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ABSTRACT

Metabolic Syndrome (MetS) refers to the clustering of various cardiometabolic
risk factors, including glucose intolerance, abdominal obesity, dyslipidemia and elevated
blood pressure. Over the past two decades the world has experienced a sharp increase in
the number of people with MetS, It is estimated that around 20 — 25 percent of the
world’s adult population now have metabolic syndrome.

This study had three main aims: (1) to describe the epidemiology of obesity in
Hawaii using standard and proposed ethnic specific BMI definitions of obesity, (2) to
describe the epidemiology of clustered risk factors compatible with MetS among
Hawaii’s population using standard and proposed ethnic-specific BMI definitions of
obesity, and to (3) to estimate crude and adjusted prevalence ratios for clustered risk
factors compatible with MetS.

This study used the Behavioral Risk Factor Surveillance System (2001 — 2005) to
examine the prevalence of weight status (obesity) and MetS in Hawaii. The findings
confirmed what is already known — obesity rates are high and disparities exist. However,
when ethnic specific case definitions of weight status were applied, a dramatic shift in the
distribution of obesity emerged. For example, when using World Health Organization
(WHO) BMI thresholds, the major Asian groups had obesity rates in the 10% range.
Applying ethnic specific BMI thresholds, obesity prevalence among Asians increased
into the mid 40% range.

When using WHO BMI definitions of obesity, the prevalence of 3 — 4 MetS risk

factors ranged from a low of 2.7% (“Other Asians™) to a high of 18.8% (“Other Pacific
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Islanders”), with a mean of 8.3%. When using ethnic specific definitions of obesity, the
prevalence of 3 — 4 MetS risk factors ranged from a low of 3.6% (Blacks) to a high of
17.8% (*Other Pacific Islanders™), with a mean of 10.5%.

Poisson regression analysis showed that race / ethnicity was an independent risk
factor for having 3 — 4 MetS risk factors when controlling for age, education, gender,
poverty level, having healthcare coverage, and having a personal doctor.

This study provides a glimpse into the future burden Hawaii may be faced with as

the prevalence of obesity and its associated conditions continue to rise.
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CHAPTER 1. INTRODUCTION
Metabolic Syndrome

Metabolic syndrome (MetS) refers to the clustering of various cardiometabolic
risk factors, including glucose intolerance (type 2 diabetes, impaired fasting glycemia,
impaired glucose tolerance), abdominal obesity, dyslipidemia and elevated blood
pressure. ' Risk factors associated with Met$S (also referred to as Cardiometabolic
Syndrome} are likely to be linked to insulin resistance and co-occur more than expected
by chance alone.” It is theorized that in individuals with MetS, the development of
obesity and physical inactivity leads to insulin resistance and compensatory
hyperinsulinemia. Most insulin-resistant individuals are able to maintain the degree of
hyperinsulinemia reqﬁircd to prevent loss of glucose homeostasis. If pancreatic insulin
secretion fails to increase adequately, impaired glucose tolerance or diabetes develops.
Genetic factors also play a role.?

MetS is considered to be proinflammatory and prothrombotic, with glucotoxicity
and lipotoxicity contributing to the metabolic and vascular abnormalities. Individuals
with MetS are more likely to have abdominal obesity as opposed to lower body obesity.
Abdominal obesity is associated with visceral fat, as opposed to lower body obesity
which is associated more with subcutaneous fat. The issue here is that visceral fat is
metabolically active. It produces free fatty acids and inflammatory cytokines that drain
directly into the liver via the portal circulation. Fat deposits in the liver are associated
with overproduction of very-low-density lipoprotein, leading to atherogenic dyslipidemia
(elevated triglycerides, low high density lipoprotein (HDL) cholesterol levels, and small -
dense low-density lipoprotein [LDL] cholesterol particles). Although LDL cholesterol
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levels may not be elevated, the number of particles may be increased, and the small dense
particles more readily enter the arterial wall and are oxidized, leading to atherosclerosis.”
Over the past two decades the world has experienced a sharp increase in the
number of people with MetS.? For example, a study based on the National Health and
Nutrition Examination Survey (NHANES) estimated that approximately S0 million
people in the U.S. had MetS in 1990. That number increased to approximately 64 million
people with MetS in 2000%. Furthermore, it is currently estimated that around 20 — 25
percent of the world’s adult population now have MetS.? Associated with MetS are the
epidemics of obesity, cardiovascular disease and diabetes, all of which are considered to
be worldwide, and have emerged as a major public health threat of the 21¥ century. The
clustering of cardiovascular disease risk factors that are associated with MetS is now
considered to be central to the current CVD epidemic.’ For example, a cohort study based
on the Framingham Offspring Study found that men with MetS had a 2 fold increase in
the risk for cardiovascular disease when compared to their non MetS counterparts. The
study alsc found a four-fold increase in the risk of developing type 2 diabetes in both men
and women with MetS when compared with those without MetS.> Both children and
adults have been impacted by these epidemics, and they have struck both developed and
developing countries.'® The clinical and public health importance of MetS is that it is
common; it identifies individuals who are at increased risk of cardiovascular disease and
type 2 diabetes, both of which are major public health threats.® Ultimately, MetS provides
a view into the health of a population. The increase in the prevalence of MetS is seen as a

forecast of the future increases in diabetes and cardiovascular disease.*



The most commonly used clinical definition of MetS was proposed in 2001 by the
National Cholesterol Education Program’s Adult Treatment Panel III (ATPIII). The
ATPIII defines MetS as the presence of any three of these five risk factors: central
obesity, high triglycerides, low HDL cholesterol, high fasting glucose, and high blood
pressure.7’ $ Most recently, the International Diabetes Federation (IDF) has developed a
clinical definition of MetS that has received worldwide consensus.’ Table 1 describes the
various aspects of the IDF clinical definition of MetS. The IDF defines MetS as having
central obesity with at least two other risk factors that include raised triglycerides,

reduced HDL cholesterol, raised blood pressure, or raised fasting plasma glucose.

Table 1. The new International Diabetes Federation (IDF) definition of MetS’

Central obesity (defined as waist circumference* with ethnicity specific values) plus
any two of the following four factors:

Raised >150 mg/dL (1.7 mmol/L) or specific treatment for this lipid
triglycerides abnormality

Reduced < 40 mg/dL (1.03 mmol/L) in males

HDL < 50 mg/dL (1.29 mmol/L) in females or specific treatment for this

cholesterol lipid abnormality

Raised blood | Systolic BP > 130 or diastolic BP > 85 mm Hg or treatment of
pressure previously diagnosed hypertension

Raised fasting | FPG) 2> 100 mg/dL (5.6 mmol/L), or previously diagnosed type 2
plasma diabetes

glucose If above 5.6 mmol/L or 100 mg/dL, OGTT is strongly recommended
but is not necessary to define presence of the syndrome.

*If BMI is >30, central obesity can be assumed and waist circumference does not need to

be measured.




Table 2 describes the ethnic specific waist circumferences that define central
obesity based on the IDF definition of MetS. The IDF definition specifies that in a person
with a BMI of 30 or more, central obesity is assumed. For males, the waist circumference

thresholds for obesity are higher in Europeans when compared with Asians.

Table 2. Ethnic specific values* for waist circumference’

Europids: In the USA, the ATP III values Male 294 cm

(102 cm male; 88 cm female)

are likely to continue to be used for clinical

pUIPOSES Female >80 cm
Male 290 cm

South Asians: Based on a Chinese, Malay and

Asian-Indian population Female >80 cm
Male >90 cm

Chinese Female >80 cm

Japanese: Originally different values were Male >90 cm

proposed for Japanese people but new data

support the use of the values shown above. Female >80 cm
Use South Asian
recommendations until more

Ethnic South and Central Americans specific data are available
Use European data until more

Sub-Saharan Africans specific data are available

Eastern Mediterranean and Middle East (Arab) Use European data until more

populations specific data are available

* There are no established cut offs for Native Hawaiians/Pacific Islanders

Although there is widespread agreement that MetS is a growing public health

threat, there are others who believe that MetS is not a relevant clinical entity and that the
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risk factors that make up MetS are independent risk factors for cardiovascular disease
irrespective of whether they are clustered or not.> For example, the American Diabetes
Association and the European Association for the Study of Diabetes, through a joint
statement concluded that 1) criteria for MetS are ambiguous or incomplete, and the
rationale for thresholds are ill defined, 2) the value of including diabetes in the definition
is questionable, 3) insulin resistance as the unifying etiology is uncertain, 4) there is no
clear basis for including/excluding other CVD risk factors, 5) CVD risk value is variable
and dependent on the specific risk factors present, 6) the CVD risk associated with MetS
appears to be no greater than the sum of its parts, 7) treatment of MetS is no different
than the treatment for each of its components, and 8) the medical value of diagnosing
Met$ is unclear.'®
Obesity

The current obesity epidemic is at the core of the growing public health problem
of MetS and its closely related conditions (type 2 diabetes and cardiovascular disease).
Obesity is defined as an excess of body fat that adversely effect health and longevity and
is now well recognized as a disease in its own right.!! Moreover, it is also believed that
obesity plays a central in the escalating burden of chronic diseases in general. For
example, it is estimated that American businesses suffer productivity losses in the range
of $1.1 trillion annually due to chronic illnesses, with obesity playing a major role.' It is
estimated that globally, more than 1 billion adults are overweight, with 300 million of
these individuals being obese.'’

Children are not immum;: from the obesity epidemic. For example, it is predicted
that the current child obesity epidemic will impact communities in four overlapping
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waves. The first wave is believed to have occurred in the 1970°s and is still upon us.
During this phase, the average weight of a typical child in the U.S., across all
socioeconomic levels, all ethnic groups, and across all regions has progressively and
dramatically increased. This change in the average weight of children has attracted
attention, but little action was taken due to the fact that although childhood obesity was
increasing, most obese children remained relatively healthy. Phase two, which is believed
to be upon us now, is the manifestation of obesity-related disease in youth, and is the
culmination of phase one. Health conditions such as type 2 diabetes, fatty liver,
orthopedic problems, sleep apnea, and psychosocial problems are already on the rise. It is
believed that phase three is still many years away. It will be a titne where health
complications of obesity will lead to life-threatening disease. Conditions such as limb
amputation secondary to type 2 diabetes, coronary heart disease, kidney failure and
premature death will be commonplace. Phase four will be marked with the acceleration of
the obesity rate and its complications through transgenerational mechanisms.'* Table 3

describes the common complications that are associated with childhood obesity.

Table 3. Complications of childhood obesity™*

System Condition

Poor self-esteem, anxiety, depression, eating disorders, social
Psychosocial isolation, lower educational attainment

Neurologic Pseudotumor cerebri

Insulin resistance, type 2 diabetes, precocious puberty,
Endocrine polycystic ovaries, hypogonadism
Cardiovascular




Dyslipidemia, hypertension, coagulopathy, chronic
inflammation, endothelial dysfunction

Pulmonary Sleep apnea, asthma, exercise intolerance

Gastroesophageal reflux, steatohepatitis, gallstones,
Gastrointestinal constipation

Renal Glomerulosclerosis

Slipped capital femoral epiphysis, Blount’s disease, forearm
Musculoskeletal fracture, back pain, flat feet

Worldwide Diabetes

There is widespread agreement that type 2 diabetes is a growing and serious
global epidemic as a direct consequence of the obesity epidemic. Aside from the obesity
epidemic, the rise in diabetes is expected to occur because of population growth, aging,
urbanization, and physical inactivity. It is estimated that the worldwide prevalence of
diabetes in 2000 stood at 171 million among adults age 20 and above. By the year 2030,
the worldwide prevalence of diabetes is expected to double, making the associated human
and economic costs enormous.'® Complications associated with uncontroiled diabetes are
both numerous and serious. Diabetes can lead to cardiovascular disease (heart disease and
stroke), kidney disease, eye complications and blindness, neuropathy, foot complications
(diabetes is the leading cause of non-traumatic lower extremity amputations) and
amputation, skin disorders, gastroparesis, and depression.'” The expected parallel
increase in the number of cardiovascular related illness and mortality will have a
profound impact on healthcare systems across the globe,’ The greatest increases in

population rates are expected to occur in the Middle Eastern Crescent, sub-Saharan



Africa, and India. The greatest absolute increase in the number of people with diabetes is
expected to occur in India.'®
Diabetes in United States

The United States (U.S.) is in the midst of its own diabetes epidemic. For
example, according to the Behavioral Risk Factor Surveillance System (BRFSS), the U.S.
adult diabetes prevalence increased from 4.4% in 1995 to 7.5% in 2006.!” The BRFSS
diabetes estimates reflect the prevalence of aduits with known or diagnosed diabetes. It
does not take into account individuals who have diabetes but remain undiagnosed. There
were two periods in recent U.S. history that saw rapid increases in diabetes prevalence:
from 1963 to 1975, and again in 1990 when the prevalence sharply increased from 26.4
to 54.5 per 1000 people.'®

Current estimates (2007) put the number of people with diabetes in the U.S. at
17.5 million. This is substantially higher than the 2002 estimate of 12.1million people
with diabetes. This increase is attributed to the growth and aging of the population, the
increasing prevalence of obesity, increased detection, decreasing mortality and an
increase in minority groups with a higher prevalence of diabetes. The prevalence of
diabetes may be growing by as much as 1 million people per year."

The estimated U.S. economic cost, both direct and indirect, attributable to
diabetes is staggering. A landmark study by the American Diabetes Association (ADA)
estimated that in 2002, the cost of diabetes was approximately $132 billion, of which
approximately $92 billion (70%) was additional health care expenditures and $40 billion
(30%) was lost productivity due to disability and early mortality. Hospital inpatient care
and nursing home care was the largest component of health care costs and comprised
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41% of the national cost of diabetes. Outpatient care, at $20 billion in 2002, comprised
15% of the national cost of diabetes. At $17.5 billion, the cost of outpatient medication
and supplies comprised 13% of the national cost of diabetes.”

The most recent estimate relating to the economic costs of diabetes in the U.S. has
shown a dramatic increase and has grown from $132 billion in 2002 to $174 billion in
2007. The burden of diabetes is shared by all, but it weighs disproportionately on people
with diabetes and their families."

Diabetes in Hawaii

Findings in Hawaii reflect the national trend. Hawaii’s adult diabetes prevalence
more than doubled from 3.2% in 1995 to 8.2% in 2006.”' During the same time period,
Hawaii also experienced a doubling of its obesity rate (based on Body Mass Index (BMI)
of 30 or more) from 9.1% in 1990 to 20.6% in 2006.%* The burden that diabetes is placing
on Hawaii is significant and is continuing to rise to unprecedented levels. For example, in
1995 there were 13,250 diabetes-related hospitalizations that occurred. That number rose
to 22,660 in 2005. The corresponding cost rose as well. In 1995, hospitals in Hawaii
charged third party payers a total of $243 million for diabetes related inpatient stays. In
2005 that figure increased to $686 million. The average charge per diabetes-related
hospital discharge rose as well. In 1995, the average charge per discharge stood at
$18,300. That figure rose to $30,300 in 2005. Of the diabetes-related hospital charges,
about 50% was billed to Medicare, 30% was billed to private party insurers, and about
11% was billed to the State Medicaid system (unpublished data).

