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ABSTRACT

Introduction: Cardiovascular disease, including myocardial infarction (MI) and heart failure (HF), remains the leading cause of
death in wealthy countries and is of increasing concern in low- and middle-income countries as risk factors such as smoking and
obesity become more common around the globe. Within each country the health burden of MI and HF generally falls more heavily
on those who live in rural areas and on those who live in communities with lower average socioeconomic status (SES).
Hospitalization rates are an important measure of community health because high rates may indicate a high burden of poor health,
while inappropriately low rates (low hospitalization rates absent evidence of average good health) may indicate underutilization of
health services. The objective of this study was to determine the predictors of MI and HF hospitalization rates at town level in the
State of Maine, USA. Maine has large variations in wealth and along the urban-rural continuum at town level. Because our results
shed light on variations in health and health-seeking behavior for different Maine populations (such as those living closer vs further
from hospitals) they may be of interest to providers of healthcare to people who live in areas remote from healthcare, and to people
who face other barriers to good cardiovascular health.

Methods: To determine predictors of HF and MI hospitalization in Maine, we constructed a geographic information system (GIS)
for Maine’s towns using publicly available electronic map layers, year 2000 census data, and electronic hospitalization records for
all Maine hospitals. This GIS generated age-corrected MI and HF hospitalization rates for 1998-2002 as dependent variables and
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the following independent variables: poverty rate, unemployment rate, median income, educational attainment, rurality, physician
density, and distance to the closest hospital. Univariable and multiple linear regression analysis were then performed to determine
the significant predictors of MI and HF hospitalization rates.

Results: During the 5-year study period there were 24 452 hospitalizations of Maine residents to Maine hospitals for MI and
20 330 for HF. In multiple linear regression analysis, greater unemployment, a larger fraction of the population living in poverty,
and proximity to a hospital predicted higher MI hospitalization rate (p = 0.000, r-sq = 19.1%) while greater unemployment and
proximity to a hospital predicted higher HF hospitalization rate (p = 0.000, r-sq = 8.4%).

Conclusions: Our finding that higher MI and HF hospitalization rates were predicted for towns that had lower SES is in
agreement with many previous studies and shows the importance of these variables to health, even in a setting such as Maine with
large variability in rurality. The negative relationship between the distance to a hospital and hospitalization rates likely does not
represent better health in those living remotely from healthcare. Rather, it may indicate that people who live in communities distant
from hospitals are less likely to seek hospitalization. This suggests that patient behavior as well as socioeconomic status may
impact heart-related hospitalization in Maine. It highlights the importance of patient and provider education to ensure that people

who live remotely from health care are hospitalized appropriately.

Key words: geographic information system, heart failure, hospitalization, myocardial infarction.

wealthy counties as the population has aged and treatment of

Introduction
MI has improved®.

Despite declining mortality rates for the last four decades,

cardiovascular disease remains the foremost cause of death Heart failure and CHD share important risk factors including

in wealthy countries. Once considered primarily a disease of hypertension, - obesity, smoking, and diabetes mellitus.
Indeed, having CHD is itself a risk factor for developing
HF*®. Consequently, we might expect that CHD and HF

would have similar geographic distributions of relative

affluence, cardiovascular disease is of increasing global
concern as disease risk factors such as overweight/obesity

and smoking become more common in low- and middle-

. . o . . revalence. However, additional factors such as access to
income countries!. Within countries as diverse as the USA? p K

. . . ambulatory care and patient or provider behavior may play a
and Australia’, cardiovascular disease prevalence also shows bulatory care and patient or provider behavio y play

. . . role in determining hospitalization rates®.
a gradient along the urban-rural continuum, with rural areas g hosp

having higher disease rates. ) ) )
Access to ambulatory care and patient/provider behaviors

Coronary heart disease (CHD) accounts for the majority of may impact HF and MI hospitalizations differently. Heart

