


Throughout the world, public health workers conduct research and implement programs and
policies to improve the health and well-being of communities. Public health professionals have
different backgrounds and areas of expertise that are all important to the success of this effort.
In addition to traditional public health workers, community members and professionals from
other sectors are often engaged in improving public health. The goal of public health
professionals and their engagement with partners and stakeholders is to reduce disease and
premature death and to help all people achieve optimal health. Preventing Chronic Disease:
Public Health Research, Practice, and Policy (PCD) recognizes the importance of bringing the
experience and perspective of diverse public health professionals together to examine and
improve health.

Successful interventions, programs, and policies must be followed by publication to achieve
their full public health impact. Publication is necessary to share successes and challenges and
facilitates widespread implementation and adoption to multiple settings. PCD is dedicated to
reporting practical scientific research, programs, and policy efforts to improve the health of
communities. Our articles advance current knowledge and contribute to the welfare of people
beyond the interventions they describe. Advances in technology have helped to turn this
knowledge sharing into a fast-paced, dynamic, and global collaboration. We hope this collection
of previously published research informs and inspires all readers — researchers and community
members, practitioners and patients, experts and novices — to implement science-based
interventions with community-based preferences that improve the health of all populations. We
encourage you to share your work by publishing in PCD.
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About this Collection

Each manuscript in this collection incorporates data from The Behavioral Risk Factor
Surveillance System (BRFSS). BRFSS is a state-based system of health surveys that collects
information on health risk behaviors, preventive health practices, and health care access
primarily related to chronic disease and injury. For many states, the BRFSS is the only available
source of timely, accurate data on health-related behaviors.

BRFSS was established in 1984 by the Centers for Disease Control and Prevention (CDC);
currently data are collected monthly in all 50 states, the District of Columbia, Puerto Rico, the
U.S. Virgin Islands, and Guam. More than 350,000 adults are interviewed each year, making the
BRFSS the largest telephone health survey in the world. States use BRFSS data to identify
emerging health problems, establish and track health objectives, and develop and evaluate
public health policies and programs. Many states also use BRFSS data to support health-
related legislative efforts.
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Abstract

Introduction

Employers often lack data about their workers’ health
risk behaviors. We analyzed state-level prevalence data
among workers for 4 common health risk behaviors: obe-
sity, physical inactivity, smoking, and missed influenza
vaccination (among workers older than 50 years).

Methods

We analyzed 2007 and 2008 Behavioral Risk Factor
Surveillance System data, restricting the sample to
employed respondents aged 18 to 64 years. We strati-
fied health risk behavior prevalence by annual household
income, educational attainment, health insurance status,
and race/ethnicity.

Results

For all 4 health risk behaviors, we found significant dif-
ferences across states and significant disparities related
to social determinants of health — income, education, and
race/ethnicity. Among uninsured workers, prevalence of
smoking was high and influenza vaccinations were lacking.

Conclusion
In this national survey study, we found that workers’

health risk behaviors vary substantially by state and by
workers’ socioeconomic status, insurance status, and race/
ethnicity. Employers and workplace health promotion prac-
titioners can use the prevalence tables presented in this arti-
cle to inform their workplace health promotion programs.

Introduction

Health risk behaviors are common among workers, are
strongly related to chronic illness and death, increase
health care costs, and reduce productivity (1). One key to a
successful workplace health promotion program is to mea-
sure workers’ baseline health needs and use the data to
inform the program (2,3). However, most employers do not
have access to data about their workers’ health behaviors.
Many midsized and small employers lack the resources
to conduct health risk appraisals (HRAs). In addition,
employer-run HRAs often have low response rates and
overrepresent healthy workers (4).

Readily available data about risk behaviors could help
employers plan and evaluate their workplace health pro-
motion programs. Obesity, physical inactivity, and tobacco
use are 3 of the most common lifestyle health risk behav-
iors in the United States (5,6) and cause approximately
one-third of all deaths (7). Influenza vaccination is also
of interest to employers because influenza leads to lost
productivity and can trigger severe pulmonary and car-
diovascular diseases. Vaccination reduces the incidence of
influenza and can save employers money in a short time
frame (1 year or less) (8).

The objective of this study was to provide employers
and other workplace health promotion practitioners with
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state-specific data for these 4 health risk behaviors (obesi-
ty, physical inactivity, smoking, and no influenza vaccina-
tion [among workers older than 50 years]) among workers.
We stratified the behaviors by insurance status and social
determinants of health: annual household income, educa-
tional attainment, and race/ethnicity. To meet this objec-
tive, we show the prevalence of each health risk behavior
by state and workers’ characteristics, using data from
the 2007 and 2008 Behavioral Risk Factor Surveillance
System (BRF'SS), the most recent data available.

Methods

Design

We conducted a cross-sectional study by using BRFSS
data collected in 2007 and 2008. With assistance from the
Centers for Disease Control and Prevention (CDC), state
health departments conduct BRFSS surveys among US
resident civilian, noninstitutionalized adults aged 18 years
or older in all 50 states, the District of Columbia, and US
territories (9).

Using a multistage cluster design, BRF'SS selects state-
specific probability samples of households to produce
a nationally representative sample (5). After calling a
selected home telephone number, the interviewer ran-
domly chooses 1 adult in that household to complete the
telephone interview. BRFSS data are weighted by race/
ethnicity, age, and sex distributions found in each state,
along with the respondent’s probability of selection.

Sample

The median cooperation rate, or the proportion of all
respondents interviewed from all eligible units in which a
respondent was selected and contacted, was 72.1% in 2007
and 75.0% in 2008 (10,11). Our study population included
employed adults aged 18 to 64 years in 50 states and
the District of Columbia. We considered adults employed
if they were employed for wages or self-employed. We
excluded adults older than 64 years because Medicare is
available for most of this group.

Measures

The BRFSS questionnaire has 3 parts: core questions,
optional modules, and state-added questions. All states

must ask core questions every year or every other year.
States may also choose optional modules or add their own
questions to meet their specific data needs. Both English-
and Spanish-language versions of the survey are provided
to each state.

In this article, all data are from the core questions
used in every state. The health risk behaviors are life-
style behaviors (obesity, physical inactivity, and smoking)
and no influenza vaccination in the past year. Obesity is
defined as having a body mass index of at least 30 kg/m?
(12). Physical inactivity is defined as not meeting the
CDC physical activity guideline of at least 5 days per
week for 30 minutes per day of moderate-intensity activ-
ity or at least 3 days per week for 20 minutes a day of
vigorous-intensity activity (13,14). Tobacco use is defined
as ever having smoked at least 100 cigarettes and cur-
rently smoking every day or some days. Workers aged 50
to 64 years who reported no influenza vaccination in the
past 12 months (either by injection or nasal spray) were
defined as not vaccinated. We restricted the influenza
vaccination analysis to workers older than age 50 because
CDC’s Advisory Committee on Immunization Practices
recommends influenza vaccination for those adults (15).

We analyzed workers’ socioeconomic status (SES), race/
ethnicity, health insurance status, and health risk behav-
iors. The SES measures are annual household income
and educational attainment as reported in the BRFSS
data. We used 2007 BRFSS data for the physical inactiv-
ity measure because these questions were not included
in the 2008 survey. We used 2008 data for the rest of the
measures.

Analysis

We calculated national and state rates for workers
stratified by 1) annual household income (<$35,000,
$35,000-$74,999, >$75,000), 2) educational attainment
(high school graduate or less, some college, college
graduate), 3) health insurance (any, none), and 4) race/
ethnicity (African American, American Indian/Alaska
Native, Asian/Hawaiian/Pacific Islander, Hispanic, and
white). We identified the national prevalence of each health
risk behavior among workers, the range across states, and
the range across states for characteristics associated with
the highest risk behavior prevalence nationally.

Our analysis took into account the survey design and
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weighted sampling probabilities of the data source and
was performed by using Stata version 10.0 (StataCorp
LP, College Station, Texas). All the statistical tests were
2-sided and significance was set at P < .05. We calculated
95% confidence intervals (ClIs) for all prevalence rates
(versions of the tables with Cls are available from the cor-
responding author on request). Because of the very small
numbers of respondents in some categories, we restricted
the prevalence estimates to the categories in which there
were 50 or more respondents.

Results

Final sample

There were 430,912 respondents in the 2007 BRFSS,
and 414,509 respondents in the 2008 BRFSS. When we
restricted our data sample to employed respondents aged
18 to 64 years, 48.3% of the 2007 sample (physical inactiv-
ity) and 47.5% of the 2008 sample (obesity, smoking, and
influenza vaccination) remained. For each of the analy-
ses described below, we excluded respondents who were
missing data for the health risk behavior under study;
therefore, the number of subjects varies slightly across
the analyses. We further excluded respondents who were
missing data for SES, insurance status, or race/ethnicity
from all analyses stratified by these characteristics (8.3%
in 2007 and 8.0% in 2008 were missing 1 or more of these
variables). Thus, of the respondents who met our employ-
ment and age criteria, we were able to include more than
85% in our analyses (range: 87.0% for physical activity to
91.8% for smoking).

Obesity

In 2008, 27.0% of employed adults in the United States
were obese (Table 1); obesity rates were lowest in Colorado
(19.5%) and were highest in West Virginia (34.6%).
Nationally, the highest obesity rates were reported by
those with annual household incomes less than $35,000
(30.2%), those who did not graduate from college (30.5%),
and African Americans (37.3%). Obesity rates among
workers with these characteristics varied significantly
across states, from 21.8% (95% CI, 18.3%-25.2%) in
Colorado to 39.2% (95% CI, 35.0%-43.4%) in Mississippi
for low-income workers; from 23.5% (95% CI, 21.0%-
26.1%) in Massachusetts to 39.1% (95% CI, 33.1%-45.1%)
in Tennessee among workers with a high school education

or less; and from 17.9% (95% CI, 6.5%-29.4%) in Nevada
to 49.9% (95% CI, 33.3%-66.4%) in Nebraska for African
American workers.

Physical inactivity

In 2007, 49.2% of employed adults did not meet physi-
cal activity recommendations (Table 2); physical inactiv-
ity rates were lowest in Alaska (37.2%) and highest in
Louisiana (58.4%). Nationally, the highest physical inactiv-
ity rates were reported by workers with household incomes
less than $35,000 (54.3%), high school education or less
(52.5%), and Asians/Hawaiians/Pacific Islanders (63.1%).
Physical inactivity rates for workers with these charac-
teristics varied significantly across states, from 42.5%
(95% CI, 37.8%-47.2%) in Montana to 68.7% (95% CI,
63.0%-74.3%) in Tennessee for low-income workers; from
36.1% (95% CI, 29.4%-42.8%) in Alaska to 61.0% (95% CI,
57.0%-65.1%) in Louisiana for workers with a high school
education or less; and from 40.1% (95% CI, 22.1%-58.1%) in
Pennsylvania to 70.2% (95% CI, 63.3%-77.1%) in California
for Asian/Hawaiian/Pacific Islander workers.

Smoking

In 2008, 19.2% of employed adults reported that they
currently smoke cigarettes (Table 3); smoking rates were
lowest in Utah (9.8%) and highest in Indiana (27.6%).
Nationally, the highest smoking rates were reported
by workers with household incomes less than $35,000
(28.9%), high school education or less (29.3%), no health
insurance (32.5%), and American Indians/Alaska Natives
(27.8%). Among workers with these characteristics, smok-
ing rates varied significantly across states, from 15.3%
(95% CI, 11.1%-19.5%) in Utah to 45.6% (95% CI, 38.4%-
52.8%) in Indiana for low-income workers; from 17.6%
(95% CI, 14.2%-21.0%) in Utah to 41.1% (95% CI, 35.7%-
46.5%) in Indiana for workers with high school education
or less; from 13.8% (95% CI, 9.1%-18.5%) in Utah to 54.9%
(95% CI, 45.9%-63.9%) in Indiana for uninsured workers;
and from 10.9% (95% CI, 2.3%-19.5%) in Arizona to 53.1%
(95% CI, 32.6%-73.5%) in North Dakota for American
Indian/Alaska Native workers.

No influenza vaccination
In 2008, 59.3% of workers aged 50 to 64 years reported

no influenza vaccination (Table 4); the lowest rate was
in South Dakota (47.1%) and the highest was in Nevada
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(71.4%). Nationally, workers most likely to report no
influenza vaccination had household income less than
$35,000 (68.6%), high school education or less (66.3%),
no health insurance (77.1%), and were Hispanic (67.1%).
Among workers with these characteristics, rates of no
influenza vaccination varied significantly across states,
from 49.0% in Virginia (95% CI, 36.3%-61.7%) to 83.3%
(95% CI, 77.1%-89.4%) in Nevada for low-income work-
ers; from 51.6% (95% CI, 46.6%-56.6%) in South Dakota
to 82.0% (95% CI, 75.5%-88.5%) in Nevada for workers
with a high school education or less; from 59.5% (95% CI,
47.6%-71.4%) in Iowa to 90.2% (95% CI, 83.3%-97.1%) in
Indiana for uninsured workers; and from 50.9% (95% CI,
34.7%-67.0%) in Hawaii to 84.3% (95% CI, 75.0%-93.6%) in
Nevada for Hispanic workers.

Discussion

The most effective workplace health promotion efforts
are tailored to the risk behaviors and needs of the work-
ers (2,3). However, for many employers, data describing
their workers are unavailable or unrepresentative of their
workforce (4,16). To address this need, we used BRFSS
data, a very large, recent data set of employed adults in
the United States, and calculated prevalence for 4 common
health risk behaviors stratified by state and by the worker
characteristics that employers routinely collect to describe
their workforce.

In this national sample of employed adults aged 18 to 64
years, we found significant disparities related to SES and
race/ethnicity for all 4 health risk behaviors and significant
disparities by insurance status for smoking and influenza
vaccination. We also found significant variations in health
risk behaviors within and across states. Our findings both
replicate and extend our prior study of employed workers’
health risk behaviors, which found significant disparities
by SES and race/ethnicity among insured workers (6).
The findings make state-level data for workers available
for the first time, include uninsured workers, and show
that disparities are worse for the uninsured for influenza
vaccination and tobacco use than for obesity and physical
inactivity.

Limitations

Our study and prevalence tables have several limita-
tions. First, BRFSS includes only people who have home

telephones and speak either English or Spanish. Second,
all of the health risk behaviors are self-reported. These 2
limitations suggest that our results may underreport the
prevalence of workers’ health risk behaviors. Third, in
many states, fewer than 50 members of some racial/ethnic
groups were included in the sample, and we were not able
to present health risk behavior rates in these cases. In
other states, we were able to present health risk behavior
rates for every racial/ethnic group, but some of the con-
fidence intervals are wide because of small numbers in
these groups. Fourth, our study was cross-sectional; our
findings show associations between characteristics and
health risk behaviors but not causation.

An important limitation of our study is that the preva-
lence tables are at the state rather than the local level. As
such, they cannot provide employers with as accurate a
view of their workers’ health risk behaviors as they could
achieve by surveying their workers. For many employers,
acquiring health behavior data from their own workers
is often not feasible. Finally, our findings do not address
the time and financial challenges employers face in imple-
menting workplace health promotion programs. However,
our findings can serve employers by 1) providing data on
the health risks of workers in their state with similar char-
acteristics to those of their own workforce (comparable to
the intent of county health-ranking systems that motivate
policy makers to take action to improve health risks in
their counties [17]) and 2) serving as a planning tool for an
individual employer’s health promotion efforts.

Conclusion

To our knowledge, this is the first time that state-level
BRFSS tables summarizing health risk behaviors of the
US employed population have been made available. We
found significant differences in workers’ health behav-
iors across states and within states, depending on their
SES, insurance status, and race/ethnicity. Employers,
workplace health promotion professionals, insurers, and
vendors can use these tables to inform workplace health
promotion planning when data for a given employer’s
workers are not available.
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Tables

Table 1. Prevalence of Obesity? by State Among Workers Aged 18 to 64 Years, 2008 Behavioral Risk Factor Surveillance System
(BRFSS)

Prevalence of Obesity®, %

Health Insurance

Status Race/Ethnicity
American
School Indian/
35,000- Graduate Some College African Alaska

Overall | <35,000 | 74,999 | 275,000 or Less College Graduate Any None White | American Native Hispanic
Alabama 2,561 323 37.2 36.4 26.7 35.0 35.9 26.7 32.9 29.4 30.3 39.1 - - -
Alaska 1,631 25.3 25.2 25.7 26.5 26.9 28.6 20.4 275 15.8 25.8 - - 34.0 9.4
Arizona 2,214 25.7 26.2 32.1 23.2 29.6 24.8 23.1 25.3 275 22.7 - - 49.5 315
Arkansas 2,369 30.8 34.1 33.9 25.9 33.7 31.0 27.3 31.1 30.1 30.4 37.0 - - 30.8
California 5,258 24.5 27.5 26.5 21.3 28.9 27.0 18.5 24.1 26.5 23.2 333 7.5 - 29.3
Colorado 5,946 19.5 21.8 20.0 18.2 23.7 224 15.1 19.3 20.6 18.2 27.6 5.7 - 25.4
Connec- 2,884 20.6 24.3 22.2 19.6 24.7 22.8 17.5 20.6 19.4 19.8 30.2 9.7 - 28.9
ticut
Delaware 1,934 29.0 36.4 32.0 24.8 33.4 34.8 22.7 28.2 39.0 25.7 47.6 - - 46.8
District of 2,170 20.9 28.4 26.8 15.9 32.3 36.9 14.1 20.5 26.1 9.6 34.4 - - 19.9
Columbia
Florida 4,353 25.0 30.3 23.7 24.8 32.4 25.8 18.4 25.1 24.1 235 33.2 - - 28.3
Georgia 2,650 27.6 323 28.6 24.8 32.0 34.7 20.6 27.4 29.1 24.2 39.1 - - 275
Hawaii 3,466 23.2 25.0 23.9 21.6 27.4 25.2 18.6 23.4 20.2 19.0 - 17.4 - 29.2
Idaho 2,382 26.1 29.2 26.2 23.7 25.2 32.8 21.2 25.7 27.7 25.3 - - - 26.3
lllinois 2,494 27.9 333 29.8 24.4 31.4 32.9 22.2 26.5 36.0 25.6 38.9 15.8 - 33.8
Indiana 2,299 26.7 26.0 30.0 25.8 24.9 313 25.6 28.1 20.4 275 36.5 - - 15.0
lowa 3,069 27.2 35.1 28.4 23.2 29.9 30.4 21.8 27.1 28.5 26.9 - - - 34.6
Kansas 4,352 29.3 31.1 325 26.6 31.4 317 26.1 29.8 24.4 28.8 48.5 - - 33.2
Kentucky 3,225 31.0 36.7 32.2 26.4 32.8 32.3 28.1 30.6 315 30.0 48.5 - - -
Louisiana 2,738 29.4 33.3 34.8 24.6 32.7 314 24.8 29.4 29.0 26.6 35.3 — — 35.9
Maine 3,267 26.4 27.8 29.7 225 30.7 30.8 20.2 26.2 27.9 26.5 — — — —
Maryland 4,787 26.3 29.6 27.8 25.3 29.7 318 221 26.3 26.4 234 35.2 18.8 - 229
Massachu- 10,188 21.6 23.3 23.8 20.3 235 25.9 18.6 21.7 20.2 21.6 28.2 4.5 - 26.0
setts
Michigan 3,918 28.9 31.9 31.9 25.6 30.2 33.9 24.0 28.8 29.4 28.3 43.6 - - 19.8
Minnesota 2,299 25.2 29.0 25.9 24.1 27.1 27.9 22.4 26.0 16.2 25.6 233 - - -
Mississippi 3,181 34.5 39.2 35.6 28.6 36.3 36.1 30.9 34.2 35.2 313 41.4 - - 42.0
Missouri 2,314 30.6 31.3 325 27.7 29.4 36.0 27.9 30.6 31.4 29.9 34.9 - - -
Montana 3,204 24.3 28.9 23.0 214 26.6 28.1 19.8 23.7 26.6 235 - - 43.3 21.9
Nebraska 8,285 28.0 29.2 32.1 26.1 28.8 33.2 234 28.3 26.9 27.6 49.9 - - 254
Nevada 2,244 26.5 30.3 27.2 235 30.5 25.3 22.6 26.3 28.0 23.9 17.9 224 - 335
New 3,460 24.5 27.2 26.7 22.6 27.2 29.3 20.7 24.6 24.8 24.6 - - - -
Hampshire
New Jersey 5,706 23.4 25.8 27.2 21.4 28.8 26.5 18.4 235 22.8 233 34.1 8.4 - 24.3

a Obesity is defined as having a body mass index >30 kg/m?2.

b We restricted the prevalence estimates to the categories in which there were 50 or more respondents; blank cells indicate fewer than 50 respondents in this
category. Confidence intervals are available from the authors on request.

¢ The total number of employed respondents in the 2008 BRFSS data stratified by 50 states and Washington, DC (excluding respondents missing obesity
data).
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Table 1. (continued) Prevalence of Obesity? by State Among Workers Aged 18 to 64 Years, 2008 Behavioral Risk Factor Surveillance
System (BRFSS)

Prevalence of Obesity®, %

Health Insurance

American

School Indian/

Respon- 35,000- Graduate Some College African Alaska

dents® Overall | <35,000 | 74,999 | 275,000 or Less College Graduate Any None White | American Islander Native Hispanic
New Mexico 2,880 26.9 29.1 27.8 23.1 30.5 30.8 20.3 26.9 26.5 21.3 — - 35.1 31.8
New York 3,634 25.3 26.8 29.6 22.8 28.6 30.3 20.6 25.2 26.8 24.1 34.2 7.4 - 30.2
North 7,070 30.8 34.0 325 27.9 34.2 35.2 23.9 29.5 36.4 29.1 41.4 5.7 37.6 26.7
Carolina
North 2,643 28.8 30.6 30.6 26.7 323 28.9 25.8 28.9 25.8 28.6 - - 47.6 -
Dakota
Ohio 5,740 29.8 33.7 34.1 26.1 324 32.8 25.7 30.2 26.7 29.4 37.0 8.4 - 38.5
Oklahoma 3,317 323 322 34.8 30.8 31.6 35.7 30.5 33.1 29.0 31.2 41.0 - 39.3 33.0
Oregon 2,147 24.8 27.2 26.6 223 26.5 28.9 20.6 25.3 21.9 25.4 - - - 17.7
Pennsyl- 5,658 29.9 36.0 30.6 25.8 34.4 334 23.2 29.3 34.9 29.1 42.1 9.6 - 32.0
vania
Rhode 2,237 22.9 29.5 235 21.4 27.3 24.2 19.4 22.8 23.8 21.6 30.3 - - 27.8
Island
South 4,217 30.9 39.0 31.7 24.9 35.3 334 24.7 29.9 36.2 26.6 43.4 - - 34.0
Carolina
South 3,491 29.1 34.4 30.3 24.4 32.6 30.7 24.7 28.9 30.8 28.5 - - 41.1 —
Dakota
Tennessee 1,896 323 33.9 345 25.6 39.1 33.3 23.4 325 31.4 29.9 38.4 - - —
Texas 4,525 29.1 30.1 33.1 27.2 30.0 35.1 24.4 29.8 27.3 28.2 37.7 3.7 - 31.7
Utah 2,838 24.0 28.2 24.6 23.3 25.9 23.1 23.0 24.0 24.4 24.4 - - — 20.8
Vermont 3,715 22.6 23.2 25.2 19.2 27.5 25.7 17.2 225 23.7 22.7 - - - —
Virginia 2,389 26.1 24.3 26.8 25.4 30.4 27.9 23.0 26.9 18.5 27.3 33.7 - - 17.7
Washington 10,222 26.1 26.6 28.4 24.7 29.7 30.2 20.8 26.4 23.8 26.5 28.3 15.0 36.8 25.5
West 1,729 34.6 34.5 35.7 325 37.1 36.5 29.4 34.6 34.8 34.4 - - - -
Virginia
Wisconsin 3,700 27.2 32.6 28.2 21.7 29.3 30.4 22.8 26.7 31.0 26.1 42.0 - 43.1 29.0
Wyoming 4,159 26.3 26.6 27.7 26.3 27.7 28.5 22.6 27.3 21.7 25.9 - - 43.1 25.9
United 189,055 27.0 30.2 29.3 241 30.5 30.5 21.9 26.9 27.6 26.1 37.3 9.1 325 29.3
States

a Obesity is defined as having a body mass index =30 kg/m?2.

b We restricted the prevalence estimates to the categories in which there were 50 or more respondents; blank cells indicate fewer than 50 respondents in this
category. Confidence intervals are available from the authors on request.

¢ The total number of employed respondents in the 2008 BRFSS data stratified by 50 states and Washington, DC (excluding respondents missing obesity
data).
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Table 2. Prevalence of Physical Inactivity? by State Among Workers Aged 18 to 64 Years, 2007 Behavioral Risk Factor Surveillance
System (BRFSS)

Prevalence of Physical Inactivity®, %

Health Insurance

Status Race/Ethnicity
American
School Indian/
35,000- Graduate Some College African Alaska

Overall | <35,000 | 74,999 or Less College Graduate Any None White | American Native Hispanic
Alabama 2,843 54.4 59.3 53.5 49.1 55.8 56.3 50.8 53.9 57.4 53.1 59.5 - - —
Alaska 1,475 37.2 43.1 38.1 31.6 36.1 38.7 37.0 36.2 43.2 36.4 - — 47.3 —
Arizona 1,891 45.0 56.1 46.9 36.3 54.5 42.4 38.9 44.0 49.4 415 - - 32.0 55.7
Arkansas 2,348 51.5 51.0 53.2 49.4 52.7 52.0 49.7 51.6 52.2 50.7 56.8 - - 57.3
California 2,711 51.0 57.9 53.5 43.8 55.3 52.8 46.1 51.0 50.9 425 55.4 70.2 — 56.1
Colorado 6,245 43.8 51.5 45.4 37.0 50.2 45.6 38.5 42.4 50.6 41.4 52.8 40.4 - 52.4
Connecticut 3,637 45.9 55.4 43.8 44.6 47.2 46.0 45.2 45.6 48.7 439 55.6 68.9 - 53.7
Delaware 1,989 49.2 55.5 48.4 48.5 52.4 44.2 50.0 49.6 45.2 47.3 55.7 - - 62.0
District of 2,005 41.3 54.7 44.8 35.9 58.4 42.0 36.7 41.0 45.6 31.6 47.6 45.1 — 57.5
Columbia
Florida 16,435 50.8 56.3 50.4 46.7 56.1 49.0 47.7 49.8 55.0 48.5 53.7 46.1 47.2 58.4
Georgia 3,394 49.6 49.9 49.7 50.9 50.6 48.6 49.8 50.1 46.6 48.7 55.1 - - 37.1
Hawaii 3,681 48.7 57.6 48.5 45.1 51.5 51.0 44.5 48.9 46.0 39.9 — 58.0 — 51.9
Idaho 2,566 43.2 49.2 42.2 39.3 45.3 42.8 40.9 42.4 46.1 42.8 - - - 50.9
lllinois 2,586 49.2 54.4 52.4 43.0 53.4 49.3 46.6 48.7 52.9 45.8 52.9 62.2 - 58.2
Indiana 2,809 48.8 52.9 50.1 43.2 51.6 48.4 46.0 49.3 46.5 48.6 45.4 - - 53.7
lowa 2,822 49.5 49.6 51.6 44.8 50.1 48.2 50.0 50.6 42.2 49.2 — — - 60.6
Kansas 4,384 48.7 54.4 48.6 44.6 52.9 46.1 47.5 48.4 52,5 48.3 48.7 - - 55.4
Kentucky 2,398 50.0 51.3 52.4 445 50.9 49.9 48.6 50.3 48.3 51.1 41.3 - - -
Louisiana 3,013 58.4 62.9 59.1 55.3 61.0 60.5 54.4 57.4 62.1 58.9 55.3 - - 711
Maine 3,391 41.1 44.5 41.7 38.6 41.2 44.6 38.6 42.8 30.9 40.9 - - - -
Maryland 4,315 50.3 59.7 51.8 46.8 53.6 54.0 46.9 50.0 52.3 46.6 55.7 55.0 - 62.9
Massachu- 9,867 46.3 55.8 47.1 43.7 52.4 46.8 43.5 45.9 52.1 44.0 54.0 61.2 - 56.4
setts
Michigan 3,290 47.5 48.2 49.9 45.0 46.9 49.2 46.7 48.3 41.8 46.8 53.4 - - 28.1
Minnesota 2,615 49.1 54.9 49.0 45.9 55.9 49.6 44.7 48.4 55.9 48.4 55.1 - - -
Mississippi 3,296 57.3 57.6 58.7 52.8 57.3 60.1 54.8 56.4 60.9 55.5 61.3 - - 51.5
Missouri 2,448 50.3 47.7 47.6 51.6 48.6 53.0 49.8 51.3 43.5 48.8 64.7 - - -
Montana 2,895 39.5 425 39.8 34.8 38.2 42.2 38.6 38.1 45.3 39.4 - - 48.4 29.9
Nebraska 5,540 46.2 52.0 45.2 41.7 50.9 41.3 46.0 46.0 47.6 45.7 - - - 51.4
Nevada 2,040 47.6 51.1 48.0 44.2 51.2 45.4 45.6 47.2 49.2 46.3 - - - 52.8
New 2,982 45.1 47.4 48.8 41.7 49.3 43.6 43.2 45.5 419 44.8 - - - 44.7
Hampshire
New Jersey 3,153 49.8 58.7 50.6 46.2 53.9 51.5 46.7 48.0 61.8 45.0 54.8 69.9 - 57.3
New Mexico 3,093 44.4 50.3 39.4 40.5 51.5 41.3 39.4 42.7 49.9 40.6 - - 44.2 47.7
New York 3,107 48.0 51.3 49.3 44.8 51.9 45.6 46.6 47.4 52.0 44.1 51.6 61.3 - 59.2

@ Physical inactivity is defined as not meeting the Centers for Disease Control and Prevention physical activity guideline of at least 5 days per week for 30 min-
utes a day of moderate-intensity activity or at least 3 days per week for 20 minutes a day of vigorous-intensity activity.

b We restricted the prevalence estimates to the categories in which there were 50 or more respondents; blank cells indicate fewer than 50 respondents in this
category. Confidence intervals are available from the authors on request.

¢ The total number of employed respondents in the 2007 BRFSS data stratified by 50 states and Washington, DC (excluding respondents missing physical
inactivity data).
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Table 2. (continued) Prevalence of Physical Inactivity? by State Among Workers Aged 18 to 64 Years, 2007 Behavioral Risk Factor
Surveillance System (BRFSS)

Prevalence of Physical Inactivity®, %

Health Insurance
Race/Ethnicity

American

Haw. / Indian/
35,000- Graduate Some College African Pacific Alaska

Overall <35,000 | 74,999 | 275,000 or Less College Graduate Any None White American Islander Native Hispanic
North 6,560 53.5 58.2 53.8 47.9 59.7 52.2 48.4 53.0 56.2 50.7 58.1 54.2 50.4 70.3
Carolina
North 2,579 45.6 45.2 46.0 421 47.4 45.4 44.2 45.4 45.1 45.9 — — 46.4 —
Dakota
Ohio 5,013 48.1 51.3 48.0 45.7 48.3 49.8 46.7 48.2 46.5 475 52.4 - - 69.0
Oklahoma 3,091 52.0 55.0 52.3 47.6 54.4 53.8 47.7 52.2 51.1 51.3 44.2 - 54.5 57.0
Oregon 2,237 43.0 47.1 44.4 38.0 47.8 43.7 39.0 42.4 45.5 42.3 - - - 52.0
Pennsyl- 5,735 45.7 47.6 47.4 43.0 48.7 46.1 429 46.3 40.0 46.6 48.1 40.1 - 39.7
vania
Rhode 2,098 47.1 55.5 49.3 43.2 52,5 49.3 42.2 47.4 45.4 45.8 50.5 — — 58.5
Island
South 4,586 51.0 55.6 49.5 48.6 53.0 51.2 48.7 50.3 54.3 49.7 56.8 - - 41.2
Carolina
South 3,498 49.8 54.6 52.0 41.6 56.8 49.1 43.9 49.7 50.8 49.6 - - 54.1 -
Dakota
Tennessee 2,030 57.9 68.7 55.5 47.2 60.8 58.4 53.2 56.8 65.7 58.5 60.6 - - -
Texas 7,287 52.0 55.6 52.4 48.2 54.0 52.2 49.6 52.1 52.0 49.0 53.8 66.8 43.0 54.7
Utah 2,733 43.7 50.2 43.2 37.8 49.6 42.2 38.9 43.5 44.3 42.3 - - - 49.2
Vermont 3,724 40.3 45.3 40.4 37.9 46.9 42.9 34.1 41.3 33.9 40.0 - - - 55.7
Virginia 2,893 49.3 54.5 46.7 47.2 51.9 50.4 47.5 48.8 53.7 47.9 51.2 62.4 - 58.7
Washington 11,957 45.4 49.9 45.8 43.1 46.9 45.7 44.1 45.1 47.8 44.4 323 50.8 43.3 58.7
West 1,888 50.4 49.3 51.6 49.7 48.8 50.3 53.2 52.1 42.1 50.7 - - - -
Virginia
Wisconsin 3,867 42.7 46.1 43.8 39.1 41.7 46.5 40.4 42.7 425 42.8 44.9 - - 31.2
Wyoming 3,229 415 44.7 41.3 39.0 429 43.7 375 41.9 40.6 40.9 - - - 49.0
United 196,169 49.2 54.3 49.8 45.0 52,5 49.5 46.3 48.9 51.0 46.8 54.3 63.1 44.3 55.6
States

@ Physical inactivity is defined as not meeting the Centers for Disease Control and Prevention physical activity guideline of at least 5 days per week for 30 min-
utes a day of moderate-intensity activity or at least 3 days per week for 20 minutes a day of vigorous-intensity activity.

b We restricted the prevalence estimates to the categories in which there were 50 or more respondents; blank cells indicate fewer than 50 respondents in this
category. Confidence intervals are available from the authors on request.

¢ The total number of employed respondents in the 2007 BRFSS data stratified by 50 states and Washington, DC (excluding respondents missing physical
inactivity data).
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Table 3. Prevalence of Smoking? by State Among Workers Aged 18 to 64 Years, 2008 Behavioral Risk Factor Surveillance System
(BRFSS)

Prevalence of Smoking®, %

Health Insurance

Status Race/Ethnicity
School LEVETED VA Indian/
Graduate Some College African Pacific Alaska

Overall | <35,000 or Less College Graduate White | American Islander Native Hispanic
Alabama 2,659 229 29.7 223 13.5 32.9 20.1 13.6 20.1 38.7 233 22.6 - - —
Alaska 1,658 20.1 32.8 17.2 14.4 33.8 16.9 7.9 17.8 30.5 16.7 - - 35.1 15.0
Arizona 2,330 17.4 25.8 20.4 9.7 28.1 18.8 6.4 14.8 29.6 17.8 - - 10.9 18.0
Arkansas 2,474 23.0 36.9 21.6 11.4 34.0 24.3 8.7 19.4 38.9 22.0 26.1 - - 29.5
California 5,391 14.9 20.6 15.9 9.7 19.3 20.5 6.9 13.4 21.2 15.3 224 6.9 - 14.9
Colorado 6,157 17.9 28.3 21.8 10.2 29.6 21.6 7.6 15.7 29.5 16.5 21.4 12.9 - 21.7
Connecticut 3,006 17.5 29.3 22.0 12.2 28.8 233 9.6 16.2 311 17.4 16.5 12.0 - 20.0
Delaware 2,015 19.4 35.6 233 11.9 35.0 19.5 9.4 18.4 32.0 19.9 17.3 - - 17.9
District of 2,241 14.6 245 19.7 8.5 275 222 9.0 13.3 28.6 10.3 20.7 - - 11.7
Columbia
Florida 4,515 19.3 29.2 18.3 11.7 255 23.6 11.1 16.3 32.9 222 9.8 - - 17.1
Georgia 2,719 19.4 27.3 211 15.0 313 20.3 10.5 16.9 34.1 20.5 15.4 - - 16.1
Hawaii 3,506 17.1 28.2 19.2 11.8 271 16.5 9.9 16.2 29.9 15.4 - 13.5 - 16.4
ldaho 2,513 18.1 285 16.7 8.8 30.3 16.1 6.9 14.7 32.2 18.0 - - - 17.8
lllinois 2,581 21.4 33.0 22.6 15.4 34.8 23.7 10.3 19.3 34.0 21.2 225 11.9 - 24.2
Indiana 2,380 27.6 45.6 26.6 17.4 41.1 30.1 10.7 22.7 54.9 255 325 - - 52.7
lowa 3,244 20.9 37.9 20.4 11.5 35.2 20.3 7.4 18.2 47.6 20.4 - - - 24.4
Kansas 4,499 19.1 315 19.5 10.8 32.6 20.9 8.2 16.6 37.8 18.4 22.3 - - 22.0
Kentucky 3,325 24.7 41.5 24.8 14.5 37.3 28.3 9.5 21.0 48.2 24.7 28.9 - - -
Louisiana 2,889 20.2 26.4 23.0 14.7 26.3 25.3 11.1 16.7 35.5 222 16.8 - - 23.9
Maine 3,367 18.7 33.4 18.2 9.8 29.0 22.0 8.5 17.1 29.8 18.6 - - - —
Maryland 4,941 14.9 23.9 19.5 10.0 25.2 19.6 7.3 13.3 27.0 16.4 15.1 4.3 - 8.9
Massachu- 10,643 15.7 24.7 17.9 11.8 27.7 20.1 7.6 15.1 29.0 16.3 17.4 6.2 - 11.0
setts
Michigan 4,091 20.1 32.8 20.1 13.0 33.6 20.1 10.2 18.1 37.2 19.4 18.5 - - 33.2
Minnesota 2,355 18.1 318 20.4 9.2 30.2 215 9.6 16.2 39.9 17.5 215 - - -
Mississippi 3,259 22.0 28.0 21.9 13.4 29.6 231 11.8 18.9 35.4 23.6 19.1 - - 24.1
Missouri 2,382 255 42.9 24.6 15.3 38.6 24.4 12.9 21.9 47.0 25.8 18.9 - - —
Montana 3,308 19.5 34.2 16.2 9.4 311 21.8 8.2 15.4 36.6 18.4 - - 37.3 23.6
Nebraska 8,558 20.1 32.7 215 10.6 333 20.6 9.7 17.2 39.5 20.2 19.6 - - 21.2
Nevada 2,339 221 32.7 22.6 16.8 26.5 26.5 12.5 20.4 29.4 21.7 16.4 21.2 - 22.6
New 3,610 18.3 32.0 23.2 11.1 318 22.8 8.7 15.7 41.1 18.4 - 1.5 - —
Hampshire
New Jersey 6,002 16.1 21.2 20.9 11.4 25.1 20.1 8.5 15.3 21.6 17.4 17.7 9.8 - 12.7
New Mexico 2,987 20.5 295 17.6 14.2 28.6 22.8 10.4 17.5 323 21.0 - - 11.7 219
New York 3,796 17.7 245 22.7 10.5 285 21.3 8.8 15.9 30.8 18.7 20.1 14.1 - 14.1

@ Tobacco use is defined as ever having smoked at least 100 cigarettes and currently smoking every day or some days.

b We restricted the prevalence estimates to the categories in which there were 50 or more respondents; blank cells indicate fewer than 50 respondents in this
category. Confidence intervals are available from the authors on request.