In 1995, there were about 405 diabetes-related hospitalizations due to non-
traumatic LEA in Hawaii. That figure rose to 464 in 2005. During the same time period,
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the number of diabetes-related hospitalizations due to ischemic heart disease rose from
1615 to 2337. Similarly for stroke, the number of diabetes-related hospitalizations rose
from 796 to 909 (unpublished data)

Interestingly, the rise in the burden of diabetes in Hawaii does not correspond
with Hawaii’s diabetes preventive care rates. In fact, Hawaii’s diabetes preventive care
rates have been shown to be the highest in the U.S. when compared with other states.
According to the BRFSS (averaged over the years 2002 — 2004), Hawaii had the highest
percentage of its adults with diabetes that received 2 A1C tests in a year at 86.4% (95%
CI: 82.7--90.2). Hawaii also had the highest percentage of its adults with diabetes who
had an annual dilated eye exam [79.4% (95% CI: 74.6--84.3)] and foot exam [83.3%
(95% CI: 79.2--87.4)]. Finally, Hawaii had the highest percentage of adults with diabetes
who had multiple preventive services (foot exam, eye exam, 2 A1C tests) in the country
at 64% (95% CI: 58.3--69.8). The national average for multiple preventive services stood
at 39.5%. Puerto Rico had the lowest percentage of multiple preventive services at 20.7%
(95% CI: 17.6--23.7).%

Diabetes Prevention

It is quite clear that diabetes is a major public health threat that is continuing to
worsen. In light of this, it is evident that efforts to slow down this epidemic are crucially
needed. Until recently, the question remained as to whether diabetes could be prevented
or not. A landmark study that was publisheci in 2002 provided strong evidence that,
indeed, diabetes could be prevented. The clinical trial, known as the Diabetes Prevention
Program (DPP) set out to answer these questions: (1)} does a lifestyle intervention or
treatment with Metformin prevent or delay the onset of diabetes, (2) do these two
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interventions differ in effectiveness, and (3) does their effectiveness differ according to
age, sex, or race or ethnic group?24

The study concluded that type 2 diabetes could be prevented or delayed in persons
at high risk (pre-diabetes}. The incidence of diabetes was reduced by 58% with the
lifestyle intervention and by 31% with Metformin, when compared with placebo. These
effects were similar in men and women and in all racial and ethnic groups. The intensive
lifestyle intervention was at least as effective in older participants as it was in younger
participants.”*

Study Rationale

There have been studies that examined the epidemiology of MetS among
Hawaii’s multiethnic population; however, these studies have focused on a distinct
geographic region — the North Kohala region of the Island of Hawaii.! The epidemiology
of MetS across the entire population of Hawaii has not been examined. A better
understanding of the epidemiology of MetS (clustered risk factors compatible with
metabolic syndrome) within Hawaii’s population will: (1) provide public health programs
with the information necessary to focus their interventions where they are most needed,
(2) provide insights into the future burden of diabetes and cardiovascular disease, and (3)
provide a baseline prevalence measurement of MetS upon which population based trends
can be established.

Hawaii’s current population-based surveys, which serve as the main source of
information for obesity surveillance, arise from the Hawaii BRESS® and the Hawaii
Health Survey.?® Both surveys utilize a definition of obesity and weight status based on
standard World Health Organization (WHO) BMI thresholds.?” Many recent Hawaii State
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Department of Health surveillance reports that include data and trends relating to obesity
also utilize WHO BMI thresholds to determine weight status.®** The concern here is
that there is growing evidence that using standard WHO BMI thresholds to examine
obesity and weight status may not be suitable for all ethnic groups, particularly among
Hawaii’s diverse ethnic mix. In fact, this may be underestimating the obesity rates among
Asian populations and overestimating obesity prevalence rates among Pacific Islander
populations. For example, Swinburn etal®® concluded that at higher BMI levels,
Polynesians were significantly leaner than Europeans, implying the need for separate
BMI definitions of overweight and obesity for Polynesians. Swinburn® proposed that for
clinical and epidemiological purposes, the definition for overweight for Polynesians
should be a BMI of 26 to 32, and obesity should be defined as a BMI of greater than 32.°
In contrast, there is evidence that while some Asian populations have a lower prevalence
of obesity when compared to European populations, the health risks associated with
obesity occur at a lower BMI in Asian populations.™ The differences seen among Asians,
Pacific Islanders and Europeans may be due to differences in body build, body
composition, and fat distribution. These differences may also be related to differences in
risk for cardiovascular disease and different pathways to type 2 diabetes. Ultimately, this
points to the possible inadequacy of using universal BMI thresholds in estimating obesity
among different ethnic groups.”'
Study Purpose

This study has three main aims: (1) to describe the epidemiology of obesity in
Hawaii using standard and proposed ethnic specific BMI definitions of obesity, (2) to
describe the epidemiology of clustered risk factors compatible with MetS amohg
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Hawaii’s population using standard and proposed ethnic-specific BMI definitions of
obesity, and to (3) to estimate crude and adjusted prevalence ratios (0 — 2 risk factors
versus 3 — 4 risk factors) for clustered risk factors compatible with MetS.

Expected Qutcomes

The findings of this study will : (1) provide a better understanding of the
magnitude of obesity and MetS (clustered risk factors compatible with MetS) in Hawaii’s
population when taking into account ethnic-specific definitions of obesity based on BMI,
(2) examine the association between clustered risk factors compatible with MetS and race
{ ethnicity when controlling for age, gender, education, poverty status, and healthcare
access, (3) provide a glimpse into the future burden Hawaii will potentially face
regarding cardiovascular disease and diabetes, and (4) provide a springboard for future
research that examines causal relationships (outcomes) and health disparities related to

clustered risk factors compatible with MetS.

13



CHAPTER 2. METHODS

Dataset

The Hawaii-specific BRFSS data for the years 2001 — 2005 was extracted from
the Hawaii Health Data Warehouse (HHDW) and combined into a single dataset to be
analyzed. The HHDW was created by the Hawaii Department of Health in partnership
with the John A, Burns School of Medicine. The HHDW was designed to compile and
integrate disparate DOH-owned health data into one place, and to be accessible through
the web without any special software. It allows users to download reports and extracted
data directly into their personal computers for statistical analysis. The HHDW has many
uses which include benchmarking, comparative analyses, trending / forecasting, program
planning / evaluation / resource allocation, federal reporting / grant application, policy
analyses / legislative reporting, and research.*> A combination of four software programs
was used in the analysis: Business Objects XI, which is the querying software used by the
HHDW; Excel 2003 and SPSS 12.0 for data management and formatting; and SAS 9.1.3
for statistical analysis.
Behavioral Risk Factor Surveillance System

The BRFSS is a state-based system of health surveys that generate information
about health risk behaviors, clinical preventive practices, and health care access and use
primarily related to chronic diseases and injury. It is a cross-sectional telephone (land
line) survey conducted by state health departments with technical and methodological
assistance provided by CDC. The majority of population-based disease and risk behavior
prevalence estimates for Hawaii are derived from the BRFSS. The BRFSS was
established in 1984 by CDC. The BRFSS is a self-report survey.” For example, diabetes
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prevalence is derived from the question, “Have you ever been told by a doctor that you
have diabetes?">*

On a yearly basis, states conduct monthly telephone surveillance using a
standardized questionnaire to determine the distribution of risk behaviors and health
practices among non-institutionalized adults. Respondents to the survey are adults 18
years or older. Only one adult is interviewed per household. Participants are not
compensated for their participation. The states forward the responses to the CDC, where

the monthly data are aggregated for each state. The data are returned to the states, and

then published on the BRFSS Web site. In turn, Hawaii also publishes its findings on the

DOH website (http://www.hawaii,gov/health/statistics/brfss/index.html) and the Healthy
Hawaii 2010 website (http:/www_healthyhawaii2(010.org/).

The BRFSS questionnaire is comprised of core questions and optional modules.
There are three types of core questions. Fixed core questions are asked every year.
Rotating core questions are asked every other year. Emerging core questions typically
focus on “late-breaking” health issues. These questions are evaluated at the end of a
survey year to determine if théy are valuable. If BRFSS coordinators (state-based) decide
to keep the questions, they are added to the fixed core, rotating core, or optional modules,
whichever is most appropriate. All states must ask all core questions. The optional
modules are standardized questions that are supported by the CDC that cover additional
health topics or are more detailed questions on a health topic included in the core. Each
year states must choose which optional modules they will use based on the data needs of

their state.
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BRFSS data are directly weighted for the probability of selection of a telephone
number, the number of adults in a household, and the number of telephones in a
household. A final post-stratification adjustment is made for non-response and non-
coverage of households without telephones. The weights for each relevant factor are
multiplied together to get a final "Jineight.“'}5
Obesity

A five-year combined dataset was used to estimate the prevalence (percent) and
confidence intervals of weight status (underweight, normal weight, overweight, and
obese) by DOH race-ethnicity, gender, age, educational level, poverty level, having
healthcare coverage, and having a personal doctor. BMI was used as the only measure to
estimate weight status, particularly obesity. BMI has been established as a common and
practical method to examine population-based obesity.*3>° However, other studies have
shown that self-report surveys tend to underestimate weight and BMI when compared
with direct measurement of weight and BML*® Because of growing evidence that the
standard WHO BMI thresholds to determine overweight and obesity may not be

11,30,31,38,50,51 two sets of

appropriate for use among Asian and Pacific Islander populations,
overweight and obesity definitions was used and compared. First, the standard World
Health Organization (WHO) overweight and obesity definitions based on BMI was used
to estimate the prevalence of underweight (BMI < 18.5), normal weight (BMI > 18.5 and
< 25), overweight (BMI > 25 and < 30) and obese (BMI > 30).% This was compared with
ethnic-specific BMI definitions of overweight and obesity that are currently being
proposed in the literature.®>*>! For Asians, overweight is defined as a BMI of 23 to 24.9,

and obesity is defined as a BMI of 25 or more.”® For Pacific Islanders, overweight is
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defined as a BMI of 26 to 31.9, and obesity is defined as a BMI of 32 or more.”’

Prevalence (percent) and confidence intervals were estimated using Proc
~SURVEYMEANS in the SAS 9.1.3 statistical package (SAS Institute, Cary, North

Carolina) to account for the BRESS complex survey sample design. Hawaii’s BRFSS

sample is stratified by “County” of the respondent, but does utilize clustering in its

design.

Metabolic Syndrome (MetS)

A data subset made up of Hawaii BRFSS data for the years 2001, 2003, and 2005 was
extracted from the combined dataset (2001 — 2005) and was used to estimate the

| prevalence of clustering of four risk factors (presence of 0, 1, 2, 3 or 4 risk factors)
associated with MetS — self-reported high cholesterol, high blood pressure, obesity, and
diabetes (glucose intolerance). The Hawaii BRFSS did not contain questions relating to
cholesterol and blood pressure for the years 2002 and 2004. Therefore, those surveys
were removed from the dataset.

Prevalence (percent) estimates and confidence intervals using two previously
described definitions of obesity were calculated and compared across DOH race-
ethnicity”, gender, age group, educational level, poverty level, and two proxy measures
of health care access: having health insurance, and having a personal doctor. The method
employed here was modeled after a previous study that used the BRFSS to examine
clustered risk factors of cardiovascular disease (0 — 4 risk factors) among residents of
Louisiana.*’ These prevalence estimates represent a proxy measure of the true prevalence
of MetS within Hawaii's population, MetS is a clinical diagnosis that depends on
laboratory findings and anthropometric measures. In lieu of clinical and laboratory
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findings, this study relied on self-reported laboratory findings and anthropometric
measures that indirectly estimate the prevalence of MetS. For example, the IDF criteria
for MetS lists raised triglycerides or reduced HDL cholesterol as a risk factor.” The
BRFSS, however, only asks the respondent if they were ever told by their doctor that they
had “high cholesterol”. The BRFSS does not ask the respondent to clarify what
constitutes their “high cholesterol”. The BRFSS does not ask any questions relating to
triglycerides. The IDF also lists raised blood pressure as other criterion for the definition
of MetS. The IDF defines hypertension as systolic blood pressure > 130 or diastolic
blood pressure > 85 mm Hg or treatment of previously diagnosed hypertension.” The
BRFSS only asks if the respondent was ever told they had or have “high blood pressure”.
Raised fasting plasma glucose is also listed as an IDF criterion for MetS and is defined as
FPG > 100 mg/dL (5.6 mmol/L), or previously diagnosed type 2 diabetes.” The BRFSS
only asks if the respondent has ever been told by a doctor they have diabetes. A criterion
essential to the diagnosis of MetS is based on the IDF is central obesity, as defined by
waist circumference. However, the IDF definition does state that in a person with a BMI
of over 30, central obesity is assumed and waist circumference measurement is not
necessary.’ In this case, there is some concordance with the case definitions used to
determine central obesity, The BRFSS does ask height and weight, allowing for the
calculation of BMI, but does not ask for the respondent’s waist circumference.

Aside from the differences in case definitions between the clinical measures listed in
the IDF versus the BRFSS, another critical issue needs to be discussed. The BRFSS
measures of hypertension, high cholesterol, and diabetes are lifetime prevalence
estimates. The BRFSS asks if the respondent has “ever” been told by doctor they have a
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certain condition. In contrast, the IDF definition relies on current laboratory findings and
anthropometric measures.

Prevalence ratios and confidence intervals for MetS risk factor clustering (0 — 2 risk
factors versus 3 — 4 risk factors) using both definitions of obesity was estimated for each
DOH race-ethnicity®®, and was compared with Whites (referent group). Poisson
regression with Proc GENMOD within the SAS statistical package (SAS Institute, Cary,
North Carolina) was employed to estimate prevalence ratios. It is common practice to use
odds ratios estimated by logistical regression to examine the relative risk of categorical
outcome measures. However, when the outcome of interest is common, as in the case of
risk factors associated with MetS, the odds ratio can overestimate the relative risk. In
these instances, using Poisson regression to estimate relative risk is preferred.”*!#?

Many sample surveys (such as the BRFSS) employ a probability-based complex sample
design.*® The Hawaii BRFSS uses a disproportionate stratified sample (stratified by
island and phone density).* To make statistically valid inferences from the sample to the
study population (in this case, the population of Hawaii), the sample design must be taken
into account. Traditional SAS procedures compute statistics under the assumption that the
sample is obtained by simple random sampling. These procedures do not correctly
estimate the variance when applied to a sample drawn through a complex design. SAS
procedures such as SURVEYSELECT, SURVEYMEANS, and SURVEYREG do
account for complex sampling designs.** However, the GENMOD (Poisson regression)
procedure does not account for complex sampling design. As such, the standard errors
that were calculated were probably underestimated, potentially creating narrower
confidence intervals, which would impact the tests of staristical significance,*
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Crude and adjusted prevalence ratios for MetS risk factor clustering (0 — 2 risk factors
versus 3 — 4 risk factors) using two definitions of obesity were estimated through seven
models: model one: crude prevalence ratios; model two: adjusted for age; model three:
adjusted for age and gender; model four: adjusted for age, gender, and education; model
five: adjusted for age, gender, education, and poverty; model six: adjusted for age,
gender, education, poverty, and having health insurance; and model seven: adjusted for
age, gender, education, poverty, having health insurance, and having a personal doctor.

The variables included in the models were used to adjust for potentially confounding
effects. These variables were selected on the basis of statistical findings, prior knowledge
of MetS risk factors, potential biases of the BRFSS dataset, and literature review. For
example, age and gender have been determined to be risk factors in .the development of
MetS.? Previous analysis of Hawaii BRFSS data have shown that educational attainment
is inversely related to diabetes prevalence in adults.?® More recent analysis of Hawaii
BRFSS data has shown that household income (this study uses federal poverty level
guidelines as a measure of income) is inversely associated with obesity prevalence and
high blood pressure prevalence.”’ Health care access has been suggested as a potential
confounder in surveys such as the BRFSS that rely on self reporting as a mechanism to
establish disease prevalence. Self report surveys such as the BRFSS assume that the
individual has access to a doctor, which would allow for a diagnosis to be made. It could
be argued that the likelihood of being diagnosed with a condition (e.g., diabetes) may be
lower among individuals who do not have unimpeded access to healthcare. This raises the
possibility of bias being introduced into the BRFSS, affecting the validity of its diabetes
prevalence estimates.’ To account for this potential bias, proxy measures of health care
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access were added to models six and seven. The BRFSS has been used by other
investigators to assess access to healthcare. For example, Kim etal® used the BRFSS to
examine whether ethnicity was an independent risk factor for differences in healthcare
access. Kim used five BRFSS measures to quantify healthcare access: (1) whether the
person had health insurance, (2) whether the individual could not see a doctor when
needed due to cost, (3) whether the person had a primary care provider, (4) whether the
person used an emergency room or urgent care center for primary care, and (5) whether
the person’s last physical examination was more than a year ago.*® Of these measures,
only two were used in this analysis: whether the person had healthcare coverage and
whether the person had a primary care provider (personal doctor). The other healthcare
access measures were not included in the models for two reasons: the response rate was
100 low, or the questions were not asked in all three BRFSS years (2001, 2003, 2005).
Exclusions

The BRESS is an adult survey; therefore, individuals under the age of 18 were not
represented in the dataset. Records with missing responses regarding self-reported high
cholesterol, hypertension, diabetes, and BMI were also excluded from the dataset.
Records that were missing “County” responses were also excluded. Demographic
characteristics of survey records excluded from the final dataset due to missing data were
compared with the demographic characteristics of the final dataset to examine the
generalizability of the study results to the entire population of Hawaii.
Case Definitions

Weight status (underweight, normal weight, overweight, obese) was defined using
two classifications based on BMI — the WHO standard definition®’ and proposed ethnic-
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specific BMI definitions for Asians® and Pacific Islanders.”! High cholesterol was
defined as those responding “yes” to the BRFSS question, “Have you ever been told you
have high cholesterol by a health care professional?” Hypertension was defined as those
responding “yes” to the BRESS question, “Have ever been told you have high blocd
pressure by a health care professional?” Diabetes was defined as those reporting *yes” to
the BRFSS question, “Have you ever been told you have diabetes by a health care
professional 7’ Those responding that they had gestational diabetes, borderline, or pre-
diabetes were treated as a “no” response. Educational level was categorized into five
groups: those with education up thru the eighth grade, those with education from ninth to
eleventh grade, those with a high school diploma, those with one to three years of
college, and those with four or more years of coliege education. Poverty level was used
as a proxy measure of income. Poverty level was categorized into three groups based on
the Federal Poverty Level (FPL) guidelines used by the Food Stamp Nutrition Education
(FSNE) program of the U.S. Department of Agriculture (USDA). The FSNE program
defines its primary target population as those persons in the 0-130% FPL range and its
second tier target population as those persons in the 131-185% FPL. Those at 186% FPL
are not eligible for the FSNE program.*’ Healthcare access was defined using two
measures: whether the person had health insurance and whether the person had a primary
care provider (personal doctor).

