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Fighting for:

cleaner energy sources and the power to change.

The American Lung Association is fighting for a day when we can all 
breathe easier.  That’s why we support cleaner energy sources that make 
the air we breathe safer.  The American Lung Association is fighting for air 
in more ways than ever before.  Join the fight at FightingForAir.org.
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Tar Heel Footprints in Health Care
A periodic feature that recognizes individuals whose efforts— 

often unsung—enhance the health of North Carolinians

Jenny Faulkner

As the public informa-
tion officer for Alamance-
Burlington schools, Jenny 
Faulkner is responsible for 
communications, market-
ing, media relationships, 
and community relations 
for 36 schools and 22,500 
students and their families. 
According to colleagues, 
Faulkner is quick to vol-

unteer to work in the community and consistently 
provides strong leadership. Therefore, when a per-
tussis outbreak began in Alamance County schools 
in November 2011, Faulkner became the point person 
to coordinate communication efforts between the 
local health department, school administrators and 
staff members, students, parents, and the Alamance 
community. [For details on this outbreak and the 
public health response, see the commentary by Bass 
and Turpin-Saunders on pages 420-424.]

Faulkner states that the greatest challenge during 
the management of this outbreak was its timing, as 
most of the communication efforts coincided with 
the school system’s winter break. Pat Lynn, retired 
Director of Student Data, recalls, “For well over an 
hour, on that Christmas Eve afternoon, [Faulkner] 
read off children’s names, and I provided her with all 
the contact information I could find for each child so 
health department officials could make phone calls 
to families. Had parents not been contacted immedi-
ately, the outbreak would have spread.” 

In the following weeks, Faulkner and her col-
leagues worked closely with Alamance County 
Health Department staff members to identify stu-
dents with pertussis and to notify others who may 

have been exposed. Once a confirmed case was 
reported, Faulkner reached out to the Transportation 
Department to determine whether the student rode 
a school bus; if so, staff members identified the stu-
dent’s bus route and determined which children were 
exposed in transit. Similarly, staff members in the 
Student Information Services department gathered 
information about possible contacts in the school 
and also reported back to Faulkner. Over the course 
of the outbreak, hundreds of students with connec-
tions to the pertussis outbreak were identified, and 
most received prophylactic antibiotics. Having an 
efficient protocol allowed Faulkner and her cowork-
ers to help direct the public health response and 
answer any questions that came their way. The out-
break protocol was used throughout the remainder 
of the 2011–2012 school year for subsequent inci-
dents of pertussis.

Lucy Kernodle, the lead nurse for Alamance-
Burlington schools, worked closely with Faulkner 
throughout the pertussis outbreak. Kernodle remem-
bers Faulkner’s positivity and calm demeanor. “She 
realized the importance of collaborating with the 
Health Department and the importance of the overall 
public health of our community,” said Kernodle. “She 
did this never seeking any recognition or attention. 
She is truly an unsung hero and Alamance County is 
a safer, healthier community because of her contri-
butions.”   

Electronically published September 27, 2013.
Elizabeth Chen, North Carolina Institute of Medicine, 630 
Davis Dr, Ste 100, Morrisville, NC 27560 (Liz_Chen@nciom 
.org).
N C Med J. 2013;74(5):367. ©2013 by the North Carolina 
Institute of Medicine and The Duke Endowment. All rights 
reserved.
0029-2559/2013/74521
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Pneumoconioses are a group of pathologic conditions 
resulting from inhalation of substances into the lungs. 

The predominant pneumoconioses are asbestosis, silicosis, 
and coal workers’ pneumoconiosis, which are caused by 
inhalation and deposition in the lungs of respirable asbestos 
fibers, silica dust, or coal dust, respectively. Except for rap-
idly progressive forms of silicosis, there is a latency period of 
up to 10 to 20 years between exposure and the development 
of clinically apparent disease. Severe pneumoconiosis can 
lead to lung impairment, disability, and premature death. 
Pneumoconioses are predominantly associated with chronic 
occupational exposure [1, 2]. This paper examines asbes-
tosis and silicosis hospitalizations in North Carolina over a 
10-year period.

Asbestosis
Asbestos is the name given to 6 naturally occurring 

fibrous minerals that have been used for many years in 
the manufacturing of many types of products because of 
their low cost and desirable qualities—such as heat and 
fire resistance, wear and friction characteristics, strength, 
and insulation capabilities. Use of asbestos boomed from 
the early 20th century to the mid-1900s; it was used in the 
manufacturing of pipes, coatings, flooring, friction materials, 
insulation, asphalt emulsions, gaskets, packings, plastics, 

roofing, and textile materials. From the 1930s through the 
mid-1990s, significant asbestos exposure sources existed 
for workers in North Carolina. The state had one of the larg-
est concentrations of asbestos textile mills in the nation, and 
the state’s industries imported large quantities of asbestos 
from other countries, such as Canada and South Africa. To 
a lesser extent, asbestos was also actively mined in North 
Carolina. As a result of these activities, during the 20th cen-
tury North Carolina was ranked among the top production 
states for asbestos [3-5].

After 1973, asbestos-related health concerns began to 
strongly affect demand, causing national production to 
stagnate. In 2002, the last asbestos mines in the United 
States closed. Asbestos has been phased out of most prod-
ucts, except for gaskets, friction products, and some roofing 
materials. Occupational exposures to asbestos still occur 
in the construction industry and in ship repair, particularly 
when asbestos materials are removed during renovation, 

Descriptive Review of Asbestosis and Silicosis 
Hospitalization Trends in North Carolina,  
2002–2011
Gregory T. T. Dang, Nirmalla Barros, Sheila A. Higgins, Ricky L. Langley, David Lipton

background Asbestosis and silicosis are debilitating pulmonary conditions resulting from inhalation of asbestos fibers or silica dust.
purpose We provide a descriptive analysis of asbestosis and silicosis hospitalizations in North Carolina to assess trends over a 10-year 
period.
methods Events were defined as inpatient hospital discharges during the period 2002–2011 with an International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis code of 501 or 502. Using statewide discharge data for 2002–2011, we 
calculated asbestosis and silicosis hospitalization rates in North Carolina (by demographics, hospital length of stay, cost, and payment 
type) and compared them with national rates.
results In North Carolina, average annual age-standardized hospitalization rates for asbestosis and silicosis were 71.2 hospitalizations 
per 1 million residents and 6.2 hospitalizations per 1 million residents, respectively. Rates for asbestosis and silicosis decreased signifi-
cantly (P<.01 for both conditions) between 2002 and 2011, by 46% and 67%, respectively. Men had significantly higher rates than women 
(P<.01), more than half of hospitalizations were among persons aged 65–84 years, and Medicare was the predominant payment source. 
The highest silicosis rates by county were clustered in Western North Carolina; no geographic patterns were observed for asbestosis. The 
estimated average annual cost statewide for these hospitalizations was $10,170,417 for asbestosis and $886,143 for silicosis.
limitations ICD-9-CM misclassification and duplicate hospitalization records may have biased the observed rates of asbestosis and 
silicosis.
conclusions Decreases in hospitalization rates in North Carolina may be due to misdiagnosis, underreporting, or the declining use of as-
bestos in industries. Obtaining complete exposure histories at diagnosis is useful for continued public health surveillance. 

Electronically published September 27, 2013.
Address correspondence to Dr. Gregory T. T. Dang, Occupational and 
Environmental Epidemiology Branch, Division of Public Health, North 
Carolina Department of Health and Human Services, Raleigh, NC 
27609 (gregory.dang@dhhs.nc.gov).
N C Med J. 2013;74(5):368-375. ©2013 by the North Carolina Institute 
of Medicine and The Duke Endowment. All rights reserved.
0029-2559/2013/74501



369NCMJ vol. 74, no. 5
ncmedicaljournal.com

NCMJ vol. 74, no. 5
ncmedicaljournal.com

repairs, or demolition. Workers are also likely to be exposed 
to asbestos during the manufacturing of asbestos products 
and while doing automotive brake and clutch repair work  
[1, 6, 7].

Asbestosis occurs when airborne fibers are inhaled and 
irritate structures and tissues in the lungs. Several factors 
affect the initiation and progression of asbestosis, including 
the size and type of fiber, intensity and duration of exposure, 
history of cigarette smoking, and individual susceptibility. 
Once the disease process begins, it may progress regardless 
of whether there is continued exposure to asbestos; the dis-
ease eventually leads to severe fibrosis of the lungs that can 
cause breathing difficulties. Asbestos inhalation can also 
cause lung cancer and mesothelioma, the latter of which is 
a cancer that affects the protective membrane surrounding 
the lung and other organs. Other cancers associated with 
exposure to asbestos include gastrointestinal cancers [1]. 
There is no known treatment for asbestosis. Workers with 
this condition should be removed from exposure, and con-
tributing factors, such as smoking, should be reduced or 
eliminated [8]. 

Silicosis
Silicosis results from inhalation of silicon dioxide, or silica, 

in crystalline form. Silica is a component of rocks and sand. 
Occupational exposures to silica occur across a broad range 
of industries, including mining, manufacturing, construction, 
maritime work, and agricultural industries. Exposure to silica 
can occur as part of common workplace operations involv-
ing the dissociation (crushing) of stone and rock products 
and in operations that use sand, such as glass manufactur-
ing, foundries, and sand blasting [6, 9, 10].

Silicosis can be either acute or chronic. Acute silicosis is a 
rapidly progressive condition that occurs when workers are 
exposed to very high concentrations of respirable free silica 
dust. This condition can be life threatening, as the lungs 
become densely fibrotic and fill with fluid, making breathing 
difficult. In chronic forms of silicosis, which have a latency 
period of 2 to 10 years or longer, nodules form in the lung 
tissue. Chronic silicosis may be uncomplicated, when it is a 
mild form of the disease with fewer symptoms, or compli-
cated, when it is a more serious form of the disease involv-
ing fibrosis of the lungs. Possible complications of silicosis 
include tuberculosis and pulmonary fungal diseases [8]. A 
report by the World Health Organization (WHO) has shown 
a link between silica exposure and lung cancer [11]. As with 
asbestosis, silicosis has no known treatment, and workers 
with this condition should be removed from the environment 
in which silica exposure is occurring.

Monitoring of Asbestosis and Silicosis
North Carolina has taken steps to monitor asbestosis 

and silicosis in the workplace. From 1938 to 2002, the North 
Carolina Division of Public Health operated the Dusty Trades 
program, which monitored exposure and carried out medi-

cal screening for workers exposed to asbestos and silica 
hazards. In addition, the North Carolina Division of Public 
Health has considered both asbestosis and silicosis to be 
reportable conditions since 1994, and it conducted case-
based surveillance until 1998. Despite these efforts, data to 
address the burdens of asbestos and silica exposure among 
working adults in North Carolina have been limited since 
these pneumoconiosis surveillance programs ceased to 
function in 2002 [12]. In addition, efforts to examine these 
conditions in North Carolina are not recent or are limited in 
scope [13-17]. 

Asbestosis and silicosis are serious, debilitating con-
ditions. Surveillance of these conditions is important for 
identifying and decreasing their burden in North Carolina, 
through targeted prevention strategies and regulatory 
enforcement programs. This paper provides a descriptive 
analysis of asbestosis and silicosis hospitalization trends in 
North Carolina, which can shed light on the current burden 
of asbestosis and silicosis on workers throughout the state.

Methods

We conducted a retrospective review of asbestosis and 
silicosis inpatient hospitalizations for a 10-year period 
(2002–2011) using data from the North Carolina Inpatient 
Hospital Discharge Database (NCIHDD) and from the 
National Hospital Discharge Survey (NCHS). The NCIHDD, 
which is managed by the North Carolina State Center for 
Health Statistics, contains case-specific discharge data for 
all patients admitted to and discharged from any nonfederal 
hospital facility in North Carolina. Data include information 
regarding demographics, hospital admissions, diagnostics, 
care, and payment. Analyses were performed on variables 
indicating sex, age, county of residence, length of hospital 
stay, payment source, and charges associated with the visit.

We adapted methods for case selection and calculation 
of age-standardized rates of asbestosis and silicosis from 
the Council for State and Territorial Epidemiologists (CSTE) 
data collection methods for the national occupational health 
indicator “hospitalizations from or with pneumoconiosis” 
[18, 19]. Cases were defined as all inpatient hospital dis-
charges from 2002 to 2011 with a primary or contribut-
ing diagnosis of asbestosis (International Classification of 
Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] 
code 501) or silicosis (ICD-9-CM code 502) among North 
Carolina residents aged 15 years or older.

Annual rates were calculated via direct standardization 
to remove effects of age confounding, using US standard 
population estimates for the year 2000 [20]. These meth-
ods are consistent with the CSTE methods for calculating 
national occupational health indicators. The total number 
of hospital discharges for patients diagnosed with asbesto-
sis or silicosis was divided by the annual US Census Bureau 
population estimate for North Carolina for the same calen-
dar year. Population data were obtained from the US Census 
Bureau population estimates for the periods 2000–2009 
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and 2010–2012 [21, 22]. Means were calculated across the 
10-year period. Mean case counts by age group were calcu-
lated by dividing the total number of cases in each 10-year 
age group by the state population estimate for each age 
group.  

SAS 9.3 software was used to perform Poisson regres-
sion to determine annual age-standardized rate trend sig-
nificance for asbestosis and silicosis hospitalizations; 1-way 
analysis of variance (ANOVA), Tukey test, and 2 indepen-
dent sample t-tests were used to compare annual age-stan-
dardized hospitalization rates for North Carolina, stratified 
by sex and age group, with rates for the United States. Mean 
rates of hospitalization by county were calculated across 
the 10-year period using the county of residence at the time 
of hospitalization. National data were only available for the 
years 2002–2010. Statistical significance was defined as a 
P-value less than .05.

Results

A total of 5,003 hospitalizations for asbestosis and 
442 hospitalizations for silicosis were reported across the 
10-year study period (2002–2011), for an average of 500 
asbestosis hospitalizations and 44 silicosis hospitaliza-
tions per year. The mean annual age-standardized rate of 
hospitalization was 71.2 hospitalizations per 1 million resi-
dents for asbestosis (standard deviation [SD] = 16.0; range, 
46.9–92.4) and 6.2 hospitalizations per 1 million residents 

for silicosis (SD = 2.1; range, 2.8–8.5). The age-standardized 
hospitalization rate for asbestosis steadily decreased from 
2003 to 2011, after increasing from 2002 to 2003. The age-
standardized hospitalization rate for silicosis showed steady 
decreases for the entire study period (2002–2011). The data 
showed a 46% overall decrease in the rate of asbestosis hos-
pitalizations between 2002 and 2011, with an average rate 
change of 8% per year. For silicosis, there was a 67% overall 
decrease in the rate of hospitalizations between 2002 and 
2011, with an average rate change of 10% per year. Poisson 
regression results showed that overall trends significantly 
decreased for both asbestosis (P<.01) and silicosis (P<.01) 
over the 10-year period (Figure 1).

Figure 2 compares annual age-standardized asbestosis 
and silicosis hospitalization rates in North Carolina with 
the annual age-standardized rates in the United States. For 
asbestosis, North Carolina’s mean age-standardized hos-
pitalization rate for the 9-year period 2002–2010 was 73.9 
hospitalizations per 1 million residents, which was not sig-
nificantly different from the US mean rate of 64.2 hospital-
izations per 1 million residents (t = 1.15; P = .27). For silicosis, 
North Carolina’s mean age-standardized hospitalization rate 
for the 9-year period 2002–2010 was 6.6 hospitalizations 
per 1 million residents, which again was not significantly 
different from the US mean rate of 4.6 hospitalizations per  
1 million residents (t = 1.86; P = .08).

When data for North Carolina were stratified by sex, 

figure 1.
Case Counts and Age-Standardized Rates of Hospitalization for Asbestosis and Silicosis in North 
Carolina, 2002–2011 
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annual age-standardized hospitalization rates for both 
conditions during the period 2002–2011 were significantly 
higher for men than for women. For asbestosis, men had a 
mean hospitalization rate of 66.7 hospitalizations per 1 mil-
lion residents, and women had a mean hospitalization rate 
of 4.6 hospitalizations per 1 million residents (t = –13.59; 
P<.001). For silicosis, men had a mean hospitalization rate 
of 5.5 hospitalizations per 1 million residents, and women 
had a mean hospitalization rate of 0.7 hospitalizations per  
1 million residents (t = –8.88; P<.001).

The mean age of asbestosis patients was 72 years  
(SD = 10.0; range, 32–101), and the mean age of silicosis 
patients was 68 years (SD = 11.6; range, 24–98). For asbes-
tosis, 68% of hospitalizations occurred among individuals 
aged 65–84 years (Figure 3). Significant differences in mean 
hospitalization rates for asbestosis were found between 
the following age categories: 15–45 years, 55–64 years, 
65–74 years, and 75–85+ years (F = 182.08; P<.001); the 
highest mean hospitalization rate was 48.7 hospitaliza-
tions per 100,000 residents for the age group 75–84 years  
(SD = 11.84; range, 30.56–64.95). For silicosis, 60% of hos-
pitalizations occurred among individuals aged 65–84 years  
(Figure 4). The mean hospitalization rate for silicosis for 
those aged 15–64 years differed significantly from the 
rate for those aged 65–85+ years (F = 16.35; P<.001); the 
highest mean hospitalization rate was 3.3 hospitalizations 
per 100,000 residents for those aged 85 years or older  

(SD = 2.63; range, 0.70–7.85).
The 3 counties with the highest average rates of hos-

pitalization for asbestosis for the period 2002–2011 were 
Washington, Rowan, and Haywood, which had 579.9, 402.7, 
and 271.0 hospitalizations per 1 million residents, respec-
tively. The 3 counties with the highest average rates of hos-
pitalization for silicosis were Yancey, Mitchell, and Swain, 
which had 165.2, 88.9, and 67.9 hospitalizations per 1 million 
residents, respectively.