. . . . failure is an ambulat are sensiti ndition, defined as a
cardiovascular disease deaths, predominantly through its ure s bulatory care sensitive condition, defined as

devastating end result, myocardial infarction (MI)". Heart condition for which hospitalization rates can be reduced by

. . . 7 .
failure (HF), a complex medical syndrome in which the heart timely and high quality ambulatory care’. By contrast, Ml is

fails to pump sufficient blood to meet the body’s needs, can
be caused by a variety of cardiovascular abnormities.
Because it is primarily a disease of the elderly, and because
people who survive MI are at risk to develop HF’, the

number of hospitalizations for HF has grown steadily in

often used as a marker condition — a diagnosis that all
medical practitioners agree requires hospitalization without
delay and for which ambulatory care is unlikely to greatly
reduce hospitalization rates®. However, it is also known that
some patients, particularly those living in rural areas, do

delay in seeking health care, even when they are
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experiencing symptoms of MI°. Thus, a low hospitalization
rate at the town level may be an indicator of good general
health or an indicator that the town’s residents are not

seeking appropriate hospitalization.

To further understand how living in a rural area and living in
an area that is remote from health care impacts on health and
health behavior we constructed a geographic information
system (GIS) to study the factors that impact HF and MI
hospitalization rates at town level in the state of Maine,
USA. Our results may be of interest to those who provide
health care in rural areas remote from health services,
whether they work in wealthy counties that currently have a
high prevalence of heart diseases, or in less affluent
countries whose populations are now experiencing

increasing risk for these conditions.

Methods

Data sources
The data sources included the following:

¢ digital Maine map layers obtained from Maine
Office of GIS'°
o census blocks, towns, primary care
analysis areas (PCAA), and counties

o hospital locations

¢ 2000 Census tables at the census block level for
Maine obtained from Maine Office of GIS*®

¢ socioeconomic status variables at the town level for
Maine
o unemployment rate, poverty rate, and
family income obtained from the Maine
State Planning Office!!
o educational attainment obtained from 2000

census long-form?2

¢ CHD prevalence at the county level for Maine
determined from Centers for Disease Control and
Prevention Behavioral Risk Factor Surveillance
System (BRFSS) survey tables that we obtained
from Maine Office of Health Data and Program
Management?3

¢ number of primary care physicians at PCAA level
for Maine obtained from Maine Office of Rural
Health and Primary Care'*

¢ number of hospitalizations for HF and MI by
patients’ town of residence for all Maine hospitals,
determined from restricted hospital discharge
inpatient datasets that we obtained from the Maine
Health Data Organization'®

¢ rurality codes at the PCAA level for Maine
determined with the use of zipcode approximation
files and available from the WWAMI Research

Center at the University of Washington'®.
Generation of variables

The dependent variables in this study are the average, yearly,
age-corrected hospitalization rates for MI and HF for 1998-
2002 for each town in Maine. International Classification of
Disease, 9th revision (ICD-9) codes of 410.x at the time of
discharge were used to identify MI hospitalization and ICD-
9 codes of 428.x at the time of discharge were used to
identify HF hospitalization. These rates, which included
people who died in hospital, were aggregated by town of
residence, and normalized to the population of that town. We
chose this 5 year period because it is distributed across the
year 2000 — the most recent census year from which we drew
population numbers for the normalization. Thus, any
consistent population change trend would tend to average
out over this period. Hospitalization files for the state of
Maine are arranged by date of discharge from, rather than
date of admission to the hospital. We use the term
‘hospitalization’ here to indicate cases in which a person was

discharged from an acute care hospital in the study period.

We queried the inpatient data sets for the 5 year study period

to obtain tables of raw hospitalization counts for MI and HF
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aggregated by town and stratified into the same age
categories as the census data. Then, in a GIS environment,
we joined these tables and 2000 census data to the map layer
of Maine towns. Finally, we performed an age correction
using the direct age correction method'’. The units of the
resultant variables are hospitalizations per 1000 population

per year for each town.