Prior to 2002, the Hawaii BRFSS categorized respondents into mutually exclusive
race / ethnicity groupings based on their response to the question, “what is your race?”
Respondents were only allowed to make one choice. As of 2002, the Hawaii BRFSS used
a similar method as the Hawaii Health Survey (HHS) to categorize respondents into
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mutually exclusive race/ethnicity gr»:)upings.48 The HHS allows respondents to list up to
four ethnicities for both their (and for each household member) mother and father. In
addition, a respondent is allowed to specify another ethnicity if it is not listed, or they can
reply they do not know, or refuse to answer. These eight possible choices are narrowed
down into one race/ethnicity. Specifically, if Hawaiian is listed for the mother or father
the person is coded to Hawaiian. Otherwise, the person is coded to the first ethnicity
listed (other than Caucasian or unknown) for the Father. If the Father's responses are
Caucasian and/or unknown, the person's ethnicity is coded to the first ethnicity listed
(other than Caucasian or unknown) for the Mother. If there are no other responses other
than Caucasian or unknown, the person is coded to Caucasian. Otherwise, the person is

coded to do not know, refused, or missing.*
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Background

CHAPTER 3. OBESITY

Because of its current public health significance, the prevalence of obesity must to

be monitored and tracked at the population level in order to assess its burden on society.

The most cornmon and pragmatic way to measure obesity at the population level is the

BMI. The different BMI weight classifications based on the WHO, proposed Asian

thresholds, and proposed Pacific Islander thresholds are described in Table 4.

Table 4. Weight classification based on WHO and ethnic-specific BMI cut-points

Proposed Pacific
WHO Defined Proposed Asian Islander BMI Cut-
Classification BMI Cut-points’ | BMI Cut-points™ points5 !
Underweight <18.5 <18.5 <18.5
Normal Weight 18.5-24.9 18.5-22.9 18.5-25.9
Overweight 25-29.9 23-249 26-31.9
Obese 30 or more 25 or more 32 or more
Results

Results from the 2001 to 2005 Hawaii BRFSS surveys were extracted from the

HHDW and combined to create one dataset. The total number of records included in the

combined dataset was 23,457. A total of 1251 records that were missing “County” and

“BMI” data were removed from the dataset. Records that were missing “County”

information were removed from the dataset because the Hawaii’s BRFSS is stratified by

“County”. As such, “County” is needed to account for estimating weights based on a

complex survey design when using SAS 9.1.3 (Proc SURVEYMEANS). The final

sample size contained 22,206 individual records. When weighted, the 22,206 records
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represented 4,479,994 Hawaii adults over a 5-year period. Table 5 shows the distribution

of BRESS survey records, unweighted and weighted, by year.

Table 5. Unweighted and weighted frequencies of Hawaii BRFSS survey records for the

Years 2001 to 2005

Unweighted Weighted
Survey Year Frequencies Percent Frequencies Percent
2001 4269 19.2 877,922 19.6
2002 5669 25.5 882,521 19.7
2003 4022 18.1 890,773 19.9
2004 2028 0.1 881,711 19.7
2005 6218 28.0 947,067 21.1
Totals 22206 100 4,479,994 100

The weighted adult prevalence (percent) and confidence intervals of selected
population characteristics of the five-year dataset are listed in Table 6. Whites (34.4%),
Japanese (20.5%), Filipino (15.4%), Native Hawaiians (12%), and Chinese (7.2%) make
the five major ethnic groups in Hawaii. There are no significant gender differences with
males at 50.3% and females at 49.7%. Approximately 19.6% of the adult population is
between the ages of 40-49. Approximately 90% of Hawaii’s adults have a high school
education or higher (high school: 31.5%, some college: 29.9%, four or more years of
college: 32.8%). About 16.3% of Hawaii’s adults live below 130% of the federal poverty
level, with another 9.4% living between 130% and 185% of the federal poverty level.
Approximately 91.8% of the adult population has some type of healthcare coverage and

82.4% report having a personal doctor.
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Table 6. Prevalence (%) of selected population characteristics

Category Population Characteristic n Prevalence (%)
Black 295 1.6 (14, 1.8)
Chinese 1272 7.2(6.7,7.7)
Filipino 2811 15.4 (14.6, 16.2)
Japanese 4285 20.5 (19.7, 21.2)
Race / Native Alaskan/ American Indian 140 0.5 (0.4,0.7)
Ethnicity Native Hawaiian 2696 12.0(11.4, 12.7)
Other 600 2.9 (2.6, 3.3)
Other Asian 374 2.3(2.0,2.6)
Other Pacific Islander 282 2.2 (1.8, 2.6)
White 9313 344 (33.5,35.2)
UNKNOWN 138 0.9 (0.6, 1.1)
18-19 350 2.8(24,3.2)
20-29 2670 18.1(17.2, 18.9)
30-39 3735 18.9 (18.1, 19.7)
40-49 4812 19.6 (18.9, 20.4)
Age S50-59 4407 16.8 (16.1, 17.5)
60-69 2824 10.8 (10.2, 11.3)
70-79 2287 8.8(8.3,9.3)
80+ 1028 3.8 (3.5,4.1)
UNKNOWN 93 0.4 (0.3, 0.5)
Female 12890 49.7 (48.7, 50.7)
Gender Male 9316 50.3 (49.3, 51.3)
Up to Grade 8 470 1.7 (1.5, 2.0)
Grades 9 thru 11 888 3.9(3.5,4.3)
Education Grade 12 or GED 6636 31.5(30.6, 32.4)
Level College 1 to 3 years 6536 29.9 (29.0, 30.8)
College 4 years or more 7648 32.8(31.9,33.7)
UNKNOWN 28 0.1(0.1,0.2)
0-130 3621 16.3 (15.8, 16.8
Ezng_taly 131-185 2084 9.4 (9,9.8) .
Level 186+ 12182 54.9 (54.2, 55.5)
Unknown 4319 19.4 (18.9, 20)
Healthcare Yes 20344 91.8(91.2,92.4)
Coverage No 1831 8.2 (7.6, 8.8)
Personal Yes 18511 82,4 (81.7, 83.2)
Doctor No 3654 17.6 (16.8, 18.2)
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Table 7 describes the prevalence (percent) and confidence intervals of weight
status broken down into underweight, normal weight, overweight, and obese using
standard WHO BMI weight classifications by ethnicity, using Whites as the referent
group. Other Pacific Islanders have a significantly higher prevalence of obesity (61.6,
95% CI: 53.4--69.8) than any other ethnic group. Native Hawaiians have the second
highest prevalence of obesity (37.9, 95% CL 35.1--40.8) compared with the remaining
ethnic groups. Other Asians have the lowest prevalence of obesity (3.6, 95% CI: 0.8--6.5)
among all the ethnic groups. When using Whites as the referent group, “Other Pacific
Islanders”, Native Hawaiians, Blacks, and “Others” have a significantly higher
prevalence of obesity. Filipinos, Japanese, Chinese, and Other Asians have a significantly

lower prevalence of obesity when compared tc Whites.

Table 7. Prevalence (%) of weight status by ethnicity using WHO BMI weight

classifications
Normal
Race / Ethnicity Underweight Weight Overweight Obese
2.1 36.3 35.7 25.9
Black (0.3, 3.8) (29.3,43.3) (29.0, 42.3) (19.4, 32.5)
59 53.0 30.8 10.3
Chinese (3.9, 7.8) (49.4, 56.7) (274, 34.2) (8.2,12.4)
1.9 51.0 34.6 12.5
Filipino (1.1,2.6) (48.2, 53.9) (31.9, 37.2) (0.7, 14.3)
2.9 51.4 34.5 11.2
Japanese (2.3,3.4) (49.4, 53.5) (32.6, 36.5) (9.9, 12.5)
Native Alaskan / 1.2 46.5 30.8 21.5
American Indian (0.0,2.4) (33.1, 59.8) (19.7,41.8) { (10.9,32.1)
1.6 26.8 33.7 379
Native Hawaiian (0.6, 2.5) (24.3, 29.3) (31.1,36.4) | (35.1,40.8)
1.8 374 36.3 24.5
Other (0.4,3.2) (32.4, 42.5) (30.9, 41.7) (19.5, 29.4)
54 61.0 29.9 3.6
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Other Asian 25,8.2) 54.1,68.0) | (23.6,36.3) | (0.8,6.5)
Other Pacific 0.0 14.7 23.7 61.6
Islander (0.0, 0.1) 9.1,20.3) | (17.4,29.9) | (53.4,69.8)
25 45.8 34.1 17.6
White (referent) (2.0, 3.0) (44.3,47.2) | 32.7.35.5) | (164, 18.8)

* Bold font denotes statistically significant differences (P < .05) of prevalence comparing

each ethnic group to Whites (referent group)

Table 8 shows the prevalence (percent) and confidence intervals of weight status
broken down into underweight, normal weight, overweight, and obese using ethnic-
specific BMI weight classifications by ethnicity, using Whites as the referent group.
While “Other Pacific Islanders” continue to have the highest prevalence of obesity (47.9,
95% CI: 38.6--57.3) than any other ethnic group, it is lower (non-significant) than the
prevalence estimate using the WHO standard BMI definition (61.6, 95% CL: 53.4--69.8).
Filipinos have the second highest prevalence of obesity (47.1, 95% CI: 44.3--49.9)
followed by Japanese (45.7, 95% CI: 43.6--47.8) and Chinese (41.1, 95% Ci: 37.5--44.1).
However, these differences are all non—signiﬁ_cant. Native Hawaiians have a lower
prevalence of obesity (27.8, 95% CI: 25--30.5) than all Asian groups and these
differences are significant except when compared with Other Asians (33.6, 95% CI. 26.9-
-40.2). When using Whites as the referent group, all other ethnic groups have
significantly higher prevalence of obesity except for Alaska Natives / American Indians.

When comparing obesity prevalence rates within ethnic groups using the two
BMI weight classifications (WHO versus ethnic specific thresholds), many significant
differences are observed, especially among Asian groups. For example, among Chinese,
the obesity prevalence rate increases from 10.3% (8.2--12.4) to 41.1% (37.5--44.7).
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Among Filipinos, the obesity prevalence rate increases from 12.5% (0.7--14.3) to 47.1%
(44.3--49.9). Among Japanese, the obesity prevalence rate increases from 11.2% (9.9--
12.5) to 45.7% (43.6~- 47.8). Finally, among “Other Asians”, the obesity prevalence rate

increased from 3.6% (0.8--6.5) to 33.6% (26.9--40.2).

The differences in obesity prevalence rates among Pacific Islanders are also

evident and are in contrast to what is observed among Asian groups. For example, the

obesity prevalence rate among Native Hawaiians decreased from 37.9% (35.1--40.8) to

27.8% (25.0--30.5). Among “Other Pacific Islanders”, the obesity prevalence rate

decreased from 61.6% (53.4--69.8) to 47.9% (38.6--57.3).

Table 8. Prevalence (%) of weight status by ethnicity using ethnic-specific BMI weight

classifications
Race / Ethnicity | Underweight | Normal Weight | Overweight Obese
2.1 36.3 35.7 25.9
Black (0.3, 3.8) (29.3,43.3) (29.0, 42.3) (194, 32.5)
59 36.7 16.3 41.1
Chinese (3.9,7.8) (33.2, 40.2) (13.7, 19.0) (37.5,44.7)
1.9 30.0 21.1 47.1
Filipino (1.1, 2.6) 27.3, 32.7) (18.8, 23.4) (44.3, 49.9)
2.9 31.8 19.7 45,7
Japanese (2.3, 3.4) (29.9, 33.7) (18.0, 21.3) (43.6,47.8)
Native Alaskan / 1.2 46.5 30.8 21.5
American Indian {0.0, 2.4) (33.1, 59.8) (19.7, 41.8) (10.9, 32.1)
1.6 36.0 34.7 27.8
Native Hawaiian (0.6, 2.5) (33.3, 38.7) (32.0, 37.3) (25.0, 30.5)
1.8 374 36.3 24.5
Other (0.4, 3.2) (32.4, 42.5) (30.9, 41.7) (19.5, 29.4)
54 37.5 235 33.6
QOther Asian (2.5,8.2) (30.0, 45.0) (17.7, 29.4) (26.9, 40.2)
Other Pacific 0.0 214 30.6 47.9
Islander (0.0, 0.1) (15.0, 27.8) (22.9, 38.4) (38.6, 57.3)
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2.5 45.8 34.1 17.6
White (2.0,3.0) 44.3,47.2) | (32.7,35.5) (16.4, 18.8)

* Bold font denotes statistically significant differences (P < .05) of prevalence comparing

each ethnic group to Whites (referent group)

The prevalence (percent) and confidence intervals of weight status broken down
into underweight, normal weight, overweight, and obese using standard WHO BMI
weight classifications by educational level, using those with four or more years of college
as the referent group is listed in Table 9. In general, those with less education tend to

have significantly higher prevalence rates of obesity, and are less likely to be of normal

weight,

Table 9. Prevalence (%) of weight status by education using WHO BMI weight

classifications
Education Level Underweight Normal Overweight Obese

3.8 49.0 30.3 17.0

Up to Grade 8 (1.6, 5.9) (42.4,555) | (24.5,36.2) | (11.6,22.3)
34 399 34.7 22.0

Grades 9 thru 11 (1.7,5.1) (34.6,45.2) | (29.9,39.5) | (18.1,25.9)
2.6 40.8 34.1 22.5

Grade 12 or GED (2.0, 3.2) (39.1,42.6) | (32.4,35.7) | (20.9,24.0)
2.7 45.0 32.6 19.7

College 1 to 3 years (2.1,3.3) (43.2,46.8) | (30.9,34.2) | (18.1,21.2)
2.3 50.0 34.5 13.2

College 4 years or more (1.8,2.7) (48.4,51.6) | (33.0,36.0) | (12.1, 14.3)

* Bold font denotes statistically significant differences (P < .05) of prevalence comparing

each educational level to persons with 4 or more years of college (referent group)
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Table 10 displays the prevalence (percent) and confidence intervals of weight
status broken down into underweight, normal weight, overweight, and obese using ethnic
specific BMI weight classifications by educational level, using those with four or more
years of college as the referent group. A similar pattern to Table 9 is seen. In general,
obesity prevalence rates are significantly higher in the less educated groups when
compared to those with four or more years of college education. There is a striking
difference in the obesity prevalence rates within educational groups when comparing
between the two BMI definitions of weight status and obesity. In this case, all educational
groups have a significantly higher obesity prevalence rate (Table 10} when using ethnic
specific BMI definitions compared to the obesity rates when using the standard WHO

BMI definitions (Table 9).