When hospitalization cost trends during this time period 
were assessed, decreases were seen both for asbestosis 
hospitalizations (t = 9.65; P<.001) and for silicosis hospi-
talizations (t = 3.74; P<.01). The estimated average total 
statewide cost per year during the period 2002–2011 was 
$10,170,417 for asbestosis hospitalizations and $886,143 for 
silicosis hospitalizations. The estimated mean annual cost 
charged to individual patients who were hospitalized during 
the 10-year period 2002–2011 was $20,332.70 for patients 
with asbestosis (SD = $21,487; range, $524–$347,227) and 
$20,048 for patients with silicosis (SD = $25,505; range, 
$930–$299,854). 

The major payment source for these hospitalizations was 
Medicare, which was documented as the primary payment 
source for 77% of asbestosis patients and 68% of silicosis 
patients. Private insurers that were not health maintenance 
organizations (HMOs) or preferred provider organizations 
(PPOs) were documented as the primary payment source 

figure 2.
Age-Standardized Hospitalization Rates for Asbestosis and Silicosis in North Carolina and in the United 
States, 2002–2010
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figure 3.
Mean Case Counts and Mean Rates of Hospitalization for Asbestosis in North Carolina by Age Group, 
2002–2011 

figure 4.
Mean Case Counts and Mean Rates of Hospitalization for Silicosis in North Carolina by Age Group, 
2002–2011
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for 11% of asbestosis patients and 13% of silicosis patients; 
HMOs and PPOs were documented as the primary payment 
source for 6% of asbestosis patients and 8% of silicosis 
patients; and workers’ compensation or other government 
insurance plans were documented as the primary payment 
source for 2% of asbestosis patients and 4% of silicosis 
patients.

During the period 2002–2011, the mean length of stay 
was 4.9 days for an asbestosis hospitalization (SD = 4.66; 
range, 1–94) and 4.9 days for a silicosis hospitalization  
(SD = 5.47; range, 1–87). More than half of patients (61% of 
those with asbestosis and 61% of those with silicosis) were 
hospitalized for 4 days or less.

Discussion

This study describes trends in annual hospitalization 
rates for asbestosis and silicosis in North Carolina over a 
10-year period. Overall, the age-standardized hospitaliza-
tion rates for asbestosis and silicosis decreased signifi-
cantly during this period. Observed decreases in asbestosis 
hospitalizations may have been due to a decline in the use 
of asbestos in industries, leading to a decrease in worker 
exposure to asbestos. A 2006 US Geological Survey report 
[3] estimated that the amount of asbestos consumption 
in the United States was 51% of world production in 1950, 
but this percentage declined to 19% in 1970, 13% in 1975,  
4% in 1985, and less than 1% in 2000. The decline in the 
rates of hospitalization for both asbestosis and silicosis may 
also result from cases being misdiagnosed as a result of 
incomplete patient exposure histories; because of the long 
disease latency period, the patient history needs to collect 
information about exposures over a sufficiently long time-
frame. In addition, other conditions may present with similar 
chest radiograph findings; these conditions include sarcoid-
osis, pulmonary nodules in rheumatoid disease, carcino-
matosis, military tuberculosis, deep fungal infections, and 
idiopathic pulmonary fibrosis [23].

North Carolina and the United States showed similar over-
all trends in mean annual age-standardized rates for asbes-
tosis and silicosis hospitalizations throughout the 9-year 
period 2002–2010. Annual hospitalization rates were signif-
icantly higher for men than women for both conditions, for 
every year from 2002 through 2011. These rates are consis-
tent with previous trends for diseases resulting from occupa-
tional exposures, and this finding is unsurprising since men 
constitute a greater proportion of the workforce in indus-
tries with potential asbestos and silica exposure [24, 25].  
Higher hospitalization rates for both diseases were also 
found among older individuals, which is consistent with the 
latency periods associated with these conditions and with 
the decreased pulmonary reserves of elderly individuals.

The incidence of pneumoconiosis varies geographically, 
based largely on local industrial activities and migration 
of affected individuals [15, 16, 22]. There does not appear 
to be any clustering of asbestosis hospitalizations within 

North Carolina. Silicosis hospitalizations appear to have 
been concentrated in the westernmost part of the state, 
which had the highest county rates of silicosis. However, 
rates for observed silicosis hospitalizations over the 10-year 
period were small, so the apparent concentration of cases in 
this region may have been due to chance. As of 2012, esti-
mated employment in asbestos-related industries in North 
Carolina was greatest in Guilford County, which had 365 
jobs; Mecklenburg County, with 244 jobs; and Wake County, 
with 168 jobs. Estimated employment in silica-related indus-
tries for 2012 was greatest in Mecklenburg County, which 
had 5,605 jobs; Wake County, with 4,447 jobs; and Guilford 
County, with 1,232 jobs [26, 27]. Future ecological studies 
comparing these counties and measuring worker exposure 
within these industries longitudinally may yield interesting 
results.

Although decreases in the rates of asbestosis and sili-
cosis hospitalizations were observed, exposure to asbestos 
and respirable silica still occurs. Asbestosis and silicosis are 
largely preventable by limiting exposure to asbestos fibers 
and respirable silica dust. Prevention begins with recog-
nizing which tasks create airborne asbestos fibers and/or  
respirable silica dust and implementing controls to limit 
exposure before workers come into contact with these sub-
stances, in accordance with the federal standards for air 
contaminants [28]. Controls include exhaust ventilation to 
collect and remove dust from the environment, wet methods 
that limit production of airborne dust, and other engineer-
ing or administrative controls. Other hazard reduction steps 
include training and educating workers about the hazards 
of airborne asbestos and respirable silica dust, and making 
personal protective equipment available when other control 
measures are not feasible [28].

Currently, state programs help to monitor and reduce 
workplace exposure to asbestos and silica. Occupational 
exposure to asbestos and silica hazards in general industry 
and in construction is federally regulated by the Occupational 
Safety and Health Administration in the US Department 
of Labor. The Health Hazards Control Unit (HHCU) of the 
North Carolina Division of Public Health also administers an 
Asbestos Hazard Management Program in accordance with 
legal requirements [29]. This program accredits individuals 
who perform asbestos management activities (inspection, 
removal, and air monitoring), approves asbestos training 
courses, issues permits for asbestos removal projects and 
demolition notifications, inspects asbestos removal and 
demolition projects, reviews asbestos management plans 
for schools, and investigates citizens’ complaints [29].

Limitations

Multiple hospitalization records for patients were not 
de-duplicated during analysis, which may overestimate the 
number of hospitalizations. On the other hand, diagnoses 
made in federal facilities (eg, Veterans Affairs hospitals, 
military base hospitals, and mental hospitals), in outpatient 
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clinics, or in facilities in other states (for North Carolina resi-
dents) were not included in the calculations for this study, 
which may have led to underestimation of the number of 
hospitalizations.

Furthermore, because asbestosis and silicosis have a long 
latency period (10 to 20 years) from the time of exposure to 
apparent symptoms, hospitalization rates for a given year 
during the 10-year study period are not indicative of expo-
sure to asbestos or silica during that year. Indeed, it may be 
many years before a reduction in exposure affects the rate of 
hospitalization for these conditions.

Finally, trend analysis using racial data would have been 
helpful to determine whether different racial groups were 
disproportionately affected by these conditions. However, 
information on race in hospital discharge files was not col-
lected consistently via standardized methods until 2010. 
Therefore, racial data were not considered in this study.

Conclusions

Asbestosis and silicosis hospitalizations continue to be 
an important social and economic burden for workers and 
the health care system. Continuing state-level monitoring 
and regulation of occupational exposure to asbestos and 
respirable silica are necessary to help protect the health of 
workers. Although asbestos-related industrial activities may 
have decreased, naturally occurring asbestos deposits can 
be a public health concern with the encroachment of people 
and development into natural environments. North Carolina 
workers also continue to be exposed to respirable silica in 
a variety of industries and occupations. Physicians can help 
identify cases of asbestosis and silicosis by comprehensively 
recording occupational or environmental exposures when 
considering pneumoconioses in the differential diagnoses of 
lung diseases.  
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Chronic obstructive pulmonary disease (COPD) con-
stitutes more than 95% of all cases of chronic lower 

respiratory disease, which in 2008 surpassed stroke to 
become the third leading cause of death in the United States 
[1]. Since the 1990s, substantial national and state-based 
efforts have targeted asthma, likely contributing to the sta-
bilization or decrease in the numbers of emergency depart-
ment (ED) visits, hospitalizations, and deaths due to that 
disease [2]. Similarly, greater efforts with regard to the pre-
vention, recognition, and management of COPD are needed 
to decrease its growing impact.

In 2007 and 2009, COPD-related questions were incorpo-
rated into North Carolina’s principal annual health survey, the 
Behavioral Risk Factor Surveillance System (BRFSS) survey, to 
help define the prevalence and impact of COPD in the state 
[3]. Although the BRFSS survey gives insight into the preva-
lence, patient characteristics, and impact of COPD from the 
patient’s perspective, it lacks some very important mea-
sures—such as data regarding mortality, ED visits, and hospi-
talizations—and it does not survey institutionalized persons. 
The purpose of this paper is to describe the burden of COPD 
in North Carolina using various health-related databases. 

Methods

We chose to estimate the burden of COPD in North 

Carolina for the year 2009 because data for that year were 
available in the desired databases. This paper presents 
information from a variety of sources: data that we collected 
ourselves, our analysis of the 2009 BRFSS survey results, 
North Carolina vital statistics mortality data, and data from 
other published reports [4-8]. We estimated the total num-
ber of persons in North Carolina with COPD in 2009 by com-
bining the age-adjusted prevalence of self-reported COPD 
among noninstitutionalized adults (using BRFSS data), the 
number of residents in nursing homes with a diagnosis of 
COPD [3], and the estimated number of adults with COPD 
living in adult care or family care homes [4].

The BRFSS survey is an annual telephone health survey 
that is conducted in each state and is coordinated by the 
Centers for Disease Control and Prevention (CDC). The 
survey includes more than 90 core questions that address 
chronic illnesses and health behaviors of noninstitution-
alized adults [9]. In 2007 and 2009, the North Carolina 
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COPD Task Force collaborated with the North Carolina State 
Center for Health Statistics to add a COPD prevalence ques-
tion to the BRFSS survey; a module of 5 questions assess-
ing the impact of COPD was also added. Two COPD-related 
questions from the 2007 North Carolina BRFSS survey were 
modified for the 2009 survey to better address hospitaliza-
tions and acute exacerbations of COPD. Table 1 shows these 
and other BRFSS questions that produced the information 
used in our analysis.

Using a script, trained interviewers collected BRFSS 
data using an independent, random-digit-dialed probability 
sample of noninstitutionalized persons in households con-
tacted through landline telephones [9]. A separate inter-
viewer validated selected questions in a random selection 
of 5% of completed surveys. In 2009, the North Carolina 
BRFSS oversampled 23 of the state’s largest counties as well 
as Native American census tracts in 6 counties because of 
small sample size in these categories; the remainder of the 
sample was then apportioned to 3 regions of the state—
Western, Piedmont, and Eastern. Response and cooperation 
rates for eligible households in North Carolina in 2009 were 
62.50% and 80.48%, respectively [10]. The BRFSS has been 
approved as exempt research by the CDC’s institutional 
review board.

Residents of nursing homes, adult care homes, and family 
care homes are excluded from the BRFSS survey, but most 
persons in these facilities are elderly, so we included these 
individuals in our estimate of the number of COPD patients. 
The number of COPD patients in North Carolina nursing 
homes in 2009 was obtained (using a diagnosis of COPD or 
emphysema) through the Centers for Medicare & Medicaid 
Services Minimum Data Sets (MDS) 2.0 Active Resident 
Information Report for the fourth quarter of 2009 [4]. 

Because there is not a similar database that can be used 
to estimate the number of COPD patients in adult care or 
family care homes in North Carolina, we used a 2009 report 
from the North Carolina Institute of Medicine (NCIOM) 
that estimated the number of these residents [5]. The vast 
majority of the estimated 28,500 such residents were older 
than 65 years. Thus we used a COPD prevalence of 10%, 
based on the BRFSS COPD data for that age group. 

Finally, to estimate the overall number of persons with 
COPD in the state, we combined the number of persons from 
these 3 sources, using the BRFSS age-adjusted prevalence 
rate to calculate the number of persons with COPD among 
the estimated 7,102,917 adults living in North Carolina in 
2009 [11]. Persons not included in our estimate of COPD 
prevalence were those living in correctional facilities, college 
dormitories, or military barracks. There were about 40,000 
inmates in correctional facilities in North Carolina in 2009; 
more than 60% were aged 25–44 years and 90% were men 
[12], so they were unlikely to contribute significantly to the 
overall number of persons with COPD.

The number of acute care visits related to COPD in 2009 
was calculated using hospitalization data from the North 

Carolina Department of Health and Human Services [6], ED 
data collected by the North Carolina Disease Event Tracking 
and Epidemiologic Collection Tool (NC DETECT) [7], and 
BRFSS data relating to survey questions about overnight hos-
pital stays and prednisone use (Table 1). We considered the 
use of prednisone to be a surrogate marker for acute exacer-
bations of COPD. Prednisone is considered to be a standard 
of care for exacerbations requiring acute care visits, but it is 
also used long term by a small percentage of COPD patients.

To determine COPD-related deaths in relationship to 

table 1.
Questions on the 2009 Behavioral Risk Factor Surveillance 
System Survey That Produced Information Used in Our 
Analysis

Questions in the chronic obstructive pulmonary disease module

•	 Have	you	ever	been	told	by	a	doctor	or	health	professional	that	you	
have chronic obstructive pulmonary disease (COPD), emphysema, or 
chronic bronchitis?

•	 Have	you	ever	been	given	a	breathing	test,	which	measures	how	
much air you can breathe out through a tube, to diagnose your COPD, 
chronic bronchitis, or emphysema?

•	 Would	you	say	that	shortness	of	breath	affects	the	quality	of	your	
life?

•	 Other	than	a	routine	visit,	have	you	had	to	see	a	doctor	in	the	past	 
12 months for symptoms related to shortness of breath, bronchitis, or 
other COPD, or emphysema flare?

•	 During	the	past	12	months,	have	you	stayed	in	a	hospital	overnight	
because of shortness of breath, COPD, or emphysema flare?

•	 Prednisone	is	a	medicine	that	helps	people	with	breathing	problems	
breathe easier. It is sometimes called Deltasone or Medrol. During 
the past 12 months, has a doctor ever prescribed prednisone for your 
breathing problems?

Core questions

•	 Would	you	say	that	in	general	your	health	is	excellent,	very	good,	
good, or poor?

•	 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?

•	 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?

•	 Have	you	ever	been	told	by	a	doctor	that	you	have	diabetes?
•	 Has	a	doctor,	nurse,	or	other	health	professional	ever	told	you	that	

you had a heart attack, also called a myocardial infarction?
•	 Has	a	doctor,	nurse,	or	other	health	professional	ever	told	you	that	

you had angina or coronary heart disease?
•	 Has	a	doctor,	nurse,	or	other	health	professional	ever	told	you	that	

you had a stroke?
•	 Have	you	ever	been	told	by	a	doctor,	nurse,	or	other	health	

professional that you had asthma?
•	 Do	you	still	have	asthma?
•	 Have	you	smoked	at	least	100	cigarettes	in	your	entire	life?
•	 Do	you	now	smoke	cigarettes	every	day,	some	days,	or	not	at	all?
•	 How	long	has	it	been	since	you	last	smoked	cigarettes	regularly?
•	 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?

•	 Have	you	ever	been	told	by	a	doctor,	nurse,	or	other	health	
professional that you have some form of kidney disease?

Source: North Carolina 2009 Questionnaire Version 2, Behavioral Risk Factor 
Surveillance System, September-December 2009. North Carolina State 
Center for Health Statistics Web site. http://www.schs.state.nc.us/schs/
brfss/pdf/BRFSSQ09_ver2.pdf. Accessed August 23, 2013. 
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selected mortalities, as well as primary versus second-
ary cause of death, we used the 2009 raw mortality data 
from the Vital Statistics Section of the North Carolina 
State Center for Health Statistics. COPD-related mortality 
was also determined from a report published by the Vital 
Statistics Section of the North Carolina State Center for 
Health Statistics [8]. We looked at the frequency of COPD 
as a primary cause of death (International Classification 
of Diseases, 10th Revision [ICD-10] mortality codes J420–
J440) or as a secondary diagnosis when the primary cause 
of death was one of the following: all deaths; deaths due to 
heart disease (ICD-10 codes I20–I25); deaths due to can-
cers of the trachea, bronchus, or lung (ICD-10 codes C32–
C34); or deaths due to asthma (ICD-10 codes J450–J460). 
Health impairment was determined based on responses to 
the BRFSS questions that asked how many days during the 
past 30 days a person’s mental or physical health was not 
good and the question that asked about dyspnea affecting 
quality of life (in those with self-reported COPD only).

Descriptive statistics were used to report data for ED 
visits; hospitalizations; impact of dyspnea on quality of 
life; mortality; and number of persons in nursing homes, 
adult care homes, or family care homes. All BRFSS analy-
ses were weighted using SAS-callable SUDAAN software, 
version 10 (Research Triangle Institute) to account for the 
complex sampling design. The prevalence of self-reported 
COPD among 2009 BRFSS survey respondents was age-
adjusted to the 2000 US Census. To assess the association 
between COPD prevalence and respondent characteristics, 
we determined the prevalence ratio and 95% confidence 
interval (CI) for each association using a separate multi-
variate logistic regression model that included respiratory 
category, race/ethnicity, education level, income level, and 
smoking status. The relationship between health-related 
impairment and presence of COPD was assessed using 
chi-square analysis of the proportion of those reporting  
14 or more days of poor physical health and the proportion 
of those reporting 14 or more days of poor mental health in 
the preceding month. The relative risk of prednisone use in 
the past 12 months among respondents with self-reported 
COPD was determined to assess the impact of other comor-
bidities on acute exacerbations of COPD. Among those with 
COPD, we calculated the risk of prednisone use for those 
with and without other chronic or comorbid diseases, such 
as cardiovascular disease (CVD). In this case, the numera-
tor includes those with CVD who were prescribed pred-
nisone versus those without CVD who were prescribed 
prednisone. P-values less than .05 were considered statisti-
cally significant.