¢ The total number of employed respondents in the 2008 BRFSS data stratified by 50 states and Washington, DC (excluding respondents missing smoking
data).
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Table 3. (continued) Prevalence of Smoking? by State Among Workers Aged 18 to 64 Years, 2008 Behavioral Risk Factor
Surveillance System (BRFSS)

Prevalence of Smoking®, %

Health Insurance
Race/Ethnicity

American

Hawaiian/ Indian/
Graduate Some College African Pacific Alaska

Overall <35,000 or Less College Graduate None White American Islander Native Hispanic
North 7,331 22.0 32.4 21.2 13.8 335 21.3 10.1 19.5 33.9 22.8 21.0 22.0 40.3 16.3
Carolina
North 2,765 20.4 315 19.8 14.3 29.0 25.0 8.8 17.9 39.7 19.2 - - 53.1 -
Dakota
Ohio 5,991 20.9 38.1 22.0 9.9 35.7 22.3 7.0 17.7 45.3 20.0 22.7 8.9 - 41.0
Oklahoma 3,398 25.0 37.3 25.1 12.8 345 28.2 10.8 21.9 38.0 23.7 28.1 - 31.2 24.4
Oregon 2,218 16.3 234 17.1 9.3 29.0 16.3 6.0 13.6 30.6 16.1 - - - 11.6
Pennsyl- 5,892 22.8 37.9 249 13.6 32.8 25.3 10.9 21.3 34.0 224 22.6 225 - 24.5
vania
Rhode 2,317 18.0 255 24.3 11.4 28.7 23.8 8.1 16.2 31.2 18.6 19.7 - - 11.3
Island
South 4,388 19.9 28.7 19.8 14.7 29.9 19.6 10.7 16.7 36.2 215 15.9 - - 16.6
Carolina
South 3,627 18.7 28.2 17.1 13.6 27.8 20.0 9.9 16.7 33.7 18.0 - - 37.0 -
Dakota
Tennessee 1,990 20.7 34.1 17.3 11.8 31.6 18.5 9.9 18.1 35.6 22.8 17.3 - - —
Texas 4,767 20.1 26.1 21.4 12.6 28.9 21.3 10.6 16.7 30.5 20.4 19.4 11.9 - 20.6
Utah 2,912 9.8 15.3 13.1 4.4 17.6 8.1 3.4 9.0 13.8 9.5 - - - 14.6
Vermont 3,829 16.8 32.7 15.4 7.7 29.2 16.1 8.1 14.6 32.6 16.6 - - - —
Virginia 2,484 16.2 31.9 18.7 9.8 26.0 20.7 8.6 13.6 39.7 16.6 18.1 10.0 - 15.3
Washington 10,576 15.7 26.1 18.7 8.8 28.3 17.4 6.2 13.6 29.9 15.6 20.8 7.1 31.7 16.1
West 1,794 26.7 40.1 25.4 14.1 37.9 24.2 13.0 224 47.6 26.3 - - - —
Virginia
Wisconsin 3,843 215 31.0 20.4 16.8 32.1 22.6 10.9 19.1 43.5 20.7 28.7 - 38.1 37.5
Wyoming 4,295 21.6 39.3 224 12.4 33.1 23.9 7.0 17.9 38.9 20.6 - - 35.7 29.5
United 196,157 19.2 28.9 20.6 11.9 29.3 21.6 9.2 16.8 325 19.7 18.7 10.8 27.8 17.9
States

@ Tobacco use is defined as ever having smoked at least 100 cigarettes and currently smoking every day or some days.

b We restricted the prevalence estimates to the categories in which there were 50 or more respondents; blank cells indicate fewer than 50 respondents in this
category. Confidence intervals are available from the authors on request.

¢ The total number of employed respondents in the 2008 BRFSS data stratified by 50 states and Washington, DC (excluding respondents missing smoking
data).
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Table 4. Prevalence of No Influenza Vaccination by State Among Workers Aged 50 to 64 Years, 2008 Behavioral Risk Factor
Surveillance System (BRFSS)

Prevalence of No Influenza Vaccination?, %

Health Insurance

Status Race/Ethnicity
School Hawaiian/ Indian/
Graduate Some College African Pacific Alaska
Overall | <35,000 or Less College Graduate White | American Islander Native
Alabama 1,047 59.9 745 57.1 50.6 67.6 62.2 49.7 58.5 733 56.3 71.2 - -
Alaska 614 58.2 64.6 61.3 51.2 64.8 58.5 53.2 55.7 73.6 59.6 - - 46.4
Arizona 991 65.0 59.5 66.0 64.5 64.3 69.3 62.2 65.2 63.5 65.4 - - —
Arkansas 1,052 56.2 57.2 56.6 53.5 61.2 54.3 51.8 53.9 72.6 55.6 67.9 - -
California 2,056 63.4 73.9 65.7 57.7 71.6 63.5 58.4 60.3 87.7 58.5 70.2 68.3 -
Colorado 2,474 53.3 64.6 54.6 49.8 61.1 55.9 48.2 50.9 75.9 52.5 - - -
Connecticut 1,254 54.1 63.6 54.1 51.5 56.3 56.0 52.4 52.9 75.7 52.5 61.9 - -
Delaware 769 53.2 66.0 50.2 49.9 67.0 49.6 47.4 52.2 78.4 52.0 59.2 - -
District of 866 55.5 63.7 58.8 50.6 58.7 61.4 53.0 54.5 68.4 44.7 65.0 - -
Columbia
Florida 1,911 70.2 7.7 711 64.0 78.6 74.4 62.3 67.9 86.2 66.2 74.4 - -
Georgia 1,045 62.2 66.5 64.1 58.4 64.5 65.5 58.3 60.7 73.0 60.0 66.4 - -
Hawaii 1,480 53.9 58.4 53.8 52.0 59.2 56.8 49.9 52.6 87.5 58.6 - 45.9 -
Idaho 1,022 63.8 72.3 68.4 52.8 75.8 63.5 53.9 60.3 86.7 63.5 - - -
lllinois 1,000 63.7 78.8 65.1 57.8 69.4 64.9 59.1 63.0 733 62.8 69.5 - -
Indiana 986 62.6 75.3 61.3 57.6 66.5 61.2 60.0 60.5 90.2 61.7 65.2 - -
lowa 1,315 52.3 64.2 51.3 47.6 59.0 51.4 44.9 51.7 59.5 52.0 - - -
Kansas 1,984 57.0 64.7 57.6 53.0 65.9 59.4 50.1 55.3 81.8 56.6 50.5 - -
Kentucky 1,362 56.4 69.4 57.5 49.0 66.4 57.6 46.0 54.1 78.1 56.6 - - -
Louisiana 1,099 56.4 65.5 53.2 52.5 57.7 61.4 52.1 53.7 725 55.4 62.3 - -
Maine 1,535 55.2 64.7 57.4 49.3 61.7 52.0 53.1 52.8 76.3 55.2 - - -
Maryland 1,991 54.6 61.7 59.3 51.6 67.7 53.4 49.1 53.7 68.2 51.3 61.9 - -
Massachu- 4,210 55.4 66.5 57.2 51.5 60.8 60.5 50.9 55.0 66.3 55.1 65.9 - -
setts
Michigan 1,735 60.9 721 61.5 56.1 68.9 64.1 53.6 59.6 75.5 59.5 69.8 - -
Minnesota 995 50.4 64.5 51.3 44.4 57.6 51.7 45.4 48.4 88.0 50.0 - - -
Mississippi 1,360 63.2 71.6 63.1 55.8 68.5 62.0 58.1 60.2 80.5 59.4 70.6 - -
Missouri 1,012 55.8 67.0 56.6 50.7 67.0 56.0 46.4 53.9 76.9 54.2 73.6 - -
Montana 1,550 61.5 71.0 62.3 52.0 71.9 60.2 55.3 58.4 78.6 61.3 - - 60.7
Nebraska 3,794 49.7 59.3 52.5 43.3 57.7 50.4 42.4 47.9 69.0 50.0 - - -
Nevada 922 71.4 83.3 74.7 65.7 82.0 70.7 64.2 69.3 87.8 67.4 - - -
New 1,571 52.8 57.8 56.4 50.4 62.9 55.3 47.0 51.2 72.0 52.6 - - -
Hampshire
New Jersey 2,396 60.7 66.8 66.0 56.7 67.1 61.7 56.3 59.4 74.2 60.2 64.7 - -
New Mexico 1,265 62.0 68.5 60.4 57.9 70.2 59.5 58.4 59.4 77.4 60.6 - - 49.8
New York 1,614 58.1 69.1 59.5 54.2 65.9 61.1 51.7 55.5 83.3 56.4 70.9 - -

Hispanic

83.9

50.9

58.5
84.3

62.3
65.9
59.9

2 We restricted the prevalence estimates to the categories in which there were 50 or more respondents; blank cells indicate fewer than 50 respondents in this

category. Confidence intervals are available from the authors on request.

b The total number of employed respondents in the 2008 BRFSS data stratified by 50 states and Washington, DC (excluding respondents missing influenza

vaccination data).

(Continued on next page)
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Table 4. (continued) Prevalence of No Influenza Vaccination by State Among Workers Aged 50 to 64 Years, 2008 Behavioral Risk
Factor Surveillance System (BRFSS)

Prevalence of No Influenza Vaccination?, %

Health Insurance
Race/Ethnicity

American

Hawaiian/ Indian/
Graduate Some College African Pacific Alaska

Overall <35,000 275,000 or Less College Graduate None White American Islander Native Hispanic
North 2,906 55.0 65.3 55.7 48.6 60.5 55.0 49.6 52.6 74.5 52.9 61.0 - 69.9 60.4
Carolina
North 1,202 56.0 55.7 58.0 54.8 62.2 55.5 51.3 54.7 69.2 55.7 - - - —
Dakota
Ohio 2,749 58.8 61.7 59.9 55.6 64.6 64.2 50.4 57.1 78.4 58.2 61.9 - - -
Oklahoma 1,361 49.9 63.6 46.3 43.7 58.6 48.9 41.8 46.5 70.5 50.5 49.4 - 42.7 -
Oregon 1,031 57.9 65.7 62.3 49.9 63.8 59.0 53.3 56.1 75.6 57.3 - - - -
Pennsyl- 2,462 59.2 69.6 57.4 58.0 65.1 60.5 52.3 57.8 77.3 59.1 50.5 - - -
vania
Rhode 1,008 50.4 54.8 50.5 49.7 55.7 55.1 45.5 49.3 65.7 49.8 - - - —
Island
South 1,845 59.5 68.8 62.4 51.5 70.5 63.0 47.9 57.5 75.9 58.0 63.7 — — —
Carolina
South 1,636 47.1 54.0 46.1 43.9 51.6 48.9 41.5 44.6 74.6 47.0 - - 46.6 -
Dakota
Tennessee 851 60.7 66.2 59.9 52.5 68.2 60.0 51.9 59.1 71.9 57.6 69.3 - - —
Texas 1,883 58.6 66.5 61.8 51.5 67.8 59.9 50.3 56.5 67.8 54.7 71.6 - - 64.5
Utah 1,004 51.2 67.2 53.0 45.5 58.5 56.1 43.1 49.1 79.4 50.9 - - - —
Vermont 1,759 56.2 62.4 57.3 53.0 63.6 56.3 51.9 54.3 77.8 55.7 - - - —
Virginia 1,043 54.5 49.0 54.7 53.6 59.7 52.4 52.5 53.4 68.7 54.9 67.2 - - —
Washington 4,829 56.8 66.8 60.2 51.6 67.2 58.5 51.0 55.0 80.1 57.0 - 43.2 55.3 55.9
West 754 54.3 68.1 52.5 50.1 64.8 48.6 45.6 52.0 73.2 53.4 - - - —
Virginia
Wisconsin 1,575 57.2 62.8 59.3 51.9 63.7 58.8 49.9 55.4 76.2 56.7 - - - —
Wyoming 1,896 56.9 64.3 59.1 52.7 63.5 59.0 49.3 54.5 75.7 56.8 - - - 54.0
United 82,071 59.3 68.6 60.5 54.4 66.3 61.0 53.3 57.4 771 57.4 66.8 60.3 56.3 67.1
States

2 We restricted the prevalence estimates to the categories in which there were 50 or more respondents; blank cells indicate fewer than 50 respondents in this
category. Confidence intervals are available from the authors on request.

b The total number of employed respondents in the 2008 BRFSS data stratified by 50 states and Washington, DC (excluding respondents missing influenza
vaccination data).
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Abstract

Introduction

Little is known about health-related quality of life
(HRQOL) among people with multiple chronic condi-
tions. We examined the association between the number
of chronic conditions and self-reported HRQOL outcomes
among adults in the United States.

Methods

We used data from the Behavioral Risk Factor
Surveillance System (BRFSS) in 2007 (n = 430,912) to
compare 4 HRQOL measures for people with any of 8
chronic conditions. We also assessed the frequency of self-
reported physical and mental distress and the number of
days activity was limited because of chronic conditions.
We estimated prevalence and adjusted odds ratios (AORs)
and 95% confidence intervals (CIs) by using survey logistic
regression analyses.

Results
People with 3 or more chronic conditions had the high-
est risk of reporting fair or poor health compared with

respondents with no chronic conditions (AOR, 8.7; 95%
CI, 8.0-9.4). People with cardiovascular conditions or dia-
betes had higher risk of reporting poor HRQOL outcomes
than those with other chronic conditions. The odds ratios
for frequent physical distress were consistently higher
than those for frequent mental distress and frequent
activity limitations for all conditions.

Conclusion

Strategies that help clinicians to manage their patients’
chronic conditions may contribute to improved HRQOL
among adults. Our findings may help to inform these
strategies.

Introduction

As disease prevention and management improve and
the population ages, the prevalence of chronic conditions
is accelerating in the United States. Nearly half of adults
have at least 1 chronic condition (1), which can result in
extended pain and suffering and impaired quality of life.

The growing number of Americans living with chronic ill-
ness has shifted the focus of research from treatment and
quantity of life to improvement of the quality of life. One
of the major goals of Healthy People 2010 (2) was improv-
ing the quality and number of years of healthy life. During
the past decade, the research community has increasingly
focused on measuring the patient’s perspective when eval-
uating the effect of chronic illness and the benefit of treat-
ment. Self-assessments of health-related quality of life
(HRQOL) are rapidly gaining acceptance and are widely
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used for tracking health status. The Centers for Disease
Control and Prevention (CDC) developed a surveillance
definition of HRQOL as “perceived physical and mental
health over time” (3). Others characterize HRQOL as a
subjective assessment of well-being and physical, mental,
and social functioning. Thus, HRQOL is recognized as a
health-oriented subset of the broader concept of overall
quality of life, including aspects of life satisfaction and
happiness (4).

The high prevalence of chronic disease in the United
States does not tell the whole story. A more specific con-
cern is that many people, especially those in the Medicare
population, have multiple chronic conditions (5). Whether
HRQOL varies by number of conditions has not been estab-
lished, despite the research finding that multiple chronic
diseases have a substantial negative effect on quality of
life, not only how people feel about their lives but also the
extent of their psychological distress (6). Some chronic con-
ditions have a stronger relationship with functional impair-
ment than others, but people with more chronic conditions
experience more functional impairment and experience it
sooner than people with fewer chronic conditions (7).

Our primary objective was to examine the association
between the number of chronic conditions and HRQOL
outcomes. Our secondary objective was to describe the
prevalence of common chronic conditions among the US
adult population.

Methods

We analyzed data from the 2007 Behavioral Risk Factor
Surveillance System (BRFSS). BRFSS collects data from
ongoing random-digit—dial telephone surveys adminis-
tered to noninstitutionalized US adults aged 18 years or
older on health risk behaviors, preventive health practices,
and access to and use of health care services primarily
related to chronic conditions. 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 poststratifica-
tion adjustment is made for nonresponse and noncoverage
of households without telephones. The weights for each
relevant factor are multiplied to get a final weight (8). In
2007, BRFSS was administered to 430,912 (weighted N =
230,172,178) respondents. The median response rate was
51%, and the median cooperation rate was 72%. A detailed

description of the survey design and random sampling
procedures is available elsewhere (8). The health sciences
institutional review board at the University of Wisconsin-
Madison approved this study.

In our analysis, the outcomes of interest were 4 mea-
sures of HRQOL from the CDC Healthy Days Core Module
(CDC HRQOL-4): general health, mental distress, physi-
cal distress, and activity limitations. The CDC HRQOL
measures have acceptable content, construct and criterion
validity, and test-retest reliability (3,9-12).

In the CDC HRQOL-4, the first question asks respon-
dents to rate their general health on a scale from excel-
lent to poor. We dichotomized these responses as either
“fair/poor” or “good/very good/excellent.” The other 3 ques-
tions ask about respondents’ assessment of their health in
the previous 30 days: “How many days was your physical
health, which includes physical illness or injury, not good?”
(physical distress), “How many days was your mental
health, which includes stress, depression, and problems
with emotions, not good?” (mental distress), and “How
many days did poor physical or mental health keep you
from doing your usual activities, such as self-care, work,
or recreation?” (activity limitations). We dichotomized
these 3 HRQOL variables in terms of their frequency in
the previous 30 days (>14 being frequent or <14 being
infrequent). We used the 14-day minimum period because
clinicians and clinical researchers often use this period as
a marker for clinical depression and anxiety disorders, and
longer duration of symptoms is associated with a higher
level of activity limitation (13). In addition, most studies
based on the BRFSS HRQOL indicators used the same
dichotomized criteria as we did (13-16). Thus, our results
can be compared with those of previous studies. Moreover,
our outcomes of interest were not normally distributed,;
by dichotomizing the outcomes, we were able to conduct
logistic regression analyses without violating the linearity
assumption.

We examined respondents by 8 chronic conditions:
asthma, arthritis, 3 cardiovascular diseases (heart attack,
angina, stroke), diabetes, and hypertension, based on diag-
nosis of the condition by a health professional, and obesity,
defined as a body mass index of at least 30 kg/m?, based on
self-reported height and weight.

We estimated the prevalence of each chronic condition
among adults in the United States. We estimated adjusted
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odds ratios (AORs) and 95% confidence intervals (Cls) by
comparing having each chronic condition with having no
condition. To account for potential confounding effects,
we controlled for respondents’ age, sex, race/ethnicity,
education level, income level, employment status, marital
status, and health insurance coverage status. In addition,
we adjusted for 3 health behavior risk factors: current
smoking (defined as ever having smoked at least 100 ciga-
rettes and now smoking every day or some days), current
heavy drinking (defined as having more than 2 alcoholic
drinks per day for men and having more than 1 alcoholic
drink per day for women during the previous 30 days), and
no physical activity (defined as not participating in any
physical activity during the previous 30 days). To account
for complex survey design and produce unbiased estimates
of standard errors, we used multivariate survey logistic
regression models to estimate AORs and 95% ClIs. We con-
ducted all analyses using SAS version 9.2 (SAS Institute,
Inc, Cary, North Carolina).

Results

Approximately 19% of respondents were smokers, 5%
were heavy drinkers, and 9% did not participate in any
physical activity (Table 1). Among all survey respondents,
57% reported at least 1 chronic condition. The most preva-
lent chronic conditions were arthritis (27%), obesity (26%),
and hypertension (28%). Among people with cardiovascu-
lar diseases, more than 90% of them had 2 or more chronic
conditions (Table 2).

The most common conditions for which fair or poor
health were reported were cardiovascular diseases (53%
for each one) or diabetes (48%) (Table 3). People with 1
or no chronic condition had a higher prevalence of fre-
quent mental distress than frequent physical distress. In
contrast, people with 2 or more conditions had a higher
prevalence of frequent physical distress than mental dis-
tress. Respondents with cardiovascular diseases or diabe-
tes were approximately 7 to 8 times as likely to report fair
or poor health as respondents with no chronic condition
(Table 4). People with 3 or more chronic conditions were
more likely to report poor HRQOL outcomes than those
with 1 or 2 conditions. In the population of adults with at
least 1 chronic illness, the odds ratios of frequent physi-
cal distress varied more widely than those for frequent
mental distress and frequent activity limitations across
conditions.

Discussion

Our findings that respondents with multiple chronic
conditions reported worse HRQOL than those with 1 or no
chronic condition and that frequent physical distress was
more common than frequent mental distress were consis-
tent with previous studies in disease-specific populations,
such as those of adults with asthma (15), obesity (16),
stroke (17), diabetes (18), and arthritis (19).

We found that people without any chronic condition
reported a higher prevalence of frequent mental distress
than frequent physical distress. However, as the number
of chronic conditions increased, frequent physical distress
outpaced frequent mental distress. Although our results
were consistent with previous findings that the burden
of chronic illness is primarily carried in terms of physical
health (20), the observation that mental distress is less
frequent than physical distress does not imply that men-
tal distress is an unimportant consideration in managing
chronic conditions. People with chronic illness may have
lived with their conditions for years and feel that they
are able to manage their illness and therefore report less
mental distress. For example, diabetes patients often rate
their well-being positively despite the presence of diabetes-
related complications or poor glycemic control (21). These
findings suggest that in addition to medical care, the men-
tal health quality of life of the chronically ill population
may benefit from social support and be mitigated by socio-
economic status, personality characteristics, and styles of
coping with illness.

We found that cardiovascular diseases and diabetes
are frequently associated with other surveyed diseases;
they may also be associated with many other unmeasured
comorbidities. Because our statistical analysis did not
adjust for the number of comorbidities, our finding that
physical distress is higher in participants with cardiovas-
cular diseases and diabetes may be due to unmeasured
comorbidities. In addition, cardiovascular diseases are the
primary causes of illness and death among people with dia-
betes (22) and have a negative effect on quality of life (23).

Our finding of more frequent activity limitations among
respondents with at least 1 chronic condition may be
a consequence of impaired physical health among the
chronically ill population. Physical pain, fatigue, or other
limitations may prohibit chronically ill people from engag-
ing in exercise or physical activities. Engaging in such
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health promotion behaviors, however, and being able to
make choices that reflect personal needs and goals are
positive characteristics related to quality of life among
older adults (24). Thus, applying motivational interview-
ing techniques (25) to help patients identify their problems
and adopt a health-promoting lifestyle early in a disease
course, combined with customized medication or treat-
ment that empowers patients to manage their conditions,
may improve their quality of life.

Various disease-specific quality-of-life scales have been
developed and validated (26-29). Although disease-specific
measures provide additional valuable information, they
could be more time-consuming than a simple general
health questionnaire for respondents to complete. In a gen-
eral health survey such as BRFSS, a short, valid, generic
scale that is applicable across conditions and groups is
practical and preferable (30). The CDC HRQOL-4 mea-
sures used in BRFSS reflect general HRQOL and compare
well against other HRQOL measures, such as the Medical
Outcomes Study 36-Item Short-Form Health Survey and
the Quality of Well-Being Scale (12,31-33).

Managing chronic illness, especially for people with mul-
tiple conditions, presents substantial challenges to profes-
sionals in all arenas of health care. Health professionals
seek not only to develop better strategies to manage chron-
ic disorders and prevent complications but also to main-
tain or enhance the functional abilities of people who are
chronically ill. Clinician awareness of patients’ needs early
in their care may reduce the effect of chronic comorbidities
on HRQOL. By targeting outcomes that patients seem to
value most, clinicians could provide customized treatment
plans that patients are more motivated to follow. Thus, a
better understanding of HRQOL related to chronic condi-
tions may lead to more effective preventive education and
improved care of patients with chronic illness.

Our study had several limitations. First, BRFSS does
not survey people who are hospitalized or institutionalized.
People with severe conditions might not have been able to
answer the telephone or be interviewed. For example,
stroke survivors interviewed through BRFSS may have
less severe disabilities than the total population of stroke
survivors. BRFSS also excludes people with no telephones
or people who use only cellular telephones. People who
use only cellular telephones tend to be younger and may
have fewer chronic conditions (34), whereas people with no
telephones are usually from a lower socioeconomic group,

which is associated with poor HRQOL (35). Thus, BRFSS
may either underestimate or overestimate the prevalence
of people with impaired physical or mental health. Second,
the analyses were based on self-reported data, which may
be influenced by reporting bias. However, results from
previous validation studies showed substantial agreement
between self-reported disease status and disease status as
documented in medical records (36). Third, since BRFSS
did not include questions about the severity of impairment
resulting from conditions or comorbidities, we were unable
to assess the association between severity of impairment
and HRQOL. It is possible that people who report bet-
ter physical health or fewer activity limitations had a
less severe impairment from their conditions than those
who reported worse HRQOL. However, in our analyses,
we were able to categorize respondents by the number
of conditions they had and to assess the association with
self-reported HRQOL. Finally, the cross-sectional study
design allowed us to demonstrate only an association.
Future studies using a longitudinal design are necessary
to assess the temporal sequence of the onset of the chronic
conditions and the change in HRQOL.

Despite these potential limitations, our findings suggest
that HRQOL varies substantially by the category and
number of chronic conditions. The prevalence and AORs
of frequent physical distress vary more widely across the
chronic conditions and appear to be higher than those of
frequent mental distress; HRQOL consistently decreases
as the number of conditions increases. Strategies by indi-
vidual clinicians and teams providing customized medica-
tion or treatment to improve the HRQOL of their patients
should focus on preventing sequelae and comorbidities of
the patient’s chronic disease and targeting the areas that
the patient values most, such as the ability to perform
daily activities, a desired recreational activity, or playing
with grandchildren. Motivating patients to take charge
of their disease management and adopt healthy lifestyles
that improve physical health may improve their HRQOL.
On a broad scale, health care organizations could focus
care management resources on enhancing communica-
tion with patients and guiding them in making choices to
improve their health and HRQOL.
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Tables

Table 1. Sample Characteristics, Behavioral Risk Factor Surveillance System (n = 430,912), United States, 2007

Characteristic
Age,y

18-44

45-64

>65

Sex

Men

Women
Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic

Other

Education

Less than high school
High school diploma
More than high school
Annual household income, $
<25,000
25,000-49,999
50,000-74,999
>75,000

Don’t know/not sure/refused

@ Weighted N = 230,172,178.

‘ Weighted %? Characteristic ‘ Weighted %?

Employment status

50 Employed 61
33 Unemployed 5
17 Homemaker/student 13
Retired 16
49 Unable to work 5
51 Health insurance coverage
No 15
69 Yes 85
10 Marital status
15 Married 61
6 Single, previously married 18
Single, never married 18
12 Member of an unmarried couple 4
29 Smoking behavior
60 Current smoking® 19
No current smoking 81
22 Drinking behavior
23 Heavy drinking® 5
15 No heavy drinking 95
27 Physical activity behavior
13 No physical activityd 9
Some physical activity 91

b Current smoking defined as ever having smoked at least 100 cigarettes and now smoking every day or some days.
¢ Heavy drinking defined as more than 2 alcoholic drinks per day for men and more than 1 alcoholic drink per day for women during the previous 30 days.
d No physical activity defined as not participating in any physical activity during the previous 30 days.
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Table 2. Prevalence of Chronic Conditions, Behavioral Risk Factor Surveillance System (n = 430,912), United States, 2007

Condition? Overall, % 1 Condition, % 2 Conditions, % 23 Conditions, %

Any 57 50 27 23
Asthma 8 33 28 39
Arthritis 27 30 31 39

Cardiovascular disease

Myocardial infarction 4 6 16 78
Angina 4 6 15 78
Stroke 3 9 19 73
Diabetes 9 11 23 67
Obesity 26 37 29 34
Hypertension 28 25 34 41

@ Respondents were categorized as having a condition if they had ever been diagnosed with it by a health professional or, in the case of obesity, if their body
mass index (calculated from self-reported weight and height) was =30 kg/mZ2.

Table 3. Prevalence of Health-Related Quality of Life Outcomes, by Chronic Conditions, Behavioral Risk Factor Surveillance System (n
= 430,912), United States, 2007

Condition? Fair or Poor Health, % Frequent Physical Distress,® % Frequent Mental Distress,” % | Frequent Activity Limitations,” %
Asthma 30 23 19 15
Arthritis 31 23 15 14

Cardiovascular disease

Myocardial infarction 53 34 17 21
Angina 53 35 18 22
Stroke 53 38 20 24
Diabetes 48 28 16 17
Obesity 25 16 13 10
Hypertension 31 20 13 12

Number of conditions

0 7 4 7 3
1 14 9 10 6
2 24 16 13 10
>3 47 32 18 20

@ Respondents were categorized as having a condition if they had ever been diagnosed with it by a health professional or, in the case of obesity, if their body
mass index (calculated from self-reported weight and height) was =30 kg/mZ2.
b On >14 days of the preceding 30 days.
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Table 4. Health-Related Quality of Life Outcomes, by Chronic Conditions, Behavioral Risk Factor Surveillance System (n = 430,912),
United States, 20072

Fair or Poor Health, AOR Physical Distress,® AOR Mental Distress, AOR Activity Limitations,® AOR
Condition® (95% Cl) (95% ClI) (95% Cl) (95% Cl)
No condition 1 [Reference] 1 [Reference] 1 [Reference] 1 [ Reference]
Asthma 4.7 (4.3-5.1) 3.9 (3.6-4.3) 2.3 (2.2-2.6) 3.1 (2.8-3.5)
Arthritis 4.5 (4.2-4.8) 4.0 (3.7-4.3) 2.5(2.3-2.6) 3.3(3.0-3.6)

Cardiovascular disease

Myocardial infarction 8.3 (7.6-9.2) 4.8 (4.45.3) 2.5 (2.3-2.8) 3.9 (3.5-4.4)
Angina 9.2 (8.4-10.0) 5.4 (4.9-6.0) 2.8 (2.5-3.1) 4.2 (3.8-4.7)
Stroke 6.9 (6.2-7.7) 4.8(4.35.4) 2.5 (2.2-2.9) 3.7 (3.3-4.2)
Diabetes 7.6 (7.0-8.3) 4.2 (3.8-4.5) 2.3 (2.1-2.5) 3.1(2.8-3.4)
Obesity 3.5(3.3-3.8) 2.7 (2.5-2.9) 1.8 (1.7-2.0) 2.4 (2.2-2.6)
Hypertension 4.3 (4.0-4.6) 3.1(2.83.3) 2.0 (1.9-2.2) 2.7 (2.4-2.9)

Number of conditions

1 2.1 (1.9-2.3) 1.9 (1.7-2.0) 1.5 (1.4-1.6) 1.7 (1.6-1.9)
2 3.7 (3.4-4.0) 3.0 (2.8-3.3) 2.1(1.9-2.2) 2.5 (2.32.8)
>3 8.7 (8.0-9.4) 5.5 (5.1-5.9) 2.9 (2.7-3.1) 4.1 (3.8-4.5)

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval.

@ Adjusted by age, sex, race/ethnicity, education, income, employment, health insurance coverage status, marital status, and 3 risk behaviors: smoking, heavy
drinking, and no physical activity. All AORs are significant at P < .001.

b Respondents were categorized as having a condition if they had ever been diagnosed with it by a health professional or, in the case of obesity, if their body
mass index (calculated from self-reported weight and height) was >30 kg/m?2.

¢0n 214 days of the preceding 30 days.
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Abstract

Introduction

Hypertension is a chronic condition that can be managed
with self-monitoring, lifestyle changes, and medication.
The purpose of this study was to describe receipt of physi-
clan’s treatment advice and use of treatments to manage
hypertension among Oklahoma’s adult population.

Methods

A random-digit—dialed telephone survey was adminis-
tered to noninstitutionalized adult residents of Oklahoma
(n = 7,463) in 2007. Respondents who indicated that
they had ever had hypertension (n = 2,937) were asked
whether a doctor had advised them on each of 5 general
management techniques and whether they used these
techniques to manage their condition. Data were weighted
and a descriptive analysis of the age-adjusted rates was
performed.

Results

Of all hypertensive adults, 91% had received advice from
a physician regarding treatment options, and medication
was the most commonly recommended therapy (80%).
Almost all hypertensive adults were managing their
hypertension through use of medication or lifestyle modi-
fication, and reducing salt intake was the most common
treatment used (74%). Physician advice and individual
treatment choices varied by demographic characteristics,

although respondents more commonly used a treatment
method that was advised by a physician.

Conclusion

Doctors should advise hypertensive patients of treat-
ment options because patients may be more likely to use 1
or more physician-advised options to manage their condi-
tion. Efforts should be made to enhance physicians’ ability
to educate patients about the effects of hypertension and
ways in which hypertension can be treated, in addition
to enhancing the patients’ knowledge of prevention and
treatment strategies.

Introduction

Hypertension is a major risk factor for cardiovascular
and kidney disease and a major contributor to premature
deaths (1). In 2005-2006, almost 30% of US adults lived
with hypertension (systolic blood pressure >140 mm Hg
or diastolic blood pressure >90 mm Hg), and another 28%
of US adults had prehypertension (systolic pressure of
120-139 mm Hg or diastolic pressure of 80-89 mm Hg), a
condition that puts them at increased risk of developing
hypertension (2). Hypertension is a silent disease; as many
as 20% of people with hypertension are not aware that
they have the condition (2). Irreversible damage can occur
in people who are unaware that they have hypertension
for years before a diagnosis is made. In people who are
aware that they have the disease, complications arise for
several reasons: not obtaining physician assistance, not
being adequately educated about treatment options (3-5),
having uncontrolled blood pressure (1,2,6,7), and failing to
adhere to prescribed treatment (8-11).

Prevalence of hypertension and cardiovascular disease,
as well as death rates due to cardiovascular and kidney
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disease, is higher in Oklahoma compared with the rest of
the nation (12,13). Furthermore, demographic differences
in disease prevalence and mortality exist (2,12,13). Among
Oklahoma’s adult population, hypertension is more com-
mon among those who are older, black, obese, poorer, and
less educated (14). Although almost 32% of Oklahoma
adults have hypertension (14), how they manage their
condition is unknown. Early detection of hypertension
and treatment with medication and lifestyle modification
may reduce the burden of illness and premature death in
Oklahoma (1).

This study was conducted to ascertain how Oklahoma
adults who have hypertension control their disease.
Hypertensive adults who received treatment advice from
a physician were analyzed to determine which treatment
methods they used. Treatment options that physicians
advised and the actions taken by patients were assessed
to determine whether disparities existed among demo-
graphic groups.

Methods

The Behavioral Risk Factor Surveillance System (BRFSS)
is the largest ongoing state- and territory-based telephone
survey of health behaviors and disease prevalence in the
United States. In Oklahoma, BRFSS is coordinated by the
Oklahoma State Department of Health, whose in-house
call center uses computer-assisted telephone interviewing
software to administer the questionnaire to Oklahoma
residents aged 18 years or older living in a noninstitution-
alized setting. Participants were selected by random-digit-
dialing of phone numbers stratified across 6 regions of the
state. Only those telephone numbers associated with land-
lines in residences were considered valid numbers. The
BRF'SS protocol has exempt status from the institutional
review board of the Human Research Protection Office,
Department of Health and Human Services under 45 CFR
46.101(b)(2).

Interviewers asked respondents, “Have you ever been
told by a doctor, nurse, or other health professional that
you have high blood pressure?’ If respondents answered
yes, interviewers then asked respondents a series of ques-
tions regarding how they managed their blood pressure
and whether a doctor had advised them of the various
treatment options available to manage blood pressure
(Appendix). Treatment options included taking medica-

tion, modifying diet, reducing salt intake and alcohol con-
sumption, and participating in physical activity.

From January to December 2007, the call center complet-
ed interviews with 7,463 noninstitutionalized Oklahoma
residents aged 18 years or older. The overall response rate
ranged from 49% to 52% per month (15). Data were sent
to the Centers for Disease Control and Prevention (CDC)
for processing and were returned to the state for analysis.
CDC weighted the data, adjusting for noncoverage, non-
response, and the number of adults and telephones in the
household (16).

The researcher analyzed blood pressure management
items and physician advice for the 2,937 respondents who
indicated that they had hypertension. Mutually exclusive
racial and ethnic categories were created (white, black,
American Indian not of Hispanic origin, Hispanic, and
other); however, in-depth analyses by individual race or
ethnicity were not possible, given the small sample sizes
in the nonwhite categories. Body mass index was grouped
into 3 categories: underweight/normal weight (<25.0 kg/
m?2), overweight (25.0-29.9 kg/m?), and obese (>30.0 kg/m?).
Respondents who were nonconsumers of salt and alcoholic
beverages were excluded from analysis of demographic
differences in reducing salt and alcohol consumption,
respectively. Records with missing data were excluded
from summary analyses specific to the variable to which
the missing data pertained.

The researcher age-adjusted the data to the 2000 US
standard population (17) and used SAS version 9.2 (SAS
Institute, Inc, Cary, North Carolina) and SAS-callable
SUDAAN version 10.0 (RTI International, Research Triangle
Park, North Carolina) to account for the survey’s complex
sampling design. Descriptive statistics were determined
and pairwise comparisons in age-adjusted rates among
groups were evaluated by comparing the 95% confidence
intervals. Differences in taking action between respondents
who received a physician’s advice and those who did not
were assessed via ¢ tests. Significance was set at a = .05.

Results

Characteristics of Oklahoma'’s hypertensive population

In 2007, 31.5% of Oklahoma adults (n = 2,937) had been
told by a health professional that they had hypertension.
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Most respondents with hypertension were aged 45 years
or older and were overweight or obese (Table 1). Almost
two-thirds of respondents with hypertension were mar-
ried, and more than half had lower levels of education
(high school diploma/general educational development
certification completion or less).

Doctor’s advice to manage blood pressure

Almost 91% of hypertensive adults had received phy-
sician counseling regarding treatment options for their
condition. Seventeen percent were advised of all treatment
options inquired about by BRFSS, and 13.5% were advised
of only 1 of the 5 options. Taking medication was the treat-
ment most commonly advised by doctors (Table 2). Almost
10% of hypertensive adults did not receive treatment
advice from their doctor.

Differences in age-adjusted rates of treatment advice
were evident by sex and age (Table 2). The sole sex-
based discrepancy in treatment advice was that doctors
more often counseled women than they did men to take
medication. Doctors also recommended medication more
often as patients’ age increased. Doctors more commonly
advised patients aged 45 to 64 years to change their diet
and exercise, and less frequently advised seniors aged 65
years or older to limit alcohol consumption. There were
few socioeconomic differences for type of treatment advice
received.

Individual actions taken to manage blood pressure

Most respondents with hypertension (94.6%) were taking
action to manage their condition, and approximately 84%
were using more than one type of treatment. Reducing salt
intake was the most common treatment being followed
(Table 3). Only 5.4% of respondents were not managing
their hypertension by using any of the methods inquired
about by the BRFSS.

Demographic differences were apparent with respect to
methods commonly used to manage blood pressure (Table
3). For example, more women than men took medication
as a means of managing blood pressure. Use of medication
increased with age, and respondents aged 45 to 64 years
were more likely to have modified their diet and reduced
alcohol consumption than older adults. A small percent-
age of obese adults were exercising, and college gradu-
ates and respondents with a household income of at least

$50,000 were less often reducing alcohol intake than were
respondents at lower levels of education and income levels,
respectively.

Following doctor’s advice to manage blood pressure

A large proportion of residents who were advised by
their doctors to take specific action to manage their blood
pressure indicated that they were doing so (Table 4). For
instance, 80% of respondents who were advised to take
medication used some form of medication, and more than
80% of respondents who were counseled to modify their
diet and reduce salt or alcohol intake were following their
doctors’ advice. Some residents engaged in behaviors to
improve their blood pressure without being told to do so by
a physician. Reducing salt intake was the most frequent
modification made by such people. Of the 10% of people
who were not counseled by a physician, approximately
one-third were not managing their blood pressure via any
method inquired about in the survey.

Discussion

Of the 31.5% of Oklahoma adults who had hypertension,
almost 91% had received advice from a physician regard-
ing how to manage their condition, and approximately
95% were managing their hypertension through using
medication, modifying their diet, reducing salt or alcohol
intake, or exercising. Medication was the most common
treatment advised by a physician, irrespective of demo-
graphic, and reducing salt intake was the most common
treatment used by the population as a whole. Although
demographic differences existed with respect to advice
given and treatment used, patterns were not consistent.
In general, respondents more often used a specific type of
treatment when it was advised by a physician.

The primary reason for managing blood pressure is to
reduce 1illness and death related to heart disease, stroke,
and kidney disease (1,2). Medication is the primary treat-
ment for hypertension, and several classes of medications
can be taken to assist with lowering blood pressure. Most
people require more than 1 medication to control their con-
dition (1) and may use different medications before finding
the most effective one. Because medications are key to
reducing hypertension and its associated risk of stroke and
other debilitating events and taking medication may be
simpler to accomplish than incorporating several lifestyle
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changes (11), it was not surprising that medication was the
most commonly advised treatment among Oklahomans. It
was also the most commonly used treatment for adults
aged 45 years or older, perhaps because of its effective-
ness at reducing risk of chronic diseases associated with
hypertension and because older adults may have difficulty
managing their condition (18,19). However, the BRFSS
survey did not include questions about type and number
of medications being used, adherence to prescribed treat-
ment, and whether blood pressure was under control.

Lifestyle modifications are necessary to prevent and
manage hypertension. Such modifications include dietary
changes (ie, adopting the DASH [Dietary Approaches to
Stop Hypertension] eating plan, which involves eating
more fruits, vegetables, and low-fat dairy products and
fewer saturated fats), reducing sodium and alcohol con-
sumption, engaging in regular physical activity, and main-
taining a healthy weight (1). Of the lifestyle treatments
inquired about by BRFSS, exercising and reducing salt
intake were most commonly advised for Oklahoma adults,
followed by making dietary modifications. Although these
lifestyle treatments enable modest reductions in blood
pressure, weight loss and weight control can have a
greater effect on blood pressure (1) and may lower the risk
of developing hypertension for people who do not already
have the condition (1,20,21). Studies have demonstrated
that weight loss and weight control are prominent treat-
ments advised by physicians to their patients (3,4), yet
questions regarding weight control as a treatment for
hypertension were not included in the BRFSS survey.
Modifying the diet and engaging in physical activity are
actions that may lead to weight loss, however, and should
be recommended to people who are overweight and obese.
Both of these lifestyle treatments were advised more com-
monly for hypertensive Oklahomans who were obese, a
finding similar to that of Mellen et al (5), although results
from the Oklahoma BRFSS were not significant.

In general, people more often used a treatment that was
recommended by a physician. This observation under-
scores the importance of supplying people who have been
diagnosed with hypertension with enough information to
make informed decisions, including strategies to assist
them in making key lifestyle changes. Overall, 10% of
hypertensive Oklahomans received no physician advice,
and almost one-third of these people were not managing
their blood pressure via using medication, making dietary
changes, reducing salt and alcohol intake, or exercising,

which puts them at higher risk of developing cardiovascu-
lar and kidney diseases (2). Of respondents who received
advice from a physician, few were informed of all available
treatment options inquired about in the BRFSS survey,
although advice rates for lifestyle modifications were
much higher than those observed in other studies (3,5).