Because lower socioeconomic status (SES) is associated
with higher risk for heart disease and heart disease deaths'*>’
this study includes four independent variables that relate to
SES — the fraction of workers unemployed, the fraction of
families living in poverty, median family income, and
educational attainment. We generated these variables by
joining tables with unemployment, poverty, income, and
educational attainment values aggregated at the town level to
the map layer of Maine towns in the GIS environment. As a
measure of educational attainment, we determined the
fraction of adults 25 years of age or older who had education
beyond high school for each town. We chose this variable to
represent educational attainment because high school
graduation rates in Maine are uniformly high while college
attendance is much more variable in different Maine

communities.

Two independent variables in this study relate to access to
health care. Working in the GIS environments, we joined the
number of full-time equivalent primary care physicians,
aggregated on the PCAA level, to the PCAA-level Maine
map and normalized the physician count per 1000 people in
the population to produce a primary care physician density
variable (primary care physicians per 1000 population).
Maine has 62 PCAAs, the boundaries of which were
assigned by the Maine Office of Rural Health and Primary
Care'®. We also used the GIS to compute the linear distance
from the centroid of each town to the closest hospital. This
distance variable may not be directly related to access to
primary care because most people do not receive primary
care at a hospital. Rather, it addresses the likelihood that a
population will travel long distances for health -care,
particularly if this travel necessitates that they leave their

. . 21
normal activity space” .

The remaining independent variable in this study relates to
rurality. To obtain this variable, we joined a table of rural
urban commuting area codes at the PCAA level (coded 1-10)
to the PCAA-level map in the GIS environment.

Data analysis

We assigned values for independent and dependent variables
to each town within the GIS and output the resultant table
into a spreadsheet. For independent variables aggregated at
units of area larger than a town (eg PCAA), each town was
assigned the variable value for the larger unit of area in

which it was located.

Of the 663 Maine towns with population at the time of the
2000 census, 486 had a complete set of independent
variables. After checking variables for distribution
normality, univariable linear regression analysis and multiple
linear regression analysis were conducted for these towns to
determine which of the independent variables predicted
either of the two dependent variables. Pearson correlation
coefficients were used to examine correlations among
independent variables and significant interactions were
tested for among the independent variables. A p-value of
< 0.05 was considered significant. Variable values are

reported as mean = SD unless otherwise noted.

The 177 towns that were eliminated from the analysis due to
missing values were predominantly sparsely populated. They
represented almost 20% of Maine’s land area, but less than
1% of Maine’s population. To gain an understanding of the
characteristics of these towns, a comparison of the included
with the eliminated towns was performed for MI and HF
hospitalization rates, rurality, physician density, and distance
from the closest hospital (the variables for which data was

available for all 663 towns) using a Mann-Whitney test.

This protocol was approved by MHDO and the USM

Institutional Review board.
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Results

Descriptive statistics — towns included in
predictive analysis

During the Syear study period there were
24 452 hospitalizations of Maine residents to Maine
hospitals for MI and 20 330 for HF. Hospitalizations of non-
Maine residents to Maine hospitals were excluded from this
study and hospitalizations of Maine residents to hospitals
outside the state were not captured in the available datasets.
Age corrected hospitalization rates at the town level ranged
from 0 to 14.71/year/1000 population (mean = 3.65 + 2.46)
for MI, and from O to 28.77/year/1000 population
(mean = 2.74 + 2.20) for HF. The spatial distribution of age-
adjusted hospitalization rates for MI and HF is shown
(Figs1,2). The descriptive statistics for the independent
variables are also shown (Table 1).

Predictors of MI and HF hospitalisations

In univariable linear regression analysis the following
variables were significant (p < 0.05) predictors of higher MI
hospitalization rate: higher poverty rate, lower median
family income, higher unemployment rate, less distance
from place of residence to the closest hospital, and lower
educational attainment. The only significant univariable
predictor of higher HF hospitalization rates was higher
unemployment rate. There are trends toward high poverty
rate and distance from place of residence to the closest
hospital as univariable predictors of high HF hospitalization
rates (Table 1).