Results

Of the 13,277 adults in North Carolina who were inter-
viewed during the 2009 BRFSS survey, 12,165 respondents 
provided complete data. Based on the responses of those 
12,165 adults, the age-adjusted prevalence of self-reported 

COPD in the adult population of North Carolina was deter-
mined to be 5.6%. A large proportion (82.2%) of these 
persons with COPD indicated that they had been given a 
breathing test to diagnose their disease. Table 2 shows the 
geographic distribution of age-adjusted COPD prevalence 
by Area Health Education Center (AHEC) region.

Table 3 shows the characteristics of those BRFSS 
respondents with self-reported COPD—that is, those who 
answered yes to the question “Have you ever been told by a 
doctor or health professional that you have chronic obstruc-
tive pulmonary disease (COPD), emphysema, or chronic 
bronchitis?” The prevalence of COPD was not significantly 
different between women and men (6.1% versus 5.1%) or 
between whites and African Americans (5.5% versus 5.4%). 
There were significant differences (P<.05) in COPD preva-
lence between persons with more than a high school edu-
cation compared with those who reported less than a high 
school education (4.2% versus 10.0%), between persons 
with annual household incomes less than $15,000 com-
pared with those whose incomes were greater than or equal 
to $15,000 (11.7% versus 6.4%), between current smokers 
and never smokers (12.3% versus 2.6%), and between for-
mer smokers and never smokers (6.2% versus 2.6%). 

Additional information about smoking was obtained but 
is not reported in Table 3. A positive history of tobacco use 
(an affirmative answer to the question “Have you smoked 
at least 100 cigarettes in your entire life?”) was reported 
by 71.4% of respondents with COPD, compared with 47.5% 
of those who did not have COPD. Also, current cigarette 
use was 20.3% among all respondents compared with 
36.1% among those with COPD. Data from the Centers for 
Medicare & Medicaid Services [4] show that nearly 10% of 
nursing home residents were current smokers in 2009.

Tables 4 and 5 show 2 different aspects of the relation-
ship between COPD and comorbidities. Table 4 shows the 

table 2.
Mean Age-Adjusted Prevalence of Self-Reported 
Chronic Obstructive Pulmonary Disease in 
North Carolina, by Area Health Education Center 
Region, 2009

AHEC region Mean age-adjusted prevalence  
   of self-reported COPD (%)

Southern Regional 6.8

Mountain 6.8

Eastern 6.4

Northwest 6.3

South East 6.1

Greensboro 5.5

Charlotte 5.3

Area L 4.3

Wake 4.0

Note. AHEC, Area Health Education Center; COPD, chronic 
obstructive pulmonary disease.
Source: Data are from the 2009 Behavioral Risk Factor 
Surveillance System survey.
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likelihood of concomitant chronic health conditions, and 
Table 5 shows the likelihood that a person with COPD and 
a particular comorbidity had received prednisone during the 
preceding year. Overall, CVD was more common in persons 
with COPD than in those who did not have COPD. Also, hav-
ing either angina or coronary heart disease was associated 
with a higher likelihood of having received prednisone dur-
ing the preceding year; however, no such association was 
found for myocardial infarction. Diabetes was more com-
mon in persons who had COPD than in those without COPD; 
however, prednisone was used less frequently by persons 
with COPD and diabetes.

Among the 36,626 residents in North Carolina nurs-
ing homes during the fourth quarter of 2009 [4], 19.7% 
had a diagnosis of COPD (n = 7,215); this rate was stable 
throughout 2009. According to a report from the NCIOM 

[5], 28,500 persons lived in adult care or family care homes 
in 2009, and the majority of these individuals were 65 years 
of age or older. Therefore we estimated that there were  
2,850 persons with COPD in these settings. Using an estimate 
that the adult population of North Carolina was 7,102,917 
in 2009, and multiplying that figure by the prevalence of 
COPD found using data from the BRFSS survey, we esti-
mated that there were 397,763 noninstitutionalized adults 
with COPD in 2009. There were an additional 7,215 persons  
with COPD residing in nursing homes, and we estimated  
that another 2,850 persons with COPD lived in adult care 
or family care homes. Together, these figures gave us a total 
estimate of nearly 408,000 adults in North Carolina who 
have been diagnosed with COPD.

The proportion of adults reporting that they had experi-
enced 14 or more days of poor physical health during the pre-
ceding month was greater among persons who had COPD 
than among those who did not (45% versus 17%; P<.05), 
Similarly, the proportion of respondents who reported 
that they had experienced 14 or more days of poor men-
tal health during the preceding month was greater among 
those with COPD than among those without (29% versus 
14%; P<.05). Health impairment in persons with COPD was 
also evidenced by the fact that 66.3% (95% CI, 59.9–73.7) 
of persons with self-reported COPD indicated that dyspnea 
affected their quality of life.

Of 964,898 ED visits in 2009, COPD was the primary 
diagnosis (excluding patients with concomitant asthma) in 
46,889 of these visits [7]. In addition, COPD was a secondary 
diagnosis for approximately 130,000 ED visits. COPD was 
listed as a disease for 4.1% of all ED visits. Charges were not 
reported for these ED visits. For the 20,586 hospitalizations 
in 2009 in which COPD was the primary diagnosis, the aver-
age length of stay was 4.4 days; total hospital charges were 
$337,503,859 (for an average charge of $16,397 per case), 
and this sum accounted for 1.44% of all hospital charges [6]. 
Of the 2009 BRFSS survey respondents with COPD, 11.4% 
reported that in the preceding 12 months they had stayed 
in the hospital for at least 1 night because of shortness of 
breath or an exacerbation of COPD. The BRFSS survey also 
included 2 other measures of acute exacerbations of COPD: 
use of prednisone in the preceding 12 months, which was 
reported by 27.4% of respondents with COPD; and a visit 
to a health care provider for either shortness of breath or 
an exacerbation of COPD in the preceding 12 months, which 
was reported by 43.2% of respondents with COPD.

In 2009 chronic lower respiratory diseases were the 
fourth leading cause of death in North Carolina, with  
4,324 deaths; in comparison, there were 17,476 deaths from 
cancer, 17,133 deaths from CVD, and 4,391 deaths from 
stroke [8]. More than 95% of the deaths from chronic lower 
respiratory disease were caused by COPD. Among individu-
als for whom COPD was the primary cause of death, 77% 
had a high school education or less, 53% were women, 88% 
were white, 10.8% were African American, and 87% were 

table 3.
Age-Adjusted Prevalence and Multivariable-Adjusted 
Prevalence Ratio of Self-Reported Chronic Obstructive 
Pulmonary Disease Among Adults in North Carolina in 2009

   COPD prevalence  Prevalence ratioa 
Characteristic (95% CI) (95% CI)

Age in years

 18–44 2.9% (2.1–3.7) 1.0

 45–54 6.7% (1.6–8.8) 2.2 (1.5–3.4)b

 55–64 7.5% (6.2–8.8) 2.4 (1.7–3.6)b

 65–74 9.8% (8.3–11.4) 3.1 (2.1–3.5)b

	 ≥75 9.8% (7.9–11.7) 3.2 (2.2–3.7)b

Sex

 Male 5.1% (3.9–6.3) 1.0

 Female 6.1% (5.3–6.9) 1.25 (0.91–1.71)

Race

 White 5.5% (4.7–6.1) 1.0

 African American 5.4% (3.3–7.7) 0.93 (0.56–1.4)

 Other 5.7% (3.5–8.5) 1.04 (0.47–1.46)

Educational level

 Some college or technical  
  school 4.2% (3.5–4.9) 1.0

 High school graduate 7.4% (5.6–9.2) 1.36 (0.57–1.89)

 Less than high school  
  graduate 10.0% (7.6–12.5) 1.52 (1.02–1.95)b

Annual household income

	 ≥$15,000  6.4% (5.3–7.5) 1.0

 <$15,000 11.7% (9.3–14.1) 1.76 (1.2–2.43)b

Smoking status

 Never smoker 2.6% (1.9–3.3) 1.0

 Former smoker 6.2% (4.4–8.0) 2.38 (1.66–3.41)b

 Current smoker 12.3% (10.0–16.1) 4.99 (3.31–7.51)b

Note. CI, confidence interval; COPD, chronic obstructive pulmonary disease.
Source: Data are from the 2009 Behavioral Risk Factor Surveillance System 
survey.
aMultivariate-adjusted prevalence ratios (PRs) were obtained from a 
multivariate logistic regression model that included age, sex, race/ethnicity,  
education, household income, and smoking status as covariates. The 
prevalence is only age-adjusted and was obtained with the direct 
method, using the 2000 US census population in North Carolina for age-
standardization. The overall age-adjusted prevalence of COPD was 5.6%.
bP<.05 compared with referent (PR = 1.0).
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table 4.
Age-Adjusted Prevalence and Multivariate-Adjusted 
Prevalence Ratio of Self-Reported Chronic Obstructive 
Pulmonary Disease Among Adults with Comorbidities in 
North Carolina in 2009

Comorbid health  COPD prevalence Prevalence ratioa 
condition (95% CI)  (95% CI)

Any cardiovascular diseaseb

 Yes 18.1% (14.2–22.0) 2.15 (1.51–3.07)c

 No 5.3% (4.1–6.5) 1.0

Ever diabetes mellitus

 Yes 23.4% (17.5–28.2) 1.68 (1.41–1.90)c

 No 8.4% (8.0–8.4) 1.0

Arthritisd

 Yes 59.8% (58.4–61.1) 1.51 (1.39–1.74)c

 No 28.9% (28.0–29.9) 1.0

Ever stroke

 Yes 7.4% (7.0–7.7) 1.79 (1.38–2.03)c

 No 2.5% (2.1–2.9) 1.0

Current asthma

 Yes 41.6% (37.8–45.3) 4.12 (3.67–4.64)c

 No 9.4% (8.7–10.0) 1.0

Obesity (BMI≥30 kg/m2)

 Yes 6.7% (5.6–6.2) 1.1 (0.7–1.3)

 No 5.9% (5.2–6.5) 1.0

Note. BMI, body mass index; CI, confidence interval; COPD, chronic 
obstructive pulmonary disease.
Source: Data are from the 2009 Behavioral Risk Factor Surveillance System 
survey.
aMultivariate-adjusted prevalence ratio (PR) for each chronic disease was 
obtained from a multivariate logistic regression model that included age, 
race/ethnicity, education, and smoking status as covariates. The prevalence is 
only age-adjusted and was obtained with the direct method, using the 2000 
US census population in North Carolina for age-standardization. The overall 
age-adjusted prevalence of COPD was 5.6%.
bBased on responses to the questions in Table 1 about heart attack, angina, or 
coronary heart disease.
cP<.05 compared with referent (PR = 1.0)
dBased on responses 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?”

65 years of age or older. Of the 88 persons in North Carolina 
for whom asthma was the primary cause of death in 2009, 
21% were reported to also have COPD. COPD was listed as 
a comorbidity in 727 (6.7%) of the 10,922 cases in which 
heart disease was the primary cause of death and in 548 
(10.1%) of the 5,433 deaths due to cancers of the trachea, 
bronchus, or lung. COPD was a primary or secondary cause 
of death in 17.1% (13,008 of 76,250) of all deaths.

Discussion

We have provided a comprehensive estimate of the preva-
lence and burden of COPD in North Carolina in 2009. Until 
recently, there was a paucity of state-based data on COPD, 
and prior prevalence estimates were based on national cross-
sectional studies [13, 14]. According to the 2009 BRFSS sur-
vey, about 1 in 18 adults in North Carolina reported having 
COPD; about one-third of them also reported that they con-
tinued to smoke, despite having a markedly impaired quality 
of life. Nearly 50% of adults in North Carolina reported a his-

tory of smoking, which puts them at risk for COPD. Our find-
ings are consistent with those of national population-based 
studies in that the prevalence of COPD was highest among 
elderly individuals, smokers, persons with low socioeconomic 
status, and residents of nursing homes. The burden of the 
disease was evidenced by frequent exacerbations leading to 
numerous acute care visits, substantial impairment of health 
status, and rising mortality. In addition to being the fourth 
leading cause of death in North Carolina in 2009, COPD 
was present in 1 out of every 6 adults who died in the state. 
Comorbid chronic health conditions, particularly asthma and 
heart disease, were common in those with COPD, which cer-
tainly contributes to the burden of the disease.

Although North Carolina has a long and substantial 
tobacco history, the prevalence of COPD in the state in 2009 
(5.6%) is similar to the prevalence of COPD found in national 
cross-sectional data [13, 14]. Geographically, the prevalence 
of COPD was fairly uniform across the state, except that 
rates were lower in the Wake AHEC region and (surprisingly) 
in the Area L AHEC region (Table 2). This pattern was also 
present in the 2007 BRFSS survey data for North Carolina. 
The 2011 BRFSS survey revealed a higher prevalence of COPD 
in North Carolina (6.5%) [15] than that found on the 2009 
BRFSS survey. In 2011 the BRFSS survey method used in most 
states was modified to include cell phone numbers, and addi-
tional statistical weighting adjustments were made based 
on sex and socioeconomic status, leading to a higher overall 
prevalence of COPD and to a wider difference between men 
and women [15] compared with the prevalence and sex dif-
ference found using 2009 data. Of note, our analysis is the 
first estimate of COPD frequency to include persons in nurs-
ing homes, adult care homes, and family care homes.

Limited data have been published regarding COPD in 
residents of nursing homes, adult care homes, or family 
care homes. In 2009 nearly 20% of nursing home residents 
in North Carolina had a diagnosis of COPD, which is similar 
to the 21.5% prevalence reported in a recent study of skilled 
nursing homes nationwide [16]. According to that study, 
nearly 50% of cognitively impaired nursing home residents 
with COPD were being treated with short-acting beta-ago-
nists alone, which likely indicates undertreatment. The use 
of long-acting bronchodilators and anti-inflammatory drugs 
has been shown to decrease the risk of COPD exacerbations 
[17]. The high prevalence of COPD and the possible under-
utilization of drug therapies for COPD in nursing homes war-
rants additional research in this population.

The BRFSS survey is a unique COPD surveillance tool 
for several reasons: a large number of adults are surveyed 
every year (more than 12,000 in North Carolina); the survey 
includes a wide range of demographic and health-related 
questions; information about health status is captured from 
the patient’s perspective; and the survey is state-based. 
Responses to the 2009 BRFSS survey indicate that the typi-
cal person with COPD in North Carolina is 65 years of age or 
older, is a current or former smoker, has a low annual house-
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hold income, has a high school education or less, and is likely 
to have comorbidities. Low socioeconomic status is known 
to be a risk factor for cigarette use; low income is therefore 
associated with a greater probability of developing tobacco-
related diseases, including COPD [18]. Women may be more 
susceptible than men to the effects of tobacco smoke on 
lung function [19], which may partly explain why women are 
increasingly being affected by COPD. Notably, nearly 3% of 
persons in North Carolina aged 18–44 years who responded 
to the 2009 BRFSS survey reported that they had COPD; 
these individuals were likely responding to the chronic bron-
chitis component of the question used to determine the 
COPD prevalence (see Table 1). Although the prevalence 
of COPD was highest in elderly persons, it was substantial 
(6.7% or greater) in those aged 45–64 years, indicating a 
need for clinicians to consider the diagnosis in middle-aged 
persons.

The BRFSS survey also showed that comorbidities were 
more common in persons who had COPD than in those who 
did not. A different analysis of comorbidities in COPD using 
the 2009 North Carolina BRFSS data has also been reported 
[20]. Substantial research has shown a strong relationship 
between COPD and other diseases, particularly heart disease, 
lung cancer, and asthma [21, 22]. COPD is now considered 
to be a systemic disease related to the effects of impaired 
lung function and systemic inflammation. Thus, comorbidi-
ties such as heart disease, diabetes, cancer, and asthma are 
common [21, 22]. Obesity is no more frequent in persons 
with COPD than in those who do not have COPD, but obe-
sity still plays an important role in the illness, because obese 
patients often have airflow restriction, obstructive sleep 
apnea, greater dyspnea associated with activities of daily liv-
ing, and increased risk for CVD [23]. The higher incidence of 
diabetes in persons with COPD may be related to obesity and 
other factors [21, 22]. The higher likelihood of prednisone 
use in persons with concomitant asthma, angina, or coro-
nary artery disease also indicates that COPD patients with 

these comorbidities likely experience more severe and/or  
frequent acute exacerbations of COPD. 

“Overlap syndrome” is a term used to describe persons 
who have both asthma and COPD [24-26]. The 2009 BRFSS 
data for North Carolina show that about 40% of respondents 
with COPD had overlap syndrome. The number of ED visits 
recorded by NC DETECT is an underestimate of the number 
of ED visits by COPD patients, because those with overlap 
syndrome were not included. There are multiple reasons why 
persons “develop” overlap syndrome: some smokers with 
asthma develop COPD; adults with obstructive lung disease 
who are frequent users of health care are likely to be seen 
by multiple providers and to receive both diagnoses; and 
persons with long-term severe asthma can develop clinical 
and other characteristics of COPD [26]. Notably, 1 out of 5 
asthma deaths in North Carolina in 2009 had COPD listed as 
a contributory cause of death. Overlap syndrome is now rec-
ognized as one of the most important phenotypes of obstruc-
tive lung disease [24].