There are several possible reasons why patients were
not advised of all treatment options, including having a
less severe condition or lack of other risk factors. Perhaps
some physicians did not have sufficient time to spend with
patients (22), underestimated their risk (23), or believed
that patients do not listen or understand the problem (22).
Physicians may be less likely to provide lifestyle recom-
mendations and intensive counseling because they lack
the training in lifestyle counseling to do so (3,5). Also,
patients may not remember having received information
regarding a specific treatment and thus would not have
responded positively to the BRFSS survey questions
regarding treatment advice. Regardless, not fully educat-
ing patients on all available treatments may affect their
ability to make well-informed decisions and inhibits the
ability to experiment with various treatments to find the
single treatment or combination of treatments that is most
successful. Even considering differences in patients’ health
histories and disease severity, lifestyle modifications alone
would benefit patients’ overall health, particularly their
cardiovascular health.

Managing hypertension is difficult, and as many as 65%
of people in the United States do not have good control
over their condition, meaning their blood pressure is not
maintained below 140/90 mm Hg (7). Physicians should
educate patients on treatment options and the conse-
quences of leaving hypertension untreated, and patients
should adhere to their doctors’ advice. Adherence, some-
times referred to as compliance, is estimated to be 50% for
medication use and even lower for behavior modifications
(11). Although a large percentage of respondents were esti-
mated to have followed their physicians’ treatment advice,
adherence rates could not be determined with the BRFSS
survey. Fewer people were likely actually adhering to their
physicians’ recommendations than was estimated.

Recommendations for improving patient adherence to
treatment have been published (1). Advice from a phy-
sician may act as a primer for forthcoming informa-
tion, improve recall, improve the sharing of information
with others, and perhaps effect behavior change (24).
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Physicians should discuss the consequences of allow-
ing hypertension to go untreated, as they sometimes do
not (3). Advice is not enough to effect compliance and
long-term adherence, however. The consensus is that
patients must be motivated to adhere to a regimen, and
although patients should take personal responsibility for
their actions, they also require education, reinforcement,
individualized programs, monitoring, and other types of
assistance from health care professionals to ensure suc-
cessful treatment (1,18,20,25). Health promotion efforts
that target physicians in an effort to improve their rates of
providing advice, introduce novel ways of educating their
patients, and assist them in increasing adherence would
benefit both the physician and patient.

There are several strengths to this study. The sample
was a stratified random sample of Oklahoma’s noninstitu-
tionalized adult population. Data were weighted to reduce
bias and to provide a more accurate representation of the
population from which the sample was drawn. Statistical
analysis used methods most appropriate for weighted
data.

There are also some limitations to this study. Households
without landline telephones were not included in the 2007
survey, and people who live in cell-phone-only households
may have different health risks and behaviors than people
who live in households with landline service. Respondents
may have provided answers to questions that they thought
would be more appropriate, potentially introducing social
desirability bias to the data, which tends to overreport
good behavior and underreport bad behavior. Because
BRFSS surveys a cross-section of the population, asso-
ciations rather than cause-and-effect relationships were
assessed. Comorbidities were not evaluated, and the sur-
vey did not include questions about when the respondents’
last blood pressure screening occurred, whether they cur-
rently had high blood pressure, whether they were truly
compliant with their physicians’ advice, and whether their
blood pressure was under control.

In summary, almost 91% of Oklahoma adults with
hypertension had received advice from a physician regard-
ing how to manage their condition, and approximately 95%
were managing their hypertension through some combina-
tion of using medication, modifying diet, reducing salt or
alcohol intake, or exercising. Respondents who received
advice from a doctor about a specific type of treatment had
higher rates of using that type of treatment. Therefore,

efforts should be made to enhance physicians’ ability to
educate patients about the effects of hypertension and
ways in which hypertension can be treated.
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Tables

Table 1. Demographic Characteristics of Survey Respondents Who Have Hypertension (N = 2,937), Behavioral Risk Factor
Surveillance System, Oklahoma, 2007

Sample Size? Weighted %"
Characteristics (N =2,937) (95% CI)
Sex
Male 1,035 50.2 (47.9-52.5)
Female 1,902 49.8 (47.5-52.1)
Age, y
18-44 320 21.2 (18.8-23.6)
45-64 1,174 43.7 (41.4-46.0)
>65 1,443 35.1(33.2-37.1)

Body mass index, kg/m?

<25.0 701 21.1 (19.3-23.0)
25.0-29.9 1,034 37.3 (35.0-39.6)
=>30.0 1,075 41.6 (39.2-43.9)

Race/ethnicity

White 2,253 70.7 (68.5-73.0)
Black 202 8.3 (6.9-9.6)
American Indian 186 9.3 (7.6-10.9)
Hispanic 80 4.3 (3.2-5.4)
Other 208 7.4 (6.2-8.6)

Marital status

Married 1,572 65.7 (63.5-67.8)
Unmarried 1,359 34.3 (32.2-36.5)
Education

High school diploma or less 1,518 51.1 (48.8-53.4)
Some college/technical school 817 28.1 (26.0-30.1)
College graduate 597 20.8 (19.0-22.6)

Household income, $

<25,000 1,097 38.2 (35.8-40.6)
25,000-49,999 734 29.3 (27.1-31.5)
=>50,000 680 32.5(30.1-34.8)

Abbreviation: Cl, confidence interval.

@ Some cells may not add to 2,937 because of missing data. Records with missing data were excluded from summary analyses specific to the variable to
which the missing data pertained.

b Data were weighted and adjusted for noncoverage, nonresponse, and the number of adults and telephones in the household.
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Table 2. Frequencies of Survey Respondents and Age-Adjusted Estimates of Hypertensive Adults Who Were Advised by a Doctor of
Treatments, Behavioral Risk Factor Surveillance System, Oklahoma, 2007

‘ Treatment Advised, Weighted %2 (95% Confidence Interval)

Reduce Alcohol

Characteristic Reduce Salt Intake® Intake®

Exercise

Take Medication

Modify Diet

Total (n = 2,937) 80.1(75.9-83.7) 59.8 (565.7-63.7) 69.4 (65.5-73.0) 33.0(29.2-37.0) 68.2 (64.1-72.0)
Sex

Male (n = 1,035) 75.9 (69.8-81.1) 60.0 (54.1-65.6) 68.4 (62.7-73.7) 37.4 (31.9-43.2) 67.0 (61.0-72.4)
Female (n = 1,902) 86.6 (82.1-90.1) 61.3 (56.6-65.9) 70.8 (66.1-75.0) 27.8(23.4-32.8) 71.3 (66.8-75.5)
Age, y

18-44 (n = 320) 66.7 (59.1-73.6) 58.6 (51.1-65.7) 67.2 (60.1-73.6) 39.7 (32.9-47.0) 64.3 (56.8-71.2)
4564 (n = 1,174) 94.0 (92.2-95.4) 67.5 (64.3-70.6) 73.2(70.1-76.1) 31.0 (27.8-34.3) 75.7 (72.8-78.5)
265 (n = 1,443) 97.5 (96.4-98.3) 49.7 (46.7-52.8) 69.4 (66.5-72.1) 15.5 (13.3-17.9) 66.9 (64.1-69.6)
BMI, kg/m?

<25.0 (n=701) —d — — — _
25.0-29.9 (n = 1,034) 79.1 (71.9-84.9) 55.8 (49.0-62.4) 69.9 (63.4-75.6) 30.1(24.1-37.0) 64.7 (57.7-71.2)
>30.0 (n = 1,075) 82.3 (75.9-87.3) 67.2 (60.9-72.9) 70.0 (64.2-75.3) 34.7 (29.0-40.9) 74.3 (68.4-79.5)
Education

High school diploma or less (n = 78.7 (72.4-83.9) 56.3 (50.3-62.1) 69.6 (63.6-74.9) 34.2 (28.6-40.2) 64.0 (58.0-69.5)
1,518)

Some college/technical school (n 83.5 (76.3-88.8) 67.6 (60.8-73.7) 68.2 (61.2-74.4) 35.7 (29.0-43.0) 75.3 (68.7-81.0)
=817)

College graduate (n = 597) 79.6 (70.2-86.6) 59.0 (50.6-66.9) 70.2 (63.3-76.3) 26.2 (20.2-33.2) 70.1 (61.0-77.9)
Annual income, $

<25,000 (n = 1,097) 79.9 (72.4-85.7) 59.9 (53.0-66.5) 74.5 (68.3-79.9) 35.8 (29.4-42.8) 68.5 (62.0-74.3)
25,000-49,999 (n = 734) 82.0(73.3-83.4) 60.4 (52.0-68.2) 70.5 (62.4-77.5) 39.4 (31.6-47.7) 68.8 (60.1-76.4)
250,000 (n = 680) 81.6 (74.4-87.2) 62.4 (55.5-68.9) 67.6 (61.2-73.4) 28.9 (23.6-34.9) 74.7 (67.6-80.6)

Abbreviation: BMI, body mass index.

@ Data were weighted and adjusted for noncoverage, nonresponse, and the number of adults and telephones in the household.
b Weighted percentages include only participants who used salt (n = 2,843).

¢ Weighted percentages include only participants who consumed alcohol (n = 1,634).
d Records with missing data were excluded from summary analyses specific to the variable to which the missing data pertained. A dash (—) indicates an unsta-

ble rate, with standard error >5.0.
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Table 3. Frequencies of Survey Respondents and Age-Adjusted Estimates of Hypertensive Adults Who Took Action to Manage Their
Blood Pressure, Behavioral Risk Factor Surveillance System, Oklahoma, 2007

‘ Treatment Advised, Weighted %2 (95% Confidence Interval)

Reduced Salt Reduced Alcohol
Modified Diet Intake® Intake®

Exercised

Took Medication

Characteristic

Total (n = 2,937) 66.1 (62.3-69.6) 66.4 (62.4-70.2) 74.2 (70.2-77.8) 59.8 (54.6-64.8) 63.5 (59.8-67.1)
Sex

Male (n = 1,035) 61.9 (56.9-66.7) 65.8 (60.0-71.2) 73.0 (67.4-78.3) 59.6 (52.5-66.2) 66.1 (60.6-71.2)
Female (n = 1,902) 73.0 (68.1-77.4) 67.1 (62.3-71.6) 75.6 (70.9-79.7) 61.2 (54.6-67.4) 60.5 (55.7-65.1)
Age, y

18-44 (n = 320) 46.3 (39.7-563.1) 63.8 (56.5-70.5) 70.7 (63.4-77.2) 58.0 (48.8-66.8) 67.0 (60.1-73.3)
45-64 (n = 1,174) 84.2 (81.6-86.4) 73.5(70.4-76.3) 78.5 (75.4-81.2) 68.6 (63.8-73.0) 60.5 (57.1-63.8)
265 (n = 1,443) 95.8 (94.4-96.8) 62.2 (59.2-65.1) 77.3 (74.5-79.8) 49.8 (44.2-55.4) 58.1 (55.1-61.0)
BMI, kg/m?

<25.0 (n=701) 59.8 (561.1-67.9) —d — — —
25.0-29.9 (n = 1,034) 63.0 (56.8-68.7) 68.4 (61.9-74.2) 74.1(67.5-79.8) 53.0 (44.5-61.3) 71.6 (66.1-76.6)
230.0 (n = 1,075) 70.2 (64.3-75.5) 66.1 (60.1-71.6) 75.2 (69.1-80.4) 66.4 (58.9-73.2) 56.6 (50.8-62.3)
Education

High school diploma or less (n = 62.3 (57.0-67.3) 63.2 (57.3-68.7) 74.8 (68.6-80.2) 64.6 (57.0-71.6) 59.9 (54.2-65.3)
1,518)

Some college/technical school (n 68.1 (61.2-74.4) 69.3 (62.3-75.4) 72.6 (65.3-78.9) 66.4 (57.7-74.1) 65.8 (59.2-71.9)
=817)

College graduate (n = 597) 73.2 (64.8-80.2) 70.8 (62.7-77.8) 74.5 (67.7-80.2) 43.6 (34.4-53.3) 69.4 (62.4-75.6)
Annual income, $

<25,000 (n = 1,097) 61.9 (65.7-67.7) 66.6 (59.9-72.7) 80.7 (74.2-85.9) 72.8 (64.1-80.1) 61.4 (55.2-67.3)
25,000-49,999 (n = 734) 70.7 (62.5-77.7) 68.8 (60.5-76.0) 74.9 (66.5-81.8) 66.2 (56.7-74.5) 61.8 (53.4-69.6)
250,000 (n = 680) 69.3 (62.7-75.2) 67.7 (61.1-73.7) 70.9 (64.4-76.6) 47.6 (39.7-55.6) 69.5 (63.5-74.9)

Abbreviation: BMI, body mass index.

@ Data were weighted and adjusted for noncoverage, nonresponse, and the number of adults and telephones in the household.

b Weighted percentages include only those who used salt (n = 2,685).

¢ Weighted percentages include only those who consumed alcohol (n = 1,230).

d Records with missing data were excluded from summary analyses specific to the variable to which the missing data pertained. A dash (—) indicates an unsta-
ble rate, with standard error > 5.0.
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Table 4. Frequencies of Survey Respondents and Age-Adjusted Estimates of Oklahoma'’s Hypertensive Residents Who Followed a
Doctor’s Advice or Managed Blood Pressure On Their Own, Behavioral Risk Factor Surveillance System, Oklahoma, 20072

Advised by Doctor Not Advised by Doctor ‘
Sample Size® Weighted %° Sample Size® Weighted %°
Treatment n/N (95% Cl) n/N (95% Cl) P Value
Took medication 2,399/2,614 80.3 (76.0-83.9) 25/174 11.8 (8.1-16.9) <.05
Modified diet 1,238/1,544 80.4 (76.3-84.0) 584/1,211 46.2 (39.4-53.1) <.05
Reduced salt intake? 1,396/1,602 84.8 (79.9-88.6) 515/886 57.1 (50.3-63.6) <.05
Reduced alcohol intake® 273/324 81.3 (73.1-87.4) 307/674 47.8 (41.2-54.6) <.05
Exercised 1,256/1,880 71.3 (67.3-75.0) 373/875 47.6 (40.3-55.0) <.05

Abbreviation: Cl, confidence interval.

@ Records with missing data were excluded from summary analyses specific to the variable to which the missing data pertained.

b Sample size refers to the number of respondents who engaged in the action (n)/number of respondents who were advised of the treatment method (N).
¢ Data were weighted and adjusted for noncoverage, nonresponse, and the number of adults and telephones in the household.

d Weighted percentages include only those who used salt (n = 2,685).

¢ Weighted percentages include only those who consumed alcohol (n = 1,230).

Appendix. Questions From the Core Survey and Optional Module, Behavioral Risk Factor
Surveillance System, Oklahoma, 2007

Respondents who answered yes when asked, “Have you ever been told by a doctor, nurse, or other health professional that you have high blood pressure?,”
were asked the questions listed below. Possible responses for each item were yes, no, “don’t know/not sure,” and “refused.” The items pertaining to salt and
alcohol also included the responses “do not use salt” and “do not drink,” respectively.

From the Core Survey

Question: Are you currently taking medicine for your high blood pressure?

From the Optional Module

Preface: Are you now doing any of the following to help lower or control your high blood pressure?

Question: [Are you] changing your eating habits (to help lower or control your high blood pressure)?
Question: [Are you] cutting down on salt (to help lower or control your high blood pressure)?

Question: [Are you] reducing alcohol use (to help lower or control your high blood pressure)?

Question: [Are you] exercising (to help lower or control your high blood pressure)?

Preface: Has a doctor or other health professional ever advised you to do any of the following to help lower or control your high blood pressure?
Question: [Ever advised you to] change your eating habits (to help lower or control your high blood pressure)?
Question: [Ever advised you to] cut down on salt (to help lower or control your high blood pressure)?
Question: [Ever advised you to] reduce alcohol use (to help lower or control your high blood pressure)?
Question: [Ever advised you to] exercise (to help lower or control your high blood pressure)?

Question: [Ever advised you to] take medication (to help lower or control your high blood pressure)?
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Abstract

Introduction

The prevalence of obesity is higher in rural than in
urban areas of the United States, for reasons that are
not well understood. We examined correlations between
percentage of rural residents, commute times, food retail
gap per capita, and body mass index (BMI) among North
Carolina residents.

Methods

We used 2000 census data to determine each county’s
percentage of rural residents and 1990 and 2000 census
data to obtain mean county-level commute times. We
obtained county-level food retail gap per capita, defined
as the difference between county-level food demand and
county-level food sales in 2008, from the North Carolina
Department of Commerce, and BMI data from the 2007
North Carolina Behavioral Risk Factor Surveillance
System. To examine county-level associations between
BMI and percentage of rural residents, commute times,
and food retail gap per capita, we used Pearson correla-
tion coefficients. To examine cross-sectional associations
between individual-level BMI (n = 9,375) and county-level
commute times and food retail gap per capita, we used
multilevel regression models.

Results

The percentage of rural residents was positively cor-
related with commute times, food retail gaps, and county-
level BMI. Individual-level BMI was positively associated
with county-level commute times and food retail gaps.

Conclusions

Longer commute times and greater retail gaps may
contribute to the rural obesity disparity. Future research
should examine these relationships longitudinally and
should test community-level obesity prevention strategies.

Introduction

In the United States, the prevalence of obesity is higher
in rural than in urban populations (1-5). Area-level fac-
tors that contribute to this disparity are not well under-
stood, but one underlying mechanism may be the food
environment. Obesity prevalence is lower in census tracts
containing a supermarket (6), and rural areas have few
supermarkets, which generally have a healthier mix of
low-cost food items compared with local convenience stores
(7). Accessibility to healthy food is also difficult in rural
areas because convenience stores are more common than
supermarkets (8-10).

Rural residents may regularly travel to urban areas in
neighboring counties to shop for food because of conve-
nience along the route to work, better prices, wider selec-
tion, or one-stop shopping offered at discount “supercent-
ers” (eg, Walmart) (11,12). This pattern of food shopping
among rural residents may create a retail shortfall or “gap”
for food venues in rural areas, causing rural food venues
to have a decreased share of the market. A large food
retail gap may exacerbate rural food deserts (13), or areas
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where residents have limited access to affordable, healthy
food (14), when smaller food venues in underserved areas
close as business is lost to nearby discount supercenters
(13,15). Rural residents’ prolonged travel time to larger
supermarkets or supercenters not only increases the retail
gap in the rural county but decreases the frequency of
food shopping. In turn, diet quality may decrease as rural
residents purchase less fresh produce and more processed
foods (16,17).

Another hypothesized mechanism underlying the rural-
urban obesity disparity is that rural residents may spend
more time traveling to work or to obtain goods and ser-
vices than do their urban counterparts. Obesity is associ-
ated with urban sprawl (18-20), time spent in cars (21),
and vehicle miles traveled per day (22). One Los Angeles-
based study found that distance traveled to the nearest
supermarket was positively associated with higher body
mass index (BMI) (23). To our knowledge, no studies have
examined the associations between distance to food shop-
ping location, commute times, and BMI among rural and
urban residents.

To better understand associations between area-level
factors and obesity, we conducted ecologic analyses of
associations between the percentage of rural-dwelling
residents, commute times, food retail gaps, and BMI for all
100 North Carolina counties. We hypothesized that 1) the
percentage of rural residents per county is positively cor-
related with commute time and food retail gap per capita,
2) county-level commute time is positively correlated with
food retail gap per capita, and 3) both commute time and
food retail gap per capita are positively correlated with
county-level mean BMI. In separate individual-level, con-
textual analyses, we examined individual-level BMI as the
dependent variable and county-level commute time and
food retail gap per capita as independent variables. We
hypothesized that longer commute times and greater food
retail gaps per capita would be positively correlated with
individual-level BMI.

Methods

Percentage of rural residents

We calculated the percentage of rural residents for all
North Carolina counties by dividing the number of county
residents who lived in a rural area according to 2000 cen-

sus criteria (24) by the county population. The percentage
of rural residents ranged from 4% to 100%.

Commute times

We generated reports for county-level commute times
for 1990 and 2000 from US census data from the
North Carolina Department of Commerce Economic
Development Intelligence System. Census data were
derived from answers to the census long-form question-
naire. Respondents who worked outside the home esti-
mated the number of minutes it took to get from home to
work each day, and commute time was derived by divid-
ing the total number of minutes by the number of work-
ers aged 16 years or older who did not work at home. We
examined associations by using the 1990 and 2000 com-
mute times and the difference in commute times between
1990 and 2000. The difference in 1990 and 2000 commute
times describes broad shifts in county-level commuting
over 10 years.

Food retail gap

We defined the food retail gap as the difference between
county-level demand for food and county-level sales of
food. We obtained the food retail gap for each North
Carolina county from the North Carolina Department of
Commerce Economic Development Intelligence System.
The Environmental Systems Research Institute (ESRI)
calculated retail gaps by subtracting county-level retail
sales (supply) of products for a particular industry cat-
egory in 2008 from county-level demand for products in
that industry category in 2008. ESRI estimated demand
using data on consumer expenditures from the Bureau
of Labor Statistics and InfoUSA, a commercial database
marketing system.

ESRI calculates the food retail gap for North American
Industry Classification System (NAICS) codes 445 (rep-
resenting food and beverage stores) and 722 (represent-
ing the food services and drinking places) separately.
For these analyses, we used food retail gaps calculated
from individual and combined NAICS codes 445 and
722. Venues included in the food and beverage stores
subsector (NAICS code 445) sell food and beverages from
fixed point-of-sale locations, such as supermarkets, gro-
cery stores, convenience stores, meat markets, produce
markets, and specialty food stores. Venues included in
the food services and drinking places subsector (NAICS
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code 722) prepare meals, snacks, and beverages to cus-
tomer order for consumption on and off the premises,
such as full-service restaurants, limited-service eating
places (fast-food restaurants), special food services, and
drinking places. To control for population density, we
calculated the food retail gap per capita by dividing the
ESRI-estimated food retail gap by the 2007 county popu-
lation estimate provided by the US census. A negative
retail gap indicated that county-level sales were greater
than county-level demand; a positive retail gap indicated
that county demand was greater than county sales. For
example, if County X has 1 chain supermarket and
neighboring County Y has a large discount supercenter,
residents of County X may begin grocery shopping at the
supercenter, creating a positive food retail gap in County
X and a negative food retail gap in County Y as residents’
food dollars are spent in the neighboring county. This
could result in closing of the 1 chain supermarket in
County X, making travel to the discount supercenter a
necessity for obtaining groceries.

Body mass index

We estimated county-level mean BMI using self-report-
ed height and weight for respondents to the North
Carolina Behavioral Risk Factor Surveillance System
(BRFSS); responses were aggregated over 5 years (2003-
2007). The 5-year aggregate provided an adequate num-
ber of responses for reliable estimates for counties with
low population densities (single-year estimates for rural
counties are unstable). We calculated mean weighted
BMI using SUDAAN version 10.1 (Research Triangle
Institute, Research Triangle Park, North Carolina),
which accounts for BRFSS oversampling of minorities.
The mean (standard deviation) county-level BMI was
27.7 (0.85) kg/m2. The median (interquartile range) was
27.6 (25.9-30.1) kg/m?.

We conducted individual-level, contextual analyses using
data from the 2007 North Carolina BRFSS for respondents
aged 18 to 65 years with valid county identifiers. Because
of confidentiality concerns, BRFSS does not provide county
identifiers for residents of counties with fewer than 50
respondents. We excluded those counties. The individual-
level sample consisted of 9,375 respondents from 64 coun-
ties. The mean population of the 64 counties included
was 123,968, and the mean population of the 36 counties
excluded was 25,322. The individual-level mean (SD) BMI
was 28.1 (6.4) kg/m?2.

County-level census data

To control for economic interdependence of adjacent
counties, we examined the Rural to Urban Continuum
Codes (RUCC) as a covariate. The RUCC is a 9-level ordi-
nal scale used by the Economic Research Service to clas-
sify counties according to adjacency to metropolitan areas
(24). We included a diversity index as a potential covari-
ate in analyses because of associations between racial/eth-
nic mix and availability of food venues (eg, supermarkets
[25], fast-food restaurants [26]) and to account for North
Carolina counties’ varied race/ethnicity distributions (27).
The diversity index represents the percentage of times 2
randomly selected people in each county would differ by
race/ethnicity (27). The index is calculated by squaring
the proportions of residents in each racial/ethnic group,
summing the squares, and subtracting the result from 1.
We determined both the county-level diversity index and
the percentage of residents who lived below the poverty
level using 2000 census data. We calculated the percent-
age of residents who lived below the poverty level by
dividing the number of residents below the poverty level
in 1999 by the estimated 1999 county population. North
Carolina is divided into 3 regions (Coastal Plain/Eastern,
Appalachian Mountain/Western, and Piedmont Plateau)
with distinct demographic and socioeconomic character-
istics. Thus, we also examined the variable “region” as a
potential covariate.

Statistical analyses

For county-level ecological analyses, we used SAS ver-
sion 9.2 (SAS Institute, Inc, Cary, North Carolina) to
calculate correlation coefficients for percentage of rural
residents, food retail gap per capita, commute time, and
BMI for all 100 North Carolina counties. We used back-
ward selection to construct linear regression models to
examine the associations among county-level independent
variables of commute times and food retail gap per capita,
using county-level mean BMI as the dependent variable.
Percentage of rural residents, diversity index, percentage
below poverty, and region were potential covariates and
were eliminated from the model in successive steps if the
P value for the parameter estimate was .05 or higher. We
examined the potential multicollinearity among covariates
by computing their corresponding tolerance values. The
tolerance is the proportion of variance in a given inde-
pendent variable that is not explained by all of the other
covariates; we found a tolerance value for all of greater
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than 0.1, which has been widely used as the threshold for
multicollinearity in linear regressions (28).

For individual-level, contextual analyses, we constructed
multilevel linear regression models; the dependent vari-
able was individual-level BMI from 2007 BRFSS respon-
dents (n = 9,375). County-level independent variables
were food retail gap per capita, commute time in 2000, and
difference in commute times between 2000 and 1990. Sex,
age, race/ethnicity, and education were individual-level
covariates, and the RUCC was a county-level covariate.
Region was added as a third level.

Multilevel regression analyses allowed us to assess
associations between individual-level BMI and area-level
factors, accounting for the fact that people who reside in
the same county are not independent observations (29).
We examined the association between individual-level
BMI and the 5 county-level variables of interest (commute
time in 2000, difference between 1990 and 2000 commute
times, retail gap per capita for NAICS code 445 [food and
beverage stores], retail gap per capita for NAICS code 722
[restaurants and drinking places], and combined retail
gap per capita) in separate models. The first 3 models to
examine the association between BMI and county-level
variables of interest were 2-level random intercept models.
Model 4 included additional regional dummy variables to
account for fixed effects from region. We used SAS version
9.2 for individual-level, contextual analyses, with esti-
mates weighted to adjust for BRFSS oversampling.

Results

Summary statistics for the individual-level data among
2007 BRFSS respondents by region are reported in
Table 1.

County-level analyses

Percentage of rural residents was significantly corre-
lated with both the commute times in 1990 and 2000 and
the difference in commute times between the 2 years, food
retail gap per capita for restaurants and drinking places,
overall food retail gap per capita, and BMI (Table 2).

We found significant positive correlations between com-
mute time and retail gap per capita (Table 3). There were
significant positive correlations between total food retail

gap per capita and BMI and between the difference in
commute times from 1990 to 2000 and BMI.

In linear regression analyses adjusted for county-level
diversity index and the percentage of residents below the
poverty level, a positive association was found between
commute time in 2000 and BMI (parameter estimate, 5.24,
standard error, 1.86; P =.006). We also found a significant
positive association between food retail gap per capita and
BMI when controlling for region and population percent-
age below poverty (parameter estimate, 0.024; standard
error, 0.006; P < .001).

In linear regression models with county-level mean
BMI as the dependent variable and difference in commute
times from 1990 to 2000 and retail gap per capita as inde-
pendent variables, the most parsimonious model included
the covariates population percentage below poverty and
regional fixed effects and explained 43% of variance in
county-level BMI. When 2000 commute time and food
retail gap per capita were included as independent vari-
ables, controlling for diversity index and percentage below
the poverty level, the model explained 40% of variance in
county-level BMI.

IndividuaHevel analyses

The point estimates for each of the county-level vari-
ables of interest (commute time and retail gap per capita)
are presented for 4 model specifications (Table 4). In
Model 1, we did not include any additional covariates.
Individual covariates were added in models 2 and 3. In
model 4, regional fixed effects were added. All 5 measures
of county-level commute time and food retail gap per cap-
ita were positively associated with individual-level BMI.
These effects were significant in the unadjusted model
(model 1), and the significance remained when individual-
level and regional covariates were included in models 2,
3, and 4, with the exception of average commute time
increase in model 4. When 2000 commute time and retail
gap per capita were both included in the same model with
individual-level and regional covariates, the parameter
estimates for the county-level variables of interest were no
longer significant.

Discussion

Our results demonstrate a positive correlation between
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percentage of rural residents and 1) commute times and 2)
food retail gap per capita, suggesting that counties with a
higher percentage of rural residents have longer commute
times and greater retail shortfalls, and thus residents may
generally spend food dollars outside their county of resi-
dence. Previous studies have found positive associations
between BMI and travel distance to grocery stores (23)
and time spent in cars (21,22).

We found significant cross-sectional correlations between
individual-level and county-level BMI and 1) commute
times and 2) food retail gap per capita, but significance
did not remain when both were included in the individual-
level model. This attenuation could be due to model over-
adjustment if commute time and retail gap are both on the
causal pathway explaining the relationship between rural
residence and BMI.

These analyses support strategies presented in
Recommended Community Strategies and Measurements
to Prevent Obesity in the United States (30) to improve
geographic availability of supermarkets in underserved
areas and provide incentives to food retailers to offer
healthier food and beverage choices in underserved areas.
If implemented, these strategies would decrease travel
times necessary for accessing healthy, affordable foods
among low-income and rural residents. When combined
with health education efforts and mass media campaigns
encouraging healthy food choices, more accessible and
affordable healthy foods may lead to healthier food con-
sumption patterns and to lower obesity prevalence in
these groups.

In a qualitative study of rural Georgia adults, par-
ticipants identified several barriers to obtaining healthy
foods, including poor selection, limited time, fuel prices,
and the distance (15-45 miles) to larger communities with
bigger stores and better selection (31). Another study
found that longer distance traveled to the primary grocery
store was associated with higher BMI (23). This previ-
ous work, taken together with our results, supports the
notion that rural residents who travel farther to shop for
food may purchase less healthful food. However, we did
not measure the distance to the locations where people
shopped and assumed that a positive food retail gap indi-
cated a general trend for rural residents to shop for food
outside their county of residence. Future work should
assess the relationship between commute times and the
locations where they purchase food. Future work should

also include mediational analyses to examine the relation-
ships between commute time, food shopping frequency and
location, diet quality, and BMI.

This study has several limitations. Foremost is the eco-
logical design, which used several different data sources.
The inconsistent timing of data collection for commute
times (1990, 2000), food retail gaps (2008), and BMI (2003-
2007) is an additional limitation. However, we used the
most recent data available, and average commute time
is a proxy for distance between place of employment and
residence (32). A related limitation is the exclusion of
people in the 36 counties where BRFSS did not provide
county-level identifiers, pointing to the need for more work
to examine rural populations. An additional caveat is that
we used self-reported height and weight from BRFSS to
calculate BMI, potentially biasing results toward the null
if hypothesized relationships between commute times,
food retail gaps, and BMI truly exist, because of potential
underestimation of weight status. The use of a commercial
business database (InfoUSA) to obtain sales data is also
a limitation, because such databases may contain errors
(33). Finally, in these analyses, we assumed commute time
referred to time spent driving. Some people may walk or
bike to work instead of drive; however, few Americans
actively commute (34).

This study is the first to examine correlations between
commute times, food retail gap per capita, and mean BMI
in counties in North Carolina. We present an approach
to studying the association between BMI and variables
related to the built and economic environments, providing
support for the notion that economic and built environ-
ment factors are related to obesity.
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Tables

Table 1. Characteristics of 9,375 Respondents by Region, North Carolina Behavioral Risk Factor Surveillance System, 20072

Region®

Western Eastern Piedmont
Characteristic n=1,789 n = 3,190 n = 4,837
BMI®, kg/m? 27.8 (6.1) 28.7 (6.6) 27.9 (6.3)
Age, y 47.6 (12.1) 46.3 (12.4) 46.0 (11.9)
Men, % 37.2 (48.3) 35.7 (47.9) 37.0 (48.3)
High school diploma, % 58.6 (49.3) 60.5 (48.9) 50.5 (50.0)
Non-Hispanic black, % 5.0 (21.8) 24.8 (43.2) 18.0 (38.4)
Non-Hispanic white, % 87.9 (32.6) 63.4 (48.2) 72.3 (44.7)
Hispanic, % 3.8 (19.1) 5.3 (22.5) 5.4 (22.5)
County-level percentage residing in rural areas 57.9 (22.6) 44.8 (24.2) 25.8 (20.9)
County-level diversity index x 100¢ 18.6 (7.1) 49.0 (12.1) 43.6 (10.3)
County-level percentage below the poverty level 12.1 (2.0) 15.5 (3.8) 9.8 (1.8)
County-level commute time in 1990, minutes 19.4 (1.4) 19.5 (2.3) 19.9 (1.7
County-level commute time in 2000, minutes 22.5(2.0) 24.0 (3.3) 24.0 (2.2)
Commute time difference (2000 - 1990), minutes 3.2 (1.2) 4.4 (1.6) 4.1 (0.8)
Retail gap per capita (NAICS code 445)¢ -251.2 (-353.3 to0 124.2) 63.9 (-120.9 to 159 -44.3 (-279.7 t0 373.9)
Retail gap per capita (NAICS code 722)f 150.7 (-362.2 to 228.6) -116.5 (-211.5 to 358.1) 98.8 (-152.8 to 361.9)
Combined retail gap per capita (NAICS codes 445 + 722) -6.5 (-668.8 to 334.4) -147.6 (—455.7 to 457.9) 240.4 (-85.9 t0 517.4)

Abbreviations: BMI, body mass index; NAICS, North American Industry Classification System.

@ Respondents resided in 64 North Carolina counties with valid values for all covariates for regression analyses, weighted to population.

b All values are reported as mean (standard deviation), except those for retail gap per capita, which are reported as median (interquartile range).

¢ BMI was unavailable for 441 respondents: 73 for the Western region, 143 for the Eastern region, and 225 for the Piedmont region.

d Calculated by squaring the proportions of residents in each racial/ethnic group, summing the squares, and subtracting the result from 1 (27).

¢ Retail gap per capita calculated by subtracting county-level sales of products for a NAICS category in 2008 from county-level demand for products in that
category in 2008. NAICS code 445 defined as stores that sell food and beverages from fixed point-of-sale locations, including supermarkets, grocery stores,
convenience stores, meat markets, produce markets, and specialty food stores.

fNAICS code 722 defined as food services and drinking places that prepare meals, snacks, and beverages to customer order for consumption on and off the
premises, including full-service restaurants, limited-service eating places (fast-food restaurants), special food services, and drinking places.
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Table 2. Correlation Between Percentage of Rural Residents in 100 North Carolina Counties and Mean Commute Times, Food
Retail Gap Per Capita, and BMI

Variable ‘ Correlation With Percentage of Rural Residents?

Commute time 1990 0.56
Commute time 2000 0.59
Commute time difference (2000 — 1990) 0.25
Retail gap per capita (NAICS code 445)° 0.19
Retail gap per capita (NAICS code 722)° 0.43
Combined retail gap per capita (NAICS codes 445 + 722) 0.31
County-level BMI 0.21

Abbreviations: BMI, body mass index; NAICS, North American Industry Classification System.

@ P values ranged from <.001 to .04 using a t test except except that for retail gap per capita (NAICS code 445) (P = .06).

b Retail gap per capita calculated by subtracting county-level sales of products for a NAICS category in 2008 from county-level demand for products in that
category in 2008. NAICS code 445 defined as stores that sell food and beverages from fixed point-of-sale locations, including supermarkets, grocery stores,
convenience stores, meat markets, produce markets, and specialty food stores.

¢ NAICS code 722 defined as food services and drinking places that prepare meals, snacks, and beverages to customer order for consumption on and off the
premises, including full-service restaurants, limited-service eating places (fast-food restaurants), special food services, and drinking places.

Table 3. Correlation Between BMI and Mean Commute Times and Food Retail Gap per Capita in 200 North Carolina Counties

‘ Retail Gap per Capita?®
NAICS Codes 445 +

VELELE NAICS Code 445" NAICS Code 722¢ 722 County-Level BMI

Commute time 1990 0.26 0.41 0.34 0.12
Commute time 2000 0.35 0.51 0.44 0.31
Commute time difference (2000 — 1990) 0.29 0.35 0.34 0.46
County-level BMI 0.37 0.24 0.34 1.00

Abbreviations: BMI, body mass index; NAICS, North American Industry Classification System.

@ Retail gap per capita calculated by subtracting county-level sales of products for a NAICS category in 2008 from county-level demand for products in that cat-
egory in 200. P values ranged from <.001 to .01 using a t test except that for commute time in 1990 and BMI (P = .22).

b NAICS code 445 defined as stores that sell food and beverages from fixed point-of-sale locations, including supermarkets, grocery stores, convenience
stores, meat markets, produce markets, and specialty food stores.

¢ NAICS code 722 defined as food services and drinking places that prepare meals, snacks, and beverages to customer order for consumption on and off the
premises, including full-service restaurants, limited-service eating places (fast-food restaurants), special food services, and drinking places.
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Table 4. Correlation Between Individual-Level BMI and County-Level Variables, North Carolina?®

Regression Model°

County-Level Variable 2 3

2000 Commute time 0.0847 0.0730 0.0733 0.0660
Commute time difference (2000 - 1990) 0.2719 0.1812 0.1791 0.1572
Retail gap per capita (NAICS code 445) 0.0004 0.0002 0.0003 0.0002
Retail gap per capita (NAICS code 722)¢ 0.0004 0.0004 0.0004 0.0004
Combined retail gap per capita (NAICS codes 445 + 722) 0.0002 0.0002 0.0002 0.0002

Abbreviations: BMI, body mass index; NAICS, North American Industry Classification System.

@ Individual-level BMI was the dependent variable and county-level commute times and food retail gap per capita were independent variables. Individual covari-
ates were age, age squared, sex, education, and race/ethnicity.

b Model 1: no additional covariates; model 2: individual covariates only; model 3: individual covariates + Rural to Urban Continuum Codes (RUCC) (24); model
4: individual covariates + RUCC + regional dummy variables.

¢ P values ranged from <.001 to .048 using a t test, except those for Model 2 for retail gap per capita (NAICS code 445 [P = .08] and NAICS code 722 [P =
.06]) and for Model 4 for for retail gap per capita (NAICS code 445 [P = .06]).

d Retail gap per capita calculated by subtracting county-level sales of products for a NAICS category in 2008 from county-level demand for products in that
category in 2008. NAICS code 445 defined as stores that sell food and beverages from fixed point-of-sale locations, including supermarkets, grocery stores,
convenience stores, meat markets, produce markets, and specialty food stores.

€ NAICS code 722 defined as food services and drinking places that prepare meals, snacks, and beverages to customer order for consumption on and off the
premises, including full-service restaurants, limited-service eating places (fast-food restaurants), special food services, and drinking places.
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Abstract

Introduction

Diabetes rates continue to grow in the United States.
Effectively addressing the epidemic requires better under-
standing of the distribution of disease and the geographic
clustering of factors that influence it. Variations in the
prevalence of diabetes at the local level are largely unre-
ported, making understanding the disparities associated
with the disease more difficult. Diabetes death rates during
the past 15 years in Duval County, Florida, have been dis-
proportionately high compared with the rest of the state.

Methods

We analyzed multiple sources of secondary data related
to diabetes illness and death in Duval County, includ-
ing data on hospital discharge, emergency department
(ED) use, and vital statistics. We accessed diabetes and
diabetes-related ED use and hospitalization and death
data by using codes from the International Classification
of Diseases versions 9 and 10. We analyzed data from the
Behavioral Risk Factor Surveillance System survey for
Duval County and adapted Centers for Disease Control

and Prevention weighting formulas for subcounty analysis.
We used relative risk—type disease ratios and geographic
information systems mapping to analyze data.

Results

The urban, mostly minority, low-socioeconomic area of
Duval County had twice the rate of diabetes-related illness
and death as other areas of the county, and the inner-city,
poor area of the county had almost 3 times the rate of hos-
pitalization and ED use for diabetes and diabetes-related
conditions compared with the other areas of the county.

Conclusion

Our analyses show that diabetes-related disparities
affect not only people and their families but also the
community that absorbs the costs associated with the
disproportionate health care use that results from these
disparities. Analyzing data at the subcounty level has
implications for health care planning and public health
policy development at the local level.

Introduction

Diabetes is recognized as a growing national and interna-
tional epidemic as prevalence rates for other major chronic
diseases such as stroke and heart disease have decreased
(1,2). The challenges of addressing the epidemic are exac-
erbated by the disparities in the prevalence of the disease.
These disparities are complicated by quality-of-care issues
and socioeconomic determinants (3-7), which may include
local geographically clustered factors such as availability
and access to health care, education and employment oppor-
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tunity, and social capital and social cohesion. Furthermore,
variations in the prevalence of diabetes at the local level
are largely unreported, making understanding the dispari-
ties associated with the disease more difficult.

