2; PBL cases are rotated, that is
the same PBL case is not used in sequential years.
A number of PBL cases with specific smoking re-
lated learning objectives are available for use in
Years 1 — 2.) cases and tutorials; problem based
public health advocacy projects (10 — 25 students
working on a community based project; Year 3) in
which students advocate for community level initi-
atives on tobacco control (or other health topics);
in clinical bed side teaching (i.e., Tuberculosis
Clerkship: small group teaching at the bed side and
Smoking Cessation Skills Counseling: small group
teaching with a smoking cessation counselor; Year
4); as well as more traditional whole class sessions
(lectures; Year 3). Examples of the MBBS 5-year
smoking-related learning objectives by year and
teaching activity are shown in Table 1. The Log
book, completed by each student, provides the tu-
tor an opportunity to assess the achievement of to-
bacco control and smoking cessation learning ob-
jectives (see Figure 1 as an example). Through
formative and summative assessments (see Box 1
for example examination questions), tobacco use
and smoking counseling knowledge, and skill ac-
quisition and application are formally examined.
Thematically, the tobacco control and smok-
ing cessation sub-curriculum covers the epidemiol-
ogy and burden of tobacco induced diseases and
benefits of smoking cessation, WHQO Framework
Convention on Tobacco Control and MPOWER

), critical appraisal of local tobacco

strategies’
control measures, identification and management
of smoking behaviors, communication of risk to
individual patients, public health advocacy for to-
bacco control, smoking cessation counseling skill
acquisition, and the role of medical students and
physicians, government and non-governmental or-

ganizations in tobacco control efforts.
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Table 1 Examples of the MBBS 5-year curriculum smoking-related learning objectives at the University of Hong Kong

Year Activit Learning objectives
g g Obj

« Explain to COPD patients why it is important to quit smoking
» Describe the community importance of smoking-related illness and identify the groups at risk
» Analyze public health approaches to reducing smoking-related illnesses
MBBS 1 PBL case » Demonstrate the role of doctors in helping patients quit smoking
* Describe the epidemiology (pattern, risk factors, and causes) of lung cancer in Hong Kong
» Evaluate the tobacco control measures and Government proposals
» Recognize the medico-legal issues of litigation for damages by an employee against the employer
« Discuss the role of doctors in ant-smoking education and movement in society

MBBS 2 PBL cas
S case « Discuss the risk of cancer in relation to smoking

TB  bedside & « Use smoking cesation to help patients to quit smoking and limit burden of tobacco on morbidity and
chest clinic mortality of TB
MBBS 3 » Summarize the impact of tobacco and alcohol on public health

Problem based

. » Evaluate the tobacco control measures
public health . . .
« Advocate for further actions against tobacco in Hong Kong

« Describe the adverse effects of active and passive smoking
« Assess the different stages of readiness to quit in a smoker
» Assess the level of nicotine addiction in a smoker
* Measure carbon monoxide in end-expired breath in a smoker
« Compare and contrast the different treatment methods available for tobacco dependency
MBBS 4 Smoking cessation « Describe the “ 5A’s” and the” 5R’s” approach to help smokers stop smoking and explain their use in
skills course routine medical practice
» Produce a decisional balance worksheet to help smokers make the decision of smoking cessation
» Describe the concept of contemplation ladder and the different strategies that could be employed to help
smokers in different stages, to achieve optimal results in smoking cessation
» Evaluate information and evidence on methods for the treatment of tobacco dependency

* Practice counseling for smoking cessation among patients who smoke

12. Evidence-Based Clinical Skills on the Treatment of
Tobacco Dependency (Smoking Cessation Skills)
Please tick (V) in the boxes below for the sessions that you have attended:

Briefing Session & PBL =&
Visit to Smoking Cessation Clinic d

What did you learn? (Write important points)

Briefing Session & PBL
| Effect of smckirg in Przgr\adt wemgan . harmful effed o fefus
2. S‘EﬁQ ef change nwdel 3 Shrategic advices in contemplition
{edder

3. Totepretation of Fagerstem Test fv riccting dependence 4
s aflucnce m 5‘49511“4«* Mx.
Facters Hocking Smckers in Sacldg cecsation

T_jPES e} bicstine ra,?lﬁum‘m;f H\;_.»a?le, e H“'S t""ﬁ
Tastmcbiong & be given to patiemts nhen using ~RT
Porpevtows b behoviornd inttranhing T cojunctitn w/ KET
8. fopvel AWZA 3 aupmf.'.,,\ fov S)Mh\,:f Uietina 3 7H mecha—Sn
q. Oflor  now- ART Fwwnm & SEAscva r,p‘r(wh‘f \'\«m‘r7~

DA )

Visit to Smoking Cessation Clinic
L Proctised Swmokip Cessation counsellig wivg decionsd balaace
workslec A QSsessing icatine dejeadene by Tagersform Swring
2. Leam the actud Wshwctm 4o be givew Fo patied £~ co
Measnremend g Thoo ?a&mﬁm/mrwh
2. ?wt?rjrd(ul Tn Sm»k)g CraSatTen s.,?’)mﬁ grop * Eaoo hew that.
Crusse Can help in bebaviodnl supped & to t cffrocy ™ helpiag
to oeintrin cossation beboviow
Cliviel kncvledge :
= 7 Steps Tn Gratting Smokng (Stepd & 2 Twfoduced in thes session)
= Tustremends UseA a assessing / predictirg (ileeb cudeome after Lc»«uub'a
- Types of ART aunllable nn clinic 5 i daotailed dosage & eocge wethod .
< S offects of MRT b WiThArawed syePTomS of niotne deprdance

Figure 1 An example of log book completed by medical student at the University of Hong Kong
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Box 1 Formative assessment of tobacco use and smoking cessation learning outcomes

Question 1

Question 2

Question 3

ment decision making. (2 marks)

Question 4

Give three commonly known unavoidable risk factors and seven commonly known avoidable risk factors for coronary heart disease. Note

that you have to specify whether increased or decreased level of the risk factor is related to high risk of the disease. (10 marks)

a) List twelve common risk factors for coronary heart disease (CHD) , stating clearly the direction of the relationship (for example:
increasing x is associated with increasing risk of CHD; smoking is associated with CHD) (6 marks)
b) Explain briefly (i) primary prevention, and (ii) secondary prevention of diseases. (2 marks)

¢) List four major methods of primary prevention of CHD by the control of smoking. (2 marks)

Your Chief of Service (COS) has requested of your specialist training that you acquire and apply the evidence of smoking cessation treat-

ment for decreasing the risk to your middle-age patient of having a myocardial infarction.

a) List two examples of primary research evidence and two examples of secondary research evidence that would be relevant for treat-

b) Identify and discuss four difficulties in applying the results of primary research evidence in clinical practice. (4 marks)

¢) List and discuss four factors to be considered when applying evidence to this patient. (4 marks)

Albert, a 15-year-old male, recently had an annual general health check up at the student health centre. Since he is a smoker, he was ad-
vised to quit smoking. During the discussion, Albert expressed his reluctance to follow the advice given as he had tried to quit several

times and had failed. Albert also worries that his peers will reject him if he stops smoking.

This scenario illustrates which two factors stopping Albert to change his behaviour. Briefly describe how these factors affects individual’s

behaviour change. (4 marks for naming the two factors; 6 marks for the brief description)

Within any one PBL case scenario in Year 1—
2 (with an individual patient clinical presentation
of symptoms potentially associated with tobacco
use; e.g., a nonsmoking female restaurant worker
exposed to passive smoking and diagnosed with lung
cancer) , students will be asked to consider the im-
pact of tobacco control from a societal (legal, ethi-
cal, burden of illness), occupational, patient, or
professional perspective (including how and where
to advise patients to seek smoking cessation sup-
port) (Table 1). For example, the learning objec-
tives include: 1) evaluate the tobacco control
measures and government proposals; 2) advocate
(based on clear evidence) , as the doctor’s role, for
public health policy on tobacco control. In the Tu-
berculosis Clerkship Year 3, the paper case PBL is
brought to life. Students learn to take a smoking
and tobacco use history on real TB patients at the
bed side and have the opportunity to gain first-
hand experience of the negative health impact of
tobacco use on patients and their families. Local re-
search findings, particularly on the increased risk

of TB disease and mortality from smoking and pas-

sive smoking in Hong Kong are emphasized.