The BRFSS survey is unique because it provides the 
patient’s perspective on health impairment, which is not 
available through most other health care databases. Health 
impairment from COPD is the result of numerous factors, 
including dyspnea, deconditioning from inactivity, and the 
presence of comorbidities [27]. Physical impairment asso-
ciated with COPD was indicated by the number of days on 
which respondents’ physical health had not been good, and 
by the frequency with which dyspnea affected respondents’ 
quality of life. Although the North Carolina BRFSS question-
naire for 2009 did not include a question about depression, 
respondents with COPD reported a greater number of days 
on which their mental health had not been good. Anxiety and 
depression are common in COPD and cause significant mor-
bidity [23].

Health care utilization related to COPD was substantial, 
with high numbers of acute exacerbations of COPD, hospital-
izations, ED visits, and nursing home stays. The BRFSS survey 
results showed that nearly half of respondents with COPD 
reported having visited a health care provider for worsening 
symptoms in the preceding 12 months, and 1 in 9 respondents 
with COPD reported at least 1 overnight stay in the hospi-
tal for shortness of breath. Studies have found that COPD is 
associated with an increase in hospital readmissions within 
30 days of discharge [28, 29], which is a particularly impor-
tant consideration today due to new Medicare quality initia-
tives. Up to 50% of health care costs for COPD are for care 
of acute exacerbations [30]. Interventions that can decrease 
the frequency of such exacerbations include smoking ces-
sation, pulmonary rehabilitation, and optimization of drug 
therapies [17].

Unlike mortality rates for other leading causes of death in 
the United States—such as heart disease and stroke—mor-
tality from COPD continues to rise [1]. In contrast, mortality 
from asthma appears to be declining nationally [2]. Chronic 
lower respiratory illness surpassed stroke to become the third 

table 5.
Relative Risk of Prednisone Use by Adults in North 
Carolina with Self-Reported Chronic Obstructive 
Pulmonary Disease Who Have Comorbidities, 2009

Comorbid health  Relative risk of prednisone 
condition use (95% CI)

Arthritis 1.15 (0.89–1.48)

Diabetes mellitus 0.73 (0.47–1.11)

Myocardial infarction 1.0 (0.6–1.68)

Angina/coronary heart disease 1.86 (1.02–3.38)a

Stroke 1.28 (0.67–2.43)

Kidney disease 1.77 (0.77–4.07)

Current asthma 1.48 (1.08–2.03)a

3 or more of these comorbidities 1.44 (0.95–2.2)

Note. CI, confidence interval.
Source: Data are from the 2009 Behavioral Risk Factor Surveillance 
System survey.
aP<.05.
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leading cause of death in the United States in 2008 [1], and 
it became the third leading cause of death in North Carolina 
in 2011 [31]. This may be related to better strategies for the 
prevention and treatment of stroke, as well as to increasing 
mortality from COPD, particularly among women. COPD was 
also present in many deaths, either as the primary cause of 
death, or as a contributing factor in deaths due to concomi-
tant heart disease, asthma, or cancer of the respiratory tract. 

Studies have shown that having both COPD and CVD is 
associated with a higher risk of mortality [29]. The 2009 
North Carolina BRFSS survey responses showed that COPD 
patients with asthma, angina, or coronary artery disease 
were more likely to have acute exacerbations of COPD as 
measured by prednisone use; targeting these important 
patient phenotypes may help to decrease mortality. 

Similarly, it has been documented that COPD, especially 
emphysema, is associated with an increased risk of lung 
cancer [32]. In addition, 90% of COPD deaths in North 
Carolina occurred among whites, while only 9% of deaths 
occurred among African Americans. This finding is note-
worthy because the prevalence of tobacco use and COPD is 
similar in those 2 races in North Carolina, even considering 
that only about 20% of the adult population of the state is 
African American. North Carolina mortality data indicates 
that African Americans are more likely to die from other 
tobacco-related diseases, such as heart disease and cancers 
[8]; this warrants additional research.

One weakness of our analysis is the lack of spirometry 
testing to confirm the diagnosis of COPD in BRFSS survey 
respondents. In addition, we did not identify persons with 
undiagnosed COPD. (We recently completed a different 
study using BRFSS survey results to try to identify persons 
who are at risk for COPD based on symptoms and tobacco 
exposure.) We also did not attempt to report specific health 
care data using national ambulatory care surveillance tools 
or Medicare records for North Carolina. Because the basic 
statistics available for residents of adult care or family care 
homes are not robust, our estimate of COPD prevalence 
needs to be validated. We could have included more specific 
data for hospitalizations and ED visits, but the general data 
was adequate to describe their contribution to the burden of 
COPD in North Carolina.

Conclusion

The health care and economic burden of COPD in North 
Carolina is apparent in health care and population-based 
surveillance data. By all measures, COPD is one of the most 
important lung diseases in our state. COPD is preventable 
in about three-fourths of patients because of its relation 
to tobacco use. With improved interventions—including 
treatments to facilitate tobacco cessation, optimization of 
drug therapies, pulmonary rehabilitation, and screening of 
high-risk populations—there is substantial opportunity to 
decrease both the prevalence and impact of COPD. To do 
so, North Carolina needs to take a comprehensive approach 

involving public health practitioners and health care provid-
ers, similar to the approach taken for asthma.  
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Staying Just a Step Ahead 

Introduction

Respiratory diseases are as timeless and ubiquitous as the air we breathe. Hippocrates knew 
of pneumonia in the 4th century and Maimonides described it in the 12th century, yet pneumonia 
still plagues us in the 21st century. Indeed, chronic obstructive pulmonary disease, pneumonia, 
and influenza are still among the top 10 causes of death in the United States. 

Science has helped us to move beyond signs and symptoms to treat the causes of these dis-
eases. We know the bacteria, viruses, atypical bacteria, fungi, and parasites responsible for many 
of these illnesses are Streptococcus pneumoniae, influenza, Mycoplasma pneumonia, Histoplasma 
capsulatum, Mycobacterium tuberculosis, and Plasmodium malariae. In addition to naming and 
understanding the causative organisms, we have also learned how to better detect these ill-
nesses. Radiographs, examination of sputum, and culture of organisms initially did not change 
the dread (and death) associated with these illnesses. But eventually professional care, antibiot-
ics, and respiratory support began to make a difference, although we still have a long way to go 
before the scourge of these diseases is eliminated.

This issue of the NCMJ considers a wide range of respiratory diseases, including both ancient 
nemeses and emerging diseases, all of which are constantly mutating and evolving to confuse 
the clinician and overwhelm the body. Thus, the authors in this issue describe the changes and 
evolution of both organisms and treatment. To cure these illnesses and improve patients’ quality 
of life, the goal is always to stay just a step ahead.  

Peter J. Morris, MD, MPH, MDiv 
Editor in Chief
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Respiratory conditions, both acute and chronic, continue to 
have a significant impact on worldwide health because of 
their high prevalence, the high disease burden they place 
on individual health, and their enormous cost to the health 
care system. There are also unmeasured indirect economic 
costs due to loss of productivity. Despite advances in our 
understanding of the complex pathophysiology of respi-
ratory diseases, as well as the availability of relatively 
straightforward primary prevention measures, the preva-
lence of chronic respiratory diseases continues to rise. In 
addition, periodic outbreaks of acute infectious respiratory 
conditions result in significant cost and even mortality, and 
the incidence of these conditions fluctuates widely from 
year to year. Although we have seen recent developments 
in medical therapies for respiratory diseases, and there are 
established and well-publicized disease management guide-
lines, morbidity and mortality remain high. One intervention 
that has lagged behind has been smoking prevention and 
cessation, which is the mainstay of prevention for chronic 
obstructive pulmonary disease and lung cancer. The persis-
tence of these conditions underscores vulnerabilities within 
our national and regional health care systems. Several of the 
articles in this issue of the NCMJ describe innovative pro-
grams to address these challenges.

Asthma

The prevalence of asthma in the United States has 
increased steadily since the Centers for Disease Control 
and Prevention (CDC) began tracking this statistic. Between 
1980 and 1996, the prevalence of asthma increased by 
73.9% [1], and it has increased by 2.9% per year over the 
past decade [2]. In 2010 the estimated prevalence of asthma 
in the United States was 8.4%, with 25.7 million individuals 
affected [2, 3]. Asthma accounted for 479,300 hospital dis-
charges in the United States in 2009 [2], as well as 2.1 mil-
lion emergency department visits [2] and $56 billion in total 
societal costs [4]. In North Carolina, asthma is especially 
prevalent; the lifetime prevalence of asthma in the state 
was estimated to be 16.8% in 2010, compared with 12.6% 
nationwide [5]. In North Carolina, 10.3% of children [5] and 
7.8% of adults [6] have asthma. 

The pathophysiology of asthma is complex, but the pri-
mary risk factor is sensitization to environmental aeroal-
lergens, which leads to allergic inflammation. The rapid rise 
in the prevalence of asthma in developing countries has 
been ascribed to the “hygiene hypothesis,” which holds that 
urbanization, treatment with antimicrobials, and early child-
hood exposure to cockroach and dust mite antigens result 
in an imbalance of 2 opposing populations of helper T cells, 
with the balance tipping in favor of the TH2 phenotype over 
the TH1 phenotype, the latter of which is associated with pro-
tective immunity. Additionally, exposure of very young chil-
dren to environmental pollution, in particular traffic-related 
pollutants, may be associated with later development of 
asthma. Exposure early in life to nitrogen dioxide has been 
found to be associated with a diagnosis of asthma in minor-
ity children in urban areas [7]. Research has also reported a 
modest positive association between development of child-
hood asthma and exposure to air pollution from traffic dur-
ing the first year of life [8]. This exposure to traffic-related 
air pollution may increase the risk of pollen sensitization  
[9, 10].

The National Asthma Education and Prevention Program 
(NAEPP) of the National Heart, Lung, and Blood Institute 
has established clear recommendations regarding the diag-
nosis, evaluation, and management of asthma [11]. Safe and 
effective controller therapy in the form of inhaled cortico-
steroids is the cornerstone of therapy for all patients with 
persistent asthma. Adherence to inhaled corticosteroid 
therapy is clearly associated with better patient outcomes, 
including decreased risk of asthma-related death. In one 
large cohort study looking at asthma-related deaths [12], 
the authors calculated that risk of death declined by 21% for 
every additional canister of inhaled corticosteroids used in 
the preceding 12 months. Another study [13] suggested that 
regular use of inhaled corticosteroids is associated with a 
31% decrease in risk of hospitalization. A wide assortment of 
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options for inhaled corticosteroid therapy is currently avail-
able, which enables clinicians to mitigate side effects that 
may impact adherence to therapy, such as dysphonia and 
thrush. Additionally, patients with severe persistent asthma 
have newer nonsteroidal treatment options, such as omali-
zumab. The US Food and Drug Administration (FDA) is also 
currently reviewing mepolizumab, another biologic agent 
that has been evaluated as a treatment for asthma [14].

Despite advances in therapy, there were 479,300 hos-
pitalizations for asthma in 2009, and another 3,388 indi-
viduals died of asthma [2]. A recent study found that half 
of asthma deaths in children in the Eastern Region of the 
United Kingdom occurred in children with mild to moderate 
asthma [15]. Asthma is a treatable illness, and the major-
ity of patients can achieve adequate control with adherence 
to guidelines; the persistence of uncontrolled asthma and 
asthma-related complications underscores vulnerabilities 
within our health care system. One large survey study [16] 
found that 49% of patients with asthma were not using 
controller medications because of either undertreatment or 
nonadherence. In 2 other large survey studies [17, 18], more 
than 70% of individuals with asthma did not meet guide-
line-defined criteria for adequate control. Undertreatment 
by physicians remains an issue and is even more marked in 
elderly individuals [19, 20]. Even when patients are treated, 
adherence can be a problem. Many patients do not regard 
asthma as a chronic condition and may resist treatment for 
mild or moderate disease. This intentional nonadherence 
may be related to beliefs about disease and medications 
that are difficult to dispel without direct provider-to-patient 
counseling. There may also be practical barriers resulting in 
unintentional nonadherence.

Asthma disproportionately affects minorities and 
underserved populations. A 2010 CDC survey of children 
and adults with asthma revealed that 35.1% of children and 
48.9% of adults aged 18–65 years were either uninsured 
or had insurance coverage for only part of the year [21]. 
Blacks are 1.9 to 2.5 times more likely to require hospital-
ization for asthma than are whites [2]. Lack of access to 
health care is associated with higher overall disease preva-
lence, poorer asthma outcomes, higher requirement for 
emergency medical services, and greater risk of asthma-
related death.

Most of the triggers of acute asthma—including allergens, 
tobacco smoke, exercise, air pollutants/particulates, and 
respiratory tract infections—may be avoidable, or at least 
modifiable through a combination of individual treatment, 
counseling, and public health intervention [22]. Although 
a constructive provider-patient relationship is integral to 
disease management, asthma is often triggered by environ-
mental factors, so a truly comprehensive approach must 
address the home and community context. In a sidebar in 
this issue of the NCMJ, Attorney General Cooper discusses 
how North Carolina took legal action against the Tennessee 
Valley Authority to address pollution that was threatening 

the health of residents in the western portion of the state 
[23]. 

Another effective legislative approach has been the insti-
tution of smoking bans. In one Texas municipality, a signifi-
cant decrease is asthma-related hospital discharges among 
whites was observed following the institution of a citywide 
ban on smoking [24]. In Ireland, a national ban on smoking 
in the workplace was similarly associated with a decrease 
in the rate of hospital admissions for pulmonary illness, 
from 439 to 396 per 100,000 population, with the great-
est impact seen in the younger age groups and in admis-
sions due to asthma [25]. Similar results were reported in 
England, where a significant drop in the admission rate for 
asthma was observed among children in all socioeconomic 
groups [26].

In a sidebar in this issue, Shuler and Russell [27] describe 
the Regional Asthma Disease Management Program of 
Mission Children’s Hospital, an award-winning program 
that incorporates multiple strategies to enhance the care 
of underserved children with asthma in Western North 
Carolina. The program moves beyond individual care in the 
clinical setting to include community-based interventions 
and educational efforts. Patient homes, child care centers, 
and schools are evaluated to look for potential environmen-
tal triggers, including specific allergens and airway irritants. 
The program partners with community organizations to pro-
vide families with access to cleaning supplies, pest control 
services, and social assistance. The multipronged effort has 
led to a decrease in emergency room visits and hospitaliza-
tions and a 52% increase in school attendance.

Another innovative, large-scale endeavor is the compre-
hensive asthma management program of Community Care 
of North Carolina (CCNC), which is discussed in a com-
mentary by Tilson [28]. CCNC provides care for more than  
1.3 million Medicaid patients in North Carolina. Over the past 
decade, CCNC has developed a primary care–based asthma 
management program. The CCNC Informatics Center pro-
vides data support to health care providers and enables data 
queries on both the individual and population levels. For 
example, a data query could provide a list of patients who 
have requested frequent refills for rescue medication and/or 
failed to refill prescriptions for controller medications. High-
risk patients are able to work individually with interdisciplin-
ary care providers. Also, as in the Regional Asthma Disease 
Management Program at Mission Children’s Hospital, CCNC 
care managers can move outside the clinical setting to the 
home environment, where they can achieve a better under-
standing of barriers to disease management. For enrolled 
patients with persistent asthma, the prescription rate for 
controller medication has exceeded 90%.

Chronic Obstructive Pulmonary Disease

Chronic lower respiratory disease—primarily chronic 
obstructive pulmonary disease (COPD)—was the third lead-
ing cause of death in the United States in 2011, accounting 
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for 143,382 deaths [29]. The prevalence of COPD in adults 
is estimated to be 6.3% nationally, based on responses to 
the 2011 Behavioral Risk Factor Surveillance System sur-
vey [30]. COPD affects 5.7% of all North Carolinians, with 
14.9% reporting an emergency department visit or hospital-
ization for COPD-related symptoms within the previous year 
[31]. The estimated direct cost of COPD is $29.5 billion in 
the United States [32]. In North Carolina during the period 
2003–2007, a total of 33,507 hospital discharges were 
related to COPD, at a total cost of $421 million [33]. Gegick, 
Coore, and Bowling deliver an excellent review of the epide-
miology and management of COPD in their commentary in 
this issue [34].

The Global Initiative for Chronic Obstructive Lung 
Disease (GOLD), a task force of world experts, has estab-
lished clear, coherent guidelines for the evaluation and 
management of individuals with COPD, the latest iteration 
of which was made available earlier this year [32]. Disease 
management strategies include both nonpharmacologic 
and pharmacologic approaches. Nonpharmacologic therapy 
should include oxygen therapy for any patient with hypox-
emia, and pulmonary rehabilitation and appropriate vacci-
nation should be considered for all patients. The intensity 
of pharmacotherapy depends on disease severity, functional 
impairment, and the patient’s risk profile. In patients with 
moderate to severe disease (GOLD grades 2, 3, or 4), the use 
of long-acting beta-agonists and/or long-acting muscarinic 
antagonists can decrease symptoms, decrease the num-
ber of acute exacerbations, and improve quality of life. The 
addition of inhaled corticosteroids to the treatment regimen 
may be beneficial in patients with severe disease who have 
had 2 or more exacerbations within the previous year. The 
FDA approved roflumilast, a phosphodiesterase-4 inhibitor, 
for treatment of COPD in 2011. This drug has been shown 
to decrease the number of acute exacerbations in patients 
with moderate to severe disease [35]. Long-term macrolide 
therapy may also decrease the number of acute exacerba-
tions in individuals with moderate to severe disease [36].

