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ABSTRACT

Purpose: The main tocus of this study is to explore the relationship between body mass
index (BMI) as a reflection ot obesity, its associ  on with chronic discase, health
servicees utilization and its impact on direct costs to the health system, in the provinee of
Newtoundland and Labrador.

Methods: In asccondary analysis ot the provincial — mponent of the Canadian
Community Health Survey version 1.1 (2000/01), su ¢y records for respondents aged
20-64 (n=2345) were linked to provincial physician and ho italization data in order to
obtain objective measures ot ngitudinal health serv 25 ut zation. Regression models
were used to examine whether BMI level was an indi - endent predictor of tamily
physician (GP) visits, hospitalization and costs.

Results: Of the study sample 37%, 39% and 7% and 6% werce classified as normal,
overwcight, obese, and morbidly obcese respectively. The obese (including morbidly
obese) were more likely to report having scrious chronic conditions after adjusting tor

¢ and gender. Analyscs identitied the morbidly obese group (BMI > 35kg/m”) as
having a significantly higher number of GP visits over a S5-year period when compared
with the normal weight group (BMI 18.5-24 9kg/m”), [median 22.0 vs. 17.0, p<.03], and
as havir  significantly higher average costs of GP (p<.001) and sp alist servic
(p<.05). Controlling tor number of chronic conditions and other covariates, being
morbidly obese remained a s _ ificant independent predictor of tamily physician visits (p
<.001) and total physician costs (p < .01), but was not a predictor of hospitalization.
Conclusions: Morbid obesity is independently associated with ine ased GP utilization
and total physician costs but not with hospital utilizat n. Some tuture health
promotion/education and weight loss interventions should be targe 1 at this high-risk
group; however a population health proach must be « - seloped in order to have an

impact on the prevalence of obesity in this population.
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CHAPTER 1 Intro iction

1.1 Introduction

In 2005, most industrialized countries spent on average 8.6%  their Gross Domestic
Product (GDP) on healthcare services. During this time Canada spent 9.9% compared to
7.7% in the United Kit - lom, 10.1% in France, and 15% in the United States. In most of
these countries, the proportion of GDP spent on heal  care has been rising steadily since
the 1980°s and continues to  ¢. Similar trends have been noted in Germany, Australia
and New Zcaland. The main drivers ot increased expenditure in] - Itheare include new
technologics, drug therapies and increasing consumer demand or utilization.! Within
these expenditures, a large proportion is directed towards the inc  asing prevalence of
chronic illness and its management.”

In 2007, according to the Canadian Institute for Health Information (CIHI), an
independent pan-Canadian, not-for-profit organization, total healthcare expenditure by
use of tunds was categorized as follows. The majority of public ¢ enditures were
directed towards: hospitals (28.4%), physicians (13.4%), drugs (10.4%), and other health
professionals (10.8%) while the - 1ainn tunds were directed towards < Hital, public
health, administration and ot institutions.’

Chronic conditions have been identitied as a key challenge for healtheare in the 217
century. According to the World Health Organization (WHO), chronic discases are the
major cause of death and disability worldwide and are reaching epidemic proportions in
both developed and underder  oped countries. Non communicable discases have

surpassed communicable discases in developed coun s as the most serious problem for









enlighten policy-makers as to what factors determined whether @ individual would seck
health scrvices and, was me 1t to guide the development of policies to increase health
services utilization in certain sub-groups, given that cost was not the concern that it is
today.”

Andersen’s initial model was later moditficd by many other researchers, but the most
commonly used adaptation was by Andersen & Nev 1an and published in 1973.% This
model suggests that in the context of a particular Environment and Health System, hea
services utilization is determined by Population Cha  teristics classitied as three main
types: predisposing factors, cnabling tactors and need tactors. According to the author, in
order tor the use of health services to take place (1) an individual must be predisposed to
receive medical care (2) there must be in place enabling conditions that allow the
individual to obtain health services and (3) the individual must pereeive a need tor these
services. Predisposing factors include variables such as gender, age and social status.
Enabling tactors include conditions that tacilitate or inhibit the use of physician services,
¢.g. the distance to the health centre, the type of municipality, wo  ng time, family size
and hcalth insurance cover, .M :d v, bl u the presen or absence of chronic
discascs, disability days, illness conditions and psyc  logical well-being. According to
this model a combination of these factors influences  individual’s Health Behavior or
more specifically their use of health services.® More  cently, personal health choices
have been included in the use of health services (¢.g., the decision to take part in

. .. . N Q
screenit  nitiatives for cancer).






example fruits and vegetables are important components of a healthy dict. Accumulating
evidence suggests that they could help prevent major diseases such as cardiovascular
discases, and certain cancers, principally of the ¢ estive system. Low intake of fruit
vegetables is estimated to cause about 19% of gastrointestinal cancer, 31% of ischemic
heart disease and 11% of strokes worldwide. Approximately 2.7 million deaths annually
are attributable to low fruit and vegetable intake across the globe.”’ Excessive overweight
or obesity is another important risk factor for the development of chronic discases,
namely those associated with cardiovascular diseases, diabetes ar musculoskclctal
discases. Over the last 30 years, using body mass index (BMI) as a reflection of excess
weight, therc has been an increasc in adult obesity from approximately 10% in 1975 to
20% - 30% in 2005 in most developed countrics. " The current study will focus on
whether obesity as a risk factor for the development of chronic di - 1scs plays arolc in
increased utilization ot health services.

The word “obesity" is derived from the Latin “obesus” meaning “very fat.

According to the WHO, obesity is characterized as excessive body fat or adipose tissuc or

an increased body weight beyond skeletal and physical standards as the ult of an
excessive accumulation of fat in the body. More than two times the normal weight is
considered to be obese.'? Obesity is a complex disorder of endocrinological, genetic and
environmental aetiology. Excess adipose tissue incre — es the work of the heart, alters
pulmonary, endocrine and imnu Hlogical functions and may result directly in obstructive
sleep apnea, osteoarthritis and psychosocial dystunction. Enlarged fat cells increasc the

seeretion of inflammatory and coagulation molecules, and may cause increased risks o t
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diabetes, gallbladder discase, high blood pressure, hyperlipidemia, liver discase, coronary
artery disease, cerebrovascular discase, and certain types of cancer. 2167

There are a varicty of methods for assessing an individual’s body fat and these wi be
discussed in Chapter 3. The current study uses BMI as a reflection of excess body weight
and will be discussed in the following section. BMI is the most commonly used non-
invasive method for classitying body weight associated with health risk in population
studies. BMI is calculated by dividing the weight of an individual in kilograms by the
height of an individual in m ¢ squared (kg/m”). BMI correlates strongly with direct
measures of fatness or adiposity (r = 0.82-0.91) in adults.™  MI is endorsed by the
WHO, the International Obesity Task Force (IOTF) and Health Canada as a retlection of
body fat, and has become an aceepted index for international comparisons at a population
level. The current recommendations for BMI classitication in Canada are the same as the
standardized WHO classification ot BMI: underweight (<18.5), normal weight (18.5-
24.9), overweight or preobese (25-29.9), obesity class 1(30-34.9), obesity class [ (35-
39.9) and obesity class 11 or morbid obesity (240). For the purpose of this thesis due to
the small number of individuals classitied as class 11 or morbid obesity, obesity class
and obesity class Il were combined and described as morbid obe

BMI can be calculated using cither self reported heights and v ghts or measured
heights and weights. The analysis in this thesis is based exclusively on BMI caleulated
from sclf reported heights and weights. Caleulating BMI using the measured height and
weight approach  n provide amore ace atedc 1) onotfwe” ''s  usin the

population, however it is costly to obtain and not always teasible for population studics.



Studics using the measured height and weight apprc —h have been limited, due to the ick
of the measured data in Car .a and in many other ¢ mtries. When conducting
population studies, estimating BMI based on self reported heights and weights is often
the only method available.

A plethora of rescarch suggests that obesity is a health state associated with chronic
discases (e.g., cardiovascular discase, hypertension, cancer, diabetes mellitus), endocrine
and metabolic disturbances  g., insulin resistance, dyslipidemia), debilitating health
problems (c.g., osteoarthritis, gout, pulmonary discases), psychological issues (e.g., social

. . . . .. . . - . . 21
bias, prejudice, discrimination, psychological effects and cating disorders)™ and carly
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death. Obesity is considered to be the second le  ng avoidable cause ot mortality

tfor adults in developed countries. Smoking is considered the first.™

Based on the cstablished relationship between obesity and chronic discasc it s
important to study the impact of increasing levels of BMlon heal — services utilization to
determine whether obesity is an independent predictor of utilization in the healthcare
system or whether the relatic  ship is mediated by chronic disease. Understanding this
relationship may assist policy makers in making eftective resource allocation decisions.

In Canada, over the past two decadcs, there has been a dramat — increasc in the
prevalence of obesity as measured by a BMI > 30kg/m”. Some of the carliest data
published on weight distribution in Canada comes from the  [ealth Promotion Survey
conducted in 1985. This survey was representative of the national population. Based on
self reported heights and weights, 1 authors  orted a prevalence of adult obesity in

Canada of 5.6%.°°



Ten years later, according to the National Population Health Survey conducted by
Statistics Canada in 1994/1995, the sclf reported prevalence of adult obesity in Canada
had increased to 12.7% and the corresponding prevalence of obesity in NL increased to
15.6%.>® The 2005 Canadian Community Health Survey reported that the prevalence of
sclf reported obesity in Canada had further increased to 16% and the corresponding
prevalence of adult « esity in NL had increased to Z., /4. Using measured heights and
weights from the 2004 Canadian Community Health Survey, Statistics Canada reported
24% of the Canadian adult population and 34% of the NL adult population to be obese.”’
Consequently, it would appear that NL is a particularly relevant place to study the
relationship between obesity and its impact on the healtheare system.

Using Andersen’s Behavioral Model of Health Services Utili: ion (1995) as a guide,
the relationship between inc  1sing category of BMI as a reflectic ot excessive body tat,
chronic discase and health services utilization is explored. To this authors knowle:
BMI as a reflection of health status has not been included in the £ dersen model as a
factor that influences cither directly or indirectly the use of health services.”

1.3 Problem Statement

The level of chronie disease 1s increasing in most populations in the world as is the
proportion of healthcare bu¢ s spent on the treatment and man:  ment of chronic
illnesses. Excessive bodywe it or obesity is one risk factor contributing to the
development of chronic discase. Duce to the increasti  prevalence and the large
proportion of people  tected, obie  ty has become a pr ¢ health issi "= The public

health concern oy the increasing  :val e of obesity ts both  dical in terms of
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morbidity and economic in :rms of costs to the he hcare syste . Limitced rescarch has
been conducted to date in Canada on the problem ot adult obesity and its impact on the
healthcare system. Newfoundland and Labrador has e highest provincial prevalence of
obese adults in Canada. In this province, approximately three out of every ten adults arc
obese (BMI > 30), four out of every are overwe 1t (25 <BMI <30) and three out of
ten have a BMI in the normal rar -, which is associated with the least risk ot ill health
(18.5 < BMI <25). Less than 1% arec considered to be underweight (BMI <18.5).

The main research hypothesis in this study is that increas 1 levels of BMI will
impact the healthcare system in terms ot increased utilization and direct cost. The
purpose of this study was to examine and quantify tl ationship between level of BMI,
chronic disease and the impact on healthcare service utilization.

The study sample was representative of the adult population living in
Newfoundland and Labrador in 2001. The following components were measured (i) sclf
reported chronic disease (ii) self reported health service utilization (iii) objective health
service utilization over a five-year period and (iv) an estimate of the associated direct cost
to the healthcare system.

An innovative methodolc  cal approach was undertaken to study these
rclationships. A random representative sample from the Newtoun  and and Labrador
portion of the 2001 Canadian Community Health Survey was used to ascertain the study
population. This sample was linked via a unique ide  fier, the health insurance number,
(the MCP number in NL) to two lor 'tu  nal administrative datab. s, the Medical Care

Plan [MCP] databasc which is the physician claims database and the Clinical Databasc
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Management Sy :m [CDMS] which is the hospital :paration discharge databasc.
Thre these databases, it was possible to obtain actual health service utilization an
dirccet costs for the study sample between1998-2003.
1.4 Rescarch Questions and Objectives

The author of this thesis studied individuals responding to the 2001 Canadian
Community Health Survey. The author examined the relationships between category of
BMI and chronic disease, ¢ ry of BMland :a  services utilization and the
rclationship between chronic dis e and health services utilization. Andersen’s

Behavioral Model of Health Services Utilization was used to guide the research.

The objectives of the study wcre:
1. to determine the factors associated with beir  classified as obese or morbidly

obese

o)

to determine whether increasing category ot BMI is associated with an increase

in the self reported prevalence ot chronic discase

3. todetermincifthere s ificant differences in sclf reported health services
utilization across categories of BMI

4. to determine whether individuals with certain characteristics (e.g., demographics,
health status or litestyle variables) arc more likely to be citl  *obese or morbidly
obese

5. to determine if individuals repor g tl - existence of chronic dise: s are more

likely to be classitied as overweight, obese or morbidly obce




6. to determine if there are significant differenc ; between self reported and
objective measures of physician utilization
7. to determine if there are significant increascs in the usc of objective health
services and associated direct costs with increasing category of BMI (the shape of
the relationship is not known)
8. to ecvaluate using multivariate models the r¢  ive importance of increasing
category of BMI and the level of chronic comorbidity on health services
utilization and direct costs
9. to examine the relationships between obesity, chronic discase and health services
utilization using the Ander: model ot Hea 1 Services.
1.5 Rationale

Provincial governm s in Canada spend al ¢ proportion of their budgets on
the healtheare system. According to data published by CIHI, this proportion varics across
Canada from a low ot 7.2% of GDP in the North West Territories to a high ot 13.3% of
GDP in Prince Edward Island. Newtoundland and Labrador spent 10.9%% of its GDP on
healthcare in 2004.%* With the  aj  offundsbe  d  cted t ¢ dications,
hospital and physician services it is becoming increasingly important for policy makers to
not only have information on health services utilization but to also understand what
factors drive utilization. Due to the considerable evidence that o weight and obesity
are related to the increased risk ot chronic discase, it is suggested that being overweight
and or obese may be a large contributor to increased utilization ot health services and

theretore rising healtheare costs in many countrices.



As a result, studies have been conducted to explore the relationship between (1)

3¢

the level of BMI and health services utilization = 1d (ii) the economic burden placed

39-57 : .
These relationships

on healthcare systems associated with ditferent levels of BMIL
have not been studied extensively in Canada which is surprising  “ven the reported
incrcase in the prevalence ot obesity since the 1980°s.

In onc o ¢ early studics conducted in Canada, researchers performed a
secondary analysis ot the 1994 National Population ealth Survey which was a cross-
sectional survey representative ot the Canadian population. Using multivariate logistic
regression models researchers examined the relationship between obesity and the use of
health services, including medications, comparing it to the non-ol > population. The

authors controlled tor age, sex, marital status, income, level of physical activity and

smoking status in the models. The tindings, based on self reported health services

utilization, and using the previous Health Canada guidelines (which changed in 2003) for

classitying obesity (BMI > 27 kg/m?), indicated that being obese was associated with
increased physician visits. Furthermore, obese respe  dents when compared to non-obese
respondents were more likely to have reported sutfering from a number of chronic
comorbiditics (e.g., diabetes and cardiovascular disorders), to have been preseribed a
larger number of medications (c.g., heart medication, antihypertensive pills, diurctics,
pain relievers for arthritis and back pain) and to have sought out  ental health services.
In contrast, obese respondents had tewer hospital admissions thi  non-obesc

5 31
respondents.



In 2005, the Canadian Institute for Health Information (CIHI), an independent
pan-Canadian, not-for-profit organization published a report based on the Canadian Joint
Replacement Registry. BMI values were available for over 17,000 patients, which
accounted for 65% ot hip and kni - replacements reported in the study. Adjusting for age
and gender, people who were obese (BMI 230 kg/mz) were thre mes more likely to
have received a hip or knee Hint Hlacement, compared to peop — with normal weight.
Overweight individuals (BMI 25-29.9 kg/m”) were twice as likely to have needed a joint
replacement. These findings add support to the link between obesity as a risk factor tor
the development of osteoarthritis, a key diagnosis leading to joint replacement surgery.
addition, the authors reported that being obese increased the necessity tor repeat surgerics
or moditications or replacements of the artificial joints, because the extra weight added
more wear and tear on the individual's prosthcsis."7

It appcars that during a time when obesity is increasing in the population, the
number of joint replacements 1+ also been increasing suggestit — a positive association
between the two. The relationship may be causal; cither the hip or knee problems have
causcd decrcased mobility resultin i incrcased weight gain, or - ¢ weight gain may
have caused the knee and h - problems and subscquently, the number of joint
replacements being perforn |

A number of studies have been conducted outside Canada, exploring the
relationship between obesity and healtheare utilization. Authors conducted a secondary
lysis of the Heal  Survey for England, a cross-:  tional sunv ~des™  ed to collect

information about the health of the English population.”” The relationship between
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obesity and the use ot healthcare services in a population 50 to 69 years of age was
examined. The authors reported an association between obesity (BM1>30 kg/mz) and the
increased use of outpatient services such as sur " :al daycarc over the previous 12-month
period compared to the normal weight group (BMI1 >18.5 and <25), having controlled for
age, gender, smoking status, alcohol intake, socioeconomic status, ethnic groups and
cducation groups. There were no s°  iificant relationships reported between obesity and
physician visits in the pervious 2 weeks or between obesity and the use of inpatient
services in the previous 12 months. The authors did not control for the existence of
chronic discases and did not examine difterent levels of obesity. It may be that a
significant relationship between BMI and increased  ilization of physician and or
hospital services did exist, but only with those individuals classiticd as being morbidly
obese that is with a BM1>35 kg/m”.