Results of the multiple linear regression analysis of
predictors of MI and HF hospitalization rates are shown
(Table 2). At the p <0.05 level of significance, high MI
hospitalization rates are predicted for towns that have a
higher unemployment rate, a higher poverty rate, and are
closer to a hospital. High hospitalization rates for HF are
predicted (p <0.05) for towns that have a higher
unemployment rate and are closer to a hospital. A model that

includes just these significant independent variables explains
19.1% of the variability in MI hospitalization rates and 8.4%
of the variability in HF hospitalization. As would be
expected for variables related to rurality and socioeconomic
status, the significant independent variables in this study all
correlate significantly with each other. These variables also
interact significantly to predict the dependent variables. A
model that included the significant independent variables
and the interactions between them explains 23.1% of the
variability in MI hospitalization rates and 9.2% of the
variability in HF hospitalization rates suggesting that the
factors that contribute to hospitalization rates for these two
forms of heart disease in Maine are varied and complex. To
provide a cartographic representation of the relationship
between MI and HF hospitalization rates versus the distance
of each town from the closest hospital (a significant
predictor of both MI and HF hospitalization rates in multiple
regression analysis) the locations of Maine’s hospitals have

been added to Figures 1 and 2.
Towns eliminated from predictive analysis

Although Maine does have several population centers,
mostly in the southern one-third of the state, much of its area
is quite rural and parts of the state are remote from any
population center, particularly in the winter when travel is
difficult. Of Maine’s 83 703 km? of land area, the 663 towns
that were populated at the 2000 census made up 60 586 km’
(72%). The 486 towns included in the predictive analysis of
this study make up only 44 971 km? or 54% of Maine’s land
area. However, the 177 towns that were eliminated from the
predictive analysis because they had one or more missing
values for independent variables have a total population of
only 9509. Thus, 99.25% of Maine’s 2000 census population
of 1274 923 is captured in the predictive analysis. When we
compared the eliminated with the included towns on the
basis of those variables for which full data was available, it
was found that the eliminated towns had significantly lower
hospitalization rates for both MI (p= 0.000) and HF
(p = 0.000), were located further from the closest hospital
(»p = 0.000), were more rural (p= 0.000), and had fewer
primary care physicians (p = 0.002).
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Table 1: Independent variables descriptive statistics and univariable regression for the 486 towns included in the

predictive analysis

Predictor Aggregation Range Mean = SD MIGp/R" HF (p/R '
Unemployment rate Town 0.00-0.77 0.048 £0.052 0.000/0.350 0.000/0.255
Poverty rate Town 0-0.40 0.12 £40.06 0.000/0.197 0.066/0.084
Median income (US$) Town 15,625-87,304 40,712 £ 9,890 0.000/-0.167 0.225/0.055
Physician density PCAA 0-1.37 0.75+0.31 0.831/0.000 0.569/0.031
(physicains/1000 pop)

Rurality (arbitrary code of PCAA 1-10 691 +3.41 0.509/0.032 0.583/0.032
rurality)

Distance to hospital (m) Town 255-67 018 18998 + 11 580 0.004/-0.130 0.063 /-0.265
Education past HS Town 0-0.83 043 +0.13 0.037/-0.095 0.138/-0.071

HF, Heart failure; HS, high school; MI, myocardial infarction; PCAA, Primary Care Analysis Area.
For distance to the closest hospital, unemployment rate, poverty rate, median income, and education past high school, each town had a unique measurement.
For rurality and physician density, each town was given the value of the PCAA in which it is located.

+P and R values given for each variable as a predictor of MI and HF hospitalizations, respectively, in univariable linear regression analysis.