Table 10. Prevalence (%) of weight status by education using ethnic-specific BMI weight

classifications
Education Level Underweight | Normal Overweight Obese

3.8 36.9 27.0 32.3

Up to Grade 8 (1.6,5.9) | (30.7,43.1) | (21.2,32.9) | (26.0,38.5)
34 34.8 26.7 35.1

Grades 9 thru 11 (1.7,5.1) | (29.5,40.1) | (224,31.0) | (304, 39.9)
2.6 345 277 35.1

Grade 12 or GED (2.0,3.2) | (32.8,36.2) | (26.2,29.3) | (33.4,36.9)
2.7 37.2 27.3 328

College 1 to 3 years (2.1,3.3) | (354, 38.9) | (25.8,28.9) | (310, 34.5)
2.3 41.0 28.1 28.7

College 4 years or more (1.8,2.7) (39.5,42.5) | (26.7,29.5) { (27.2,30.1)

* Bold font denotes statistically significant differences (P < .05) of prevalence comparing

each educational level to persons with 4 or more years of college (referent group)
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The prevalence (percent) and confidence intervals of weight status broken down

into underweight, normal weight, overweight, and obese using standard WHO and ethnic

specific BMI weight classifications by gender, using males as the referent group are

shown in Table 11. Regardless of what BMI definition is used, females have a

significantly lower prevalence rate of cbesity when compared with males. Females also

have a significantly higher prevalence rate of normal weight when compared with males.

Similar to the findings when examining obesity by educational level, the obesity

prevalence rate is significantly higher in both genders when using ethnic specific

definitions of weight stratus and obesity.

Table 11. Prevalence (%) of weight status by gender using WHO BMI and ethnic specific

BMI weight classifications

Gender
(WHO BMI) Underweight Normal Overweight Obese
4.4 54.2 25.5 15.9
Female (3.8,4.9) (52.9,554) (24.5, 26.6) (15.0, 16.9)
Male 0.8 36.4 41.8 20.9
(referent) (0.5, 1.1) (35.0, 37.8) (40.4, 43.3) (19.7, 22.2)
Gender
(Ethnic BMI) Underweight Normal Overweight Obese
4.4 46.3 23.0 26.3
Female (3.8,4.9 (45.1, 47.6) (220, 24.0) (25.2,274)
Male 0.8 28.8 323 38.1
(referent) (0.5, 1.1) (27.4, 30.1) (31.0, 33.6) (36.7, 39.6)

* Bold font denotes statistically significant differences (P < .05) of prevalence comparing |

females to males (referent group) in the same subgroup (WHO BM]I, ethnic BMI)

Table 12 displays the prevalence (percent) and confidence intervals of weight

status broken down into underweight, normal weight, overweight, and obese using
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standard WHO definitions and ethnic specific BMI weight classifications by poverty

level, using those in the 186+% category as the referent group. The obesity prevalence

rate is significantly higher in the 0 — 130% poverty group when compared to the 186+%

poverty group, but this in only true when using standard WHO definitions of obesity. In

keeping with previous findings, the obesity prevalence rate is significantly higher in all

poverty levels when using ethnic specific BMI definitions.

Table 12. Prevalence (%) of weight status by poverty level using WHO BMI and ethnic

specific BMI weight classifications

Poverty level
( WHO BMI) Underweight Normal Overweight Obese
3.2 44.0 30.1 22.7
0-130 (2.3,4.1) (41.4, 46.5) (27.8, 32.4) (20.5, 24.9)
24 42.6 33.7 21.3
131-185 (1.3, 3.5) (39.1, 46.1) (30.4, 36.9) (18.0, 24.6)
186+ 22 454 349 17.5
(Referent) (1.8, 2.6) (44.1, 46.7) (33.7, 36.1) (16.5, 18.6)
Poverty level
(Ethnic BMI) Underweight Normal Overweight Obese
3.2 372 264 33.2
0-130 (2.3,4.1) (34.7, 39.6) (24.2, 28.6) (30.8, 35.6)
2.4 354 27.1 35.0
131-185 (1.3,3.5) (32.1, 38.7) (24.1, 30.2) (31.5, 38.6)
186+ 2.2 37.7 28.1 32.1
(Referent) (1.8,2.6) (364, 38.9) (27.0, 29.2) (30.8, 33.3)

* Bold font denotes statistically significant differences (P < .05) of prevalence comparing

poverty levels to 186+ (referent group) in the same subgroup (WHO BMI, ethnic BMI)

The prevalence (percent) and confidence intervals of weight status broken down

into underweight, normal weight, overweight, and obese using standard WHO BMI

definitions of weight status and obesity, using 18 — 19 year olds as the referent group are
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shown in Table 13. In this case, the obesity prevalence rate is significantly higher among

those in all the older age groups except for those in the 70 — 79 and 80+ age groups.

Table 13, Prevalence (%) of weight status by adult age group using WHO BMI weight

classifications
Age group Underweight Normal Overweight Obese
6.2 59.9 24.3 9.6
18-19 (2.6, 9.8) (52.8, 66.9) (18.3, 30.3) (5.4, 13.8)
3.1 50.5 28.3 18.1
20-29 (2.2,4.1) (47.8, 53.2) (25.9, 30.6) (15.7, 20.4)
2.2 41.8 354 20.7
30-39 (1.6, 2.8) (39.6, 44.0) (33.2, 37.5) (18.7, 22.6)
14 41.8 37.0 19.8
40-49 (1.0, 1.9 (39.8, 43.8) (35.1, 39.0) (18.1, 21.5
20 395 36.7 21.8
50-59 (14, 2.5) (37.4, 41.6) (34.6, 38.8) (19.9, 23.7)
1.9 42.4 355 20.2
60-69 (1.3, 2.6) (39.7, 45.1) (33.0, 38.1) (17.9, 224)
4.3 514 32,6 11.7
70-79 (2.9,5.7) (48.5, 54.4) (29.9, 35.3) (9.7, 13.7)
6.2 61.6 26.2 6.1
80+ {4.3, 8.0) (57.2, 65.9) (22.2, 30.2) (3.9,8.3)

* Bold font denotes statistically significant differences (P < .05) of prevalence comparing

age groups to the 18 — 19 age group (referent group)

Table 14 displays the prevalence (percent) and confidence intervals of weight
status broken down into underweight, normal weight, overweight, and obese using ethnic
specific BMI definitions of weight status and obesity by age group, using 18 — 19 year
olds as the referent group. A similar pattern is seen, with the majority of older age groups

having significantly higher obesity prevalence rates with the exception of in the 20 - 29,
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70 — 79, and 80+ age groups. In keeping with previous findings, the obesity prevalence

rate is significantly higher in all age groups when using ethnic specific BMI definitions.

Table 14. Prevalence (%) of weight status by adult age group using ethnic specific BMI

weight classifications
Age group Underweight Normal Overweight Obese

‘ 6.2 59.8 12,9 21.1

18-19 (2.6,9.8) (52.8, 66.8) (8.6, 17.3) (15.2,27.0)
3.1 45.9 24.7 26.2

20-29 (22,4.1) (43.3, 48.6) (22.4, 27.0) (23.7,28.7)
22 35,7 28.7 334

30-39 (1.6, 2.8) (33.6, 37.8) (26.7, 30.7) (31.2, 35.6)
14 334 29.5 35.7

40-49 (10,19 (31.5,35.3) (27.7, 31.3) (33.7,37.7)
2.0 314 293 374

50-59 (14, 2.5) (29.5, 33.3) (27.3, 31.2) (35.2, 39.5)
1.9 28 29.9 354

60-69 (1.3,2.6) (30.3,354) (27.5, 32.3) (32.8, 38.0)
4.3 37.9 28.3 29.5

70-79 (29,5.7 (35.1, 40.8) (25.8, 30.9) (26.7,32.2)
6.2 48.9 24,2 20.8

80+ (4.3, 8.0) (44.4, 53.3) (20.3, 28.1) (16.9, 24.6)

* Bold font denotes statistically significant differences (P < .05) of prevalence comparing

age groups to the 18 — 19 age group (referent group)

Table 15 describes the prevalence (percent) and confidence intervals of weight

status broken down into underweight, normal weight, overweight, and obese using

standard WHO definitions and ethnic specific BMI weight classifications by healthcare

coverage, using those with healthcare coverage as the referent group. When using

standard WHO BMI definitions of obesity, no significant differences exist between

obesity prevalence rates of those with and without healthcare coverage. However, those
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without healthcare coverage have a significantly lower obesity prevalence rate compared

to those who do have healthcare coverage when using ethnic specific BMI definitions. In

keeping with previous findings, the obesity prevalence rate is significantly higher

regardless of having healthcare coverage when using ethnic specific BMI definitions.

Table 15. Prevalence (%) of weight status by healthcare coverage using WHO BMI and

ethnic specific BMI weight classifications

Heaithcare coverage Underweight Normal Overweight Obese
Healthcare coverage — No 4.2 46.9 31.1 17.7
(WHO BMI) (2.8,5.7) (43.3,50.5) | (27.9,34.4) | (15.0,20.5)
Healthcare coverage — Yes 24 45.1 34.0 18.5
(WHO BMI) (2.1,2.7) (44.1,46.0) | (33.1,34.9) | (17.7,19.4)
Healthcare coverage — No 4.2 44.2 254 26.2
(Ethnic BMI) (2.8,5.7) (40.6,47.7) | (22.4,28.4) | (23.2,29.3)
Healthcare coverage - Yes 24 36.8 27.9 32.8
(Ethnic BMI) (2.1,2.7) {35.9,37.8) | (27.0,28.8) | (31.8,33.8)

*Bold font denotes statistically significant difference (P < .05) of prevalence comparing

healthcare coverage — no, to healthcare coverage — yes (referent group) in the same

subgroup (WHO BM], ethnic BMI)

The prevalence (percent) and confidence intervals of weight status broken down

into underweight, normal weight, overweight, and cbese using standard WHO definitions

and ethnic specific BMI weight classifications by personal doctor, using those with a

personal doctor as the referent group are shown in Table 16. When using standard WHO

BMI definitions of obesity, no significant differences exist between obesity prevalence

rates of those with and without personal doctor. However, those without a personal

doctor have a significantly lower obesity prevalence rate compared to those who do have
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healthcare coverage when using ethnic specific BMI definitions. This finding is

consistent with the findings of the previous table (Table 15). In keeping with previous

findings, the obesity prevalence rate is significantly higher regardless of having personal

doctor when using ethnic specific BMI definitions.

Table 16. Prevalence (%) of weight status by personal doctor using WHO BMI and

ethnic specific BMI weight classifications

Personal doctor Underweight Normal Overweight Obese
Personal Doctor - No 2.6 46.3 32.9 18.2
(WHO BMI) (1.9,3.4) (43.9,48.7) | (30.7,35.1) | (16.0,20.3)
Personal Doctor - Yes 2.6 45.0 33.9 18.5
(WHO BMI) (2.2,2.9) (43.9,46.0) | (32.9,34.9) | (17.7,19.4)
Personal Doctor - No 2.6 41.6 28.4 274
{Ethnic BMI) (1.9,3.4) (39.2,43.9) | (26.3,30.5) | (25.0,29.7)
Personal Doctor - Yes 2.6 36.6 27.5 33.3
(Ethnic BMI) (2.2,2.9) (35.6,37.6) | (26.6,28.5) | (32.3,34.3)

*Bold font denotes statistically significant difference (P < .05) of prevalence comparing

personal doctor — no, to personal doctor — yes (referent group) in the same subgroup

(WHO BM, ethnic BMI)
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CHAPTER 4. METABOLIC SYNDROME
Results
Results from the 2001, 2003 and 2005 Hawaii BRFSS surveys were extracted
from the HHDW and combined io create one dataset. The total number of records
included in the combined dataset was 15,255. After weighting, these records represented

a three-year (2001, 2003, 2005) estimated population of 2,860,350 (Table 17).

Table 17. Unweighted and weighted frequencies of Hawaii BRFSS respondents for the

Years 2001, 2003, 2005

Unweighted Weighted
Survey Year Frequencies Percent Frequencies Percent
2001 4500 29.5 922470 32.3
2003 4339 28.4 961127 33.6
2005 6416 42.1 976753 34.1
Totals 152535 100.0 2860350 100

BRESS surveys for the years 2002 and 2004 did not include questions related to
cholesterol and hypertension and were removed from the dataset prior to analysis. A total
of 3705 records from 2001, 2003, and 2005 that were missing data relating to BMI,
hypertension status, cholesterol status, or diabetes were excluded from the dataset.
Another 204 records that were missing “County” were also removed from the dataset. It
was necessary to remove these records from the dataset because the Hawaii BFRSS
stratifies its sample based on “County”. “County” is used as the “Strata” variable in SAS
Proc SURVEYMEANS to account for complex survey sample design,’® The final dataset

had a sample size of 11,346.
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Demographic characteristics of the excluded records were compared with the

demographic characteristics of the records that were included in the final dataset (relative

to BMI, hypertension, cholesterol, and diabetes) and are shown in Table 18. Significant

differences between the excluded and included groups were found. For example, the

excluded group had significantly (P < .05) higher percentages of Filipinos (19.4% versus

13.7%), Native Hawaiians (13.5% versus 10.4%), and other Pacific Islanders (3.4%

versus 1.5%) but significantly (P < .05) lower percentages of Japanese (15.5% versus

21.7%}) and Whites (30.1% versus 36.6%). There were no significant gender differences

between groups. As a whole, the excluded group was significantly younger, was less

educated, was more likely to be living in poverty, had a higher percentage without

healthcare coverage, and had a higher percentage without a personal doctor when

compared with the included group.

Table 18. Comparison of prevalence (%) of selected population characteristics by

excluded and included records
Percent (Excluded Percent (Included
Category  Population Characteristic Records) Records)
Black 1.6 (1.0,2.1) 1.8 (1.5,2.2)
Chinese 8.7 (7.3, 10.0) 7.9 (7.2,8.6)
Filipino 194 (17.5, 21.3) 13.7 (12.8, 14.7)
Japanese 15.5 (14.0, 17.1) 21.7 (20.7, 22.7)
Native Alaskan/
Race / American Indian 0.4 (0.2, 0.7) 0.5 (0.4,0.7)
Ethnicity Native Hawaiian 13.5(12.1,14.9) 10.4 (9.7, 11.2)
Other 3.6(2.8,44) 3.0(2.6,3.5)
QOther Asian 2.7(1.9,3.4) 2.1(1.7,2.5)
Other Pacific Islander 34 (2.6, 4.3) 1.5 (12,19
White 30.1 (28.3, 32.0) 36.6 (35.4, 37.7)
UNKNOWN 1.0 (0.7, 1.4) 0.6 (0.5, 0.8)
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Gender Female 51.3 (49.2, 53.5) 49.5 (48.3, 50.8)
Male 48.7 (46.5, 50.8) 50.5 (49.2, 51.7)

18-19 7.6 (6.2, 8.9) 1.4 (1.0, 1.7)
20-29 34.1 (31.9, 36.2) 11.1 (10.2, 12.0)
30-39 23.8 (22.0, 25.6) 17.1 (16.1, 18.1)
40-49 15.7 (14.3, 17.2) 20.9 (19.9, 21.9)
Age 50-59 8.4 (7.3,94) 19.6 (18.7, 20.6)
60-69 38(3.1,4.5) 13.8 (13.0, 14.7)
70-79 3.5(2.8,4.2) 10.9 (10.2, 11.7)

80+ 2.1 (1.6, 2.6) 4.6 (4.2, 5.1)

UNKNOWN 1.2 (0.8, 1.5) 0.5 (0.3,0.7)

Up to Grade 8 2.2 (1.5,2.8) 1.9 (1.6, 2.3)

Grades 9 thru 11 5.1(4.1,6.2) 3.8(3.2,4.3)
Education Grade 12 or GED 38.7 (36.6, 40.8) 27.6 (26.5, 28.7)
Level College 1 to 3 years 29.5 (27.5, 31.5) 29.3 (28.2, 30.5)
College 4 years or more 23.9 (22.2, 25.7) 37.2 (36.0, 38.4)

UNKNOWN 0.6 (0.3, 0.8) 0.2 (0.1, 0.3)
Federal 130 25.3 (23.3, 27.2) 14.8 (13.9, 15.8)

Poverty 185 11.0 (9.6, 12.3) 9.8 (9.0, 10.7)
Level 186+ 36.0 (34.0, 38.0) 55.7 (544, 57.0)
UNKNOWN 27.8 (25.8, 29.8) 19.6 (18.6, 20.6)

Healthcare No 15.1 (13.5, 16.7) 5.0 (4.5, 5.6)
coverage Yes 84.9 (83.3,86.5) 95.0 (94.4, 95.5)
Personal No 30.1 (28.1, 32.2) 13.4 (12.6, 14.3)
doctor Yes 69.9 (67.8, 71.9) 86.6 (85.7, 87.4)

* Bold font denotes statistically significant differences (P < .05) of prevalence between

included and excluded records.