The contents of the one hour whole class ses-
sion (lecture; Year 3) include the epidemiological
impact of active and passive smoking on health,
disease and economic burden at international, na-
tional, and local level with local research findings,
the effectiveness of tobacco control measures (in-
cluding WHO Framework Convention on Tobacco
Control and MPOWER strategies) , tobacco indus-
try strategies to obstruct tobacco control policies,
physicians’ role to ask smoking history and to at
least briefly advise patients to quit and refer to ex-
isting smoking cessation services and the impact of
the Quitline, the negative outcomes when no ces-
sation counseling is provided, the benefits of quit-
ting smoking and available clinical treatments (dif-
ferent types of medication) for smoking cessation.
Successful experiences of tobacco control advocacy
by medical students were illustrated with news-
paper clippings (derived from the seniors of the
current class of students). Before the session,
students complete a one-page questionnaire ( Ap-

pendix A) on the mortality risk of smoking (i.e. at
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least one out of two smokers will be killed by
smoking) , their experience of exposure to second-
hand smoke, and their attitudes towards more
stringent tobacco control measures in Hong Kong.
The objective of the questionnaire was to motivate
students to reflect on what they know and think a-
bout the tobacco control measures and advocacy
and to motivate and help them to consider choosing
a tobacco control project for ‘public health based
public health’.

Training medical students as public health ad-
vocates for tobacco control in ‘problem based pub-
lic health” is a challenging, engaging, and experi-
ential activity where students choose, design, pre-
pare and implement an advocacy campaign in the
community. Through the design and display of pam-
phlets and posters, signature campaigns and setting up
counters for public education at busy pedestrian areas,
mass rally, health talks at school and in the communi-
ty, letters to newspapers, government officials and

legislators, much of which has been reported in pro-

1%

fessional journals, Faculty Newsletters, conferences
and through the lay (print, radio and TV) press,
students have made important contributions to raising
awareness of the public and stakeholders, and particu-
larly to the enactment of smokefree legislation in Hong
Kong (Figure 2).

The undergraduate medical tobacco control
curriculum culminates with the smoking cessation
counseling skills program in Year-4 where students
are trained in the 5A’s (ask, advise, assess, assist
and arrange) (see Table 1 for the specific learning
objectives). The smoking cessation skills program
includes a one hour PBL case, visit to a smoking
cessation clinic, smoking cessation information kit
and a smoking cessation skills counseling practice
session. At the end of the skills programs students
are expected to be able to describe the adverse
effects of active and passive smoking, assess
smokers’ stages of readiness to quit, assess the
level of nicotine addiction and measure the carbon

monoxide in end-expired breath in a smoker and assess

HONG KONG
MEDICAL

Smoking makes Marlboro cowboy ‘unfit’

LETTERS TO THE EDITOR

JOURNAL

D&

Smoking makes Marlboro cowboy ‘unfit’

JKo, D But, MC Kwan, Z Yu
TH Lom, GM Leung

HKMJ 2001;7:322

Reprint, © 2001 Hong Kong Academy of Medicine

To the Editor—In addition to dying from lung cancer
and suffering from coronary artery disease, it is also
likely that the Marlboro cowboy is impotent and infertile.

Adverse effects of smoking on male sexual health
include erectile dysfunction, reduced volume of ejacu-
late, lowered sperm count, abnormal sperm shape, and
impaired sperm motility.'? Smoking has been shown
to increase the risk of erectile dysfunction by about
509% for young men in their thirties and forties.' The
Action on Smoking and Health, an anti-tobacco lobby
group, and the British Medical Association estimated
that up to 120000 British young men were impotent
as a direct consequence of smoking.* According to the

Smoking makes
him “unfit”

Fig. Smoking makes Marlboro cowboy ‘unfit’

same study, 88% of male smokers did not realise that
smoking could cause impotence.’ Anecdotally, we
speculate that this number is probably even higher in
Hong Kong.

As aresult of the Problem-based Learning in Public
Health Module in the Year IIT undergraduate clinical
programme at the University of Hong Kong, we have
produced a poster geared at Hong Kong’s young people
to warn them of the real risk of smoking-related impo-
tence and infertility (Fig). This may be as powerful a
message as any in deterring teens from starting to
smoke and in getting young smokers to stop ‘lighting
up’.

J Ko
D But

Faculty of Medicine
The University of Hong Kong
Pokfulam, Hong Kong

TH Lam, MD, FFPHM

GM Leung, MD, MFPHM
Department of Community Medicine
The University of Hong Kong
Pokfulam, Hong Kong
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Figure 2A A journal article entitled “Smoking makes Marlboro cowboy ‘unfit’” described the

poster designed by the Year-3 medical students at the University of Hong Kong as a result of their

2001 problem-based tobacco control advocacy project. The poster targets the Hong Kong young peo-

ple to educate them about the risk of smoking-related impotence and infertility.
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Figure 2B A letter entitled “Tobacco Control Measures” published by the Apple Daily in 2005.

The letter written by the Year-3 medical students at the University of Hong Kong was a result of

their 2005 problem-based tobacco control advocacy project. The letter called for tobacco advertising

restrictions, and government support for tobacco cessation treatment and programs.
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Figure 2C  An article entitled “Bicycle Parade for Tobacco Control” published on the Apple Daily (left) and the Orien-

tal Daily (right) in 2006. The article described the 2006 tobacco control advocacy project planned and conducted by the

MBBS Year-3 students at the University of Hong Kong to support for tobacco control legislation in Hong Kong.
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Figure 2D An article entitled “Call for An Increase in Tobacco Tax— Year-3 Medical Students of the University of Hong
Kong” published on the Life Style (top) and the Sing Pao (bottom) in 2008. The article described the 2008 tobacco control
advocacy project planned and conducted by the MBBS Year-3 students at the University of Hong Kong to petition for a law

increasing tobacco tax in Hong Kong.
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Figure 2E  An article entitled “Parade of 500 Students from the University of Hong Kong to Support for Tobacco Tax Increase”
published by the Apple Daily in 2009 (top). and a picture showing the parade (bottom). The article described a mass rally
planned and conducted on March 22, 2009 by more than 500 students of the University of Hong Kong from 3 healthcare profes-

sions (medicine, nursing, and traditional Chinese medicine) to petition for a law increasing tobacco tax in Hong Kong.
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Figure 2F  An article entitled “Strengthen Tobacco Control Legislation” published on the Sing Tao Daily (top) and an arti-
cle entitled “Medical Students Call for Stronger Tobacco Control Legislation” published on the Apple Daily (bottom) in
2010. The articles described a signature campaign planned and conducted by medical students of the University of Hong

Kong to call for stronger tobacco control legislation.
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Figure 2G  An article entitled “Medical Students Call for A Ban on Displays of Tobacco Products at Points of

Sale” published on the Standard (left) and a picture showing the signature campaign on the Sky Post (right) in

2011. The article described a signature campaign planned and conducted by Year-3 medical students of the Univer-

sity of Hong Kong to petition for a law banning the display of tobacco products at points of sale.

Figure 2 Problem-based public health advocacy projects with different formats: tobacco control in communities

the applicability of various tobacco dependency
treatment methods. The effectiveness of the overall
tobacco use and smoking cessation training pro-
gram in changing attitudes and behaviors in medi-
cal students and other healthcare professionals has
been demonstrated in our previous research?*"!
and in our assessment on the content what the

students had learnt as reported in students’ log

books.

