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ABSTRACT
North Carolina has a high rate of smoking, yet legislators cut the state’s budget for
tobacco control in 2011 from $17 million to $1.2 million. To inform legislators and others about
effects of this cut, this ecological study uses county-level data to predict mortality rate reduction
by reducing smoking prevalence in North Carolina’s 100 counties.
METHODS County-level smoking data for 1996 were reported as percent of the county population
who smoked. County level demographic data were taken from the 2010 US Census and the
North Carolina Office of State Budget Management. Selected disease specific mortality rates for
were reported per 100,000 county population. Linear regression analysis evaluated how a onepercent reduction in county smoking prevalence could reduce county mortality rates.
RESULTS The 1996 percent county-level smokers correlated with 2010 rates for mortality from
all-causes, total cancer, lung cancer, heart disease and diabetes (regression coefficients = 5.92;
4.84; 5.57; 4.12 and 1.80, respectively). The regression coefficient (5.92) for 1996 county level
smoking rates was greatest for all-cause mortality. This coefficient implies that for each one
percent change in county smoking rates in 1996, there would be a corresponding change in
county all-cause mortality of 5.92 deaths per 100,000 population.
CONCLUSIONS This study found correlations between 1996 county-level smoking rates and
disease-specific 2010 mortality in North Carolina’s 100 counties. Informing legislators and
other stakeholders about these findings might influence an increase in tobacco control funding
statewide as well as in legislators’ home counties. Other states could follow this approach.
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INTRODUCTION
Tobacco use is the leading cause of preventable death in the
US1. About 480,000 deaths from use of this product occur
annually, and include deaths from secondhand tobacco smoke.
According to the Centers for Disease Control and Prevention,
about one out of five deaths are due tobacco. In addition,
tobacco use cuts life short: the life expectancy of smokers is
about 10 years less than nonsmokers1. Between 2001 and
2012, smoking rates nationally have declined from 22.7% to
18.5%2. During this period, Utah and California witnessed
declines in smoking from 13% to 11.2%; and 16.8% to 13.1%,
respectively. In 2012, West Virginia and Kentucky had the
highest rates of smoking at 28.4% and 28.6% respectively2.
Historically, North Carolina has been one of the highest
tobacco producing states in the nation3. In addition, tobaccorelated production in the state has correlated with smoking

rates4-6. In 2001, NC ranked 40th out of the 50 states in adult
tobacco use at 26.0% (the higher percent prevalence the lower
the rank, e.g., lower ranks are worse)2. As tobacco-related
agriculture in the state declined, by 2012, the state’s smoking
prevalence rank had improved to 32nd with the prevalence of
adult smoking declining to 21.3%2. Despite this progress, NC
state funding for tobacco control efforts was cut by the state
legislature in 2011 from $17 million to $1.2 million annually7.
Cutting state funding for tobacco control has meant fewer
resources for county-level control efforts7.
However, legislators tend to be responsive to issues
that directly affect their constituents8-10, and cutting tobacco
control efforts locally impact local constituents. Therefore, the
purpose of this study was to estimate the effects of county-level
tobacco use prevalence reduction on mortality in counties. To
accomplish this goal, an ecological study design used 1996
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county-level smoking rates as predictors of 2010 county-level
disease-specific mortality. This arrangement ensured that
county-level “exposure” to tobacco use preceded county-level
mortality, since many of these diseases take at least several
years to develop. The estimated relationship between the
reductions in mortality coinciding with reduction in smoking
prevalence might be useful to increase funding for tobacco
control efforts in North Carolina, and might serve as a template
for other states. Although this study used ecological data at
the population level from a variety of sources, ecological study
designs are useful in describing population-level effects that
can be missed at the level of individuals11.