Table 19 shows the prevalence of clustered risk factors compatible with MetS by
DOH race/ethnicity using standard WHO BMI definitions of obesity. Chinese (43.7%),
Filipino (46.5%), Japanese (39.8%), Native Alaskan / American Indians (31.7%) and
Native Hawaiians (38.4%) all had significantly lower percentages of zero risk factors
compatible with MetS when compared with Whites. Interestingly, this finding exists even
when using standard WHO BMI thresholds to determine weight status and obesity. One
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would expect to find Asian groups with higher percentages of zero risk factors when

compared with Whites. Conversely, the finding of “Other Pacific Islanders” and Native

Hawaiians with lower percentages of zero risk factors was expected. On the other end of

the spectrum (4 risk factors compatible with MetS) only Native Hawaiians (4.7%) had a

significantly higher percentage when compared with Whites (1.1%).

Table 19. Prevalence (%) of risk factor levels (0 — 4) compatible with metabolic

syndrome by ethnicity based on WHO BMI definitions of obesity

Number of risk factors for MetS based on standard WHQO BMI

definitions
Race/ethnicity 0 1 2 3 4

56.2 19.8 20.4 3.1 0.5

Black (46.5,65.8) | (12.6,27.1) | (11.5,29.3) (1.0, 5.2) (0.0, 1.6)
43.7 33.8 18.6 34 0.5

Chinese (39.1,48.3) | (29.4,38.2) | (14.9,22.3) (1.7, 5.0) (0.0, 1.1)
46.5 29.2 17.3 57 1.3

Filipino (42.6, 50.5) | (25.6,32.9) | (14.0, 20.5) (4.1,7.3) (04,2.2)
398 333 205 5.5 0.9

Japanese (37.2,42.4) | (30.8,35.7) | (184, 22.6) (4.3, 6.8) (04, 1.4)
Native

Alaskan /

American 31.7 38.5 13.9 12.2 37
Indian (17.6,45.7) | (20.9,56.0) | (4.2,23.6) (0.6,23.9) | (0.0,8.5)
Native 384 27.2 19.3 10.5 4.7

Hawaiian (34.5,42.2) | (23.8,30.5) | (16.2,224) | (8.3,12.7) | (2.8, 6.5)

53.7 28.4 13.7 33 0.8
Other (46.2,61.2) | (21.7,35.1) | (8.2, 19.3) (1.1, 5.6) (0.1, 1.6)
522 33.6 11.5 2.7
Other Asian | (42.6,61.7) | (24.0,43.2) | (5.1,17.9) (0.0, 5.4)
Other Pacific 28.9 394 12.9 12.3 6.5
Islander (18.5,39.3) | (26.8,52.0) | (6.0, 19.8) (2.2,22.4) | (0.0, 13.4)
White 524 29.8 12.1 4,6 1.1
(referent) (50.6, 54.3) | (28.1,31.5) | (10.9, 13.4) (3.8, 5.3) (0.6, 1.5)
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* Bold font denotes statistically significant differences (P < .05) of prevalence comparing

each ethnic group to Whites (referent group)

The prevalence of clustered risk factors compatible with MetS by DOH
race/ethnicity using ethnic specific BMI definitions of obesity are shown in Table 20.
When using White as the referent group, significant differences continue to persist but the
patterns change. For example, Chinese (30.7%), Filipino (301.1%), Japanese (25.3%),
and Native Alaskan / American Indians (31.7%) continue to have lower percentages of
zero risk factors when compared with Whites, but a new group, Other Asians (30.9%),
also have a significantly lower percentage of zero risk factors. In fact, within this ethnic
group, the percentage of zero risk factors significantly decreased from 52.2% (95% CI:
42.6--61.7) to 30.9% (95% CI: 22.9--38.8). When using standard WHO BMI thresholds,
Pacific Islanders had a significantly lower percentage of zero risk factors compared with

Whites.

Table 20. Prevalence (%) of risk factor levels (0 — 4) compatible with metabolic

syndrome by ethnicity based on ethnic specific BMI definitions of obesity

Number of risk factors for MetS based on ethnic specific BMI
definitions
Race/ethnicity 0 1 2 3 4
56.2 19.8 204 3.1 0.5
Black (46.5,65.8) | (12.6,27.1) | (11.5,293) | (1.0,5.2) | (0.0, 1.6)
30.7 349 22.5 10.7 1.2
Chinese (26.5,35.0) | (30.5,39.3) | (18.6,26.5) | (7.7,13.7) | (0.2,2.1)
30.1 34.9 21.9 10.1 3.1
Filipino (26.5,33.7) | (31.1,38.7) | (184,254) | (7.8,12.3) | (1.8,4.3)
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25.3 353 254 12.0 2.1

Japanese (23.0,27.6) | (32.7,37.8) | (23.1,27.7) | (10.2,13.7) | (1.4,2.7)
Native

Alaskan /

American 31.7 38.5 13.9 12.2 3.7
Indian (17.6,45.7) | (20.9,56.0) | (4.2, 23.6) (0.6, 23.9) (0.0, 8.5)
Native 42.5 27.0 17.8 8.6 4.1

Hawaiian (38.6,46.4) | (23.5,30.4) | (14.8,20.7) | (6.7, 10.6) (2.3,5.9)

53.7 284 13.7 33 0.8
Other (46.2,61.2) | (21.7,35.1) | (8.2, 19.3) (1.1, 5.6) (0.1, 1.6)
309 41.4 21.6 6.1
Other Asian | (22.9, 38.9) | (32.0,50.8) | (13.4,29.8) | (0.5,11.6)
Other Pacific 39.2 325 10.5 14.4 34
Islander (27.2,51.3) | (20.7,44,2) | (4.4, 16.6) (3.8, 25.0) (0.0, 8.9)
56.5 189 17.8 6.8

Unknown (39.7,73.4) | (5.7, 32.0) 4.4, 31.3) (0.0, 17.6)

524 290.8 12.1 4.6 I.1
White (50.6,54.3) { (28.1,31.5) | (10.9, 13.4) (3.8,5.3) (0.6, 1.5)

*Bold font denotes statistically significant differences (P < .05) of prevalence comparing

each ethnic group to Whites (referent group)

Table 21 displays the prevalence of clustered risk factors compatible with MetS

by education using WHO BMI definitions of obesity. When compared with those who

completed four or more years of college, all other educational groups had a significantly

lower prevalence of zero risk factors. Conversely, all other educational groups had a

significantly higher prevalence of two and three risk factors when compared to those with

four or more years of colleges except those with an eighth grade or less level of education

with three risk factors. There also appears to be a dose response (non significant) between

the prevalence 4 risk factors and educational attainment.
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Table 21. Prevalence (%) of risk factor levels (0 — 4) compatible with metabolic

syndrome by education level based on WHO BMI definitions of obesity

Number of risk factors for MetS based on WHO BMI definitions of
obesity
Education
level 0 1 2 3 4
329 323 228 7.1 4.9
Up to Grade 8 | (24.2,41.6) | (23.6,40.9) | (16.1,29.4) | (2.8,11.5) j (0.0, 10.1)
Grades 9 29.9 29.6 27.2 9.3 4.0
thru 11 (23.7, 36.1) | (22.3,36.8) | (21.0,33.4) | (5.8,12.8) | (0.9,7.1)
Grade 12 or 40.5 324 184 6.6 21
GED (38.1, 43.0) | (30.1,34.8) | (16.5, 20.3) (5.5, 7.7) (1.3, 2.8)
College 1-3 46.3 29.3 17.1 6.1 1.2
years (44.0, 48.6) | (27.3,31.4) | (15.1, 19.0) 4.9, 7.2) (0.7, 1.7)
College 4 or 52.9 30.0 12.5 39 0.8
mOI¢ years (50.9, 54.8) | (28.2,31.8) | (11.2,13.7) (3.1, 4.6) (04, 1.1)

* Bold font denotes statistically significant differences (P < .05) of prevalence comparing

each educational group to those with four or more years of college education (referent

group)

Table 22 displays the prevalence of clustered risk factors compatible with MetS

by education using ethnic specific BMI definitions of obesity. The results seen here are

similar to what was observed in the previous table. For example, comparing all

educational groups with those with four or more years of college regarding the

prevalence of zero risk factors yielded the same results — all other educational groups had

a significantly lower prevalence of zero risk factors. Conversely, all other educational

groups had a significantly higher prevalence of two and three risk factors when compared

to those with four or more years of colleges except those with an eighth grade or less

level of education with three risk factors and those with one to three years of college
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education and two risk factors. Similar to the previous table, the dose response (non
significant) between the prevalence of four risk factors and educational attainment
persisted. What is also evident is that the distribution of risk factor percentages among all
educational groups shifts toward four risk factors when using ethnic specific definitions
of obesity. For example, in all educational groups, the prevalence of zero risk factors is
lower when using ethnic specific definitions of obesity. These differences are
significantly lower among those with high school education (35.2% versus 40.5%), those
with some college (40.7% versus 46.3%), and among those with four or more years of

college (45.3% versus 52.9%).

Table 22. Prevalence (%) of risk factor levels (0 — 4) compatible with metabolic

syndrome by education level using ethnic specific BMI definitions of obesity

Number of risk factors for MetS using ethnic specific BMI definitions
of obesity
Education
level 0 | 2 3 4
28.2 29.0 26.7 109 5.3
Up to Grade 8 | (19.7, 36.6) | (20.8,37.3) | (18.9,34.5) | (6.2,15.6) | (0.1,104)
Grades 9 25.1 324 23.7 15.6 3.2
thru 11 (19.3,30.9) | (25.2,39.7) | (17.9,29.5) | (10.6,20.5) { (0.5,5.9)
Grade 12 or 352 32.5 20.4 9.2 2.6
GED (32.8,37.5) | (30.2,34.9) | (184,224) | (7.9,10.6) | (1.8,3.4)
College 1-3 40.7 3L1 17.8 8.7 1.7
years (38.4,43.0) | (29.0,33.2) | (159,197 | (7.3,10.2) | (1.1,2.3)
College 4 or 45.3 31.8 16.0 5.7 1.2
more years | (43.3,47.2) | (30.0,33.7) | (14.5,17.5) | (4.8, 6.6) (0.8, 1.7)

* Bold font denotes statistically significant differences (P < .05} of prevalence comparing

each educational group to those with four or more years of college education (referent

group)
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The prevalence of clustered risk factors compatible with MetS by gender using
WHO BMI definitions of obesity are shown in Table 23.. The only significant difference
between males and females is the prevalence rate of zero risk factors. Females have a
significantly higher prevalence rate of zero risk factors at 48.4% when compared to males

at 44.4%. Otherwise, no other significant differences are observed.

Table 23. Prevalence (%) of risk factor levels (0 — 4) compatible with metabolic

syndrome by gender using WHO BMI definitions of obesity

Number of risk factors for MetS using WHO BMI definitions of
obesity
Gender 0 1 2 3 4
484 29.7 14.9 54 1.6
Female (46.8, 50.0) | (28.2,31.2) | (13.8,16.1) | (4.6,6.1) (1.2,2.0)
444 31.3 174 57 1.3
Male (42.5,46.3) | (29.5,33.0) | (15.9,189) | (4.8,6.5) (0.8, 1.8)

* Bold font denotes statistically significant differences (P < .05} of prevalence comparing

females to males (referent group)

Table 24 shows the prevalence of clustered risk factors compatible with MetS by
gender using ethnic specific BMI definitions of obesity. Females have a significantly
higher prevalence of zero risk factors when compared with males. Females also a have
significantly lower prevalence rate of one and two risk factors when compared with

males.
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Table 24. Prevalence (%) of risk factor levels (O — 4) compatible with metabolic

syndrome by gender using ethnic specific BMI definitions of obesity

Number of risk factors for MetS using ethnic specific BMI definitions
of obesity
Gender 0 1 2 3 4
44.0 30.1 16.6 74 2.0
Female (42.4,45.6) | (28.6,31.5) | (154,17.8) [ (6.5,8.3) (1.5,2.5)
36.2 33.6 19.8 8.6 1.8
Male (34.4,38.0) | (31.8,354) | (18.2,214) | (7.6,97) | (1.2,2.3)

* Bold font denotes statistically significant differences (P < .05) of prevalence comparing

fernales to males (referent group)

Table 25 shows the prevalence of clustered risk factors compatible with MetS by
federal poverty levels (FPL) using WHO BMI definitions of obesity. Those in the 0-
130% FPL have a significantly lower prevalence of zero risk factors when compared with
those in the 186+% FPL. Those in the 0 — 130% FPL also have a significantly higher

prevalence of two and three risk factors when compared with those in the 186+% FPL.

Table 25. Prevalence (%) of risk factor levels (0 — 4) compatible with metabolic

syndrome by poverty level using WHO BMI definitions of obesity

Number of risk factors for MetS using WHO BMI definitions
of obesity

Federal Poverty
Level 0 1 2 3 4
0-130%
federal poverty 41.7 27.8 19.7 83 24
level (38.1,45.3) | (24.5,31.2) | (16.7,22.8) | (6.5,10.1) | (1.2,3.6)
131 -185% 474 30.8 16.5 4.2 1.2
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federal poverty | (43.0,5L.7) | (26.8,34.7) | (13.2,19.8) | (2.6,5.7) | (0.4, 2.1)
level

186+% federal 479 30.8 15.1 5.1 1.2
poverty level (464,49.5) | (29.3,32.2) | (139,16.2) | (44,5.8) | (0.8, 1.5)

* Bold font denotes statistically significant differences (P < .05) of prevalence comparing

each federal poverty level group to the 186+% federal poverty level group (referent

group)

Table 26 shows the prevalence of clustered risk factors compatible with MetS by
federal poverty levels (FPL) using ethnic specific BMI definitions of obesity. Those in
the 0 - 130% FPL have a significantly higher prevalence of three risk factors when
compared with those in the 186+% FPL.

Interestingly, using ethnic specific BMI definitions of obesity significantly affects
the prevalence of risk factors for the 186+% FPL group only. For example, among the
186+% FPL group, the prevalence of zero risk factors significantly decreases from 47.9%
to 41.2% and the prevalence of three risk factors significantly increases from 5.1% to

7.3%.

Table 26. Prevalence (%) of risk factor levels (0 — 4) compatible with metabolic

syndrome by poverty level using ethnic specific BMI definitions of obesity

Number of risk factors for MetS using ethnic specific BMI
definitions of obesit
Federal Poverty
Level 0 1 2 3 4
0-130%
federal poverty 36.8 29.6 19.8 10.7 3.0
level (33.3,40.3) | (26.2,33.0) | (16.8,22.9) | (8.6,12.8) | (1.8,4.3)
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131 - 185%

federal poverty 40.6 31.8 18.8 74 14
level (36.3,44.9) | (27.9,35.7) | (15.2,22.3) | (5.2,9.6) | (0.5,2.3)
186+% federal 41.2 325 17.4 7.3 1.6
poverty level (39.6,42.7) | (31.0,34.0) | (16.2,18.6) | (6.5,8.2) [ (1.1,2.0)

*Bold font denotes statistically significant differences (P < .05) of prevalence comparing

each federal poverty level group to the 186+-% federal poverty level group (referent

group)

Table 27 displays the prevalence of clustered risk factors compatible with MetS
by healthcare coverage using WHO BMI definitions of obesity. Those without healthcare
coverage have a significantly higher prevalence of having zero and one risk factor when
compared to those with healthcare coverage. This paradoxical finding is similar to what
was seen when comparing obesity rates among those with and without healthcare
coverage. As previously discussed, this finding may be due to the fact that a person
without healthcare coverage would be less likely to be diagnosed with a condition, and
could potentially increase the likelihood of a person having one or more of the MetS risk

factors without knowing it.