4 Discussion

Globally, an alarming deficiency is persistent-
ly found in medical students’ knowledge of tobac-
co-related diseases and nicotine addiction treatment
and their lack of involvement in tobacco control ad-
vocacy. Many medical schools have failed to imple-
ment a tobacco control and smoking cessation cur-
riculum, and students often report that they are
not adequately prepared to perform cessation coun-
seling, even in developed countries. For the coun-

tries reviewed, only about one-third of medical

students reported that they had received specific
training on tobacco cessation, and the number is e-
ven lower in developing countries. The worst is the
lack of any experiential learning for medical
students to choose, organize and implement public
health advocacy projects to be conducted in the
community. Public health is often taught with the-
ory and knowledge but no practice. To reduce to-
bacco use, medical schools must incorporate train-
ing in tobacco use, tobacco control policies, and
cessation techniques (brief advice at least) as part
of medical students’ education. A systematic eval-
uation for the training program should be included
in tobacco education.

Medical students usually pay little attention to
the role of a doctor in providing preventive advice
to patients. Many students, especially those from
developing countries, think that it is not the physi-
cians’ responsibility to advise patients to quit
smoking. Even in developed countries, many medi-

cal students claimed that they would offer tobacco

cessation counseling only if the patients had smok-
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(26-29  Heavy smokers are more

ing-related diseases
likely to obtain cessation advice or information
from physicians than light or intermittent smok-
ers/®*1 Light and intermittent smokers are exclu-
ded from most smoking cessation clinical trials,
and are less likely to seek or receive cessation

H45)  Tobacco ces-

treatment than heavier smokers
sation training for medical students must empha-
size the role of physicians in disease prevention and
education, and how physicians’ cessation counse-
ling influence smokers”’ quitting behavior. Further-
more, while medical students support some tobac-
co control policies, the support in general for the
most stringent and effective tobacco control meas-
ures (e.g., increasing cigarette tax, warning labels
on cigarette packs, smoking ban in public places,
tobacco advertisement and sponsorship restric-
tions) is relatively low. Given the critical role of
physicians in tobacco control, it is important to in-
corporate education about how tobacco control pol-
icies change social norms and therefore change in-
dividual behaviors in tobacco cessation training.
Future training programs may incorporate advoca-
cy for tobacco control policies, legislation, and
measures as part of the curriculum.

In conclusion, there is an urgent need for
change in medical schools’ curriculum and public
health teaching and learning on tobacco control
needs to be strengthened. The early evidence from
the University of Hong Kong program suggests
most students learn best in an experiential setting.
Incorporating teaching and learning activities in the
medical curriculum where students walk-the-talk
for tobacco control and smoking cessation training
is arguably one of the best change interventions for
changing attitudes and thereby behaviors in medi-
cal students within the medical school and after
graduation. As tobacco control and smoking cessa-
tion counseling skills are a key competency for
medical graduates, all medical schools should pro-
vide explicit tobacco control and smoking cessation

teaching and learning. We suggest such programs

1%

if implemented would be instrumental in decrea-
sing the negative impact of tobacco use on patients
and their families. Systemic evaluation within the
medical school and longer term follow up after
graduation is essential to measure the training ef-
fectiveness. This paper is a preliminary summary
of our experiences for sharing and initiation of
more discussion towards more innovative, effective
and interesting teaching and learning methods for
tobacco control in medical schools and other health
professional education institutions, which will be
followed by more detailed evaluation in the near

future.
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Abstract: Background: Aging process is associated with loss of muscle mass and muscle strength. This study
aims to determine the association between pre-sarcopenia (low muscle strength and mass) with physical disa-
bility among rural elderly in Malaysia. Methods: Using a cross-sectional study design, 547 elderly (aged 60
years and above) from five districts in Pahang were recruited. Hand grip strength was assessed using Jamar
hand-grip dynamometer, while muscle mass was estimated using a formula by Lee et al. Physical disability was
based on self-reported activity of daily living (ADL) measured using Barthel Index. Descriptive analyses were
used to observe baseline characteristics of the elderly population and the trend of reduction of muscle mass and
strength according to age group. Logistic regression analyses evaluated the association between muscle mass
and strength with physical disability, controlling for confounders such as age, gender and education level. Re-
sults: Mean age (standard deviation) of the elderly was 68(=£0.27). Hand-grip strength and skeletal muscle
mass decreased with age. Elderly with physical disability were older, shorter, had lower BMI, more co-mor-
bidities, lower hand-grip strength and muscle mass. The odds ratio (OR) of physical disability for muscle
strength was 1.69(95% CI: 0.99—2.86) while the age-adjusted and multivariate-adjusted OR were 1.22(95 %
CI: 0.69—2.15) and 1.08(95% CI: 1.03—1.14) respectively. The OR for muscle mass was 1.47(95% CI: 0.
89—2.42) while the age-adjusted and multivariate-adjusted OR were 1.08(95% CI: 0.63—1.84) and 1.38
(95% CI: 0.57—3.33) respectively. Conclusion: Low muscle strength compared to low muscle mass has sig-

nificant association with physical disability among elderly.

Key words: Muscle strength; muscle mass; muscle quality; functional limitation; physical disability

and consequently its function. With aging, multi-

1 Introduction ple processes occur within muscle tissue, such as
denervation, changes in the hormonal and inflam-

Background matory environment, mitochondrial dysfunction,
Aging results in changes in muscle structure and also changes in the expression of regulatory
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factors affecting the fate of satellite cells'”. These
combine to produce losses in the bulk properties of
muscle tissue. The report by Cruzt-jentoft et al
(2010) came out with the definition of sarcopenia
as a syndrome characterized by progressive and
generalized loss of skeletal muscle mass and
strength with a risk of adverse outcomes such as
physical disability, poor quality of life and
death.M

In recent years, a number of studies have been
conducted to study this relationship. Low muscle

fo-llare found to be posi-

strength™® and/or mass
tively associated with physical disability in elderly,
as reported in these studies. It was generally con-
cluded that sarcopenia is associated with self-repor-
ted physical disability in elderly, and this is also
associated with poor cognitive function"'*' and obe-
sity® as conducted in some studies.

This study was conducted in a rural setting
since most of the other studies were conducted in
Western countries, where ethnicity, height and
consequently estimation of the muscle mass was
different than that of rural elderly**!. Their differ-
ent lifestyle practices and living conditions may al-
so contribute to the difference in muscle mass.
Thus, the purposes of this study were to evaluate
the association between low muscle strength and
mass to physical disability in rural elderly in Ma-
laysia and to identify the most useful indicator of
age-related changes in muscle for use in clinical

practice.

2 Methods

Muscle mass/muscle strength is a more useful
indicator of age-related changes in muscle for use
in clinical practice.

2.1 Participants/ Study Population

We retrospectively reviewed the records of

4253 participants of all ages of secondary data pro-

vided by the Department of Social and Preventive
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Medicine, University Malaya. The data was col-
lected from a survey involving households face to
face interviews conducted with a standardized ques-
tionnaire (Appendix) in the rural area of Pahang.
Multi-staged stratified random sampling of house-
holds from villages of 5 districts out of 11 districts
in Pahang was adopted. They were Bentong, Jera-
ntut, Maran, Raub and Temerloh. However, for
our study, we focused only on data regarding eld-
erly which consisted a number of 547 participants
and excluded those who were <{60 years old (n=
3706).

The inclusion criteria for this study were those
of the age 60 years old and above and also those
who gave their consent for the interview. Exclusion
criteria for this study were those aged 59 years old
and below, those who were not in the house at the
time of interview and those who did not understand
the questions asked, such as those who suffered
from mental illnesses or were mentally retarded.
2.2 Data Collection

Data included socio-demographic characteris-
tics, medical history, Activity of Daily Living
(ADL), Geriatric Depression Scale (GDS), occu-
pational history, anthropometric measurement
(height and weight) as well as hand-grip measure-
ment by Jamar hand-grip dynamometer ( Model
5030J1 by Lafayette Instrument) (Figure 1) was

collected.

Figure 1 Jamar hand-grip dynamometer
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Standardized protocols were abided when all
measurements were taken'*. Activities of Daily
Living (ADL) was measured using Barthel In-
dex"'!. Depression symptoms were evaluated using
the GDS-15 scorel® while Body Mass Index
(BMD) was calculated using the formula of weight
(kg) / height’* (m*). The hand-grip measurement
was repeated three times for both hands each with
at least repeated 3 times each for both hands. The
best result was taken regardless of hand preference
and the readings were recorded in kilogram (kg).
2.3 Variables
2.3.1 Independent variable; muscle mass and muscle
strength

A cut-off point of 18.0 kilogram of muscle
strength was established as 20% of all subjects had
this hand-grip strength. Subjects who scored less
than this cut-off value would be labeled as low
muscle strength.