In a study in the USA, researchers randomly allocated 506 new patients to
resident tamily physicians and followed their h - * h service utili - ion patterns for a
period of 12 consccutive months.™ Analyzing the findings by BMI classitfication using
measured heights 1 we™ "its, the authors found that ol ¢ patients (BMI ~30 kg,/mz)
comparcd to non obese patients (BM1 <30 kg/mz) had a significantly higher mean
number of visits to both primary care and specialty care clinics,  d had a higher mean
number ot diagnostic services. Cor - ollin - forl lth status, depression, age, cducation,
mcome and sex, obesity remained s ficantly associated with ¢ use of primary care
services and diagnostic services. When the level of  orbidity was controlled for in tl

analysis, obesity was associated with primary care  its only.



A further study limited to women investigat  hcalth services utilization in the
previous 12 months in a pri  ary care sctting. The authors reported that being obesce
(n=83) with a BMI > 30 kg/m” , compared to being non-obese (n=111) with a BMI .30,
was associated with a greater number of diagnoses, contacts with the medical facility
(including telephone contact), the total number of p scriptions ordered and number of
physicians seen.™ Having controlled for the number of diagnoses, BMI remained a
predictor of the number of physicians seen suggesting that the h  ierut  zation of obese
patients is due to the higher level of morbidity.

In a study examining morce than 17,000 er crs of a large health maintenance
organization (HMO) in the United States, secondary analysis was conducted on
computerized databases that included intormation on hospitalizations, laboratory
services, outpatient visits, outpatient pharmacy and radiology services during 1993.The
authors reported that an increase in BMI was assoc ed with more frequent outpatient
visits as well as increased inpatient days, which was most likely 1e to obesity-related
comorbiditics such as hype msion, coronary heart discase and diabetes.!

Associated healthcare costs tor obesity related comorbidities have been estimated
to be between 2-7% of total healtheare spending in - ost industr — ized countries,”” 0
In Canada in 1999, it was estimated that the total dircet healtheare cost of obesity was
over $1.8 billion annually, or approximately 2.4% ¢ the total healtheare expenditures for
all discases in Canada.*

The tindings from many of these studies are consistent at the macro level; obese

. .. 2 ~ N ~ «
individuals (BM1 >30 kg/m~) use more ot “some’ t_ | s of healtheare services when

16






of prior study findings to Canadian populations. Sccond, although other studies may have
used national population ] th surveys to ascertain a sample population, very tew have
focu lon a particular prov cial population. This is important because as the prevalence
of overweight and obesity varies across the country, so does the likelihood of ¢chronic
diseases and the potential reasons tor healtheare services utilization. Among Canadians,
the prevalence of overweight and obesity is the highest in NL. Using National data to
draw conclusions about specitic provinces may not be valid. To overcome this issue, this
thesis used the NL component of the 2001 Canadian Community Health Survey; a
population based cross-scctional survey of randomly selected respondents. Third,
previous studics have not consistently controlled for tactors known to have an impact on
health services utilization. For example, in a study i the United States described earlier
where 506 new patients were randomly allocated to mily physicians and followed for a
period of 12 consceutive months, the authors di not adjust for obesity associated
comorbid conditions such as hypertension and type 11 diabetes in their analysis. The
authors argued that statistically  ljusting tor comorbiditics was i ppropriate as many of
these conditions are intermediates along the causal pathway between increased BMI an
increased health services use and therefore constitute over adjustment.™ The author of
this thests agrees that chronic conditions may be the link between obesity and incereased
health services utilization, but suggests that it may be valuable i terms of policy
development to better understand if obesity on its own is independently predictive of

health services utilization, or whether it is primarily e relations as a risk factor with
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services utilization as a Health Behavior. As well, the study explores the association
between category of BMI and chronic disease, and whether BMI  n its own is identified
as a predisposing or need variable in terms of the model.
1.6 Thesis Outline

Chapter | presented an introduction to the research, a rationale for the study, the
research hypothesis and the specific research questions. Chapter 2 provides an
introduction to the theoretical model used in the thesis and a literature review of the
relationship between obesity and health services utilization. Che  er 3 provides the
context for a stu in obesity including a review of obesity rela  topics, the measures of
obesity and its association with the burden of illness and its epidemiology. Chapter 4
presents a discussion of the methods used in this study including the use of individual-
level data, details of data sources, the data linkage process and the data analysis. Chapter
5 presents the results from the analyses. Chapter 6 ovides a discussion of the findings,
the conclusions and policy implications as well as the study limitations and potential

arcas for future rescarch.



CHAPTER 2 Theoretical [ )del and Literature Review

2.1 Healthcare Utilization

Health services arc part of t zcst seetor of the cconomy and these services
continue to grow. The provision of health scrvices is purported to maintain and improve
the health status of the population.

Utilization of healthcare services can be define by purpose: primary care has to do
with preventive measures of illness; secondary care refers to the process of treatment in
an attempt to return an individual to a previous state of functioning while tertiary care
describes services for acute care health problems such as a ruptured ancurysm or
myocardial infarction as well as for the stabilization ot long-term irreversible illness such
as hcart discasc or diabetes. These services are often provided in large, well statfed,
cquipped facilitics.’

A number of approaches 1 e been developed to help explain an individual’s
decision to access and usc healthcare services. The socio-demographic approach suggests
that variations in healthcare utilization arc related v ibles such as age, sex, education,
occupation, cthnicity, socioeconomic status, income as well as the structure of the health
system and the external environment.  The social-psychological approach scts out to
cxplain factors that influence tt - seeking of care, s ;gesting that three main factors
influence a patient’s decision to seck help: knowledge, beliefs ¢ attitudes concerning
symptoms; attitudes and expectations regarding physicians and health services in general
and a definition of sickness and determination ot't. necessity for sional care. The

orga " ational ap. ach examines the structt ot 2 healthcare delivery system in order
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and has been used to cxplain the utilization of physician services,

and utilization,
ambulatory care, psychiatric care, eme: ncy room care, dental care as well as preventive
services.*" This model has been applied to specific groups such as veterans, the urban
poor, the homeless, Hispanic imm™  ants and the clderly.”®** As well, in Canada, this
modcl has been used to compare the use of emergency room services and services
provided by allied health professionals.****
2.2 Andersen’s Behavioral Model of Health Services Utilization
Andersen’s Behavioral Model of 1lealth Services Utilization (1995) 1s a complex

model. The main purposce of the model is to aid in understanding variables impacting
healtheare utilization in cither a positive or negative manner (Appendix A).” The model
suggests that Health Outcomes defined as perceived and evaluated health status, as well
as consumer satistaction are the result of the intera  on of Environmental factors,
Population Characteristics and Health Behavio A description of the model follows. For
the purposc of the current thesis the outcome of interest is Health Behavior not Health
Outcomces.
2.2.1 Environmental Factors

Environmental tactors describe the con  :t in which utilization takes place and
can be scparated at an aggregate level into two main headings: t -+ health system and the
external environment. Health system variables refer to policies, provider organizations
and the methods of finance. The  ternal environment includes: the cconomy at the time

including the socictal norms and structures found in the population. At an individual

level, environmental factors inclue  mecasures ot tl - community and the provider.




Community variables relate to the geographical locations such as where individuals live
and where they receive healthcare services (e.g., v | versus urban residence). Provider
characteristics relate to the way in which services are provided with a focus on payment
systems. Variables describing the Environment were not directly examined in this study
as there was limited information in the health survey available in this context.
2.2.2 Population Characteristics

Population Characteristics describe three g1 1ps of variables classified under
three main headings: predisposing, enabling and need. The variables found under these
headings have been found to demonstrate an impact the usc of health scrvices.
2.2.2.1 Predisposing Factors

Predisposing factors refer to individual characteristics which create a greater
propensity in some individuals to use more services than others.® These characteristics
are not directly responsible for health:  ice usc but predict either directly or indircctly
utilization. The 1995 model describes tive groups of Predisposing variables:
demographic, social structure, health beliefs, psycho-social attitudes and genetic traits.’

Demographic factors include variables such as age and ¢ ler. These variables
are related to the use of healthcare services.” For example, age ! been found to be a
significant predictor of he:  h services utilization; as age increases so does the likelihood
ot ill-hcalth. Gender is also associated with specitic utilization patterns. For example
women arc much more likely to avail of health services during their reproductive years

65
and through menopause.”



Social structure describes the living conditic s of an individual and provides
some context for their individual choices. Social structure variables consist of variables
such as marital status, family size, residential mobility and occupation and tend to have a
small impact on overall he  h services utilization.”

Health related beliefs ¢ cribe individual attitudes toward healthcare services,
physicians and discase. They also reflect indivi  1al knowledge about illness and the
healthcare system. It is suggested that these factors are important predictors of health
behavior, for example what an individual thinks about health may ultimately intfluence
health and illness behavior. In addition an individual's psycho-social attributes such as
problem-solving and copit  skills are also recognized as significant predisposing

9.66-67 . . . . .
sles. """ More recently, with the advances in the diagnosis and the treatment of

var
genetic diseases, Andersen as recognized the sign  cant role b genctics may have on
health and subsequent service utilization and has st jested that it be included as a
Predisposing variable in the model.” According to Andersen and others, Predisposing
factors are not directly linked to utilization, but are related indirectly through their
relationship with the other Popu  ionand M d characteristics.™”
2.2.2.2 Enablit  Factors

Enabling tactors re - to those variables that represent anine nidual’s ability to
access healtheare services such  income level, he  th insurance and regional access. For
example, in the United States individuals must  ave some form of insurance or pay out-

of-pocket tor health services used.



In Canada, Medicare, the national healthcare system, ensures universal healthcare
coverage for all residents of Canada that is free at the point of entry for physician and
hospital services and as a result it is unlikely that ¢1 >ling varnables play a large role
within Canada in an indivic al’s ability to access thesc particular services.
2.2.2.3 Need Factors

Provided that predisposing and enabling co itions exist, the individual must
have a need in order for the use of health services to take place. Need variables include
health status or measures of illness *” and they arc often described as the most important

9.58.60 : . . . -
" Need can be measured in a variety of ways including:

causc of healthcare utilization.
mcasures of subjective health, restricted activity days or disability days, the presence of
chronic discase, the health  ility index (HUI) which is a derived variable that measures
scveral indicators of physical health such as vision,  Hbility and hearing as well as health
status. Need factors have been shown to be associated with the u  of health services.™”
In the current thesis, Need is operationalized by the total number of self reported chronic
conditions that an individual reports having being diagnosed with by a health professional
as well several indicators of health status.
2.2.3 Health Behavior - Qutcome of Interest

In Andersen’s Behavioral Model of Health Services Utilization, the component
described as health behavior refers to the type and volume ot heal — are service
utilization such as the utilization of services provided by physicians. In the current thesis,

two outcomes of interest were ibed H I 7 havior. These included: (1) self



reported utilization of physician and hospital services (2) objective utilization of
physician and hospital services and associated costs.
2.2.4 Outcomes

More recently, in Andersen’s model (1995), a final category was added describ g
Outcomes associated with healthcare usc. These Outcomes include variables describing
perceived health status, cvaluated health status  1d consumer satisfaction. Perceived
health status is the individual's impression ot the severity of the health issuc
incorporating an individual’s health beliefs, values and attitudes, % and may change
based on changing level of education, illness b avior and expectations of the health
system. Evaluated health needs describe the healtl  -otessional’s clinical diagnosis and
expert advice on what is needed in the provision of medical services. For example
whether further follow-up, treatment or diagnostic testing is required.” Consumer
satistaction refers to how satistied a patient or client is wi  the health service provided
by a health professional and is unique to each individual based on their own sct of
experiences and expectations as well as the cftectiv  ess of the service provided. In the

current thesis the Outcomes described in Andersen’s model was not evaluated.



2.3 Obesity and Health Services Utilization

The prev  ence of overweight and obesity is increasing in most developed
countries and its association as a risk factor tor the  velopment of chronic discases has
prompted rescarchers to examine its impact on the healthcare system in terms of
healthcare utilization and costs.

According to the latest OECD data (2000), the United States when compared to
other developed countries reports the highest preva  ice ot overweight and obesity, and
therefore it is not surprising that many ot the studies assessing the relationship between
obesity and its impact on the healthcare system ha been published using American

24.30,34 30,38 41 ,44-45.68-69 o~ s . .
' 7 Given the difterences in health systems between the United

data.
States and Canada, it is not entircly clear whether the study results are generalizable to
the Canadian population. In Canada, under a national system ot Medicare all residents in
provinces and territorics have universal access to both physician and hospital services
tree at the point of entry. In the United States, access is limited to those individuals
covered by some form ot health insurance with a bias towards those individuals who are
cmployed. As well, several studies assessing the ro - tionship betv n obesity and its
impact on the healthcare system have also been co  ucted in European countries where

e . 33380
the health systems are a mix of private and public  Hvision. '

31, 40-17, 77
and

There s a dearth of literature in this arca to draw upon in Canada.
although the Canadian systemis s larinson  w 'sto Europ n healtheare systems in

its method of public finance, provision and univer  coverage, 1t 1s not known whether

the results of these foreign studies are truly gene  lizable to the Canadran population



given the difterence in culture, illness behaviour, ethnicity and access. These studies have
been conducted in the context of difterent countries, with differe  healthcare systems, on
a varicty of populations with varying age-ranges, ditterent timelines and various
methodologies. Therefore there is a need to conduct regional studies in Canada to
examine this relationship to enst  its genceralizabil 7 to the population and to provide
robust conclusions for the development of policy.
2.3.1 Obesity and Visits to a Primary Care Provider

A number of studies conducted in several ¢ ntries have reported a signiticant
relationship between obesity and the increased use of ambulatory care services and visits
313438, 4144,09.71,73

to a general practitioner (GP). These have included studies that stratitied

32,4570

their study populations by gender, as well as those studies whose focus was women

3

1372 . . . .. . . .
only.” "~ Many of these studies tound a significant relationship between obesity and

increased utilization of GP services, however these  articular studies did not control for
the presence ot chronic diseases.”'™ " It may be tl it is the presence of chronic discase
and not obesity per se that monstrates the direct “ect on the need for healthcare
services and although obesity is a risk factor for the development of chronic discase its
impact may be indirect.

A secondary analysis of the cross-sectional component of the 1994 National
Population Health Survey data was conducted. This longitudinal survey was
representative ot the Canadian population. Based on selt reported information, the

findings indicated that beu sbese (BMI > 27) was associated with incrcased visits to a

GP. The tollowing variables were controlled tor in the regression analysis; age, sex,



marital status, income, level ot physical activity and smoking sta s. The existence of
chronic disease was not controlled for. The prevalence of  ronic co morbidities such as
diabetes and cardiovascular disorders was higher in the obese population compared to 1
non obese population.™

In the study described earlier in Chapter 1, 506 new patients (either obese or non-
obese) at the Davis Medical Centre Primary Care Center, University of California were
randomly assigned to 105 Primary Care resident physicians and their subscquent
healthcare utilization patterns were compared.™ Information was collected on socio
demographics and the heigl : and weights were measured. As well other information was
collected on the use ot medical services during a prospective 12- month period and was
determined by a review of medical records. The authors reported 1at obese patients had a
higher mecan number of visits to both primary care and specialty care clinics, and a higher
mean number ot diagnostic services ordered compared to non-obesce individuals (BMI
<30). The authors reported that  ng obese remain — significantly related to the use of
primary care and diagnostic services atter controlling for health status, depression, age,
education, income and sex. . .ae authors did not adjust tor obesity associated comorbid
conditions such as hypertension or type Il diabetes. ey argued that statistically
adjusting for comorbiditics was inappropriatc as many of these conditions are
intermediates along the causal pathway between increased BMI and increased health
services use and thercfore including them in the statistical model would constitute over
adjustment. The authors inclu asurre  te for comorbid conditions, a variable t'

et of
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comorbidities on self-repor 1 health. Although this study was a prospective study design
in contrast to many of the other studics reviewed, there were several limitations. It was
conducted at a university medical centre with primary care residents, therefore the care
provided and the population serviced may be somewhat different from what is found in
the community. In addition due to the prospective r - ire of the study the resident
physicians were not blinded. 1t is possible that some bias existed in that resident doctors
knowing the documented adverse affects of excess body weight may have unconsciously
seen their obese patients more often and ordered more diagnostic tests tor conditions such
as hypertension, high cholesterol and type 2 diabetes.