Table 27. Prevalence (%) of risk factor levels (0 — 4) compatible with metabolic

syndrome by healthcare coverage using WHO BMI definitions of obesity

Number of risk factors for MetS using WHO BMI
definitions of obesi
Healthcare
coverage 0 1 2 3 4
57.2 23.5 144 3.2 1.7
No (51.6,62.7) | (18.8,28.3) |(10.2, 18.6)| (1.5,4.9) [ (0.5,2.9)
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45.8 30.9 16.3 5.6 1.4
Yes (44.5,47.1) | (29.7,32.1) [(15.3,17.2)|1(5.1,6.2) | (1.1,1.8)

*Bold font denotes statistically significant differences (P < .05) of prevalence comparing

healthcare coverage — no, to healthcare coverage — yes (referent group)

Table 28 presents the prevalence of clustered risk factors compatible with MetS
by healthcare coverage using ethnic specific BMI definitions of obesity. Similar to Table
27, those without healthcare coverage have a lower prevalence of risk factors when

compared to those with healthcare coverage.

Table 28. Prevalence (%) of risk factor levels (0 - 4) compatible with metabolic

syndrome by healthcare coverage using ethnic specific BMI definitions of obesity

Number of risk factors for MetS using ethnic specific BMI
definitions of obesity
Healthcare coverage 0 1 2 3 4
49.3 29.2 15.0 4.9 1.6
No (43.8, 54.9) [(24.0, 34.4) [(10.6, 19.3) | (2.9, 6.9) { (0.4, 2.9)
39.6 32.0 184 8.2 1.9
Yes (38.3,40.8) 1(30.8,33.2) |(174,19.4)| (7.5,8.9) | (1.5, 2.3)

*Bold font denotes statistically significant differences (P < .05) of prevalence cornparing

healthcare coverage — no, to healthcare coverage — yes (referent group)

Table 29 shows the prevalence of clustered risk factors compatible with MetS by
personal doctor using WHO BMI definitions of obesity. Those without a personal doctor
have a significantly higher prevalence of zero risk factors, and a significantly lower
prevalence of one, two, three, and four risk factors. This finding is similar to what is seen

when examnining obesity prevalence by personal doctor.,
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Table 29. Prevalence (%) of risk factor levels (0 — 4) compatible with metabolic

syndrome by having a personal doctor using WHO BMI definitions of obesity

Number of risk factors for MetS using WHO BMI

definitions of obesity
Personal Doctor 0 1 2 3 4
62.2 26.6 8.0 2.8 04
No (58.9, 65.5) |(23.6,29.6)| (6.2,9.9) | (1.7,4.0) | (0.0, 0.9)
439 31.1 17.4 59 1.6
Yes (42.6,45.2) |(29.9,32.4)|(16.4,18.5)| (5.3,6.5) | (1.3,2.0)

*Bold font denotes statistically significant differences (P < .05) of prevalence comparing

personal doctor — no, to personal doctor — yes (referent group)

Table 30 shows the prevalence of clustered risk factors compatible with MetS by

personal doctor using ethnic specific definitions of obesity. Those without a personal

doctor have a significantly higher prevalence of zero risk factors, and a significantly

lower prevalence of two, three, and four risk factors.

Table 30, Prevalence (%) of risk factor levels (0 — 4) compatible with metabolic

syndrome by having a personal doctor using ethnic specific BMI definitions of obesity

Number of risk factors for MetS using ethnic specific BMI

definitions of obesity
Personal doctor 0 1 2 3 4
54.6 325 9.0 34 0.5
No (51.2,58.0) [(29.3,35.)| (7.1,11.0) | (2.0,4.7) | (0.0,1.0)
37.8 31.7 19.6 8.7 2.1
Yes (36.5, 39.1) |(30.5.33.0)[(18.5,20.7)| (8.0,9.5) | (1.7,2.5)
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*Bold font denotes statistically significant differences (P < .05) of prevalence comparing

personal doctor - no, to personal doctor — yes (referent group)

The prevalence of 3 or 4 clustered risk factors compatible with MetS are
displayed in Table 31. When comparing WHO BMI definitions of obesity versus ethnic
specific BMI definitions of obesity (Column A versus Column B), many differences
exist. For example, there are significant increases in the prevalence of 3 or 4 risk factors
among Chinese (3.9% versus 11.8%), Filipinos (7% versus 13.1%), and Japanese (6.4%
versus 14%). A non-significant increase is also seen among “Other Asians™ (2.7% versus
6.1%). This finding is expected, given the fact that ethnic specific BMI definitions of
obesity are more stringent for Asians. Conversely, non-significant decreases in
prevalence of 3 or 4 risk factors are seen among Native Hawaiians (15.2% versus 12.7%)
and “Other Pacific Islanders™ (18.8% versus 17.8%). The trend toward lower prevalence
of MetS among Native Hawaiians and “Other Paciﬁb Islanders” is also expected given
the fact that ethnic specific BMI definitions of obesity for this group are less stringent.
Significant increases in prevalence of 3 or 4 risk factors are also seen among the older
age groups, both males and females, those with a high school or college education, those
at 186%+ poverty level, across those with and without health care coverage, and among

those with a personal doctor.

Table 31. Prevalence (%) of 3 to 4 clustered risk factors compatible with metabolic
syndrome comparing WHO BMI definitions of obesity with ethnic specific BMI
definitions of cbesity by race, age group, gender, education, poverty, having healthcare

coverage, and having personal doctor
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Column B:

Column A: Prevalence (%) of
Prevalence (%) of 3-4 risk factors
3-4 risk factors using ethnic
using WHO BMI specific BMI
definition of definition of
Category Population Characteristic obesity* obesity*
Black 3.6(1.3,60) 3.6 (1.3, 6.0)
Chinese 3.9 (2.1,5.6) 11.8 (8.7, 14.9)
Filipino 7.6 (5.2,8.8) 13.1 (10.6, 15.6)
Japanese 6.4 (5.1, 7.8) 14.0 (12.2, 15.9)
Race / Ethnicity Native Alaskan/ American Indian 15.9 (3.9, 27.9) 15.9 (3.9, 27.9)
Native Hawaiian 15.2(124,17.9) 12.7{10.2, 15.3)
Other 4.2 (1.8,6.5) 4.2(1.8,6.5)
Other Asian 2.7(00,54) 6.1 (0.6,11.6)
Other Pacific Islander 18.8 (7.6, 30.1) 17.8 (6.6, 29.0)
White 5.6 (4.8, 6.5) 5.6 (4.8, 6.5)
20-29 1.1 (0.2,2.0) 1.1 (0.2, 2.0)
30-39 2.5(1.5,3.49 3.8 (2.6,5.0)
40-49 6.5 (5.2, 7.8) 7.9 (6.4, 9.3)
Age 50-59 9.9 (8.1, 11.7) 14.4 (12.3, 16.6)
60-69 12.1(10.1, 14.1) 16.7 (14.3, 19.1)
70-79 10.8 (8.4, 13.2) 16.5 {13.8, 19.3)
80+ 54 (3.0,7.8) 9.5 (6.5, 12.6)
Gender Female 7.0 (6.1,7.8) 9.4 (8.4, 10.4)
Male 7.0 (6.0, 7.9) 10.4 (9.3, 11.6)
Up to Grade 8 12.1 (5.7, 18.4) 16.2 (9.6, 22.7)
Grades 9 thru 11 13.3 (8.8, 17.9) 18.8 (13.3, 24.2)
Education level Grades 12 or GED 8.6 (7.3,9.9 11.9 (104, 13.4)
College 1 to 3 years 7.3 (6.0, 8.5) 10.4 (8.9, 11.9)
College 4 or more years 4.6 (3.8,5.5) 6.9 (5.9,7.9)
130 federal poverty level 10.8 (8.6, 12.9) 138(114, 16.2)
Poverty level 185 federal poverty level 543.6,7.1) 89(6.5,11.2)
186+ federal poverty level 6.2 (58.5,7.0) 8.9 (8.0, 9.8)
No 4.9 (2.8, 7.0) 6.5 (4.2, 8.8)
Healthcars coverage Yes 7.1(64,7.7) 10.1(93, 10.9)
Having a personal No 3.2(1.9,44) 3.9(24,5.3)
doctor Yes 7.6 (6.8, 8.3) 10,8 (10.0, 11.7)

*Bold fonf denotes statistically significant differences (P < .05) of prevalence comparing

Column A to Column B.

Table 32 shows the prevalence of 3 or 4 clustered risk factors compatible with

MetS, comparing groups within the same category to a referent group, within the same

53




column. When making comparisons within categories (and within the same column),
many notable differences exist. When comparing ethnic groups (using Whites as the
referent group) within Column A (using WHO BMI definitions of obesity), Native
Hawaiians (15.2%) and Other Pacific Islanders have significantly higher prevalence of
3 — 4 risk factors when compared to Whites (5.6%). Making the same comparison in
Column B (using ethnic specific definitions of obesity) yields a much different result. In
this case Chinese (11.8%), Filipino (13.1%), and Japanese (14%) groups all have
significantly higher prevalence compared to Whites (5.6%). This is expected given the
fact that ethnic specific BMI definitions of obesity for Asians are much more stringent.
Additionally, Native Hawaiians (12.7%) and *“Other Pacific Islanders” (17.8%) continue
to have a significantly higher prevalence of 3 — 4 risk factors compared to Whites even
when using ethnic specific BMI definitions of obesity. Significant differences in
prevalence are also seen within age groups. In general, older adults had a significantly
higher prevalence when compared to young adults (20 — 29 year olds, referent group).
This holds true when using either BMI definition of obesity. There are significant
differences in prevalence within education as well, regardless of what obesity definition
is used. In both instances, an inverse relationship exists. Higher educational attainment is
associated with a lower prevalence. There are significant differences by poverty level as
well. Those in the 0‘— 130% poverty level have a significantly higher prevalence when
compared to those in the 186+% poverty level, regardless of what obesity definition is
used. When examining healthcare access (healthcare coverage and having a personal
doctor) some noteworthy findings emerged. For example, the prevalence among those

who reported having a personal doctor was higher when compared to those without a
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personal doctor. This finding holds true regardless of what BMI definition of obesity is
used. This finding is consistent with the previous discussion regarding the potential effect

healthcare access may have on the likelihood of a person being told by a doctor they have

a certain condition.! A similar finding was seen when examining healthcare coverage.

Those with healthcare coverage had a significantly higher prevalence when compared to

those without healthcare coverage. This finding only occurred when using the ethnic

specific definition of obesity.

Table 32. Prevalence (%) of 3 to 4 clustered risk factors compatible with metabolic

syndrome comparing groups within the same category and columnn to a referent group.

(A = WHO BMI definitions of obesity, B = ethnic specific BMI definitions of obesity)

Column B:
Column A: Prevalence (%) of
Prevalence (%) of 3-4 risk factors
3-4 risk factors using ethnic
using WHO BMI specific BMI
definition of definition of
Category Population Characteristic obesity* obesity*
Black 3.6 (1.3,6.0) 3.6 (1.3,6.0)
Chinese 39(2.1,5.6) 11.8 (8.7, 14.9)
Filipino 7.0(5.2,8.8) 13.1 (10.6, 15.6)
Japanese 6.4 (5.1,7.8) 14.0 (12.2, 15.9)
Race / Ethnicity Native Alaskan/ Amefcan Indian 15.9(3.9,27.9) 15.9(3.9,27.9)
Native Hawaiian 15.2 (124, 17.9) 12.7 (10.2, 15.3)
Other 4.2 (1.8,6.5) 4.2 (1.8, 6.5)
Other Asian 2.7 (0.0, 5.4) 6.1 (0.6, 11.6)
Otker Pacific Islander 18.8 (7.6, 30.1) 17.8 (6.6, 20.0)
White** 5.6 (4.8, 6.5)%* 5.6 (4.8, 6.5)%*
202G 1.1 (0.2, 2.0)y%* 1.1 (0.2, 2.0)%*
30-39 2.5(1.5,34 3.8(2.6,5.0)
40-49 6.5 (5.2, 7.8) 7.9 (6.4,9.3)
Age 50-59 9.9 (8.1, 11.7) 14.4 (12.3, 16.6)
60-69 12.1 (10.1, 14.1) 16.7 (14.3, 19.1)
70-79 10.8 (8.4, 13.2) 16.5 (13.8, 19.3)
80+ 54 (3.0,7.8) 9.5 (6.5, 12.6)
Gender Female®* 70(6.1,7.8) 94 (84, 10.4)
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Male 7.0 (6,0, 7.9) 104 (9.3, 11.6)
Up to Grade 8 12.1 (5.7, 18.4) 16.2 (9.6, 22.7)
Grades 9 thru 11 13.3 (8.8, 17.9) 18.8 (13.3, 24.2)
Education level Grades 12 or GED 8.6 (7.3,9.9) 11.9 (10.4, 13.4)
College 1 to 3 years 7.3 (6.0, 8.5) 10.4 (8.9, 11.9)
College 4 or more years™* 4.6 (3.8, 5.5) 6.9 (5.9,7.9)
130 federal poverty level 10.8 (8.6, 12.9) 13.8 (114, 16.2)
Poverty level 185 federal poverty level 5.4(3.6,7.1) 8.9 (6.5,11.2)
186+ federal poverty level** 6.2 (5.5, 7.0)%* 8.9 (8.0, 9.8)%*
No 4.9 (2.8, 7.0) 6.5 (4.2, 8.8)
Healthcare coverage Yest* 7.1 (64, 7.7 | 10.1 (9.3, 10.9)%
Having a personal No 3.2(1.9,4.4) 3.9(24,5.3)
doctor Yegh* 7.6 (6.8, 8.3)** 10.8 (10.0, 11.7)*+*

*Bold font denotes statistically significant differences (P < .05) of prevalence comparing
with category group to corresponding referent group

**Denotes referent group for the category

Results of Poisson Regression

Table 33 displays the unadjusted and adjusted prevalence ratios of clustered risk
factors compatible with MetS (0 ~ 2 risk factors versus 3 — 4 risk factors), using WHO
BMI definitions of obesity. In all models presented, ethnicity was the main independent
variable, using Whites as the referent group. Age, gender, education, poverty level,
healthcare coverage, and having a personal doctor were added to the models in order to
control for their effects. Model one represents the unadjusted prevalence ratios,
comparing each ethnic group to Whites. Filipinos (1.43, 95% CI: 1.12--1.82), Native
Alaskan / American Indians (2.22, 95% CI: 1.10--4.49), and Native Hawaiians (2.71,
95% CI: 2.22--3.30) had significantly higher crude prevalence ratios of 3 — 4 risk factors
when compared with Whites. “Other Asians” was the only ethnic group that had a lower
crude prevalence ratio (0.25, 95% CL: 0.06--0.99) when compared to Whites. Model two

shows the prevalence ratios adjusted for age. After adjusting for age, Filipinos, Native
56



Alaskan / American Indians continued to have significantly higher prevalence ratios.
Adding age to the model had three interesting effects: (1) the prevalence ratio for “Other
Pacific Islanders” (2.59, 95% CI: 1.33--5.06) reached statistical significance, (2) the
prevalence ratio for “Other Asians” was no longer significant (0.27, 95% CL 0.07--1.07)
and (3) adding age to model had an overall effect of increasing the size of the prevalence
ratios among the ethnic groups except for Japanese and Chinese. This suggesis that in the
majority of the ethnic groups studied here, their mean age is probably younger than
Whites, except in the case of Japanese and Chinese where their mean ages are probably
older than Whites. Model three shows the prevalence ratios adjusted for age and gender.
Adding gender to model also had an overall effect of increasing the prevalence ratios.
Model four shows the prevalence ratios adjusted for age, gender, and education, Adding
education to the model had an overall effect of attenuating the prevalence ratios.
However, the four ethnic groups with significantly higher prevalence ratios persisted.
Model five shows the prevalence ratios adjusted for age, gender, education, and poverty
level. Adding poverty level to the model also had an attenuating effect. However, as in
model four, the prevalence ratios of the four ethnic groups continued to be significantly
higher compared to Whites. Model six shows the prevalence ratios adjusted to age,
gender, education, poverty level, and healthcare coverage. Adding healthcare coverage
bad very little overall effect. Model seven shows the prevalence ratios adjusted for age,
gender, education, poverty level, healthcare coverage, and having a personal doctor.
Adding “having a personal doctor’ to the model had an overall attenuating effect.