For muscle mass, skeletal muscle mass
(SMM) ., which was an estimated value based on e-

quation imported from a study conducted by Lee et

al in 2000 was used.

SMM (kg) = Height (m) [0.244 x Body Mass (kg)]+[7.8 x Height
(m) ]+[6.6 x Gender]—[0.098 x Age]+[ Ethnicity—3.3]
where gender: male=1; female=0, ethnicity: Asian=1.4; Afri-

can— American=1.2; White=0

This formula was proven to be comparable
with measurement using dual-energy X-ray absorp-
tiometry (DXA) by Cassiano et.al on. A cut-off
point at 22.1 kilogram of skeletal muscle mass was
established at the lower 20% of all subjects. Sub-
ject with estimated value less than this cut-off val-
ue was considered to have low skeletal muscle
mass.

2.3.2  Outcome variable
Physical disability was determined via assess-

ing subjects’ activities of daily living using Barthel

1%

Index'”.The index consisted of 10 questions with a
total score of 100. Participants were classified as
physically disabled if they answered yes to any of
these questions and non disabled if they answered
no to all questions.
2.3.3 Other variables

Variables that were independently associated
with exposure and outcome measures were consid-
ered as confounding factors (age, height, weight,
body mass index, co morbidities, sex, and educa-
tion level). Co morbidity was classified as the pres-
ence of self-stated doctor-diagnosed conditions
from a list of eight conditions: hypertension, heart
problem, Parkinson’s disease, diabetes mellitus,
chronic lung diseases, high blood cholesterol,
cancer and depression. Presence of stroke and joint
pains were categorized as a separate entity. Educa-
tion level was utilized as a representation of socioe-
conomic status. Depression was measured using
Geriatric Depression Scale (GDS) and a score of
more than 5 was considered positive of depressive
symptoms 1,
2.4 Statistical Analysis

Data entry and statistical analysis was conduc-
ted using Statistical Package of Social Science
(SPSS) for windows version 16.0.Descriptive anal-
ysis was conducted for demographic and baseline
characteristics of participants. Differences in the
distribution of continuous variables (age, weight,
height, body mass index, co morbidities, hand-
grip strength and muscle mass) were tested by in-
dependent T-tests and analyses of variance while
differences in the distribution of categorical varia-
bles (gender and education level) were tested using
Chi-square test. However, there were 39 missing
data regarding activity of daily living measured by
Barthel index while for weight, height and body
mass index, there were 61 missing data. One-way
ANOVA was used to test the differences between
age groups of elderly with the independent varia-

bles (muscle strength and muscle mass). Only 429
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participants went through hand-grip assessment
while there were only 518 sufficient data available
for the skeletal muscle mass formula. For each
outcome variable, separate models of logistic re-
gression were formulated for low muscle strength
and low muscle mass. Odd ratios (OR) and 95%
confidence interval (ClIs) were reported in the form

of crude, age-adjusted and multivariate adjusted after

controlling for age, gender and education level.

3 Results

The baseline characteristics of 508 elderly par-
ticipants in community residential programme
from Pahang are presented in Tables 1 and 2. Eld-
erly with physical disability were prone to be ol-
der, shorter, lighter, had more co-morbidities,
lower hand-grip strength and lower muscle mass.
A larger portion of the elderly with physical disa-
bility was females. About 63% of them attended

school and they were mainly receiving primary ed-

ucation level (88.5%).

Table 1 Characteristics of elderly in community residential
programme (N = 508 ) according to physical disability

(Continuous)

mean + standard deviation

physical disability *
Characteristics Yes (n=123) No (n=385)
Age 70.30 £ 7.94 67.30 & 5.63
1.534 0.10 1.55 4+ 0.09
58.24 +13.52 60.49 + 12.40
24.88 + 5.44 25.26 £ 5
+
+
+

Height, mi
Weight, kgf
Body Mass Index, kg/m?

ComorbiditiesT 1.99 + 1.24 1.85 1.039
Hand-grip strength, kg 24.93 + 13.41 31.74 19.00
Muscle mass, kg 28.25 £ 8.59 29.95 8.03

* Activities of daily living (feeding, bathing, grooming, dress-
ing, bowels, bladder, toilet use, getting from a bed to a chair,
mobility and climbing stairs) according to Barthel Index
Comorbidities (hypertension, heart problem, Parkinson’s disease,
diabetes mellitus, chronic lung disease, high blood cholesterol,
cancer, depression) Actual numbers of elderly (N=486)

The muscle strength and mass of the elderly

participants are presented in Tables 3. In table 3 it
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is shown that the muscle strength (hand-grip
strength) and muscle mass (skeletal lean mass)

decreases with increasing age (P<C0.001).

Table 2 Characteristics of elderly in community residential
programme (N=508) according to physical disability (Cat-

egorical)

physical disability *

Characteristics Yes (n=123) No (n=385)
Sex #

Male 57 (46.3%) 196 (50.9%)
Female 66 (53.7%) 189 (49.1%)
Attended school #

Yes 78 (63.4%) 285 (74.2%)
No 45 (36.6%) 99 (25.8.8%)

Education level #

Primary 69 (88.5%) 239 (83.9%)
Secondary 7 (9.0%) 40 (14.0%)
Certificate/Skill 1 (1.3%) 3 (1.1%)
College/University 1 (1.3%) 3 (1.1%)

* Activities of daily living (feeding, bathing, grooming, dress-
ing, bowels, bladder, toilet use, getting from a bed to a chair,
mobility and climbing stairs) according to Barthel Index

# percentage within physical disability

Table 4 shows the relationship between low
muscle strength and low muscle mass with physi-
cal disability ( ADLs-Barthel Index). There was a
stronger association between losses of muscle
strength with physical disability compared to mus-
cle mass, but both values were not statistically
significant. There was no significant association in
muscle strength and muscle mass with disability
after adjusted for age. After adjusted for age, gen-
der and education level, muscle strength was sig-

nificantly associated with disability but the results

may not be clinically significant.

4 Discussions

Our results showed that elderly with physical
disability were more prone to be older, shorter,
lighter, more co-morbidity, had lower hand-grip
strength and lower muscle mass. Larger portions

of the elderly with physical disabilities were females.
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Table 3 Muscle strength of elderly in community residential programme according to age

Age Group 60—69 (n=291) 70—79 (n=112) 80 and above (n=26) Overall (N=429)
Muscle strength, kg
Hand-grip strength 33.264+19.07 25.42413.31 17.1549.43 30.24417.90
Muscle mass, kg
Skeletal mean mass 31.1147.76 27.65+7.91 21.1046.26 29.6748.13

Table 4 Odd ratio for relationship between low muscle

mass and low muscle strength to physical disability

Odd Ratio (95% Confidence Interval)

Factors Crude Age adjusted Model 1*

Muscle strength, kg 1.689 1.215 1.082
(0.997—2.860)  (0.687—2.148) (1.028—1.139)

Muscle mass, kg 1.469 1.076 1.377

(0.890—2.424)  (0.628—1.842) (0.569—3.333)

% Adjusted for age, gender and education level

63.4% of them attended school and had primary
education level (88.5%). The elderly tend to be
lighter and had lower BMI due to loss of muscle
mass which subsequently contributed to loss of
muscle strength. But when compared the BMI of
our participants, is the BMI was much lower than
those from the.