In a study on the German population, the authors analyzed responses to the
KORA-survey 1999/2001, a health survey administered to the adult population 25 to 74
years of age in the Augsburg region. The study included 947 respondents. The number of
visits to a GP was analyzed and BMI was based on  easured heights and weights.
Having controlled for sex, age, place of residence, social class and sickness fund which is
a type of health insurance tund tor those individuals employed (- sc variables were
described as predisposing a | enabling variables as per Andersen’s modcel), obese
individuals with a BMI ~ 35 were associated with v re frequent utilization of GP
services compared to norm  weight individuals. Chronic discases were not adjusted tor
in this analysis.”

Studies strat  ed by nder found similar re  Its; in gene | obesity was
associated with increased  1bulatory care, including visits toa 772, hough the results

. 32,45.70 : :
were not always consis - betwe  genders. ¢ Australi: - National Health



Survey was conducted in 1995. Survey responses were available or 17,033 men and
17,174 women older than 20 years ot agc on health-related issucs. Sccondary analysis of
this data was performed. Having controlled ftor age and income, a positive relationship
was reported between BMI based on self reported heights and weights and some
measures of healthceare service use for both men and women. Obese men and women
were more likely to have made a visit to a primary care doctor and obese women only
were more likely to have made a visit to a specialist. Both obese men and women were
more likely to have reported visiting an outpatient clinic in the two weeks betore the
interview.™

Data from the Hcalth and Retirement Study was examined in order to estimate the
cftect of weight class on healtheare use. This study  1s a nationwide biennial
longitudinal survey representative of American adults between 50 and 69 years ot age.
Analysis of the data demonstrated a monotonic  ationship between weight class
measurcd by BMI, based on It reported heights and weights (overweight, moderate
obesity and severe obesity) and an increase in outpa nt healthcare services for women
only. M rclassit  [with: ¢ ol ity we associated with inct  sed outpatient visits
only. No specific services were mentioned. The authors controlle — for socio demographic
factors (c.g., age, race, insurance status, marital stat , education,  uly income, region)
and health risk behaviours (e, current tobacco smoking and heavy alcohol drinking).
The authors stated that the intention was to evaluate the ctiects of varying degrees of

obesity on healthcare use and because increased risk of many chronie discases are related



to obesity, other health conditions or level of gener  health were not considered as
- - 45
factors in these models.

Authors examined data from a prospective cohort study (2001-2003) of non-
institutionalized individuals > 60 ycars of age and older which were representative of the
Spanish population. Having controlled tor age, edu  ion, place of residence, tobaceo
use, alcohol consumption and presence ot chronie discase, the authors found that obesity
based on self reported heights and weights was associated with a — cater number of visits

. .. N 70 . . . N
to a primary care physician, for women only. ™ Other studics considering women found
. 372
similar rcsults.
2.3.2 Obesity and Visits to a Specialist

There were very few studies that examined the relationship between obesity and
its impact on specialist services. For those stud ; referring to outpatient services, the
services provided by a specialist were not described. In a review of the studies published
the relationship between obesity and specialist services was found to be
: : 38.70,74
Iinconsistent.

2.3.3 Obesity and Hospitalization

The relationship between increi 1 BMIand increased v ization of hospital
services such as inpatient admissions, length of stay and resources used while in hospital
is found to be inconsistent. Althor i many authors reported a statistically isignificant

3L 333 IS5 3845.71,72

relationship between obesity and increased hospital — ition, other authors

reported a significant finding that obesity increased the use of hospital

- J1,44.70,.75-77
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Onc explanation for the inconsistent findings of many of these studices is that hospital
inpatient admissions may nc be corrclated with discase prevalence.” Hospital
admissions may be more reflective of the level of s¢  erity (e.g., more acute) and levels
of access. This may be a lin  ation associated with | spitalizatio  studics of this nature
as rates of hospitalization may not be good indicators ot the genceral level of morbidity in
a population but indicative of other determinants.

Having reviewed the studics, it appears that e positive studies were similar in
that they had large sample sizes and primarily examined an clderly population over long
periods of tollow-up. For example in a more recent study in 2006, the authors had
conducted a prospective cohort study of approximately 15,000 men and women who
were in the age range of 45-64 years old in 1972, These survey respondents had taken
part in the Renfrew/Paisley study in Scotland. Follow-up continued until 2004, The
authors concluded that those who were overweight and obesce at baseline had h™ "ier than
expected rates for hospital . mission  d women who were overweight and obese at
baseline demonstrated a u-shaped relationship betw  :n BMI and hospital admission
rates.”

The healthcare uti'  tion patterns of the members of the Kaiser Permanente of
Colorado, America's largest HMO were examined.  1is HMO has an average of 8.4
million members enrolled.  Using a retrospective matched study design, obese
individuals were matched with non-obese individuals by age, sex, outpatient medical
office and the absence of's ¢ ' diagnosis such as p 1ancy. coronary artery discase,

cor stive heart tailure and cardiac ythmia. The healtheare utilization was



determined for these individuals for the previous 12 months. The authors found that
obese individuals had more hospitalizations, prescriptions drugs, professional claims a
outpatient visits when compared to those who were considered normal weight. 44

A study on the First National Health and Examination Survey was conducted in
thc USA between 1971 and 1975 on adults 25 years or older. Follow-Up Surveys took
place between 1982 and 1992 (n=14,407). The authors looked at - M1 classitication and
length of stay in hospital. The authors reported the following results. Individuals with a
BMI > 35 (imodcrate obesity), a BMI between 30 and 34.9 (obese), and a BMI between
25 and 29 (overweight) had inpatient crude length-¢ - stay (LOS) rates greater than those
individuals classitied as normal weight (BMI 18.5 - ~ 1.9). The authors concluded obese
individuals experienced longer hospital stays when compared to those with a normal
weight.*
The Medicare b acticiary Lot “tudinal Survey examined the healthcare
utilization of an ¢lderly population (n= 8,754) betw 65 and 100 ycars ot age. This
study was limited to hospitalization. . .ac¢ authors reported indivi als in the lowest BMI
quintile had a higher risk of hospitalization than those in the mic ¢ BMI quintile.
Underweight, overweight, mild obesity  d modera  to severe obesity were related to a
higher risk of hospitalization when compared to normal weight  lividuals between 65
and 75 years of age. For individuals older than 75 years of age, underweight, overweight

. . . . . L . 4
and mild obesity were not related to a higher risk of hospitalizati s,
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2.3.4 Obesity and Medication Use

Medications constitute a la > proportion ot the direct healtheare costs to any
healthcare system.” As stated earlier in Chapter 1, 0 lications account for 10.4% of total
healtheare spending in Canada.® Theretore, it is of interest to researchers, policy makers
and hospital administrators, especially those funded y global budgets, to better
understand the allocation of funds being spent on n - ications. Given the relationship
between excessive overweight and the increased risk of chronic disease, one might expect
to see more medications being taken by this population. Many of the studies on obesity
and health services utilization examined whether excessive overwe™ it and its association
with chronic discasce influenced the usc of medicatie s, In a review ot several studies, the
results demonstrated that an inercasing number ot medications were taken by the
excessively overweight population when compared to the normal weight population and
these medications were often associated with the existence of chronice diseases such as
hypertension or high cholesterol, *!231-354144.7374

The current thesis was not able to collect inf - mation on medication use, as there
were no questions on medication usce included in the health survey. As medications are a
large proportion of direct costs to the healthcare sys . this was telt to be an
unavoidable limitation ot the study. In NL, a pharmacy network is  cing developed that
will allow this type of analysis in the future, howev it will be a prospective database
and theretore retrospective studies betore the date ot inttiation will not be possible.

There 1s me cot  stency in the studies reviewed: that 1s increasing BMI appears

to be associated with an increased usc of GP services, some out  1ent serviees, the



consumption of mcdications and to a lesser extent hospital scrvices. However there are
several limitations and or biases inherent in this body of literaturc. Very few studics have
been conducted in Canada or on a specitic provincial population. Many of the studies
reviewed were American or Europr innature. Gt the differences in the prevalence
of obcsity, chronic disease and the health systems across countries, the findings from
these studies may not be generalizable to Canadian populations. Many of the studics
reviewed did not control for factors known to have an impact on health services
utilization such as age and sex, smoking, education level. In the current study a number
of models were developed to examine the specitic1 pact of BMI and scveral covariates
on its own on hcalth services utilization and BMI and chronic discase on health services
utilization. In addition many of the studies ved relied solely on self reported healt
scrvices utilization data obtained from health surveys, over varyir — time periods. The
current study used both self reported data collected from a health survey and its linkage
to health administrative da- Hases to obtain actual information on health services
utilization over a five-year period.
2.4 Obesity and the Behavioral Model of Health Scrvices Utilization

According to Andersen’s model, as discussed in detail in Chapter 2 Section 2.2, a
multitude of factors impact the utilization of health  re services. As a briet summary the
model is categorized into four main umbrella headings: the Envi - ment, Population
Characteristics, Health Behavior and Outcomes.

The literature review for the current thesis focused primarily on the relationship

between obesity and its impact on the utilization of health services as a Health Behavior,
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Very tew ot the studies reviewed used a model as a  11de in their examination of the
relationship between obesity and health services utilization,” al ough a few papers did
refer to variables as predisposing or cnabling factors without any further explanation.
However, variables found in the Andersen moc v » often controlled tor at the analysis
stage of the studies reviewed as many of these variables such as age, gender, level of
cducation and income and smoking behavior are known to have an impact on health
services utilization.

Studies controlling for socio-demographic, lifestyle, and sociocconomic factors
(described as predisposing and enabling factors in Andersen’s model) apart from chronic
discasc tended to find a positive relationship betwe  obesity and increased use of

23,31,32,3545 o : : ~ .
Other studics found  inconsister  relationship between

healthcare services.
obesity and increased use of healthcare services. In one study the authors concluded that
obesity class | and 11 were associated with increased inpatient, outpatient and total costs
when age and sex were controlled tor. When comorbidities were added to the analysis
(c.g., diabetes and hypertension), the impact of obesity class [and 11 on increased use of
healthcare services was el nated. There remained a significant lationship between the
presence of comorbidities and inc  sed utilization." In contrast, several studics
concluded that obesity remained an independent prictor of he  th services utilization,
controlling for chronic comorbidity. The authors suggested one reason for this
indcependent relationship may be that physicians view obese individuals as more likely to
develop comorbidities and the o set up a dit physician visit regime (i.c., more

regular appointments). Alternatively, other rescarchers argue tl obese individuals often
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report lower scores on indexes that measure health  tus and self perceived health,”

and may perceive themselves as s healthy and th  fore visit the physician more
frequently. ™ **

In another study in 2002, the authors reported that Spanish overweight and obese
women had increased healthcare service use; visited the physician, used hospital
cmergency services and took more medication compared to the normal weight group.
These relationsh s did not change having controlled for age, education and the presence
of chronic discase. The sample in this study were more educated, had a higher social
class and were younger then non responders, potentially biasing ¢ results as individuals
with higher levels of sociocconomic status may aceess preventive services more in an
cftort to remain healthy. As well the trecatment of ol ity itselt may lead to greater
utilization as this study reported that obese women  sorted wor — subjective health
compared to non-obese women  en without chronic discase.™ In addition, in a study in
2004, the authors reported that having controlled for age, sex and chronic discase score,
BMI remained a signiticant predictor of total healtheare costs, but only marginally. For
cach increase in chronic disease score tt - costs  reased by 52.9% while for cach
increase in BMI, costs increased by 2.3%. Age contributed only 1.3% increase in costs
for cach year.™

Some authors argued that excess overweight is a risk factor for the development
of chronic disease and controlling for the level of ¢ oridity constitutes over adjustment.
For example in a study in 2002, the authors tound a relationship between obesity and

increased likelihood of hospitalization. The authors did not adjust for specific discases



associated with what they termed modifiable risk factors (i.c., ov  rcight), as these are
described as ‘intervening variables’, that is those between the risk factors and ill- health
outcomes such as hospitalization, mortality and disability."l)

Based on this review of the available literati :, it is not clear whether obesity is
associated with increased healthcare utilization either directly or indirectly through the
existence of chre  ic disease. Some of the studies reviewed took into account what might
be considered to be predisposing variables such as: 2, sex, education and income, as
well as region of residence considered to be enabling factors in the Andersen model.
Some studics took level of comorbidity or chronic  ease into account (the need
variables) while others argued that obesity is associated with chronic discase and
therctore controlling for tt 2 discases amounts to over adjustm
2.5 Cost of Obesity

Over the last decade res¢  chers have provided many estimates of the cost of
overweight and obesity to the healthcare system. Numerous studics have been undertaken
in order to estim ¢ the costs associated with obesity. The majo y of these studies have
42, 47-51 50

used ap salence based cos  f-illness (COl) methodology, "while the current

study and others have used individual-level data, "'

Cost-ot- illness studics arc a type of cconomic analysis often used in health
research. The aim is to identity and mcasure all costs attributable to a discasce which
include direct health care costs and indirect costs such as losses in productivity. Using
these estimates, the overall impact is presented in monetary terms. This analysis provides

health policy makers and decision-mal s with intc  nation on which to make decisions
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on resource allocation. There are two types of Cost-of- lliness studies; the prevalence-
based and the incidence-based approach. The prevalence-based approach is the most
common approach used to study the impact of obes 7 on healthcare costs from the
perspective ot the healtheare system. This approach identitics the costs incurred during
specific time period by individuals with a particular disease.™ It is difficult to quantity
the long-term consequences ot a chronic discase such as obesity using the prevalence-
based approach, as the info  ation used in this type of analysis is most often based on
information collected using cross-sectional study designs. The incidence-based approach
follows newly classitied cases of obese individuals  1d is more  sropriate tor studying
the impact of obesity on healthcare costs. This approach as well estimates the lifetime
cost ot new cases of obesity diagnosed in a given yo - However, this approach is more
difticult to apply and it is very data intensive. Individuals are selected when first
diagnoscd or classificd with obesity, and thesc individuals are tollowed for many years to
determine the development of associated co morbidities.
2.5.1 Prevalence-Basced Approach

The prevalence-based approach uses a top-down method calculating the
Population Attributable Risk Fraction (PAF). This approach uscs the relative risk
associated with obesity and the development of associated chronie discasces as well as
using the prevalence of obesity in the relevant population. The PAF determines the
pereentage ot discase prevalence due to obesity and estimates the total costs of obesity
using published data on national healthcare expend ires assoct  od with particular

discases. The calculated proportion of cases and costs of a given discase attributable to
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excess weight is greatly in1  enced by the accuracy of epidemiologic evidence about
disease prevalence and relative risk. It is also influen | by the pre:  ce of confounding
factors affecting risk such as age, sex, race and the presence of co-morbid conditions. In
addition, factors determined by the investigator such as the BMI, attect the relative and
attributable risk estimates and are often ditferent in different populations.

Using the prevalenc  based approach, direct healthcare costs attributable to being
obese have been shown to be relatively consistent from country to country contributing to
between 2-7% of the total healthcare expenditures.™

There has been limited research conducted «  the economic burden of obesity in
Canada.***” One study however estimated the direct and indirect cconomic costs of
obesity in Canada. The authors identificd the relativ  -isks of diseases associated with
obesity from a meta-analysis of existing prospective studics using a prevalence-based
approach. These sks were applied to the calculation of the PAF and then taken as a
percentage of the healthcare costs of the associated diseasces. Estimates were derived for
both the direct healthcare expenditures and the indirect costs, which included the value of
cconomic output lost due to illness, injury-related v k disability, or premature death.
The cconomic burden associated with obesity was estimated to be $4.3 billion which
included $1.6 bi on in dircct costs and $2.7 bi - on in indirect costs representing an

47 .
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average of 2.2% of the total healthcare costs in Cat  la
estimates are based on various sources of information that are briefly described below

and which have eir own mecthodolc “cal limit ions. A detailed discussion of these

assumptions is outside the scope of the current thesis.



The relative risk estimates used to conduct the PAF were based on a meta-
analysis of original prospective studies that examined the relationship between excess
body weight and the risk of developing certain discases. The total healthcare costs
associated with these specific diseases were obtained from the 1998 Economic Burden of
llness in Canada (Health Canada 2002)* and the es  nated prevalence of overweight and
obesity in Canada obtained  om the Canadian Community Hea 1 Survey 2000/2001.