METHODS
Data
This ecological study correlated data at the county-level
in North Carolina. Smoking data for 1996 were reported
as percent of the county population who were smokers12.
County level demographic data were taken for the 2010
US Census13 and the North Carolina Office of State Budget
Management14. The data included median county age,
income, population, percent of population with high school
(or greater) education, and percent of the population that
was white. Disease specific mortality rates were reported per
100,000 population by NC counties for all-cause mortality;
total cancer mortality; mortality from breast, lung, colon and
prostate cancer; and heart disease and diabetes mortality15.
Since chronic disease takes at least several years to develop,
and since exposure must precede disease development, using
1996 smoking rates is rational for predicting death rates
fourteen years later.
Statistical Analysis
Data on demographics, smoking and mortality rates were
analyzed descriptively. Next, multivariate linear regression
was carried out to evaluate the contribution of 1996 smoking
rates by county (independent variables) on the prevalence of
2010 county-level disease specific mortality rates (dependent
variables). All models controlled for demographics, and
significance was set at <0.05. IBM SPSS 21 statistical
software was used for analyses.
RESULTS
County data for NC’s 100 counties are listed in Table 1.
The median county population was 54,691 with a median of
77.3% white and 40.8 years of age. The median population
of high school or greater education was nearly 80%, and
the median income was just over $49,500 annually. Median
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Table 1. Median demographic and mortality rates and 1996
smoking prevalence in North Carolina Counties (N=100).

a

Characteristic

Value

Population 2010

54691

Percent White 2010

77.3

Median Age (years) 2010

40.8

Percent with High School Education or More
2010

79.2

Median Income (dollars) 2010

49500

Percent Population Smoking in 1996

24.0

All-Cause Mortality Ratea

856

Cancer Mortality Ratea

188

Breast Cancer Mortality Ratea

23.3

Lung Cancer Mortality Ratea

59.5

Colon Cancer Mortality Ratea

16.0

Prostate Cancer Mortality Ratea

24.8

Heart Disease Mortality Ratea

196

Diabetes Mortality Ratea

23.5

2010 Mortality rates per 100,000 county population.

county smoking rate was 24.0%. In general, median county
mortality rates exceeded national rates1, 2. Median county
mortality rates also differed from reported rates for North
Carolina as a whole1, 2 likely because this study measured
mortality at the county and not the state level; and because
this study employed median, and not average, rates.
Table 2 lists linear regression modeling for county level
mortality rates (dependent variables) and their predictors
(independent variables). The 2010 percent white population
negatively correlated with all 2010 mortality rates, with the
strongest correlations for diabetes (-0.569) and all-cause
mortality (-0.519). The 1996 percent county-level smokers
correlated with 2010 rates for all-cause mortality, total
cancer mortality, lung cancer mortality, heart disease death
and diabetes mortality (regression coefficients = 5.92; 4.84;
5.57; 4.61 and 1.80), respectively). Correlation was greatest
for all-cause mortality (5.92). The percent of the population
with a high school or greater education in 2010 negatively
correlated with colon cancer mortality (-0.217), but no other
causes. Median income correlated with all-cause, breast
cancer, heart disease and diabetes (-0.208; -0.128; -0.243;
-0.120). These county-level correlations by linear regression
between smoking and specific diseases imply potential
reductions in smoking related deaths. For example, for each
one percent decline in the 1996 smoking rate per county,
there would be approximately 5.57 fewer deaths per 100,000
population per county from lung cancer; and 5.92 fewer
deaths from all causes holding all other variables constant.
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Table 2. Linear regression modeling of county-level 2010 selected causes of mortality, 2010 demographic characteristics and
1996 smoking prevalence of North Carolina Counties (N=100).
Mortality

B

Standard Error
All-Cause Mortality

p Value

a

White population (%)

-0.519

0.073

0.000

Median Income 2010 (dollars)

-0.208

0.074

0.006

Smoking Rate 1996 (%)

5.92

0.880

0.000

Cancer Mortality

a

White population (%)

-0.507

0.072

0.000

Smoking Rate 1996 (%)

4.84

0.814

0.000

Breast Cancer Mortality

a

White population (%)

-0.207

0.060

0.001

Median income 2010 (dollars)

-0.128

0.057

0.028

Lung Cancer Mortality

a

White population (%)

-0.260

0.074

0.001

Smoking Rate 1996 (%)

5.573

0.834

0.000

Colon Cancer Mortality

a

White population (%)

-0.208

0.062

0.001

High school education or more (%)

-0.217

0.077

0.006

Prostate Cancer Mortality
White population (%)

-0.496

a

0.071
Heart Disease Mortality

0.000

a

White population (%)