Duval County is a consolidated city/county government
located on the northeast coast of Florida. It is a large
(more than 840 square miles) and diverse area that has a
population of more than 900,000 (8). The city/county con-
tains areas that reflect urban, suburban, and rural areas.
In 2007, Duval County, which encompasses Jacksonville,
had an age-adjusted diabetes death rate of 32 per 100,000,
compared with the 10 other largest counties in Florida
(range, 14-29; median = 20) (9). In 2007, the total hospital-
ization costs for adult diabetes-related treatment in Duval
County exceeded $714,000,000, and the cost for emergency
department (ED) visits due to diabetes-related treatment
was more than $57,000,000 (10). The growing disparity in
diabetes deaths between Duval County and the state of
Florida as a whole has been an alarming trend during the
past 15 years (Figure 1).

Figure 1. Yearly trend in age-adjusted diabetes 3-year death rate per
100,000. Three-year rate is calculated by summing the 3 years of deaths
and dividing by 3 to obtain the annual average of events, followed by calcu-
lating the age-specific rates for each year. Data source: Florida Department
of Health, Bureau of Vital Statistics, 1998-2008.

We used several methods to study the local prevalence
of diabetes, including the use of administrative data for
the number of hospital and physician visits for diabetes
(11,12) and Behavioral Risk Factor Surveillance System
(BRFSS) survey self-reported data (13). Both methods rely
on health system diagnosis, either documented through

administrative records or communicated to patients. We
used a method of weighting prevalence rates to adjust for
undiagnosed cases (14). Diabetes death rates and various
measures of diabetes prevalence capture different forms
of observable characteristics or effects of the disease. We
assessed the comparable sensitivity of these measures,
particularly as the measures relate to geographic distribu-
tion of ethnicity and social determinants, and analyzed
diabetes-related disparities at the local level by using
different sources of data to provide implications for public
health and health care policy.

Methods

We used a secondary data analysis research design that
included multiple sources to assess the prevalence and
effect of diabetes in Duval County. Data sources were ED
and hospital discharge data for the year 2007 reported
to the Florida Agency for Health Care Administration
(AHCA), vital statistics data for the year 2007 reported
to the Florida Department of Health, 2007 BRFSS data
collected by the Florida Department of Health, popula-
tion data collected by the US Census Bureau and census
estimates generated by the Florida Office of Economic and
Demographic Research and Nielsen Claritas, and previ-
ously created geographically defined areas, identified as
health zones.

Data sources and management

ED and hospital discharge data. Hospitals in Florida
are required to report ED and hospitalization data quar-
terly to the AHCA, using a standardized format based on
codes from the International Classification of Diseases
(ICD) version 9. The most current complete data file avail-
able at the time of the analysis was 2007. Using hospital
discharge data for all people aged 18 years or older, we
identified the ICD-9 codes for diabetes (all diseases and
conditions coded as 250) as the primary cause of hospi-
talization or ED use. Then, we counted diabetes-related
cases as admissions for which the primary diagnosis was
diabetes or for which diabetes was coded as a contributing
condition. Finally, we calculated the rates by dividing the
frequencies for diabetes or diabetes-related cases by the
population and multiplying by 100,000.

Vital statistics death file data. First, we used ICD-10
codes to identify diabetes deaths from the primary cause
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of death and diabetes-related deaths from all contributing
causes of death in addition to the primary cause of death,
as recorded on the death certificate. Next, we calculated
rates by dividing the number of cases in people aged 18
years or older by the population in each geographic area or
demographic group and multiplying by 100,000.

BRFSS data. The Florida Department of Health con-
ducted the 2007 BRFSS survey in the state of Florida.
The Duval County Health Department obtained a larger
sample from the county population so that we could con-
duct analyses at the subcounty level. The larger sample
was purchased through the Florida Department of Health
using noncategorical discretionary funds available to the
county health department. Approximately 1,800 residents
aged 18 years or older responded to the BRFSS in Duval
County. The responses were weighted by using BRFSS
weighting methods that account not only for the sampling
plan of the telephone survey but also for the distribution
of demographic groups within the county (see Appendix
for description of weighting). The variable of interest from
the BRFSS data file was DIABETEZ2, which contained the
answer to the survey question, “Have you ever been told
by a doctor that you have diabetes?” We counted the num-
bers of affirmative responses on both the raw data file and
weighted data file and used them to calculate the weighted
and unweighted BRFSS prevalence rates for diabetes,
using SPSS software (SPSS, Inc, Chicago, Illinois). We
calculated undiagnosed cases as a proportion of diagnosed
cases (14).

Population data. We obtained the population esti-
mates used for county-level rates from the Florida Office
of Economic and Demographic Research via the Florida
Department of Health, Office of Health Statistics and
Assessment (CHARTS) (15). Population estimates for the
subcounty level rates were obtained from Nielsen Claritas,
a demographic data vendor that provided 2000 census—
based demographic projections by zip code. The Florida
Office of Economic and Demographic Research provides
official state estimates for the county, but Nielsen Claritas
was needed for the subcounty estimates.

Subcounty divisions. Because the zip code areas of
Duval County were statistically unreliable for many health
issues, we used multi—zip code health zones (Figure 2) that
were created by the Duval County Health Department
Institute for Health, Policy, and Evaluation Research to
provide reliable and consistent data for subcounty analy-

sis (16). Data generated on the basis of health zones also
overcome Health Insurance Portability and Accountability
Act (HIPAA) issues concerning protection of personal iden-
tifiers associated with geographic areas with small popu-
lations. The private and public heath and social services
sectors of the county use these health zones extensively
for community assessment and planning. The health zones
have different demographic characteristics. For example,
health zone 1 is more than 80% African American, whereas
health zones 3 and 6 are less than 20% African American.
Health zone 1 has many health disparities compared with
the other health zones (16).

Figure 2. Health zones, Duval County, Florida. Prepared by the Duval County
Health Department, Institute for Health, Policy, and Evaluation Research,
August 2008.

Analysis

Comparison of rates from the different data sources
involved several steps: calculation of rates using a stan-
dard format; comparison of rates for each of the subcounty
zones to the overall county rate, using graphic and map-
ping analytic techniques; calculation of the disease ratios
(relative risk and prevalence ratio) for the urban core zone
(health zone 1) compared with the rest of the county; and
calculation of odds ratios for comparison of each health
zone to one another. Disease ratios such as relative risk
(typically associated with incidence) and prevalence ratios
use the same formulas for calculation. The relative risk
and corresponding confidence interval calculations were
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computed by using Epi Info (Centers for Disease Control
and Prevention, Atlanta, Georgia).

GIS mapping. We used geographical information sys-
tems (GIS) mapping to interpret and visualize patterns
of diabetes illness and death and hospitalization and
ED data across Duval County health zones. We used
ArcMap (Environmental Systems Research Institute, Inc,
Redlands, California) for spatial analysis. Specifically, we
developed thematic maps using percentages and rates of
disease by health zone.

Disease ratios (relative risk and prevalence ratio).
We compared illness and death rates by dividing the rate
for health zone 1 by the rate for the rest of Duval County
for each diabetes measure. The prevalence rate was based
on the BRFSS weighted sample. We constructed a graph
to compare the diabetes rates in health zone 1 (the urban
core) with the rest of the county in the rank order of dia-
betes measures derived from the rates per 100,000. We
then calculated confidence intervals for the disease ratios
(prevalence ratios and relative risks), comparing health
zone 1 against the other health zones for each diabetes
measure.

Results

Diabetes rates vary extensively in Duval County, depend-
ing on the source of data and the type of measure. Figure
3 shows the relationship of these measures in descending
order, ranging from an estimated diabetes prevalence of
12,371, per 100,000 population to a death rate of 40 per
100,000.

Overall, residents from health zone 1 are less educated
and poorer than residents from the other health zones, and
health zone 1 has a higher African American population
than the other health zones (Table 1).The extensive local
variations for these different measures are illustrated
in Table 2, which shows major disparities in the county.
Health zone 1, the urban core, had an age-adjusted death
rate of 93.5 compared with the lowest rates in the county,
health zones 2, 3, and 6 with rates of 30.5, 31.0, and 31.6,
respectively. These 3 rates were lower than the county
rate of 39.9 and the state rate of 34.9. The other health
zones (4 and 5) had rates that were less than half of the
urban core rate. The rate of age-adjusted diabetes death
for adults varied dramatically by health zone. Health zone

Figure 3. Rates for diabetes measures in Duval County, Florida, 2007.
Rates are presented in descending order, on the basis of number of cases
per 100,000 population. Abbreviations: BRFSS, Behavioral Risk Factor
Surveillance System; ED, emergency department. Data sources: BRFSS,
Duval County, 2007; Florida Agency for Healthcare Administration, in-patient
and ED data, 2007; Florida Department of Health, Office of Vital Statistics,
2007 death files.

1 had more than double the rate of health zone 5, which
had the next highest rate, and more than triple the 2 low-
est rates (health zones 2 and 3).

Rates for hospitalization and ED visits revealed even
more profound disparities in terms of location. The hospi-
talization rate for the urban core (health zone 1) was 747
compared with 148 for the health zone with the lowest
rate (health zone 3). The urban core hospitalization rate
was more than double that of all other health zones but 1.
The distribution of diabetes rates for ED use was similar
in that the rate of health zone 1 far exceeded those of the
other health zones. Health zone 1 had an unusually high
ED visit rate (692) compared with health zone 3, which
had the lowest rate (105) and had more than twice the rate
of the other health zones. Health zone 1, which had a rate
of self-reported diagnosed diabetes of 14,251, exceeded the
county rate, but this is the only measure for which another
health zone (health zone 5, rate of 15,446) exceeded the
urban core (ie, health zone 1) (Table 2).

The ratios of prevalence and relative risk in health zone
1 compared with the rest of the county for each diabetes
measure complemented the GIS analysis, providing mark-
ers of significance for the disparities in the county (Table
3). Significant differences between health zone 1 and the
rest of the county (health zones 2-6) were established for
each of the diabetes measures. The largest difference in
ratios was for diabetes ED use, followed by diabetes-relat-
ed ED use. The health zone 1 ratio for hospitalization for
diabetes and diabetes-related illness were also high com-
pared with the other zones. The ratios for diabetes deaths
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and diabetes-related deaths were also comparatively high
for health zone 1. The ratio of prevalence of diabetes for
health zone 1 compared with the other health zones was
the lowest ratio.

Discussion

The results of our study show that the diabetes preva-
lence ratios within the high-minority, low-socioeconomic
area of Duval County were statistically different when com-
pared with the other parts of the county. Understanding
the effect of the disease and the distribution of that disease
in the community has implications for policy development
and resource allocation. The costs associated with hospi-
talization and ED use are much higher in the high-minor-
ity, low-socioeconomic part of the county. The cost per
capita of diabetes-related hospitalizations in health zone 1
in 2007 was $2,010, which was nearly double the cost per
capita for the county ($1,059). The charity cost per capita
of diabetes-related hospitalizations in health zone 1 in
2007 was $1,053, which was more than double the cost per
capita for the county ($465). The reasons for the acute dis-
parities identified by this study deserve considerably more
discussion than is feasible here, but they include a range of
socioeconomic and health care disparities (17-29).

The results of this study provide insights about the
distribution of diabetes in specific areas of the county,
insights that get lost in data aggregated at the metropoli-
tan level. An unexpected result of our study was the low
rate of diagnosed cases of diabetes, which were inferred
from BRFSS data. This could be due to a lack of access
to prevention and primary care for people in health zone
1, resulting in poorer outcomes related to delayed care,
which are reflected in the other measures such as higher
rates of hospitalization and death, as previously discussed.
However, it may also reflect flaws in BRFSS methods
related to low participation of African Americans in the
BRF'SS telephone surveys, which is exacerbated by declin-
ing land-line use. Although weighting is used to com-
pensate for underrepresentation, it may not adequately
address disproportionate underrepresentation of the high-
est-risk patients among African Americans.

Our study has limitations that are associated with
most efforts to measure disease, illness, and death. The
accuracy of the data is dependent on the people observing
and recording the data and may be affected by the data

collection process. Another limitation is that BRFSS data
use sampling frames and telephone interviews that have
inherent issues with sampling bias, particularly when
refusals and land-line issues are considered. However,
examining multiple sources of data is beneficial because
together these sources provide a more accurate picture of
disease effect, similar to the concept of triangulation found
with qualitative research.

Currently allocated resources may be insufficient or
inappropriate to adequately deal with diabetes and its
complications in the areas of highest need. Health zone 1
is the urban core, which has the lowest socioeconomic lev-
els. Areas with the highest prevalence of diabetes contain
the patients who have the fewest resources to deal effec-
tively with the disease. This disparity may account for the
disproportionate number of hospital and ED visits, which
drive up the cost of health care for the poorest because of
a lack of adequate preventive resources.

Our analyses revealed that diabetes disproportionately
affects the geographic part of the community that has
the highest minority population and the lowest socioeco-
nomic status. The most sensitive measures of the effects
of diabetes at the local level were hospitalization data and
ED use, and the least sensitive measure was prevalence,
determined from BRFSS data. Our analyses show that
diabetes-related disparities affect not only people and
their families, but also the community that absorbs the
costs associated with the disproportionate health care use
that results from these disparities. Analyzing data at the
subcounty level has implications for health care planning
and public health policy development at the local level.

Author Information

Corresponding Author: William C. Livingood, PhD,
Duval County Health Department and University of
Florida College of Medicine, Jacksonville, 900 N University
Blvd, Jacksonville, FL. 32211. Telephone: 904-253-2339. E-
mail: William_Livingood@doh.state.fl.us.

Author Affiliations: Luminita Razaila, Elena Reuter,
Rebecca Filipowicz, Ryan C. Butterfield, Duval County
Health Department, Jacksonville, Florida; Katryne
Lukens-Bull, Linda Edwards, Carlos Palacio, David
L. Wood, University of Florida College of Medicine,
Jacksonville, Jacksonville, Florida.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the US Department of Health and Human Services, the
Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only and
does not imply endorsement by any of the groups named above.

www.cdc.gov/pcd/issues/2010/sep/09_0197.htm ¢ Centers for Disease Control and Prevention 5



PREVENTING CHRONIC DISEASE,

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 7: NO. 5
SEPTEMBER 2010

References

10.

11.

12.

Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor
F, Bales VS, et al. Prevalence of obesity, diabetes, and
other obesity-related health risk factors, 2001. JAMA
2003;289(1):76-9.

Centers for Disease Control and Prevention. Decline
in deaths from heart disease and stroke [0 United
States, 1990-1999. MMWR Morb Mortal Wkly Rep
1999;48(30):649-56.

Jones RG, Trivedi AN, Ayanian JZ. Factors influenc-
ing the effectiveness of interventions to reduce racial
and ethnic disparities in health care. Soc Sci Med
2010;70(3):337-41.

Duru OK, Gerzoff RB, Selby JV, Brown AF, Ackermann
RT, Karter AJ, et al. Identifying risk factors for
racial disparities in diabetes outcomes: the translat-
ing research into action for diabetes study. Med Care
2009;47(6):700-6.

McWilliams JM, Meara E, Zaslavsky AM, Ayanian JZ.
Differences in control of cardiovascular disease and
diabetes by race, ethnicity, and education: US trends
from 1999 to 2006 and effects of Medicare coverage.
Ann Intern Med 2009;150(8):505-15.

Miech RA, Kim J, McConnell C, Hamman RF. A grow-
ing disparity in diabetes-related mortality US trends,
1989-2005. Am J Prev Med 2009;36(2):126-32.

Link CL, McKinlay JB. Disparities in the prevalence
of diabetes: is it race/ethnicity or socioeconomic sta-
tus? Results from the Boston Area Community Health
(BACH) survey. Ethn Dis 2009;19(3):288-92.

City of Jacksonville, Florida. About dJacksonville.
http://www.coj.net/About+Jacksonville/Geography
+and+Demography.htm. Accessed February 20, 2009.
Florida Department of Health, Office of Health
Statistics and Assessment. Age-adjusted diabetes
death rate. Florida CHARTS. http://www .floridacha-
rts.com/charts/DisPlayHTML.aspx?Sid=5qfgl1ukrontf
v2obuslwe455&ReportType=8. Accessed February 20,
2009.

Agency for Health Care Administration. In-patient
and emergency department data, 2007. http://ahca.
myflorida.com. Accessed February 20, 2009.

Green C, Hoppa RD, Young TK, Blanchard JF.
Geographic analysis of diabetes prevalence in an
urban area. Soc Sci Med 2003;57(3):551-60.
Blanchard JF, Ludwig S, Wajda A, Dean H, Anderson
K, Kendall O, et al. Incidence and prevalence of
diabetes in Manitoba, 1986-1991. Diabetes Care

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

1996;19(8):807-11.

Schlundt DG, Hargreaves MK, McClellan L.
Geographic clustering of obesity, diabetes, and hyper-
tension in Nashville, Tennessee. J Ambul Care Manage
2006;29(2):125-32.

Cowie CC, Rust KF, Byrd-Holt DD, Eberhardt MS,
Flegal KM, Engelgau MM, et al. Prevalence of diabetes
and impaired fasting glucose in adults in the US popu-
lation: National Health and Nutrition Examination
Survey 1999-2002. Diabetes Care 2006;29(6):1263-68.
Florida Department of Health, Office of Health
Statistics and Assessment. Florida CHARTS. http://
www.floridacharts.com/charts/PopQuery.aspx.
Accessed February 20, 2009.

Center for Health Statistics. Place matters. Duval
County Health Department, Institute for Health Policy
and Evaluation Research; 2008. Vol 7. http://www.dchd.
net/services/hper/new/Reports/Reports%20in%20PDF/
Volume%207,%202008/place%20matters2.pdf.
Accessed July 30, 2009.

Signorello LB, Schlundt DG, Cohen SS, Steinwandel
MD, Buchowski MS, McLaughlin JK, et al. Comparing
diabetes prevalence between African Americans and
whites of similar socioeconomic status. Am J Public
Health 2007;97(12):2260-7.

Carter JS, Pugh JA, Monterrosa A. Non-insulin-
dependent diabetes mellitus in minorities in the
United States. Ann Intern Med 1996;125(3):221-32.
Robbins JM, Vaccarino V, Zhang H, Kasl SV.
Socioeconomic status and type 2 diabetes in African
American and non-Hispanic white women and
men: evidence from the Third National Health and
Nutrition Examination Survey. Am J Public Health
2001;91(1):76-83.

Kumari M, Head J, Marmot M. Prospective study of
social and other risk factors for incidence of type 2
diabetes in the Whitehall II Study. Arch Intern Med
2004;164(17):1873-80.

Rich-Edwards JW, Colditz GA, Stampfer MdJ, Willett
WC, Gillman MW, Hennekens CH, et al. Birthweight
and the risk for type 2 diabetes mellitus in adult
women. Ann Intern Med 1999;130(4 Pt 1):278-84.
Mooy JM, de Vries H, Grootenhuis PA, Bouter LM,
Heine RdJ. Major stressful life events in relation to
prevalence of undetected type 2 diabetes: the Hoorn
Study. Diabetes Care 2000;23(2):197-201.

Musselman DL, Betan E, Larsen H, Phillips LS.
Relationship of depression to diabetes types 1 and 2:
epidemiology, biology, and treatment. Biol Psychiatry

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the US Department of Health and Human Services, the
Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only and
does not imply endorsement by any of the groups named above.

6

Centers for Disease Control and Prevention ¢ www.cdc.gov/pcd/issues/2010/sep/09_0197.htm



PREVENTING CHRONIC DISEASE,

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 7: NO. 5
SEPTEMBER 2010

24.

25.

26.

217.

2003;54(3):317-29.

Winkleby MA, Kraemer HC, Ahn DK, Varady AN.
Ethnic and socioeconomic differences in cardiovascu-
lar disease risk factors: findings for women from the
Third National Health and Nutrition Examination
Survey, 1988-1994. JAMA 1998;280(4):356-62.
Feinglass J, Abadin S, Thompson J, Pearce WH. A
census-based analysis of racial disparities in lower
extremity amputation rates in Northern Illinois, 1987-
2004. J Vasc Surg 2008;47(5):1001-7.

Chin MH, Zhang JX, Merrell K. Diabetes in the
African-American Medicare population. Morbidity,
quality of care, and resource utilization. Diabetes Care
1998;21(7):1090-5.

Pickett KE, Kelly S, Brunner E, Lobstein T, Wilkinson
RG. Wider income gaps, wider waistbands? An ecologi-
cal study of obesity and income inequality. J Epidemiol
Community Health 2005;59(8):670-4.

Tables

28.

29.

30.

Cox M, Boyle PJ, Davey PG, Feng Z, Morris AD.
Locality deprivation and type 2 diabetes incidence:
a local test of relative inequalities. Soc Sci Med
2007;65(9):1953-64.

Hasnain-Wynia R, Baker DW, Nerenz D, Feinglass
dJ, Beal AC, Landrum MB, et al. Disparities in health
care are driven by where minority patients seek care:
examination of the hospital quality alliance measures.
Arch Intern Med 2007;167(12):1233-9.

Centers for Disease Control and Prevention, National
Center for Chronic Disease Prevention and Health
Promotion. Behavioral Risk Factor Surveillance
System (BRFSS) annual survey data. http://www.cdc.
gov/BRfss/technical_infodata/weighting.htm. Accessed
February 20, 2009.

Table 1. Health Zone Comparisons for Selected Demographic Characteristics, Duval County, Florida, 20072

Characteristic® Health Zone 1 Health Zone 2 Health Zone 3 Health Zone 4 Health Zone 5 Health Zone 6

Duval County

Residents at or below 28.0 8.8 5.3 11.7 10.8 7.3 11.9
federal poverty level

At least high-school 63.7 87.2 92.5 82.6 75.7 89.6 82.9
education

Children aged <18y 38.4 12.0 6.4 16.6 14.5 9.2 16.4
at or below the fed-

eral poverty level

Average median 21,185 44,509 53,972 39,610 42,040 44,765 41,118
household income, $

African American 79.2 19.8 9.3 21.4 27.7 10.8 27.8

2 Data Source: US Census, 2000.
b All numbers are percentages unless otherwise indicated.
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Table 2. Diabetes Rates by Health Zone, Duval County, Florida, 20072

Measure
Health Zone Deaths® Hospitalizations® ED Visits® Diagnosed With Diabetes!
1 93.5 747 692 14,250
2 30.5 239 191 6,310
3 31.0 148 105 5,166
4 38.8 322 236 11,861
5 43.8 401 224 15,446
6 31.6 187 155 5,132

Abreviation: ED, emergency department.

@ Rates are per 100,000 adult population.

b Age-adjusted. Source: Florida Department of Health, Office of Vital Statistics.

¢ Source: Florida Agency for Health Care Administration.

d Data obtained from the 2007 Behavioral Risk Factor Surveillance System and reflect participants who responded yes to the question, “Have you ever been
told by a doctor that you have diabetes?”

Table 3. Ratio of Diabetes lliness and Death for Health Zone 1 vs Other Health Zones, Duval County, Florida, 2007

Data Source ‘ Ratio (95% Cl)

Diagnosed prevalence?® 1.67 (1.64-1.70)
Hospitalization, diabetes-related 2.49 (2.41-2.56)
ED use, diabetes-related 3.37 (3.26-3.48)
Hospitalization, diabetes 2.94 (2.68-3.22)
ED use, diabetes 3.74 (3.38-4.13)
Death, diabetes-related 2.52 (2.12-3.00)
Death, diabetes 2.70 (2.08-3.51)

Abbreviations: Cl, confidence interval; ED, emergency department.

@ Data obtained from the 2007 Behavioral Risk Factor Surveillance System.

Data Sources: Behavioral Risk Factor Surveillance System, Duval County, 2007; Florida Agency for Healthcare Administration, in-patient and emergency depart-
ment data, 2007; Florida Department of Health Office of Vital Statistics, 2007 death files.

Appendix. Method for Weighting Data

The weighting formula for the data was adapted from the Behavioral Risk Factor Surveillance System method for calculating “FINALWT” (www.cdc.gov/BRfss/
technical_infodata/weighting.htm). A variable, “HZFINALWT,” was created, which was the final weight assigned to each respondent. It was obtained by replac-
ing “POSTSTRAT” with “ZONEPOSTRAT” in the formula of “FINALWT.” It was calculated by multiplying 2 variables, “WT2” and “ZONEPOSTSTR.” The variable
“WT2” (equals STRWT x 1/NPH x NAD) is precomputed by CDC and takes into account the number of adults in the respondent’s household, the inverse of the
number of residential telephone numbers in the respondent’s household, and the differences in the basic probability of selection among strata. The variable
“ZONEPOSTSTR” was created to account for zone, age, race, and sex of the respondent and is equal to the number of people in a health zone-by-age-by-race-
by-sex category divided by the sum of the products of the preceding weights for the respondents in that same health zone-by-age-by-race-by-sex category (30).
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Abstract

Introduction

Racial/ethnic disparities in cervical cancer screening
exist in the United States; rates are lowest among women
who live in Puerto Rico. We identified factors associated
with cervical cancer screening among women aged 18
years or older living in Puerto Rico.

Methods

We included women who participated in the Puerto
Rico Behavioral Risk Factor Surveillance System in 2006
who had not had a hysterectomy (n = 2,206). We calcu-
lated the weighted population prevalence estimates of
Papanicolaou (Pap) test screening in the past 3 years and
used logistic regression models to assess factors associ-
ated with screening.

Results

Most participants (71.9% [95% confidence interval
(CI) = 69.4%-74.4%]) reported having had a Pap test in
the preceding 3 years. Factors associated with screening
in multivariate analysis included routine checkup in the
past year and leisure-time physical activity. Compared
with women with a household income less than $15,000,
those with higher incomes were more likely to have had
a Pap test. Similarly, divorced or separated women were

more likely to have been screened (OR = 1.13; 95% CI =
1.12-1.15) than those who were married/living together.
We did not find associations between screening behavior
and education, health care coverage, body mass index, or
smoking status.

Conclusion

The prevalence of cervical cancer screening in Puerto
Rico is below the 90% recommendation established by
Healthy People 2010. Our findings regarding factors asso-
ciated with Pap screening behavior identified population
subgroups who are underscreened and who may benefit
from targeted interventions and screening programs.

Introduction

In the United States, the incidence of cervical cancer
among Hispanics (14.2 per 100,000) is almost double that
of non-Hispanic whites (7.3 per 100,000); the death rate
for Hispanics (3.4 per 100,000) is also 50% higher than
for non-Hispanic whites (2.3 per 100,000) (1). Despite the
overall decline in cervical cancer incidence and deaths in
the United States in the last few decades, Hispanic women
are less likely to be diagnosed with localized disease and
have poorer survival rates than non-Hispanic whites (1,2).
Cervical cancer is the 6th most common cancer among
Hispanic women and ranks only 13th among cancers for
non-Hispanic whites (2). In Puerto Rico, cervical cancer
is the fourth most commonly diagnosed cancer in women,
accounting for 4% of all newly diagnosed cancers and 2%
of all cancer-related deaths among women (3).

The use of the Papanicolaou (Pap) test has resulted in a
substantial decline in cervical cancer illnesses and deaths
over recent decades (2). In the United States, lack of
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cervical cancer screening is the most powerful predictor of
cervical cancer; thus, disparities in Pap test coverage influ-
ence disparities in cervical cancer (4). Despite the acces-
sibility of this screening method, racial/ethnic disparities
exist in its use in the United States (5). For example, in
2004, women living in Puerto Rico had the lowest preva-
lence of having had a recent (last 3 years) Pap test (73%)
when compared with non-Hispanic whites (87%), African
Americans (89%), and Hispanics (87%) living in the United
States (excluding US territories) (6). Among Hispanics and
other racial/ethnic groups in the United States, sociode-
mographic factors such as older age, lower income, lower
education level (particularly those who did not graduate
from high school), and lack of health care coverage have
been positively correlated with a lower rate of Pap screen-
ing (7,8). In addition to sociodemographic factors, psycho-
social factors such as embarrassment, language barriers,
fear, lack of knowledge, and perceived partner disapproval
influence Hispanic women’s use of Pap screening (9).

To the best of our knowledge, no study has explored
the factors influencing Pap test use among women in
Puerto Rico. The purpose of this study was to determine
the factors associated with self-reported recent Pap test
(within 3 years before the interview) among women aged
18 years or older living in Puerto Rico who participated
in the Puerto Rico Behavioral Risk Factor Surveillance
System (PR-BRFSS). The results of our study are needed
to elucidate barriers to cervical cancer screening in the
Hispanic population of Puerto Rico. Our objectives are in
alignment with the National Breast and Cervical Cancer
Early Detection Program’s goal of reducing racial dispari-
ties in screening and early detection and with the Healthy
People 2010 goal of reducing health disparities (10). In
addition, this study contributes to meeting the objective
of the Puerto Rico Comprehensive Cancer Control Plan
(11) of increasing the proportion of women aged 18 years
or older who receive a Pap test consistent with current
recommendations.

Methods

For this study, we used 2006 data from the PR-BRFSS
(12). The PR-BRFSS is part of the national BRFSS, a
state-based system of health surveys established in 1984
by the Centers for Disease Control and Prevention to
collect information on health risk behaviors, preventive
health practices, and health care access primarily related

to chronic disease and injury. This cross-sectional survey
is conducted annually among noninstitutionalized adults,
aged 18 years or older, in all 50 states, the District of
Columbia, Puerto Rico, the US Virgin Islands, and Guam.
The institutional review board of the University of Puerto
Rico Medical Sciences Campus approved this study.

The women eligible for this study had participated in the
2006 PR-BRF'SS, were aged 18 years or older, had no his-
tory of hysterectomy, and had responded to the question of
whether or not they had had a Pap test in the past 3 years
before the interview. Among the 3,040 women aged 18
years or older who participated in the PR-BRFSS in 2006,
we excluded 710 women who had had a hysterectomy and
124 women with missing information regarding age (n =
16), Pap test history (n = 38), time since last Pap test (n
= 31), or hysterectomy status (n = 39), which left a final
study sample of 2,206 women.

The outcome variable of interest for this analysis was the
proportion of women who had had a Pap test in the 3 years
before the interview. Factors of interest included demo-
graphic characteristics, such as age in years (18-20, 21-29,
30-39, 40-49, 50-64, >65), marital status (married/living
together, divorced/separated, widowed, single), education-
al attainment (less than high school graduate, high school
graduate/General Educational Development certification,
some college/technical school, college graduate), house-
hold income (<$15,000, $15,000-$34,999, $35,000-$49,999,
>$50,000), health care coverage (yes/no), employment
status (currently employed, unemployed, homemaker or
retired, unable to work, student), and number of children
living in the household (0, 1, 2, >3). Clinical characteristics
included body mass index (BMI, categorized as normal or
underweight [18.5-24.9 kg/m?], overweight [25.0-29.9 kg/
m?], or obese [>30.0 kg/m?]), routine checkup in the past
year (yes/no), and perceived general health status (fair or
poor, good or excellent). Lifestyle characteristics included
current smoking status (yes/no), binge drinking (4 or more
drinks on 1 occasion [yes/no]), and leisure-time physical
activity in the past 30 days (yes/no).

We conducted the statistical analysis by using SAS
version 9.2 (SAS Institute, Inc, Cary, North Carolina)
and Stata version 10.0 (StataCorp LP, College Station,
Texas). We first described the study sample according
to demographic, clinical, and lifestyle characteristics
by using the survey frequency function in SAS. We
then assessed the relationship between cervical cancer
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screening behavior and the demographic, clinical, and
lifestyle factors by using contingency tables and Pearson’s
x? tests, which also required the use of the survey fre-
quency function. To further assess these relationships,
we used the generalized linear model procedure in Stata
to construct simple and multivariable logistic regression
models (13). We estimated the prevalence odds ratios
and their 95% confidence intervals to determine the
magnitude of the association between the specific factors
and cervical cancer screening behavior. The variables
significantly associated with cervical cancer screening (P
< .05) in the age-adjusted logistic regression models were
included in the multivariable logistic regression models;
those with at least marginal significance (P < .10) in the
multivariate model were retained in the model. All data
were weighted according to the respondent’s age and the
inverse of her probability of selection by using the 2006
census population projections. Detailed information about
BRFSS weighting procedures can be found in the BRFSS
operational guide (14).

Results

Approximately half of the women were aged 39 years
or younger and were married or living as a couple (Table
1). Most had a household income of less than $35,000 a
year, and almost all reported having health care coverage.
Two-thirds of women reported that they were in good to
excellent general health; 81% had a routine checkup in the
previous year, 82% had at least 1 Pap test in their lifetime,
and 72% had a Pap test in the past 3 years.

In the bivariate analysis, Pap screening in the past 3
years was significantly associated (P < .05) with age, mari-
tal status, education level, household income, employment
status, number of children in the household, BMI, routine
physical examination in the past year, health status, and
leisure-time physical activity. Lower rates of Pap screening
were observed in younger women, single women, women
with a household income less than $15,000, women with
some college or technical school education, and students
(Table 2). In addition, lower rates of Pap test screening
were reported by underweight or normal-weight women,
women who had not had a routine medical checkup in the
prior year, and those who reported no leisure-time physi-
cal activity. Pap screening was not associated with smok-
ing status, health care coverage, binge drinking, or heavy
alcohol consumption.

We found no significant interactions in the multivariate
model (likelihood ratio x2 = 70.13, P=.17). Compared with
younger women (aged 18-20 years), older women (aged >21
years) were 2 to 5 times as likely to have had a Pap test
in the last 3 years (Table 3). In addition, compared with
women with the lowest household income, women with
larger household incomes were also more likely to have
had a Pap test in the past 3 years. Single women (never
married) and widows were less likely than married women
to have had a Pap test in the past 3 years.

Discussion

In 2006, Puerto Rico fell short of meeting the Healthy
People 2010 goal of a 90% Pap test screening rate for
women aged 18 years or older (15). Our study shows
that younger (aged <30 years) and older (aged >65 years)
Puerto Rican women reported lower rates of cervical cancer
screening than women aged 30 to 64 years. These results
are consistent with the overall screening patterns in the
United States (16) and among Hispanic women in the rest
of the United States (8). Of interest is the low prevalence
of screening among women aged 18 to 20 years in Puerto
Rico observed in our study (9%). This prevalence is consis-
tent with the low rate of cervical cancer screening among
women aged 18 to 24 years in Puerto Rico (41%) reported
by the BRFSS for 2004, which in addition is much lower
than the screening rate of their counterparts in the rest of
the United States (median = 81%), a pattern that has been
consistent since 1996 (6). In addition, women with a house-
hold income of at least $35,000 were 2 to 3 times as likely
to have been screened as those with the lowest household
income. Household income has been positively correlated
with cervical cancer screening in multiple studies (10,16-
17), an association that could be partially explained by
improved access to care with increasing wealth.

In contrast to results in other populations, our study
found no substantial positive effect of education, employ-
ment status, or health care coverage on screening practices
(7,8,16,17). Although the reasons for the lack of association
between screening behavior and education and employment
are unknown, for health care coverage the lack of associa-
tion may be explained by the high prevalence of women in
our study who had health care coverage (94%). The health
care reform legislation passed in Puerto Rico in 1993 made
health insurance available for underserved populations in
Puerto Rico at or below 200% of the poverty level.
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Routine checkup in the past year increased the
likelihood of having been screened, a result consistent with
other studies (8,18). This finding is not surprising since
cervical cancer screening is often recommended by the doc-
tor during the clinical visit. Participating in leisure-time
physical activity increased the likelihood of screening in
our study by more than 60%, a result consistent with that
of another recent study that found that exercise was posi-
tively associated with breast and cervical cancer screening
(7). This previous study also found a positive association
between nonsmoking and screening. Our research, howev-
er, did not observe this association. Although studies have
consistently shown an inverse relationship between obesity
and screening behavior (decreased cervical cancer screen-
ing with increasing body size) (19), we found no association
between BMI and cervical cancer screening in multivariate
analysis. While in some groups higher weight may be asso-
ciated with less emphasis on health and thus less screening,
our findings may reflect a cultural norm of acceptance of a
larger body weight/body size in Puerto Rican women similar
to that found is some populations of black women in the
United States (20).

Our study is subject to limitations. First, because the
BRFSS is a telephone-based survey, it includes data only
from residents who have a working home telephone and,
thus, is unable to survey those who reside in households
without telephone access. Consequently, the above data
may not be generalizable to the entire adult Puerto Rican
female population. Evidence suggests that income is
positively associated with a recent Pap test. Since women
who do not have telephones are more likely to have lower
incomes, they likely also have lower Pap screening rates
than women who participated in the study (8). Nonetheless,
response rates in the 2006 PR-BRFSS were much higher
(74%) than the median reported for BRFSS surveys in all
other states and territories of the United States for the
same year (51%) (21). Finally, the prevalence estimates
were based on self-reported information, which is subject
to recall bias and social desirability bias.

Our study shows that the rates of cervical cancer screen-
ing in Puerto Rico are lower than those in the United States,
and well below the 90% goal established by Healthy People
2010. We have identified factors associated with Pap test
screening in Puerto Rico that help identify subgroups of
the population who are underscreened and who would
benefit from targeted interventions. Interventions should
focus on increasing screening rates, particularly among

young and low-income women. Future studies should
also focus on other psychosocial correlates of screening,
including attitudes, beliefs, and cultural norms regarding
screening practices. Studies of the effect of social determi-
nants of health, such as area of residence (rural vs urban)
and migrant status, are warranted in this population,
since these factors influence screening behavior (17,22).
In addition, public health policy regarding universal man-
datory cervical cancer screening coverage in Puerto Rico
should be implemented.
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Table 1. Characteristics of 2,206 Adult Women With Data on Pap Testing, Puerto Rico Behavioral Risk Factor Surveillance

System, 20062

Characteristic
Age,y

18-20

21-29

30-39

40-49

50-64

>65

Marital status

Married/living together

Divorced/separated
Widowed
Single

Education

Less than high school graduate
High school graduate/GED

Some college/technical school

College graduate
Household income
<$15,000
$15,000-34,999
$35,000-49,999
>$50,000

Health care coverage
Yes

No

Employment status
Currently employed
Unemployed
Homemaker/retired
Unable to work
Student

Abbreviations: Pap, Papanicolaou; Cl, confidence interval; GED, General Educational Development certificate; BMI, body mass index.

209
400
446
553
523

1,045
493
343
323

632
501
404
668

909
683
145
150

2,093
110

803
103
1,043
140
116

% (95% CI)®

9 (6.6-10.5)
8 (15.3-20.0)
2 (20.1-24.3)
9 (17.2-20.8)
9 (17.4-20.8)
4(12.2-14.8)
52 (49.0-54.1)
16 (14.7-17.9)

9(7.6:9.7)

4 (20.9-26.0)

22(19.8-23.4)
23 (21.0-25.3

2(19.6-24.0
33 (31.0-35.8)

)
)

40 (37.3-42.4)
41 (38.6-44.0)
9 (7.5-10.7)
10 (8.1-11.4)

94 (93.1-95.5)
6 (4.5-6.9)

1(38.8-43.8)
5(3.9-6.2)
37 (34.8-39.4)
5 (3.9-5.6)
12 (9.7-14.0)

@ Inclusion criteria included no prior hysterectomy and a yes or no response to the BRFSS question regarding having had a Pap test in the past 3 years. All

other participants were excluded.

b Totals may vary as a result of missing responses, including don’t know/not sure and refused.
¢ Weighted population estimates and percentages.

(Continued on next page)
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Table 1. (continued) Characteristics of 2,206 Adult Women With Data on Pap Testing, Puerto Rico Behavioral Risk Factor
Surveillance System, 20062

Characteristic ‘ n® ‘ % (95% CI)°

No. of children in household

0 1,327 54 (51.2-56.3)
1 354 20 (17.5-27.8)
2 345 17 (15.4-19.0)
>3 180 9 (7.9-10.9)
BMI

Underweight or normal weight (18.5-24.9 kg/m?2) 805 45 (42.0-47.3)
Overweight (25.0-29.9 kg/m?) 695 32(29.8-34.6)
Obese (230 kg/m?2) 525 23 (21.0-25.2)
Routine checkup in the past year

Yes 1,755 81 (78.8-83.0)
No 372 19 (17.0-21.2)

General health status

Good to excellent 1,298 67 (64.8-69.2)
Fair to poor 902 33(30.8-35.2)
Ever had a Pap test

Yes 1,957 82 (79.7-84.4)
No 249 18 (15.6-20.3)

Had Pap test in past 3 years

Yes 1,695 72 (69.4-74.4)
No 511 28 (25.6-30.6)
Binge drinking

Yes 117 7 (5.6-8.6)
No 2,042 93 (91.4-94.4)

Heavy alcohol consumption
Yes 2,131 98 (96.8-98.5)
No 44 2(1.5-3.2)
Current smoking status
Yes 204 9 (7.8-10.7)
No 1,999 91 (89.3-92.2)
Leisure-time physical activity
Yes 1,173 54 (51.0-56.0)
No 1,032 47 (44.0-49.0)
Abbreviations: Pap, Papanicolaou; Cl, confidence interval; GED, General Educational Development certificate; BMI, body mass index.
@ Inclusion criteria included no prior hysterectomy and a yes or no response to the BRFSS question regarding having had a Pap test in the past 3 years. All
other participants were excluded.

b Totals may vary as a result of missing responses, including don’t know/not sure and refused.
¢ Weighted population estimates and percentages.
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Table 2. Percentage of Adult Women Who Have Had a Pap Test in the Past 3 Years, Puerto Rico Behavioral Risk Factor

Surveillance System, 20062

Characteristic

Age (P <.001),y

18-20

21-29

30-39

40-49

50-64

>65

Marital status (P <.001)
Married/living together
Divorced/separated

Widowed

Single

Education (P = .006)

Less than high school graduate
High school graduate/GED
Some college/technical school
College graduate

Household income (P < .001)
<$15,000

$15,000-34,999
$35,000-49,999

>$50,000

Health care coverage (P = .25)
Yes

No

Employment status (P < .001)
Currently employed
Unemployed
Homemaker/retired

Unable to work

Student

Abbreviations: Pap, Papanicolaou; Cl, confidence interval; GED, General Educational Development certificate; BMI, body mass index.