However all four ethnic groups continued to have significantly higher prevalence ratios
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compared to Whites. In addition, “Other Asians” had a significantly lower prevalence

ratio (0.24, 95% CI. 0.06--.97) compared to Whites.

Table 33. Crude and adjusted prevalence ratios for clustered risk factors compatible with

metabolic syndrome (0 — 2 risk factors versus 3 — 4 risk factors) using WHO BMI

definitions of obesity, estimated by Poisson regression through 7 models*, comparing

Whites to all other DOH race/ethnicity categories

Model 1 Model2 | Model3 | Modeld4 | Model 5 Model 6 Model 7
1.00 1.17 1.16 1.10 1.09 1.10 1.09

Black [ (0.50-2.03) |(0.55-2.48)] (0.55-2.47) | (0.52-2.33) | (0.51-2.31)| (0.32-2.33) | (0.51-2.32)
0.83 0.78 0.78 0.78 0.77 0.77 0.75

Chinese | (0.55-1.25) [(0.52-1.18)] (0.52-1.18) [ (0.51-1.17) [ (Q.51-1.16) | (0.51-1.17) (0.50-1.13)
143 1.52 1.54 1.40 1.38 1.40 1.35

Filipino | (1.12-1.82) ((1.19-1.94)| (1.20-1.97) | (1.09-1.81) | (1.08-1.78) | (1.09-1.80) | (1.05-1.74)
1.19 1.00 1.01 0.96 0.98 0.99 0.96

Japanese ! (0.96-1.48) [(0.81-1.25)] (0.82-1.26) | (0.78-1.20) | (0.79-1.22) | (0.79-1.23) (0.77-1.19)
Native
Alaskan/

American 2.22 2.28 2.29 225 2.25 225 2.18
Indian | (1.10-4.49) |(1.13-4.60) | (1.13-4.64) | (1.11-4.55) | (1.11-4.55) | (1.11-4.55) | (1.08-4.42)
Native 27N 2.89 2.94 2.59 2.54 2,58 2.46

Hawaiian | (2.22-3,30) {(2.37-3.53)}| (2.41-3.59) | (2.11-3.19) [ (2.06-3.12) | (2.08-3.14) [ (2.00-3.03)

1.15 1.45 1.47 1.29 1.27 1.28 1.24
Other | {0.70-1.88) [(0.89-2.37)| (0.90-2.40) | (0.78-2.12) [ (0.77-2.09) | (0.78-2.10) | (0.76-2.05)
Other 0.25 0.27 0.26 0.25 0.25 0.25 0.24
Asian | (0.06-0.99) |(0.07-1.07)] (0.07-1.06) | (0.06-1.01) { (0.06-1.01) | (0.06-1.01) (0.06-0.97)
Other
Pacific 1.87 2.59 2.62 222 2.04 2.10 205

Islander | (0.96-3.63) |(1.33-5.06}| (1.34-5.11) | (1.14-4.35) | (1.04-4.01} | (1.07-4.12) | (1.04-4.02)
‘White

#*Model 1: unadjusted, model 2: adjusted for age, model 3: adjusted for age and gender,

model 4: adjusted for age, gender, and education, model 5: adjusted for age, gender,
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education, and poverty level, model 6: adjusted for age, gender, education, poverty level,
and health insurance coverage, model 7: adjusted for age, gender, education, poverty
level, health insurance coverage, and having a personal doctor

~Bold font denotes statistically significant differences (P < .05), comparing each ethnic

group to Whites (referent group)

Table 34 shows the unadjusted and adjusted prevalence ratios of clustered risk
factors compatible with MetS (0 — 2 risk factors versus 3 — 4 risk factors), using ethnic
specific BMI definitions of obesity. As in the previous table, ethnicity was the main
independent variable, with Whites acting as the referent group. Age, gender, education,
poverty level, healthcare coverage, and having a personal doctor were also controlled for
in the models shown here as well. Model one (unadjusted), when contrasted with model
one of the previous table, shows some noteworthy differences. For example, in the
previous model one (Table 33), Filipinos (1.43, 95% CI: 1.12--1.82), Native Alaskan /
American Indians (2.22, 95% CI: 1.10--4.49), and Native Hawaiians (2.71, 95% CI: 2.22-
-3.30) had significantly higher crude prevalence ratios and “Other Asians” was the only
ethnic group that had a lower crude prevalence ratio (0.25, 95% CL 0.06--0.99) when
compared to Whites. In this model one, Chinese (2.01, 95% CI: 1.56--2.58), Filipino
(2.58, 95% CI: 2.15--3.1), Japanese (2.48, 95% CI: 2.122.91), and Native Hawaiians
(2.35, 95% CI: 1.95--2.85) had significantly higher prevalence ratios, and no ethnic group
had a significantly lower prevalénce ratio than Whites. In general, the prevalence ratios
increased for the Asian groups and decreased for the Pacific Islander groups. When
adjusted for age (model two), Alaskan Native / American Indian, “Other”, and “Other

59



Pacific Islander” groups joined the Chinese, Filipino, Japanese, and Native Hawaiian

groups as having significantly higher prevalence ratios when compared to Whites. After

adjusting for education (model four), the prevalence ratio for the “Other” ethnic group

lost significance. When adjusting for poverty (model five), the prevalence ratio for the

“Other Pacific Islander” ethnic group also lost significance. Ultimately, the Chinese,

Filipino, Japanese, Alaskan Native / American Indian and Native Hawaiian ethnic groups

all had significantly higher prevalence ratios when compared to Whites, even after

adjusting for age, gender, education, poverty level, heaithcare coverage, and having a

personal doctor (model seven). There were no ethnic groups with significantly lower

prevalence ratios than Whites,

Table 34. Crude and adjusted prevalence ratios for clustered risk factors compatible with

metabolic syndrome (0 — 2 risk factors versus 3 — 4 risk factors) using ethnic specific

BMI definitions of obesity, estimated by Poisson regression through 7 models*,

comparing Whites to all other DOH racefethnicity categories

Ethnic

Group Model | Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
1.22 145 1.43 1.37 1.08 1.09 1.08

Black (0.67-2.23) | (0.77-2.72) | (0.76-2.70) | (0.73-2.58) | {0.51-2,28) | (0.51-2.31} | (0.51-2.30)
2.01 1.87 1.89 1.88 1.87 1.89 1.82

Chinese | (1.56-2.58) | (1.46-2.41) | (1.47-2.43) | (1.46-2.41) | (1.41-2.48) | {1.42-2.50) { (1.37-2.41)
2.58 2.78 2.84 2.60 2.57 2.61 2.50

Filipino | (2.15-3.10) | (2.31-3.34) | (2.36-3.41) | (2.15-3.13) | (2.09-3.16) | (2.12-3.21) | (2.03-3.08)
248 211 2.14 2.05 2.09 2,11 2,04

Japanese | (2.12-2.91) | (1.79-247) | (1.82-2.51) | (1.74-2.41) | (1.75-2.50) | (1.77-2.53) [(L.71-2.44)

Native

Alaskan/

American 1.93 2.04 207 203 227 2.26 2,19

Indian (0.96-3.90) | (1.01-4.12) | (1.02-4.17) | (1.00-4.10) | (1.12-4.59) | (1.12-4.58) | (1.08-4.44)
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Native 235 253 2.60 2.33 2,28 2.30 2.21
Hawaiian | (1.95-2.85) | (2.09-3.07) | (2.15-3.15) | (1.91-2.83) | (1.84-2.82) | (1.86-2.85) | (1.78-2.74)
1.33 1.65 1.68 1.50 1.30 1.31 1.27
Other (0.87-2.03) | (1.08-2.53) | (1.10-2.57} | (0.98-2.30) | (0.79-2.13) | (0.80-2,15) | (0.77-2.09)
Other 0.78 0.82 0.83. 0.79 0.63 0.63 0.61
Asian (0.39-1.58) | (0.41-1.65) | (0.41-1.68) | (0.39-1.60) | (0.26-1.53) | (0.26-1.53) | (0.25-1.48)
Other
Pacific 166 2,28 229 1.98 1.88 1.93 1.88
Islander (0.88-3.11) | (1.21-4.28) | (1.22-4.32) ] (1.05-3.74) | (0.92-3.82) | (0.95-3.93) | (0.92-3.83)
White

*Model 1: unadjusted, model 2: adjusted for age, model 3: adjusted for age and gender,

model 4: adjusted for age, gender, and education, model 5: adjusted for age, gender,

education, and poverty level, model 6: adjusted for age, gender, education, poverty level,

and health insurance coverage, model 7: adjusted for age, gender, education, poverty

level, health insurance coverage, and having a personal doctor

=Bold font denotes statistically significant differences (P < .05), comparing each ethnic

group to Whites (referent group)
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CHAPTER 5. DISCUSSION
Obesity

This study examined the prevalence of weight status, with a primary focus on
obesity in Hawaii. The findings of the analysis confirmed what is already known —
obesity rates are quite high and disparities in obesity rates exist among Hawaii’s major
ethnic groups. In general, what is widely known is that Native Hawaiians and Pacific
Islanders have higher rates of obesity in contrast to Asians who typically have lower rates
of obesity. What this study did discover however, is when proposed ethnic specific case
definitions of weight status are applied to Hawaii’s population, particularly to Pacific
Islanders and Asians, a dramatic shift in the distribution of obesity emerges. For example,
when using the WHO standard BMI thresholds, the major Asian groups in Hawaii
(Chinese, Filipino, and Japanese) all have obesity rates in the 10% range. Applying ethnic
specific BMI thresholds dramatically increases the obesity prevalence rate among
Hawaii’s Asian population into the mid 40% range. This would have significant public
health implications on many fronts.

First, if future research confirms that ethnic specific BMI thresholds to determine
weight status are more predictive of health outcomes associated with obesity, Hawaii in
particular would be faced with the enormous challenge of dealing with a dramatic
increase in the future burden related to diabetes, cardiovascular disease, and any other
condition related to obesity. It would require a tremendous shift in the allocation of
resources needed to contain the obesity epidemic.

Second, if Hawaii were to adopt the use of ethnic specific BMI thresholds to
determine weight status and obesity, public health reporting on the epidemiology of
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obesity would be dramatically affected. This would potentially have far reaching effects,
from the insurability of individuals to political fallout. For example, Hawaii has long
been touted as one of the healthiest states in the U.S. with a relatively low obesity rate
relative to the rest of the country. Redefining obesity using ethnic specific BMI
thresholds would dramatically worsen the perception of Hawaii’s overall health.

Third, and probably most thought provoking of all, using ethnic specific BMI
thresholds to determine weight status and obesity could potentially shift the focus of
obesity away from ethnic groups traditionally thought of as experiencing a higher burden
of obesity and its related disorders towards Asians, which for the most part, have not
been thought of as having a high burden of obesity. In fact, when using ethnic specific
BMI thresholds, Native Hawaiians have the second lowest obesity rate at 27% (lowest is
White at 17%) when compared with the major ethnic groups in Hawaii (Chinese,
Filipino, Japanese, Native Hawaiian, White). Conversely, Filipinos have the highest
obesity rate at 47%, followed Japanese at 45%, and Chiriese at 41%. This could
potentially impact the allocation of funds (or at the very least, create a lot of confusion)
that currently focus on specific ethnic groups.

Fourth, using ethnic specific BMI thresholds to determine weight status and
obesity would potentially change the way healthcare providers “profile” an individual
regarding the risk for obesity related disease. For example, if ethnic specific BMI
thresholds were widely adopted within Hawaii’s healthcare community, healthcare
providers would be more apt to examine patients of Asian background for the presence of
obesity related conditions, even in the absence of typical anthropometric signs of obesity.
This would lead to increased case ascertainment among Hawaii’s Asian populations,
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ultimately increasing the prevalence rates of MetS, diabetes, other cardiovascular risk
factors and cardiovascular disease itself.
Metabolic Syndrome

The findings of this study have shown that the prevalence of clustered MetS risk
factors appears to be quite common among Hawaii’s population, but it is not evenly
distributed. In fact, disparities appear to exist by ethnicity, poverty level, education level,
and age. In general, using ethnic specific BMI definitions of obesity increases the
prevalence rate of MetS and in many cases increases the disparity.

When using WHO BMI definitions of obesity, the prevalence of 3 — 4 risk factors
compatible with MetS among Hawaii’s ethnic groups ranges from a low of 2.7% (“Other
Asians”) to a high of 18.8% (“Other Pacific Islanders”), with a mean of 8.3%, and a
median of 6.0%. When using ethnic specific definitions of obesity, the prevalence of
3 — 4 risk factors compatible with MetS ranges from a low of 3.6% (Blacks) to a high of
17.8% (*“Other Pacific Islanders”), with a mean of 10.5%, and a median of 12.3%. The
rank order of ethnic groups based on prevalence of 3 — 4 risk factors changes noticeably
dependit_ag on what BMI definition is used. Table 35 shows the rank order based on
prevalence. Regardless of what BMI definition is used, “Other Pacific Islanders” have the
highest prevalence of 3 — 4 risk factors. Interestingly, the prevalence of 3 — 4 risk factors
for Native Hawaiians (12.7%) drops below that of Japanese (14%) and Filipinos (13.1%)
when using ethnic specific BMI definitions of obesity. This finding is similar to what was

seen when examining obesity.
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Table 35. Rank order of prevalence of 3 — 4 risk factors by ethnicity

Rank order from Rank order from
lowest to highest lowest to highest
prevalence based on | prevalence based on
Prevalence of WHO BMI definition | ethnic specific BMI | Prevalence of 3 —
3 —4 risk factors | of obesity definition of obesity | 4 risk factors
2.7% Other Asian Black 3.6%
3.6% Black Other 4.2%
3.9% Chinese White 5.6%
4.2% Other Other Asian 6.1%
5.6% White Chinese 11.8%
6.4% Japanese Native Hawaiian 12.7%
7.0% Filipino Filipino 13.1%
15.2% Native Hawaiian Japanese 14.0%
Native Alaskan / Native Alaskan /
15.9% American Indian American Indian 15.9%
18.8% Other Pacific Islander | Other Pacific Islander 17.8%
8.33% mean mean 10.49%
6.03% median median 12.29%

When trying to understand the burden of a disease on a given population, an

estirnate of the number of persons affected by the condition is a much more useful

indicator than a rate or percentage. Estimates on the number of persons with a condition

provide the information needed for appropriate public health planning and resource

allocation. Table 36 provides an estimate of the number of persons by race / ethnicity that

have 3 —4 MetS risk factors based on the findings of this study. The denominators used

to calculate these figures were derived from the 2006 BRESS. However, the rates used to

calculate the figures in Table 36 were derived from a combined dataset comprised of

three years of BRFSS surveys (2001, 2003, and 2005). It needs to be emphasized here

that the figures in Table 36, in all probability, underestimate the true prevalence of MetS

for reasons that are described in the Limitations section. Nevertheless, Table 36 was
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provided as a way to comprehend the current burden that MetS may be placing on
Hawaii. Table 36 shows two possible scenarios: (1) the estimated number of persons with
3 — 4 MetS risk factors using WHO BMI definitions, and (2) the estimated number of
persons with 3 — 4 MetS risk factors using ethnic specific BMI definitions. In either case,
the numbers are quite staggering and increase dramatically when using ethnic specific
BMI definitions of obesity. In fact, the total number of estimated adults increases from
70,049 to 96,733. There are also substantial increases among Asians and a moderate
decrease among Native Hawaiians and Pacific Islanders. When considering the fact that
MetS substantially increases the risk for type 2 diabetes and cardiovascular disease’, it is
clear to see that the current prevalence of MetS (risk factors compatible with MetS) has
the potential to place an additional burden on to an already strained healthcare system.
Moreover, this burden will be felt disproportionately across Hawaii’s population,
affecting more Asians, Native Hawaiians, and Pacific Islanders, as well as those in the

lower socioeconomic strata.