Another study used a similar approach and estimated the total “direct” healtheare
cost of obesity to be over $1.8 billion annually, or ¢ roximately 2.4% of the total
healthcare expenditures for all associated discases in Canada. The following obesity-
related medical conditions were included; type IEd ictes, hypertension, stroke, coronary
artery disease, hyperlipidaemia, pulmonary embolism, gallblade  discase,
postmenopausal breast cancer, colorectal cancer and endometri.  cancer.™

The prevalence-based cost of obesity has been investigated internationally: in the
USA =08 Austmlia,‘% Finlzmd,54 France® and the Netherlands.™ One of ¢ first
studies using a prevalence-based approach estimating the cconor ¢ cost of obesity was
conducted in the USA. This study tocused on the following obesity-related medical
conditions: type H diabetes, gallbladder discase, cardiovascular discase, hypertension and
some cancers. The cost of treating cach of these me  cal conditie was calculated by
estimating that a proportion of cases occurred in obese individuals. The authors identified
a certain proportion of these cases to be attributable to obesity. For example, 27% of
CVD was diagnosed 1n obese individuals and 70% of these CVD cases were attributable

to obesity. Theretore, 19% (27% of 70%) of the est ated aggr : costs of treating
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CVD in the US could be attributed to obesity. The total costs attributable to obesity for
these medical conditions were estimated at US$39.9 billion representing 5.5% ot the total
cost-of-illness in 1986. It was suggested that this may be an unde timate, ¢ other
obesity-related medical conditions not included in this estimate, such as musculoskelctal
disorders could raisc the estimate substantially. Indirect costs were estimated to be
US$23 billion.™ It should be noted that the COI method for estimating the burden of
illness is based on several assumptions and it is valid only as long as the information used
to calculate the assumptions is correct.

The same author has conducted several other studies on the economic cost of
obesity and associated medical conditions in the USA. A similar study was repeated in
1994, and included musculoskeletal discase as a medical condition associate  with
obesity. The earlier 1986 estima  of US$39.9 billion increased to $45.8 billion or 6.8%
in 1994 of overall healthcare spendin ** A further study conducted in 1998 by the same
authors, included sceveral more obesity-associated n lical conditions such as breast
cancer, colon cancer and osteoarthritis. . .1e estimate tor direct costs increased to
USS$51.6 billion in 1995 or to 5.7% of overall dircct healthcare spcnding.so In 1999 and
using the revised BMI classification (BM1 >30) | the total cost of obesity was estimated
to be US$70 billion or 7.0% of overall healthcare s ding.”

A similar methodology was used in Austral — The comorbidities included were;
type Il diabetes, coronary heart disease, hypertension, gallbladder discase, breast cancer
and colon cancer The authors estimated the healthc 2 cost of obesity to be AUS$395

million for a period 1989-1990 or 2.0% of overall healthcare spending.™
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Studies using this approach have reported associations between sclt reported
weight and height and the costs of outpatient, inpatient health services and annual

142 g . . . - 4
Of these two studies, onc controlled for comorbid conditions,

healthcare costs.”
while the other did not adjust for any variables. The author of this latter study reported
that the comorbid conditions w  critical links int  pathway by which obesity lcads to
increased health services utilization, and theretore should not be included in the
analysis.

In the current thesis, an analysis of individual-level data  owing for the
adjustment for contfounders was conducted, rather than the more commonly used COl
prevalence-based approach. The individual-level survey data were linked to physician
and hospital databases. This linkage enabled the author to examine objective utilization
and avcrage healthcare costs over a five-year period and to ident 7 whether obesity acts
as an independent predictor of either health services use or direct healthcare costs. The
ability to access health survey data representative ot the provine  population and to Hink
survey responses to objective health services utilization data allows for the control of
potent” ~contou lers and may provide at ler understanding . T e

estimate of the healtheare utilization and its associa 1 cost by the obese population.
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CHAPTER 3 Obesity Literature Review

3.1 Introduction

The purposce of this chapter is to provide the context for a study on obesity and its
impact on the healthcare sy :m. It is well established that excess body fat is a risk factor
for a number of chronic diseascs' %' but, until recently in historical terms excess body
weight was not of concern either at a socictal or political level. Due to the incrcased
availability ot data on anthropometric measures, it is clear that there has been an
incrcased prevalence ot excess body we™  tinmost  opulations. While it is+ ar that
excess body weight has an associated impact on the health ot the individual, —1s not clear
whether there is an associated impact on the healthe ¢ system. Many rescarchers har
reported that overwe 1t and obese individuals are © re likely to sufter from associated
chronic discases thereby util - ng healthcare services more often than their lean
counterparts. Future projections suggest that this population will place a large financial
burden on the health system and many governments.
3.1.1 Mcasurcs of Obesity

The most con  on method for class :essive body weight at a population
level is by measuring BMI  dorsed by the World B th Organization (WHO).'"*!
Obesity is characterized by excessive body fat or ad  se tissue (BMI > 30) accumulated

to such an extent that health may be adversely aftected (see Table 3.1).%
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Table 3.1 BMI and Associated Health Risks

Body mass index

< 18.5

18.5-24.9

25-29.9

30-34.9

35-39.9

WHO classification

—_

Normal

Overweight

Class I obese

Class 11 obese

Class 11 obese

Risk o1 co-mo1 idities 17.21

It ased

Avcrage

Increased

Mc crate

Scvere

Very severe
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3.1.2 How is Body Fat Measured?

Body fat can be estima  using direct and 11 irect measurements of body
composition. Direct measurements such as magnetic resonance imaging (MR1), dual x-
ray absorpitometry (DEXA) computed tomography (CT) or hydrodensitometry
(underwater weighing) can accurately estimate body fat content. Indirect measurements
ot body fat or body composition obtained using non-invasive measures (¢.g., waist
circumference, waist-to-hip ratio, skin-fold thickness, bioimpedance, and body mass
index) provide crude surrogate markers of body fatness.
3.1.2.1 Direct Measurements of Body Fat

Until recently the “gold standard™ for estimating bo  * fat has been
hydrodensitometry (underwater weighing). Dual-ene 1y x-ray absorptiometry is now
replacing hydrodensitometry as a gold standard because of its high precision  d its case
of application for the subject.*” The DEXA body scan determines bone mineral content,
body tat, and lean tissue mass by a precise computer controlled x-ray beam. The x-ray
penctrates deep inside the body and is useful in detc ining visceral or intra-abdominal
fat. = additionan MRloraCTs n nprovideh — ality ime=2s of the inside of the

88 A .
I'hese direct

body and an accurate measure of visceral adiposity or intra-abdominal fat.
measures arce used primarily in clinical settings and arc not  sually available for large
population studies, due to their associated high operational costs and the practical
difficulties involved in their  plication. However these direct m - ods play a very

important role i rescarch. They are used to validate other indirect 10ds of estimating

. . - - 89
body fat such as waist circumterence or BML
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3.1.2.2 Indirect Measurements of Body Fat

Anthropometric measures (¢, waist circun  ence, wai  to-hip ratio, BMI) arc
the most common methods used to estimate individual body fat and body cor Hosition in
the chinical setting and when conducting epidemiologic studies. The measure aents of
body circumference using waist circumference and waist-to-hip ratio have become more
common over the last 20 years duc to the interest in visceral fat (- dominal fat) as a
potential independent risk factor for chronic discase.®” Waist circumference is a simple
measurement unrelated to height that correlates closely with other indirect measurements
of body fat such as BMI and waist-to-hip ratio.”" It is an estimate of visceral or intra-

21,9091 ~ .92 - ., - .
" and upper body fat. ™ Visceral fat is considered to be

abdominal fat mass,
metabolically difterent from subcutancous fat (i.c., all over fat) in its responsivencess to
dictary changes and its metabolic and hormonal output. Excessive visceral fat has been
associated with tI  metabolic syndrome. This syndrome includes a collection of
metabolic disturbances such as hypertension, dyslipidaemia, impaired glucose tolerance
and insulin resistance which can lcad to the development ot cardiovascular discase.”
Rescarchers report that waist circumference is a more accurate indicator of
increased health risk when compa | to BMI and Id be included in assessments of
obcsity.(“'()(‘ In addition; char s in waist circumterence retlect ¢ ages in risk factors for
cardiovascular discase, ”* and other forms of chronic  scase. Health Canada in 2003
adopted specitic cut-oft points for abdominal girth measurement in both men and women.

For men, a waist girth greater than 102 em or 40 inches and for women a waist girth

greater than 88 cm or 35 inches, is associated with @ increased risk of type 11 diabetes,



coronary heart disease and hypeﬂension.‘”‘()8 Tl zis difficulty in drawing international
comparisons using these measurements. Canada accepts these recommended thresholds
tor waist girth, however other countries do not. Although the accumulation of abdominal
fat 1s associated with a nun of comorbidities, cross-sectional population studies
conducted in Africa, the Caribbean, the United States and Canada report that the
rclationship between waist - cumference and chronic disease varies by region.” "
Conscquently, international con | risons are limited due to the ¢ oft points  cing
population spccific and dependent on the regional prevalence ot obesity and
cardiovascular risk factors. An additional challer : tor researchers is the proposal of
different cut-oft points for waist girth based on a person’s age and sex.”! When defining
the problem of overweight and obesity, the WHO in 1995, recommended that waist
circumference should be measured concurrently with BMIL.'"

It has been suggested that combining the waist-to-hip ratio with the mcasurecment
of waist circumference will more accurately retlect health risk, especially in women. The
waist-to-hip ratio is often equated with the apple and pear body shape. In general men
tend to be apple shaped and women pear shaped. Typically men distribute fat around
their abdomen and wonr  deposit high amounts of fat around their hips, buttocks and
thighs. The additional measurement of the waist-to-hip ratio indicates the dey ¢ of fat
accumulation around the hips. Extra fat around the | s may be protective of adverse
health consequences for the individual.'™
The waist-to-hip ratio is not often used as a measure of obesity. However, a recent

casc control study published in the Lancet in 2005 | conducted by the Inte  cart Study
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the triceps, the shoulder blade and waist. The measurement error associated with this
technique limits its use in research. As well, these measurements do not provide
information about the existence of abdominal or intramuscular fat.'®

3.1.3 Body Mass Index and Associated Health Risk

The most common non-invasive method for indirectly estimating body fat and its

associated health risks is through the calculation of t - Quetelet’s or BMI “, detined as

weight in kilograms divided by height in mctres squared:

BMI = weight (kgs)/height (m:)

According to the WHO, BMI is the most appropriate mecasure by which weight
adjusted for height can be re  :ed to health outcome. ...e BMI index is easy to calculate
and correlates strongly with direct measures of fatness or adiposity ( ).82-0.91) in
adults.” BMI has  ater reproducibility than other measurcs of adiposity such as skin
fold thickness, waist circumference and waist-to-hip ratio.”

Body mass index is simple to calculate and is a uscful measure tor indirectly
estimating body fat. The graded BMI classification ¢ stem of un rweight, normal,
overweight and obese permits (a) comparisons of wi - tht status within and between
populations (b) identification of individuals and groups at increased risk of morbidity and
mortality (¢) priorities to be identified for intervention at individual and community

levelsand (d)yab ‘sfor © = ° tionofintervent s,






The calculation of BMI measures overall fat, but will ot provide information on the
location of the fat. Also, when measuring individuals ho demonstrate extreme height or
muscle mass, the accuracy ot the BMI value may vary. A health professional using BMI
as an indicator to measure body fat, may conclude in rrectly that an individual 1s obese.
Although, a high BMI may st zest an increased risk of an associated discase, this
measure may also indicate a very muscular individual. An individual with a high

proportion of muscle relative to height may haveah” ~ BMI value, yet not be obese.'"

As well BMI is less accurate Hr estimating body fat in very short individuals.'"’

3.1.5 Health Canada and Changing BMI Guidelines

In 2003, Health Canada updated its body we™ " t classitication system based on
research conducted by the WHO. This classitfication s been widely adapted
internationally.'"® There were some similarities between the old and new classification
system, however, the differences in the updated version are significant (Table 3.2). The
updated classification system included changes to certain cut-oft points in the BMI
categories. The introduction of a waist circumterence as a measure of body fat and
associated health risk was also introduced. The range for normal weight has increased to
include a BMI in the range of 18.5-24.9 whereas int old system normal weight
included BMI's in the range of 20 - 25. The relationship between BMI and mortality was
examined in a representative sample of the American population.22 Rescarchers
suggested that a j-shaped re  ionship existed between BMIand — ortality (having
adjusted for underlyir  illness) with inc :d risk of mortality at a BMI below 18.5

relativetoa BMIin  :nc al range of 18.5 -24.9. In 1988, rescarchers suggested that
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a BMI between 25 and 27 led to an increased risk of health problems in some individuals,
while a BMI > 27 was associ  2d with increasing risk of developing health problems in
many individuals. Since then, more rescarch has been conducted on the relationship

22.%¢ .
. ae mortality curves generated

between BMI and mc  lity and morbidity risk."”
from these studies illustrate the relative risk of morta  y begins te  crease at a BMI of
25, and there is a marked increase of mortality risk at a BMI>30. 4 a BMI < [8.5.
Bascd on these findings, the WHO desceribes the BMI range ot 25 to 29.9 as preobese. In
Canada, this BMI range 1s described as overweight. Both the WHO and Health Canada

use a BMI >30 to classity individuals as obese. The obese classification is turther broken

down into three groups (Tab — 3.2).
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Table 3.2 Comparison of BV

Classification Systems 1998-2003

Canada 1988'™ WHO 2000°' Canada 2003'™
Zone A BMI <20 Underweight Underweight
May be associated with BMI < 18.5 BMI1 < 8.5

health problems in some
pcople

Zone B: BMI 20-25

Good weight for most
people

Zone C: Between 25 and 27

May lead to hecalth
problems in some people

Zone D: BMI > 27

Increasing risk of
developing health problems

Normal range

18.5-24.99

Preobese

25.0-29.99

Obese Class 1
30.0 - 34.99
Obese Class 11
35.0-39.99
Obese Class 111

>40.0
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Normal range

18.5-24.99

Overweight

25.0-29.99

Obese Class 1

30.0 - 34.99
Obese Class

35.0 3999
Obese Class 111

>40.0






Authors have reported an increase of 5 mmHg in blood pressure with every 10%

increase in body weigh for this population '** and other lon; udinal studics have

demonstrated similar results.'*! '

In addition cross-sectional studies have demonstrated that ¢ prevalence of
hypertension is increased in overweight and/or obese individuals. Using cross-sectional
data trom the Third National Health and Nutrition E: nination {  rvey (NHANES 111),
the age-adjusted prevalence ot hypertension was 42% and 38% in obese men and women
respectively. This was twice as high as the reported - valence of hypertension for men
and women classified as normal (BMI < 25) which was approximately 15% in both men
and women. In this study, hypertension was defined  systolic blood pressure >140mm
Hg, diastolic blood pressure >90mm Hg, or the need  Hr hypertensive medication.
3.2.2 Coronary Heart Discase

The authors of a mcta-analysis, including 21 cohort studices reported on a
combined sample size of 300,000 individuals and their related 18,000 CHD cvents. The
adverse cttects of high blood pressure and cholesterol levels associated with overwei;
and obesity yoftlh ine | Adjusting for age, phys™ 1
activity and smoking, the  ative risks and 95% contidence intervals for moderate
overweight and obesity compared with normal weig — were 1.32 [95% C1(1.24-1.40)]
and 1.81 [95% CI (1.56-2.21)] respectively. The rel  ve nisk associated with a S-unit
BMI increment was 1.29 [95% CI(1.22-1.35)]. Gender was not examined separately in

N 124
this review.
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Longitudinal studies report an increasing relative risk of developing CHD with
increasing levels « BM]. 126 Findings from tl N1 ics Health Study, a large scalce
prospective study of women (n=115,886), sugge that the relative risk ot non-fatal
myocardial infarction, increased as BMI incrcased. Women in the heaviest weight
category (BMI >29) were approximately 3.5 times more likely to develop CHD as
compared to women in the lightest weight catege 7 (BMI of <21)."* Another study
cxamined the relationship between BMI and CHD i factors in 314 non diabetic,
normotensive, healthy volunteers, and reported obesity to be a powertul predictor of
CHD risk.'”’

3.2.3 Cerebrovascular Disease

The authors of a prospective cohort study usit — the Nurses Health Survey
cxamined the associations between BMI and weight changes with the risk of stroke in
women. The study population (n=116,759), included women 30to 55 yc  ;of: :in
1976, trec from diagnosed CHD, stroke, and cancer. uring 16 ycars ot tollow-up, 1t was
reported, 866 total strokes, includit 403 ischemic strokes and 269 hemorrhagic strokes
occurred. Using multivariate analysis, adjusting fi smoking, postmenopau
hormone use, and menopausal status, women with increasing (Bl >27) had
significantly increascd risk of ischemic stroke. The authors reported increasing relative
risks of 1.75 [95% CI (1.17-2.59)] for individuals with a BMI between 27 to 28.9 kg/m™;
1.90 [95% C'1 (1.28-2.82)] for individuals with a BMI between 29 to 31.9 kg/m:, and 2.37
[95% C1(1.60-3.50)] for individuals with a BMI1 > 32 kgm2 (P for trend<.001). These

groups were compared to indiv s with a BMI1 < 21 kg/mz. The risk of tatal and non-
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fatal 1schemic stroke was more than twice as high in obese persons than in fean persons
and the risk of stroke appeared to increase with increasing BML"*

The association between excess weight and increased risk ot stroke in men docs
not appear to be as strong as in women. In one study, the association of BMI with stroke
incidence was examined. As well, the association between abdominal obesity and stroke
incidence was examined using the waist-to-hip ratio. This study examined 28,643 US
male health protessionals,a  140-75 ycars in 1986. This group did not have a history of
cardiovascular discasc or stroke. In a 5-year tollow-1  there were 118 cases of stroke, «
which 80 were ischemic. Comparing men in the lowest and highest quintile ot BMI, the
results were not significant. In contrast, the age-adju — ed relative risk for extreme
quintiles of waist-to-hip ratio was 2.33 [95% C1 (1.25-4.37)] was found to be significant.
This relative risk was not substantialtly altered in a multivariate model including BMI,
height, and other potential risk tactors. When waist circumicrence alone was used as a
measurement ot excess body fat, there was no significant relationship with men in the
highest quintile (= 102¢m) and the incidence of stroke compared with men in the fowest
quintile (£ 88c¢m). These results suggest that abdominal obesity measured by watst-to-hip
ratio ratio, but not BMI or waist circumference, predict the risk ¢ stroke in men. In
addition for men, the risk of develop  y venous stasis, deep vein thrombosis and
pulmonary embolism also increased with abdominal obesity.""