-0.332

0.078

0.005

Smoking Rate 1996 (%)

4.612

0.938

0.000

Median income 2010 (dollars)

-0.243

0.079

0.003

Diabetes Mortalitya

a

White population

-0.569

0.060

0.001

Smoking Rate 1996 (%)

1.805

0.581

0.013

Median income 2010 (dollars)

-0.120

0.060

0.049

2010 Mortality reported in cases per 100,000 county-level population

DISCUSSION
This study has found strong correlations between county-level
cigarette smoking rates in 1996 and specific causes of death at
the county level in North Carolina’s 100 counties. As would be
expected, the correlation between these variables was greatest
for all-cause and lung cancer mortality.
These observed correlations help predict the level of
tobacco-related mortality at the county level. For example,
each one percent decrease (or increase) in smoking levels in
1996 would imply a decrease (or increase) of approximately
5 cancer or cardiovascular deaths per 100,000 population
and nearly 3 diabetes deaths per 100,000 population at
the “average” county-level. The relationship is not perfect,
however. As general figures, estimates can be made that could
impact legislators by applying these reductions to their home
counties. Mecklenburg County (Charlotte, NC), for instance,
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has a population of 731,42412. Applying the above rates for
lung cancer to Mecklenburg County implies that approximately
88 deaths could have been avoided in 2010 by merely a 1%
reduction in the 1996 smoking prevalence. The same would
also be generally true for the other causes of death. It should
be noted in this regard that this study did not examine all
possible causes of death related to tobacco. A good example
of diseases not included is death related chronic obstructive
pulmonary disease. Adding the analysis of these types of
mortality would increase the projected number of tobaccorelated deaths at the county level. Thus, this analysis represents
a minimum number of tobacco-specific mortality events. By
the same token, these findings do not include cases of tobaccorelated morbidity not resulting in death, such as non-fatal
myocardial infarctions, diabetic complications, asthma attacks
or exacerbations of chronic obstructive pulmonary disease.
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Because such death rates and morbidity data are missing, this
study underrepresents the harm conferred on the state by
tobacco use.
Nevertheless, law makers might respond best to specific
numbers relating to their home counties. The “median county
death rates” derived from all 100 counties is a fairly abstract
concept. Legislators might understand this concept better
should it be applied to their specific county. The rates of
5.93 and 5.57, respectively, of all-cause and lung cancer
deaths per 100,000 population attributable to smoking could
be mathematically applied to a politician’s home county
population. This would provide a very specific and meaningful
number to grasp. Since legislators respond best to conditions
affecting their constituents9, local application of death rates
might stimulate action by these officials to increase funding
for tobacco control at both the state and their home county
levels. Unfortunately, facts by themselves will likely cause
little legislative change; advocacy by stake holders is also
essential. Richmond and Kotelchuck’s health policy model16,
for example, emphasizes that both a specific knowledge base
and social action plan are essential to change political will.
Thus, in order to actually affect tobacco related mortality rates
in North Carolina, data presented here are only one piece of
the tripartite model (knowledge, action plan and political will)
to bring about health policy change. Advocates must present
these findings to key policy leaders, and make them relevant to
their home counties17.
This analysis is subject to a number of limitations. For
example, analyses controlling for clustering, as well as analyses
carried out at a more local level such as census tracks, would
allow for better estimates of local effects of tobacco use on
local mortality. However, such data are not available for
North Carolina. Also mitigating this concern is the fact that
other researchers have used county-level data to make policy
recommendations, particularly when such data are the best
available18-25. A second limitation is the ecological nature of
this analysis, since ecological data do not reach down to the
individual person level11. Therefore, ecological results do
not address person-place interactions25 such as the interplay
between a person’s nicotine addiction level and local cessation
resources. As an illustration, in the 1996 smoking prevalence
data set this study employed12, counties with the lowest
smoking rates have some of the highest levels of resources
for tobacco cessation. Clearly, local resources to help with
quitting tobacco use would allow some counties to reduce
the prevalence of this behavior—and hence, tobacco-related
mortality—better than other counties. For example, in 2006,