Table 36. Estimated frequency* of adults with 3 — 4 risk factors compatible with MetS by

ethnicity, using WHO and ethnic specific definitions of obesity

Estimated number of Estimated number of
adults with 3 -4 adults with3 -4
MetS risk factors MetS risk factors
using WHO BMI using ethnic specific
definitions of obesity BMI definitions of
Race / ethnicity obesity
521 Black 521
911 Other 911
17951 White 17951
784 Other Asian 1771

66




1826 Chinese 5526
18379 Native Hawaiian 15357
10853 Filipino 20310
13320 Japanese 29137

706 Native Alaskan / American Indian 706
4799 Other Pacific Islander 4543
70049 Total 96733

*Denominators derived from Hawaii BRFSS 2006. Rates derived from Hawaii BRFSS

2001, 2003, and 2005

Poisson regression revealed some noteworthy characteristics related to the
epidemiology of 3 — 4 risk factors compatible with MetS in Hawaii. The results of this
study provide some evidence that race / ethnicity is independently associated with
clustered MetS risk factors. Regardless of what BMI definition was used, Filipinos,
Native Hawaiians, and Alaskan Native / American Indians had significantly higher
prevalence ratios when compared to Whites. Japanese and Chinese also had significantly
higher prevalence ratios, but only when using ethnic specific BMI definitions of
ethnicity. These associations persisted even after adjusting for other demographic and
socioeconomic measures. The question here is how much of this relationship between
race / ethnicity and MetS risk factors is attributable to genetic factors or cultural beliefs
and practices or a combination of the two. Disentangling this apparent relationship is
beyond the scope of this study and requires further study (see Future Studies section).

Regression analysis also demonstrated that age (older age groups are at higher
risk}, gender (females are at lower risk), poverty (persons at 0-130% FPL are at greater
risk), and healthcare access (persons with no personal doctor are less likely to have 3 —4

risk factors) are also independently associated with MetS risk factors. Previous discussion
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has alluded to the fact that persons with no personal doctor, in all likelihood, have a
decreased chance of being told they have a condition, giving the appearance in the
analysis that it “protects” against having MetS risk factors. More than likely, the
underlying issue is that in persons with restricted healthcare access, these risk factors
along with any other healthcare condition they may have; do not have the same
probability of being diagnosed. This really points to the fact that a significant portion of
the population may actually have MetS or diabetes but not even know they have it. In
fact, CDC estimates that of all the people who currently have diabetes, about 25% to 30%
are not aware they have the disease.™ If this is the case, the estimates shown in this study
are probably underestimating the true prevalence of clustered risk factors associated with
MetS.

This study demonstrates that using ethnic specific BMI definitions of obesity
influences the magnitude of prevalence ratios of 3 — 4 risk factors among Asian groups
and Pacific Islander groups. In essence, this study demonstrates that using ethnic specific
BMI definitions of obesity substantially increases the potential burden of MetS risk
factors, particularly among Filipinos, Japanese, and Chinese. Using ethnic spectfic BMI
definitions has the opposite effect on Native Hawaiians and “Other Pacific Islanders™. In
this case, prevalence rates are lowered. However, the magnitude of the effect appears to
be larger among Asians. Aside from ethnicity, age, education, poverty, healthcare access
(healthcare coverage and/or having a personal doctor) are all independent risk factors for
having 3 — 4 MetS risk factors. Finally, the clinical and public health importance of MetS

is that it is common,; it identifies individuals who are at increased risk of cardiovascular
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disease and type 2 diabetes, both of which are epidemics that are significantly impacting
societies across the world.
Opportunities

Judging from what the data are saying, it appears the perfect storm may be headed
to Hawaii in the not-too-distant future. For example, it is clear that the number of people
with MetS, diabetes, and cardiovascular disease will continue to rise across the globe,
Hawaii being no exception. At the same time, federal funds (CDC) earmarked for public
health chronic disease prevention (mostly secondary prevention) is continuing to shrink.
Shrinking federal funds in turn, trickle down to individual states (Hawaii included) who
rely heavily on federal funds to maintain public health programs. For example, Hawaii’s
Diabetes Prevention and Control Program (HiDPCP) relies solely on CDC funding to
remain operational. It does not receive any state funds. The HiDPCP has endured two
years of cut backs from CDC, making it extremely difficult to maintain its current
statewide presence.

Aside from the dwindling sum of money states are currently receiving, the
majority of public health funds (CDC) allocated for chronic disease prevention is focused
primarily on secondary prevention. Very little attention has been paid to primary
prevention. So the question remains, if federal funds for secondary prevention continue to
diminish, where are states going to find the resources necessary to carry out more
expensive and time intensive primary prevention? In this scenario, it is possible to
imagine a situation where the incidence of MetS, diabetes and cardiovascular disease
continue to rise unabated due to a lack of a concerted and sustained primary prevention
counterattack, leading to a burgeoning population of people living with their disease,
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leading to an increase in the incidence of costly complications, ultimately resulting in
early mortality. This forecast of the future is not 2 new concept. In fact, there is
widespread agreement that the obesity, diabetes, and cardiovascular epidemic is upon us,
has global implications, and is rapidly worsening. There is also widespread agreement
that efforts to stem the tide of this multiple public health threat must occur and must be
comprehensive and coordinated. The question that remains is how. This has prompted the
Chronic Disease Directors (CDD) to publish a report that provides a conceptual
framework needed to implement primary prevention efforts across the country. The
report is entitled, “The Primary Prevention of Diabetes: Recommendations from the
Chronic Disease Directors Project”.® The Diabetes Primary Prevention Project (DPPP)
was created by the Association of State and Territorial Chronic Disease Program
Directors {CDD), and the Division of Diabetes Translation (DDT), CDC, in an effort to
develop effective approaches for state health departrnents to address the primary
prevention of diabetes.*. The report named the following key constructs with
a;:companying recommendations that would be needed to carry out comprehensive efforts
centered on the primary prevention of diabetes.

1. Leadership

Recommendations to state departments of health include (1) the identification of a leader
for diabetes primary prevention who is an influential, high-level person within a state
department of health, (2) the securing sufficient resources to establish a state
infrastructure for diabetes prevention, training, to support cross-program collaboration
and integration, and for social marketing and media interventions, (3) working with
external partners to support policy changes to promote primary prevention.
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Recommendations to CDC include (1) the encouragement of programs within the
Coordinating Center for Health Promotion to work together as role models for state
programs and (2) to provide a clear charge in program guidance for diabetes prevention
programs.

2. Epidemiology and Surveillance

Recommendations to state health departments include (1) the reporting and use of
surveillance data collected to educate the public and partners, formulate policy, target
resources, identify target groups, track progress, secure funding, and provide
accountability for programs. Recommmendations to CDC include (1) working together to
select indicators for diabetes prevention and specific data needed to monitor them and to
(2) provide adequate resources to states to conduct surveillance, data management and
reporting functions related to primary prevention.

3. Partnerships

Recommendations to state health department include (1) engaging external stakeholders
from multiple sectors of the community to participate in all aspects of prevention
programming, (2) inviting external partners to serve on advisory and networking
committees and (3) working to develop strong, long-term relationships with external
partners by using a participatory and inclusive planning process. Recommendations to
CDC include (1) allowing the maximum time for proposal development and prograrn
planning to allow partners to be engaged in the processes.

4, State Plans

Recommendations to state health departments include (1) working with external and
internal partners to ensure the inclusion of strategies to prevent diabetes in
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comprehensive chronic disease prevention plans and (2) working with external and
internal partners to ensure the inclusion of strategies to prevent diabetes in related
categorical chronic disease plans (e.g. obesity, stroke and heart disease, comprehensive
cancer).

5. Intervention

Recommendations to state health departments include (1) using an inclusive planning
process to develop primary prevention messages and interventions, (2} developing key
messagés that are evidence-based, (3) working with partners to identify specific groups
within the state to whon to target interventions, (4) working with partners to select and
develop interventions appropriate for each target group and (5) facilitating the sharing of
lessons learned between intervention groups.

6. Evaluation

Recommendations to CDC and state health departments include (1) working together to
develop national and state-level systems to evaluate diabetes prevention program
processes, and intermediate and long-term outcomes.

7. Program Management and Administration

Recommendations to state health departments include (1) recruitment of committed
leadership, (2) developing steering groups for diabetes prevention projects, (3)
developing mechanisms for breaking down categorical program silos, and (4) developing
processes to ensure that internal partners commit to collaborate and are written into
program plans. Recommendations to CDC and state health departments include (1)

ensuring adequate internal staff support, (2) ensuring that sufficient resources are
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available to develop infrastructure and for social marketing campaigns, and (3) utilizing
existing primary prevention resources in the development of prevention programs.
Recommendations to CDC include (1) allowing for the sharing of funds across
categorical programs, and (2) allowing for sufficient time in diabetes prevention projects
so that teams can develop a “shared vision™ and conduct planning processes using social
marketing theory to develop messages and interventions appropriate for the target
audiences.

This framework should be adopted by Hawaii’s public health entities, both
private, non-profit and public. It should be used as a rallying point to get all stakeholders
to coalesce and work together in an effort to enhance and align MetS, diabetes,
cardiovascular disease, and obesity primary prevention activities across the state. In this
way, interventions could be targeted to where they are most needed, can be carried out in
a coordinated fashion and across existing silos. This would also minimize duplication of
efforts and wasting of finite resources, both human and financial.

Future Studies

The aim of this study was to describe the epidemiology of obesity and MetS risk
factors within Hawaii’s population using two different obesity definitions. This study also
tested the association between clustered MetS risk factors and ethnicity when controlling
for demographic and socioeconomic characteristics and found that associations do exist.
Further inquiry that aims to understand why certain ethnic groups in Hawaii are more
likely to have MetS, type 2 diabetes, and cardiovascular disease needs to be expanded. It
is obvious that health inequities within Hawaii’s diverse ethnic groups continue to persist.
Is it genetic predisposition or is it tied to cultural behaviors that are shared by those
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within certain ethnic groups, or is it a combination? Disentangling the core determinants
of MetS, type 2 diabetes, and cardiovascular disease (and health inequities in general)
that are bundled into the construct of ethnicity will help shape meaningful and targeted
interventions, both at the primary and secondary level.

There is a serious need for translational research to be carried out in order to gain
a better understanding of how to effectively implement population-based strategies to
mitigate this growing problem among Hawaii’s diverse ethnic populations. A good
example of this is the DPP. The DPP has clearly demonstrated that primary prevention
carried out in populations that are at-risk for diabetes works. However, not everything is
as clear as it seems. There are many questions that remain. How does a community
implement, pay for, and sustain such a program? What type of infrastructure is needed in
order to successfully implement a primary prevention program of the magnitude and
scale of the DPP? What agency(s) is / are best suited to lead the way? What about
cultural issues, especially those that are unique to Hawaii? What level of political will is
needed in order to succeed? How does one deal with competing interests? Who are the
essential stakeholders needed for success? What defines success? How does one gauge
the “readiness” of a community to participate? As one can see, the types of questions that
are posed here are not typical of clinical trials, conventional epidemiological studies or
outcome studies. It really involves the study of the process of how one carries out a
successful intervention in a “real world” setting. It is believed that translational research
carried out in Hawaii will provide some of the answers to these daunting questions. But

there is a question, one that is more philosophical in nature, that in some ways is really at
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the core — does the ultimate responsibility reside within the individual person oris ata
societal responsibility?
Limitations

Because the Hawaii BRFSS “fits” a person into a particular ethnic group that is
mutually exclusive, the use of ethnic specific BMI thresholds to determine weight status
may be problematic. For example, if a respondent is both Native Hawaiian and White,
according to the algorithrn that BRFSS uses, this individual would be categorized as
Native Hawaiian. In this case, it is not clear as to what BMI definition of weight status
should be used. In Hawaii, this issue is of particular concern due to its ethnically diverse
population.

As previously discussed, in 2002, the Hawaii BRFSS changed the methodology it
employs to determine the ethnicity of its survey respondents, Prior to 2002, the Hawaii
BRFSS would allow the respondent to name all of their race / ethnicities. This would be
followed up with another question that would enable the respondent to pick one ethnicity
that best described them. The response to this question formed the basis for categorizing
respondents into mutually exclusive race / ethnicity categories. As of 2002, the BRFSS
uses a method that is similar to the one employed by the Hawaii Health Survey
(previously discussed). Because of this change in methodology, there may be some loss
of continuity between BRFSS datasets prior to and after 2002 regarding how ethnicity is
coded.

In general, the records that were excluded from the analysis that examined
clustered risk factors compatible with MetS were more likely to be: (1) Filipino or Native
Hawaiian, (2) younger, (3) of lower level of educational level, and (4) living in poverty.
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According to the findings of this study, all of these characteristics are associated with a
higher prevalence of 3 — 4 risk factors associated with MetS. This brings to light two
important issues, First, because there are significant differences between the two groups
(excluded records versus included records) the findings of this study may not be
representative or reflective of the entire population of Hawaii. Second, because the
excluded group had higher levels of those characteristics associated with MetS risk
factors this study may be underestimating the true prevalence of clustered risk factors
among Hawaii’s population.

The diagnosis of MetS is clinically derived, and is based on current laboratory and
anthropometric measures of the individual. The IDF defines MetS in an individual who
has increased central obesity (waist circumference or BMI or 30 or more) plus any two of
the following laboratory or clinical findings: low HDL, high triglycerides, hypertension,
or impaired fasting plasma glucose. However, this study used self-reported measures
from the BRFSS to estimate the prevalence of clustered risk factors compatible with
MetS. This study used a looser definition of MetS. That is, this study used these four self-
reported risk factors derived from the BRFSS in any combination (three or more): BMI of
30 or more, told by doctor they had high cholesterol, told by doctor they had high blood
pressure, and told by doctor they had diabetes. It could be argued that the case definition
employed by this study is more sensitive than the IDF case definition because it uses any
combination of risk factors, as long as it adds up to three or more. However, the key here
is that the BRFSS relies on a person being told by a doctor they had one these conditions
(aside from BMI). Put another way, each person would need the opportunity to be told by
a doctor they had a certain condition. If a person did not have this opportunity, as in those
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that do not have access to a doctor, the likelihood of being diagnosed would be
decreased. The findings of this study support this. This study found that those without a
personal doctor were less likely to have 3 — 4 risk factors when compared with those who
did. This provides additional evidence that the methods employed by this study most
likely underestimate the true prevalence of 3 — 4 clustered risk factors, especially among
those in the lower socioeconomic strata. Another limitation of this study in estimating the
prevalence of MetS is the fact that the BRFSS measures lifetime prevalence. For
example, the BRFSS asks the respondent is they were ever told by a doctor they had or
have a certain condition. Hypothetically, one could have had at one moment in his/her
life, high cholesterol or hypertension, but could have eliminated it through lifestyle
changes and / or medication. In this case, the BRFSS could possibly overestimate the
point prevalence of MetS.

Lastly, the BRFSS uses a stratified random sampling design which needs to be
taken into account during statistical analysis. Proc SURVEYMEANS (SAS 9.1.3), which
takes into account the complex sampling design used by BRFSS, was used to calculate
prevalence and confidence intervals (bivariate analysis). However, when estimating
prevalence ratios, proc GENMOD was used. Proc GENMOD (SAS 9.1.3) does not take
into account complex survey design and assumes sampling is simple and random. In this
situation, Proc GENMOD would have the tendency to underestimate standard errors,
leading to underestimated confidence intervals as well. Due to this fact, it is possible that
the findings of the Poisson regression analysis may have an additional degree of type 1
error, That is, in some cases where prevalence ratios were deemed to be statistically
different from each other, in actuality they may not be.
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Conclusions

This study has shown that the magnitude of obesity and MetS (clustered risk
factors compatible with MetS) in Hawaii’s population is high. This study has also shown
that employing ethnic specific BMI definitions of obesity effects obesity and MetS
prevalence estimates, significantly increasing prevalence estimates among Asian groups
and moderately decreasing prevalence rates among Native Hawaiians and “Other Pacific
Islanders”. Regardless of what BMI definition is used, the obesity and MetS burden in
Hawaii is high and is disproportionately distributed.

Regression analysis (Poisson) has demonstrated that associations exist between
MetS risk factors (3 — 4) and ethnic groups and that these associations persist even when
controlling for education, poverty, gender, age, and healthcare access.

Finally, this study provides a glimpse into the future burden Hawaii may be faced
with as the prevalence of obesity and its associated conditions continue to rise. It is hoped
that this study will serve as a springboard for future investigations that aim to examine
causal relationships, especially as it relates to health inequities / disparities. It is also
hoped that future research carried out in Hawaii will attempt to understand what is

needed to translate research into real worid public health practice.
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