3.2.4 Cancer
There is ev' ™ mcee to suggest overwe:~ht and obesity are  ociated wi - an

increased risk of various types ot cancer such as esop 1gus, gallbladder, colon, breast,
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endometrial, uterus, cervix and prostate. Epidemiolo; : studies have found a direct
relationship between BMI and colon cancer in both men and women. In addition the risks
of mortality from endometi  cancer increases with ol ity and weight gain after 18
years of age.'*""

Studics have shown a complex relationship existing betwe 1 obesity and the risk
of breast cancer and its prc 108is. A review on obesity and the prognosis ot breast cancer
in 20006, cxamined the findings from a number of systematic reviews, meta-analyses and
individual cohort studies. The authors reported a consistent, independent and positive
association between obesity and the development of breast cancer risk in post-
menopausal women. Literature supports the associa  n between obesity and the poor
prognosis of breast cancer in both pre and post menc  wsal won o
3.2.5 Diabetes

A strong association between obesity and type Il diabetes has been observed ina

. U 13313¢
number of studics. "R

esearchers suggest the increasing previ  mece of obesity 1s
rclated to the increasing incidence of type 11 diabetes that has occurred in both Europe,
the USA and Canada.'™ Data from a cohort study ot 51,529 U.S male health
professionals 40 to 75 years of m2 were analyz 7 > male health professionals had
completed bienmal questionnaires sent out between 1986 and 1992, The relative risks of
developing type I1 diabetes were analyzed. Compared to men with a BMIL - 23 men with

a BMI =30 had a relative risk of 11.0, which increa  Lto a relative risk ot 42,1 with a

BMI >35. "



Authors of the longitudinal Nurses Health Study, reported that the risk for women
developing type 11 diabetes started to increase when A1 values exceeded a value of
22,1 A study using nationally representative cross-sectional survey data from
NHANES 111, reported on the prevalence of type 1 diabetes. Comparing individuals with
a BMI (18.5<BMI<25), to those with a BMI value > 40, the prevalence ratio for type 11
diabetes for men was 18.1 [95% CI1(6.7- 46.8)] and  ~women 12.9 [95% (C1 5.7-

28.1 )].”(’ The evidence presented shows a strong as — c1ation between obesity as a risk
factor the development of type  diabetes, inbe men and women.
3.2.6 Endocrine and Metabolic Disturbances

Obesity 1s associated with endocrine disturb — ces such as clevated cholesterol
levels and metabolic disturbances such as the metak — ic syndrome. Overweight and
obesity contribute to clevated cholesterol levels and or abnormal lipid profiles (e.g., high
levels of LDL cholesterol, triglycerides and low levels of HDL cholesterol). Studics
report higher levels of circulating cholesterol in suk ts with higher BMI's or in those
classitied as obese compared with individuals with lower BMI values (i.c., BMI <
25).'7314 Mean values for total cholesterol, triglycerides and LL  cholesterol inereasc

LY

with cach increasing BMI cate Hry from normal, o0 -weight to « ese.” Using

NHANES 111 (1988-1994) data, the authors reported there was an increase in the

prevalence of hypercholesterolemia (total blood choles ol =240 mg/dl or 6.21 mmol/1)

. . . . [38
in men with inereasing BMLL

Obesity is associated with the exis  ce of a condition described as “the metabe ¢

Rl

. . <129 . . . .
syndrome™ or “syndrome X characterized by a cluster ot metabolice risk factors



identified in the development of CHD. In the USA, tI  Adult Treatment Pancel (ATP 111)
on detection, evaluation and treatment of high blood cholesterol, issued guidelines for the
clinical identification of the metabolic syndrome.'*® An individual may be diagnosed as
havii :he Mectabolic Syndrome if three or more of the following conditions arc present:
abdominal obesity, hypertriglyceridemia, low HDL cholesterol, hypertension and high
fasting glucose. Since this ¢ sification has been published, a number of studies have
been conducted to estimate the prevalence of the metabolic syndrome in specific
populations.

In the USA, using data from the NHANL 111 and based on the above ATPII
criteria, the prevalence of the ar  -adjusted Mctabolic Syndrome was estimated to be
approximately 24%."" A study published on 6406 men and 6475 women in Canada using
the same guidelines reported the prevalence of the n - abolic syndrome to be 14.4% in
adults 18 to 64 years of age. In this study, the prevalence of the metabolic syndrome
increased from 6.7% for individuals 20 to 30 years of age to 43% tor individuals 60 to 70
years of age although there was little difference in the prevalence between men and
women. '

3.2.7 Obesity and Decbilitating Conditions

Obesity increases the risk of developing or aggravating debilitating conditions
such as osteoarthritis due to the excessive weight ped upon jo  ts. A number of studics
have reported evidence to link obesity witha+ ety of musculoskeletal disorders ranging

osteoarthritis to joint pain. Tl of developit — osteoart  tis in weight-bearing

joints is increased in overy  sht and obese persons. The knees are often involved because




more body weight is exerted across the knees during we™ it bearing activity than across
other joints such as the hips."” There is a stronger relationship between body size and
osteoarthritis in women as compared with men. Small increases in body weight in women
can promote osteoarthritis. In a study of twins, symp matic or asymptomatic lower
extremity ostcoarthritis was found in individuals who were only 3 to S kilograms heavier

than their twin sibling. For cach kilogram increase in body weight, the risk of developing

likelihood of developing dit — ent osteoarthritis traits was: tibio  oral ostcophytes
OR 1.14 [95% CI (1.01-1.28)], patcllotemoral osteophytes OR 1.32 [95% CI (1.09-1.59)]
and patellofemoral narrowing OR 1.15 [95% CI(1.( 1.30)])."
3.3 Obesity and Psychological Health

Obesity experienced in childhood and during adolescence  as an adverse effect on
long-term social and cconomic outcomes in adulthood. These fa s include the level of
income and educational attainment.'™ One study followed 370 overweight subjects for
seven years. Women who had been overweight at the beginning ot the study, had
completed 0.3 years less of schooling; [95% CI( 0.1 to 0.60)], were 20% less likely to be
married [95% CI(13-27%)], had $6,710 houschold income less per year [95% Cl
($3.942-9,478)] and had 10% higher rates of houschold poverty [95% Cl (4 - 16%)]
compared to women who had not been overweight.  hese results were independent ot
their base-line socioccono ¢ status and aptitude - test scores.

Another study tound mu 10 had been o0 we™ it as adolescents were 1196 less

likely to be married later ir - fe [95%C1 (3-18%)]. The authors concluded that being
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overweight during adolescen:  had important social and economic consequences. The
authors suggested that discrit  nation against overweight persons might account for this
finding."**
3.4 Obesity and Mortality

Controversy exists over the relationship between obesity and premature mortality.
A number of studics have tound a "u” or *j” shaped association between BMI and
mortality, showing a higher mortality rate at the upper and lower BMI ranges, > T HO
A gradual increase in mortality with increasing weight has also been demonstrated in

147-148 . o149
while other resecarch does not demonstrate any association.

some studies,
The relationship between BMI and morta  y data was examined in a large
prospective study of more than one million adults in the USA. Over a period of 14 years
457,785 men and 588,369 women were tollowed. A j-shaped relationship between Bl
and mortality was obscrved. In healthy non-smok: 3, the lowest risk of mortality was
seen in males with a BMI in the range of 23.5-24.¢  ym® and in females with a BMI in
the range of 22.0-23.4 kg/m’. A high BMI was predictive of mortality from
cardiovascular discase in men RR 2.90 [95% C1(2.37-3.56)]. He  sier men and women in
all age groups had an increased mortality.™
The expected numbe  of years of lite lost (YLL) between normal, overweight and |
obese  oups in Caucasian and black Americans was compared. Years of life lost being ‘
the difference in life expectancy between normal, overweight and obese groups. When
scveral large USA - based population surveys were  alyzed, 1t was found that race and \

sex ditferences were observed in YLL. Amor  the white population, a j - or u-shaped
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association was found between overweight or obesity and YLL. T : optimal BMI range
was between 23 and 25 for the white population and  tween 23 and 30 for the black
population. These BMI ranges were associated with the least YLL or greatest longevity
for both groups. For any giv  degree of overweight, younger adults had greater YLL
than did older adults. The maximum YLL for individuals between 20 and 30 years of age
classiticd with severe obesity (BMI >45) was 13 yee  tor white men and eight years for
white women. For men, this represented a 22°% redus on in the life span. Among black
men and women older than 60 ycars of age, overweight and moderate obesity were
generally not associated with increased YLL and only severe obesity resulted in YLL.™
A more linear relationship has been demonstrated between BMI and mortality and
1s supported by authors who have used prospective longitudinal studies. The Nurses
Health Study for example followed 116,000 women  the USA over a 17-year period.
When biases were controlled for, a continuous positive association existed between BMI
and mortality. This finding was supported by the largely positive relationship found
between increasing body we 1t and conditions such as CE ' hy  “tension and type 11
diabetes."*" It is proposed that higher mortality rates at the underweight of the BMI scale
or at a BMI < 18.5 arc artificial. The incr - sed mort.  ty at this end of the BMI range,
may result from the lack ot adjustment of other factors known to increase the nsk of
mortality such as cigarette smoking or underlying comorbiditics. Mo Severe obesity or
morbid obesity is defined as a BMI = 35 or > 40kg/m” respective . A systematic review
published recently ex  ned the relationship between  :vere obe  ty and mortality.

Patients with severe obesity (BMI 235) did not ] /¢ increased sk of total . -cause
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mortality RR 1.10 5% CI(.87-1.41)]), but had e highest increased risk for
cardiovascular mortality RR 1.88 [95% CI (1 .05—3.34)].'50 This may be duc to the specitic
chronic conditions associated with excess weight and with an increased workload of the
heart. Another explanation fo  these findings is reverse causality. That is an individual
sutfering from heart discase 1y be more likely to I | a scdentary life thus leading to
increascd risk of mortality. Severe obesity has also been associate  with sudden
cardiovascular death duc to its association with obstructive sleep . nea syndrome. Sleep
apnea is a breathing disorder characterized by interruptions of breathing during sleep.
There arc two types of sleep apnea central and obstn  1ve. Central sleep apnea occurs
when the brain fails to send the right signals to the b athing muscles to continue
breathing and obstructive sleep apnea occurs when air cannot flow in or out of an
individual’s nose and mouth. Many episodes of obst  tive sleep apnea oceur every night
and, it is thought, increase the risk of hypertension, it problems and death. '™

3.5 Obesity and Disease - a Causal Relationship?

The preceding review outlines some ot the adverse health risks associated with
overweight and obesity suggesting a causal relationship. Evidence suggests that with
moderate weight loss, the ill-eftects ot excess weight can be reversed. A Cochrane
systematic review was conducted to determine the ettects ot wer ¢ loss on chronic
discases.'™ The Cochrane Collaboration is an int onal not-t  proht, independent
organization producing information about the ctfeets of healthcare interventions. This
organization disseminates systematic reviews of healtheare interventions and promotes

the scarch for evidence intl £ 1 of chinical trials and other studics of interventions.
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This review identified 18 randomized controlled trials including = 1 hypertensive
participants with an average body weight ot 841 T data suggested weight loss in the
range of 4% to 8% of total body weight through wei  t-reduction dicts, produced an
averi :reduction in systolic blood pressure of 3.0 mmHg and these findings are
consistent with carlicr reviews.'™

Another study reported weight loss resulted 1 a significant lowering of both
resting and exercise blood pressure in morbidly obese subjects.'™ In addition a meta
analysis of intervention trials reported losing excess weight improved blood lipid protiles
with a fall in total scrum cholesterol and triglyceride levels and an increase in high
density lipoprotein (HDL) concentrations.'

Experimental evidence is emerging demonstrating a reduction in a small
proportion of body weight may by cffective in reducing adverse ¢ case outcomes. These
experimental studies provide the strongest evidence ot a causal relationship between level
ot BMI and the development of discase."™
3. 6 Can Overweight or Obese Individuals be Healthy?

Although much of the published literature focuses on the  sociation between
obesity as a risk factor for many ad'  s¢ health conditions, several studies have been
published recently demonstrating that lower rates of cardiovascular mor ity are scen in
older age groups who are overweight or obese |t considered to be physically active

L Lo 157-159
when compared to inactive n - nal weight indi lu .
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3.7 Epidemiology of Obesity

The prevalence of o ity has increased in many countries  ver the past 25 years.
As well the average BMI values and the prevalence of obesity vary with age, sex, race,
geography and socioeconomic status in these countr . Figure 3.1 illustrates the current
prevalence of obesity in the Organization of Economic Development (OECD) member
countries.
3.7.1 Global Trends

Of the OECD member countrics, the United States has the highest prevalence of
adult obesity (30.6%) tollowed by Mexico (24.2%) and the Unitc - Kingdom (22.4%).
Canada is ninth on the list with a prevalence ot obesity of 14.9%. Korca and Japan report

the lowest prevalence of obesity at 3.2% and 3.6%,  pectively.
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Global studies, Mi inational Monitoring of Trends and Determinants in
Cardiovascular Discase (MONICA) conducted by the WHO reported that on average a
greater proportion of women arc obese compared to men, while a greater proportion of
men arc¢ overweight compared to women. Some longitudinal data is available from
national surveys on the prevalence and the increasing rate ot obesity. The prevalence of
obesity in the USA doubled between 1980 and 2002 and is continuing to rise. 010!
During a similar time period, Canada experienced approximately — three-fold mercase in
the] valence of obesity.'®
3.7.2 National Trends

Published data on the prevalence of obesity in Canada trom York University
reported dramatic increasces in the prevalence of obesity occurring at both the national
and provincial levels.” The data for this report was obtained from five population-level
surveys collecting self-reported he' “its and weights 1 Canada. € esity was defined as
BMI = ?s()kg,/mz and the san | e was representative ¢ the Canadian population for cach
year the survey was conducted. The results from the Canadian surveys showed an overall
increase in the prevalence of obesity. The national prevalence ot obesity — ore than
doubled over the 14-year period from 5.6% in 1985 to 14.8% in 1998. Over the 14-ycar
span considered, all provinces experien  increases in the prevalence of obesity. By
1998, only Qucbee and British Columbia demonstrated obesity prevalence below 15%.
Data tor the Northwest Territories, the Yukon and Nunavut was not available.

The prevalence of adult ot ity in Cana 1v 5 16.3%, based on self reported

heights and weights. These findings were repor 1 from data published using the 2005



25,27 . . o
The comparative prevalence of adult obesity in

Canadian Community Health Survey.
NL, using this survey was approximately _. %" (Table 3.3). The . 04 Can ian
Community Health Survey: Nutrition, a survey conducted in between regul  survey
years collected data on direct mcasures of heights a1 weights. According to this survey

the National prevalence of adult obesity was 24% co  pared to provincial prevalence of

34% in NL.
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Table 3.3 The Prevalence of Adult Obesity in Canada based on self reported heights

and u/pights 1985 to 20NK

Canada

Vaar af survey
——t—

1985 5.0

1990 9.2%

1994 12.7
1996 11.9
1998 14.1
2001 15.3
2003 15.8
INES 14

Dravalonce% (95%Cl)

Prevalence%

(95%C1)

(12.0, 13.3)
(11.5,12.4)
(13.4, 14.9)
(14.9, 15.6)
(15.5,16.2)

MtAaNn 147N

No data available
No data available

16.4
16.2
18.7
21.7
21.4
26.7

(13.5,19.4)
(13.6,18.9)
(16.1,21.2)
(19.8-23.6)
(19.4-23.5)
(24 3-29.m

1985, 19vu Health Promotion survey, 1994-1998 National Population Health survey,
2001-2005 Canadian Community Health Survey, * Confidence Intervals wei

available for these data sets
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Although the current study did not include children, there 1s an emerging childhood

. - o 163-164
obesity epidemic being reported. ™"

Over a 15-ye  time period, there has been a
significant increase in the prevalence of overweight and obesity in Canadian children 7 to
13 years of age. Three nattonal surveys were conduc | between 1981 and 1996 reporting,
the pereentage of overweight boys increased from 15% to 29% and the percentage of’
overweight girls incrcased from 15% to 24%. These surveys also reported the prevalence
of childhood obesity increased from 5% to 13% for boys and from 5% to 11.8% tor
girls."™ Another study in Canada, reported 33% of boys and 26% of gitls v re
considered to be overweight, and 10% ot boys and ¢ of girls were considered to be
obese. These findings suggest that over this time period, the prevalence of childhood
overwcight and obesity in boys had doubled and is increasing in girls.'**

There 1s limited data on the prevalence of overweight and obesity in younger
preschool children in Canada, however provincial data suggests t - r¢ may be an
emerging childhood obesity epidemic occurring. A study published in the CMAJ
reported 25% ot NL children between the ages 3.5 and 5 participating in tl - r Preschool
Health Check were citherov /¢ torobesce. The lts were based ¢ direct
measurements. '** Another study on pre-school children in NL found simi results.'*
Thesc findings may have implic - ions for the healtheare system due to the ereasing
prevalence of higher weights seen at an carly age in children and e potential association

tor adverse health consequences.
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3.7.3 Provincial Trends

Canada has experienced an increase in the prevalence of obesity, however the
increase is not uniform from province to province.™ ¢ prevalence of obesity tends to
dcercase as one moves from east to west in Canada. The cast coast of Cang ., in
particular the Atlantic Provinces, report a higher prevalence of obesity, wherceas the
lowest prevalence is reported in western Canada. T Atlantic Provinces demonstrate a
higher than average prevalence of obesity when compared to the other pro- ces.