Table 2: Myocardial infarction and heart failure hospitalization rates — multiple linear regression

Predicator MI HF
Coefficient P-value Coefficient P-value

Constant 4.04 0.000 2.15 0.017
Unemployment rate 16.87 0.000 11.65 0.000
Poverty rate 5.04 0.019 2.17 0.288
Median income -0.000022 0.203 0.000015 0.364
Physician density 0.16 0.655 0.35 0.298
Rurality -0.0096 0.773 0.018 0.559
Distance to hospital -0.000051 0.000 -0.000029 0.002
Education past HS 0.013 0.991 -1.613 0.145
P — 0.000 — 0.000
R’ (% no interactions) - 19.1 - 8.4
R? (% with interactions) - 23.1 - 9.2

HF, Heart failure; HS, high school; MI, myocardial infarction.
All independent variables listed as possible predictors of age-adjusted MI and HF hospitalization rate; p-values for significant
predictors bolded. High hospitalization rates for MI are predicted (p<0.05) for towns that are closer to a hospital, have a higher
poverty rates, and have a higher unemployment rate. High hospitalization rates for HF are predicted (»<0.05) for towns that are
closer to a hospital, and have a higher unemployment rate. The completed models are both highly significant (p=0.000). When
the interactions between the significant variables were considered, the models explained 23.1% of the variability in MI
hospitalization rates and 9.4% of the variability in HF hospitalization rates.
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Figure 1: Map of the state of Maine showing the age-adjusted hospitalization rates for myocardial infarction from 1998 to
2002 displayed as hospitalizations/1000 population/year by town and symbolized by quantiles. Areas excluded from the
analysis (due to zero population or an incomplete set of independent variables) are shown cross-hatched and without town
boundaries. The locations of the acute care hospitals are marked ‘H’.
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Figure 2: Map of the state of Maine showing the age-adjusted hospitalization rates for heart failure from 1998 to 2002
displayed as hospitalizations/1000 population/year by town and symbolized by quantiles. Areas excluded from the analysis
(due to zero population or an incomplete set of independent variables) are shown cross-hatched and without town
boundaries. The locations of the acute care hospitals are marked ‘H’.
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Discussion
Socioeconomic status and heart disease

Low SES predicts high cardiovascular disease mortality risk
at the individual level”. This impact partially reflects the
fact that individuals with low income and less education are
more likely to have heart disease risk factors such as

hypertension, diabetes, and smoking™?*

. However, even
after correcting for individual risk factors, people who live in
neighborhoods with low SES, as measured by average
income and education, have a higher risk for ‘coronary

events’ (eg MI) and heart disease death'®*.

The impacts of income and/or income disparity (indicators
or SES) on heart disease mortality seen at the neighborhood
level” are generally observed at the city*® and the county””**
levels as well in the US, and similar findings have been
reported for stroke risk in New Zealand”. These disparities
may reflect unequal distribution of health resources, the
impact of the community on health-related behaviors
(walking and diet for example), or stress-induced health
effects (eg the impact of job insecurity)*’.

Unemployment shows a pattern of effects on heart disease
similar to other measures of SES in that it is both a risk
factor for MI and cardiac death at the individual level in

Italy’®

and a predictor of higher all-cause mortality at the
community level across a range of European countries and
the US*'. Socioeconomic status indicators also have an
impact on ambulatory care sensitive hospitalization rates.
Higher rates of poverty’> and lower average income™ in
communities are associated with higher rates of
hospitalization for ambulatory care sensitive conditions in

the US and in Canada®*.

In this study, high unemployment rate was a predictor of
high hospitalization rate for both MI and HF while high
poverty rate also predicted high MI hospitalization rate
(Table 2). Thus, these results are in agreement with previous

work showing that low SES negatively impacts health and
probably reflect a community effect.

Rurality and access to healthcare

Living in a rural community is generally associated with a
lower consumption of healthcare®, poorer health’, and an
increased rate of ambulatory care sensitive hospitalizations®
in countries as different as the USA and Australia®®.
However, no significant relationship was found in the
present study between rurality and hospitalization rates for
either MI or HF in multiple regression analysis. This is
striking because a positive, although not significant,
correlation was found between the fraction of people in
Maine who answer in the affirmative when asked by BRFSS
questioners if they have ever been told that they have heart
disease, and the rurality code of their county of residence
(data not shown). This suggests that the prevalence of heart
disease is at least as high, if not higher, in rural Maine

communities as in non-rural areas.