Despite increases in the population disease burden, the 
rate of hospitalization for COPD decreased by 18% over the 
10-year period 1999–2008 [37]. Mortality following hospi-
talizations may also be improving, as suggested by a cohort 
study looking at patients discharged between 1996–1997 and 
2003–2004 [38]. Although established patients with COPD 
are benefiting from improvements in disease management, 
the increasing prevalence of the disease calls attention to 
continued shortfalls in disease prevention. A 2010 review 
of the literature showed that the proportion of patients in 
whom the disease could be directly attributed to tobacco 
use ranged from 39.6% to 76.2% [39]. Thus smoking ces-
sation remains the mainstay of COPD prevention. Despite 
widespread public health campaigns to raise awareness 
about the health perils of tobacco, approximately 43.8 mil-
lion Americans (about 19% of the population) still smoked 
in 2011 [40]. At the present time, 20.9% of adults and 10.8% 

of young people in North Carolina are current smokers [41]. 
Smoking remains the leading cause of preventable death in 
the nation and in the state; every year, more than 12,000 
individuals in North Carolina die of a smoking-related condi-
tion, and 443,000 people die nationally [40, 41].

Nonsmokers account for 3% to 15% of patients with 
COPD [39]. Nontobacco risk factors for COPD include 
patient-specific factors such as genetic predispositions 
and underlying asthma. Inhalation of particulate matter in 
an occupational setting or at home is also associated with 
the development of COPD. Use of biomass fuel for an open-
fire stove in a poorly ventilated home can result in high con-
centrations of particulate matter in the immediate vicinity 
(usually the kitchen), which is correlated with the develop-
ment of obstructive airways disease, especially in women. 
Similarly, some coal miners and hard rock miners work in 
settings with high particulate density, which puts them at 
risk for the development of COPD. Finally, longitudinal stud-
ies have found air pollution to be associated with the devel-
opment of COPD. A stronger association has been found 
between daily variation in outdoor air pollution levels and 
acute exacerbations of COPD [39, 42].

A 2007 report of the Institute of Medicine of the National 
Academies [43] recommended that states fund compre-
hensive tobacco control programs, and the CDC proposed 
such funding that same year in the book Best Practices for 
Comprehensive Tobacco Control Programs [44]. These CDC-
defined best practices are largely based on the successful 
statewide program implemented in California, where the 
rate of smoking among adults fell from 22.7% in 1988 to 
13.3% in 2006 [44]. A comprehensive statewide program 
should include both population-based measures and sup-
port for individual counseling and treatment. 

In this issue, Harrill-Smith, Ripley-Moffitt, and Goldstein 
discuss the systems changes needed to effect smoking 
cessation, and they emphasize the need for all health care 
providers to screen for and treat tobacco addiction [45]. 
Documentation of tobacco-use screening, counseling, and 
treatment is required by the meaningful use guidelines of 
the Centers for Medicare & Medicaid Services, which may 
increase provider-initiated tobacco interventions. In a side-
bar in this issue, Halladay and Gianforcaro describe a pilot 
study of a clinic-based tobacco-use treatment intervention 
program that was developed using quality improvement 
techniques [46]. In order to assist providers in identifying 
patients who wish to address smoking cessation during their 
clinic visit, this pilot study provided readiness assessment 
forms and educational tools for use during the clinic visit. 
A formal referral system was also created to help patients 
who were interested in receiving additional smoking cessa-
tion counseling. The pilot study rapidly implemented prac-
tice changes and has increased the number of referrals to 
the North Carolina tobacco use quit line (QuitlineNC) and 
the number of cessation medications prescribed to current 
smokers.
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Respiratory Infections

In another commentary, Reddick and Howe discuss 
the positive effect that pneumonia guidelines and core 
measures have had on patient-oriented outcomes [47]. 
Pneumonia remains the leading cause of infectious disease–
related death in the United States. In 2010 approximately 
50,000 individuals died of pneumonia in the United States, 
and 1,700 died in North Carolina [48]. There were 1.1 mil-
lion hospital discharges related to pneumonia [49], and in 
2005 the estimated direct cost of pneumonia and influenza 
to the health care system was more than $34 billion [50]. 
Adherence to pneumonia management guidelines estab-
lished by the Infectious Diseases Society of America and the 
American Thoracic Society is associated with decreases in 
hospital mortality and hospital length of stay. Accrediting 
bodies and third-party payers have embraced key recom-
mendations from these guidelines as performance stan-
dards for hospitals and physicians. As a result, health care 
systems have implemented processes to achieve specific 
core metrics. Pneumococcal vaccination rates have also 
increased substantially. Over the past decade, both the 
incidence of pneumonia and the pneumonia mortality rate 
have decreased. Furthermore, improvements have been 
seen even in traditionally disadvantaged minority groups. 
As Reddick and Howe emphasize, the considerable progress 
that has been made may be largely due to external pres-
sures on health care systems and providers to adhere to best 
practices, rather than being due to the development of new 
treatment options. However, further progress can be made; 
as they point out, more than 37% of elderly patients did not 
receive pneumococcal vaccine in 2011 [51].

As described in a commentary by Stout [52], tuberculo-
sis is another disease for which a successful disease control 
program must integrate public health policy and individual 
patient care. In 2012 the number of cases of active tuber-
culosis was at a historic low, with only 9,951 cases nation-
ally [53] and 211 cases in North Carolina [52]. In contrast to 
pneumonia prevention and treatment, where frontline care 
providers and local health care systems work to achieve 
national performance standards, tuberculosis control is pri-
marily effected by state-funded health departments. The 
advantages of this model are manifold. The management 
and treatment of tuberculosis is complex, and the chal-
lenges can be immense; for instance, significant barriers to 
care often occur because tuberculosis disproportionately 
affects economically disadvantaged and non–English speak-
ing individuals. A core group of designated health providers 
becomes expert in managing tuberculosis and in helping 
patients overcome barriers to care. Additionally, there is a 
direct line of communication between state policymakers 
and the core care providers who implement the policies. 
This enables a nimble response to new data, encourages 
innovations, and allows public health teams to set new goals 
and execute new action plans. 

In a sidebar, Keener [54] describes the development 
of new strategies for improving adherence to treatment 
of latent tuberculosis infection. Health departments have 
adopted new, shorter effective regimens for selected indi-
viduals, such as directly observed treatment with iso-
nicotinylhydrazine and rifapentine weekly for 12 weeks, or 
rifampin daily for 4 months. Keener notes that deployment 
of public health personnel for directly observed therapy for 
latent tuberculosis in Mecklenburg County resulted in an 
additional 30% of patients completing therapy. This model 
of direct, state-managed disease control has worked excep-
tionally well, resulting in a fairly low prevalence of disease.

The pertussis outbreak that occurred in Alamance 
County in 2011–2012 provides a model of a rapid response 
by health officials to an unexpected public health threat, 
including a successful transition from immediate treat-
ment and prophylaxis to preventive population measures. 
Pertussis (whooping cough) is a disease that was thought to 
be well controlled through vaccination. However, recent data 
from the CDC indicate that there has been a resurgence of 
pertussis in the past few years. In 2012 almost 42,000 cases 
of pertussis were reported in the United States, which was 
the highest number of cases reported nationally since 1955, 
and there were 566 cases reported in North Carolina [55]. 
A commentary by Bass and Turpin-Saunders [56] describes 
the community response to the Alamance County out-
break in 2011. The initial health department response was 
to administer antibiotic prophylaxis to all close contacts of 
individuals with pertussis; officials also took the very impor-
tant step of activating an Incident Command System to 
streamline their response and to coordinate dissemination 
of information and execution of action plans within the com-
munity. When close surveillance revealed that prophylaxis 
was not effective in containing the spread of the disease, 
health department officials shifted their strategy to wide-
spread administration of booster doses of the Tdap vaccine 
(which protects against tetanus, diphtheria, and pertussis) 
to all individuals in need of vaccination. Vaccine restrictions 
and cost barriers were lifted. Although these efforts were 
aimed at all individuals, specific at-risk populations have 
greater numbers of infection-related complications. In a 
sidebar, Curran [57] describes the challenges of protecting 
newborns from pertussis by vaccinating pregnant women at 
the appropriate gestational age.

Vaccination is a cornerstone of prevention for respiratory 
infections. Barriers to widespread vaccination include public 
misperceptions that the vaccine may be risky or ineffective. 
A major surmountable barrier is lack of access to vaccina-
tions. A sidebar by Gatton [58] discusses the advantages of 
involving pharmacists in the vaccination process. States that 
allow pharmacists to administer a particular vaccine have 
higher vaccination rates for that vaccine than states that do 
not allow vaccination by pharmacists. This is likely because 
pharmacist-facilitated vaccination increases the availability 
of vaccination to the population at risk; pharmacy hours are 



389NCMJ vol. 74, no. 5
ncmedicaljournal.com

often more convenient than those of physician offices and 
health care clinics.

As outlined by Simeonsson and Moore in their commen-
tary [59], the prevention and control of influenza remains 
a public health challenge. This is partly due to yearly vari-
ability in circulating strains of influenza, which results in 
significant variability in the effectiveness of each year’s 
vaccine. Additionally, the most vulnerable patient popula-
tions (immunocompromised individuals and elderly adults) 
have a less effective immune response to vaccination. Thus, 
influenza-related deaths vary, ranging from 3,349 in the 
1986–1987 influenza season to 48,614 in the 2003–2004 
influenza season [60], and there are enormous direct and 
indirect health care costs associated with this illness. 

Influenza vaccination is recommended for all individu-
als aged 6 months or older. Despite this recommendation, 
vaccination compliance remains an issue and will require 
creative solutions. Even among health care personnel—a 
well-informed group that is a high priority for vaccination, 
given potential exposure and transmission within the health 
care setting—compliance with influenza vaccination in the 
2011–2012 season was only 66.9% [61]. In a sidebar, Floyd 
[62] reports remarkable success from the implementation 
of a mandatory vaccination program for employees in the 
Vidant Health system; during the first year of this program, 
compliance with influenza vaccination increased to 99.9% 
from less than 75%, and there was only 1 acute hospitalized 
case of influenza.

Lung Cancer

Lung cancer is one of the most lethal of all illnesses. 
Projections show that there will be 246,210 new cases of 
lung cancer in the United States in 2013, and 163,890 people 
will die from the disease [63]. In North Carolina, projections 
for 2013 show that there will be 8,040 new cases of lung 
cancer and 5,660 deaths from the disease [63]. Lung cancer 
is the leading cause of cancer deaths in the United States, 
killing more people each year than colon cancer, breast can-
cer, prostate cancer, and pancreatic cancer combined [63]. 
In the late 1980s, lung cancer surpassed breast cancer as 
the more common cause of cancer deaths in women in the 
United States; currently, lung cancer kills more women each 
year than do uterine cancer, ovarian cancer, and breast can-
cer combined [63].

Established risk factors for lung cancer include cigarette 
smoking, exposure to secondhand smoke, exposure to occu-
pational lung carcinogens such as radon and asbestos, expo-
sure to radiation, exposure to indoor and outdoor pollution, 
a family history of lung cancer, and acquired lung diseases 
such as COPD [64]. Cigarette smoking is by far the major 
cause of lung cancer. Although the prevalence of smoking 
in the United States has decreased in men by almost 50% 
from its peak in the 1950s, the prevalence of smoking has 
decreased less in women, from 33.9% in 1965 to 21% in 
2000 [65]. The percentage of white men who are current 

smokers has been decreasing since the Surgeon General’s 
report in 1964, which first linked cigarette smoke to lung can-
cer. Conversely, the prevalence of smoking among women 
is projected to rise in many low-income and middle-income 
countries [66]. It is reported that about 800 million men 
and 250 million women in the world are daily smokers [67].

Without a doubt, changes in smoking habits have con-
tributed to the increasing relative risks for lung cancer. A 
recent publication [68] measured temporal trends in mor-
tality across 3 time periods (1959–1965, 1982–1988, and 
2000–2010) and found that, during the period 1959–1965, 
lung cancer mortality among male smokers 55 years of age 
or older was more than 12 times that of men who had never 
smoked; the relative risk for smokers doubled to about 25 
during the period 1982–1988 and then plateaued. More 
alarmingly, deaths from lung cancer among female smokers 
increased by a factor of 16.8 over the entire 50-year period; 
about half of the deaths from lung cancer in women occurred 
between 1990 and 2010 [68].

Given the high incidence of lung cancer and the high mor-
tality rates associated with this disease, ongoing efforts at 
tobacco control, including smoking prevention and cessa-
tion, are paramount. Smoking cessation is associated with 
substantial health benefits, which include reduction in can-
cer risk. Peto and colleagues [69] analyzed national statis-
tics in the United Kingdom, as well as the results of 2 case 
control studies, and they concluded that people who stop 
smoking well into middle age avoid most of their subsequent 
risk of lung cancer, and those who stop before middle age 
avoid more than 90% of the risk attributable to tobacco.

Lung cancer is comprised of non–small cell lung cancer 
(NSCLC) and small cell lung cancer (SCLC). The major-
ity (85%) of all new lung cancers diagnosed each year are 
NSCLC. Tremendous progress in the diagnosis, staging, and 
treatment of all stages of NSCLC has been witnessed over 
the past 2 decades. These advances include a revision of 
the international staging system, development of diagnos-
tic techniques such as endobronchial ultrasound and elec-
tromagnetic navigation bronchoscopy, combined modality 
therapy for locally advanced NSCLC, adjuvant chemotherapy 
for selected patients with early-stage lung cancer, minimally 
invasive surgical techniques, stereotactic radiosurgery, and 
better understanding of the molecular biology of NSCLC. 
Together, these advances have allowed for recognition of 
the fact that NSCLC is a heterogeneous, molecularly driven 
disease, which has shifted the diagnostic and therapeutic 
landscape of NSCLC.

Despite this progress, the estimated 5-year survival rate 
for all lung cancer patients is 16%, and this figure has not 
changed much over the past several decades [63]. Why is 
there such poor survival? The answer lies in the fact that the 
majority of patients with SCLC present with advanced stage 
disease and the majority of patients with NSCLC have locally 
advanced (stage IIIa or IIIb) or metastatic (stage IV) disease 
at the time of diagnosis; only about 26% of NSCLC patients 
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present with stage I disease, which is the most curable stage 
[70]. For decades, screening for breast cancer, cervical can-
cer, colon cancer, and prostate cancer has been the standard 
of care, but screening for lung cancer was not recommended 
because no study had demonstrated that it decreased mor-
tality. This changed when results of the prospective random-
ized National Lung Screening Trial (NLST) were published in 
2011 [71]. In a commentary on screening for lung cancer, 
Christensen and Tong [72] discuss the results of the NLST, 
the first study to determine the impact of low-dose com-
puted tomography (LDCT) screening on lung cancer–associ-
ated mortality. The NLST was a randomized study of 53,454 
high-risk individuals; participants were 55–74 years old, had 
a smoking history of at least 30 pack-years, and were cur-
rent smokers or had quit within the preceding 15 years. The 
study compared 3 annual screenings with either LDCT or 
single-view chest radiography, and it found a relative reduc-
tion in lung cancer–specific mortality of 20% over a median 
follow-up period of 6.5 years in patients randomized to the 
LDCT screening arm compared with patients in the chest 
radiography arm. 

As Christensen and Tong note, the benefit of screening 
must be weighed against potential harms. Overdiagnosis is 
a concern, because an estimated 6% to 17% of the cancer 
cases detected by screening would not have otherwise been 
detected in the patient’s lifetime [73, 74]. Another impor-
tant fact of lung cancer screening is the rate of false-positive 
results. In the LDCT group, 96.4% of the positive screening 
results were false-positive results [71]. Despite the reduction 
in mortality, the significant number of false-positive scans in 
this study is worrisome. Investigation of these false-positive 
results could lead to unnecessary evaluations, with potential 
complications and needless anxiety. Christensen and Tong 
also discuss issues regarding implementation of screening, 
follow-up of benign lesions, risk of radiation exposure, and 
cost effectiveness.

Guidelines from the American Cancer Society (ACS) 
[75] and the American College of Chest Physicians (ACCP) 
[76] favor screening for patients who meet the NLST crite-
ria—that is, individuals aged 55–74 years who have at least 
a 30 pack-year history of smoking and who currently smoke 
or who quit in the preceding 15 years. Recently, the US 
Preventive Services Task Force (USPSTF) issued a grade B  
recommendation for annual LDCT lung cancer screening for 
adults aged 55–79 years who have a 30 pack-year history of 
smoking and who currently smoke or who quit in the past 
15 years [77]. A grade B recommendation means that the 
USPSTF believes that “there is high certainty that the net 
benefit is moderate or there is moderate certainty that the 
net benefit is moderate to substantial” [78]. This recom-
mendation is expected to pave the way for reimbursement 
of lung cancer screening by Medicare and private insurance 
companies. The USPSTF recommends screening until the 
age of 79 years because the NLST enrolled individuals up 
to the age of 74 years and then continued to screen partici-

pants for several years afterward. It is important to note that 
the ACS, the ACCP, and the USPSTF advise caution in rec-
ommending screening to patients with significant comor-
bid conditions. As mentioned by Christensen and Tong, the 
USPSTF also warns about the downside of detecting small 
nodules, given the high rate of repeat scans and the biopsy 
of lung nodules that turn out to be benign. This underscores 
the importance of screening appropriate individuals in the 
context of a structured multidisciplinary process that can 
manage abnormal scan results. Screening is not a substitute 
for smoking cessation, and it is imperative, in our opinion, 
that all lung cancer-screening programs incorporate smok-
ing cessation into their programs.