@ Data exclude women who had had a hysterectomy.
b Totals may vary as a result of missing responses, including don’t know/not sure and refused.
¢ Weighted population estimates; women who responded don’t know/not sure, or who refused were excluded.

874
406
245
168

672
546
134
128

1,621

661
85
799
110
39

% (95% Cl)®

26 (16.0-35.6)
64 (56.4-71.3)
81 (76.0-84.9)
81(77.1-85.2)
83 (79.4-86.4)
69 (64.2-73.3)

83 (80.6-85.9)
82 (77.3-85.9)
68 (62.2-74.0)
41 (35.0-47.7)

71 (66.7-75.0)
69 (62.9-74.2)
67 (61.1-73.1)
78 (73.8-82.0)

70 (66.2-73.7)
73 (68.9-77.6)
87 (79.2-95.3)
84 (77.1-91.6)

72 (69.7-74.9)
66 (56.1-76.6)

79 (75.9-82.9)
76 (65.2-87.7)
77 (73.6-79.6)
80 (72.4-87.0)
26 (17.6-33.8)

(Continued on next page)

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the US Department of Health and Human Services, the
Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only and

does not imply endorsement by any of the groups named above.

8 Centers for Disease Control and Prevention ¢ www.cdc.gov/pcd/issues/2010/may/09_0123.htm



PREVENTING CHRONIC DISEASE, VOLUME 7: NO. 3

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY MAY 2010

Table 2. (continued) Percentage of Adult Women Who Have Had a Pap Test in the Past 3 Years, Puerto Rico Behavioral Risk
Factor Surveillance System, 20062

Characteristic % (95% CI)°

Number of children in household (P = .002)

0 999 68 (64.3-71.3)
1 279 75 (69.6-80.7)
2 280 80 (75.3-84.9)
>3 137 73 (65.1-81.2)
BMI (P < .001)

Under or normal weight (18.5-24.9 kg/m?) 608 68 (63.5-72.1)
Overweight (25.0-29.9 kg/m?) 574 80 (75.9-83.6)
Obese (>30 kg/m?) 403 74 (69.2-78.7)

Routine checkup in the past year (P < .001)

Yes 1,409 76 (73.0-78.5)
No 241 60 (53.6-65.9)
General health status (P = .045)

Good to excellent 999 70 (67.0-73.6)
Fair to poor 692 75 (71.8-78.6)
Binge drinking (P = .29)

Yes 87 66 (55.5-77.2)
No 1,572 72 (69.5-74.7)
Heavy alcohol consumption (P = .95)

Yes 34 72 (55.8-88.9)
No 1,639 72 (69.4-74.4)
Current smoking status (P = .93)

Yes 204 72 (69.3-74.6)
No 1,999 72 (64.9-79.6)
Leisure-time physical activity (P = .005)

Yes 945 75 (72.0-78.5)
No 750 68 (64.3-71.8)

Abbreviations: Pap, Papanicolaou; Cl, confidence interval; GED, General Educational Development certificate; BMI, body mass index.
@ Data exclude women who had had a hysterectomy.

b Totals may vary as a result of missing responses, including don’t know/not sure and refused.

¢ Weighted population estimates; women who responded don’t know/not sure, or who refused were excluded.
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Table 3. Multivariate Predictors of Having Had a Pap Test in the Past 3 Years Among Adult Women, Puerto Rico Behavioral
Risk Factor Surveillance System, 20062

Predictor Variable

Age group (P < .001), y
18-20

21-29

30-39

40-49

50-64

>65

Household income (P < .001)
<$15,000
$15,000-34,999
$35,000-49,999
>$50,000

Marital status (P < .001)
Married/living together
Divorced/separated
Widowed

Single

Routine checkup in the past year (P < .001)

Yes

No

Leisure-time physical activity (P < .001)

Yes

No

Multivariate
OR (95% CI)

Abbreviations: Pap, Papanicolaou; OR, odds ratio; Cl, confidence interval.

@ Data exclude women who had had a hysterectomy and those who responded don’t know/not sure or who refused to answer.

1 [Reference]
3.54 (3.46-3.62)
4.61 (4.50-4.72)
3.88 (3.79-3.98)
4.26 (4.15-4.37)
2.38 (2.31-2.44)

1 [Reference]
1.29 (1.28-1.31)
2.78 (2.71-2.84)
2.45 (2.39-2.50)

1 [Reference]
1.14 (1.12-1.15)
0.64 (0.62-0.65)
0.19 (0.18-0.19)

2.52 (2.49-2.55)

1 [Reference]

1.41 (1.40-1.42)

1 [Reference]

This file was updated on August 15, 2010, to incorporate
the corrections in Vol. 7, No. 5, at http://www.cdc.gov/pcd/

issues/2010/sep/10_0138.htm.
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Abstract

Introduction

Medicaid recipients are disproportionately affected by
tobacco-related disease because their smoking prevalence
is approximately 53% greater than that of the overall
US adult population. This study estimates state-level
smoking-attributable Medicaid expenditures.

Methods

We used state-level and national data and a 4-part
econometric model to estimate the fraction of each state’s
Medicaid expenditures attributable to smoking. These
fractions were multiplied by state-level Medicaid expen-
diture estimates obtained from the Centers for Medicare
and Medicaid Services to estimate smoking-attributable
expenditures.

Results

The smoking-attributable fraction for all states was
11.0% (95% confidence interval, 0.4%-17.0%). Medicaid
smoking-attributable expenditures ranged from $40 mil-
lion (Wyoming) to $3.3 billion (New York) in 2004 and
totaled $22 billion nationwide.

Conclusion
Cigarette smoking accounts for a sizeable share of annual
state Medicaid expenditures. To reduce smoking prevalence

among recipients and the growth rate in smoking-attribut-
able Medicaid expenditures, state health departments and
state health plans such as Medicaid are encouraged to pro-
vide free or low-cost access to smoking cessation counseling
and medication.

Introduction

Medicaid is a means-tested entitlement program that
provides health care coverage to approximately 58 mil-
lion low-income Americans, many of whom would other-
wise be uninsured (1,2). The Medicaid program is jointly
financed by the federal and state governments. In 2005,
depending on a state’s average personal income level,
the federal Medicaid matching rate ranged from 50% to
83% (1). The Congressional Budget Office estimates that
federal Medicaid expenditures were $191 billion in 2007
(8). Assuming an average Medicaid matching rate of 57%,
program expenditures for all 50 states and the District
of Columbia are projected to have exceeded $144 billion
in 2007 (4,5). By 2018, total federal Medicaid spending is
projected to be $445 billion, and assuming a 57% matching
rate, total state Medicaid spending is projected to exceed
$335 billion (3).

As a percentage of state budgets, Medicaid expenditures
increased from 8% in 1985 to 21.5% in 2006, surpassing
elementary and secondary education as the largest single
budget item (2,5). Medicaid expenditures are expected to
consume an ever-increasing share of state budgets, and
many states will have difficulty meeting their Medicaid
commitments without cutting other state-funded pro-
grams (1,5,6). In response to growing concern among
state governments, the chairman and vice-chairman of
the National Governors Association, in testimony before
the US Senate Finance Committee, recommended placing
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a greater emphasis on disease prevention as a means to
contain rising Medicaid costs (6).

Tobacco-cessation programs are effective in lowering the
prevalence of cigarette smoking and its consequent serious
and costly medical conditions, including pregnancy-related
complications, heart disease, respiratory illness, and sev-
eral types of cancer (7-9). Tobacco-cessation programs
should target Medicaid recipients because smoking preva-
lence in the adult Medicaid population is approximately
53% greater than that of the overall US adult population
(34.5% vs 22.6% in 2006) (10).

We used data from the Medical Expenditure Panel Survey
(MEPS) and the Behavioral Risk Factor Surveillance
System (BRFSS) to update previous estimates of Medicaid
smoking-attributable medical expenditures at the state
level (11). These estimates might assist state health
departments and Medicaid in formulating effective smok-
ing-cessation polices to help reduce the high prevalence of
cigarette use among their recipients.

Methods

Data

We used the 2001 and 2002 MEPS to develop a model
that predicts smoking-attributable medical expenditures
for the Medicaid population. MEPS is a nationally rep-
resentative survey of the civilian, noninstitutionalized
population that quantifies each participant’s total annual
medical spending, including expenditures from public- and
private-sector health insurers and out-of-pocket payments.
The data also include information about each participant’s
source of health insurance (eg, any evidence of Medicaid
coverage during the year) and sociodemographic char-
acteristics (such as race/ethnicity, sex, and education).
Information about MEPS is available at www.meps.ahrq.
gov/mepsweb/.

The MEPS sampling frame is drawn from participants
in the National Health Interview Survey (NHIS). NHIS
is a nationally representative survey that collects data on
selected health topics. Although MEPS does not capture
information on smoking, self-reported smoking variables
are available for a subset of adult NHIS participants (the
Adult Sample File) and can be merged with MEPS data.
We used responses to the question “Have you smoked at

least 100 cigarettes in your entire life?” to differentiate
between ever smokers and nonsmokers. We excluded from
the analysis sample respondents with missing data on
smoking variables (1% of respondents aged >18 years and
all respondents aged <18 at the time of the NHIS inter-
view) and those who did not receive Medicaid coverage.
Our final MEPS-NHIS population included 1,588 adults
with weighting variables that allowed us to generate
nationally representative estimates of the adult, civilian,
noninstitutionalized Medicaid population (Table 1).

Before constructing our national model, we used the
Medical Care component of the Consumer Price Index to
inflate all MEPS annual medical spending data to 2004
dollars.

State-level representative data

The BRFSS is a state-based telephone survey of the
adult (aged >18), noninstitutionalized population that
tracks health risks in the United States. The most recent
BRFSS surveys do not allow for stratifying participants
by type of health insurance. This information was, how-
ever, available before 2001. Therefore, we used 1998-2000
BRFSS data to predict state-level medical expenditures
for the Medicaid population. Information about BRFSS 1is
available at www.cdc.gov/BRFSS/. Although BRFSS does
not collect medical expenditure data, it includes informa-
tion about each participant’s smoking status, insurance
status (before 2001), and sociodemographic characteristics
(such as race/ethnicity, sex, and education). Because these
variables match those from MEPS-NHIS, we were able to
construct an expenditure prediction model with MEPS-
NHIS data and use the results to generate expenditure
estimates for smokers and nonsmokers on the basis of
state-representative population characteristics of BRFSS
participants.

As we did with our MEPS-NHIS restrictions, we exclud-
ed those with missing smoking data (=1%) and those who
did not receive Medicaid coverage. Our final BRFSS popu-
lation included 16,201 adults with weighting variables
that allowed us to generate state-representative estimates
of the adult, noninstitutionalized Medicaid population
(Table 1).

Estimating state-specific smoking-attributable medical
expenditures for the Medicaid population involved 3 steps.
First, we used MEPS-NHIS data to create a model that
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predicts annual medical expenditures for Medicaid recipi-
ents as a function of smoking status, body weight, and
sociodemographic characteristics. Second, we used state-
representative BRFSS data and results from our MEPS-
NHIS national model to estimate the fraction of medical
expenditures for Medicaid recipients that was attributable
to smoking for each state. Third, we multiplied these frac-
tions by previously published estimates of state-specific
Medicaid expenditures to compute smoking-attributable
Medicaid expenditures for each state. These steps are
described in detail below.

MEPS-NHIS national model

We used a 4-part regression model to predict annual
medical expenditures for each MEPS-NHIS Medicaid
recipient. The 4-part regression approach was pioneered
by authors of the RAND Health Insurance Experiment to
control for several unique characteristics of the medical
expenditures distribution and is now commonly applied to
medical expenditures data (12,13). The model estimates
predicted expenditures by using the following functional
form: EXP = Pr(C x EXP,, + [1 — C]|EXP,,;), where EXP
represents predicted annual expenditures; Pr represents
the predicted probability of positive medical expenditures
during the year and is estimated with a logistic regression
model; C represents the conditional probability of posi-
tive inpatient expenditures, given positive expenditures,
and 1s estimated with a logistic regression model; EXP;,
represents ordinary least squares (OLS)-predicted medi-
cal expenditures, given positive inpatient expenditures
during the year; and EXP,;, represents OLS-predicted
medical expenditures, given positive expenditures but no
inpatient expenditures.

All OLS regression models are estimated on the logged
expenditure variable to adjust for the skewness in annual
expenditures (mean annual expenditures are significantly
greater than the median). Logged expenditures are con-
verted back to expenditures by using the homoscedastic
smearing factor (14).

Including dummy variables that indicate smoking sta-
tus (ever smoked set equal to 1 and the referent group,
never smoked, set equal to 0) in each regression model
allowed us to quantify the effect of smoking on annual
medical expenditures. In addition to smoking status, all
regressions controlled for other variables assumed to influ-
ence annual medical expenditures, including self-reported

body weight, sex, race/ethnicity, age, region of residence,
education, and marital status. Regression models were
estimated by using SUDAAN version 8 (RTI International,
Research Triangle Park, North Carolina) to control for the
complex survey design used in MEPS-NHIS. Table 2 pres-
ents results from the 4-part regression model.

BRFSS state-level estimates

We used the coefficient estimates from the MEPS-NHIS
models to predict annual medical expenditures for each
BRF'SS Medicaid recipient. To do this, we multiplied each
person’s characteristics (the independent variables) by
his respective coefficients generated from the 4 MEPS-
NHIS regression models and combined the results with
the equation above. Using the BRF'SS weighting variables
and each person’s predicted medical expenditures, we com-
puted total predicted medical expenditures for each state’s
Medicaid population.

We estimated smoking-attributable medical expendi-
tures as the difference between predicted expenditures for
ever smokers and predicted expenditures for nonsmok-
ers, leaving all other variables unchanged. This method
allowed us to isolate the effect of smoking while main-
taining any other population characteristics that may
contribute to higher annual medical expenditures among
smokers.

For the Medicaid population in each state, the percentage
of aggregate medical expenditures attributable to smoking
was calculated by dividing aggregate predicted expenditures
attributable to smoking by total predicted expenditures for
adult Medicaid recipients in each state. Because BRFSS is
limited to adults, our results should be interpreted as the
fraction of adult medical expenditures that are attributable
to smoking among adults in each state.

Estimating total and public-sector expenditures

For a variety of reasons, including the lack of data on
institutionalized populations, MEPS national spending
estimates (and state-level spending estimates based on
MEPS) underestimate actual US health care spending (15).
Therefore, to quantify annual adult smoking-attributable
medical expenditures for each state, we multiplied our
state-by-state smoking-attributable fractions by published
estimates of 2001 state-specific Medicaid expenditures,
available from the Centers for Medicare and Medicaid
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Services (16). We used 2001 because it is the most recent
year that annual, state-specific Medicaid expenditure
estimates are available. To match our regression popula-
tion, we limited Medicaid expenditures to those accrued
by adult recipients (>18 years). We then inflated medical
expenditure estimates to 2004 by using a national adjust-
ment factor (1.31). This adjustment factor, calculated as
the ratio of 2004 projected expenditures (actual expendi-
tures not yet available) to 2001 actual expenditures, was
based on data from Centers for Medicare and Medicaid
Services National Health Expenditure Accounts, gener-
ally considered the standard for measuring annual health
care spending (17).

Results

State-specific estimates of smoking prevalence among
Medicaid recipients vary considerably across states and
range from 35% (Mississippi) to 80% (New Hampshire)
(Table 3). Nationally, approximately 11% (95% confidence
interval, 0.4%-17.0%) of adult Medicaid expenditures
are attributable to smoking. At the state level, smoking-
attributable fractions range from 6% (New Jersey) to 18%
(Arizona and Washington).

Smoking-attributable medical expenditures in the adult
Medicaid population total $22 billion. State-level smoking-
attributable medical expenditures among adult Medicaid
recipients range from $40 million (Wyoming) to $3.3 bil-
lion (New York) (Figure).

Discussion

The 2000 Public Health Service (PHS) clinical practice
guideline for treating tobacco dependence recommends
individual, group, and telephone counseling, as well as
5 medications (18). Treating tobacco dependence is more
cost-effective than commonly covered preventive services
such as mammography or treatment of mild to moderate
hypertension (19). In 2002, however, only 10 states report-
ed using the 2000 PHS guideline to design treatment
benefits and programs for Medicaid recipients or to train
Medicaid health care providers. Moreover, only 5 states
required providers or health plans to document tobacco
use in patients’ medical charts, and only 2 states offered
all counseling and pharmacotherapy treatments recom-
mended by the guideline to their Medicaid recipients (20).

Million, 2004 $
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Figure. State-by-state distribution of Medicaid smoking-attributable medical
expenditures.

The growth rate in Medicaid expenditures has led
the National Governors Association to propose a bipar-
tisan plan to reform the program. A key element of this
plan is to make Medicaid more effective and efficient by
developing policies that will “maintain or even [improve]
health outcomes while potentially saving money for both
the states and the federal government” (6). One way to
improve the health of Medicaid recipients and potentially
reduce the rate of growth in Medicaid program expen-
ditures is by covering PHS-recommended treatments,
including individual and group telephone counseling and
approved drugs (9,21-24).

Strengths and limitations

The MEPS-NHIS national model that was used to
calculate our state-level estimates is an improvement
on a previous study that used data from the 1987
National Medical Expenditure Survey (NMES) to estimate
smoking-attributable Medicaid expenditures (11). Results
from the 1987 NMES are dated, and unlike NHIS, many of
the key smoking variables that NMES used were imputed
(25). Using recent data and actual, as opposed to imputed,
smoking information in our calculations provides states
with updated and accurate information that may better
inform policy decisions. In addition, these differences may,
in part, explain why the nationwide Medicaid smoking-
attributable fraction of 11.0% is more conservative than
the previous estimate of 14.5% generated for 1993 (11).
Other changes that may account for the difference in our
estimated smoking-attributable fraction include potential
changes in the number of people treated for smoking-
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related illness from 1993 to 2002 and any change in treat-
ment disposition from inpatient to outpatient care. Finally,
our estimates differ from previous estimates, and probably
understate Medicaid smoking-attributable expenditures,
because they exclude expenditures for nursing home care,
which are not available in the MEPS-NHIS model.

Despite these strengths, our study has several limita-
tions. First, both the MEPS-NHIS and BRFSS are lim-
ited to noninstitutionalized populations, but we apply the
resulting smoking-attributable fractions to expenditure
estimates that include both institutionalized and nonin-
stitutionalized populations. If these fractions are differ-
ent for the institutionalized population, our expenditure
estimates would be biased. Second, data limitations pre-
cluded us from quantifying smoking-attributable medi-
cal expenditures for smokers younger than 18 years and
nonsmokers exposed to secondhand smoke. The effects of
secondhand smoke on children’s health are considerable
(7). Secondhand smoke exposure can lead to acute lower
respiratory infections, such as bronchitis and pneumonia
in infants and young children, and can cause children who
already have asthma to experience more frequent and
severe attacks (26). Although health care expenditures
attributable to secondhand smoke exposure may be high,
quantifying these expenditures is difficult. As a conse-
quence, our estimates understate smoking-attributable
expenditures. Third, our analysis is limited to health care
expenditures and therefore does not address other expens-
es (eg, disability, decreased productivity, absenteeism)
that result from smoking (7). Finally, because our focus
was not to test statistically whether smoking-attributable
expenditures were larger in some states than others, we
did not calculate standard errors at the state level.

Conclusions

An estimated 443,000 Americans die prematurely each
year as a result of smoking or exposure to secondhand
smoke (27). Medicaid recipients are disproportionately
affected by tobacco-related disease because their smoking
prevalence is approximately 53% greater than that of the
overall US adult population (10). In addition to the indi-
vidual health toll, the disproportionately higher smoking
prevalence among Medicaid recipients imposes substan-
tial costs on society. We estimate that smoking accounts
for approximately 11% of Medicaid program expenditures.
To improve the health of Medicaid recipients and poten-
tially reduce the growth rate of expenditures, Medicaid

programs in all 50 states and the District of Columbia are
encouraged to follow the 2000 PHS guidelines and cover
all recommended tobacco-dependence treatments and
approved medications (18). The cost-effectiveness of these
programs, combined with the high cost of smoking, sug-
gests that such coverage may provide cost savings to the
financially strapped Medicaid programs.
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Tables

Table 1. Characteristics of Adult MEPS-NHIS (2001 and 2002) and BRFSS (1998-2000) Medicaid Recipients With Data on
Smoking Status?

‘ MEPS-NHIS ‘
Characteristic ‘ Nonsmokers (n = 768) Ever Smokers (n = 820) ‘ Nonsmokers (n = 7,701) Ever Smokers (n = 8,500)
Sex
Male 21 33 23 32
Female 79 67 77 68

Race/ethnicity

White 32 60 32 58
Black 34 23 28 21
Hispanic 26 12 35 17
Asian 6 2 3 1
Other 1 3 1 3
Mean age, y 36 40 36 38

Region of residence

Northeast 20 19 36 29
Midwest 21 24 11 18
South 35 38 28 28
West 24 18 25 25
Weight category

Underweight 2 3 3 3
Normal 24 31 33 37
Overweight 36 31 29 30
Obese 36 34 30 26
Missing data 2 1 6 3
Education

Less than high school graduate 35 34 33 38
High school graduate 56 58 61 58
College graduate 9 8 6 4

Marital status

Married 34 24 37 32
Widowed 4 3 5 4
Divorced/separated 24 35 18 27
Single 39 38 40 37

Abbreviations: MEPS, Medical Expenditure Panel Survey; NHIS, National Health Interview Survey; BRFSS, Behavioral Risk Factor Surveillance System.
@ All data are percentages, except age.
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Table 2. Four-Part Model Regression of the Effect of Smoking on Annual Medical Expenditures

Correlation (Standard Error)

Logged Expenditures for

Probability of Positive Probability of Positive Logged Expenditures for Nonusers of Inpatient
Variable Expenditures Inpatient Expenditures Users of Inpatient Services Services

Intercept 4.19 (1.62) -1.51(1.21) 9.39 (0.80) 5.41 (0.70)

Smoking status

Nonsmoker Reference Reference Reference Reference
Ever smoker 0.06 (0.24) 0.22 (0.14) 0.13 (0.11) 0.05 (0.12)
Weight category

Underweight 0.06 (0.89) 0.35 (0.56) 0.64 (0.51) 0.45 (0.38)
Normal weight Reference Reference Reference Reference
Overweight -0.08 (0.27) -0.24 (0.27) -0.16 (0.20) -0.04 (0.16)
Obese 0.28 (0.26) 0.34 (0.26) -0.02 (0.20) 0.21 (0.13)
Missing data -0.88 (0.48) -1.71(0.72) 0.62 (0.22) 0.79 (0.34)
Sex

Male Reference Reference Reference Reference
Female 0.81 (0.24) -0.29 (0.24) 0.01 (0.16) 0.33(0.18)

Race/ethnicity

White Reference Reference Reference Reference
Black -0.79 (0.30) -0.34 (0.22) -0.26 (0.16) -0.57 (0.18)
Hispanic -0.85 (0.28) -0.08 (0.26) -0.19 (0.13) -0.55 (0.17)
Asian -1.17 (0.54) -0.72 (0.63) -0.76 (0.35) -0.85 (0.39)
Other -0.96 (0.70) -0.26 (0.59) 0.59 (0.36) 0.62 (0.30)
Age -0.22 (0.10) -0.04 (0.06) -0.01 (0.04) 0.01 (0.04)
Age squared 0.00 (0.00) 0.00 (0.00) -0.00 (0.00) 0.00 (0.00)

Region of residence

Northeast Reference Reference Reference Reference
Midwest -0.22 (0.40) 0.17 (0.28) 0.23 (0.17) 0.14 (0.25)
South -0.33 (0.33) 0.37 (0.24) 0.10 (0.15) 0.19 (0.20)
West 0.12 (0.31) -0.17 (0.28) 0.20 (0.20) 0.09 (0.21)
Education

Less than high school Reference Reference Reference Reference
diploma

High school diploma 0.37 (0.22) 0.18 (0.19) -0.03 (0.12) 0.15 (0.12)
College 0.87 (0.65) 0.06 (0.31) -0.21 (0.24) 0.03 (0.25)

(Continued on next page)
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Table 2. (continued) Four-Part Model Regression of the Effect of Smoking on Annual Medical Expenditures

Correlation (Standard Error)

Logged Expenditures for
Probability of Positive Probability of Positive Logged Expenditures for Nonusers of Inpatient
Variable Expenditures Inpatient Expenditures Users of Inpatient Services Services

Marital status

Married Reference Reference Reference Reference
Widowed 0.44 (0.77) 0.28 (0.48) 0.24 (0.28) 0.71 (0.33)
Divorced/separated 1.30 (0.30) -0.05 (0.21) 0.07 (0.16) 0.24 (0.13)
Single 0.35 (0.22) -0.09 (0.21) 0.01 (0.14) 0.19 (0.14)
Pregnancy

Not pregnant Reference Reference Reference Reference
Pregnant 3.67 (1.09) 3.77 (1.17) -1.69 (0.59) -0.64 (0.54)
R? 0.10 0.13 0.21 0.17

Table 3. Smoking Prevalence and Estimated Fraction and Total Annual Medicaid Expenditure Attributable to Smoking, by
State

Smoking Prevalence, % SAE, million, 2004 $
Alabama 52 9 285
Alaska 68 15 67
Arizona 49 18 377
Arkansas 54 11 167
California 45 11 2,254
Colorado 61 17 338
Connecticut 49 7 249
Delaware 58 10 55
District of Columbia 51 11 95
Florida 46 11 951
Georgia 42 10 372
Hawaii 62 11 69
Idaho 62 14 97
lllinois 58 11 905
Indiana 68 15 521
lowa 61 10 166
Kansas 54 12 171

Abbreviations: SAF, smoking-attributable fraction; SAE, smoking-attributable expenditure.
@ Estimates for states are based on Behavioral Risk Factor Surveillance System state-representative data and the Medical Expenditure Panel Survey and
National Health Interview Survey (MEPS-NHIS) national model. The fraction for the United States as a whole is based solely on the MEPS-NHIS national model.

(Continued on next page)
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Table 3. (continued) Smoking Prevalence and Estimated Fraction and Total Annual Medicaid Expenditure Attributable to
Smoking, by State

Smoking Prevalence, % SAE, million, 2004 $
Kentucky 65 12 390
Louisiana 43 12 364
Maine 63 14 190
Maryland 51 12 386
Massachusetts 53 11 696
Michigan 64 13 727
Minnesota 54 11 423
Mississippi 35 9 197
Missouri 66 14 514
Montana 70 15 70
Nebraska 64 15 167
Nevada 62 11 66
New Hampshire 80 15 103
New Jersey 36 6 309
New Mexico 50 12 159
New York 54 11 3,343
North Carolina 63 11 622
North Dakota 63 12 53
Ohio 65 13 1,171
Oklahoma 58 12 233
Oregon 67 15 290
Pennsylvania 70 11 849
Rhode Island 48 8 94
South Carolina 41 11 336
South Dakota 69 16 68
Tennessee 58 11 443
Texas 43 11 987
Utah 54 14 149
Vermont 67 15 74
Virginia 58 11 294
Washington 67 18 464
West Virginia 67 11 180
Wisconsin 63 13 440
Wyoming 62 16 40
US total 51 11 21,951

Abbreviations: SAF, smoking-attributable fraction; SAE, smoking-attributable expenditure.
@ Estimates for states are based on Behavioral Risk Factor Surveillance System state-representative data and the Medical Expenditure Panel Survey and
National Health Interview Survey (MEPS-NHIS) national model. The fraction for the United States as a whole is based solely on the MEPS-NHIS national model.
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Abstract

Introduction

The Centers for Disease Control and Prevention modi-
fied the surveillance case definition of arthritis to a more
stringent form in 2002. To date, the association between
arthritis and obesity (an established risk factor for arthri-
tis) has not been examined with the new definition. We
describe the association between body mass index (BMI)
(kg/m?) and arthritis using the new arthritis case defini-
tion to provide a more accurate assessment of the relation-
ship between weight and arthritis among US adults.

Methods

We used data from the 2005 Behavioral Risk Factor
Surveillance System (N = 356,112) and univariate and
multivariate analyses to assess the relationship between
BMI and arthritis among US adults.

Results

Overall, 26% of US adults had self-reported arthritis.
Obese respondents (BMI >30.0 kg/m?) were 1.9 times
more likely to report arthritis compared with normal-
weight respondents (BMI <25.0 kg/m?), and distinguishing
between obese levels revealed an even greater association
between BMI and arthritis (class III obesity [BMI >40.0],

odds ratio [OR] = 3.3, 95% confidence interval [CI] = 3.1-
3.6; class II obesity [BMI 35.0-39.9 kg/m?], OR = 2.5, 95%
CI=2.3-2.7; class I obesity [BMI 30.0-34.9], OR = 1.9, 95%
CI =1.8-2.0).

Conclusion

BMI is an independent risk factor for self-reported
arthritis. Maintaining a healthy weight may delay the
onset of arthritis. More research is needed to determine
the effect of weight loss on the progression of arthritis in
overweight individuals.

Introduction

The prevalence of both obesity and arthritis in the
United States continues to rise, and the medical, physical,
and social costs associated with these conditions are enor-
mous (1-7). Previous research has identified an association
between obesity, defined by using body mass index (BMI)
and certain types of arthritis (8-13), yet population-based
studies on weight and arthritis in the United States are
limited. Additionally, the Centers for Disease Control and
Prevention (CDC) changed the surveillance case defini-
tion of arthritis in 2002 to a more exclusive form that only
includes self-reported, doctor-diagnosed arthritis (http:/
www.cdc.gov/arthritis/data_statistics/case_def_additional.
htm). To our knowledge, existing studies used the old,
more inclusive definition. From 1996 through 2001, the
case definition included people with doctor-diagnosed
arthritis and/or those with chronic joint symptoms; since
2002, the definition of arthritis is defined as a yes answer
to the following question: “Have you ever been told by a
doctor or other health professional that you have some
form of arthritis, rheumatoid arthritis, gout, lupus, or
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fibromyalgia?” Given the growing public health impor-
tance of obesity and arthritis, we aim to more accurately
describe the relationship between BMI and arthritis
among US adults.

Our 2 primary objectives are 1) to describe the preva-
lence of self-reported arthritis among US adults by various
demographic and socioeconomic characteristics and 2) to
determine whether BMI is significantly associated with
arthritis at the population level, using the revised arthri-
tis definition. Study findings will provide a more accurate
assessment of the relationship between weight and arthri-
tis in the United States and will enhance related clinical
medical interventions and public health initiatives.

Methods

Data from the 2005 CDC Behavioral Risk Factor
Surveillance System (BRFSS), an annual, state-based,
random-digit—dialed telephone survey that collects infor-
mation on health and risk behaviors for noninstitutional-
ized civilians aged 18 years or older, were used to examine
the relationship between arthritis and BMI among adults
in all 50 states, the District of Columbia, Puerto Rico,
the US Virgin Islands, and Guam. BRFSS data were
downloaded from the CDC Web site for this analysis, and
all respondents who had answered the question pertain-
ing to arthritis status were included (N = 356,112) (14).
Respondents were defined as having arthritis if they
answered yes to the question, “Have you ever been told by
a doctor or other health professional that you have some
form of arthritis, rheumatoid arthritis, gout, lupus, or fibro-
myalgia?” This method of identifying people with arthritis
is recommended by CDC (15) and has moderate sensitivity
(ability to correctly identify people with arthritis) (70.3%)
and specificity (ability to correctly identify people without
arthritis) (72.4%) (16). BMI (kg/m?) was calculated from
self-reported height and weight and was classified into 5
categories: normal (<25.0), overweight (25.0-29.9), class 1
obesity (30.0-34.9), class II obesity (35.0-39.9), and class I11
obesity (>40.0).

All other variables we examined were categorical: sex,
race/ethnicity (non-Hispanic white, non-Hispanic black;
Hispanic; other), age (18-34, 35-44, 45-54, 55-64, >65
years), education (less than high school graduate, high
school graduate, attended college, college graduate), annu-
al income (<$25,000, $25,000-$49,999, >$50,000), health

insurance coverage (insured or uninsured), and physical
activity (PA) level (active, insufficient activity, and inac-
tive). PA categories were based on the Surgeon General’s
recommendations (17). “Active” was defined as meeting the
recommendations (30 minutes or more of moderate-inten-
sity PA on 5 or more days per week or 20 minutes or more
of vigorous-intensity PA on 3 or more days per week) dur-
ing the preceding month, “insufficient activity” was defined
as not meeting the recommendations during the preceding
month, and “inactive” was defined as reporting no PA out-
side of one’s occupation during the preceding month.

SAS version 9.1 (SAS Institute Inc, Cary, North Carolina)
was used for all analyses. Descriptive statistics were cal-
culated to describe the population, and the prevalence
of arthritis across population groups was reported with
corresponding 95% confidence intervals (Cls). Univariate
analyses were conducted to obtain the crude odds ratios
(ORs) and to estimate the associations between arthri-
tis and the independent variables. Multivariate logis-
tic regression was used to characterize the association
between BMI and arthritis, and the final model consists
of all covariates (sex, age, race/ethnicity, insurance sta-
tus, and PA level) and 1 interaction (interaction between
education and income), which was simultaneously entered
into the model. Significance was established at P < .05.
Data were weighted to adjust for differences in the prob-
ability of selection, nonresponse, and noncoverage of the
survey, which often varies because of geographic loca-
tion, availability of residential telephones, and number
of adults per household. (For further discussion of data
weighting, see http://www.cdc.gov/brfss/technicalinfodata/
weighting.htm).

Results

Women (51%) and men (49%) were almost equally repre-
sented, and 38% were aged 35 to 54 years (Table 1). Most
were non-Hispanic white (69%) and had graduated from
high school (87%). Most participants earned $50,000 or
more and most had some type of insurance coverage (84%).
Almost 60% of participants were in the overweight and
obese range, 8% of whom were severely obese (BMI >35.0
kg/m?). Nearly half (48%) did not meet the recommended
level of PA during the preceding month.

Among respondents who reported having arthritis, more
women (59%) than men (41%) were affected. Participants
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in the oldest age category (>65 years) comprised more
than one-third of all cases, and more than 75% of reported
arthritis was among non-Hispanic whites. Slightly more
high school graduates (33%) reported arthritis compared
with participants who had attended college (27%), and
participants with less than a high school degree accounted
for 14% of reported arthritis. The number of arthritis
cases by income category did not vary greatly, and unin-
sured participants comprised only 10% of those reporting
arthritis. Three-fourths of all arthritis cases were reported
by people who engaged in some PA, and overweight and
obese participants accounted for most cases (68%). Among
participants at a normal weight, 40% reported no arthri-
tis, and the proportion of participants without arthritis
decreased dramatically as weight increased.

Overall, 26% of US adults reported doctor-diagnosed
arthritis (Table 2). Higher prevalence of arthritis was asso-
ciated with being female, older, and overweight or obese.
Doctor-diagnosed arthritis was nearly twice as prevalent
in obese participants (38%) compared with normal-weight
participants (20%). Arthritis prevalence increased with
increasing BMI category and with decreasing levels of
PA. Compared with other participants, the prevalence of
arthritis was higher for non-Hispanic whites, participants
with low educational attainment, and participants in the
lowest income category. Respondents who reported hav-
ing insurance were more likely to report doctor-diagnosed
arthritis (28%) than were respondents who reported not
having insurance coverage (16%).

Age was the strongest predictor of arthritis in both the
univariate and multivariate models (Table 3). Respondents
in older age categories were significantly more likely to
have arthritis, and participants aged 65 years or older
were 13 times more likely to have arthritis (adjusted OR =
13.8; 95% CI, 13.0-14.7). The higher risk of arthritis among
women remained stable after adjustment (unadjusted OR
= 1.6; adjusted OR = 1.5). After adjustment for age, sex,
race/ethnicity, socioeconomic variables, and levels of PA,
high BMI remained a risk factor for arthritis. Participants
in high BMI categories were significantly more likely to
have arthritis compared with those in low BMI categories.
Compared with normal-weight participants, the odds of
arthritis were 3.3 times greater among participants who
had class III obesity, 2.5 times greater among participants
who had class II obesity, and 1.9 times greater among
participants who had class I obesity. The odds of reporting
arthritis increased by nearly 40% among participants who

were overweight, and the association between BMI and
arthritis remained after adjusting for covariates.

Respondents who reported having no insurance cover-
age were 52% less likely to report arthritis than those who
reported having insurance coverage. After adjusting for
all of the covariates, the association between uninsured
status and arthritis weakened. Participants who reported
having no coverage were only 20% less likely to report
arthritis. The association between insufficient PA and
arthritis was attenuated after adjustment (unadjusted OR
= 1.2; adjusted OR = 1.0).

The interaction between education and income was sig-
nificant (P=.047) (Table 3). Because education and income
were not correlated (Pearson r = 0.0536), the final model
consisted of all covariates and 1 interaction (interaction
between education and income) (Table 4). Overall, risk of
reporting arthritis was seen to decrease with increasing
income category, regardless of educational attainment;
the most pronounced decrease was observed among college
graduates. Because education and income levels may vary
by sex, we examined the interaction separately among
men and women. The findings for men follow the trend
observed for the overall results, while the findings for
women were less consistent. The least educated women
within the highest income category were at increased risk
of reporting arthritis (OR = 1.1; 95% CI, 0.8-1.5).

Discussion

BMI and arthritis

The results of this study highlight the strong inde-
pendent relationship between excess body weight and
self-reported arthritis among adults in the United States.
Because a more exclusive case definition of arthritis was
used, we expected to find a lower risk of reported arthritis
among all weight groups. However, our results were simi-
lar for people who were overweight and who had class I
obesity, compared with a previous study, which used the
old definition of arthritis, that reported similar ORs and
95% ClIs for these weight categories (18). However, our
results did differ among participants who had class IT and
class III obesity when compared with that same study,
which found a lower odds of reporting arthritis among peo-
ple with class II obesity (OR = 2.4; 95% CI, 2.1-2.5) and a
higher odds of reporting arthritis among people with class
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III obesity (OR = 3.6; 95% CI, 3.2-3.8). The lower odds of
reporting arthritis that we found for people with class III
obesity may demonstrate that these people are more likely
to report chronic joint symptoms than arthritis, but more
research is needed in this area to be certain.

Our findings showed that the highest BMI category was
associated with significantly higher odds of arthritis, and
the association between high BMI and arthritis remained
after adjusting for demographic and socioeconomic vari-
ables. Given the increasing prevalence of obesity in the
United States and the alarming rate of increase among
youth, arthritis symptoms may develop at a younger age.
Clinicians should become aware of these trends and imple-
ment strategies to prevent obesity and reduce weight gain
among this population. Physicians should recommend los-
ing weight to their patients, and studies have shown that
such counseling can promote weight-loss efforts among
adults (19).

Demographic and socioeconomic variables and arthritis

Age was the strongest independent predictor of arthritis,
and this was not surprising given that previous studies
have reported that nearly half of all arthritis cases occur
in adults aged 65 years or older (20,21). The odds of report-
ing arthritis more than doubled from people aged 45 to 54
years to people aged 65 years or older, so it seems espe-
cially important for adults to maintain a healthy weight
before they reach age 45.

After adjustment for all of the covariates included in the
model, the risk of arthritis was 50% higher among women.
Although the prevalence of obesity is higher among women
than among men and although women typically live lon-
ger than men (22), our results show that the association
between sex and arthritis is independent of BMI and
age. Furthermore, the odds of women reporting arthritis
remained high even after taking education and income
into account. Biologic risk factors (eg, genetics, hormones)
may explain the increased risk of arthritis among women
(23,24), and more research is needed in these areas.

In unadjusted analyses, higher education and high-
er income categories were associated with significantly
decreased odds of reporting arthritis. However, income
and education were found to interact significantly, and
results showed that the highest income earners, regard-
less of educational level, were less likely to report arthritis.

These coincide with the results of previous research that
indicated that the lowest income earners were at highest
risk of arthritis (4). The association between low educa-
tional attainment and arthritis is less clear (25), and the
interaction we detected may mask the true, independent
association between income level and odds of having
arthritis. Furthermore, the arthritis case definition we
used required a diagnosis by a health professional. This
fact may explain the decreased likelihood of participants
without health insurance to report arthritis, because they
may be more likely to not seek professional advice.