Orange County (Chapel Hill, NC) had one of the lowest rates
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of smoking (16%), but also had developed a highly proactive
tobacco cessation outreach through the University of North
Carolina, Chapel Hill. This county experienced a decline to
15.3% smoking prevalence by 2012, after benefiting from the
presence of this resource.
It is important to note secular trends which also impact
these findings. In North Carolina a profound change in tobacco
policy occurred on January 1, 2010—the state implemented
regulations mandating that all bars and restaurants become
tobacco-free. This had a dramatic effect on conditions extremely
sensitive to year-to-year exposure of the public to second hand
smoke. For example, in the three years between 2006 and
2009 (before the implementation of this tobacco free policy),
hospital admissions for asthma decreased from 124/100,000
population to 117/100,000 population respectively—a 5.6%
decline. In the three years after this smoke free implementation
(2010 to 2013), hospital admissions for asthma decreased
from 110/100,000 to 92/100,000 population, respectively—a
16.4% decline. The magnitude of this decline in asthma
hospitalization rates was likely unaffected by the budget cut for
tobacco control in 2010 from $17 million to $1.2 million, since
public exposure to tobacco smoke likely dropped very quickly.
Adjusting for inflation, such hospitalization rates translate into
a $9.2 million increase in costs for respiratory disease hospital
care between 2006 and 2009; and a $2.1 million decrease in
costs for respiratory hospital care between 2010 and 2013.
Smoke free environments in North Carolina likely also had
effects on rates of tobacco use. For example, between 2003 and
2014, smoking rates in North Carolina declined from 22% to
19% redundant. There were no declines in South Carolina and
Virginia (22% and 20% at both points)2. These states, which
are contiguous to North Carolina, do not have restaurant
or bar prohibitions against smoking, making it difficult to
tease out the effects of the «North Carolina budget cuts» for
tobacco programs; such study controlling for these factors
would strengthen these findings. Further, budget cuts do not
necessarily translate to increased mortality rates. Moreover,
relationships that hold true at the population (county) level
may not translate to the individual level.
Despite limitations, these data can be used to encourage
legislators to increase tobacco control funding in North
Carolina, and can be used as a template for other states—and
even nations—to follow. Indeed, Peto et al.26 determined
that mortality rates related to smoking can be predicted from
governmental data which already exist; in their analysis they
used 10 year lag times. Regarding this specific state, North
Carolina has traditionally been one of the leading tobaccoproducing states in the nation3. Still, the state was able in 1999
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to devote 25% annually of its share of the Master Settlement
Agreement between states’ attorneys general and the tobacco
industry to fund tobacco control in North Carolina. These
Master Settlement Agreement dollars devoted to tobacco
control were cut by the NC General Assembly in 2011 from
$17 million annually to $1.2 million7. This dramatic and
sudden reduction in funding occurred even though statefunded tobacco control efforts had lessened youth tobacco
use to historically low rates27. Although smoking prevalence in
NC between 2003 and 2014 declined from 22% to 19%, the
rate of this decline might have accelerated if tobacco funding
were restored to pre-2011 levels. This study’s analysis might
help legislators in North Carolina to grasp mortality reductions
from restored funding based on numbers relevant to their
constituents. Furthermore, this approach could pave the
way for other states and nations to adopt a similar analysis,
providing their law makers with a call to action to decrease
tobacco-related morbidity and mortality.

CONCLUSIONS
The 1996 percent county-level smoking rates correlated
with 2010 rates for mortality from all-causes, total cancer,
lung cancer, heart disease and diabetes in North Carolina’s
100 counties. Each one percent decrease in smoking levels
in 1996 would imply about 6 fewer deaths per 100,000
population from any cause; nearly 6 fewer deaths from lung
cancer; and a reduction in nearly 5 cancer or cardiovascular
deaths per 100,000 population. There would additionally be
approximately 2 fewer diabetes deaths per 100,000 population
at the “average” county-level. While these correlations cannot
provide information on causation, the fact that exposure
(county smoking rates) preceded the outcome (mortality
rates) does point to a strong connection between the two
rates. Informing legislators and other stakeholders about
these findings might influence an increase in tobacco control
funding statewide as well as in legislators’ home counties.
Other states could follow this approach.
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