The link between rurality and poor health is almost certainly
multi-facetted®, but a simple lack of health providers may

play a role by limiting access to health care’’™®

. However,
the relationship between ambulatory care sensitive
hospitalization rate and physician supply is often difficult to

3233

demonstrate’”, particularly in rural areas®®, and may not be

monotonic®®*

. That is, hospitalization rates may be high
both in areas where physician supply is very low and where

it is very high.

Our inability to demonstrate a correlation between rurality
code and hospitalization rates for MI or HF shows that, in
this instance, the rurality code did not add predictive value to
a model that contained multiple more specific measures of
SES and access to health care. Our inability to demonstrate a
correlation between physician density and the hospitalization
rates for either HF or MI may suggest that primary care
physician density in Maine is high enough so that it does not
present a barrier to ambulatory care access. However if it is

true in Maine, as elsewhere, that people who live in rural
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areas tend to be less healthy, then our results may also
suggest that rural Mainers may be less likely than those who
live in more urban areas to seek health care or to be
hospitalized appropriately. This conclusion is in general
agreement with the finding that rural Australians delay in
seeking healthcare for MI symptoms’ and evidence from
rural southwest Virginia, US showing that people feel that
they should ‘make do’ or ‘suffer it out’ when they are sick,
rather than seeking healthcare*'. In rural Maine, the phase
‘tough it out’ is used to refer to similar ideas.

Distance from the hospital

Because hospitals are often situated in population centers,
rural communities tend to be further from hospitals in Maine
(data not shown), and elsewhere. However, distance from a
hospital impacts ambulatory care sensitive hospitalization
rates in a manner that is opposite that of rurality. People who
live further from the locations of healthcare delivery have
fewer regular checkups®, which should result in them being
less healthy, but they are still less likely to be hospitalized
for ambulatory care sensitive conditions, at least in rural
USA*. This may reflect the reluctance of primary care
physicians to admit patients to distant hospitals among other

factors.

For a condition such as MI for which hospitalization is
mandatory, one might expect little or no effect of distance of
residence from the hospital on hospitalization rate”. One
might even propose that emergency room physicians would
be more likely to admit a person who lived further from the
hospital when they presented with equivocal but possibly
cardiac symptoms, out of concern that sending the patient
home would pose too great a risk. This sort of concern may
indeed impact admitting practices, as evidenced by findings
from Italy showing that people who live further from
hospitals are more likely to be hospitalized inappropriately™.
However, contrary to these expectations, greater travel time
to the hospital is associated with lower rather than higher
admission rates for ischemic heart disease (including MI) in
England®.

In this study, greater distance between town of residence and
the closest hospital predicted lower hospitalization rates for
both HF (an ambulatory care sensitive condition) and MI (a
condition for which hospitalization is mandatory) in the
multiple regression analysis (Table2). Inappropriate
hospitalization probably has little impact on our results, at
least for MI, because the data set analyzed was based on
diagnosis at the time of discharge, not at admission. Thus,
patients admitted with possible MI symptoms that were
subsequently determined to be non-cardiac in origin would
not appear in this study. Our striking finding of a negative
relationship between distance to a hospital and
hospitalization rate suggests that the patients themselves are
not presenting for care that they suspect will include

hospitalization.

To explain such behavior, it is useful to evoke the concept of
‘experience of place’ that describes distance as a socially
constructed phenomenon that has different meanings for
different people'. In relation to health care, this may mean
that people are reluctant to utilize healthcare that is located
outside their normal activity space, the area in which they
travel to work, recreate, and perform other life tasks. This
idea is supported by evidence that, for elderly residents of
rural areas of Vermont in the US, the number of physician
visits is predicted by whether or not the physician’s office is
in the patient’s normal activity space - not by distance to the
office’. In contrast, for adults in rural areas of North
Carolina in the USA, a smaller number of primary care
providers in an individual’s normal activity space was
associated with fewer acute care visits but not chronic care
visits or regular check-ups; while people who lived closer to
their primary care provider were more likely to have regular

checkups without consideration of normal activity space*.