Conclusion

Asthma, COPD, bacterial pneumonia, tuberculosis, and 
lung cancer account for a significant number of respira-
tory illnesses, and together they take a tremendous toll 
on individual health and place significant burdens on the 
health care system and society. The prevalence of asthma 
in the United States is on the rise, and this disease dispro-
portionately affects underserved patients. Enhancing the 
care of underserved children with asthma and developing 
primary care–based asthma programs have resulted in sig-
nificant improvements in asthma care in North Carolina. 
COPD remains the third leading cause of death in the United 
States; however, improvements in our understanding of the 
epidemiology of this disease and advances in treatment have 
led to decreases in the rates of hospitalization and death. 
Pneumonia remains a serious illness associated with a high 
mortality rate, but adherence to management guidelines has 
resulted in improved outcomes. Tuberculosis is an excel-
lent example of improved outcomes and successful disease 
control resulting from the integration of local, state-funded 
health care policies and individual patient care. Improving 
vaccination rates to prevent viral illnesses can be achieved 
by involving pharmacists in the administration of vaccines. 
Lung cancer remains a serious illness with a high mortal-
ity rate. Recent data shed promising light on screening for 
lung cancer in select individuals; however, the benefit of 
screening must be weighed against potential harms, includ-
ing overdiagnosis. Tremendous effort and progress has been 
made in the institution of smoking bans in the United States 
and other countries, which has resulted in a decrease in 
respiratory illnesses. Smoking prevention and smoking ces-
sation remain the mainstay of prevention for COPD and lung 
cancer.  
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Community Care of North Carolina (CCNC) takes a com-
prehensive approach to asthma management. Support from 
CCNC helps providers follow evidence-based practice guide-
lines; data guide continuous quality improvement initiatives 
and inform the care of individual patients and populations; 
and care managers work with high-risk patients.

Asthma is one of the most common chronic diseases 
of childhood, second only to dental disease. Data 

from the Child Health Assessment and Monitoring Program 
(CHAMP) Survey show that prevalence rates of asthma 
are highest in children aged 5–17 years, and approximately  
1 child in 10 was living with asthma in North Carolina in 2011 
[1]. Prevalence rates for adults in North Carolina in 2011 
were slightly lower, at 8.8% [2]. Prevalence rates of asthma 
in North Carolina vary with race or ethnicity and with insur-
ance status. Racial or ethnic minority populations and chil-
dren covered by public insurance have higher prevalence 
rates of asthma than do white, privately insured individuals 
[1].

Asthma has a significant economic and social impact. In 
the United States in 2010, asthma accounted for 439,000 
hospital discharges, 1.2 million hospital outpatient visits, 
2.1 million emergency department (ED) visits, 10.6 million 
physician office visits, and $56.0 billion in economic costs 
[2]. Asthma is the leading cause of missed days of school in 
North Carolina [3].

The etiology of asthma is multifactorial, and evidence of 
the importance of environmental exposures is accumulating 
[4]. Thus, it is important to have a comprehensive approach 
to asthma management.

A Comprehensive Approach to Asthma 
Management

Community Care of North Carolina (CCNC) is a state-
wide, provider-led primary care medical home and care coor-
dination system that has been growing for the past 10 years.  
It is a private-public partnership with 14 networks cover-
ing all 100 counties in the state. It rests on the framework 
of Carolina ACCESS Medicaid, a managed care program in 
which Medicaid recipients are linked to a primary care medi-
cal home. CCNC activities are added to that framework to 
further increase access to high-quality, cost-effective, coor-

dinated care. By helping providers care for patients, CCNC 
has shown that it can improve health, reduce rates of ED 
visits and hospitals admissions, and save money. Statewide, 
more than 5,000 providers and more than 1.2 million 
Medicaid patients are part of CCNC [5].

Asthma management is one of CCNC’s statewide dis-
ease management initiatives. As with all disease manage-
ment initiatives, the asthma initiative is based on nationally 
recognized evidence-based or best-practice guidelines. 
Specifically, the National Heart, Lung, and Blood Institute 
Guidelines for the Diagnosis and Management of Asthma 
published in 2007 [4] inform the initiative. Metrics that 
align with the guidelines are developed and approved by 
the CCNC network clinical directors and CCNC clinical staff 
members; when possible, these metrics are also aligned 
with national metrics. 

CCNC takes a comprehensive approach to asthma man-
agement. The measures developed for asthma include the 
percentage of patients with asthma who receive a continued 
care visit with assessment of symptoms; the percentage who 
undergo assessment of triggers; the percentage who receive 
a written management plan; the percentage of patients with 
persistent asthma for whom controller medicines are pre-
scribed; the rate of asthma-related ED visits; and the rate of 
asthma-related hospitalizations.

Providers are given support and tools to foster high-
quality asthma care. Educational sessions and resources on 
best-practice guidelines are available to practice staff mem-
bers and providers. Asthma symptom questionnaires, which 
can be completed by the patient or a parent, are provided 
to facilitate assessment of asthma control. Asthma manage-
ment plans and other education materials are made avail-
able to practices for use with patients.

Clinicians have access to robust patient information 
in the CCNC Provider Portal, including a dashboard view 
of patient data provided by the CCNC Informatics Center. 
Individual-level information helps guide care of a specific 
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patient. For example, the “medication fill” history can inform 
the conversation between provider and patient about medi-
cation compliance. Practice-level data can foster population 
management. For example, practices can download a list of 
patients with asthma-related care alerts, which are triggered 
by the detection of asthma-related ED visits, asthma-related 
hospitalizations, frequent refills of rescue medications, or 
failure to fill a prescription for a controller medication.

Quality improvement specialists and support are avail-
able to foster continuous quality improvement activities 
and workflow processes within practices. Processes that 

may be addressed include how to integrate asthma man-
agement tools into the practice workflow, how to facilitate 
recommended visit frequency, what must be documented 
in electronic health records (EHRs) to meet the meaningful 
use criteria of the Centers for Medicare & Medicaid Services 
(CMS), how to use data to inform the care of individual 
patients and populations, and how to use existing commu-
nity resources (eg, care managers, child care health consul-
tants, and school nurses) to help with patient care. Feedback 
is given to track progress and to identify areas for improve-
ment or the need for additional resources. An example of 

Mission Children’s Hospital’s Regional Asthma Disease 
Management Program
Melinda Shuler, Donald W. Russell

The Regional Asthma Disease Management Program 
at Mission Children’s Hospital in Asheville, North Caro-
lina, was designed to address health care disparities in 
underserved and impoverished children with asthma in 
the western part of the state. The program acknowledges 
the local population’s health care habits and asthma care 
needs, and it delivers asthma education and interventions 
beyond the clinical setting—in homes, schools, child care 
centers, and other care facilities.

The Regional Asthma Disease Management Program 
implements the 6 key recommendations of a 2008 report 
from the National Asthma Education and Prevention Pro-
gram: assess asthma severity, assess and monitor asthma 
control, use inhaled corticosteroids, use a written asthma 
action plan, control environmental exposures, and sched-
ule follow-up visits [1]. Through its various components, 
the program provides clinical assessments (lung spirom-
etry, exhaled nitric oxide, etc.); patient education (using 
culturally appropriate and literacy-sensitive materials); 
medication assessments; development and implementa-
tion of an asthma action plan; environmental assessments; 
communication of pertinent information to physicians, 
families, and others; and educational programs and activi-
ties.

Key collaborators include the North Carolina Asthma 
Program; the Asthma Alliance of North Carolina; school 
systems and child care centers in Western North Caro-
lina; the North Carolina Department of Health and Human 
Services, Environmental Health Section, Children’s Envi-
ronmental Health Branch; the National Center for Healthy 
Housing; the National Asthma Control Initiative of the 
National Heart, Lung, and Blood Institute of the National 
Institutes of Health; the Asthma and Allergy Foundation 
of America; primary care providers in Western North 
Carolina; and the Cherokee Indian Hospital Authority. The 
Regional Asthma Disease Management Program has a 
strong presence outside its clinical settings, having built 
long-term relationships with faith-based organizations, 
community agencies, and others.

In Western North Carolina, more than 1 child in 4 lives 

in poverty [2]. Western North Carolina also has a large 
minority population that includes Native Americans, Afri-
can Americans, and Hispanics. Minorities and groups with 
lower income-to-poverty ratios have the highest preva-
lence of asthma [3]. Social determinants of health must be 
addressed, because impoverished children are at risk for 
lower school performance, decreased attendance, fragile 
nutritional status, and inadequate housing.

In 2010, 10.3% of children in North Carolina had asth-
ma [4], compared with 8.4% of children nationally [3]. 
Asthma is the leading chronic health condition among stu-
dents in North Carolina schools; in the 2009–2010 school 
year, 52% of all students with a chronic health condition 
had asthma [5].

Because of the state’s temperate climate—which sup-
ports more than 100 species of trees and 1,600 species of 
flowering plants—plus the prevalence of cigarette smok-
ing and high levels of poverty, children in North Carolina 
face significant exposure to environmental triggers that 
exacerbate asthma severity, which leads to relatively high 
rates of pediatric asthma. The Regional Asthma Disease 
Management Program uses a multifaceted approach to 
help families build skills in managing environmental trig-
gers and to connect them with other community resourc-
es.

Environmental assessments are conducted at child 
care centers and school sites, as well as in the homes of 
children diagnosed with asthma. Each assessment lasts  
1–3 hours, and results are discussed with the administrator 
of the site or the homeowner. An 8-page home environ-
mental assessment questionnaire, which was developed in 
partnership with the National Center for Healthy Housing, 
is administered. This questionnaire uses a multipronged 
strategy to identify allergens and irritants to which the 
patient is sensitive. The Regional Asthma Disease Man-
agement Program uses faith-based organizations and 
charitable community partners to address the psychoso-
cial needs of patients and to provide cleaning supplies, 
pest control services, and home remediation. Additional 
follow-up is conducted if remediation is required.
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successful collaboration between the quality improvement 
support staff of one CCNC network (Northwest Community 
Care Network) and a network practice (Wake Forest Baptist 
Health’s Downtown Health Plaza) to address asthma care 
was described in a recent issue of the NCMJ [6]. Process 
measures aligning with best-practice recommendations 
showed marked improvement, and rates of ED visits and 
hospitalizations for asthma decreased.

Finally, multidisciplinary care managers—including 
nurses, social workers, and pharmacists—are available to 
work one-on-one with high-risk patients. Providers can make 
direct referrals to local care managers in their networks. 
Connections to hospitals via either the in-person presence of 
CCNC staff or via information technology (IT) system link-

ages can alert care managers when a patient is hospitalized 
or comes to the ED for an asthma-related illness. As part 
of the IT linkage, information about admissions, discharges, 
and transfers from 57 hospitals across the state allows for 
data on ED visits and hospitalizations to be fed into the 
Informatics Center twice daily. In addition, claims-based, 
risk-adjusted analytics can predict which patients are likely 
to experience potentially preventable costs related to their 
asthma. Care managers can use this report to proactively 
reach out to patients and offer care management services.

The main goals of care management are to promote self-
management of chronic diseases and to strengthen the link 
between patients and providers, especially primary care 
providers. The local, on-the-ground, care manager staff-

Regional workshops are used to take the program’s 
message into the community; this message promotes 
asthma awareness and the identification of indoor and 
outdoor environmental triggers. Residents throughout 
Western North Carolina are invited to attend these work-
shops, which are usually held in schools, child care cen-
ters, and primary care offices. From 2009 through 2011, 
nearly 3,500 children received “asthma friendly” environ-
mental interventions, and 259 staff members were edu-
cated. Asthma community initiatives throughout Western 
North Carolina impacted an additional 2,767 individuals 
from 2009 through 2011.

In 2009, the Regional Asthma Disease Management 
Program was 1 of 13 national asthma demonstration sites 
chosen by the National Heart, Lung, and Blood Institute. 
Fifty children were enrolled in the institute’s National 
Asthma Control Initiative from 2009 through 2011. These 
children’s medical charts were audited to assess several 
different indicators of program effectiveness. Unpub-
lished data from the initiative show statistically significant 
improvements across all variables. Decreases in the rates 
of emergency department visits and hospitalizations for 
asthma resulted in cost reductions exceeding $800,000. 
Participating patients also showed statistically significant 
improvements on lung spirometry and exhaled nitric oxide 
measures. School attendance improved 52%.

The Regional Asthma Disease Management Program 
emphasizes compassion and patient advocacy. The pro-
gram’s ultimate goals are to improve patients’ subjective 
quality of life, decrease school absenteeism, and decrease 
emergency department utilization and inpatient admis-
sions for asthma. 

In 2012 the program was the premier health care 
provider recipient of the US Environmental Protection 
Agency’s National Environmental Leadership Award in 
Asthma Management. This was the first time that the 
award had been won by a program in the Southeastern 
United States.  

Melinda Shuler, BSBA, RCP, HHS, AE-C regional clinical program 
supervisor and principal investigator, Regional Asthma Disease 
Management Program, Mission Children’s Hospital, Asheville, North 
Carolina.
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ing allows for a wide range of care management activities 
designed to achieve these goals. Care managers can work 
with families over the phone or in person. They can accom-
pany a patient to medical appointments, which can help 
the care manager understand the care plan recommended 
by the provider and can help the family operationalize that 
plan. Care managers can provide extra asthma education on 
topics such as the physiology of asthma, triggers, symptom 
recognition, how and when to use medicines and delivery 
devices (eg, spacers), and how to follow an asthma man-
agement plan. Care managers can also make home visits 
that help them to understand the social and environmental 
context in which the family is trying to manage this chronic 
disease. Environmental triggers in the home can be identi-
fied, and advice on how to mitigate those triggers can be 
provided. The care manager can also address barriers to 
care—lack of transportation, for example. Finally, the care 
manager can help the family organize the home in a way 
that facilitates consistent chronic disease management—
for instance, they can help the family decide where to store 
medicines and where to post the asthma management plan.

Local Initiatives and Collaborations

Local initiatives and collaborations further add to state-
wide activities. Strong evidence supports the effectiveness 
of home-based, multi-trigger, multicomponent interventions 
with an environmental focus, because such interventions 
can improve asthma symptoms, quality of life, and produc-
tivity for children and adolescents with asthma [7, 8]. For 
example, one CCNC network, Community Care of Wake 
and Johnston Counties, is working in partnership with Wake 
County Environmental Services and Wake County Human 
Services to deliver a multidisciplinary, home-based, environ-
mental trigger assessment and mitigation initiative led by a 
registered sanitarian and a nurse care manager. This initia-
tive shows an average of $700 in savings per patient, sec-
ondary to decreased rates of ED visits and hospitalizations 
for asthma. In addition, this initiative achieved substantial 
decreases in network-wide asthma ED rates (from 40 vis-
its per 1,000 member-months in 2003 to 17 visits per 1,000 
member-months in 2012) and asthma hospital admission 
rates (from 8.3 hospitalizations per 1,000 member-months 

Air Pollution Ignores State Borders 
Roy Cooper

A decade ago, residents of Western North Carolina did 
not need any special equipment to tell them that their air 
was polluted. They could see the pollution and smell it; on 
some days, they could even taste it. On those days, their 
mountains were shrouded in gray—not a morning mist, 
but a haze of ozone, sulfur dioxide, nitrogen dioxide, and 
toxic particulates that caused asthma and even death. 
This chemical fog was killing trees and forming mercury 
compounds that seeped into the ground and into the wa-
ter, thus contaminating fish. Worst of all, people were be-
ing poisoned in their own backyards with every breath they 
took. If the situation remained unchanged, local doctors 
would have to continue to tell their patients with asthma 
or other respiratory illnesses to stay indoors on days when 
pollution levels were high. Employers would continue to 
lose money because of employee illnesses, students would 
continue to miss school due to asthma attacks, and hospi-
talizations for respiratory illnesses would continue to rise. 
The problem was clear but difficult questions remained: 
What should be done? Who should be held accountable?

Coal-fired plants run by the Tennessee Valley Authority 
(TVA) were pumping pollution over the state border and 
into North Carolina’s mountains. The utility had promised 
to clean up the pollution but had moved slowly, and the 
damage it caused was spreading. As North Carolina At-
torney General, in 2006 I filed suit against the TVA on 
behalf of the state, saying that the pollution was a public 
nuisance and demanding that it stop. The lawsuit was a 
last resort. Our office had tried negotiating with the utility, 
but without the power of a court order, we had no way to 
ensure results.

Within its borders, North Carolina was already doing 
its part to slow pollution. With urging from the governor 
and from our office, North Carolina legislators and utilities 
had agreed on the provisions of the 2002 Clean Smoke-
stacks Act [1]. This act required North Carolina utilities to 
reduce coal-fired plant emissions and to speed cleanup. 
However, we could make no such requirements of our 
upwind neighbors. Thus, the TVA—the nation’s largest 
public utility, with plants not just in Tennessee but also in 
nearby states—was continuing to pump toxic fumes into 
Great Smoky Mountains National Park, the counties of 
Western North Carolina, and beyond.

The Clean Smokestacks Act directs the state to “use all 
available resources and means . . . to induce other states 
and entities, including the Tennessee Valley Authority, to 
achieve reductions in emissions” [1]. The legal theory we 
used was not new, but the scale of the case was. Our claim 
was that the TVA’s pollution had reached such a stage that 
it was literally a nuisance to the public. In general terms, 
this kind of lawsuit is used when public health and safety 
are endangered and cost-effective solutions are readily 
available.

Our research showed that the health of North Caro-
linians was threatened. Experts estimated that if the 
TVA reduced particulate matter and other airborne tox-
ins, it could prevent 19,000 exacerbated asthma attacks,  
99 early deaths, and dozens or even hundreds of emer-
gency department visits and hospital admissions every 
year in North Carolina [2]. When neighboring states were 
included in the affected area, the health benefits were ex-
pected to reach tens of thousands of people. In addition, 
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in 2003 to 1.9 hospitalizations per 1,000 member-months 
in 2012). This collaboration received a 2013 Achievement 
Award in Health from the National Association of Counties. 
Other CCNC networks—including Northern Piedmont 
Community Care, Northwest Community Care Network, 
and Community Care of the Lower Cape Fear—are begin-
ning similar activities to address environmental asthma trig-
gers. The Healthy Homes training offered by the University 
of North Carolina’s Gillings School of Global Public Health is 
helping to spread these activities.