In our study, it shows that muscle strength
and muscle mass decreased with increasing age. In
fact, throughout the aging process, people show
an overall decline in muscle mass, with specific at-
rophy of type II=2CROMAN muscle fibers.!"* De-
cline of muscle mass is considered a °physiologi-
cal’ feature of aging''" This generalized loss of
skeletal muscle has been termed “sarcopenia” and
is considered a major factor causing the develop-
ment of impairments in muscle strength and power
for elderly.*"" Studies have shown that the loss of
muscle strength is much more rapid than the paral-
lel loss of muscle mass, indicating a significant de-
cline in muscle quality.") Generally, starting at the
age of 45 years, the loss of muscle mass is noticea-
ble."* the prevalence increases with age. The prev-

alence of sarcopenia is 27% in men and 23% in

women aged 65 years and above while the preva-
lence increases to 53% in men and 31% in women

[ Our results which

aged 80 years and above.
showed that muscle strength and muscle mass de-
clined with aging, similar as those of previous
studies. The Rochester, Minnesota, study found
that the prevalence of sarcopenia was 16% in men
aged 70 to 79 and 34% in those aged 80 and ol-
der.””] The New Mexico Heath Study reported a
prevalence of sarcopenia in older Non-Hispanic
white men of 20% for those aged 70—74, 27% for
those aged 75 to 80, and 53% for those aged 80
and older.

Many factors contributed to sarcopenia.?®!
These include a loss of a-motor neurons,'’ lower

(1214 reduction in dieta-

levels of steroid hormones,
ry protein,™ and a decreased level of physical ac-
tivity.'") Besides that, it is known that muscle
strength and muscle mass play a vital role in main-
taining daily function, as well as the ability in in-
volving in recreational activities."! As in elderly
with sarcopenia, the muscle strengtht, metabolic
rate’ and maximal oxygen consumption ( Vo,
max) % decreased.Consequently, this physiolog-
ic decrement in maximal strength probably causes
weakness and a loss of independence in daily living
function.'™ For example, recent community-based
studies in elderly black and white adults found that
high blood levels of interleukin-6 (a protein in-
flammatory cytokine) were significantly associated
with lower muscle mass and lower muscle strength

tasks. With

strength impairments, it may lead to the develop-

in handgrip and knee extension

ment of disability in elderly. Adults between 75
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and 84 years old are less able to perform heavy
household work, walk a half mile and climb stairs
than adults between 55 and 64 years old in the
Framingham Disability Study.

Sarcopenia is used to describe gradual and
generalized loss of skeletal muscle mass and
strength that occurs with advancing age. The loss
of skeletal muscle mass and strength below a criti-
cal threshold will lead to some adverse outcomes
such as physical disability and functional impair-
ment.”*) According to European Working Group
on Sarcopenia in Older People (EWGSOP), the di-
agnosis of sarcopenia required the documentation
of criteria 1 plus the documentation of either crite-
ria 2 or 3.1

Criteria for Diagnosis of Sarcopenia

1.Low muscle mass

2.Low muscle strength

3.Low physical performance

In our study, we are using muscle mass and
muscle strength as our independent variables to de-
termine the best and most accurate measurement
of sarcopenia in clinical practice.

The muscle mass is assessed by anthropomet-
ric measures. The skeletal muscle mass (SMM),
which is an estimated value based on equation im-
ported from a study conducted by Lee et al in 2000
is used. There are 2 prediction models in the study
by Lee et al, the second prediction model which in-
cludes body weight, height, sex, age, and race is
used in our study. These measurements are easily
obtained. However, this model has a lower accura-
cy and is not applicable in obese elderly. [*

The muscle strength which is assessed by the
isometric handgrip strength is strongly related
with lower extremity muscle power, knee exten-
sion torque and calf cross-sectional muscle area.'”!
Low handgrip strength is a clinical marker of poor
mobility and a better predictor of clinical outcomes
than low muscle mass. Furthermore, handgrip

strength is simple, cheaper and can be adminis-
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tered rapidly.""! In practice, there is also a linear
relationship between baseline handgrip strength
and incident disability for activities of daily living
(ADL).™”

In our study. pre- sarcopenia (loss of muscle
strength and muscle mass) was associated with
physical disability in elderly. For crude odds ratio,
it was found that the magnitude of association be-
tween low muscle strength and physical disability
in terms of activities of daily living (ADL) was
stronger than the association between low muscle
mass and physical disability although both results
were insignificant. Noran N. Hairi et al’ s study
showed similar results which were significant.
Thus, it is suggested that muscle strength is the
better measure associated with physical disabili-
ty.[") While for adjusted odds ratio for muscle
strength, the result was statistically significant but
less likely to be clinically significant. This may be
due to the small sample size and the arbitrary cut
off point used. While for adjusted odds ratio for
muscle mass, the result was statistically not sig-
nificant. This could be due to the formula from Lee
et.al. which was based on unspecified Asian popu-
lation. Thus, it is unable to determine which is a
better indicator of age relate changes in muscles.
Strength and Limitations

The strength of this research is that it is one
of the first few researches on sarcopenia that is
conducted locally in Malaysia.

The limitation in this research is the small
sample size. Sample size should be sufficiently
large enough to estimate the prevalence of the con-
ditions of interest with adequate precision. The
health condition of the participants may influence
their ability to do the handgrip assessment. Partici-
pants that had upper limb disability can also limit
the result of the study since they are unable to do
the assessment. Causality cannot be established as
this was a cross sectional study. Some other impor-

tant variables such as exercise or physical activity
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were not measured in this study.

5 Conclusion

Low muscle strength compared to low muscle

mass has significant association with physical disa-

bility among elderly.

Ethical Considerations

Ethical issue principles including plagiarism,

misconduct, data fabrication and/or falsification,
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cy. etc. have been completely observed by the au-
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Research on Burden of Disease of Alcohol-Attributable
Malignancy of the Resident in Guangzhou

Yu Liao, Zan Jiang, Qin Gu, Yuantao Hao
Sun Yat-sen University School of Public Health, Guangzhou 510080, China

Abstract: Objective: To estimate the burden of disease (BOD) of 2008 Guangzhou residents alcohol use
related malignant neoplasm (oral cavity pharynx cancer, oesophagus cancer, colon and rectum cancer,
liver cancer). Methods: DALYs and human capital methods are used to assess BOD of 2008 Guangzhou
residents alcohol use related malignant neoplasm, which are based on the data of mortality, incidence and
the survey of alcohol use status. Results: The BOD caused by the four kinds of malignant neoplasm above
are 9033.86 DALYs due to alcohol use, The indirect economic burden of disease(EBOD) of the four kinds
of malignant neoplasm attribute to alcohol use is 0.37 billion yuan. Conclusion : The BOD of the four kinds
of malignant neoplasm attribute to alcohol use is majority because of premature death. Reduce the rate of

drinking will reduce the BOD caused by alcohol use.

Key words: Malignant neoplasm; burden of disease; alcohol use
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Quantitative Estimating the Disease Burden of
Adult Cancers and COPD Attributable to
Tobacco Smoking in China
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Abstract: Objectives: To estimate the accumulated health hazards attributable to tobacco smoking in China in
2007, through quantifying the disease burden of cancers and chronic obstructive pulmonary disease (COPD) in
adults caused by smoking. Methods: Indirect method, based on local epidemiological evidence and national vi-
tal registration data, was used to estimate both the tobacco-attributable deaths and disability adjusted life years
(DALYSs) of cancers and COPD. Results: Tobacco smoking caused about 203 922—234 415 caners and COPD
deaths in adults, and the loss of 2. 42— 2. 79 million years of healthy life attributable to tobacco smoking in
China in 2007. Among middle-aged males, 28. 6% of deaths for cancers and COPD were attributed to tobacco
smoking, and 3.8% of deaths in females, on significant difference among urban and rural areas. Overall,
21. 2% of deaths for cancers and COPD in middle-aged adults were attributed to tobacco smoking in 2007,
Conclusions: The disease burden of cancers and COPD caused by smoking is serious in China even absent in

some vital registration data. The serious accumulated hazards foreshows the health outcomes attributable to to-

bacco smoking are outstanding in China. Measures of controlling the tobacco epidemic are urgently needed.