One possible reason for differences between the North
Carolina and Vermont findings is that the Vermont study
focused on older (> 65 years of age) people with incomes
<$50,000 per year’', while the North Carolina study
included all adults over the age of 18 years and had no
income criteria”’. The findings from rural North Carolina

and rural Vermont may not be as different as they initially
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appear, however. In Vermont, researchers used the number
of primary care physician visits as the dependent variable
without regard for whether these visits were for regular
checkups, acute conditions, or chronic conditions® — and
given the elderly patient population in this study, many visits
for regular checkups undoubtedly included elements of
chronic disease management as well. By contrast, the North
Carolina workers elicited the reason for the physician visits
in their questionnaire, and were thus able to distinguish
among visits for acute conditions, chronic conditions, and
regular checkups®. Thus, both studies reinforce the point

that geographic barriers may impact healthcare utilization.

Clearly, healthcare seeking behavior is influenced by
geography in complex ways. There is also evidence from
rural western Maine, US that it is not uncommon for people
to travel outside their self-reported ‘reasonable travel limit’
to receive general medical care®’. However, regardless of
whether location outside of an individual’s normal activity
space or distance alone is the deterrent to seeking healthcare,
this behavior may have important consequences. Given the
risk of cardiac arrest from arrhythmia during an MI, an event
that may be treated effectively in hospital but will almost
certainly result in fatality if it occurs at home, it is vital that
individuals experiencing MI be hospitalized without delay.
Thus, as previously suggested for rural residents of
Australia’, the findings presented here suggest that patient
education about the importance of a person experiencing MI
symptoms accessing the healthcare system, be directed in
particular to rural residents who live at greater distances

from hospitals.
Study limitations

This study has several limitations. First, there are two
independent variables (physician density and rurality) that
were aggregated at the level of the PCAA. Because there are
62 PCAAs in Maine, and because people readily travel to
neighboring towns to visit a physician, this may not be a
large a limitation for physician density. However, it does

point to variables for which greater resolution of area (eg

variables aggregated to smaller geographic units) might alter

our conclusions.

The fact that the total predictive power of our models was
low shows that many other individual and community
attributes contribute to the rate of hospitalization of the
town’s residents for MI and HF. Some previous studies have
shown much higher power for SES and access to health care
as predictors of ambulatory care sensitive hospitalization
rates>®. However, these studies were conducted in more
homogeneous urban settings. There is also interesting
evidence that the ability of models based on community
variables to predict hospitalization rates is higher in urban,
compared with rural areas’” and that the predictive ability of
these models is greater for younger compared with older
people™. Much of Maine is rural and both MI and HF
preferentially strike older people.

Finally, hospitalizations of Maine residents to facilities
outside of the state (eg in Canada, New Hampshire, and
Massachusetts) were not captured in the present data set.
This might preferentially impact areas of the state near these

borders.

Conclusion

In conclusion, in multivariable analysis we have found that:

¢ higher unemployment rates predicted higher
hospitalization rates for both MI and HF

¢ higher poverty rate predicted higher hospitalization
rates for MI

¢ neither rurality nor physician density significantly
predicted hospitalization rates for MI or HF

¢ hospitalization rates for both MI and HF fell as the
distance between the town of residence and the

closest hospital increased.

The findings about poverty and unemployment demonstrate
that the well known impact of low SES on health is
operating in Maine, as elsewhere. The negative relationship
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between distance to the closest and hospitalization rates
probably reflects patient and/or provider behavior. This
suggests that healthcare systems that serve communities at a
greater distance from hospitals may benefit from patient
education addressing the importance of seeking immediate
hospitalization for MI, and also from particularly close

scrutiny of physician admitting patterns.
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