Quality Metrics

Chart review and claims-based measures are used to 
foster continuous quality improvement initiatives within 
practices, networks, and the statewide CCNC program. 
Improvements in all metrics have been achieved. Figure 1 
shows chart-review measures, including the percentage of 
patients with documentation of at least 1 continued care visit 
with assessment of symptom control, trigger assessment, 
and provision of a written asthma management plan. An 
additional measure noting the percentage of patients with 

persistent asthma with documentation of a prescription for 
controller medicine was added in 2011. This measure is the 
only one with a comparable national HEDIS (Healthcare 
Effectiveness Data and Information Set) benchmark, and 
CCNC results show high rates of performance on this mea-
sure. In 2011, 93.6% of patients with persistent asthma 
were prescribed a controller medication. This percentage 
increased to 95.5% in 2012. These percentages exceed the 
90th percentile for national 2011 HEDIS benchmarks for 
Medicaid Managed Care Organizations, which is 90.6%.

In early evaluations of CCNC’s asthma initiatives, 2 pub-
lished studies [9, 10] found sizeable decreases in rates of 
hospitalization and ED use for asthma. An evaluation by 
the University of North Carolina’s Cecil G. Sheps Center for 
Health Services Research [9] showed substantially lower 
rates of ED visits and inpatient admissions during the period 
2000–2002 for Carolina ACCESS Medicaid patients who 
were enrolled in CCNC than for those who were not. A sub-
sequent study [10] showed a 16.6% decline in the rate of 
ED visits and a 40% decrease in the rate of inpatient admis-
sions for CCNC-enrolled patients with a diagnosis of asthma 

the pollution was causing our state and its businesses to 
lose billions in health care dollars and lost workdays [3]. 
The state was also losing tourism dollars when Grand-
father Mountain and the views from the Biltmore Estate 
were obscured by smog [4]. It was clear to me that action 
was needed.

After a hard-fought trial, Judge Lacy Thornburg saw 
it our way, setting limits on emissions and deadlines for 
improvement at several plants. The TVA fought our attor-
neys on appeal, but in the end we agreed on a landmark 
settlement [5], which required the TVA to either close its 
coal-fired plants or speed installation of pollution control 
equipment. The TVA also agreed to send $11.2 million to 
North Carolina to fund energy efficiency programs. What 
is most important is that the settlement is reducing harm-
ful emissions and significantly improving views of the 
mountains. The dollar value of the health benefits alone is 
estimated to be $672 million per year [3].

Meanwhile, the fight for clean air continues, with a 
case about the Cross-State Air Pollution Rule of the Envi-
ronmental Protection Agency (EPA) going to the Supreme 
Court of the United States this year. Having obtained a fed-
eral court order in 2008 to force the EPA to adopt stricter 
clean air guidelines [6], North Carolina is now fighting 
alongside the EPA to ensure that upwind states promptly 
control their pollution. Specifically, our attorneys are ar-
guing that the federal Clean Air Act demands that states 
proactively mitigate their impacts on other states, rather 
than putting off their responsibilities to downwind states 
and waiting for the EPA to solve their problems for them.

In the end, the case we brought under the Clean Smoke-
stacks Act was a success for the public health and the 
economy of North Carolina. The TVA is making changes 
for the better. Although collaboration and negotiation 
should always be the first choice, litigation can be an ef-

fective tool when widespread damage to public health and 
the economy goes unabated.  

Roy Cooper, JD Attorney General of North Carolina, Raleigh, North 
Carolina.
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between fiscal years (FYs) 2003 and 2006.
While ED utilization rates have continued to rise for 

Medicaid recipients with asthma who are not enrolled in 
CCNC, rates have remained consistently lower within the 
CCNC program. Additionally, while asthma-related inpa-
tient admission rates have remained steady for Medicaid 
recipients who are not enrolled in CCNC, inpatient rates have 
continued to decline for CCNC-enrolled patients (Figure 2). 
In 2012 the ED visit rate was 38% lower and the inpatient 
admission rate was 65% lower for Medicaid recipients with 

asthma who were enrolled in the CCNC program compared 
with those who were not enrolled in CCNC (Figure 3).

Future Directions and Emerging Initiatives

To further facilitate population management, an asthma 
disease registry is under development as a resource for prac-
tices engaged in asthma quality improvement work. This 
registry will couple claims data (such as ED visit and medi-
cation fill data) with clinical data from EHRs—for example, 
data regarding asthma management plans and allergy and 

figure 2.
Rates of Asthma-Related Emergency Department Visits and Inpatient Admissions for North 
Carolina Medicaid Recipients  

Note. CCNC, Community Care of North Carolina.

figure 1.
Statewide Results for the Quality of Asthma Care for Patients Enrolled in Community Care of North 
Carolina, 2009–2012  

Note. HEDIS, Healthcare Effectiveness Data and Information Set.
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trigger management. Initially, the registry will be accessed 
through the CCNC Provider Portal, and claims informa-
tion and clinical information will be provided by the North 
Carolina Health Information Exchange. A next step will be 
to integrate all of the information into a single view and to 
develop an interactive dashboard tool for the asthma regis-
try that will enable real-time manipulation of data related to 
asthma and asthma care. Future capabilities will also include 
the integration of care alerts to prompt action for asthma 
management. The registry will also support asthma-related 
reporting requirements to help practices meet the meaning-
ful use criteria established by CMS.

Another emerging initiative involves exploring effec-
tive ways to disseminate patient-centered tools for shared 
decision making (SDM) that have been shown to produce 
positive changes in asthma outcomes [11, 12].  The Asthma 
SDM Toolkit includes a tool to assess baseline asthma con-
trol; a guide for eliciting the patient’s goals for treatment pri-
orities; educational materials about asthma; a tool to guide 
the negotiation process and to jointly develop a treatment 
regimen that accommodates the patient’s goals and prefer-
ences; and an asthma action plan that has been developed 
by a Carolinas Healthcare System team and has been shown 
to improve asthma outcomes [13]. Through a grant from 
the Patient-Centered Outcomes Research Institute and in 
partnership with Carolinas Healthcare System, CCNC will 
test a novel dissemination process to spread the Asthma 
SDM Toolkit to primary care practices. Facilitators will work 
with selected practices to individually tailor the toolkit to 
the practice’s unique circumstances. Patients receiving 
care at practices where the toolkit is being implemented 

will be compared with control patients at nonparticipating 
practices using quantitative outcomes data (from EDs, hos-
pitals, outpatient clinics, and pharmacies) as well as quali-
tative data (regarding provider and patient satisfaction, for 
instance). The knowledge gained from this initiative and the 
partnerships formed between practice-based research net-
works and CCNC practices will facilitate the dissemination 
of effective SDM patient education materials to other CCNC 
practices statewide.  
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Given the many deaths caused by smoking, clinicians should 
offer evidence-based treatment to every patient who uses 
tobacco. This commentary discusses health system changes 
that promote treatment for tobacco use, new protocols for 
tobacco cessation therapies, and emerging tobacco prod-
ucts that are being marketed as harm-reduction tools.

Chronic lower respiratory disease is the third leading 
cause of death in North Carolina, and chronic obstruc-

tive pulmonary disease (COPD) is the leading cause of  
mortality within that disease family [1, 2]. An estimated 
85% to 90% of COPD deaths are caused by smoking [2]. 
Smoking-attributable deaths among North Carolina adults 
aged 35 years or older total more than 12,000 annually [3]; 
smoking thus contributes to about 1 in 5 deaths in the state 
[4]. Federal and state public health initiatives that have 
contributed to decreases in smoking prevalence include 
legislation to raise the cigarette excise tax, clean air laws 
prohibiting smoking in indoor environments, media cam-
paigns to discourage tobacco use by youth and adults, and 
support for tobacco cessation resources such as telephone 
quit lines [5].  

Although public health efforts and legislation have raised 
awareness of tobacco-related illnesses and the benefits 
of quitting, 21.7% of adult respondents to the 2011 North 
Carolina Behavioral Risk Factor Surveillance System sur-
vey reported that they continue to smoke, which translates 
to about 1.6 million current smokers [6]. The result is that  
$3.3 billion is spent in health care costs for tobacco-related 
illnesses every year in the state [7]. Tobacco use is increas-
ingly concentrated among those with mental illness; indi-
viduals with a mental health or substance abuse disorder 
represent only 24.8% of adults but smoke 39.6% of all ciga-
rettes [8]. Fortunately, increased awareness of and research 
regarding tobacco use treatment for this population has 
begun to address this disparity.

Implementing best practices to address tobacco addic-
tion in medical practice requires not only individual change 
but also changes in health systems—changes in policies, 
programs, and allocation of resources that can be made 
by provider practices, health care administrators, man-
aged care organizations, and purchasers of health plans. 
Tobacco cessation efforts are changing radically as a result 

of health care reform, quality improvement initiatives, and 
new research on best practices for treatment of tobacco 
use. In addition, new tobacco products that are promoted as 
harm-reduction aids are altering the landscape of tobacco 
use, raising questions about how these new products work, 
how they are marketed, and what effects they may have on 
tobacco use, illness, and smoking cessation.

Changes in Health Systems 

All providers should employ evidence-based treatment 
for tobacco use, which includes asking patients about 
tobacco use at every clinic visit and offering a combination 
of counseling and medication to support patients in quit-
ting [9]. Unfortunately, counseling and medication continue 
to be offered at unacceptably low rates. Identified barriers 
include lack of clinician time, lack of clinician awareness 
of updated medication protocols, and the misconception 
on the part of some specialists that primary care providers 
bear sole responsibility for offering tobacco use treatment 
[10]. Studies show that changes made at a health system 
level affect the behavior of individual providers. In 2007 the 
University of North Carolina (UNC) Health Care System 
outpatient clinics began including smoking status in the 
electronic health record (EHR) vital signs, as well as asking 
patients who smoked if they planned to quit. Researchers 
found that, among patients who smoked and were asked 
about their readiness to quit, a significantly greater propor-
tion received documented cessation counseling compared 
with smokers who were not asked about their readiness 
to quit [11]. More recently, the vital signs were modified 
to include a reminder for providers to advise patients who 
smoke to quit, and to check the kinds of assistance offered 
(eg, counseling, quit line referral).

The Centers for Medicare & Medicaid Services’ guidelines 
for meaningful use of EHR systems now require documen-
tation of every patient’s tobacco use status, as well as evi-
dence that patients who smoke are being offered counseling 
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or medication. Because clinic and physician reimbursement 
are tied to compliance with these guidelines, larger num-
bers of patients should be offered cessation counseling [12]. 
Other quality improvement programs, such as the patient-
centered medical home (PCMH), encourage preventive care 
and chronic disease management, which includes the use 
of patient self-management tools. Tobacco use remains the 
leading preventable cause of disease, making it an ideal can-
didate for PCMH behavioral change interventions.

Additional measures that are effective on the popula-
tion level, such as referring patients to tobacco cessation 
quit lines, should be adopted by all practices. QuitlineNC, a 
free telephone/online coaching service, allows providers to 
fax a referral requesting that QuitlineNC initiate a call to a 
patient who has indicated that he or she is ready to make a 
quit attempt. The fax referral form can be customized and 
integrated into the flow of an office visit by training nurses 
and medical assistants to offer patients a fax referral to 
QuitlineNC, assigning a staff member to keep QuitlineNC 
information brochures and fax referral forms stocked in each 
exam room, and deciding who will fax the referrals each day. 
Patients also have the option to contact QuitlineNC directly, 
by calling 1-800-QUIT-NOW (1-800-784-8669).

Another practice-based change involves use of a decision 
support tool, which offers a visual reminder for providing 
tobacco use treatment. This tool would prompt questions 
(eg, how many cigarettes smoked per day, scales to assess 
importance and confidence) and actions to be completed by 
clinic staff and providers (eg, educational materials provided, 
pneumococcal vaccine given, medication prescribed). Much 
like chronic disease registries, this tool prompts physicians 
to offer appropriate evidence-based counseling and phar-
macotherapy at each visit. These prompts can also be built 
into EHR systems to eliminate paper forms. Alternatively, a 
decision support tool might be a simple questionnaire that 
assesses a patient’s readiness to quit (Figure 1), which could 
be completed by the patient and given to the provider to 
stimulate conversations and fax referrals.

Health system changes can also support tobacco use 
treatment during inpatient care. When patients who are 
addicted to tobacco are hospitalized, they can be encouraged 
to maintain the abstinence begun during their hospitalization 
with continued cessation after they are discharged. The Joint 
Commission measures for assessing and treating tobacco 
use by patients with pneumonia, myocardial infarction, or 
coronary heart disease have been expanded to include a 

Engaging a Network of Primary Care Practices in an Effort to 
Better Assist Patients in Quitting Tobacco Use 
Jacqueline Halladay, Robert Gianforcaro

Primary care practices are critical partners in helping 
people enjoy tobacco-free lives. Clinical practice guide-
lines recommend combining behavioral counseling and 
pharmacotherapy in a model of care that recognizes the 
chronic nature of tobacco dependence [1]. To successfully 
implement these guidelines, providers and office staff 
members need efficient tools that enable practice change 
and that work within their unique settings.

Investigators at the University of North Carolina (UNC) 
School of Medicine, including J.H., partnered with mem-
bers of the UNC Physicians Network (UNCPN), includ-
ing R.G., over the course of a year to develop and pilot a 
clinic-based treatment intervention for tobacco use; this 
intervention was developed using quality improvement 
techniques. We formed a team that included health care 
providers, information technology personnel, practice 
managers, other office staff members, and the UNC re-
searchers.

The researchers from UNC worked with UNCPN leaders 
and with one UNCPN practice to establish how we would 
conform with the privacy and security rules regarding pro-
tected health information set forth in the Health Insurance 
Portability and Accountability Act of 1996 (HIPAA); to 
create a memorandum of understanding; and to schedule 
team meetings at which to devise and test a protocol for 
assisting tobacco users in quitting. We used survey data 
and interviews with clinic staff to understand the prac-

tice’s current processes for identifying smokers, offering 
behavioral counseling, prescribing cessation medications, 
and billing for tobacco use counseling; we also sought to 
find out what challenges staff members faced in carrying 
out these activities. We devised an educational curriculum 
that could be delivered during 5 lunchtime sessions; topics 
included the latest information regarding cessation medi-
cations and use of motivational interviewing.

Although several changes were made by the pilot 
practice, 2 changes were particularly important. Provid-
ers needed a better system for identifying patients who 
were truly interested in using their office visit to discuss 
cessation strategies. To address this need, we provided 
sample “readiness assessment” forms and patient edu-
cational tools that had been developed at the UNC Fam-
ily Medicine Center. We collaboratively refined these to 
develop a 3-question form that assesses the patient’s 
willingness to address tobacco use during the office visit, 
the importance to the patient of quitting tobacco use, 
and the patient’s confidence in making a quit attempt. 
This 3-question form is shown on page 404 of the com-
mentary by Harrill-Smith and colleagues (in this issue); it 
can also be found, along with other tools and resources, 
on the Web site of the UNC Nicotine Dependence Pro-
gram (www.ndp.unc.edu). Another key change involved 
creating a more formal referral system for patients who 
are interested in receiving additional smoking cessation 
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voluntary set of measures applicable to all patients who 
smoke or use tobacco [13]. Hospitals that adopt The Joint 
Commission inpatient tobacco measures will increase the 
evidence-based care offered. UNC Health Care’s Nicotine 
Dependence Program offers tobacco cessation counseling 
to hospitalized inpatients, outpatients, employees, and those 
with cancer, ensuring that patients receive comprehensive 
counseling support and individualized medication support 
facilitated by trained tobacco treatment specialists.

New Protocols for Pharmacotherapy

In addition to counseling patients about treatment for 
tobacco use, clinicians can utilize new pharmacotherapy 
protocols that double and sometimes triple quit rates over 
those achieved a generation ago [9]. Varenicline, which was 
approved by the US Food and Drug Administration (FDA) in 
2006, blocks nicotinic receptors and decreases cravings for 
and enjoyment of tobacco use. While varenicline has the high-
est effectiveness of any monotherpy, it also has a black-box 
warning due to potential neuropsychiatric side effects [14].  
Combination therapies using more than one nicotine replace-

ment product have shown greater effectiveness than use of 
a single form of nicotine replacement therapy (NRT) and 
have quit rates comparable to those for varenicline. Having 
recognized that most people who use NRT cut down on the 
amount they smoke but do not quit immediately, the FDA 
recently allowed manufacturers to remove the warnings that 
had stated that NRT products should not be used by con-
sumers who continued to use tobacco [15]. Using NRT to 
cut down on tobacco use prior to a quit attempt has been 
demonstrated to increase quit rates [16]. Individuals who 
are using a nicotine patch or some other form of NRT and 
are still having “breakthrough cravings” should be encour-
aged to use combination NRT.

These new protocols for medication use are especially 
pertinent for individuals with COPD, because smoking ces-
sation can prevent the progression of COPD and can improve 
survival rates. In a study of 472 patients with severe COPD, 
counseling along with varenicline was shown to be the most 
effective treatment, with a 58.3% continuous abstinence 
rate in Weeks 9–24. This was followed by a 55.6% quit rate 
with counseling and bupropion, and a 38.2% quit rate with 

counseling. To do this, we tested and implemented the 
North Carolina Tobacco Use Quitline (QuitlineNC) fax 
referral process. 