The provincial information on the prevalence ot adult obesity was «  tained from
the National Population Health Surveys and the more recent Canadian Community
Hcalth Surveys conducted by Statistics Canada. According to the 1995/19° National
Population Health Survey and the 2004/2005 Canad 1 Commun Health Survey, the
overall prevalence of adult obesity in NL increcased  »m 17% to 24% of the total
population compared to the national average increase of 13% to 10%. Although, these
rates are comparable with o »r Atlantic Provinees, NL remains well above the Canadian

average having the highest prevalence of adult obes 7 (Table 3.4 Y
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Table 3.4 The Prevalence of Adult Obesity in Canada by provincc, based o

heights and weights 1995-2005

self reported

Canada

BC

Quebec
Alberta
Ontario
Manitoba
PEI

SK

Nova Scotia

New Brunswick
New#~rndland and Labrador

10.2
11.1
12.0
13.3
14.9
15.4
16.4
16.7
17.2

1A &

100K/0A

(12.0, 13.3)

(8.5, 11.8)
(9.6, 12.5)
(9.7, 14.2)
(12.2,14.5)
(12.0, 17.8)
(12.7,18.1)
(13.6, ).2)
(14.1, ).2)
(1 1,20.3)
(13.5, ).4)

05
Prevalence% (95%Cl)
5 (15.1,15.8)
13.2 (12.4,14.0)
14.2 (13.5,14.8)
15.8 (14.8, 16.8)
15.1 (14.5, 15.0)
18.1 (16.8,19.4)
22.5 (19.9, 25.2)
20.6 (19.2,22.0)
20.7 (19.1,22.3)
22.5 (0.8, 24.2)
23.8 (21.9,25.7)

Source of data: 1995/1996 Nauonal roputation Health Survey, 2005 Canadian

Community Health Survey
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3.8 Actiology of Obesity

Obesity is a result of an imbalance of « ergy intake and energy cxpcnditurc.'('7
The actiology of most human obesity is unknown.'® There has b a marked increase in
the prevalence of obesity over the last 25 years, suggesting alternations in vario
environmental factors. Research sug_ ts that genetics also plays a role in some forms of
obesity. Body size depends on the complex interaction between gencetic b kground and
environmental factors.
3.8.1 Environmental Factors

The increase in the prevalence of obesity over a relatively short period of time
points to the changing environment such as an increase in sedentary occupations and
leisure activities, availability ot hnology, increased availability of fast tood  1d
processed food found in supermarkets as some of the factors responsible.! 7

The influence ot environmental factors on body weight has been reported in a
number of studies. However, the majority of these s dies focus on aboriginal people who
have moved from a traditional way of lifc to an urb:  lifestyle. The change in the
litestyle has had a dramatic influence on the health of the Pima Indians. T' se Indians
moved from the Si 1 Mountains in Mexico to At na. The change of lifestyle to an
urban lifestyle has led to an epidemic of obesity and diabetes. The dict of the urban Pimas
1s much higher in fat (50% of energy intake) than their traditional diet (15% ot energy as
fat) and their lives are more sedentary compared to the Pimas who remained in the

mountais and v 0 have k t to a traditional dict. Traditionally, the Pimas are physica -

active as farmers, sawmill workers and have a  1ch lower incidence of ol ity and
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decreased.'”’ Data on the consumption of foods is repc :d using either surveys on
nutrition or statistics on the disappcarance of food items. The findings from these reports
are not always consistent.

Published data available in Canada supports e theory that there has been a
change in Energy,,, which has led to the recent increase in body weight. [ ring the last
30 years, scveral surveys on nutrition have been  Iministered to the popul. on in
Canada. In the carly 1970’s, a national nutritional survey was conducted which was
representative of the Canadian population and tI : survey was repeated in 1997, During
the 1990°s many provincees conducted their own provincial nutritional surveys. These
surveys gathered specific and very detailed information from the adult population on tood
intake.'”"*!

These surveys suggest that in the late 1990°s the energy intake and total tat
consumption of the Canadian population was lower when compared to the surveys
conducted 30 years previously. These findings were comparable with the findings from
surveys on nutrition from both the UK and the USA noting a decline in overall energy
intake since the 19607s,' 7'

These findings are based primarily on nutrition surveys and self re  rted intake of
tood. This empirical cvidence suggests that using the formula tor A Body ‘eight, it is
morc likely to be a decrea  in Energy,,, rather thi  an increase Energy;, that accounts
for the recent increasce in body weight.

Anotherwaytc & netrendsin v hi tsor Emer g, 1sto. ilyze the

disappearance of foods. A report on the disappearance of Food Statistics reported by
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Statistics Canada in 2002, provided evidence in contrast to the above findir 5 based on
nutrition surveys.m According to this report, the total amount of energy consumed per
capita per day increased by over 18% between 1991 and 2002. These tindings highlight
an increase in the consumption ot fat, as the main cause for the overall increase in body
weight. The report suggested the proportion of ene 7 consumed from carbohydrates and
the proportion of protein consumed remained consistent when compared - ten years ago.

A report on the nutrition of the NL population supports the tindings that there has
been an increase in Energy;,. A dict consisting ot more energy or calorics was being
consumed than necessary to meet the reccommended daily intake 1.¢. follov 1g Canada’s
Food Guide. A1 ser proportion of an individual’s Energy;, was attributed to fat intake.
while less energy was attributed to carbohydrate intake.'™

There are inconsistencices in these tindings. e body of evidencee provides
support tor the theory that Energy;, has decreased, while the second body of evidence
provides inform: on suggesting that Energy;, has increased and - mainly due to an
increase in the pereentage of tat consumed. It is difficult to determine the  <tent to which
Encrgy;, has been cither increasing or decreasing, dv - to the lack of longi  dinal
surveillance data on dictary habits.

Difterent methodologies used to assess energy intake may be a possible
explanation for the inconsi nt findings. While health surveys a - gener  y reliable and
valid in their collection of some variables such as ¢ ographics, health status and
morbidity, they may not be as reliable when as sit - the accuri 7ot foc  intake. This

may be due to recall bias and to the tact that individuals may not remember what they



have eaten over a specific time period. Anothcr factor to consider is social  sirability
bias. The individual provides responses that thc interviewer wants to hear. ‘onsequently,
it is possible when individuals respond to questions on tood intake; the frec  ency of
cating certain foods is inadvertently underestimated.

Other researchers have suggested that the most recent increase in obesity is due to
a decrease in Energyoue, and not due to an incrcase in Energy;, through dict. A decrease
in activity during work, leisure time and extra-curricula pursuits has been
documented,'7* 33183186

Research suggests that regular physical activity protects  ainst overweight,
obesity and chronic disease,”’ however the individual-level of physical activity and or
exercise 1s not the main component of Energyy. "% One graphical repres — tation of
energy expenditure is found in Figure 3.2. Total energy expenditure (TEL is the sum of
threc components: resting energy expenditure (REE  and the thermic eftect of food (T1 )
and physical activity-related energy expenditure (PAEE)."® Fig ¢ 3.2 illustrates how
total energy expenditure (TEE) is broken down into components and cor Hares active

and scdentary individuals.
















multiple genes and their interaction with the environment.'™ Attempts are on-going to
identity these multiple genes. In large population surveys, more than 244 genes, markers
and chromosom: regions have been linked to iman obesity.'” Adoption studies
demonstrated that genes exerted a strong cttect on body weight. The weight of adults
who were adopte  as children, related more closely  that of their natural parent, and not
to the new or adoptive parcnt.w’ In addition, it was shown that twins who were separated
and raised in difterent environments, demonstrated a similar heritability or increased
likelihood of passing on the trait for overweight and obesity."” In another study of twins,
identical male adult twins were fed a surplus ot 1000kceal per day, six days a week tor a
period of 100 days. Significant increases in body weight and fat mass were observed 1
these adults, following the eriod of overteedit 1e tindings demonstrated that there
were considerable difterences betw 1 the pairs of twins and how they responded to
excess calories. There was at least three times more variance in response to overfeeding
between pairs of twins than within pairs of twins, for the gain  body weight, fat mass
and fat-freec mass. This study demonstrated that some individuals were - re at risk than
others for gaining weight v en encrgy intake surpl  is the same for everyone, and when
all subjects were restricted to a sedentary litestyle. The “within® identical twin pair
response (i.¢., similar weight gam) sug  sts that the amount of fat stored is intluenced by
genotype. 1

In tamilics with one or two morbidly obese parents, ¢ risk of an offspring
becoming obese is two to th @ times that of  ose having normal weight parents,

suggesting that both genetics and the environment play a  Hle in - termining the
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likelihood of an individual's weight status.~ A better unders nding  the complex
aetiolc 7 of obesity may lead to more ettective means in treating and preventing obesity

in the population.
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Chapter 4 Methods

4.1 Introduction

The purposc of this chapter is to provide a detailed discussion of the methods used to
cxaming the relationship between level of BMIas a  flection of obesity and health
services utilization and associated costs, tor a representative sample of the provinee of
NL, Canada using individual-level data from the 2001 CCHS. This chapter provides an
overview of the (i) study design (ii) study population/sample (i11) database linkage
procedure (iv) variables analyzed in the current study (v) data a  lysis and (vi) cthical
considerations.
4.2 Study Design

This is a population-based study of adults — :d between 20 and 4 years of age

living in NL. The population was stratificd by BMI category for the purpose of the
analysis. The study included: (i)  sccondary analysis of a sub sample f data from a
National cross-sectional health survey and (ii) an analysis ¢ actual hcalth services
utilization and direct costs over a tive-year peric Information on factors associated
with obesity/morbid obesity and subjective health 1¢es utiliz  1on were obtained from
the CCHS. Objective health services utilization was obtained through linkage ¢ the
CCHS to two administrative databases; the Cl o cal Database Mane ment System
(CDMS), the provincial hospital separations database and the Medical Care Program
(MCP) databasc which processes claims for fee-for-service (FFS) physicians in the

province.
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provincial health intormation databases. Individuals  d to be between 20 ¢ 1 64 years of

age and have a calculated BMI available. The age range was limited. Resc  ch suggests
BMI may not be an accurate  redictor of excess body fat or associated health risk n older
age groups as both men and women naturally lose lean body mass through the lite cycle.
For example, although the percentage ot body tat in :ases with age, BMI can remain
constant.™ As a result; rescarchers limit the use of BMI to this middle age-  oup.

Pregnant women were also excluded from this study.

In this study, BMI, defined as weight in kilograms divided by heigl  in metres
squared (kg/m?) was classified usit  the system endorsed by both the World Health
Organization and Health Canada. This classification system was presented 1 Table 3.1.
Underweight, overweight and all obese BMI categories are associated wit  increased
health risk.'™" As describe carlier in this study, a BMI> 30 and < 35 kg/m” will be
considered obese. Obese class [ (BMI>35) and obe  class [T (- VIl >40) will be

combined and described as morbid obesity (BMI > 35 kg/m?).

The total cligible study population was 3734 survey respondents in NL. All
survey respondents consented to share their non-identitiable survey respor s with
Health Canada and other health information agencics, and 94% (n-3497) ¢ nsented to
the linkage of their individual health survey responses with other provineial health
information. In total, one thousand and scventy-tive (n= )75) individuals were excluded
from the study. Individuals excluded were those under 20 or over 64 years of age and 31
pregnant women. In addition 25 individuals had in* id or missing information on

heights and/or we’ “its. The study sample was reduced to ™7 66 individuals. Categorizing



the study population into BMI groupings resulted in the following: 881 normal weight;
910 overweight; 407 obese, 141 morbidly obese and 21 underweight individuals. The
underweight population of Z individuals was cxcluded from further analy  due to the
focus of the research hypothesis, that increasing levels of BMI are associa 1 with an
increased use of health services. The sample size for the second: _ analysis of the het h
survey data was 2345 individuals, before the linkage. Figure 4.1 illustrates the calculation

of the final sample size before linkage.



3734 _4—— Eligbler  iation

100% agreement to share

Less:
. n=297 who did not give
permission to link

L 3497 ———— 93% permission to link
| s
* 1075 outside 20-64 years
31 pregnant  ales
‘ 25 with missing informat
—— ) (N=1131)
2366
A
881
21 o016 407 141
norma -
underweight overweight Obese gg::i?y
i
745

Figurc 4.1 Flowchart of the Sclection of Study Sample
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questions are in modules and offered to the province at an additional cost. Individual
provinces can decide if they want to purchase the "¢ onal conte " questions depending
on their individual needs for information. An example of a topic for optior ~ content
questions is smoking cessation. Standard questions on socio-cconomic and demographic
characteristics complete the interview. The survey questionnaire and comprehensive

200-202
The relevant survey

information is available on the Statistics Canada website,
questions used in the current study on health servic  utilization, health status and

litestyle included:

Do you have a regular medical doctor?

e In the past 12 months, have you been an overnight patient 1 a hospital,
nursing home or convalescent home?

o For how many n™ "its?

e Not counting when you were an overn™ it patient, in the past 12 months,
how many times have you seen or ta  >d onthe tel onc. out your
physical, cmotional or mental health  ith a family doctor or gencral
practitioner, a mental health provider or another type of doctor (c.g., a
specialist such as a surgeon)?

e In the past 12 months have you received any hos) v os at a hospital
either as an  patient an outpatient or an emergency room patient?

e In the past 12 months, not counting hospital visits, have you received any

health care i m a i ily doctor or other physict 7

e How tall arc you without shoes  1?
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How much do you weigh?

In general would you say your healtl : excellent? Very good? Good? Fair
or Poor?

Now I'd like to ask you about certain chronic health conditions which you
may have. We are interested in long-term conditions that b ¢ lasted or
are expected to last 6 months or more and that have been diagnosed by a
health professional.

o Questions included: Do you /¢ food allergies? Other allergies?
Asthma? Arthritis? Back problems? High blood pressure?
Diabetes? Cancer (what type?) Interviewer lists 25 chronic
cond ons.

For certain groups of questions,  rived variables were cal lated using
validated formul  Derived variables combine answers to several
questions to »wm one composite variable with an associated value.
Questions on level of income, education, physical activity, uit and

vi table consumption, alcohol intake and smoking beha r we

combined into derived variables.

4.4.1.1 Access to Survey Data

Statistics Canada stores and maintains its st /ey data on several files two of

which include: a master tile™ and a “share™ file. In addition a “link file” can be aceessed

in order to link individual survey responses from cither the "mast — or the “share™ file

with other individual healt  information.
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Services and Statistics Canada to access this file. T present study utilizes both the
“share™ and “link™ files.
4.4.2 Medical Care Plan Database

The Medical Care Plan (MCP) is a compreh  sive system of public medical care
insurance covering the cost of fee-for-service (FFS) physician services for eligible
residents of the province of NL. The MCP database is housed within the P vincial
Department of Health and Community Services. The MCP database captt 5 information
on sex and age of patient, diagnosis, provider’s specialty (e.g., genceral practitioner or
other specialty), service date (including year), fee code and provinee ot be ticiary. The
MCP ftee code describes all - otential tee grouping ¢ egories: office consultations, home
consultations, in-patient consultations, outpatient and emergency visits, di nostic and
therapeutic procedures, in-hospital diagnostic procedures, radiology and surgical
procedures. In all cases, only visits were incluc — where the physician was coded as the
prin y provider (exeluding code for surgical assistant and ancsthetist). Fee codes ran
from 001 (gencral practitioner) to 082 (medical otticer ot health), althoug there are
some codes not presently used (c.g., NC or no code). Codes are sct by the  1edical Care
Plan Board (Tablc 4. 1). The completeness of the | rsicians™ claims datal  sc has not
been veritied, however as the information collected is an integral part of't: claims tor
payment it is considered to be complete in terms of numbers of visits and type of
physician visited (¢.g., tamily doctor versus specialist). Access to this d. tbase was

provided to the researcher through the NL Centre tor Health Information.
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care outside the province. Access to this databasc was provided through the NL Centre
for Health Information.
4.5 Database Linkage Procedure

As part of the heaith survey, respondents indicated their willingness to share
and/or link their individual survey responses with other jurisdictions and/or to other
provincial health administrative data. Respondents who agreed to share an  link their
survey responses provided their health insurance MCP numbers. MCP numbers were
used to link the health survey sample to the MCP claims file and the CDMS in order to
obtain physician and hospital he  th services utilization. A detailed descrip  on of the

linkagc process can be found in Appendix B.