Non-Hispanic blacks were slightly less likely to report
arthritis than were participants in the referent group,
and Hispanics were nearly 50% less likely to report
arthritis after adjustment. The prevalence of arthritis by
race/ethnicity that we found was similar to that reported
previously, with a higher prevalence of arthritis among
whites (29%) and African Americans (26%) and a lower
prevalence among Hispanics (15%) (20).

Physical activity and arthritis

PA level was significantly associated with arthritis
only among participants who did not participate in any
type of PA during the preceding month. Participants who
were inactive were 30% more likely to report arthritis,
whereas the association between insufficient activity and
arthritis was no longer significant after adjusting for all of
the covariates and BMI. Our findings support the recom-
mendations of the American College of Rheumatology for
people to engage in recommended levels of PA to lower the
risk of arthritis (26,27).

Study limitations

Study findings are subject to certain limitations. Causal
relationships cannot be inferred because the BRFSS is
cross-sectional in design. Data obtained may be inaccu-
rate because all variables rely on self-report; specifically,
survey respondents often overreport height and under-
report weight (28), and this fact may have resulted in
lower estimates of BMI. Additionally, the case definition
of arthritis we used excludes respondents who did not con-
sult a health professional for their symptoms. Given that
poor, uninsured people are more likely to be overweight
and to forego formal medical treatment, results may not
reflect the true association between BMI and arthritis
(29). Furthermore, many types of arthritis vary signifi-
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cantly in etiology; some forms actually lead to weight gain
(due to corticosteroid use and/or pain-related activity
limitations). The BRFSS does not collect information on
the type of arthritis or rheumatic disease or on the specific
use of medications that could lead to weight gain, so study
findings cannot be generalized to all people with arthritis.
BRFSS is administered only to noninstitutionalized, non-
military adults, so findings may not be generalized to the
entire US population.

Conclusion

Arthritis and obesity are costly to the individual and the
nation. As the US population ages and lives longer and as
the prevalence of obesity continues to rise, arthritis may
become an even greater public health concern. Achieving
and maintaining a healthy weight may help delay the
onset of arthritis. Given that body weight is modifiable,
we have the opportunity to reduce the effects of arthri-
tis. Our study results indicate that programs that target
women who are overweight and members of the younger
generation may have the greatest potential for decreasing
arthritis prevalence among US adults. Future research
is needed to determine whether maintaining a healthy
weight delays the onset of arthritis and to investigate
mechanisms by which excess body weight possibly leads to
arthritis. More research will enhance efforts to address the
public health challenges that arthritis and obesity create
for our nation.
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Tables

Table 1. Respondent Characteristics (N = 356,112) by Arthritis Status, Behavioral Risk Factor Surveillance System, 2005

Characteristic

Total overall

Sex

Male

Female

Age, y

18-34

35-44

45-54

55-64

=65
Race/Ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic

Other

Education

Less than high school graduate
High school graduate
Attended college
College graduate
Annual income, $
<25,000
25,000-49,999
=50,000

Insurance coverage
Insured

Uninsured

Abbreviation: PA, physical activity.

Total No. (%)

356,112 (100.0)

136,201 (48.5)
219,911 (51.5)

64,903 (31.1)
63,425 (19.7)
73,297 (18.5)
64,441 (13.4)
87,351 (16.7)

278,672 (68.7)
27,735 (9.4)
25,539 (14.8)
20,750 (6.2)

38,202 (12.5)
109,830 (29.9)
93,228 (26.1)
113,944 (31.3)

94,577 (24.5)
94,113 (24.9)
118,676 (37.0)

311,213 (83.6)
43,954 (16.0)

No. With Arthritis? (%)

119,485 (26.0)

38,902 (40.6)
80,583 (59.4)

5,690 (8.3)
11,414 (12.4)
23,195 (20.9)
29,774 (22.7)
48,673 (35.2)

97,682 (76.4)
8,831 (9.3)
5,471 (8.3)
6,277 (5.1)

16,285 (13.9)
40,501 (32.6)
31,682 (26.5)
30,772 (26.7)

40,499 (29.5)
30,749 (25.6)
30,343 (30.8)

109,032 (90.1)
10,258 (9.7)

No. Without Arthritis (%)

230,651 (71.8)

95,060 (51.4)
135,591 (48.6)

58,184 (39.4)
51,003 (22.4)
49,005 (17.6)
33,719 (10.1)
36,986 (10.0)

176,988 (66.5)
18,205 (9.4)
19,438 (16.8)
14,044 (6.5)

20,979 (11.7)
67,309 (28.9)
60,264 (26.1)
81,638 (33.2)

52,477 (22.6)
62,257 (25.0)
87,065 (39.8)

197,114 (81.4)
32,844 (18.1)

@ Respondents with arthritis were defined as those who answered yes to the question, “Have you ever been told by a doctor or other health professional that

you have some form of arthritis, rheumatoid arthritis, gout, lupus, or fibromyalgia?”

b PA categories were based on the Surgeon General’s recommendations (17). “Active” was defined as meeting the recommendations (30 minutes or more
of moderate-intensity PA on 5 or more days per week or 20 minutes or more of vigorous-intensity PA on 3 or more days per week) during the preceding
month, “insufficient activity” was defined as not meeting the recommendations during the preceding month, and “inactive” was defined as reporting no PA

outside of one’s occupation during the preceding month.

(Continued on next page)
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Table 1. (continued) Respondent Characteristics (N = 356,112) by Arthritis Status, Behavioral Risk Factor Surveillance

System, 2005

Characteristic

Total No. (%)

No. With Arthritis? (%)

No. Without Arthritis (%)

Body mass index

Normal (<25.0 kg/m?)

129,513 (37.0)

34,853 (28.5)

92,653 (40.2)

Overweight (25.0-29.9 kg/m?) 123,692 (35.1) 41,718 (35.8) 80,168 (35.1)
Class | obesity (30.0-34.9 kg/m?) 55,599 (15.2) 22,761 (19.2) 32,098 (13.8)
Class Il obesity (35.0-39.9 kg/m?) 19,439 (5.2) 9,025 (7.6) 10,176 (4.4)
Class Ill obesity (=40.0 kg/m?) 11,419 (3.0) 5,976 (5.0) 5,291 (2.2)
PA level®

Active 155,418 (44.7) 45,351 (39.3) 109,509 (47.8)
Insufficient activity 125,166 (35.0) 42,736 (35.9) 81,977 (35.6)
Inactive 50,399 (13.2) 23,502 (18.7) 26,582 (11.4)

Abbreviation: PA, physical activity.

@ Respondents with arthritis were defined as those who answered yes to the question, “Have you ever been told by a doctor or other health professional that
you have some form of arthritis, rheumatoid arthritis, gout, lupus, or fibromyalgia?”

b PA categories were based on the Surgeon General’s recommendations (17). “Active” was defined as meeting the recommendations (30 minutes or more
of moderate-intensity PA on 5 or more days per week or 20 minutes or more of vigorous-intensity PA on 3 or more days per week) during the preceding
month, “insufficient activity” was defined as not meeting the recommendations during the preceding month, and “inactive” was defined as reporting no PA
outside of one’s occupation during the preceding month.

Table 2. Prevalence of Arthritis by Selected Characteristics, Behavioral Risk Factor Surveillance System, 2005

Characteristic Arthritis Prevalence, % (95% CI)

Total overall 26.0 (26.0-26.0)
Sex

Male 21.8 (21.8-21.8)
Female 30.1 (30.0-30.1)
Age, y

18-34 7.0 (7.0-7.0)
35-44 16.4 (16.4-16.5)
45-54 29.4 (29.4-29.5)
55-64 44.1 (44.0-44.2)
=65 54.8 (54.7-54.9)

Abbreviation: Cl, confidence interval; PA, physical activity.

a PA categories were based on the Surgeon General’s recommendations (17). “Active” was defined as meeting the recommendations (30 minutes or more
of moderate-intensity PA on 5 or more days per week or 20 minutes or more of vigorous-intensity PA on 3 or more days per week) during the preceding
month, “insufficient activity” was defined as not meeting the recommendations during the preceding month, and “inactive” was defined as reporting no PA
outside of one’s occupation during the preceding month.

(Continued on next page)
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Table 2. (continued) Prevalence of Arthritis by Selected Characteristics, Behavioral Risk Factor Surveillance System, 2005

Characteristic Arthritis Prevalence, % (95% CI)

Race/Ethnicity

Non-Hispanic white
Non-Hispanic black

Hispanic

Other

Education

Less than high school graduate
High school graduate

Attended college

College graduate

Annual income, $

<25,000

25,000-49,999

=50,000

Insurance coverage

Insured

Uninsured

Body mass index

Normal (<25.0 kg/m?)
Overweight (25.0-29.9 kg/m?2)
Class | obesity (30.0-34.9 kg/m?)
Class Il obesity (35.0-39.9 kg/m?)
Class Ill obesity (=40.0 kg/m?2)
PA level®

Active

Insufficient activity

Inactive

28.9 (28.9-29.0)
25.7 (25.6-25.8)
14.5 (14.5-14.6)
21.3 (21.1-21.5)

29.1 (29.0-29.3)
28.4 (28.3-28.5)
26.5 (26.4-26.6)
22.3 (22.2-22.4)

31.4 (31.2-31.5)
26.7 (26.5-26.8)
21.7 (21.6-21.8)

28.1 (28.0-28.2)
15.8 (15.7-16.0)

20.1 (19.9-20.2)
26.5 (26.4-26.7)
33.0 (32.7-33.3)
37.9 (37.4-38.4)
44.0 (43.3-44.8)

22.9 (22.7-23.1)
26.7 (26.5-26.9)
37.1 (36.7-37.5)

Abbreviation: CI, confidence interval; PA, physical activity.

a8 PA categories were based on the Surgeon General’s recommendations (17). “Active” was defined as meeting the recommendations (30 minutes or more
of moderate-intensity PA on 5 or more days per week or 20 minutes or more of vigorous-intensity PA on 3 or more days per week) during the preceding
month, “insufficient activity” was defined as not meeting the recommendations during the preceding month, and “inactive” was defined as reporting no PA
outside of one’s occupation during the preceding month.
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Table 3. Unadjusted and Adjusted Risk of Arthritis, by Covariates, Behavioral Risk Factor Surveillance System, 20052

Characteristic Unadjusted OR (95% Cl) Adjusted OR (95% CI)

Sex

Male 1 [Reference] 1 [Reference]
Female 1.6 (1.5-1.6) 1.5 (1.5-1.6)
Age, y

18-34 1 [Reference] 1 [Reference]
35-44 2.6 (2.5-2.8) 2.5 (2.4-2.7)
45-54 5.6 (5.3-5.9) 5.2 (4.9-5.5)
55-64 10.6 (10.0-11.3) 9.5 (8.9-10.0)
=65 16.7 (15.7-17.6) 13.8 (13.0-14.7)

Race/Ethnicity

Non-Hispanic white 1 [Referencel] 1 [Reference]
Non-Hispanic black 0.9 (0.8-0.9) 0.8 (0.8-0.9)
Hispanic 0.4 (0.4-0.5) 0.5 (0.5-0.6)
Other 0.7 (0.6-0.7) 0.9 (0.8-1.0)

Insurance coverage
Insured 1 [Reference] 1 [Reference]
Uninsured 0.5 (0.5-0.5) 0.8 (0.7-0.8)

Body mass index

Normal (<25.0 kg/m2) 1 [Referencel] 1 [Referencel]
Overweight (25.0-29.9 kg/m?) 1.4 (1.4-1.5) 1.4 (1.3-1.4)
Class | obesity (30.0-34.9 kg/m?) 2.0 (1.9-2.1) 1.9 (1.8-2.0)
Class Il obesity (35.0-39.9 kg/m?) 2.4 (2.3-2.6) 2.5 (2.3-2.7)
Class Il obesity (=40.0 kg/m?) 3.1 (2.9-3.4) 3.3 (3.1-3.6)
PA level®

Active 1 [Reference] 1 [Reference]
Insufficient activity 1.2 (1.2-1.3) 1.0 (1.0-1.1)
Inactive 2.0 (1.9-2.1) 1.3 (1.2-1.3)

Abbreviations: OR, odds ratio; Cl, confidence interval; PA, physical activity.

@ Because the education and income variables were not correlated (Pearson r = 0.0536), the final model used to derive the adjusted values consisted of all
independent covariates and the interaction between education and income; all predictors were simultaneously entered into the model (P = .047).

b PA categories were based on the Surgeon General’s recommendations (17). “Active” was defined as meeting the recommendations (30 minutes or more
of moderate-intensity PA on 5 or more days per week or 20 minutes or more of vigorous-intensity PA on 3 or more days per week) during the preceding
month, “insufficient activity” was defined as not meeting the recommendations during the preceding month, and “inactive” was defined as reporting no PA
outside of one’s occupation during the preceding month.
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Table 4. Interaction Between Education and Annual Income and Risk of Arthritis, Overall and Stratified by Sex, Behavioral

Risk Factor Surveillance System, 2005

Education ‘
Less than high school graduate
Less than high school graduate
Less than high school graduate
High school graduate

High school graduate

High school graduate

Attended college

Attended college

Attended college

College graduate

College graduate

College graduate

Abbreviations: OR, odds ratio; Cl, confidence interval.

Income, $

<25,000
25,000-49,999
=50,000
<25,000
25,000-49,999
=50,000
<25,000
25,000-49,999
=50,000
<25,000
25,000-49,999
=50,000

1.0 [Reference]
0.9 (0.7-1.0)
0.8 (0.7-1.0)
0.9 (0.9-1.0)
0.7 (0.6-0.9)
0.6 (0.5-0.8)
1.0 (0.9-1.1)
0.8 (0.6-1.0)
0.6 (0.5-0.8)
0.8 (0.7-0.9)
0.6 (0.5-0.8)
0.5 (0.4-0.6)

1.0 [Reference]
0.9 (0.7-1.1)
0.6 (0.5-0.9)
0.9 (0.8-1.0)
0.7 (0.5-1.0)
0.6 (0.4-0.9)
0.9 (0.8, 1.1)
0.7 (0.5-1.0)
0.6 (0.4-0.9)
0.7 (0.6-0.9)
0.6 (0.4-0.8)
0.5 (0.3-0.7)

‘ Overall OR (95% Cl ) ‘ Men OR (95% Cl ) ‘ Women OR (95% ClI)

1.0 [Reference]
0.8 (0.7-1.0)
1.1 (0.8-1.5)
0.9 (0.9-1.0)
0.7 (0.5-1.0)
0.7 (0.5-0.9)
1.0 (0.9-1.2)
0.8 (0.5-1.1)
0.6 (0.4-0.8)
0.9 (0.7-1.0)
0.7 (0.5-0.9)
0.5 (0.4-0.7)
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Abstract

Introduction

Because of the growing number of caregivers and the
awareness of related health and quality-of-life issues, care-
giving has emerged as an important public health issue.
We examined the characteristics and caregiving experi-
ences of caregivers of people with and without cognitive
impairment.

Methods

Participants (n = 668) were adults who responded to the
2005 North Carolina Behavioral Risk Factor Surveillance
System. Caregivers were people who provided regular care
to a family member or friend aged 60 years or older either
with or without cognitive impairment (ie, memory loss,
confusion, or Alzheimer’s disease).

Results

Demographic characteristics of caregivers of people with
cognitive impairment were similar to those of caregivers of
people without cognitive impairment. However, compared
with caregivers of people without cognitive impairment,
caregivers of people with cognitive impairment reported
higher levels of disability, were more likely to be paid, and
provided care for a longer duration. Care recipients with
cognitive impairment were more likely than care recipients

without cognitive impairment to be older, have dementia or
confusion, and need assistance with memory and learning.

Conclusion

State-level caregiving surveillance is vital in assessing
and responding to the needs of the growing number of
caregivers.

Introduction

The expansion of the aging population in the United
States is well documented. According to census estimates,
1 in every 5 (20.7%) people in the United States will be
aged 65 or older by 2050, compared with 1 in 10 (10.4%)
in 2000 (1). Because disability increases with age (2),
the number of people who need assistance with activi-
ties of daily living (ADL) (eg, bathing) and instrumental
activities of daily living (IADL) (eg, meal preparation) will
continue to increase as the population ages. Historically,
family members and friends have provided most of the
assistance needed for the aging population in the United
States. Approximately two-thirds of community-dwelling
adults who need assistance with ADL rely on family mem-
bers and friends alone to meet their needs (3).

Informal caregiving is a component of health, social, and
aging services infrastructures (4-7). Although no univer-
sally accepted definition of informal caregiving exists, it is
commonly understood as providing assistance to a family
member or friend in a nonprofessional, usually unpaid,
role to support the capacity of an individual to remain
at home in the community for as long as possible (8). An
estimated 16% to 30% of Americans provide informal care
(9-11). Furthermore, among caregivers of people aged 60
years or older, between 25% and 29% provide assistance
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to someone with cognitive impairment, a memory problem,
or a disorder, such as Alzheimer’s disease (10,12).

Aspects of cognition, such as memory, thought, and lan-
guage, influence a person’s ability to interact socially and
to function independently (13,14). Cognitive impairment
can affect a person’s memory as well as the ability to per-
form daily tasks (15). Caregivers of people with cognitive
impairment face challenges common to those of other care-
givers, but they also encounter issues unique to the charac-
teristics of the recipient’s impairment. Studies have shown
that providing care for a person with cognitive impairment
is more demanding than caring for someone with physical
problems alone, as indicated by reports of higher levels of
burden, stress, and depression among caregivers of people
with cognitive impairment (4,10,16-19).

Studies of caregivers of people with cognitive impair-
ment have shaped our understanding of specific experi-
ences and outcomes related to caregiving. However, such
studies typically focus on a specific group of caregivers and
care recipients, such as spousal caregivers, primary care-
givers, or those seeking care in a clinic (17,18), which do
not represent all caregivers in the population. A consistent
source of state-level information on caregiving is needed to
adequately assess the population and to plan appropriately
for programs and services targeting caregivers. Typically,
these services are delivered at the state level. Likewise,
surveillance systems such as the Behavioral Risk Factor
Surveillance System (BRFSS) provide the opportunity
to monitor the burden of cognitive impairment, which is
critical to understand the effects of these issues on families
and communities in the United States (13,20).

Healthy People 2010 recommends the use of population-
based data for tracking and measuring health indicators
over time (21). One of the systems commonly used to
monitor Healthy People goals is the BRFSS, an annual,
list-assisted, random-digit—dialed telephone survey of the
noninstitutionalized adult population of the United States
and its territories. The BRFSS has been used to survey
Americans on health behaviors and risk factors since 1984.
Detailed methods have been described elsewhere (22,23),
and information about questions, response characteristics,
and methods can be found at www.cdc.gov/brfss.

We examined the characteristics of caregivers of people
with and without cognitive impairment and the differ-
ences in their caregiving experiences.

Methods

From May through August 2005, an 11-item module
of caregiving questions was added to the North Carolina
BRFSS (24). These questions were created through collab-
orative efforts with key national stakeholders as part of a
larger pilot study that also involved a follow-back survey
of consenting caregivers (24). North Carolina was chosen
as the pilot site because the large sample planned for 2005
BRFSS allowed a sufficient number of responses (study
plan, n = 5,000) within 4 months. This study was approved
by the institutional review board of the University of
Florida.

Measures

The demographic factors of age, race/ethnicity, sex, edu-
cation, and income were used to characterize caregivers.
Age was reported as a categorical variable (18-34, 35-44,
45-54, 55-64, and >65 years). Categories for race/ethnic-
ity (non-Hispanic white; non-Hispanic black; other/multi-
race, non-Hispanic; and Hispanic), sex, education level
(<high school diploma, high school diploma, and >high
school diploma), and annual income (<$25,000; $25,000-
$34,999; $35,000-$49,999; $50,000-$74,999; and >$75,000)
also were reported.

Health-related quality of life of the caregiver was mea-
sured by responses to the following 3 core questions: 1)
“Now thinking about your physical health, which includes
physical illness and injury, for how many days during the
past 30 days was your physical health not good?”; 2) “Now
thinking about your mental health, which includes stress,
depression, and problems with emotions, for how many
days during the past 30 days was your mental health not
good?”; and 3) “Would you say that in general your health
is excellent, very good, good, fair, or poor?” The reliability
of these questions is reported elsewhere (25). Social and
emotional support was assessed through a single question:
“How often do you get the social and emotional support you
need?” Life satisfaction was measured by a single question:
“In general, how satisfied are you with your life?”

Respondents were characterized as having a disability
if they answered yes to either of the 2 following core ques-
tions: 1) “Are you limited in any way in any activities
because of physical, mental, or emotional problems?” or 2)
“Do you now have any health problem that requires you to
use special equipment, such as a cane, a wheelchair, a spe-
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cial bed, or a special telephone?” Objective 6-1 of Healthy
People 2010 suggests that these items be used nationally
to assess disability (21).

Respondents were classified as caregivers if they replied
yes to the following question: “People may provide regular
care or assistance to someone who has a long-term illness
or disability. During the past month, did you provide any
such care or assistance to a family member or friend?”
This item was modified from a question asked nationally
during the 2000 BRFSS that restricted the definition of
caregiver to one who provided care to someone aged 60
or older (9). If respondents provided care for more than
1 person, they were instructed to answer all subsequent
questions on the basis of the person for whom they pro-
vided the most care. Additionally, caregivers who reported
that the care recipient was aged 60 years or older were
asked, “Did that person have a problem with memory loss
or confusion or a disorder like Alzheimer’s disease?” Those
who said yes were classified as caregivers of people with
cognitive impairment. Because the cognitive impairment
question was asked only of caregivers of people aged 60 or
older, all analyses were restricted to caregivers of people
aged 60 or older.

Caregiving experience

Caregivers were asked a series of questions about their
experiences providing care, which included several com-
ponents: 1) description of the care recipient, 2) type and
duration of care provided, and 3) caregiving intensity.
Caregivers provided the following information about the
person to whom they provided the most care: age (clas-
sified as 60-69, 70-79, 80-89, or >90 years), sex, relation-
ship to caregiver (spouse/partner, other family member,
nonfamily member, or paid caregiver), and major health
problem (26 diagnoses possible). Unless otherwise noted,
caregivers were limited to 1 answer choice per question.

Type of care provided was assessed through a single
question: “Given this condition, with which two of the fol-
lowing areas does he/she most need your help?” (response
options: learning, remembering, and confusion; seeing or
hearing; taking care of oneself, such as eating, dressing,
bathing, or toileting; communicating with others; moving
around; getting along with people; or feeling anxious or
depressed). Duration of care included the questions: “For
how long have your provided care for him/her?” and “In
an average week, how many hours do you provide care for

him/her because of his/her long-term illness or disability?”
Responses to these questions are reported as months of
caregiving and average hours of care provided per week.

A variable was created to quantify caregiving intensity.
The intensity variable was adapted from a measure of
burden in the National Alliance for Caregiving (NAC)
and AARP study that measured activities and time
spent in caregiving (10) and was constructed as follows:
if respondents chose either “taking care of oneself, such
as eating, dressing, bathing, or toileting” or “moving
around” (items related to ADL) on the type-of-care ques-
tion, they were assigned 3 points; if caregivers chose both
options, they were assigned 4 points. Average hours of
care provided per week were divided into 4 categories
(0-8, 9-19, 20-39, and >40). Each category counted as 1 to
4 points, respectively. Points from the 2 questions were
added and then categorized into a 5-level caregiver inten-
sity variable, in which higher scores indicated higher
levels of intensity. We found a moderately strong correla-
tion between the newly created intensity measure and
the 5-level NAC/AARP scale (r = 0.61), using data from a
subset of respondents (n = 329) who participated in a fol-
low-up survey and who answered a full list of questions
about ADL and TIADL.

Statistical analysis

All analyses were completed by using SPSS version
14.0 with Complex Samples (SPSS Inc, Chicago, Illinois)
to account for the sampling design. Because caregiving
module data were collected during only a portion of the
year (May-August 2005), we adjusted the final weights
so that the 4-month period of data collection represented
the entire North Carolina population. Statistical analyses
using the full 2005 North Carolina BRFSS weights and
the reweighting that accounted for the 4-month sample
yielded similar results, but we report only the reweighted
results. We report means and frequencies as well as 95%
confidence intervals. We used independent-sample ¢ tests
to compare means and x? tests to compare frequency
measures. To test for trends across ordered categorical
variables (age, income, education, and intensity), logistic
regression models were fit in SPSS wherein the outcome
was caregiver status (caring for a person with or without
cognitive impairment), and each categorical item was
included as the exposure variable, coded in 1-point incre-
ments (e, 1, 2, 3. . .). The trend test provided a global P
value for the trend across ordered levels of a variable rath-
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er than individual P values for each level of the variable.
This method generalizes the Cochran-Armitage trend test
(26) for use with complex survey data (27). Differences
were considered significiant at P < .05.

Results

In total, 5,681 people responded to the caregiver ques-
tion, of which 895 (15.4% weighted) were caregivers. Of
these, 672 reported caring for someone aged 60 or older,
and 668 answered the cognitive impairment question;
the other 4 respondents were excluded from our analyses
because they could not be classified as caregivers of per-
sons with or without cognitive impairment. There were
2179 caregivers of people with cognitive impairment (41.5%
weighted) and 389 caregivers of people without cognitive
impairment (58.5% weighted).

No statistically significant differences were found by age,
race/ethnicity, sex, level of education, annual household
income, healthy days, self-rated health, social support,
or life satisfaction between caregivers of people with and
without cognitive impairment (Table 1). A significantly
higher proportion of caregivers of people with cognitive
impairment had a disability; 24.0% of caregivers of people
with cognitive impairment indicated they had a disability
compared with 16.1% of caregivers of people without cog-
nitive impairment (P = .03). Specifically, 23.4% of caregiv-
ers of people with cognitive impairment reported their
activities were limited by physical, mental, or emotional
problems compared with 15.1% of caregivers of people
without cognitive impairment (P = .02).

Caregivers of people with cognitive impairment dif-
fered significantly from other caregivers in care-recipient
attributes and the type of care provided (Table 2). Care
recipients with cognitive impairment were significantly
older than care recipients without cognitive impairment
(P = .001), but they were no more likely to be women.
Caregivers of people with cognitive impairment were
significantly more likely to report being paid than were
caregivers of people without cognitive impairment (P <
.001), although the percentage was low for both groups.
Caregivers of people with cognitive impairment were sig-
nificantly more likely to report that the person they care
for had dementia than were caregivers of people without
cognitive impairment (P < .001), although caregivers of
people without cognitive impairment were significantly

more likely to report that the person they care for had
cancer (P =.002) or heart disease (P =.03) than were care-
givers of people with cognitive impairment. Caregivers of
people with cognitive impairment were significantly more
likely to report that the people they care for need help with
“learning, remembering, confusion” and significantly less
likely to report that the people they care for need help with
“moving around” than caregivers of people without cogni-
tive impairment (P < .001 for both). Caregivers of people
with cognitive impairment provided care for a significantly
longer period of time than did caregivers of people without
cognitive impairment (P =.001). No significant differences
were found between the 2 caregiver groups for hours of
care provided per week or for caregiving intensity.

Discussion

We found that more than 41% of self-identified care-
givers of people aged 60 years or older reported a cogni-
tive impairment in the person for whom they provided
care. This percentage is considerably higher than those
reported in previous caregiver surveys, such as the NAC/
AARP survey that reported a rate of 25% (10). Both the
North Carolina BRFSS caregiver module and the NAC/
AARP survey were conducted during a 4-month interval;
queried respondents using a closed-end question to deter-
mine whether the person they cared for had Alzheimer’s
disease, dementia, or other mental confusion; and relied
on the caregiver’s assessment rather than a medical diag-
nosis. However, these surveys varied in terms of respon-
dent eligibility and the age of the care recipient. The
25% prevalence of cognitive impairment (ie, Alzheimer’s,
dementia, or mental confusion) from the NAC/AARP
survey was based on care recipients aged 50 or older; we
collected data on care recipients aged 60 years or older.
Given that the risk of cognitive impairment and dementia
increases with age (14), the prevalence of caregiving for
people with such impairments may be higher among older
populations of care recipients. The NAC/AARP study
included only caregivers who assisted with at least 1 ADL
or IADL, yielding a sample of caregivers who potentially
provided care to more people who had disabilities than did
caregivers in our study. Our study was limited to a single
state, whereas the NAC/AARP was a national survey, and
the prevalence of cognitive impairment may vary in the
United States. For example, the Reasons for Geographic
and Racial Differences in Stroke Study showed regional
variations in the incidence of stroke and identified a
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“stroke belt” located in several states in the southeastern
United States (28). Similar regional variation in cognitive
impairment may exist.

Caregivers of people with cognitive impairment were
more likely than caregivers of people without cognitive
impairment to have a disability and to report that their
activities were limited by their disability. Furthermore,
many of the caregivers themselves reported having a dis-
ability, even while caring for a person who required assis-
tance with learning, memory, and confusion. Data from
one study showed that 36% of caregivers who were aged 65
years or older were considered to be vulnerable, with their
health status ranging from fair to poor, and had a serious
health condition (29).

In our study, caregivers of people with cognitive impair-
ment reported lower levels of caregiving intensity than
did caregivers in the NAC/AARP study (10). However,
the construction of the intensity scales differed because
we did not ask caregivers the complete list of ADL and
TADL. In our study, 62.0% of caregivers of people with
cognitive impairment reported they assisted with at
least 1 of the categories of ADL-like activities (self-care
or moving around), the same percentage of caregivers
of people with Alzheimer’s disease, dementia, or other
mental confusion found in the NAC/AARP study (10).
Duration of care was not included in the caregiver inten-
sity variable, but long-term caregiving may contribute
to caregiver stress or burden, items not measured in our
study. In a study of caregivers of people with Alzheimer’s
disease, duration of caregiving was not related to care-
giver health, when adjusting for behavioral changes in
the person receiving care (30). The caregiving intensity
measure implies an indirect level of burden or negative
impact. A measurement of the positive aspects of caregiv-
ing was not captured in our study but may help in future
population-based surveillance. One study found that 81%
of family caregivers for people with Alzheimer’s disease
or some other form of dementia reported gains as well as
strains associated with their caregiving experience; the
remaining 19% reported only burden (31). Previous stud-
ies have found mixed results in mental health outcomes
for caregivers of people with dementia compared with
other caregivers (4,17,19). The results of our study do not
indicate any significant differences in frequent mental
distress, social support, or life satisfaction between care-
givers of people with and without cognitive impairment,
which may mean that all caregivers are at equal risk for

poor mental health outcomes. Future research is needed
to investigate the mental health, including stress and
depression, of caregivers.

Our study had several limitations. First, cognitive func-
tioning of the care recipient was not formally assessed.
Therefore, care recipients classified as being cognitively
impaired may not have had clinical symptoms. Second,
there was no indication of the care recipient’s severity
of cognitive impairment. Previous studies have shown
that proxies do not always accurately report disability
attributes, such as severity or limitations (32), so proxy
assessments of severity of cognitive impairment need
validation before inclusion. Third, our data were based
on BRFSS respondents in North Carolina, and charac-
teristics of the US population may be different. Future
studies should evaluate the possible regional variations in
the prevalence of cognitive impairment. Finally, our study
included only noninstitutionalized adults (aged >18 years)
who had traditional home telephone landlines. Despite
these limitations, the general attributes of the BRFSS,
including its population-based sampling technique and
the demonstrated reliability and validity of its core mea-
sures (33), allowed comparison of informal caregivers of
people with and without cognitive impairment in terms of
demographic variables and characteristics of care. Future
studies should establish the psychometric properties of the
caregiver items, including the abbreviated version of the
intensity scale.

The number of caregivers in the United States, includ-
ing the number of caregivers of people with cognitive
impairment, is expected to grow (13). If these caregivers
are to continue to provide the foundation of care for people
who need assistance, their health, both physical and men-
tal, must be assured. Caregivers, particularly caregivers
of people with cognitive impairment, dedicate substantial
time to providing care, as our results show. Caregivers of
people with cognitive impairment may provide care for
long periods of time because of the slow progression of
many types of dementia (17). Therefore, caregiving is of
public health importance, and caregiving surveillance is
vital in assessing and responding to the needs of the grow-
ing number of caregivers (5). Evaluating trends in cogni-
tive impairment and caregiving over time is also impor-
tant. Quantifying the number and type of caregivers in a
community will improve our understanding of the health
and quality-of-life consequences of providing care and will
aid in policy making and decision making.
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Tables

Table 1. Characteristics of Caregivers of People With and Without Cognitive Impairment (Weighted), North Carolina
Behavioral Risk Factor Surveillance System, 20052

Caregivers of People With Cognitive Caregivers of People Without
Cognitive Impairment (n = 389) P Value®

Characteristic Impairment (n = 279)

Age, y

18-34

35-44

45-54

55-64

=65

Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Other/multi-race, non-Hispanic
Hispanic

Sex, female
Education level
<High school diploma
High school diploma
>High school diploma
Annual household income, $
<25,000
25,000-34,999
35,000-49,999
50,000-74,999
=75,000

Health-related quality of life

Healthy days in the past 30, mean (95% ClI)
No. of days physical health not good

Abbreviation: Cl, confidence interval.
@ Data are reported as % (95% Cl), except where indicated. Numbers may not total to 100% because of rounding.

19.7 (13.0-28.6)
16.0 (11.3-22.1)
27.8 (21.6-34.8)
20.8 (15.7-27.1)
15.8 (11.7-21.0)

76.7 (70.1-82.2)
15.4 (11.1-21.0)
4.9 (2.5-9.4)
3.0 (1.3-6.7)
59.9 (51.7-67.6)

6.6 (4.1-10.6)
29.6 (22.9-37.4)
63.7 (56.0-70.8)

30.3 (23.6-37.9)
14.8 (9.4-22.6)
12.7 (8.6-18.4)

21.1 (15.3-28.3)

21.0 (15.0-28.6)

24.3 (23.0-25.5)
2.9 (2.1-3.7)

23.5 (15.4-34.1)
18.5 (13.9-24.2)
19.2 (14.8-24.5)
17.8 (13.6-22.8)
21.0 (16.5-26.4)

74.1 (64.5-81.8)
21.8 (14.3-31.9)
2.4 (1.1-5.2)
1.7 (0.6-4.4)
60.9 (52.2-68.9)

13.9 (7.3-24.8)
29.0 (23.0-35.8)
57.2 (49.0-65.0)

23.3 (17.7-30.1)
20.9 (15.3-27.9)
20.5 (12.8-31.1)

13.6 (9.8-18.6)
21.7 (16.4-28.1)

23.9 (22.4,25.4)
3.3 (2.4-4.3)

.13¢

.63
.18
A7
.35
.89

.18

.10¢

.644
.34

b Except where indicated, P values are reported for the difference in frequencies between caregivers of people with and without cognitive impairment, as

measured by y?2 test.

¢ P value reported for the difference in frequencies between caregivers of people with and without cognitive impairment, as measured by logistic regression

to assess trend across ordinal variables.

d P value reported for the difference in means between caregivers of people with and without cognitive impairment, as measured by t test.

(Continued on next page)
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Table 1. (continued) Characteristics of Caregivers of People With and Without Cognitive Impairment (Weighted), North

Carolina Behavioral Risk Factor Surveillance System, 20052

Caregivers of People With Cognitive

Characteristic Impairment (n = 279)

Caregivers of People Without

Cognitive Impairment (n = 389) P Value®

Health-related quality of life (continued)

No. of days mental health not good 3.9 (2.7-5.0)
General health rated fair or poor 16.6 (11.9-22.5)
Rarely or never receive social or emotional support 8.7 (5.5-13.7)
Dissatisfied or very dissatisfied with life 3.7 (2.0-6.8)

Disability status

Have a disability 24.0 (18.6-30.5)

Activities limited by physical, mental, or emotional 23.4 (18.0-29.9)
problems
Use special equipment 7.4 (4.5-12.0)

Abbreviation: Cl, confidence interval.

3.7 (2.4-5.0) .81d
16.2 (12.3-21.2) .93
6.7 (3.9-11.5) AT
2.7 (1.5-5.0) .49
16.1 (12.4-20.8) .03
15.1 (11.6-19.6) 02
4.6 (2.7-7.6) .18

@ Data are reported as % (95% Cl), except where indicated. Numbers may not total to 100% because of rounding.
b Except where indicated, P values are reported for the difference in frequencies between caregivers of people with and without cognitive impairment, as

measured by x? test.

¢ P value reported for the difference in frequencies between caregivers of people with and without cognitive impairment, as measured by logistic regression

to assess trend across ordinal variables.

d P value reported for the difference in means between caregivers of people with and without cognitive impairment, as measured by t test.

Table 2. Characteristics of Caregiving Experience for Caregivers of People With and Without Cognitive Impairment (Weighted),

North Carolina Behavioral Risk Factor Surveillance System, 2005%

Caregivers of People With Cognitive

Caregivers of People Without

Characteristic Impairment (n = 279)

Age of person receiving care, y

Cognitive Impairment (n = 389) P Value®

60-69 10.5 (7.1-15.4) 26.9 (21.3-33.4)
70-79 33.3 (26.3-41.2) 27.9 (22.0-34.7) .
80-89 46.5 (39.0-54.1) 35.6 (27.9-44.1) oot
=90 9.6 (5.5-16.4) 9.6 (6.2-14.5)
Sex of person receiving care, female 74.0 (67.5-79.7) 70.5 (63.4-76.4) 41

Abbreviation: Cl, confidence interval.

@ Data are reported as % (95% Cl), except as noted. Numbers may not add to 100% because of rounding.

b Except where indicated, all P values are reported for the difference in frequencies between caregivers of people with and without cognitive impairment, as
measured by y? test.

¢ P value reported for the difference in frequencies between caregivers of people with and without cognitive impairment, as measured by logistic regression
to assess trend across ordinal variables.

d P value reported for the difference in means between caregivers of people with and without cognitive impairment, as measured by t test.

¢ See Methods section for a detailed description of this variable.

(Continued on next page)
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Table 2. (continued) Characteristics of Caregiving Experience for Caregivers of People With and Without Cognitive Impairment
(Weighted), North Carolina Behavioral Risk Factor Surveillance System, 20052

Caregivers of People With Cognitive

Characteristic

Impairment (n = 279)

Caregivers of People Without
Cognitive Impairment (n = 389)

P Value®

Relationship of caregiver to person receiving care
Spouse/partner

Other family member

Nonfamily member

Paid caregiver

Major health problem of person receiving care
Cancer

Dementia

Diabetes

Heart disease

Stroke

Areas in which person receiving care needs most help
Learning, remembering, confusion

Seeing or hearing

Taking care of himself/herself

Communicating with others

Moving around

Getting along with people

Feeling anxious or depressed

Average hours of care per week, mean (95% Cl)
Length of care in months, mean (95% Cl)
Caregiving intensity®

Level 1

Level 2

Level 3

Level 4

Level 5

Abbreviation: Cl, confidence interval.

@ Data are reported as % (95% Cl), except as noted. Numbers may not add to 100% because of rounding.

6.3 (3.9-9.9)
77.4 (70.9-82.8)
10.9 (7.5-15.7)
2.7 (1.1-6.4)

7.1 (4.5-11.3)
28.9 (22.0-37.0)
5.9 (3.1-10.7)
10.5 (7.0-15.6)
11.2 (7.3-16.8)

37.4 (30.5-44.8)
6.5 (3.9-10.6)
42.3 (35.1-49.8)
10.3 (6.7-15.6)
30.5 (23.5-38.6)
7.1(4.1-12.1)
15.2 (10.8-20.9)
20.2 (15.2-25.2)
45.6 (36.1-55.0)

31.6 (24.8-39.2)
34.9 (27.1-43.5)
14.6 (10.2-20.5)
17.0 (12.4-22.9)

2.0 (0.7-5.8)

10.0 (7.0-14.0)
69.2 (60.4-76.8)
18.9 (11.8-28.8)

0.1 (0.0-0.7)

15.7 (11.7-20.7)
0.6 (0.1-3.0)
10.5 (6.2-17.3)
17.8 (13.5-23.1)
11.3 (7.2-17.3)

7.8 (4.2-13.9)
9.4 (6.0-14.5)
39.2 (31.5-47.6)
7.8 (5.3-11.3)
51.9 (44.1-59.6)
4.4 (2.4-7.9)
14.9 (11.0-20.0)
16.6 (12.8-20.4)
35.5 (29.6-41.4)

21.4 (15.7-28.5)
38.0 (29.6-47.2)
20.8 (15.3-27.6)
17.3 (12.9-22.7)

2.5 (1.3-4.9)

12
.07
.07
<.001

.002
<.001
.14
.03
.97

<.001
27
.59
.32
<.001
.24
.95
.07
.0014

.25°¢

b Except where indicated, all P values are reported for the difference in frequencies between caregivers of people with and without cognitive impairment, as

measured by y? test.

¢ P value reported for the difference in frequencies between caregivers of people with and without cognitive impairment, as measured by logistic regression

to assess trend across ordinal variables.

d P value reported for the difference in means between caregivers of people with and without cognitive impairment, as measured by t test.

