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Background:

Methods:

Results:

Conclusions:

A number of health risk factors have been associated with the incidence and mortality of
common diseases. Although knowing risk factor patterns at a small-area level would be
useful for ecologic analyses and prevention program planning, risk factor data are
generally published only at the state or regional level in the United States. This study
presents maps of within-state patterns of several such factors.

Responses to Behavioral Risk Factor Surveillance System (BRFSS) questions about smok-
ing, obesity, health insurance, and mammography use were aggregated for 1992-1998 by
county. These data were then geographically smoothed by adjusting each county’s
proportional response based on the responses of its neighboring counties.

The maps show risk factor patterns consistent with published state-level maps, but also
identify within-state variations masked by aggregation to the larger geographic units.

The risk factor maps presented should permit a better understanding of localized patterns
of health risk behaviors and access to health care as well as help to target intervention
activities in the U.S. areas that most need them.

Medical Subject Headings (MeSH): epidemiology; health surveys; maps; small-area analysis;

statistics, nonparametric (Am | Prev Med 2002;22(2):75-83)

Introduction

number of personal lifestyle habits have been
identified as risk factors for the incidence or
mortality of major diseases. For example, ciga-
rette smoking has long been associated with lung
cancer,! and obesity has been implicated in the initia-
tion of diabetes, increased mortality among men,? and
is possibly related to the occurrence of coronary heart
disease® and cancer.* Likewise, lack of health insurance
can lead to delays in seeking health care and lower
utilization of screening or preventive services in some
areas.>” This in turn increases the risk that medical
conditions that occur will not be diagnosed and treated
at an early stage, thus potentially leading to premature
death.
Geographic differences in health insurance cover-
age, physician practices, and health behaviors are
known to occur.>®!! Information about these geo-
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graphic patterns is useful for ecologic studies (e.g., for
hypothesis generation relative to disease patterns), and
for planning and evaluating risk-reduction activities in
high-rate communities. However, health risk data are
generally not available for geographic units smaller
than states and so are not very useful for the many
diseases that vary across communities.'? The Behavioral
Risk Factor Surveillance System (BRFSS) collects and
reports health risk data at the state level, but the county
of each respondent’s residence is also identified. Be-
cause sample sizes in any single year are too small to
provide reliable county estimates, we have aggregated
the BRFSS data over 7 years (1992-1998) and then
smoothed the resulting maps to remove background
noise and to highlight predominant within-state pat-
terns in the data. These maps should prove more useful
to state and local health officials and public health
researchers than either state maps of very broad pat-
terns or maps of the highly variable observed county
data.

Methods

The BRFSS is a telephone-based nationwide survey conducted
by the states, coordinated by the Centers for Disease Control
and Prevention (CDC). The program began in 1984, and by
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Figure 5. Smoothed maps of the proportion of women, aged 50—64 and 65-79 years, who had a mammogram in the past 2 years:

(A) ages 50-64, (B) ages 65-79.

been reported in a band of southern states from
Mississippi to California/Nevada.>?' The smoothed
county maps shown here indicate that only portions of
these states have low coverage and, furthermore, show
a cluster of counties with low coverage in eastern
Kentucky/western West Virginia, a pattern that is
masked at the state level.

The maps of obesity and current smoking among
males resemble a map of low income, with relatively
high levels along portions of the Mississippi River and
into Kentucky (see p. 208 in Reference 20), similar to

BRFSS state maps of both risk factor8 All four smoking
maps show a relatively high level in West Virginia,
Kentucky, eastern Tennessee, and Missouri. Many resi-
dents of Florida and the northern Paci c coast, both
male and female, were at one time cigarette smokers,
but these areas now have a lower proportion of current
smokers. These maps appear similar to maps of lung
cancer mortality, particularly for women,?° and to
previously published state maps of smoking data from
the CPS?2 However, one comparison of state smoking
data from the BRFSS and CPS surveys showed several
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Figure 6. Smoothed map of the proportion of residents who were at risk of obesity (>120% of median body mass index).

states where current smoking prevalence was signifi-
cantly different as measured by the two surveys.??

An ecologic analysis of national survey data has
shown mammography use to be positively correlated
with income and negatively correlated with the propor-
tion of the population of Hispanic origin.?* Our mam-
mography patterns appear to be positively correlated
with income, but show relatively high screening rates
along the Mexican border, an area with many Hispanic
residents. The map for older women closely resembles
a map of mammography use based on Medicare
records.'®?® Differences between the maps for younger
and older women are likely owing to coverage of
preventive services by private insurance compared to
Medicare.

Overall, estimates from the BRFSS agree well with
those from in-person interviews and physical measure-
ments.?%27 However, the reader must use caution in
interpreting the smoothed within-state patterns. The
sample sizes for most counties are small, although the
consistencies with other work suggests that realistic
patterns have emerged for clusters of counties by
smoothing the data. An alternative to smoothing the
maps is a statistical model of the risk factor data, but
this requires that relevant predictors be identified.
Furthermore, a model-based approach would suffer
more from the small sample sizes of many counties than
the method used here unless spatial smoothing is
included through correlation among adjacent counties.

The purpose of these maps is to identify within-state
patterns of health risk factors that may interest public
health researchers. However, smoothing can blur sharp

differences that occur at artificial boundaries such as
states. Thus, if the mapped pattern could be the result
of governmental policies, such as free mammograms,
then published state maps of observed proportions
should be used rather than smoothed county maps.

Potential sources of bias in BRFSS data include
self-reporting, telephone coverage, and survey non-
response. Self-reports of cigarette smoking prevalence
have been found to be within 1%-2% of results from
physiological measurements but obesity is typically un-
derreported.?~3° Comparison of self-reports of mam-
mograms to radiology center logs showed that women
often report that their examination was more recent
than in actuality, which would result in an overestimate
of the proportion screened within a specified period, as
mapped here.?! However, there is no indication that
these biases vary geographically.

Surveys such as BRFSS are often criticized because of
the potential bias due to excluding persons with no
telephone. Overall, only 5% of U.S. residents have no
telephone, but the proportion without telephones is
greater for blacks (10%) and for those living below the
poverty level (17%).32 However, comparison of health
behaviors between those with and without telephones
shows little difference; the absolute error for the factors
mapped here was at most 1.2%, even when compari-
sons were restricted to those living below the poverty
level.*? Coverage for some subgroups, such as Ameri-
can Indians living on reservations in the southwest, may
be much worse.?® Thus, the maps presented here are
applicable for general comparisons but may not be
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representative for a specific subgroup that has very low
telephone coverage.

Of greater concern is a potential bias due to survey
nonresponse, which has increased over time. A recent
study demonstrated that response rates could be in-
creased substantially by rigorous follow-up, which al-
tered estimates of income, health insurance coverage,
and race by as much as 4%.%*

Despite these limitations, the resulting maps are
consistent with other reports. The smoothing algorithm
has identified within-state patterns of health risk factors
not apparent in previously published state maps and,
thus, may prove useful in understanding localized
patterns of health risk behaviors and in targeting
intervention activities in the United States.

The authors would like to thank Dr. David E. Nelson for
background information and insightful comments on an
earlier draft of this manuscript.

Electronic files for the figures may be downloaded from srab.
cancer.gov/publications/GIS.
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