4.6 Mcasures in the Current Study

The tollowing section describes the dependent and independent variables of
interest.

4.6.1 Dependent Variables
The primary dependent variables of interest were 1) selfreported | sence of
chronic discasc 2) measures ot objective health services utilization and 3) associated

dircet costs over a five-year per  d trom 1998-2003. Using And  sen’s Model, the

measures of health services utilization are ¢ cribed as Health Behaviors (see Table 4.2).

The specitic measures of health services utilizatior icluded visits to a physician as well

as measures of hospitalization. Direct costs included total costs of physic 1 services and

total inpatient costs.
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Table 4.2 Independent and Dep«  lent variables used in the prim  anal® s

Population Characteristics Health

havior

Predisposing

age

S€X

ceducation level

marital status

Enabling Need

re; 1ic diseat lysician
visits

-GP

-specialist

income :vel pital usc

-inpatient
missions

-LOS

-day surgerics

urban/rural location Direct = sts
health region of -total
residence bl catus physician
ler 1ysical costs
activit . :
‘ Y -t 1l inpatient
. . costs
consumption of
fruits &
vegetables
¢ ohol/smoki
behavior
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scrvices utilization through histc  ams illustrated data that was positively skewed to the
right and therefore not normally  stributed (sce Figure 4.2 for Total FFS visits).
Therefore reporting averages with standard deviations does not always clearly  ustrate
the variability of the data. The o1 iers (data points that are greater or less  an 3 standard
deviations from the mean) can influence the average. ace median 5 a descriptive
measure of health service use can be more accurate than the mean to deseri : the central

tendency of the data and to compare the variability of the data.™"
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Figure 4.2 Total FFS visits 19¢ 2003 (n=2 77)
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Logistic regresston is part of a category of statistical models called eneralized
lincar models or GLM and a  »ws one to predictad  zte outcon  such as group
membership from a set ot independent variables that may be continuous, discrete or
dichotomous such as presence/absence of a diseasc. The dependent variable is most often
dichotomous, and can take the value of | with a prc  ility of success or the value 0 wit
the probability of tailurce. This ty] of variable is called a Bernoul  or binary variable.
The relationship between the predictor and the depene tvariable isnotal  car one, it is
a logit transtormation. An advantage of using logistic regression is that no  sumptions

about the distribution ot the dependent variable need to be met.

One form of the logistic regression equation is:

Pi

Jo + s+ o+ Sty
1 - P

logit(p;) = In

A particular element of X; can be sct to 1 tor all / to yicld an intercept tor the model. The
unknown paramcters B, arc usually estimated by maximum likelihood. Interpretation ot
the Bj estimates is the additive eftect on the ¢ odds ratio, a unit change in the jth
explanatory variable. In the ¢ : ¢ a dichotomous explanatory variable, gender, ¢ is the
estimate or odds ot having the outcome for examples males compared with males. The
odds arc a measure of cftect size and arc defined as the ratio of the probabi  y of an event
occurring in one group to the probably ot it occurring in another  Hup. These groups

might be men and women, or an experimental group and control group. If't



probabilitics of the event in each group arce p (first group) and g (the sccond group), then

the odds ratio 1s:

p/(1— p) p(l —gq)
q/(1—q) q(l —p)

These results of the logistic regression are casy to interpret, as they are reported using
odds ratios. An odds ratio of indicates that the odds of exposure i1s the sar — 1n both
groups. An odds ratio greater than one indicates that the condition or event is more likely
to have occurred in the exposed group when compared to the non exposed group. In
contrast an odds ratio less than one indicates that the condition or event is less likely to
have occurred in the exposed group.

In the model analyzii  the association wi ¢ Hnic discase, the level of BMI was
the independent variables or x while the existence of chronic discase was the dependent
variable or y (c.g., the existence of hypertension yes/no). In the equations, age and gender
were controlled for because of tl - 1 well-evidenced relationship w1 health, Age was
entered as a continuous variable ¢ | gender was included as a dummy variable. A
dummy variablc allows tor the addition of nominal or ordinal variablcs in a regression
cquation. The starrd approach is to include the categorical variables in the regression
cquation by coding cach level of cach categorical variable as O or - Conventionally |
mecans the attribute of interest 1s ant. A bini . nominal variable such as nder may

be coded 0 for male and 1 for temale.
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demonstratc multi collincarity. . ..c residuals should have a linear relationship with the
predicted scores. Only one response per dependent variable is allowed, theretore there
should be no repeated measures. The variance for residuals about the predic  d score
should be the same for all scores.

Initial exploration via a histogram of the cost  ita, illustrated a distribution that
was not quite normal as well as many values that were zero. However non-linearity ot a
continuous response variable can be corrected by a mathematical transtormation in order
that the data can be used in a linear model. In this scenario the dependent v able was
log transtormed to ensure the data met the criteria of normality. Modeling using multiple
regression analysis was run on the natural log (In) of the response variable. One needs to
be awarc that any data transform  on chan_ : the meaning of the model parameters and
their interpretation. Theretore caution should be made v - en interpreting the beta
coctticients in the equation. A positive increase ina  ta increases the natural log of the
dependent variable.

Duc to the number ot zeros encountered in the ¢ asct (i.c., those survey
respondents who had not utilized cither physician o1 ospital services), 0.1 was added to
cach individual cost so the natural log could be computed. The o ot zero produces a
value of “infinity” which cannot be used in any statistical analysis, theretore in order to
usc the information trom these data points an arbitrary value ot 0.1 was added to cach
zero value. This retains the data while keeping the value close to zero. Altl ugh this
produces a negative value, it allows the data to be usc  in the statistical analysis. In the

casc of physician costs, the analysis (running the na log of the costs with the above









variable is to be described as a mediator vanable, the statistical analysis should
demonstrate a decreasc in the ettect of the independe  variable when the medi ris

added to the model.>"?

124




Mediator
Chronic discase 3

Independent Variable Dependent v

BMI ™~ 30 i Health services
. _
Indirect eftfect = afy Direct: cct 1

Total effect =afy + 1

Figure 4.3 Hlustration ot a Mcdiator
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Coffee drinking
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Cigarette smoking

Figurc 4.4 lllustration of a Confounder







CCHS 1.1 “share tile”, the Clinical Database Management System (CDMS) was received

from the NL Centre for Health Information (Appendix H). Permission to usc the fee-for-

service physician claims database was received from the Medical Care Plan \ppendix 1).

All personal identifiers (name, address, telephone and health insurance number) were
removed from the research database atter linkages w > conducted. An anonymous
unique identitier number replaced the MCP number. The rescarcher was required to sign
a standard oath of confidentiality. Access to the i ntities associated with the personal
health information was limited to a co-investigator employed by M CHI who also
conducted the database linkages. All paper forms and pr outs of clectronic files were
kept in a sceure place and computer files related to the study were password protected

and kept in a locked oftice.
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Chapter S Results

5.1 Introduction

This chapter presents the findings of the rescarch study. Data analyses were
performed using statistical software packages SPSS (Version 13.5) and "R°. SPSS was
used for the descriptive analysis, logistic regression equations and multiple regression
cquations while “R™ was used to run the Poisson regression analysis (i.c., the count data
models for prediction of health services utilization). The study fir - ags are presented in
the following four sections. Section 5.2 reports the s ndary analysis of the 2000/2001
CCHS (Tables 5.1 to 5.6). Scction 5.3 reports the analyses of the  1casures of actual
health services utilization (¢ les 5.7, 5.8, Figure 5.1). Section 5.4 reports the results of
the analysis comparing self reported and actual visits to a physici  (Table 5.9). Table 5.5
reports the prediction models describing the rela n ip between tl ractual” level of
health services utilization and the level of BMI (Tab 510 — to 5.14). Scction 5.6
describes the direct costs of obesity (Table 5.15, Figures 5.2, 5.3) and the multiple
regression prediction estimates which described the  lationship between level of BMI
and the dirceet healtheare cost (Tables 5.16, 5.17).
5.2 The 200072001 CCHS

A total of 2366 survey respondents between 20 and 64 years of age et the mitial
criteria and were included in the study analysis: 47.2%  cre males and 52.8% were
femalces with an average age ot 41 years (SD=11.67). The average BMI was found to be
27.0kg/m” witharar 1« 18.0 60.4 kg/mz‘ The sample was divic 1 into the

appropriate BMI categories using tt WHO classificati 1 system. A total of 548 (23%)
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5.2.1 Chronic Conditions

Table 5.3 summarizes the self reported prevalence ot chronic conditions
comparing morbidly obese, obese, overweight and normal weight groups. Morbidly
obese and obese groups were significantly more likely to have reported being diagnosed
with cerebrovascular and cardiovascular discases, hypertension, endocrine discases
including diabetes and a gastrointestinal or neurological  scase. The self' o orted
prevalence of cerebrovascular and cardiovascular diseases was 27.7% in the morbidly
obese, 26.3% in the obese, 17.8% in the overweight and 9.2% in the normal weight The
self reported prevalence of hypertension incrcased fromr 7% in the normal weight to
26.2% in the morbidly obese group. The self reporte  prevalence of endocrine discases
was 7.5% in the normal weight group, 9.1% in the overweight group, 12.3' in the obese
group and 17.0% in the morbidly obese group. As well  1inerease in the previ nce of
self reported diabetes was reported from 2.7% in the normal weight group  11.3% in't
morbidly obese group. There were significant differences in the sclt repor  prevalence
of the gastrointestinal and neurological discases across levels of BMIL The  were no
differences seen across the levels of BMI with the prevalence of discase for

rhcumatology, pulmonary, asthma or allergies.



















5.2.4 Obesity as a Predictor of Chronic Disease

This section examines the level of BMlasa| » tor of sclf reported chronic
disease in the NL population. Logistic regression models, adjusting for age and sex were
developed. The independent variables in the model were level of BMI, age and sex. The
dependent or outcome variable was dichotomous: the presence or absence of chronic
discasc where yes = | and no = 0 (Table 5.0).

The likelihood of having reported being  agnosed with the followi s chronic
conditions; cercbro/cardiovascular, hypertension, endocrine conditions and diabetes
increased as the level of BMI increased. The strengt ot this relationship was
demonstrated by the increasing odds ratios. As the corresponding confidence intervals did
not include one, these findir 5 were significant. For example, the overweight, obese and
morbidly obese groups reported odds ratios (OR) ot 2.91 [95%C1(2.82, 3. ], OR 5.39
[95% C1(5.2, 5.58)] and an OR F[95%C1 (7.86, 8.63)] times more likely to have
reported been diagnosed with hypertension compar 1+ the normal weight group.
Analysis of the remaining chronic disc: s (¢.g., gastrointestinal, rheumatologic,
| omary, asthma, ncurological and al ¢ )did » cmonstra aclear "se  sponse

relationship with increasing levels of BMIL
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other three BMI categories (median 9). In all cases, the relationship among BMI
categories appcars to be non-linear (i.c., the number of physician consults docs not
increase linearly with increasing BMI category). The re  ionship appears to be j or u-
shaped. The normal weight group reported a higher  :dian number of visits to a
physician compared to the overweight group. The overweight group report — a fewer
median number of visits compared to the obese group. = ¢ obese group also reported a

fewer number of median visits compared to the morbidly obese group (Figure 5.1).
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Table 5.7 Actual Physician Health Services Utilization by Level of BMI

BMI category Viorbialy Ob« Overweight  Normal
Obecse
Total physician consults 131 388 841 817
(n=2030)
n (%) 127(97) 360( ) 783(93) 766(94)
median [25", 75" %]* 31[14,52]  24[10.45]  21[8.45]  24[10.48]

GP consults
n (%) 114(87) 312(80) 695(83) 717 (88)
median [25", 75" %)% 22[1037]  17[7°7) 16[6,28] 17[7.28]
Specialist consults
n (%) 121(92) 331(85) L 13(85) 693(85)

median [25", 75" %] 9[5.21] 714 7] [4.19] 7[4.20]

Sample size varies based on number ot vand MCP numoers in cach BM1 category
'BMI categories: normal (18.5-24.9); overweight (25-29.9); obe  (30-34.9); morbidly
obese (235.0), *p < .05







5.3.2 Descriptive Statistics: Hospital Scparations

Table 5.8 presents the descriptive statistics forh  pital s¢j ations g, in-
patient visits, length of stay and su  cal day care ca ). A total ¢ 547 (2f )
respondents with a valid MCP number had at lcast one overnight stay in hospital and a
total of 551(25%) had at least onc surgical day carc procedure over the five-year study
period. For acute hospitalizations, there were no dit :es between levels of BMI for
length of stay per episode, median number ot visits per patient or average RIW (resource-
intensity-weight for inpatient stay). For surgical day are there were no differences
between levels of BMI for either the median number o1 ay surgeries per patient or the

average DPG_W (i.c. the day procedure group resor  e-intensity-weight) per patient.
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for GP’s and Specialist (SP)

Table 5. 9 Comparison ot Se  Report (SR) and Actual Visits to a Physician by evel of Bl
doct ;v the province of NL
Morbidly Obese Obese Overweight Normal
SR Actual SR Actual SR Actual SR Actual
n=114 n=312 n=693 n=717
X (SD) X (SD) X (SD) X (SD) X (SD) X (SD X (SD) X (SD)
GP 5.29(4.92)  5.75(531) 4.64(5.68) 4.14(3.84) 4.09(5.58) 3.97(3.95) 4. 6.1 ) 4.34(6.95)
n= 21 n=330 n=721 n=696
Sp* ¢ 162) 3.42(3.81)  .99(2.75) 3.33(4.21)  .73(2.10) 3.2 5.08) 7 1.86) 3.31(5.03)
<.05 rspeciali only







findit ; decereases in size when the mediating variak  (i.e., number of chronic
conditions) is included, the mediating variable may be affecting the relationship. The
number of chronic conditions was representative of § 1eral morbidity in this sample, or
Need as described in Anc son’s model of Health Services Utilization.™
5.5.1.1 Dependent Variable: Actual Number of Visits to a GP

Poisson estimates for the relationships with t : expected number of mean visits to
a GP arc presented in Table 5.10. Model (1) shows 1t being morbidly obese was
predictive of the expected number of visits to a GP (p<.001). Model (2) indicates the
increasing number ot chronic conditions was predictive of the expected nu - ber of GP
services and was highly significant (p<.001). These findings did not vary 1 Model (3).
Being morbidly obese and the number of chronic conditions were both predictive of the
expected mean number of GP visits (p<.001). The number of chrome conditions partly
mediates the relationship between BMI d GP visits as seen by ¢ decrease in the 3
value from 4269 to .2935.
5.5.1.2 Dependent Variable: Ac al Number of Vi to a specialist

Poisson estimates are presented for the predictive relatior ip between BMI and
the expected mean numbers of actual visits to a specialist (Table 5.11). In Mo 1 (1), no
significant relationship was tound among BMI categories and the number of visits to a
specialist. Model (2) indicates a positive significant relationship with number ot chronice
conditions and the expected mean number of visits to see a specialist (p- . 11). In Model

(3) the findings 1 nunchar—d.



5.5.1.3 Dependent Variable: Actual Number of Visits as an In-Patient

Table 5.12 presents the Poisson cstimates for the predictive relationship between
BMI and the actual number of inpatient visits. The resu  of the full Poisse  model are
presented in Appendix K 3a-3¢. Model (1) demonstrates no signiticant relationship
between BMI category and expected mean numbers of visits as an in-patic . However,
the relationship illustrated by the model is ancg ive o for the overweight and obese
variables. Being in the overweight and obese groups compared to the normal weight
group was predictive of fewer in-patient visits. Being in the morbidly obese group
demonstrated a positive relationship with in-patient vis  althou it was not significant.
Model (2) indicates a highly significant relationship b veen the number of chronic
conditions predictive of the expected mean number of in-patient visits. As  1c number of
chronic conditions increase, the number of visits to hospital also inereases. In Model (3),

the findings remain uncl d.