¢ See Methods section for a detailed description of this variable.
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Abstract

Introduction

Approximately 40% of women of childbearing age
report that they are attempting to lose weight. No pro-
fessional medical organization recommends attempting
to lose weight during pregnancy because of the possible
risks to both mother and baby. Since half of all pregnan-
cies are unintended, women may attempt to lose weight
before they know they are pregnant, and some women
may continue or initiate weight loss attempts even after
they know they are pregnant. This study examines the
extent to which pregnant women report attempting to
lose weight and associated sociodemographic and health
characteristics.

Methods

We used aggregated multiple-year data (1996-2003)
from the Behavioral Risk Factor Surveillance System to
assess the prevalence of attempting to lose weight among
pregnant women and the extent to which sociodemo-
graphic and health characteristics are associated with the
behavior.

Results
The prevalence of attempting to lose weight during

pregnancy was 8.1%. Attempting to lose weight during
pregnancy was associated with age 35-44 years, Hispanic
ethnicity, obesity, alcohol consumption, and mental dis-
tress during the previous month.

Conclusion

A substantial proportion of pregnant women attempt
to lose weight. Preconception and prenatal care should
include counseling women to achieve a healthy weight
before becoming pregnant, to maintain healthy weight
during pregnancy, and not to attempt weight loss dur-
ing pregnancy. Further research should be conducted to
understand how attempting weight loss during pregnancy
translates into dietary change and weight loss and associ-
ated maternal and fetal outcomes.

Introduction

Approximately 40% of women of childbearing age report
that they are attempting to lose weight (1). Because half of
all pregnancies are unintended (2), pregnant women may
attempt to lose weight before they know they are preg-
nant. Most women believe that weight gain in pregnancy
is positive and cease weight loss efforts when they realize
they are pregnant (3), and no professional medical orga-
nization or public health agency recommends attempting
to lose weight during pregnancy because of the possible
risks to both the mother (complications at childbirth)
and baby (neural tube defects [NTDs], preterm delivery,
increased lifetime risk of diabetes) (4-13), even for obese
women. Nevertheless, some women may continue or initi-
ate weight loss attempts even after they know they are
pregnant because of negative perceptions of weight gain
and dissatisfaction with body weight (14-16).
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Attempting to lose weight during pregnancy is problem-
atic only if it leads to changes in diet that impair maternal
and fetal health. Attempting to lose weight is associated
with low caloric and micronutrient intake (9,17-19), but
few studies have examined outcomes associated with
attempting weight loss during pregnancy. In a population-
based, case-control study, attempting to lose weight was
associated with an increased risk of NTDs in the infant
(9). Among women who reported attempting to lose weight
during the first trimester of pregnancy, the odds of NTD
were 2.1 (95% confidence interval [CI], 1.1-4.1) higher
than among women who did not report attempting to lose
weight (9). Another recent study suggests that weight loss
among obese pregnant women may reduce the risks for
preeclampsia, cesarean delivery, small-for-gestational-age
birth, and large-for-gestational-age birth; however, risk
levels for the 4 outcomes did not vary between women who
did not gain any weight and women who lost weight across
all categories of obesity (20). Furthermore, the study
was restricted to full-term live births, which may have
excluded adverse maternal and fetal outcomes associated
with maternal weight loss, and the study did not include
women who were not obese.

Other studies of correlates of attempting weight loss
during pregnancy are limited by insufficient samples of
pregnant women (21) or are limited in generalizability
by study designs, such as case series or clinic-based, or
tend to focus on pathologic eating disorders or fasting
(14,22-25). The most recent estimate of the extent to which
pregnant women attempt to lose weight is based on data
from 16 years ago (21). Despite the lack of evidence on
maternal and fetal outcomes associated with attempted
weight loss and actual weight loss during pregnancy,
the behavior is not recommended and may indicate, like
smoking and alcohol consumption, a high-risk pregnancy.
Understanding the prevalence of attempting weight loss
during pregnancy and factors associated with this poten-
tially unhealthful behavior will inform future outcomes
research and aid in developing appropriate interventions
to prevent and control the behavior.

Methods

We aggregated data from the Behavioral Risk Factor
Surveillance System (BRFSS) from 1996, 1998, 2000,
and 2003 — the 4 most recent years that included the
weight-loss module as part of the core survey. This method

provided sufficient numbers of pregnant women to evalu-
ate sociodemographic and health correlates of attempting
to lose weight. Data from interim years are not included
because weight-loss measurements were not part of the
core BRF'SS survey instrument. Pooling multiple years of
BRF'SS data can help estimate prevalence of health behav-
iors and diseases, and their correlates, among pregnant
women (26-28).

BRFSS is an ongoing, state-based, random-digit—dialed
telephone survey of the noninstitutionalized US popula-
tion aged 18 years or older in all 50 states, the District
of Columbia, and US territories. BRFSS includes a core
survey with questions that are asked each year by all
states, rotating questions asked in alternating years by
all states, optional modules that states may elect to ask,
and questions that are added by individual states. Median
response rates varied by state for the 4 years of data, from
approximately 50% to 65% (29,30). Rates of missing data
are minimal for pregnancy status and attempting weight
loss across all years of the survey. BRFSS has higher rates
of missing data for alcohol consumption, income, and men-
tal health distress. A detailed description of the BRFSS
survey methods and data are available on the BRFSS Web
site (www.cdc.gov/brfss).

Our sample consisted of 8,036 pregnant women aged
18 to 44 who had information on attempting to lose
weight. Missing data rates for other main variables of
interest, including demographic (race and ethnicity, age,
marital status, and number of children younger than 18
in the household), socioeconomic (education and household
income), and health (health care coverage, mental health,
smoking, diabetes, and body mass index) characteristics,
are consistent with BRFSS analyses of data for women
and men and with what is seen in other survey research
for similar variables. Percentages of missing data range
from less than 0.01% for demographic variables to 10%
for income. The sample that was available for multivari-
ate analysis was 6,593 pregnant women with data on all
variables of interest. Because data on alcohol consumption
were collected only in selected states, a subsample of 3,315
pregnant women who provided data on alcohol consump-
tion was used for the multivariate model that included
alcohol use and binge drinking as covariates.

Pregnancy status was self-reported. Women were asked,
“To your knowledge, are you now pregnant?”’ Those who
answered yes were included for analysis as pregnant
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women. In a separate module of the survey, those respon-
dents were also asked, “Are you now trying to lose weight?”
Those who answered yes were defined for the analysis as
attempting to lose weight.

The following demographic characteristics were con-
structed for analyses: 4 categories of race/ethnicity (white,
black, Hispanic, or other), 4 categories of age (18-24, 25-
29, 30-34, or 35-44 years), 4 categories of marital status
(married; divorced, separated, or widowed; never married;
or member of an unmarried couple), and 2 categories for
number of children younger than 18 in the household (0 or
>1). Our 3 socioeconomic measures included 4 categories
of education (less than high school graduate, high school
graduate, some college, or college graduate), 5 categories
of household income (<$15,000, $15,000-$24,999, $25,000-
$49,999, $50,000-$74,999, or >$75,000), and 2 categories
of health care coverage (having or not having coverage).
Coverage was based on the question, “Do you have any
kind of health care coverage, including health insurance,
prepaid plans such as a health maintenance organization,
or government plans such as Medicare?”

We also constructed measures for 3 health-related
characteristics. Three categories of mental distress were
based on the response to the question, “For how many
days during the past 30 days was your mental health not
good?” (0, <13, or >13). The measure of diabetes was based
on the question, “Has your doctor ever told you that you
have diabetes, including during pregnancy?”’ Respondents
who reported currently smoking were categorized as cur-
rently smoking. On the basis of self-reported body weight
and height, we calculated 4 categories of body mass index
(BMI): underweight (BMI <18.5 kg/m?), normal weight
(BMI 18.5-24.9 kg/m?), overweight (BMI 25.0-29.9 kg/m?),
or obese (BMI >30.0 kg/m?).

We used the subsample of 3,315 pregnant women who
had information on alcohol consumption to explore the
associations of alcohol consumption and binge drinking
with attempting to lose weight. Alcohol consumption was
defined as having had at least 1 drink in the past month,
and binge drinking was defined as having had at least 5
drinks on 1 occasion in the past month.

We estimated overall prevalence of attempting to lose
weight among pregnant women and the prevalences by
sociodemographic and health characteristics. Unadjusted
odds ratios of attempting to lose weight among pregnant

women based on sociodemographic and health charac-
teristics were estimated from logistic regression models.
Adjusted odds ratios were also estimated in multivariate
models that controlled for sociodemographic and health
characteristics. To account for the complex sampling design
of BRFSS, we used Stata version 9 (StataCorp LP, College
Station, Texas) survey procedures for all of the analyses.

Results

The proportion of pregnant women who were attempting
to lose weight was 8.1% (95% CI, 7.0%-9.2%). This propor-
tion did not vary significantly across years of data. Most
pregnant women were younger than 35, white, married,
and lived in a household with 1 or more children younger
than 18 years (Table 1). Approximately 80% of the sample
had at least a high school education, and one-third lived in
a household with an income of $50,000 or more per year.
Most women reported having health insurance coverage.
For the subanalysis, 10.7% (95% CI, 9.1%-12.3%) women
reported having had at least 1 drink in the past month,
and approximately 1.7% (95%, CI 1.1%-2.3%) reported
binge drinking in the past month.

The ratio of pregnant women who were attempting
to lose weight was highest among women older than 34
(Table 2). Hispanic women were more likely to attempt to
lose weight than were white women. Married women were
less likely to attempt to lose weight than were women
who were divorced, separated, widowed, or never mar-
ried. Women with 1 or more children at home were more
likely to attempt to lose weight than were women without
children at home. The proportion of women who were
attempting to lose weight generally increased as level of
education decreased. Women who lived in households with
an annual income of less than $15,000 were more likely to
attempt to lose weight than were women with household
income greater than $75,000. Women who had no health
insurance, who were currently smoking, or who had dia-
betes were more likely to attempt to lose weight than
their counterparts. Women who experienced any mental
distress in the past month were more likely to attempt to
lose weight than were women who experienced no mental
distress. Obese women were more likely to attempt to lose
weight than were women of normal weight. In the alcohol
subanalysis, binge drinkers were significantly more likely
to attempt to lose weight than nonbinge drinkers, and
women who reported consuming at least 1 drink in the
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past month were more likely to report attempting to lose
weight than nondrinkers.

After adjusting for covariates, the associations of most
variables with attempting to lose weight during preg-
nancy were attenuated, and some of the variables became
nonsignificant. Age 35 years or older, Hispanic ethnicity,
having 1 or more children at home, reporting any days
of mental distress in the past 30 days, and BMI of 30 or
higher remained significantly associated with attempt-
ing to lose weight during pregnancy after adjusting for
covariates. For the alcohol subanalysis, after adjusting for
covariates, the odds of attempting weight loss were higher
for drinkers than for nondrinkers, and the association with
binge drinking became nonsignificant. Slight changes in
the odds ratios for some covariates were observed, which
suggests that alcohol use during pregnancy may be associ-
ated with sociodemographic characteristics and attempt-
ing weight loss.

Discussion

We found that a substantial proportion (8.1%) of preg-
nant women report attempting to lose weight. Attempting
to lose weight during pregnancy is associated with being
older than 34, Hispanic ethnicity, obesity, alcohol con-
sumption, and mental distress in the past month. This
figure may be an underestimate of the true prevalence
because women may attempt to lose weight before they
learn that they are pregnant and because pregnant
women may underreport the behavior if they believe that
it 1s socially undesirable.

Our findings are consistent with those of other studies
that found that women who experience mental distress are
more likely to attempt to lose weight or engage in high-
risk dietary or other health behaviors (15,19,25-27,29-31)
and with studies that show that women of childbearing
age who are overweight or obese or older than 34 are
more likely to attempt to lose weight (1,21). The magni-
tude of the association between Hispanic ethnicity and
attempting to lose weight, while significant, was small
and disappeared when alcohol use was accounted for. The
subsample analysis that included alcohol use shows that
alcohol consumption in the past month is associated with
attempting to lose weight in pregnant women. This find-
ing may indicate that certain high-risk behaviors coexist
among pregnant women.

This study has several limitations that must be con-
sidered in its interpretation. First, BRFSS is a tele-
phone-based survey that does not reach people without
telephones or who only have cell phones. It is also a
cross-sectional study, which limits conclusions regarding
causal associations. Second, BMI data are based on self-
report. Respondents tend to overreport height and under-
report weight; however, we found an association between
obesity and attempting to lose weight. Third, no measure
of week of gestation was available in the BRFSS data.
Although measures of mental health status and alcohol
consumption represent behavior during the past month
and may indicate prepregnancy behavior in women who
have been pregnant for less than a month, most women
do not know they are pregnant until at least a month
after conception. A previous study (21) reported that
most women who were attempting to lose weight were
in the first trimester of pregnancy. Without information
on gestational stage, we do not know if the prevalence
of attempting weight loss varies by gestational stage or
if the observed associations vary by gestational stage.
Fourth, we did not have information to evaluate the
intensity or effectiveness of weight-loss attempts or what
specific methods women may have used to lose weight.
Different methods — such as exercise, caloric restriction,
increased protein intake, lower fat intake, herbal supple-
ments, binge eating, vomiting, diet pills, laxatives, water
pills, and skipping meals — may be associated with bet-
ter or worse outcomes (1,32).

The health consequences of obesity (including complica-
tions of pregnancy) are well documented (4,33), and the
health benefits of even small amounts of prepregnancy
weight loss are evident (4). Clinicians and public health
agencies do not recommend attempting weight loss during
pregnancy (4,8,34); however, a substantial proportion of
pregnant women report attempting to lose weight. Further
research should be conducted to understand the extent to
which attempting to lose weight translates into dietary
change and weight loss and associated maternal and fetal
outcomes. Given the high prevalence of attempting to lose
weight during pregnancy and the association with other
high-risk behaviors, such as alcohol consumption and
mental health distress, preconceptional and prenatal care
should include counseling women to achieve a healthy
weight before becoming pregnant, to maintain a healthy
weight during pregnancy, and not to attempt weight loss
during pregnancy.
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Table 1. Characteristics of Pregnant Women Who Were Attempting to Lose Weight, Behavioral Risk Factor Surveillance

System (1996, 1998, 2000, 2003), United States

No. of Weighted %
Characteristic Respondents (SE)@
Age, y
18-24 2,225 31.8 (0.9)
25-29 2,469 28.6 (0.8)
30-34 2,167 25.3 (0.8)
35-44 1,286 14.3 (0.6)
Race/ethnicity
White 5,787 64.9 (0.9)
Black 749 10.2 (0.6)
Hispanic 1,047 19.5 (0.8)
Other 544 5.4 (0.4)
Marital status
Married 5,943 71.9 (0.9)
Divorced, separated, widowed 527 5.5 (0.4)
Never married 1,222 16.5 (0.7)
Member of unmarried couple 447 6.2 (0.5)
No. of children aged <18 y at home
0 2,654 33.9 (0.9)
=1 5,483 66.1 (0.9)
Household income, $
<15,000 831 13.0 (0.7)
15,000-24,999 1,383 20.3 (0.8)
25,000-49,999 2,537 34.1 (0.9)
50,000-74,999 1,278 16.0 (0.7)
=75,000 1,158 16.7 (0.7)
Education level
Less than high school graduate 804 14.5 (0.8)
High school graduate 2,212 23.4 (0.8)
Some college 2,342 26.8 (0.8)
College graduate 2,783 30.2 (0.8)

No. of Weighted %
Characteristic Respondents (SE)2
Health insurance coverage
Yes 7,327 87.6 (0.7)
No 813 12.4 (0.7)
Mental health status
No mental health distress (O days in 5,172 64.1 (0.9)
past 30 days)
Few days of mental health distress (1- 2,246 28.8 (0.8)
13 days in past 30 days)
Frequent mental health distress (=14 619 7.1 (0.4)
days in past 30 days)
Smoking
Not current 7,136 88.2 (0.6)
Current 999 11.8 (0.6)
Alcohol consumption
No alcohol consumption 3,692 89.3 (0.8)
>1 Drink in past month 462 10.7 (0.8)
Binge drinking
No binge drinking 4,073 98.3 (0.3)
=5 Drinks on 1 occasion in past 78 1.7 (0.3)

month

Ever told by doctor that you have diabetes, including during preg-
nancy

No 7,804 96.6 (0.3)
Yes 339 3.4 (0.3)

Body mass index, kg/m?

<18.5 (Underweight) 183 2.5(0.3)
18.5-24.9 (Normal weight) 3,682 47.4 (0.9)
25.0-29.9 (Overweight) 2,271 29.9 (0.9)
>30.0 (Obese) 1,467 20.2 (0.8)

Abbreviation: SE, standard error.
@ Percentages may not add to 100% because of rounding.
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Table 2. Associations Between Sociodemographic and Health Characteristics and Attempting to Lose Weight Among
Pregnant Women, Behavioral Risk Factor Surveillance System (1996, 1998, 2000, 2003)

‘ ‘ ‘ Adjusted OR (95% CI)@

Restricted Subsample® of

% of Women Attempting
to Lose Weight (95% Cl) Unadjusted OR (95% Cl) Full Sample (N = 6,593) | Alcohol Users (n = 3,315)

Characteristic

Age, y

18-24 7.1 (5.4-9.2) 1 [Referent] 1 [Referent] 1 [Referent]
25-29 8.1 (6.3-10.3) 1.2 (0.8-1.7) 1.4 (0.9-2.4) 1.6 (0.7-3.6)
30-34 6.2 (4.8-7.9) 0.9 (0.6-1.3) 1.2 (0.7-2.0) 1.5 (0.8-3.0)
35-44 13.6 (10.6-17.2) 2.1 (1.4-3.1) 2.7 (1.5-4.7) 2.9 (1.3-6.6)
Race/ethnicity

White 6.5 (5.5-7.6) 1 [Referent] 1 [Referent] 1 [Referent]
Black 8.0 (4.9-12.8) 1.3 (0.7-2.2) 1.1 (0.5-2.2) 1.0 (0.5-2.3)
Hispanic 13.1 (10.2-16.7) 2.2 (1.6-3.0) 1.7 (1.1-2.7) 1.0 (0.5-2.2)
Other 8.5 (5.1-14.0) 1.3 (0.8-2.4) 1.6 (0.8-3.1) 1.4 (0.6-3.0)
Marital status

Married 7.0 (5.9-8.2) 1 [Referent] 1 [Referent] 1 [Referent]
Divorced, separated, 13.6 (9.0-20.0) 2.1 (1.3-3.4) 1.2 (0.7-2.0) 0.5 (0.2-1.4)
widowed

Never married 11.1 (8.4-14.4) 1.7 (1.2-2.3) 1.5 (0.8-2.7) 2.0 (0.9-4.4)
Member of unmarried 8.2 (4.7-14.1) 1.2 (0.6-2.2) 0.9 (0.4-2.1) 0.8 (0.2-3.9)
couple

No. of children aged <18 y at home

0 5.9 (4.6-7.5) 1 [Referent] 1 [Referent] 1 [Referent]
=1 9.2 (7.9-10.7) 1.6 (1.2-2.2) 1.5 (1.1-2.2) 1.7 (1.0-3.1)
Household income, $

<15,000 13.3 (9.8-18.0) 3.0 (1.8-5.0) 1.6 (0.8-3.1) 2.0 (0.6-6.4)
15,000-24,999 7.3 (5.3-10.0) 1.6 (0.9-2.6) 1.0 (0.5-1.8) 1.2 (0.4-3.0)
25,000-49,999 8.2 (6.3-10.6) 1.8 (1.1-2.8) 1.5 (0.9-2.4) 2.0 (0.9-4.2)
50,000-74,999 6.7 (5.0-9.1) 1.4 (0.9-2.3) 1.4 (0.8-2.4) 3.3 (1.5-7.0)
=75,000 4.8 (3.3-6.8) 1 [Referent] 1 [Referent] 1 [Referent]
Education level

Less than high school 11.0 (7.8-15.3) 2.1 (1.3-3.2) 1.2 (0.6-2.2) 2.3 (0.8-6.7)
graduate

High school graduate 8.7 (6.9-11.0) 1.6 (1.1-2.3) 1.3 (0.8-2.0) 2.0 (1.1-3.6)
Some college 8.6 (6.8-10.8) 1.6 (1.1-2.2) 1.2 (0.8-1.8) 1.7 (0.9-3.0)
College graduate 5.6 (4.5-7.0) 1 [Referent] 1 [Referent] 1 [Referent]

Abbreviations: Cl, confidence interval; OR, odds ratio; NA, not applicable.

@ Indicators for different survey years were included to control for variations across survey years in the multivariate models.

b Information on alcohol consumption was not available from the core Behavioral Risk Factor Surveillance System survey in each of the 4 years, which
reduced the sample size for analysis to 3,315 pregnant women.

(Continued on next page)
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Table 2. (continued) Associations Between Sociodemographic and Health Characteristics and Attempting to Lose Weight
Among Pregnant Women, Behavioral Risk Factor Surveillance System (1996, 1998, 2000, 2003)

% of Women Attempting

Adjusted OR (95% Cl)@

Restricted Subsample® of

Characteristic
Health insurance coverage
Yes

No

Mental health status

No mental health distress
(O days in past 30 days)

Few days of mental health
distress (1-13 days in past
30 days)

Frequent mental health
distress (=14 days in past
30 days)

Smoking

Not current

Current

Alcohol consumption
No alcohol consumption
=1 Drink in past month
Binge drinking

No binge drinking

>5 Drinks on 1 occasion in
past month

to Lose Weight (95% Cl)

7.5 (6.5-8.7)
11.9 (8.8-16.0)

6.46 (5.4-7.5)

10.4 (8.1-13.2)

14.6 (10.6-19.7)

7.3 (6.3-8.6)
12.3 (9.4-15.9)

5.5 (4.2-7.2)
19.7 (14.6-26.0)

6.6 (5.3-8.2)
32.0 (18.6-49.2)

1 [Referent]
1.7 (1.1-2.4)

1 [Referent]

1.7 (1.2-2.3)

2.5 (1.7-3.8)

1 [Referent]
1.7 (1.2-2.4)

1 [Referent]
4.2 (2.7-6.6)

1 [Referent]
6.7 (3.1-14.3)

Ever told by doctor that you have diabetes, including during pregnancy

No

Yes

Body mass index, kg/m2
<18.5 (Underweight)
18.5-24.9 (Normal weight)
25.0-29.9 (Overweight)
>30.0 (Obese)

Abbreviations: Cl, confidence interval; OR, odds ratio; NA, not applicable.

7.9 (6.9-9.0)
14.6 (9.5-21.9)

2.9 (1.1-7.5)
6.7 (5.3-8.3)
7.9 (6.3-9.9)
12.3 (9.6-15.6)

1 [Referent]
2.0 (1.2-3.4)

0.4 (0.2-1.2)

1 [Referent]
1.2 (0.9-1.7)
2.0 (1.4-2.8)

Unadjusted OR (95% CI) Full Sample (N = 6,593)

1 [Referent]
1.5 (0.9-2.4)

1 [Referent]

1.7 (1.2-2.4)

2.2 (1.4-3.6)

1 [Referent]
1.3 (0.8-2.0)

NA
NA

NA
NA

1 [Referent]
1.5 (0.9-2.7)

0.2 (0.1-0.9)

1 [Referent]
1.2 (0.8-1.7)
1.8 (1.2-2.5)

a Indicators for different survey years were included to control for variations across survey years in the multivariate models.
b Information on alcohol consumption was not available from the core Behavioral Risk Factor Surveillance System survey in each of the 4 years, which

reduced the sample size for analysis to 3,315 pregnant women.

Alcohol Users (n = 3,315)

1 [Referent]
1.4 (0.5-3.4)

1 [Referent]

2.0 (1.1-3.4)

1.7 (0.8-3.7)

1 [Referent]
1.1 (0.5-2.2)

1 [Referent]
3.7 (2.0-6.9)

1 [Referent]
2.0 (0.7-6.2)

1 [Referent]
2.1 (0.9-4.9)

0.3 (0.03-2.6)
1 [Referent]
1.2 (0.6-2.3)
1.8 (1.0-3.4)
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Abstract

Introduction

Depression is among the most prevalent and treatable
diseases, and it is associated with cigarette smoking and
heavy alcohol use. This study estimates the prevalence of
depression, its variation among demographic subgroups,
and its association with heavy alcohol use and cigarette
smoking in California.

Methods

The 2006 California Behavioral Risk Factor
Surveillance System (BRFSS) includes the 8-item
Patient Health Questionnaire, a standardized instru-
ment used to measure depressive symptoms. We used
findings from the 2006 BRFSS to calculate the preva-
lence of depression in California; we used logistic mod-
els to explore the relationships between depression,
alcohol use, and smoking.

Results

We found that 9.2% of adults in California had clinically
significant depressive symptoms. Logistic models indicat-
ed that daily smokers were more than 3 times more likely
to have clinically significant depressive symptoms than
were nonsmokers, and heavy drinkers were approximately

3 times more likely to have clinically significant depressive
symptoms than were nondrinkers.

Conclusions

Because heavy alcohol use and daily smoking are each
associated with depression, people who do both may be at
an increased risk for depression. This is a public health
issue because people who drink alcohol often also smoke
and vice versa. Intervention efforts might target persons
who are users of both these drugs, and practitioners
should be aware that smokers who are heavy alcohol users
are at an increased risk for depression.

Introduction

Depression is a leading cause of disability worldwide (1)
and is among the most prevalent and treatable diseases
(2). Cigarette smoking and heavy alcohol use, which are
closely linked (3), are associated with a number of physical
illnesses, including cancer and cardiovascular, respiratory,
and other chronic diseases (4-7), and both are associated
with depression. According to the National Survey on
Drug Use and Health, 7.2% of all US adults in 2006 had
had at least 1 major depressive episode (MDE) in the
previous year (8). Estimates from this study indicated
a strong association between MDE and daily cigarette
smoking and between MDE and heavy alcohol use. Among
adults with a history of MDE, 8.6% were heavy alcohol
users; among adults who reported no MDE, the rate was
7.3%. Similarly, among adults with a history of MDE, the
rate of daily cigarette use was 29.7%, and among adults
who reported no MDE, the rate was 16.0%. When asso-
ciations between drinking and MDE were estimated from
the 2000-2001 National Epidemiologic Survey on Alcohol
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and Related Conditions, they indicated that among heavy
drinkers, 9.0% had had an MDE in the previous year, and
among light drinkers the rate was 7.9%. The overall rate
among adults in the United States was 7.1% (9).

Measuring mental illnesses in a population survey is
problematic, not only because many people are not aware
of their illness but also because diagnostic scales used
by clinicians are generally too long or too cumbersome to
be included in a general population survey. The Patient
Health Questionnaire (PHQ-8) is a short, 8-item depres-
sion scale to diagnose depression and measure its severity
(2). Because it is half the length of other depression scales,
it is useful in population-based surveys.

Although estimates at the national level have shown
an association between depression and alcohol use and
between depression and cigarette smoking separately,
we are not aware of any studies that have looked at the
association between depression and heavy alcohol use
among smokers or the association between depression and
smoking among heavy alcohol users at the national and
the state levels. We estimate the prevalence of clinically
significant depressive symptoms in the California popula-
tion and their variation among demographic subgroups.
We also examine the association between clinically signifi-
cant depressive symptoms and smoking and between clini-
cally significant depressive symptoms and alcohol use. We
assess the effect of smoking on depression while controlling
for alcohol use and other confounders, the effect of alcohol
use on depression while controlling for smoking and other
confounders, and the combined effect of alcohol use and
smoking on depression. We also demonstrate the use of the
PHQ-8 in a general population survey in California.

Methods

Data source

We used data from the 2006 California Behavioral Risk
Factor Surveillance System (BRFSS), an ongoing tele-
phone survey of randomly selected adults that is designed
to assess the prevalence of and trends in health-related
behaviors in the California population aged 18 years and
older. The 2006 BRFSS sample was randomly selected
within 2 strata consisting of Los Angeles County and the
rest of California. Interviewers made up to 16 calls at all
times of the day to maximize the number of respondents.

The final sample included 5,692 adults. The upper-bound
response rate was 65% (the proportion of eligible house-
holds that completed the interview). This study was
approved by the California Department of Public Health
Committee for the Protection of Human Subjects.

Dependent variable: depression symptoms

Having clinically significant depressive symptoms was
the dependent variable for the logistic models in this
study. Clinically significant depressive symptoms were
measured by using the PHQ-8 (2). The 2006 BRFSS
included the PHQ-8, a brief depression scale similar to
the PHQ-9. The PHQ-9, a well-validated and widely used
diagnostic and severity measure (10-12), consists of the
9 criteria on which the diagnosis of a major depressive
disorder is based. Research suggests that it can be used
without adjustment in diverse populations (13). Telephone
administration of the PHQ-9 is also a reliable procedure
for assessing depression in primary care (14). The only
difference between the PHQ-8 and the PHQ-9 is that the
PHQ-8 omits the 9th criterion (“thoughts that you would
be better off dead or hurting yourself in some way”) (2). In
the BRFSS, each question asks about the number of days
a symptom occurred during the last 2 weeks. To score the
questions, days are converted to points (0-1 day = O points,
2-6 days = 1 point, 7-11 days = 2 points, and 12-14 days
= 3 points) and summed to obtain a total score. The total
score indicates the depressive symptom severity (a score of
1-4 indicates no to minimal depression, 5-9 indicates mild
depression, 10-14 indicates moderate depression, 15-19
indicates moderately severe depression, and 20 or higher
indicates severe depression). A person with a score of 10
or higher is defined as having clinically significant depres-
sive symptoms. For this article, people who had clinically
significant depressive symptoms in the previous 2 weeks
were defined as having current depression.

Independent variables

The main independent variables that could influence cur-
rent depression were smoking and drinking. Other possible
confounding variables that were independent variables in
the model include age, race/ethnicity, sex, marital status,
employment status, education level, body mass index
(BMI), poverty status, vigorous exercise, and income.

Extent of drinking was classified into 4 categories: non-
drinker (no alcohol use in the previous month), past-month
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drinker, binge drinker, and heavy drinker. For men, binge
drinking was defined as having 5 or more drinks on at least
1 occasion during the preceding month. For women, binge
drinking was defined as having 4 or more drinks on at least
1 occasion during the preceding month. Heavy drinking
was defined as binge drinking on 5 or more occasions in the
previous month. To make the categories mutually exclusive,
past-month drinkers did not include binge drinkers, and
binge drinkers did not include heavy drinkers.

Extent of smoking was also classified into 4 categories:
nonsmoker, former smoker, current smoker, and daily
smoker. Respondents were classified as current smokers if
they reported having smoked 100 cigarettes or more dur-
ing their lifetimes and acknowledged smoking 1 cigarette
or more in the previous 30 days. Respondents were classi-
fied as former smokers if they had smoked 100 cigarettes
or more during their lifetimes but had not smoked during
the previous 30 days. Daily smokers reported smoking
daily. To make categories mutually excusive, current
smokers did not include daily smokers.

Employment status was coded as employed for wages,
self-employed, out of work 1 year or more, out of work less
than 1 year, homemaker, student, retired, or unable to
work. Education level was based on highest grade of school
completed and was coded as less than ninth grade, some
high school, high school graduate or General Educational
Development certified, some technical school, technical
school graduate, some college, college graduate, or post-
graduate. Self-reported weight and height were used to
calculate BMI, and participants were classified into BMI
categories according to Centers for Disease Control and
Prevention guidelines (underweight, BMI <18.5 kg/m?;
healthy weight, BMI 18.5-24.9 kg/m?; overweight, BMI
25.0-29.9 kg/m?2; obese, BMI >30.0 kg/m?) (15). Participants
were classified as participating in vigorous exercise if they
reported doing activities such as running, aerobics, heavy
yard work, or any other activity that caused increases in
breathing or heart rate for at least 20 minutes on at least
3 days per week.

Statistical analysis

To describe the magnitude of current depression in this
population, we calculated rates of current depression by
sociodemographic characteristics as well as other char-
acteristics that might be related to depression. We used
logistic regression to calculate odds ratios (ORs) for levels

of alcohol and cigarette use. All estimates were weighted,
and all standard errors were calculated by using SAS
version 7.0 (SAS Institute Inc, Cary, North Carolina). All
pairwise comparisons of estimates were tested for signifi-
cance by using SUDAAN version 9.0.1 (RTI International,
Research Triangle Park, North Carolina) to adjust for the
complex sample design. We considered differences signifi-
cant at P <.05.

Logistic models were developed by using current depres-
sion as the dependent variable. Model 1 included drinking
and smoking as the only dependent variables to determine
the effect of smoking and drinking on depression, without
controlling for other possible confounding and interacting
variables. Model 2 included all possible confounders in
BRFSS. In addition to smoking and drinking, this model
included sex, race/ethnicity, age, marital status, education
level, employment status, income, poverty status, BMI,
and vigorous exercise.

Additional models were developed to determine the model
with the most parsimonious fit by using Akaike’s informa-
tion criterion (AIC — in comparing 2 models, a lower AIC
indicates more parsimonious fit) and to control for con-
founding and interacting variables. Adjusted odds ratios for
smoking and drinking were estimated for each model, and
their change from model to model was examined to deter-
mine the effect of confounding. An analysis of effects that
indicated the significance of a variable in the presence of all
other variables in the model was used to determine which
variables to exclude from the model. Possible confounders
that were not significant in the presence of other variables
in the model were not included in the next model.

Model 3 included age, marital status, employment sta-
tus, income, BMI, and vigorous exercise in addition to
smoking and drinking. Each variable in this model was
significant in the presence of all other variables in the
model. Model 4 was the same as model 3 but included an
interaction term for drinking and smoking. Model 4 had
the most parsimonious fit with the lowest AIC value, but
the ORs in this model were unstable.

Results

Descriptive analysis

We found a 9.2% prevalence of current depression in
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California, and prevalence was higher among Hispanics
(12.1%) than among whites (7.2%). Current depression
was most common in people aged 50 to 59 years (13.5%)
and least common among people aged 60 or older (5.6%).
The prevalence of current depression was lowest among
married people (6.7%) and highest among divorced or
separated people (17.9% and 17.4%, respectively). Rates
of current depression generally decreased as annual
household income rose. Rates were highest among people
with the lowest income level (27.1% among people with
an income <$10,000) and lowest among people with the
highest income level (2.5% among people with an income
>$100,000). People who did not participate in vigorous
exercise were twice as likely to have current depression
as people who participated in vigorous exercise (10.9% vs
5.0%). Obese people were more likely to be depressed than
were those who were underweight, healthy, or overweight
(16.5% vs 6.8%, 7.9%, and 5.8%, respectively).

Prevalence of current depression was higher among
daily smokers (23.8%) and past-month smokers (22.5%)
than among former smokers (11.2%) or nonsmokers (5.8%).
Prevalence of current depression was highest among heavy
drinkers (24.2%) and lowest among binge drinkers (7.8%)
and past-month drinkers (6.0%). Among nondrinkers,
the prevalence was 11.6%. Current depression was most
common among daily smokers who were also binge drink-
ers (43.5%) or heavy drinkers (36.8%) and least common
among people who never smoked and were past-month
drinkers (3.6%) or binge drinkers (1.4%).

Logistic regression models

In the model that did not account for possible confound-
ing variables, smokers in all categories (daily, former, and
current) were more likely than nonsmokers to have clini-
cally significant depressive symptoms (Table 1). Heavy
drinkers were somewhat more likely to have current
depression than were nondrinkers, although binge and
past-month drinkers were only approximately half as
likely as nondrinkers to have current depression. The
AIC measure of fit was highest for this model, which was
expected because this model did not control for any pos-
sible confounding variables.

Model 2 (data not shown) included the most possible
confounding variables available in BRFSS, and model 3
(Table 2) retained only those variables from model 2 that
were significant in the presence of all other variables (race/

ethnicity, sex, education level, and poverty status were
dropped from model 2). In model 3, all levels of smoking
(daily, former, and current) were associated with higher
odds of depression than was nonsmoking, although the dif-
ference between former smokers and nonsmokers did not
reach significance. Heavy drinkers were approximately
3 times more likely to report depression than were non-
drinkers; binge and past-month drinkers were less likely
to report depression than were nondrinkers, but the dif-
ference did not reach significance. These associations were
nearly identical to those seen in model 2, which indicates
that the eliminated variables were not true confounders.

Model 4 (Table 3) included the same variables as model
3 but also included an interaction term for smoking and
drinking. The interaction between the smoking and drink-
ing variables was significant, which indicates that the
relationship between depression and smoking changes
depending on an adult’s drinking level, and the relation-
ship between depression and drinking changes depending
on an adult’s smoking level. The odds of current depres-
sion for daily smokers compared with nonsmokers was
more than 4 times higher among heavy drinkers than
among nondrinkers (OR, 14.3 vs 2.9). Similarly, the odds
of current depression for heavy drinkers compared with
nondrinkers was more than 4 times higher among daily
smokers than among nonsmokers (OR, 9.3 vs 1.9).

Discussion

We found that smoking and heavy alcohol use are
associated with current depression in California. Rates
of current depression were more than 3 times as high
among daily smokers and past-month smokers as among
nonsmokers. Heavy drinkers were more than 3 times more
likely to have current depression than were past-month
drinkers and binge drinkers.

The association between depression and smoking and
between depression and heavy drinking persisted even
after controlling for confounding variables and examin-
ing interactions for smoking and alcohol use. In all mod-
els examined, the odds of depression were significantly
higher for daily and past-month smokers than for non-
smokers. Similarly, in every model except the 1 that did
not control for confounders, the odds of current depres-
sion were significantly higher for heavy drinkers than for
nondrinkers.
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The models with an interaction term and the descriptive
statistics imply that heavy and binge drinking interact
with smoking to increase the likelihood of current depres-
sion. People who both smoke and are heavy drinkers are
more likely to have current depression than are those who
do only 1 of these activities. Prevention efforts might tar-
get people who are dual users, and practitioners should be
aware that smokers who are also heavy alcohol users are
at an increased risk for current depression.

To the best of our knowledge, this is the first time the
PHQ-8 has been included in a general population study
in the United States and, therefore, the first time in a
population-based study in California. We found a preva-
lence of current depression in California of 9.2%, which
is consistent with the estimate of 9.2% seen in a validity
study of the PHQ-9 that used a representative sample
of the general population of Germany (16). Patterns of
depression by most sociodemographic characteristics were
similar to those seen in national, population-based surveys
(17,18). We found no significant difference in prevalence
by sex (8.7% in men and 10.1% in women), although
national surveys indicate that depression is more preva-
lent in women (8).

Caution must be observed in interpreting these results.
Because of the small sample sizes of some subgroups, esti-
mates of ORs by different levels of the interacting variable
have large standard errors, which indicates instability.
Because this is a cross-sectional survey, these results do
not indicate whether smoking and drinking cause depres-
sion or whether depression causes people to smoke and
drink.

Another limitation of the study relates to the use of tele-
phones. Because this study was conducted by telephone,
it excludes people who do not have residential telephone
service. Certain populations, such as very poor ones,
may be missed by this type of survey (19), and the effect
of this limitation on our findings is unclear. However,
approximately 95% of US households are estimated to
have at least 1 telephone (20), and approximately 92%
of US adults live in households with landline telephone
service (21). Telephone surveys with low response rates
might not contain differential response bias compared
with those with higher response rates and may increase
reporting of sensitive behaviors compared with face-to-
face surveys (22). In a study that evaluated the agreement
between a self-administered and a telephone-administered

PHQ-9, the intra-class correlation coefficient and weighted
x indicated excellent agreement between the administra-
tion procedures (14).

This study demonstrated the use of the PHQ-8 in a
population-based survey. Because the PHQ-8 is half the
length of many other depression scales and has compa-
rable sensitivity and specificity, it may be useful in other
studies of depression in which a longer instrument would
not be feasible.

People who drink heavily tend to smoke heavily, and
people who are dependent on alcohol are likely to be
dependent on cigarettes (23). Over time, dependence on
these drugs may lead to long-term changes in neuronal
activity (24). Depression can complicate co-occurring alco-
hol and nicotine dependence and impede attempts to quit
(25). Intervention efforts should target people who are
dual users, and practitioners should be aware that smok-
ers who are heavy alcohol users are at an increased risk
for depression.
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Tables

Table 1. Logistic Regression Coefficients and Fit Statistics for a Model (Model 1%) That Examines the Relationship Between
Current Depression and Smoking and Alcohol Use Among Adults Aged 18 or Older, 2006 California Behavioral Risk Factor
Surveillance System

Type 3 Analysis of Effects

Variable OR (95% CI) x P Value

Intercept —-2.57 0.23 <.001 NA NA NA

Extent of smoking®

Nonsmoker 1 [Reference]
Daily 1.76 0.37 <.001 | 5.82 (2.80-12.09)
34.6 <.001
Former 0.69 0.31 .02 2.00 (1.10-3.63)
Current 1.98 0.48 <.001 7.24 (2.82-8.60)
Extent of alcohol use®
Nondrinker 1 [Reference]
Heavy 0.46 0.39 .23 1.59 (0.75-3.39)
9.7 .02
Binge -0.55 0.53 .29 0.58 (0.21-1.61)
Past month -0.72 0.29 .01 0.49 (0.28-0.86)

Abbreviations: SE, standard error; OR, odds ratio; Cl, confidence interval; NA, not applicable.

a Akaike's information criterion: 9,805,316.

b Daily smokers reported smoking daily; former smokers reported smoking =100 cigarettes during their lifetimes but had not smoked in the previous 30
days; current smokers reported smoking =100 cigarettes during their lifetimes and =1 cigarette during the previous 30 days. Current smokers did not
include daily smokers.