Key words: Accumulated hazards; DALY ; disease burden; tobacco smoking

1 Introduction

As one of the ten leading risk factors that ac-
counting for more than one-third global mortality,
tobacco consumption responsible for the fourth
cause of global disease burden, and the third of de-

veloping countries with low mortality”

. Compara-
tive risk assessment (CRA) project, undertaken

by World Health Organization (WHO) , estimated

Received : 2014-08-07 ; Revised: 2014-09-25

that in 2000, approximately 4.83 million deaths
worldwide were due to smoking., accounting for
12% of global adult mortality. Of these deaths,
2.41 million were in developing countries?. The
toll will double in 20 years unless available and ef-
fective interventions are urgently and widely a-
dopted™.As the world’s largestproducer and con-
sumer of cigarettes, China bears a substantial pro-
portion of global burden of smoking-related disea-

ses and deaths, it will have catastrophic effects in
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the 21* century as most other causes of death are
likely to continue to decrease and the effects of to-
bacco to increasel”.WHO reported that nearly one
million Chinese smokers died from smoking-related
diseases in 2000, and two million annually by 2020
if the number of smokers continues to grow at
present rates” .

In the United States the mean daily cigarette
consumption per adult were 1, 4 and 10 in 1910,
1930, and 1950, after which it remained fairly con-
stant for a few decades, this similar pattern was
repeated in Chinese men 40 years later (in 1952,
1972, and 1992 respectively)* Indeed, the daily
cigarette consumption per adult in China increased
continuously from approximately 13 in 1984 to 16
in 20032, From 1984 to 1996, the age of smok-
ing initiation declined approximately 3 years for
both men and women™" . Although the high smok-
ing prevalence especially among males decreased a
bit but not stable®®'. The sales volume of ciga-
rettes has grown steadily since 1981"%. Peto et al
said that in countries such as the United States or
the United Kingdom, where men have been smok-
ing for so long that the male epidemic has approxi-
mately reached its maximum level""*]. If the health
effect attributable to tobacco of United States
reached its highest level in 1984 —8 when the na-
tional data of deaths attributed to smoking were
prospectively obtained after decades of lifelong

smoking of current smokers®

»and the retrospec-
tive proportional mortality study of Liu et al as-
sessed the hazards at an early phase of the growing
epidemic of deaths from tobacco in China during
1986 — 8%, Meanwhile considering the powerful gov-
ernmental policies, non-government organization’s ad-
vocating and multi-sources funded programs on to-
bacco control carried out basing on the experience
of developed countries in recent years, which will
undoubtedly weaken the epidemic of smoking in
China and shorten the delay between cause and full
effect, we boldly assume that we have entered the

intermediate stage of epidemic of deaths from to-

1%

bacco in China.

CRA project has assessed the global disease
burden attributable to smoking in 2000, in which
mortality statistics from WHO’s Global Burden of
Disease (GBD) database as well as relative risk
from Liu et al were used in the assessment of that
in China .

systematical studies with local nationwide data.

However there is lacking of similar

Importantly, over the years some of the conclu-
sions may have changed, as the year of cigarette
smoking prolongs and disease or death patterns e-
volves, the study of re-estimating disease burden
attributable to smoking, basing on improved epi-
demiological evidence and nationwide data, seems
to be urgently needed.

In this paper, we applied indirect method, de-
veloped by Peto et al''®, to estimate the accumula-
ted hazards of adult (aged 35 — 69 years) cancers
and chronic obstructive pulmonary disease (COPD)
attributable to smoking by sex in different region
(urban-rural) of China in 2007, According with the
CRA methodology, we selected both premature
mortality and disability adjusted life years (DALY's)
as our indicators to assess. The DALYs is a summa-
ry measure of population health that combines in a
single indicator years of life lost from premature
death (YLLs) and years of life lived with disabilities
(YLDs)M% . Local epidemiological evidence and na-
tionwide vital data from China itself were used wher-
ever available.

There are many uncertainty factors that inevita-
bly challenge the reliability of the consequences, de-
spite the representative nationwide epidemiological
and vital data, and evidence-based data from WHO
were utilized in this paper, we addressed this issue
by providing uncertainty analysis reported with the

959% intervals for expected deaths.

2 Methods

2.1 The calculation of population-attributable frac-
tions (PAF)

In developed countries, cigarette smoking be-
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came popular during the first half of the twentieth
century, but the main increase in tobacco deaths
has been seen during the second half of twentieth
century,’ namely, there is a long delay between
cause and full effect, especially cancers and COPD
attributed to smoking. It’s also reflected in the es-
timates of risk reversal after smoking cessation in
CRA project, which between 5 and 10 years after
cessation the risks of COPD and lung cancer were
halved"® . Therefore the current smoking prevalence
alone is an insufficient indicator of accumulated
risk from smoking™ "' Peto et al''™ proposed the
smoking impact ratio (SIR), which using excess
lung cancer mortality of a population over never-
smokers, as a marker for accumulated smoking
risk. The SIR is substituted for smoking preva-
lence in the calculation of PAF of smoking attrib-
utable risks for cancers and COPD. The SIR was
calculated as follows:

SIR = S Nue (D

Slf(‘ - J\] Ij(‘

Where C, is the age-sex-specific lung cancer
mortality rate in the study population, N ¢ is lung
cancer mortality rate for never-smokers in the
same population, S/ andN /- are the lung cancer
mortality rates for smokers and never-smokers,
respectively, in a reference population. The PAF

formula is:

1
1+ P(RR—1)

Where PAF is population-attributable fraction

PAF =1 (2

within an age-sex-specific population, P is smok-
ing prevalence within an age-sex-specific popula-
tion, here is replaced with SIR, RR is the relative
risk of disease.
2.2 Data sources

In the calculation of SIR, we used the Ameri-
can Cancer Society Cancer Prevention Study phase
I (CPS-11) as the reference population, the S/¢
andN . are the lung cancer mortality rates for
smokers and never-smokers from CPS-1II respec-

2,15]

tively*>"', The CPS-1I is a prospective study of
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smoking and death in more than one million Amer-
ican aged 30 years and older when they completed a
questionnaire in 1982, with the latest follow up in
1998 Which was one of the few studies of smok-
ing and cause-specific mortality undertaken when
the full effects of the smoking epidemic were ap-
parent, especially for men"'® . In response to the
criticism about the lack of empirical evidence for
confounding correction, CPS-11 data was re-exam-
ined with adjustment for potential confounders,
however, the results showed that the deaths
caused by smoking are not substantially altered by
adjustment for behavioral and demographic factors
associated with smoking™®’, on which lung cancer
mortality rates are considered to be robust.

In our study, the region-sex-specific mortality
data in 2007 were obtained from the Minister of
Health Vital Registration (MOH-VR) system of
China'®!, which currently covers 41 urban and 85
rural centers, accounting for roughly 8% of the
national population™ .

The region-specific lung cancer mortality rate

for never-smokers in the study of Liu et al™®

was
directly selected as the N ;¢ in the equation 1. The
study of Liu et al is a retrospective proportional
mortality study of one million deaths who had died
during 1986 — 8 in 24 urban and 74 rural areas of
China, with the aim to assess the disease hazards
from tobacco in China'. They concluded that the
different non-smoker lung cancer mortality rates in
China are largely a result of patterns of household
energy use and ventilation conditions in China over
the past few years'®'*) Unfortunately, the house-
hold use of coal and biomass, not only in rural but
in urban, have not yet much changed®', so we
considered that the lung cancer mortality rate for
never-smokers from Liu et al'are still suitable for
the estimation of disease burden attributable to
smoking in 2007,

As the passage of years with continued smok-
ing, the accumulated hazards of cancers and COPD

attributed to smoking would certainly increase,
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and the RR completely from Liu et al in 1986—8 ¢
no longer appropriate. Lam et al undertook a large
case-control study in 1998, in which 27 507 dead
cases (81% of all registered deaths) and 13 054
live controls aged 35 years and older were includ-
ed, the past smoking habits of cases were sought

from the death registers'?"