Table 5.11 Poisson Regression Estimates (3) and Stand 1 Errors (SE); Dependent
Variable Actual Numher af Visite ta a eneciglist octor 1998-2003

Model Levels o1 i Chronic Conditi BMI and Chronic
Conditions
(1) (2) 3
f cr B N [ SE
BMI
variables
25-299 0942 0685 0839 0043
30-34.9 -.0211 0835 -0975 0788
> 35 8L, 161 0059 107
Risk
variable
# of 228T7*** - R Rkt 0144
chronic
conditions
DF 1644 1644 1644

101Modcl 1 BMI omy_u) Model 2 - # o1 cnronic conditions only (3) Model 3- 5010
BMI and # of chronic conditions, ¥**p<.001, **p<.01, *p=<.05
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Table 5.12 Poisson Regression Estimates () and Stand | Errors (SE); D¢ ndent
Variable Actual Number of Visits as 1 in-Patient 1* 8-2003

Model Levels of BMI Chronic Conditions bstvir and Chronic
Conditions
(1 ) (3)
1 SE 1] N B SE
BMI
variables
25-29.9 -.0258 1020 -.0441 0992
30-34.9 -.1916 1272 -.2353 1241
=35 2573 1542 1535 1509
Risk
variable
# of 2383F** () Q3T79xk* 0227
chronic
conditions
DF 1644 1644 1 4

(1) Moaer 1 BMI only (£) Model 2 - # of chronic conditions only (3) Model 3- Both Bl
and # of chronic conditions, ¥**p<.001, **p<.01, *p<.05







Table 5.13 Poisson Regression Estimates (J3) and St: | Errors (SE); D¢ ndent

Variable Total T.ength of Stav (T OOSYin Hosnital 1¢ 03
Model Levels of 1sivi1 cnronic vonditic s Bvi and € onic
Conditions
(1) (2) 3)
] SE i SE B SE
BMI
variables
25-29.9 -.0203 1124 -. 1830 1090
30-34.9 -.6299*%** 1540 -.049QF** 1496
> 35 -.2053 1900 -.2803 1851
Risk
variable
# ot JO18*** (0 ) 3059*** 0243
chronic
conditions
DF 1644 1044 1644

101Model 1 BMI only (2) Model 2 - # of chronic conditions only (3) I Hdel 3- Bo
BMI and # of chronic conditions, ¥**p<.001, ¥**p<<.01, *p-.05
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T le5.14 Poisson Regression Estimates () and Stand
Variable: Actual Surgical Dav Care Visits 1908-2003

Model L.evels o1 1siv11 Chronic Conaituons
(N 2)
[ SE (13 SE
BMI
variables
25-29.9 .2603* 1054
30-34.9 2286 1238
> 35 .0019 2016
Risk
variable
# of O35 x* (735
chronic
conditions
DF 1644 1644
(1) Model 1 BMl only (2) 1 -#ofc

and # of chronic conditions, ***p<.001, *
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| Errors (SE) Dependent

B onic
Conditions

3)
f3 SE
261 1* 1036
1800 1221
-. 1508 1991
Q7 7HE* 0238
1644

hitions only (5 Model 3- Both BMI










relationship was demonstrated. The cost data for surgical .y carc across E [l levels
demonstrated an inverse j-sl  sed curve. The morbidly obese gro'  and the normal

weight group demonstrated > lowest average surgical day carc costs (Figure 5.3).
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Table 5.15 Summary ot Aver: : Five-Year (1998-2003) Physician and Hospital Costs by
BMI

1Bivll category'

Morbid Obese Overweight Normal
(n=3 (n=783) (n=760)
Physician costs in
dollars®, mean (SD)

Total* 1105 (1241) 838 ( 14! 869 (1411) 940 (1512)
GP*x* 484  (502) 304 (344) 303 (3062) 355 (730)
Specialist* 621 (903) 533 (947) 5066 (1248) S84 (1213)

Hospital cost in
Dollars,3 mean (SD)

Total* 2747 (5687) 1814(5011)y 2247 (8423) 2923 (12 648)
In-patient*® 2702 (5660) 1615 (4576) 2096 (8102) 2777 (12 455)
Surgical day care TR8 1600) 474 (2768) 310 (2133) 242 (1503)

'BMI catcgories: normal (18.5-24.0); overweight (2 0-29.9); obese (30-34.9); morbidly
obese (235.0).

? Includes Fee-for-Service physicians only: all offic  home, in-f ient, out-paticnt,
emergencey consultations and all diagnostic, therape ¢ procedures, in-hospital radiology
and surgical procedures. Costs based on the provincial government Medical Care Plan.

* Hospital costing based on RIW costing methodolc — + develope by the Canadian
Institute for Health Information (CIHI).

* Overall sample size was n=2177 which was divided based on BMI classification into ¢
following categorics: normal n=817; overweight n=841; obese n—388; morbid obese
n=131.

X p< 001, *¥* p< .01, * p< .05
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Table 5.16 Multiple Regression Estimates () and S 1dard Errors (SE) Dependent
Variahle: Total Costs of Phvsician Services 1998-2003

Model

Bivii

variables
25-29.9
30-34.9
> 35

Risk
variable
#of
CC’s

DF

R?
Adjusted
RZ

F-

Levels of BM1

(N

3

0437
06606
A4392%*

1507

1808
1732

23.76

statistic

SF

0775
0932
1397

564
715
3.145

Chronic BMI and Chronic
Conditions Conditions
(2) 3)

I N t i} SE t
0413 0734 .563
-.0015 0883 -.017
2827* 1327 2131

3020%%% (0223 [3.549  29Q3**k*  ()225  13.323

1509

2648
2590

=
|94

s

15006

2672
2599

36.01

101Model 1 BM1 only (2) Model 2 - # of chron  conditions only (3) Model 3- Bot
BMI and # of chronic conditions, **¥*p<.001,> <01, *p- .05
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Table 5.17 Multiple Regression Estimates () and §
Variable: Total Costs for in-Patient Hospital Services 1998-2003

dard Errors (SE) Dependent

Model Levels of BMI
(1)
1] SE t

BMI
variable
S
25-299 0114  .0968 .117
30-34.9 -.1989 1203 -.16.53

> 35 784 1505 1.185
Risk
variable

# of

CC’s
DF 429
R’ 0563
Adjuste
d R? 0255
F- 1.826
St?l';cl';n

Chronic BMI and hronic
Conditions Conditions
) 3)
0y SE t fy SE t
0001 0945 002
-2270 A176 -
1.93
A176 475 797
d130%%% 0 C H1 4.698 113]%** 0240 470
431 428
0902 1025
L0648 0710
3.559 3.258

tutModel 1 BMI onty (2) model 2 - # of chrot

itions only () Mmodcel 3- both

BMI and # of chronic conditions, ** »<.001, ¥**p<.01, *p<.05
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health interventions work, but may take time and will requi  the commitment of many.
It is recognized that these health issues differ in many ways om the obesity epidemic
being experienced by most western coun s today, howev  there may be  nilaritics

and lessons to be learned from these initiatives.
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APPENDIX B

Detailed Linkage 1 rocess









procedures, length-of-stay, resource intensity weigh and  >vider information for thosc
CCHS respondents who had either an admissionto b pita  ra visit to surgical day care.
Step 4: Linkage Mortality Surveillance System

Using a valid MCP number, 2200 CCHS respondents were linked to the Mortality

Surveillance System, to determine mortality and cau ¢ cath.

3%
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Table 1a: Select Measui s of Health
Behavior from the 2090,2001 CCHS

Tab’e 1b: Select Me~sures of
ropulati~ “haract istics from the
2000/2001 CCIIS









attack, angina or congestit 1eart fatlure

For cancer, respondents were aske  1bout:  ific cancers (breast, prostate,
colorectal, skin cancer (mr'==~~-a and non melanoma) and other

Need Variables - He: 1 us

Physical Activity Index (D)

ACDPAL)

Derived physical activity maex (¢ d on estimated ¢ rgy expenditure)
I Active, 2 moderately active, 3— inactive

Fruit and vegetable
consumption(D)

(FVCAGTOT)

Daily consumption of total fruits and vegetables
1= ~5servings perday, 2 —>6and <10, 3 >10 servings per day

Alcohol (D)
(AL.CADYTP)

Smoking
(SMKA 202)

Type of drimker
I regular, 2 occasic 3= nev

Type o1 smoker
1 daily. 2 occasional, 3 not atall

8%
£
N
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Does Body Mass Index + hange over
time?









findii  : support the use of obesity measured as a cross sec! nal parameter, as a valid and

reliable measure ¢ weight class over time in this poj latic
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ve. 30/05 13:08 FAX 7087572411 NI rHTY
1004

e ———
GOVERNMENT OF
NEWFOUNDLAI. AND LA ADOR

Department of Health and Community Services
Planning and Evaluation Division

September 30, 2005

Djvision of Clinical Epidemiolc
' School of Medicine
Memorial University of Newfound 1d
St. John’s NL AIB 3V6

Dear Mrs. Twells:

I arn writing in support of your study entitled “H services utilizat n, associated
factors, and direct cost of health services among ;e vs. nop-obese populations:

Laurie K. Twells
|
|
|
' Newfoundiand and Labrador™.

The Department of Health and Community Services, Newfoundland and Labrador
recognizes the value in investigating ot ity” in the province "New foundland and Labrador,

spt fically as it relates to our strat {irection to improve pooulation health1  >ur province. |
grant you permission to use the CC.. 1.1 link file for this st ' and look for wd to the final
report.

S :erely,

L ~F

] rna Coady

Director
Jemit

P.0. o0x 8700, St. John's, Newfoundland, Canada. A1 4J8, Telephone: 728-0730, Facsimile: 729-3940
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e e v AV VO FAA IUDIOLeL NLCH)
b S l4]002

‘ y “ewourdland & Lab-zdor

Centre for
_Health Inform tion

j

August. 2005

Laurie K. Twells

Division of Clinical Epidemiology
School of Medicine

Memorial University of Newfoundland

Dear Mrs. Twells:

I am writing in support of your study entitled “Health ser ‘es utilization, associated
factors, and direct cost of health services among « ese vs. non-obese populations:
Newfoundland and Labrador”.

The Newfoundland and Labrador Centre for Health I mr i le value in
investigating “obesity”’ in the provit - of Newfoundla abrador. I look forward to

reading your final report.

Sincerely,

_S15%e O'Reilly
Chief Executive Ofiicer

E/‘;osbie Buildir (= Regstry Integrity Unit

1 Crosbie Place Harbour Lodge Nursing Home

St. John's, NL A1B 3Y8 86 Highroad South
Telephone: (709) 757-2400 Carbnnear, NL A1Y 1A4
Facsimile: (709) 757-2411 Telephone: (709) 945-5332/4/5
Facsimile: {709) 945-5340
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U1

GOVERNMENT OF
NEWFOUNDLAND AND LABRADOR

Department of Health and Community Services

Audit and Claims Integrity

September 12, 2005

Laurie K. Twells

NL Centre for Applied Health Resc  ch
95 Bonaventure Avenue Suite 300

St. John’s NL AIB 3V6

Dear Mrs. Twells:
[ am writing in support of your study entitled “Health services util 1tion, associa 1factors, and
direct cost of health services among obese vs. non-obese )pulations: Newfoundland and

Labrador”.

. ¢ Newfoundland Medical Care Plan (MCP) supports this project as we feel it would facilitate
important research specific to obesity in this province. Iw  you every success.

Sincerely,

TONY MAHER, C.A.
Executive Director

57 Mar
P.O. Box 8700 - lland an: ada - A1B 4J6
Telephone: (709)758-1599 - Fac: « E-mai v.nl.ca » www.gov.nl.ca/health
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poisson_reg_utilization.txt

MODEL1B- ACTUAL GP VISITS (CC ONLY)

> modellb<-gIm(FFS_GPVS~CRNC_TOT+DHt _SEX+DHHA_AGE + EDUADH04+INCADIAS+INST NEWl+
SMKA_ZOZ+DHHA_MS+GEOHR2_R+PACADPAI+ALCADTYP+FAV_LRV1, v ight=WwTSA_S,data= wdata,

family=poisson)

call:
Im(formula = FFS_GPVS ~ CRNC_TOT + DHHA_SEX + DHHA_ AGE + EDUADHO4 +

INCADIAS + INST_NEWL + SMKA_ZOZ + DHHA_MS + GEOt 2_R + PACADPAI +
ALCADTYP + FAV_LRv1, family = poisson, data = newdata, weights = WTSA_S)

coefficients: ,
Estimate std. Error z value Pri>lzl)

2.357994  0.179413 13.143 < 2e-16 ***

(Intercept)

CRNC_TOT 0.210327 0.012438 16.911 < 2e-16 ***
DHHA_SEXmale -0.540167 0.049641 -10.881 < 2e-16 **~
DHHA_AGE 0.005074 0.002376 2.136 0.032687 *
EDUADHQ4SECONDARY GRAD. -0.077421 0.078864 -0.982 0.326245
EDUADHO40THER POST-SEC. -0.014665 0.112676 -.130 0.896449
EDUADHO04POST-SEC. GRAD. 0.084743 0.064648 .311 0.189911
EDUADHO4NOT STATED 0.108242 0.357658 u.3  0.762164
INCADIASLOWER MIDDLE -0.040992 0.099599 -n.412 0.680654
INCADIASMIDDLE -0.127599 0.093511 - .365 0.172399
INCADIASUPPER MIDDLE -0.158789 0.096583 -1.644 0.100164
INCADIASHIGHEST -0.019: 1 0.110749 -0.174 0.861578
INCADIASNOT STATED -0.135: ? 0.139680 ~-0.¢ 1 0.332683
INST_NEwlEastern 0.1736¢9 0.054895 3.10/ 0.001542 **
INST_NEW1Northern -0.798695 0.108945 -7.331 2.28e-13 ***
INST_NEWlwestern 0.066543 0.061332 .085 ™ 277936
SMKA_2020CCASIONALLY 0.522323 0.107924 4.840 30e-06 ***
SMKA_202NOT AT ALL 0.038385 0.053832 0.713 u.475812
DHHA_MSCOMMON - LAW 0.064113 0.080550 0.796 0.426069
DHHA_MSWIDOWED -0.068102 0.144030 -0.473 0.636331
DHHA_MSSEPARATED 0.285127 0.168633 1.691 0.090873 .
DHHA_MSDIVORCED 0.492934 0.110432 4.464 8.06e-06 ***
DHHA_MSSINGLE 0.109758 0.076402 1.437 0.150833
GEOHR2_Rurban 0.143785 0.047206 3.046 0.002320 **
PACADPAIMODERATE -0.193277 0.080829 -2.391 0.016793 *
PACADPAIINACTIVE -0.019497 0.068719 -0.2%4 0,776623
PACADPAINOT STATED -0.084802 0.155336 -0.¢ 585117
ALCADTYPOCC. DRINKER 0.309003 0.055671 5.¢ .85e-08 **¥
ALCADTYPFORMER DRINKER 0.168682 0.067830 2.45/s u.012889 ~
ALCADTYPNEVER DRANK 0.311200 0.080339 3.874 0.000107 ***
FAV_LRV1< 5 servings per day -0.008733 0.052128 -0.168 0.866956
signif. codes: O vesxt .001 '¥*' 0.01 '*' 0.05 '.' 0.1 "1

(Dispersion parameter for poisson family taken to be 1590.012)

Number of Fisher Scoring jterations: 6

Pe—2
















APPENDIX K

Poisson Mod.l, ~a-5¢
Actual Hospital Utilizatic n






























APPENDIX L

Multiple Kegro.sion M dels 6a-7c
Physician and ::os ntal Costs






poisson_reg_costs.txt
model 6b: MULTIPLE REGRESSION ON TOTAL DOCTOR COSTs- TOTAL VISITS (CHRONIC

CONDITIONS ONLY) VISITS >0

> model6b<-1m(LOGTOT_FFS~CRNC_TOT+DHHA_SEX + DHHA_AGF +EDUADH04.NA+INST_NEWI +
eights = WTSA_S,

SMKA_202+GEOHR2_R, data=newdata,subset=LOGTOT_FFs>0,
na.action=na.omit)

call: n(formula = LOGTOT_FFS ~ CRNC_TOT + DHHA_SEX + HHA_AGE + E IADHO4.NA +
INST_NEwWl + SMKA_202 + GEOHR2_R, data = newdata, subset = LOGIOT_FFS >

0, weights = WTSA_S, na.action = na.omit)

coefficients:

Estimate Std. Error t vialue Pr(>|t])
(Intercept) 5.070464 0.16: 13 : ,086 < 2e-16 ***
CRNC_TOT 0.302874 0.022353 . 549 < 2e-16 ***
DHHA_SEXmale -0.640994 0.062833 -10.202 < 2e-16 ***
DHHA_AGE 0.017291 0.002772 6.237 5.76e-1Q ***
EDUADHO4 . NASECONDARY GRAD. -0.082666  0.109983 -0.752 0.45239
EDUADHO4 .NAOTHER POST-SEC. 0.022233 0.16: )8 0.136 0.89160
EDUADHO4 .NAPOST-SEC. GRAD. 0.085686 0.08%036 0.955 0.33958
INST_NEwlEastern -0.029087 0.077840 -0.374 0.70870
INST_NEwWINorthern -0.97c441 0.114960 -8.050 1.66e-15 ***
INST_NEwlwestern 0.0._346 0.085130 0.650 0.51570
SMKA_2020CCASIONALLY -0.004298 0.172333 -0.025 0.98010
SMKA_202NOT AT ALL 0.123581 0.069319 1.783 0.07482 .
GEOHR2_Rurban 0.187339 0.064391 2.909 0.00367 **

Ssignif. codes: 0 '#*#**' 0.0C '**' 0.01 '*' 0.05

Multiple R-Squared: 0.2648, Adjusted R-squared: 0.259

F-statistic: 45.3 on 12 and 15( DOF, p-\ lue: < . 2e-16
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