¢ Nondrinkers reported no alcohol use in the previous month; heavy drinkers reported binge drinking on =5 occasions in the previous month; binge drinkers
reported having =5 drinks on =1 occasion (for men) or =4 drinks on =1 occasion (for women) in the previous month; past-month drinkers reported having
=1 drink in the previous month. Past-month drinkers did not include binge drinkers, and binge drinkers did not include heavy drinkers.
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Table 2. Logistic Regression Coefficients and Fit Statistics for a Model (Model 3%) That Examines the Relationship Between
Current Depression and Smoking and Alcohol Use, Including Only Significant Confounders, Among Adults Aged 18 or Older,
2006 California Behavioral Risk Factor Surveillance System

‘ ‘ ‘ ‘ Type 3 Analysis of Effects

Variable ‘ SE of ‘ P Value ‘ OR (95% CI)

Intercept -6.09 0.66 <.001 NA NA NA

Extent of smoking®

Nonsmoker 1 [Reference]
Daily 1.32 0.29 <.001 3.74 (2.11-6.65)
14.9 <.01
Former 0.53 0.32 .09 1.70 (0.91-3.16)
Current 1.04 0.43 .01 2.84 (1.23-6.55)
Extent of drinking®
Nondrinker 1 [Reference]
Heavy 1.07 0.45 .02 2.90 (1.21-6.95)
21.3 <.001
Binge —0.50 0.36 A7 0.61 (0.30-1.23)
Past month -0.28 0.28 31 0.77 (0.44-1.30)
Age,y
18-24 2.61 0.63 <.001 13.59 (3.92-48.75)
25-34 1.94 0.56 <.001 6.96 (2.32-20.90)
35-44 1.54 0.55 <.01 4.69 (1.61-13.66)
18.9 <.01
45-54 1.42 0.56 .01 4.15 (1.38-12.45)
55-64 0.92 0.56 .10 2.52 (0.84-7.60)
=65 1 [Reference]
Employment status
Employed for wages 1 [Reference]
Out of work <1 year 0.40 0.52 .60 1.49 (0.54-4.09)
Out of work >1 year 1.20 0.60 .05 3.31 (1.02-10.68)
Retired 0.79 0.52 .13 2.21 (0.79-6.17)
87.1 <.001
Self-employed 0.32 0.38 .39 1.38 (0.66-2.89)
Homemaker 0.06 0.41 .88 1.06 (0.48-2.36)
Student -0.51 0.64 42 0.60 (0.17-2.10)
Unable to work 3.31 0.37 <.001 27.26 (13.12-56.65)

Abbreviations: SE, standard error; OR, odds ratio; Cl, confidence interval; NA, not applicable; BMI, body mass index.

a Akaike’s information criterion: 7,278,444,

b Daily smokers reported smoking daily; former smokers reported smoking =100 cigarettes during their lifetimes but had not smoked in the previous 30
days; current smokers reported smoking =100 cigarettes during their lifetimes and =1 cigarette during the previous 30 days. Current smokers did not
include daily smokers.

¢ Nondrinkers reported no alcohol use in the previous month; heavy drinkers reported binge drinking on =5 occasions in the previous month; binge drinkers
reported having =5 drinks on =1 occasion (for men) or =4 drinks on =1 occasion (for women) in the previous month; past-month drinkers reported having
=1 drink in the previous month. Past-month drinkers did not include binge drinkers, and binge drinkers did not include heavy drinkers.

(Continued on next page)
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Table 2. (continued) Logistic Regression Coefficients and Fit Statistics for a Model (Model 32) That Examines the Relationship
Between Current Depression and Smoking and Alcohol Use, Including Only Significant Confounders, Among Adults Aged 18
or Older, 2006 California Behavioral Risk Factor Surveillance System

‘ ‘ ‘ ‘ Type 3 Analysis of Effects

Variable ‘ SE of f ‘ P Value ‘ OR (95% ClI) 7 P Value
BMI
>30.0 kg/m? (obese) 0.70 0.28 .01 2.01 (1.17-3.46)
25.0-29.9 kg/m? (overweight) —-0.48 0.27 .08 0.62 (0.36-1.06)
18.5-24.9 kg/m? (healthy weight) 1 [Reference] 199 <00t
<18.5 kg/m? (underweight) -0.59 0.48 22 0.56 (0.22-1.41)
Annual income, $
<10,000 0.17 0.74 .82 2.63 (0.92-7.51)
10,000-14,999 -0.58 0.74 A4 1.22 (0.40-3.69)
15,000-19,999 -0.81 0.78 .30 0.88 (0.28-2.78)
20,000-24,999 0.53 0.71 .45 3.41 (1.29-9.03)
25,000-34,999 0.65 0.61 .28 4.06 (1.46-11.33) 21.9 <.01
35,000-49,999 0.75 0.50 .14 2.90 (1.08-7.77)
50,000-74,999 0.53 0.44 .23 1.90 (0.79-4.58)
75,000-100,000 0.16 0.50 .75 1.25 (0.46-3.38)
>100,000 1 [Reference]
Marital status
Married 1 [Reference]
Divorced 1.25 0.39 <.001 3.50 (1.62-7.55)
Never married 0.07 0.30 .82 1.07 (0.60-1.91)

21.8 .001
Widowed 1.47 0.52 <.01 4.34 (1.56-11.05)
Unmarried couple 0.97 0.40 .02 2.63 (1.20-5.76)
Separated 0.59 0.51 .25 1.80 (0.67-4.83)
Vigorous exercise
Yes 0.40 0.13 <.01 2.20 (1.35-3.60)

9.9 <.01

No 1 [Reference]

Abbreviations: SE, standard error; OR, odds ratio; Cl, confidence interval; NA, not applicable; BMI, body mass index.

a Akaike’s information criterion: 7,278,444.

b Daily smokers reported smoking daily; former smokers reported smoking =100 cigarettes during their lifetimes but had not smoked in the previous 30
days; current smokers reported smoking =100 cigarettes during their lifetimes and =1 cigarette during the previous 30 days. Current smokers did not
include daily smokers.

¢ Nondrinkers reported no alcohol use in the previous month; heavy drinkers reported binge drinking on =5 occasions in the previous month; binge drinkers
reported having =5 drinks on =1 occasion (for men) or =4 drinks on =1 occasion (for women) in the previous month; past-month drinkers reported having
>1 drink in the previous month. Past-month drinkers did not include binge drinkers, and binge drinkers did not include heavy drinkers.
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Table 3. Odds of Current Depression (Model 42), Taking Into Account the Interaction Term for Smoking by Different Levels of
Drinking, 2006 California Behavioral Risk Factor Surveillance System

Extent of Smoking or

(0)3 SE 95% Cl

Extent of Smoking or

(0]3 SE 95% ClI

Drinking?

Extent of smoking among nondrinkers

Nonsmoker

Daily 2.89 1.32
Former 1.65 0.72
Current 1.70 0.93

Extent of smoking among past-month drinkers

Nonsmoker

Daily 1.05 0.53
Former 1.55 0.70
Current 4.79 2.93

Extent of smoking among binge drinkers

Nonsmoker

Daily 39.50 32.1
Former 8.97 8.30
Current 5.04 6.03

Extent of smoking among heavy drinkers

Nonsmoker

Daily 14.30 14.43
Former 0.24 0.34
Current 4.56 5.23

1 [Reference]
1.18-7.07
0.70-3.86
0.58-4.99

1 [Reference]
0.39-2.85
0.64-3.74

1.44-15.91

1 [Reference]
8.04-194.00
1.46-55.02
0.48-52.56

1 [Reference]
1.98-103.30
0.01-4.14
0.48-43.15

Abbreviations: OR, odds ratio; SE, standard error; Cl, confidence interval.

@ Akaike’s information criterion: 7,091,514.

DrinkingP

Extent of drinking among nonsmokers

Nondrinker

Heavy 1.87
Binge 0.16
Past month 0.79

Extent of drinking among former smokers

Nondrinker

Heavy 1.87
Binge 0.85
Past month 0.79

Extent of drinking among current smokers

Nondrinker

Heavy 5.02
Binge 0.46
Past month 2.23

Extent of drinking among daily smokers

Nondrinker

Heavy 9.26
Binge 2.13
Past month 0.29

1.58
0.11
0.33

1.58
0.63
0.33

4.92
0.50
1.60

6.89
1.33
0.16

1 [Reference]
0.36-9.78
0.04-0.62
0.35-1.78

1 [Reference]
0.36-9.78
0.20-3.63
0.35-1.78

1 [Reference]
0.74-34.20
0.06-3.86
0.55-9.09

1 [Reference]
2.16-39.79
0.62-7.25
0.10-0.84

b Daily smokers reported smoking daily; former smokers reported smoking >100 cigarettes during their lifetimes but had not smoked in the previous 30 days;
current smokers reported smoking =100 cigarettes during their lifetimes and =1 cigarette during the previous 30 days. Current smokers did not include daily
smokers. Nondrinkers reported no alcohol use in the previous month; heavy drinkers reported binge drinking on =5 occasions in the previous month; binge

drinkers reported having =5 drinks on =1 occasion (for men) or =4 drinks on =1 occasion (for women) in the previous month; past-month drinkers reported

having =1 drink in the previous month. Past-month drinkers did not include binge drinkers, and binge drinkers did not include heavy drinkers.
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Abstract

Having information about preexisting chronic diseases
and available public health assets is critical to ensuring an
adequate public health response to natural disasters and
acts of terrorism. We describe a method to derive this infor-
mation using a combination of data from the Behavioral
Risk Factor Surveillance System and geographic informa-
tion systems (GIS) technology. Our demonstration focuses
on counties in states that are within 100 miles of the Gulf
of Mexico and the Atlantic Ocean coastlines. To illustrate
the flexible nature of planning made possible through the
interactive use of a GIS, we use a hypothetical scenario
of a hurricane making landfall in Myrtle Beach, South
Carolina.

Introduction

The aftermaths of recent natural disasters have high-
lighted the catastrophic social, economic, and public
health impact that these events can have. In December
2004, the Indian Ocean tsunami killed 226,408 people,
rendered 1,033,464 homeless, adversely affected an addi-
tional 1,356,339, and cost an estimated $7,710,800,000 in
damage (1). Between July and October 2005, hurricanes
Dennis, Katrina, Rita, and Wilma resulted in the deaths

of 1852 people and affected 830,000 more, many of whom
became homeless (2).

Although much attention rightly has been given to the
immediate safety and acute health needs of these people
(3-6), less emphasis has been devoted to the needs, both
immediate and long-term, of people with preexisting
health conditions. Often, the magnitude of the public
health impact is determined by the underlying vulner-
abilities of the affected population, including people with
chronic diseases, pregnant women, and children, and by
the extent of damage to the local public health infrastruc-
ture. The public health assets of surrounding communi-
ties, which could be used to mitigate damage and provide
service to evacuees, also play important roles. Lessons
learned from recent disasters suggest that prospective
assessment of existing health problems and available
resources is essential for effective preparedness and
response. Unfortunately, these data are not readily avail-
able for most communities at risk.

Hurricane Katrina, which devastated the third most
populated metropolitan area on the U.S. Gulf Coast,
taught us that this prospective assessment is essential
(7). Interruptions in treatment brought on by a disaster
increase the risk of death or serious complications for
people who require insulin to control their diabetes, for
heart attack survivors who take daily clot-preventing
medications, for people with severe chronic lung disease
who require home oxygen therapy, and for people with kid-
ney failure who are treated with outpatient hemodialysis.
Natural disasters often interfere with or totally disrupt
the availability of supplemental oxygen supplies. Power
outages prevent the use of dialysis and other medical
equipment and can exacerbate existing health conditions
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by preventing the cooling or heating that patients require.
Conditions of extreme heat and cold are particularly dan-
gerous for elderly people, pregnant women and their fetus-
es, neonates, and young children. Lastly, chronic diseases
are often aggravated by the lack of food and clean water
and the increased levels of physical and mental stress that
accompany a disaster (7).

To effectively plan a response to natural disasters, such
as hurricanes, floods, and earthquakes, and man-made
disasters, such as acts of terrorism, public health officials
and first responders need analytic methods to quickly
estimate the number of people who will be affected and
the subpopulations that are at particular risk. Equally as
important is the ability to locate and quantify facilities
such as hospitals and schools that are needed during a
response. Given the complexity and the sometimes lengthy
lead times required for state and local health officials to
prepare personnel, facilities, and medical supplies for a
public health response, establishing a baseline dataset
in advance of a disaster is vital. Preferably, this dataset
would be updated frequently and would have the analytic
tools needed to model contingencies and develop effective
responses, including estimates of the required quantities
of essential maintenance medication and treatment for
patients with chronic diseases (7).

In the wake of the 2005 hurricanes, Mokdad et al (7)
addressed the need for a surveillance tool to support disas-
ter response planning that gives appropriate consideration
to people with chronic diseases and other vulnerable popu-
lations. Recommendations were that the surveillance tool
should have three components: 1) a means of determining
the baseline magnitude of the disaster and needs of these
vulnerable people, 2) a means of assessing needs and lev-
els of response in an affected area during a disaster, and 3)
a means of monitoring the long-term effects of a disaster.

In response to these recommendations, we demonstrate
how the Behavioral Risk Factor Surveillance System
(BRFSS) and geographic information system (GIS) tech-
nology available from Centers for Disease Control and
Prevention’s (CDC’s) National Center for Chronic Disease
Prevention and Health Promotion can be combined to
meet the need for rapid assessment of subpopulations at
risk and to identify available resources in advance of a
disaster. We also note the value of the BRFSS in address-
ing the second and third components of the recommended
surveillance tool.

Data and Technology

We used data from the BRFSS (8-11) to estimate the
prevalence of health risk factors and chronic diseases,
the 2000 U.S. census (Summary Tape File 3 [SF-3] Long
Form) (12) to obtain a sociodemographic baseline, and the
American Hospital Association Annual Survey Database to
quantify hospital resources (13). Environmental Systems
Research Institute, Inc (ESRI) provided data on school
locations and attributes by collating data from the U.S.
Geographic Names Information System and the U.S.
Board of Geographical Names, both of which collect and
archive data on civic institutions as part of the U.S.
Geological Survey’s National Map program (14).

The BRFSS, operated by state health departments with
assistance from CDC, collects data on many of the behav-
iors and conditions associated with the leading causes
of morbidity and mortality in the United States. Each
month, trained interviewers use an independent probabil-
ity sample of households with telephones to collect data
from the noninstitutionalized population aged 18 years
or older. A detailed description of the survey methods is
available elsewhere (15). All questionnaires are available
online (www.cdc.gov/brfss/questionnaires). We used data
from the District of Columbia and the 21 states whose land
area partially or completely extends to within 100 miles
of the Gulf of Mexico and the Atlantic Ocean coastlines.
To ensure that each county-level prevalence estimate was
based on a combined sample of at least 50 responses, we
combined data from survey years 2001, 2003, 2004, and
2005 (N = 904,531).

BRF'SS respondents for the years that we used answered
questions pertaining to high blood pressure, use of blood
pressure medication, high blood cholesterol, heart attack,
heart disease, stroke, diabetes, asthma, and pregnancy.
From the answers, we estimated the prevalence of these
medical conditions for the general population. We used
SAS 9.1.3 (SAS Institute Inc, Cary, North Carolina) and
the proc surveymeans design statement to account for the
complex sampling design of the BRFSS.

GIS technology has been defined in various ways (16,17),
but for succinctness we prefer the definition of Lo and
Yeung: “a set of computer-based systems for managing
geographic data and using these data to solve spatial
problems” (18). For our demonstration, we used ArcGIS
9.2 (Environmental Systems Research Institute, Inc,
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Redlands, California), which enabled us to merge, analyze,
and display data and results in one software application.
We obtained GIS shapefiles (i.e., geographic boundary
files) of U.S. states and counties (hereafter, counties
refers to counties and county-equivalents: parishes in
Louisiana and independent cities in Virginia) from ESRI,
and extracted the coastlines of the Atlantic Ocean and the
Gulf of Mexico through GIS-assisted manual editing. The
resulting coastline shapefile became the baseline from
which we constructed 50- and 100-mile buffers. We chose
these radii arbitrarily, as reasonably good markers for the
differences in area damage that result from hurricanes of
various magnitudes.

Assessment Techniques

To estimate the underlying populations at risk within
the two buffer zones, we determined which counties the
zones comprised. We mapped the population-weighted
centroid (center of mass) of the District of Columbia and
each county and conducted two spatial joins (a GIS over-
lay function) between population-weighted centroids and
county shapefiles to extract those counties with centroids
in both buffer zones (<50 miles and >50-100 miles from
the coastline) (Figure 1). We used population-weighted
centroids, which are analogous to centers of gravity, rather
than geometric centroids because population-weighted
centroids more accurately reflect the spatial distribution
and density of county populations.

We imported county sociodemographic data from the
2000 U.S. census (19) into ArcGIS in database format and
joined the database to the county shapefile, using county
FIPS (Federal Information Processing Standards) codes as
the primary join key. The National Institute of Standards
and Technology issues a standardized set of numeric codes
to ensure uniform identification of geographic entities
by all federal government agencies (19,20). These data
include variables on total population, age distribution,
racial/ethnic distribution, housing units and occupancy
status, median housing values, school enrollment by type
of school, prevalence of disability by age group, median
family income, and prevalence of poverty by age group. We
also imported county public health data from the BRFSS
into the GIS database. Once the data were joined to the
county shapefiles, summary statistics and ratios of the
individual variables were computed by area.

— 100-mile buffer from coastline
50-mile buffer from coastline

Coastline
population-weighted centroids within 100 miles of coastiine
counties within 100 miles of coastline
°  population-weighted centroids within 50 miles of coastline
counties within 50 miles of coastline
|: states within 100 miles of coastline
states outside 100 miles from coastline

Figure 1. Counties with population-weighted centroids within 50- and 100-
mile radius of Gulf of Mexico and Atlantic Ocean coastlines, 2000. Data
from U.S. Census Bureau (12).

To demonstrate the usefulness of a GIS in a real-time
emergency, we applied the technology to a hypotheti-
cal scenario in which a hurricane makes landfall in the
vicinity of Myrtle Beach, South Carolina. We created a
100-mile buffer around the point location for the city of
Myrtle Beach and used the GIS to extract those counties
with population-weighted centroids within this buffer
zone (Figure 2). All values for population demographics,
people with chronic diseases, and resources for emergency
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Figure 2. Counties with population-weighted centroids within a 100-mile
radius and major cities within a 200-mile radius of Myrtle Beach, South
Carolina, 2000. Data from U.S. Census Bureau (12).
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response were contained within the extracted county-level
geographic records in the GIS.

Sample Assessment

According to the 2000 U.S. census, 139,441,051 people,
or approximately 50% of the U.S. population at that time,
lived in the total area included in our demonstration (i.e.,
21 states and the District of Columbia) (12). Of these
people, 66% lived in counties with population-weighted
centroids within 100 miles of the Gulf of Mexico and
Atlantic Ocean coastlines (57% within <50 miles, 9% from
>50-100 miles). Note that in our assessment, data for the
two coastal buffer zones overlap, so that data for the area
in the 100-mile zone include data for the area in the 50-
mile zone.

Our assessment shows that approximately 18.2 million
people within 100 miles of the coastline were likely to be at
particular risk in a disaster because of their age (either <5
years or >65 years); approximately 13.8 million, because
of being school-aged (i.e., being enrolled in nursery school,
kindergarten, or elementary school); and approximately
208,246, because of being inpatients in a hospital (esti-
mated by multiplying the number of hospital beds by a
70% occupancy rate) (Table 1).

Data joined with the GIS provide the number of hospi-
tals, hospital beds, and hospital workers in total and by
state for each zone (Table 2) and the estimated number
of people with selected medical conditions in total and by
state for each zone (Table 3). By combining the informa-
tion in Tables 2 and 3, health officials can compare the
extent of chronic diseases and the availability of response
resources in any coastal area. The number of hospitals in
a local area varies greatly throughout each coastal zone,
as does the number of beds in a single hospital (Figure 3).
As would be expected, areas with large populations tend to
have access to greater numbers of hospitals and hospital
beds, but the ratio of people to hospitals and of people to
hospital beds may actually be lower in highly populated
urban areas. This reality underscores the importance of
establishing baseline data on the at-risk population and
the resources available to respond to surges in demand.

For the Myrtle Beach scenario, an estimated 412,364
people would be at particular risk because of their age;
344,105, because of being in nursery, kindergarten, and

Number of Hospital Beds
— 100-mile buffer from coastline
5-100
50-mile buffer from coastline
L] 101 - 300

states within 100 miles of coastline
states outside 100 miles from coastliine

®  301-700

@ 701-2163

Figure 3. Locations of hospitals, with number of beds per hospital, in
states with land area within 100 miles of the coastline. Data from the
American Hospital Association (13).

elementary schools; and 4661, because of being inpatients
in a hospital (Table 4). Given that 16% of people in the
area live in poverty, many of these vulnerable people
would have to rely on the government for evacuation.

Flexibility of the BRFSS and GIS

The BRFSS can and has been used to assess needs and
levels of response during a disaster and to monitor the
long-term effects of a disaster. In response to the unex-
pected shortfall in the 2004—2005 supply of influenza vac-
cine, CDC and the Advisory Committee on Immunization
Practices (ACIP) recommended prioritizing vaccination
for people aged 65 years and older and for others at high
risk (21,22). To monitor coverage, the BRFSS added sev-
eral questions about influenza vaccination, including new
questions on priority status and the month and year of
vaccination among children and adults (23). Because of the
rapid turnaround of BRFSS data, public health officials
were able to obtain near-real-time estimates of influenza
coverage (24), including county-level estimates based on
small-area estimation procedures (25). One study, using
data for the New Orleans—Metairie—Kenner, Louisiana,
Metropolitan Statistical Area, demonstrated the feasibility
of using the BRF'SS to estimate baseline information on the
number of older adults who may have a disability and thus
need assistance in evacuating to shelters or who may need
special equipment in the event of a natural disaster (26).
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Flexibility is one of the most useful features of a GIS. By
altering the planning assumptions that are entered into
the GIS, public health officials can conduct analyses quick-
ly and efficiently on any issue for which data are available.
Sources could include the National Hospital Ambulatory
Medical Care Survey, which has asked questions in the
past that may yield data on hospital preparedness for
natural disasters and acts of terrorism (27); state-based
trauma system registries, which contain data on mass
casualties and trauma (28); and CDC’s National Center for
Health Statistics, which maintains data on the number of
live birth deliveries by county, from which estimates can
be derived of the number of pregnant women and neonates
at a given time. The salient questions for health officials
are: What sources of primary data are readily available?
To what extent can the surge capacity of identified assets
be ascertained reliably? How generalizable are the out-
puts, and how sensitive are they to the particular type of
disaster?
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Tables

Table 1. Selected At-Risk Populations in Gulf of Mexico and Atlantic Ocean coastal zones, by Distance From the Coastline,
United States, 20002

Distance from Coastline®

At-Risk Populations <50 miles, No. of People <100 miles, No. of People >100 miles, No. of People

Old and young 15,807,599 18,204,359 9,049,178
<5y of age 5,269,967 6,069,337 3,206,434
=65y of age 10,537,632 12,135,022 5,842,744
Below poverty level (%) 9,585,589 (12.0) 11,409,425 (12.4) 6,402,990 (13.5)
School-aged population (total) 21,356,614 24,563,563 12,659,167
Nursery school 1,494,064 1,696,568 829,584
Kindergarten 1,149,218 1,328,574 698,459
Elementary school 9,303,221 10,755,108 5,619,833
High school 4,519,507 5,231,149 2,691,489
College 4,890,604 5,552,164 2,819,802
Hospital inpatients® 177,787 208,246 117,036

@ Data are from the U.S. Census Bureau (12) and the American Hospital Association (13).
b Measured by population-weighted centroids.
¢ Based on 70% bed occupancy.

Table 2. Number of Hospitals and Hospital Beds and Workers in 21 States and the District of Columbia, by Distance From the
Coast, United States, 20002

Distance From Coastline®

State or District <50 Miles, No. <100 Miles, No. >100 Miles, No.

Total

Hospitals 1,189 1,521 1,161
Hospital Beds 253,891 297,494 167,081
Workers 1,313,786 1,529,468 816,505
Alabama

Hospitals 15 35 86
Hospital Beds 2,990 4,626 13,328
Workers 11,357 17,640 59,546
Connecticut

Hospitals 46 47 NA
Hospital Beds 8,862 8,940 NA
Workers 51,430 51,714 NA

NA indicates not applicable.
@ Data are from the American Hospital Association (13).
b Measured by population-weighted centroids.

(Continued on next page)
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Table 2. (continued) Number of Hospitals and Hospital Beds and Workers in 21 States and the District of Columbia, by
Distance From the Coast, United States, 20002

Distance From Coastline®

State or District <50 Miles, No. <100 Miles, No. >100 Miles, No.

Delaware

Hospitals 11 11 NA
Hospital Beds 2,237 2,237 NA
Workers 16,332 16,332 NA
District of Columbia

Hospitals 16 16 NA
Hospital Beds 4,670 4,670 NA
Workers 28,623 28,623 NA
Florida

Hospitals 209 219 NA
Hospital Beds 48,453 50,419 NA
Workers 224,536 230,866 NA
Georgia

Hospitals 19 60 116
Hospital Beds 2,597 7,214 18,558
Workers 12,475 35,940 96,033
Louisiana

Hospitals 102 118 59
Hospital Beds 12,699 14,191 6,229
Workers 59,261 64,342 25,945
Maine

Hospitals 35 39 3
Hospital Beds 3,420 3,542 164
Workers 22,492 23,242 1,423
Maryland

Hospitals 67 70 4
Hospital Beds 13,692 14,131 467
Workers 80,081 82,432 2,395
Massachusetts

Hospitals 92 113 NA
Hospital Beds 19,033 21,758 NA
Workers 122,892 137,682 NA

NA indicates not applicable.
@ Data are from the American Hospital Association (13).
b Measured by population-weighted centroids.

(Continued on next page)
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Table 2. (continued) Number of Hospitals and Hospital Beds and Workers in 21 States and the District of Columbia, by
Distance From the Coast, United States, 200G

Distance From Coastline®

State or District <50 Miles, No. <100 Miles, No. >100 Miles, No.
Mississippi

Hospitals 12 27 80
Hospital Beds 1,892 3,622 10,497
Workers 8,598 16,071 38,048
New Hampshire

Hospitals 18 31 1
Hospital Beds 2,212 3,091 16
Workers 13,447 20,537 100
New Jersey

Hospitals 94 94 NA
Hospital Beds 27,453 27,453 NA
Workers 122,382 122,382 NA
New York

Hospitals 130 142 112
Hospital Beds 44,160 46,251 19,863
Workers 239,885 247,274 105,345
North Carolina

Hospitals 32 58 84
Hospital Beds 5,075 10,063 15,946
Workers 25,086 52,630 88,435
Pennsylvania

Hospitals 85 135 118
Hospital Beds 18,942 27,242 17,960
Workers 99,945 144,892 96,533
Rhode Island

Hospitals 16 16 NA
Hospital Beds 3,293 3,293 NA
Workers 17,748 17,748 NA
South Carolina

Hospitals 24 52 30
Hospital Beds 3,124 7,890 4,155
Workers 16,374 40,408 22,246

NA indicates not applicable.
@ Data are from the American Hospital Association (13).
b Measured by population-weighted centroids.

(Continued on next page)

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only
and does not imply endorsement by any of the groups named above.

www.cdc.gov/ped/issues/2008/jul/07_0159.htm e Centers for Disease Control and Prevention 9



PREVENTING CHRONIC DISEASE, VOLUME 5: NO. 3

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY JULY 2008

Table 2. (continued) Number of Hospitals and Hospital Beds and Workers in 21 States and the District of Columbia, by
Distance From the Coast, United States, 20002

Distance From Coastline®

State or District <50 Miles, No. <100 Miles, No. >100 Miles, No.

Texas

Hospitals 104 150 360
Hospital Beds 17,666 21,557 45,585
Workers 87,908 104,928 212,164
Vermont

Hospitals NA 6 11
Hospital Beds NA 376 1,214
Workers NA 1,933 9,572
Virginia

Hospitals 62 7 37
Hospital Beds 11,421 14,142 6,223
Workers 52,934 68,159 24,508
West Virginia

Hospitals NA 5 60
Hospital Beds NA 786 6,876
Workers NA 3,693 34,212

NA indicates not applicable.? Data are from the American Hospital Association (13).
b Measured by population-weighted centroids.

Table 3. Estimated Numbers of People With Selected Medical Conditions in 21 states and the District of Columbia, by
Proximity to the Gulf of Mexico and Atlantic Ocean Coastlines?

Distance From Coastline®

State, District <50 Miles <100 Miles

Total

High blood pressure 2,181,000 2,639,000
Taking blood pressure medication 1,271,000 1,532,000
High blood cholesterol 2,120,000 2,740,000
Heart attack 2,328,000 2,787,000
Heart disease 2,577,000 3,067,000
Stroke 1,489,000 1,773,000
Diabetes 662,000 801,000
Asthma 998,000 1,177,000
Pregnancy 113,000 130,000

NA indicates not applicable.
@ Data are from the Behavioral Risk Factor Surveillance System (8-11).
b Measured by population-weighted centroids.

(Continued on next page)
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Table 3. (continued) Estimated Numbers of People With Selected Medical Conditions in 21 states and the District of
Columbia, by Proximity to the Gulf of Mexico and Atlantic Ocean Coastlines?

Distance From Coastline®

State, District <50 Miles <100 Miles

Alabama

High blood pressure 19,000 32,000
Taking blood pressure medication 13,000 23,000
High blood cholesterol 15,000 28,000
Heart attack 26,000 41,000
Heart disease 15,000 29,000
Stroke 11,000 24,000
Diabetes 5,000 10,000
Asthma 7,000 11,000
Pregnancy 1,000 2,000
Connecticut

High blood pressure 67,000 67,000
Taking blood pressure medication 48,000 48,000
High blood cholesterol 68,000 68,000
Heart attack 87,000 87,000
Heart disease 113,000 113,000
Stroke 44,000 44,000
Diabetes 21,000 21,000
Asthma 40,000 40,000
Pregnancy 4,000 4,000
Delaware

High blood pressure 21,000 21,000
Taking blood pressure medication 14,000 14,000
High blood cholesterol 19,000 19,000
Heart attack 28,000 28,000
Heart disease 31,000 31,000
Stroke 17,000 17,000
Diabetes 5,000 5,000
Asthma 8,000 8,000
Pregnancy 1,000 1,000
District of Columbia

High blood pressure 15,000 15,000
Taking blood pressure medication 11,000 11,000

NA indicates not applicable.
@ Data are from the Behavioral Risk Factor Surveillance System (8-11).
b Measured by population-weighted centroids.
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Table 3. (continued) Estimated Numbers of People With Selected Medical Conditions in 21 states and the District of
Columbia, by Proximity to the Gulf of Mexico and Atlantic Ocean Coastlines?®

Distance From Coastline®

State, District <50 Miles <100 Miles

District of Columbia (continued)

High blood cholesterol 18,000 18,000
Heart attack 13,000 13,000
Heart disease 13,000 13,000
Stroke 14,000 14,000
Diabetes 6,000 6,000
Asthma 11,000 11,000
Pregnancy 1,000 1,000
Florida

High blood pressure 494,000 505,000
Taking blood pressure medication 289,000 295,000
High blood cholesterol 412,000 431,000
Heart attack 653,000 676,000
Heart disease 718,000 744,000
Stroke 393,000 403,000
Diabetes 172,000 178,000
Asthma 229,000 238,000
Pregnancy 29,000 29,000
Georgia

High blood pressure 28,000 59,000
Taking blood pressure medication 13,000 32,000
High blood cholesterol 17,000 48,000
Heart attack 21,000 56,000
Heart disease 22,000 46,000
Stroke 18,000 47,000
Diabetes 7,000 16,000
Asthma 9,000 20,000
Pregnancy 1,000 2,000
Louisiana

High blood pressure 67,000 75,000
Taking blood pressure medication 47,000 54,000
High blood cholesterol 52,000 57,000
Heart attack 80,000 85,000

NA indicates not applicable.
@ Data are from the Behavioral Risk Factor Surveillance System (8-11).
b Measured by population-weighted centroids.
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Table 3. (continued) Estimated Numbers of People With Selected Medical Conditions in 21 states and the District of
Columbia, by Proximity to the Gulf of Mexico and Atlantic Ocean Coastlines?®

Distance From Coastline®

State, District <50 Miles <100 Miles

Louisiana (continued)

Heart disease 91,000 101,000
Stroke 55,000 60,000
Diabetes 29,000 32,000
Asthma 35,000 38,000
Pregnancy 3,000 3,000
Maine

High blood pressure 39,000 39,000
Taking blood pressure medication 19,000 19,000
High blood cholesterol 36,000 36,000
Heart attack 42,000 42,000
Heart disease 39,000 39,000
Stroke 22,000 22,000
Diabetes 12,000 12,000
Asthma 22,000 22,000
Pregnancy 2,000 2,000
Maryland

High blood pressure 153,000 163,000
Taking blood pressure medication 98,000 103,000
High blood cholesterol 188,000 192,000
Heart attack 169,000 174,000
Heart disease 168,000 174,000
Stroke 98,000 101,000
Diabetes 54,000 55,000
Asthma 93,000 95,000
Pregnancy 10,000 10,000
Massachusetts

High blood pressure 120,000 146,000
Taking blood pressure medication 73,000 91,000
High blood cholesterol 116,000 140,000
Heart attack 155,000 203,000
Heart disease 151,000 193,000
Stroke 83,000 106,000

NA indicates not applicable.
@ Data are from the Behavioral Risk Factor Surveillance System (8-11).
b Measured by population-weighted centroids.
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Table 3. (continued) Estimated Numbers of People With Selected Medical Conditions in 21 states and the District of
Columbia, by Proximity to the Gulf of Mexico and Atlantic Ocean Coastlines?®

Distance From Coastline®

State, District <50 Miles <100 Miles

Massachusetts (continued)

Diabetes 33,000 41,000
Asthma 73,000 88,000
Pregnancy 6,000 7,000
Mississippi

High blood pressure 9,000 27,000
Taking blood pressure medication 7,000 17,000
High blood cholesterol 12,000 23,000
Heart attack 13,000 36,000
Heart disease 14,000 39,000
Stroke 12,000 24,000
Diabetes 4,000 10,000
Asthma 5,000 10,000
Pregnancy 1,000 2,000
New Hampshire

High blood pressure 18,000 22,000
Taking blood pressure medication 11,000 15,000
High blood cholesterol 27,000 35,000
Heart attack 29,000 36,000
Heart disease 35,000 43,000
Stroke 17,000 23,000
Diabetes 7,000 9,000
Asthma 11,000 15,000
Pregnancy 1,000 1,000
New Jersey

High blood pressure 244,000 244,000
Taking blood pressure medication 148,000 148,000
High blood cholesterol 288,000 288,000
Heart attack 233,000 233,000
Heart disease 282,000 282,000
Stroke 139,000 139,000
Diabetes 64,000 64,000
Asthma 91,000 91,000

NA indicates not applicable.
@ Data are from the Behavioral Risk Factor Surveillance System (8-11).
b Measured by population-weighted centroids.
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Table 3. (continued) Estimated Numbers of People With Selected Medical Conditions in 21 states and the District of
Columbia, by Proximity to the Gulf of Mexico and Atlantic Ocean Coastlines?®

Distance From Coastline®

State, District <50 Miles <100 Miles

New Jersey (continued)

Pregnancy 10,000 10,000
New York

High blood pressure 267,000 283,000
Taking blood pressure medication 152,000 165,000
High blood cholesterol 346,000 361,000
Heart attack 254,000 266,000
Heart disease 292,000 314,000
Stroke 201,000 207,000
Diabetes 83,000 87,000
Asthma 132,000 140,000
Pregnancy 19,000 19,000
North Carolina

High blood pressure 81,000 130,000
Taking blood pressure medication 39,000 68,000
High blood cholesterol 58,000 120,000
Heart attack 61,000 110,000
Heart disease 59,000 114,000
Stroke 41,000 79,000
Diabetes 22,000 42,000
Asthma 25,000 52,000
Pregnancy 3,000 7,000
Pennsylvania

High blood pressure 225,000 357,000
Taking blood pressure medication 102,000 166,000
High blood cholesterol 152,000 456,000
Heart attack 119,000 224,000
Heart disease 138,000 247,000
Stroke 82,000 134,000
Diabetes 48,000 84,000
Asthma 82,000 129,000
Pregnancy 7,000 10,000

NA indicates not applicable.
@ Data are from the Behavioral Risk Factor Surveillance System (8-11).
b Measured by population-weighted centroids.
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Table 3. (continued) Estimated Numbers of People With Selected Medical Conditions in 21 states and the District of
Columbia, by Proximity to the Gulf of Mexico and Atlantic Ocean Coastlines?®

Distance From Coastline®

State, District <50 Miles <100 Miles

Rhode Island

High blood pressure 23,000 23,000
Taking blood pressure medication 17,000 17,000
High blood cholesterol 26,000 26,000
Heart attack 27,000 27,000
Heart disease 31,000 31,000
Stroke 15,000 15,000
Diabetes 7,000 7,000
Asthma 13,000 13,000
Pregnancy 1,000 1,000
South Carolina

High blood pressure 61,000 100,000
Taking blood pressure medication 28,000 53,000
High blood cholesterol 42,000 88,000
Heart attack 42,000 86,000
Heart disease 37,000 77,000
Stroke 30,000 62,000
Diabetes 13,000 27,000
Asthma 13,000 28,000
Pregnancy 2,000 4,000
Texas

High blood pressure 99,000 149,000
Taking blood pressure medication 65,000 93,000
High blood cholesterol 93,000 134,000
Heart attack 146,000 201,000
Heart disease 157,000 216,000
Stroke 102,000 135,000
Diabetes 38,000 51,000
Asthma 44,000 59,000
Pregnancy 6,000 7,000
Vermont

High blood pressure NA 5,000
Taking blood pressure medication NA 2,000

NA indicates not applicable.
@ Data are from the Behavioral Risk Factor Surveillance System (8-11).
b Measured by population-weighted centroids.
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Table 3. (continued) Estimated Numbers of People With Selected Medical Conditions in 21 states and the District of
Columbia, by Proximity to the Gulf of Mexico and Atlantic Ocean Coastlines?®

Distance From Coastline®

State, District <50 Miles <100 Miles

Vermont (continued)

High blood cholesterol NA 4,000
Heart attack NA 4,000
Heart disease NA 4,000
Stroke NA 2,000
Diabetes NA 1,000
Asthma NA 2,000
Pregnancy NA 1,000
Virginia

High blood pressure 131,000 172,000
Taking blood pressure medication 77,000 95,000
High blood cholesterol 135,000 163,000
Heart attack 130,000 154,000
Heart disease 171,000 207,000
Stroke 95,000 113,000
Diabetes 32,000 41,000
Asthma 55,000 65,000
Pregnancy 5,000 6,000
West Virginia

High blood pressure NA 5,000
Taking blood pressure medication NA 3,000
High blood cholesterol NA 5,000
Heart attack NA 5,000
Heart disease NA 10,000
Stroke NA 2,000
Diabetes NA 2,000
Asthma NA 2,000
Pregnancy NA 1,000

NA indicates not applicable.
@ Data are from the Behavioral Risk Factor Surveillance System (8-11).
b Measured by population-weighted centroids.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only
and does not imply endorsement by any of the groups named above.

www.cdc.gov/pcd/issues/2008/jul/07_0159.htm « Centers for Disease Control and Prevention 17



PREVENTING CHRONIC DISEASE,

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 5: NO. 3

JULY 2008

Table 4. Selected At-Risk Populations and Available Resources Within 100-mile Radius of Myrtle Beach, South Carolina?

Community Characteristics

No. <100 Miles From Coastline?

At-Risk Populations
Total population

<5y of age

=65y of age

Below poverty level (%)
School-aged children (total)
Nursery school
Kindergarten

Elementary school

High school

College

High-risk adults

High blood pressure
Taking blood pressure medication
High blood cholesterol
Heart attack

Heart disease

Stroke

Diabetes

Asthma

Pregnant

Available resources
Schools

Hospitals

Hospital beds

Hospitalizations (70% bed occupancy)

Hospital workers

2,244,538
153,529
258,835

359,126 (16.0)
597,453
39,054
34,130
270,921
131,082
122,266
443,000
94,000
20,000
76,000
73,000
69,000
51,000
28,000
30,000
2,000

1,067
43
6,658
4,661
38,118

@ Data are from the Behavioral Risk Factor Surveillance System (8-11), the U.S. Census Bureau (12), and the American Hospital Association (13).
b Measured by population-weighted centroids.
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