. Considering the high
urbanization in Hong Kong, and the quite low
smoking prevalence among females in China, we
selected the RR among males from Lam et al*as

the calculation of males. PAF in urban region in

Table 1

1%

our study, and the RR among females were ob-
tained from Liu et al. By the same proportion of

RR among males from Liu et al in urban region"*

to that from Lam et al in whole Hong Kong™', we
adjusted the RR among males in rural region in our
study based on the corresponding RR from Liu et
al' Disease outcomes related to tobacco smoking.,
the age-sex-specific RR of urban and the adjusted
age-sex-specific RR of rural, as well as95% confi-
dence intervals (CI) used in our calculation liste-

din table 1.

Disease outcomes related to tobacco smoking and the region-sex-specific RR (95% CI) *

Disease outcomes

Urban Rural

(ICD-10 codes) Males (95% CI) * Females (95% CI) ¢ Males ¢ Females (95% CI)¢
Lung cancer (C33-C34) 4.99 (4.00—6.22) 3.24 (3.12—3.36) 4.30 1.98 (1.74—2.22)
Oesophagus cancer (C15) 7.89 (4.49—13.88) 1.65 (1.49—1.81) 6.01 1.28 (1.10—1.46)
Stomach cancer (C16) 1.72 (1.24—2.38) 1.30 (1.20—1.40) 1.71 1.13 (0.99—1.27) f
Liver cancer (C22) 1.56 (1.26—1.92) 1.49 (1.37—1.61) 1.58 1.12 (0.96—1.28) f
Pharynx cancer (C10—14) 1.94 (1.52—2.48) 1.68 (1.54—1.82) 1.82 1.39 (1.10—1.68)
Bladder cancer (C67) 1.94 (1.52—2.48) 1.68 (1.54—1.82) 1.82 1.39 (1.10—1.68)
Other cancers (rest of C00-D49) 1.25 (1.04—1.51D) 1.17 (1.11—1.23) 1.38 0.95 (0.83—1.07)
Chronic obstructive pulmonary disease (127-128, J40-J44)¢ 3.84 (2.58—5.26) 2.51 (2.41—2.61) 3.45 1.50 (1.38—1.62)

2The adults aged 35—69 years were involved in this study.
bCome from Lam et al(23J,

¢Come from Liu et alt],

ue is close to 1 and potential underestimation.

The population data were obtained from 2007
national sample survey on population changes. A
total of 1.19 million people, accounting for 0.907
per thousand of nation population, were selected
with stratified multi-stage systematic Probability
Proportion to Size (PPS) cluster sampling methods
from 31 provinces, autonomous regions and munici-
palities of China. The data do not include the popula-
tion of Hong Kong Special Administrative Region
(SAR), Macao SAR, and Taiwan province?*’.

2.3 DALYs
The DALYs,

YLLs are calculated as fol-

ICD-10: International Classification of Diseases and Related Health Conditions, 10", RR : Relative Risk. CI: Confidence Interval.

dAdjusted by the same proportion of RR among males from Liu et al in urban region *1to that from Lam et al in whole Hong Kong'?' ba-
sing on the RR from Liu et al in rural region™®!. The 95% CI of RR were not provided.
¢Includes pulmonary heart diseases and chronic lower respiratory diseases.

f Although the lower confidence interval is less than 1, the deaths of those diseases among rural female were calculated, considering the val-

IOWDG. 22] .

DALYs = YLLs + YLDs (3)
YLLs = N + L (4)
Where N is the number of deaths due to

smoking for given age and sex, L is the standard
loss function in years for given age and sex, which
in terms of the life expectancy at various ages of
China in life tables for WHO member states in
2007, Each death is assigned to one of age
groupings for given sex, and the midpoint of the

age group is taken as the average age at death for

every person in that group. Considering the hard-
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ness to accurately obtain the incidence, disability
weight and disability duration in the YLDs calcula-
tion required, we used the YLDs-to-YLLs ratios

[27]

method for calculating YLDs"*", the formula de-

scribed as below:

YLDs= YLLs(YLDs /YLLs") (5)

Where YLDs’ and YLLs  derive from the re-
vised GBD 2002 estimates on WPRO-B (by popu-
lation, China makes up more 85%) respectively by
age, sex and cause groups®.To consist with the
WHO GBD and CRA project, 3% time discounting
and non-uniform age weights were used in calculat-
ing DALYs. The attributable fraction of morbidity
due to smoking was assumed to be the same as
mortality for all cancers and COPD™,
2.4 Uncertainty analysis

Monte Carlo simulation technique, which con-
sists on assigning probability distributions to mod-
el variables that involve risk and then generating
random numbers based on those distributions, was
used to present uncertainty ranges around point es-
timates reflecting the main sources of uncertainty.
The @ RISK software version 5 for Excel "1 al-
lows multiple recalculations of a spreadsheet. We
defined the RR and the mortality as the input vari-
ables, the deaths and DALYs as the output varia-
bles. For the input variables we specified a log-
norm distribution for the RR and normal distribu-
tion for the mortality. For each of the output varia-
bles, 95% uncertainty intervals were calculated
bounded by the 2.5™ and 97. 5™ percentiles of the

1000 iteration values generated.

3 Results

The quantitative estimates of disease burden
attributable to tobacco smoking are summarized in
table 2, 3 and plotted in figure 1—2. As the indica-
tor of accumulated hazards caused by smoking, the

attributable deaths and DALYs of cancers and
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COPD in adults were calculated by age, region and
sex in our study. Tobacco smoking caused an esti-
mated 211 877 deaths in males (94.7%) and 11
877 in females (5.3%), 88 691 deaths in urban
(39.6%) and 135 063 in rural (60.4%) in China in
2007. Similarly, about 2.6 million (94.4%) DA-
LYs in males and 154 530 (5.6%) in females, 1.1
million (38.6%) DALYSs in urban and 1.7 million
(61.4%) in rural were attributable to tobacco
smoking. Among males, the tobacco-attributable
deaths and DALYSs in rural accounted for more than
that in urban, and inversely in females (table 2).

Whether for the cancers, COPD or the combi-
nation, the mortality caused by tobacco smoking a-
mong rural males far exceeded that among other
groups (figure 1). Totally, of 77.9% tobacco-at-
tributable deaths, 60.5% DALYs caused by canc-
ers, and 22.1% and 39.5% caused by COPD re-
spectively, which also means the longer sick state
among patients with COPD.

The uncertainty analysis revealed that be-
tween 2.42 and 2.79 million adults DALYs of
cancers and COPD were attributable to tobacco
smoking in China in 2007, among which 0. 93 to
1.09, 1.40 to 1.77, 2.27 to 2.70, and 0.11 to
0. 17 million in urban, rural, males and females
respectively (table 3).

Table 2 and figure 1 presented the absolute
data of tobacco-attributable deaths, but the situa-
tion would change if compared with all the deaths
for the same diseases in the same period and same
groups. The proportion in figure 5 indicated that
the urban males accounted for the most of the
deaths, and roughly the same among urban and ru-
ral. Among middle aged males the death propor-
tion of cancers and COPD caused by tobacco smok-
ing was 28.6%, and 3.8% among females. Over-
all, 21. 2% of deaths for the cancers and COPD in
adults aged 35—69 years were attributed to tobac-

co smoking in China in 2007.
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Table 2 Premature deaths and DALYs attributable to tobacco smoking, China, 2007
Rural Total
Sex-specific diseases

Deaths DALYs Deaths DALYs Deaths DALYs
Males
Lung cancer 36 329 325 449 35 034 319 698 71 363 645 147
Oesophagus cancer 16 174 149 888 34 969 304 805 51 143 454 693
Stomach cancer 4 785 44 827 10 922 100 093 15 707 144 920
Liver cancer 7 396 87 463 13 802 169 807 21198 257 270
Pharynx cancer 996 11 830 1553 18 725 2 549 30 555
Bladder cancer 400 3681 394 3917 794 7 598
Other cancers 1330 13 824 1 846 21292 3176 35116
COPD 14 148 337 993 31 799 690 306 45 947 1028 299
Total burden of males 81 558 974 955 130 319 1628 643 211 877 2 603 598
Proportion (%) 38.5 37.4 61.5 62.6 100.0 100.0
Females
Lung cancer 4 007 44 059 1783 20 738 5790 64 797
Oesophagus cancer 231 2 298 458 4721 689 7 019
Stomach cancer 273 3 326 299 3 388 572 6 714
Liver cancer 525 6 333 265 3 342 790 9675
Pharynx cancer 94 1 344 82 1104 176 2 448
Bladder cancer 25 240 21 284 16 524
Other cancers 205 2 651 0 0 205 2 651
COPD 1773 30 639 1 836 30 063 3 609 60 702
Total burden of females 7133 90 890 4 744 63 640 11 877 154 530
Proportion (%) 60.1 58.8 39.9 41.2 100.0 100.07
Total burden 88 691 1 065 845 135 063 1692 283 223 754 2 758 128
Proportion (%) 39.6 38.6 60.4 61.4 100.0 100.0

COPD: Chronic obstructive pulmonary disease. DALYs: Disability adjusted life years.

Table 3 The summary of uncertainty analysis of deaths and DALYs attributable to tobacco smoking, China, 2007

Males
Deaths
DALYs
Females
Deaths
DALYs
Total
Deaths

DALYs

Urban

74 500—85 794

870 823—1 027 875

6 224—7 677

70 217—107 128

80 442—94 022

929 046—1 093 946

Rural

116 306 —138 760

1360 579—1 709 735

4 104—5 296

40 847—92 407

122 282—141 870

1401 086—1 767 663

Total

197 844 —217 627

2273 813—2 696 383

10 619—12 204

114 660—174 341

203 922—234 415

2 417 632—2 788 135

DALYs: Disability adjusted life years.
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The proportion of tobacco-attributable deaths to total deaths of cancers

and COPD in adults aged 35— 69 years by region and sex, China, 2007

4 Discussion

The updated evidence shows that tobacco
smoking are causally related to cancers, cardiovas-
cular diseases, respiratory diseases, reproductive

effects, and other effects™"

. In the calculation of
CRA project, cancers, COPD, tuberculosis, other
respiratory diseases, stroke, ischemic heart dis-
ease, other vascular conditions and other medical
conditions were included”. We selected, in this
study, cancers and COPD as the target outcomes
to estimate the accumulated hazards attributable to
tobacco smoking. Some malignant neoplastics have

presenting obvious decline in mortality, while the

morbidity and mortality of cancers ecological envi-
ronment and lifestyle-related shows sustained in-
creasing over the decades in China. Among these,
lung and breast cancer registered the highest in-
crease of 465 percent and 96 percent in the past 30

[31]

years, respectively Cancers have become the

leading cause of death among Chinese adults™?,
and lung cancer has replaced liver cancer to become
the top killer among malignant neoplastics in Chi-
na™“_ A large, population-based survey found that
COPD is prevalent in individuals aged 40 years or
older in China, the overall prevalence of COPD
was 8.2% (men, 12.4%; women, 5.1%),
Western prospective studies, when the health

effects attributable to tobacco reached its peak,
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showed that the relative risk of smokers to non-
smokers for COPD ranked the 2™ following the
[2.15:3¢35] “ COPD 1is a leading cause of

mortality worldwide, and is estimated to be the

lung cancer

third most common cause of death by 2020%% . The
steady increase of cancers and COPD in morbidity
and mortality foreshows the health outcomes at-
tributable to tobacco smoking are outstanding in
China.

The rational selection of RR is very important
in the estimation of disease burden attributable to
risk factors. There were several case-control stud-
ies'®? and prospective studies””*! based on all
death cause in local setting of China. The studies of

17 and Chen et al* were carried out in

Yuan et a
middle-aged men in urban Shanghai, China, and
the time of research was during the late 1980s and
early 1990s, which closed to that of Liu et al®®.
The sample size in the study of Liaw et al in Tai-
wan P was limited. The study of Niu et al®™did
not provide the available data of relative risk in de-
tails, which just listed the rough classification of
neoplastic, respiratory and vascular etc. in their
paper. Fully considered the sample size and the
time of study, as well as the quite low smoking
prevalence among females in China, the RR from
Liu et al'and Lam et al " were finally used in our
study.

The results of our study suggested that the
death proportion of cancers and COPD caused by
tobacco smoking, in middle-aged adults, was
28.6% among males, 3.8% among females,
22.9% in urban and 20. 2% in rural, respectively,
which reflect the distribution characteristics of
smoking prevalence over two decades in China"*'?,
Hong Kong has for the past few decades been the
urbanized and westernized Chinese city, which cig-
arette consumption in men reached its stability 20
years later than the United States, 20 years ahead
of mainland China®!.The RR of males from Hong
Kong in 1998 used in this study would lead to some

overestimation. Comparatively, the disease burden

1%

would be underestimated among females as the RR
in 1986—8 in China was used. In total, 21.2% of
deaths for cancers and COPD in middle-aged adults
were attributed to tobacco smoking, which seems
to be more factual after counteraction even non-e-
quivalent. In 1955 about 21% of all US male
deaths in middle age were attributable to smoking,
and increased to 34 % by 1975. Among Hong Kong
men in 1998 about 33% of the deaths in middle age
were attributable to smoking™. Epidemiological
evidences in mainland China showed that by 1990
smoking caused about 12—13% of Chinese mortal-
ity in middle-aged males and 3% of deaths in fe-
males™®*™ . In Taiwan, 13.9% of total deaths in
men age 40 and older were attributable to cigarette
smoking in 1994. Although only cancers and COPD
were estimated in our study, we presume the peak
period of deaths attributable to tobacco smoking in
China, especially in males, will start 10 years late.
To substantially limit national tobacco deaths, any
measures to make the smokers stop doing so and
discourage non-smokers, especially the young peo-
ple, from starting are desperately needed.

One limitation in our study is the usage of sec-
ondhand data. The risks of smoking in relation to
disease would undoubtedly increase over time, and
updating the risk estimates is needed. We used
published literatures of local studies depend on the
availability and suitability to estimate the disease
burden attributable to tobacco smoking in 2007,
the deviation is inevitable. In addition, the indirect
method used in our study is obviously crude™ , de-
spite it has well controlled the uncertainty for the
instability and insufficiency of smoking prevalence
in the calculation of PAF to a certain extent. The
mortality data in this study were obtained from the
Chinese vital registration system administered by
the Ministry of Health which is incomplete and
they are not made publicly available at all"'", For
example, only pulmonary heart diseases and chro-
nic lower respiratory diseases were included in the

estimate of COPD, oral, larynx, pancreas, breast
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and cervical cancer were absent, all which would
lead to underestimation. As a result, the absolute
value would have been affected, but the impact of
proportion and comparison was small. Therefore,
we should be careful to extrapolate the results for
the apparently precise figures should difficult to be
guaranteed.

For the limitations mentioned above, we con-
ducted uncertainty analysis on these estimates to
attempt to quantify them. Although the other
types of uncertainty are difficult to capture, and
the reliability, timeliness and accuracy of data are
undoubtedly the most important. China, with 20%
of the world’s population, smokes 30% of the
world’s cigarettes. The growing epidemic of pre-
mature death from tobacco will be great. Hence,
nationwide, reliable and representative epidemio-
logical studies on premature death attributable to
smoking at different epidemic stage are strongly
recommended. Of course, the continuous accurate
monitor of risk behavior of smoking, and vital reg-
istration are also urgently needed.

DALY is the integrative index of disease bur-
den assessment WHO recommended, which not
only considers the potential years of life lost due to
premature death but also the equivalent years of
“healthy” life lost due to illness or injury. We used
the DALY's to comprehensively estimate the lost of
healthy life years caused by tobacco smoking, a-
bout 2. 76 (2.42—2.79) million DALYs in combi-
nation of cancers with COPD were attributable to
tobacco smoking in China in 2007. But there are no
familiar or comparable studies among other risk
factors in China, the DALYs itself can not solve
any problems. We suggest in China establishing a
professional organization or group with experts in
different disciplines, to carry out the research of
disease burden attributable to risk factors with uni-
form comparable methods and all related health
outcomes involved. Under the comparative quanti-
fication of health risks, the government can better

determine the disease control priorities, so that the
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inexpensive but powerful health intervention will

be implemented.
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