To assess the practice’s progress with implementing 
change, the UNC team reviewed data with the practice’s 
staff members on a monthly basis; these data included the 
number of readiness assessments completed, the number 
of referrals to the quit line, and the number of office vis-
its during which tobacco use counseling was provided or 
smoking cessation medication was prescribed. We also 
reached out to other providers in the UNCPN to assess 
their interest in a Continuing Medical Education webinar 
on tobacco use treatment. We gathered ideas about con-
tent and solicited input regarding the best time of day to 
hold such an event. The webinar covered topics such as 
tobacco cessation pharmacotherapy, motivational inter-
viewing techniques, and how to align tobacco use treat-
ment with the recognition process for patient-centered 
medical homes. With support from the North Carolina 
Translational and Clinical Sciences Institute, we evaluated 
the webinar and assessed its value to clinical and network 
leaders.

The pilot practice rapidly implemented practice chang-
es and has steadily increased the number of readiness 
assessments, quit line fax referrals, and prescriptions of 
cessation medications. Practice managers have begun dis-
seminating the tools and resources to other UNCPN prac-
tices. Although we are still in the implementation phase of 
this project, our team of practice staff members, network 
leaders, and academic partners plans next to engage pa-
tients as team members, which should allow for further 
high-value improvements in this care delivery process. By 
engaging an even broader group of stakeholders, we hope 
to increase the number of quit attempts and patients’ 
rates of success in becoming tobacco-free.  

Jacqueline Halladay, MD, MPH assistant professor, Department of 
Family Medicine, School of Medicine, University of North Carolina at 
Chapel Hill, Chapel Hill, North Carolina.
Robert Gianforcaro, DO adjunct clinical professor, School of Medicine, 
University of North Carolina at Chapel Hill, and executive medical 
director, UNC Physicians Network, Chapel Hill, North Carolina.

Acknowledgments
We thank the Department of Family Medicine in the UNC School 

of Medicine.
The project received support from Health for Everyone in North 

Carolina (Health-e-NC), an initiative of the University Cancer 
Research Fund, which was established by the North Carolina General 
Assembly to accelerate cancer research at UNC School of Medicine. 
The project was also partially supported by the North Carolina 
Translational and Clinical Sciences (NC TraCS) Institute, the inte-
grated home of the National Center for Advancing Translational 
Science Awards program at UNC Chapel Hill, which is funded by the 
National Institutes of Health (NIH) through Grant Award Number 
UL1TR000083. The NC TraCS Institute provided support by hosting, 
advertising, and helping with the evaluation of the webinar. The con-
tent of this article is solely the responsibility of the authors and does 
not necessarily represent the official views of the NIH.

Potential conflicts of interest. J.H. and R.G. have no relevant con-
flicts of interest.

Reference
1. Fiore MC, Jaén CR, Baker TB, et al. Treating Tobacco Use and De-

pendence: 2008 Update. Clinical Practice Guideline. Rockville, 
MD: US Department of Health & Human Services. Public Health 
Service; 2008. http://www.ahrq.gov/professionals/clinicians 
-providers/guidelines-recommendations/tobacco/clinicians/
treating_tobacco_use08.pdf. Accessed August 13, 2013.

Electronically published September 27, 2013.
Address correspondence to Dr. Jacqueline Halladay, Department of 
Family Medicine, 590 Manning Dr, Campus Box 7595, Chapel Hill, NC 
27599 (Jacqueline_halladay@med.unc.edu).
N C Med J. 2013;74(5):402-403. ©2013 by the North Carolina 
Institute of Medicine and The Duke Endowment. All rights reserved.
0029-2559/2013/74525



NCMJ vol. 74, no. 5
ncmedicaljournal.com

404

counseling and NRT [17]. In an analysis of 5,587 patients 
from the US Lung Health Study, patients who quit smoking 
were found to have better lung functioning and a higher sur-
vival rate than those who smoked [18]. 

Emerging Products

New nicotine products that have emerged on the market 
over the past few years include snus and electronic ciga-
rettes (e-cigarettes). These products are often promoted 
as safer alternatives to traditional cigarettes. Both products 
provide continued delivery of nicotine. Snus is a small pouch 
of steam-pasteurized tobacco placed under the upper lip. 
E-cigarettes are battery-operated devices that resemble the 
size and shape of a cigarette and produce a nicotine vapor. 
Even though individuals who use these products may not be 
exposed to all of the harmful chemicals and carbon monox-
ide associated with cigarette smoking, it is unclear whether 
these products are safe, whether they promote continued 
tobacco use rather than cessation, whether they are associ-
ated with dual tobacco use, and whether they entice young 
people who otherwise would not have started using tobacco. 

The FDA does not yet regulate e-cigarettes, and these 
products are marketed with highly attractive promotions, 
such as colorful packaging that is likely to attract young indi-
viduals. Sales of e-cigarettes have risen exponentially across 
the United States; there are more than 250 brands, many 
with fruit names or fruit flavoring [19]. The lithium batteries 

in e-cigarettes could potentially overheat and cause burns 
[20]. There are additional concerns that e-cigarettes may 
have short-term or long-term adverse pulmonary effects 
[21]. Many smokers view electronic cigarettes as a safer 
alternative to cigarettes and use them in places where ciga-
rette smoking is banned. However, insufficient research 
exists about their long-term safety and effectiveness in pro-
moting tobacco cessation. North Carolina and many other 
states have banned the sale of e-cigarettes to minors [22].  

Conclusion

Smoking cessation is the most effective way of preventing 
or slowing the progression of COPD and other tobacco-asso-
ciated diseases. Tobacco cessation saves lives and increases 
quality of life. Practitioners can encourage cessation efforts 
by implementing a 3-minute, evidenced-based assessment: 
ask patients about their tobacco use at every visit; discuss 
the benefits of quitting and encourage the use of NRT (using 
combination NRT when appropriate); and connect them to 
follow-up care, which can be easily done by faxing a referral 
to QuitlineNC [23]. Health system changes—such as adopt-
ing the practice of checking vital signs related to smoking and 
following meaningful use guidelines—can be implemented 
to ensure that patients are receiving support at every visit. 
Physicians may receive reimbursement for tobacco counsel-
ing lasting 3–10 minutes and additional reimbursement for 
counseling lasting longer than 10 minutes. New products 
such as e-cigarettes and snus are being researched to test 
their efficacy as harm-reduction products or cessation aids, 
but at the current time, providers should follow evidence-
based best practices and only recommend FDA-approved 
pharmacotherapy. The UNC Nicotine Dependence Program 
provides smoking cessation support both to individuals and 
to institutions. Contact the program’s Web site (www.ndp.
unc.edu) for information on implementing changes that 
make providing tobacco cessation support simple, efficient, 
and effective.  
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Low-dose computed tomography (LDCT) screening has 
been shown to result in detection of earlier-stage lung can-
cers, with a 20% reduction in cancer-related deaths. LDCT 
screening offers significant potential benefits to selected 
patients; however, many questions remain, including ques-
tions about the applicability of lung cancer screening in 
clinical practice.

Lung cancer remains the leading cause of cancer mor-
tality worldwide, accounting for more deaths than 

colon cancer, breast cancer, and prostate cancer combined 
[1]; indeed, lung cancer is expected to result in more than 
160,000 deaths in the United States this year alone [2]. 
Despite advances in clinical care and diagnostic imaging, 
most lung cancer patients present with advanced-stage 
disease, for which a cure remains elusive. The prognosis for 
patients with lung cancer is therefore generally poor, with 
an overall 5-year survival rate of approximately 16% [2]. 
However, early detection affords an opportunity to treat 
lung cancer at its earliest, most curable stage. Screening 
with low-dose computed tomography (LDCT) has recently 
been shown to result in the detection of earlier-stage lung 
cancers, as well as a significant reduction in cancer-specific 
mortality in high-risk patients.

LDCT Screening

The most informative study to have evaluated the effec-
tiveness of imaging for lung cancer screening is the National 
Lung Screening Trial (NLST) [3]. Eligibility criteria for this 
randomized controlled trial are listed in Table 1. Patients 
were randomized to screening with either chest radiogra-
phy or LDCT, and all patients received a total of 3 screen-
ing examinations: a baseline study followed by 2 annual 
screening examinations. A positive screen was defined as 
one that detected either a noncalcified pulmonary nod-
ule measuring at least 4 mm in diameter or another find-
ing possibly attributable to lung cancer. Among the 53,454 
participants enrolled in this study, there were significantly 
fewer lung cancer deaths among those screened with 
LDCT than among those randomized to chest radiography 
(356 deaths versus 443 deaths), and there was a rela-
tive reduction in lung cancer–specific mortality of 20.3% 

over a median of 6.5 years of follow-up (P = .004) [3].  
Of note, the NLST compares 2 screening modalities (LDCT 
and chest radiography) rather than comparing a cohort of 
patients who were screened with a second cohort who were 
not. Therefore the NLST may actually underestimate the 
benefit of computed tomography (CT) screening, and it is 
postulated that the reduction in mortality afforded by LDCT 
is likely greater than 20%.

Prior to implementation of widespread lung cancer 
screening, the potential benefits of screening must be 
weighed against the potential risks, the most commonly 
cited of which include overdiagnosis, complications asso-
ciated with the management of false-positive results, and 
radiation exposure.

Overdiagnosis and False-Positive Results

Overdiagnosis occurs when screening identifies histolog-
ically confirmed lung cancer that would not have resulted in 
a patient’s death if left untreated. Potential harmful effects 
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table 1.
National Lung Screening Trial (NLST) Patient Eligibility 
Criteria

Inclusion criteria

Age 55–74 years

≥ 30 pack-years smoking history

If former smoker, quit ≤ 15 years ago
Exclusion criteria

History of lung cancer
Treatment for or evidence of any other cancer in the past 5 years, except  
 for nonmelanoma skin cancer or carcinoma in situ
Prior lung resection
Signs or symptoms that could be attributable to malignancy (eg, weight  
 loss, hemoptysis)
Acute respiratory infection treated with antibiotics within 12 weeks prior  
 to eligibility assessment

Chest computed tomography examination in the past 18 months
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of overdiagnosis include the psychological stress that 
accompanies a diagnosis of cancer as well as the morbid-
ity and mortality that may accompany unnecessary medical 
procedures. Overdiagnosis is inherent in any screening test; 
however, the extent of overdiagnosis with LDCT screening 
for lung cancer is currently unknown.

Another risk with all screening studies is the potential for 
both false-negative and false-positive results. The sensitiv-
ity of the screening test should be high enough to ensure 
that a cancer is not missed, while the specificity must be 
high enough to minimize the number of false-positive 
examinations. In the NLST, the sensitivity and specificity 
of LDCT screening were 93.8% and 73.4%, respectively 
[4]. Although 24.2% of LDCT screens were positive, the 
vast majority of these represented false-positive studies, 
because only 3.6% of patients with positive examinations 
actually had lung cancer [3].

With positive screening studies, additional testing is often 
required. Despite the high false-positive rate in the NLST, the 
majority of patients with a positive screening examination 
were managed noninvasively with follow-up imaging; only 
11.4% of patients required invasive testing. Of those patients 
who underwent invasive testing, the rate of major complica-
tions was 0.06% for those without cancer and 11.2% for those 
with lung cancer. This suggests that, although LDCT screen-
ing has a higher rate of false-positive screens compared with 
other screening modalities, the number of invasive tests per-
formed is low, complications from such procedures are rare, 
and the risks of additional testing are primarily incurred by 
patients who do have lung cancer [3].

Radiation Risks

Given the large number of people who would potentially 
be affected by widespread implementation of LDCT screen-
ing for lung cancer, it is important to minimize the amount 
of radiation exposure attributable to such screening. A 
standard diagnostic chest CT delivers approximately 8 mil-
lisieverts (mSv) of radiation [5]. LDCT can reduce the aver-
age effective dose to approximately 1.5 mSv, representing 
an 81% dose reduction; however, there may be considerable 
variation in the radiation dose delivered when LDCT is per-
formed in clinical practice [3]. The level of radiation deliv-
ered can be reduced by reducing the tube current, increasing 
the pitch, or decreasing the tube voltage. Further dose reduc-
tions may be possible due to advances in CT technology and 
image reconstruction algorithms. By way of comparison, the 
radiation dose associated with LDCT screening for lung can-
cer is only slightly greater than that delivered during a stan-
dard 4-view mammogram.

Despite the use of a low-dose screening technique, the 
risk of radiation-induced malignancy is still a consideration. 
Unlike the tissue in solid organs, lung tissue becomes more 
susceptible to radiation-induced changes with increasing 
age. Furthermore, the risk of developing radiation-induced 
lung cancer may be increased in patients who smoke. To 

date, most of the data regarding radiation-induced malig-
nancies comes from patients who received standard-dose 
imaging rather than LDCT. The mean latency period from 
radiation exposure to development of cancer is longer than 
30 years for standard-dose screening examinations and is 
projected to be even longer for low-dose screening tech-
niques. The average age of patients who underwent screen-
ing in the NLST was 62 years. Thus the risk of developing a 
radiation-induced cancer is extremely low when screening is 
performed in an appropriate population. Applying existing 
models to NLST data, estimates suggest that 1 cancer death 
per 2,500 patients screened may be attributable to radia-
tion [6, 7]. Therefore, in the NLST population, the potential 
benefit of preventing lung cancer deaths was found to be 
greater than the potential radiation risk. However, modeling 
suggests that the risks associated with LDCT screening may 
outweigh the benefits in nonsmokers and in patients aged 
50 years or younger [7].

Cost Effectiveness

Several factors influence the cost effectiveness of CT 
screening for lung cancer. The cost per quality-adjusted life-
year (QALY) increases as the rate of overdiagnosis increases 
and as the prevalence of lung cancer decreases. The cost 
per QALY is likely to be highest during the first 2 years of 
screening due to costs associated with the evaluation of 
false-positive findings (eg, follow-up imaging to document 
2-year stability of a low-suspicion nodule). Several studies 
have evaluated the cost effectiveness of lung cancer screen-
ing. A meta-analysis comparing the cost per life-year saved 
for various accepted screening modalities found that LDCT 
screening for lung cancer was as cost effective as colonos-
copy screening for colon cancer and more cost effective 
than mammography screening for breast cancer [8].

The adoption of LDCT screening for lung cancer in the 
United States will depend largely on whether Medicare and 
private insurers are willing to underwrite the expense of 
implementing such a strategy. Estimates suggest that the 
total cost to screen the approximately 94 million Americans 
who fit the NLST high-risk criteria, at an average reimburse-
ment rate of $300 [9], would approach $30 billion annu-
ally. However, the total cost of screening will likely be much 
higher, depending on negotiated reimbursement rates and 
the additional expenses incurred by the work-up of positive 
screening examinations. The cost of LDCT screening is cur-
rently not covered by Medicare and most private insurers. 
The Centers for Medicare & Medicaid Services will likely 
render a decision on CT lung cancer screening after care-
ful review of the available peer-reviewed data, society rec-
ommendations, and cost-effectiveness analyses; private 
insurance providers will likely follow suit. The NLST cost-
effectiveness data is expected to have a significant impact 
on these decisions.

Initial data from the NLST cost-effectiveness analysis was 
recently presented at a joint meeting of the National Cancer 



NCMJ vol. 74, no. 5
ncmedicaljournal.com

408

Institute Board of Scientific Advisors and the National 
Cancer Advisory Board. The full analysis has not yet been 
published, but a news release dated June 24, 2013, from the 
American College of Radiology (ACR) stated that “CT lung 
cancer screening [is] appropriate when performed in the 
context of careful patient selection and follow-up, reducing 
lung cancer mortality by 20% . . . [and] is also cost effective” 
[10]. Another ACR press release published on the same day 
suggested that LDCT screening could be implemented on a 
large scale with acceptable population risks and costs [11].

Lung Cancer Screening Guidelines

Despite the promising results of the NLST and other 
studies that have evaluated LDCT lung screening, medical 
professional societies have been cautious in offering their 
endorsement of such screening, pending the final results of the 
NLST cost-effectiveness analysis that is currently under way. 
In the meantime, many professional societies have offered 
guidelines and recommendations based on the available data 
(see Table 2), including the American Cancer Society, the 
American College of Chest Physicians, the American Lung 
Association, the American Society of Clinical Oncology, the 
National Comprehensive Cancer Network (NCCN), and the 
US Preventive Services Task Force (USPSTF). The NCCN has 
given its highest recommendation (category 1) for LDCT 
screening for lung cancer, which is a stronger recommenda-
tion than the one given for screening mammography [12]. The 
USPSTF also recently endorsed LDCT screening for lung can-
cer, issuing a Grade B recommendation for high-risk patients 
similar to those included in the NLST; this recommendation 
is the same level as the USPSTF recommendation for screen-
ing mammography. The ACR is currently developing prac-
tice guidelines and appropriateness criteria for lung cancer 
screening to establish a national standard of care, which it 
plans to release in the spring of 2014. Until recommendations 
are formalized, the ACR refers patients and providers to the 
current NCCN guidelines.

Treatment Implications

One important criterion for a screening examination 
is the availability of an effective treatment that improves 
patient outcomes when it is provided in the preclinical 
phase (prior to the onset of symptoms) [13]. The efficacy of 
screening coupled with preclinical treatment (versus treat-
ment once the patient becomes symptomatic) is difficult to 
definitively prove due to biases inherent in screening, which 
are beyond the scope of this discussion; however, with long-
term follow-up, it may be possible to elucidate differences 
in survival between patients who were screened and those 
who were not [14, 15]. It is clear from outcomes data that 
early-stage lung cancers—those most often detected with 
LDCT screening—are more effectively treated than are 
advanced-stage cancers [2]. Early-stage lung cancer is most 
often treated with surgical resection (usually lobectomy) or 
with a combination of surgery and chemotherapy, whereas 

advanced disease is most often treated with chemotherapy 
(with or without radiation). Many surgeons have advocated 
video-assisted thoracoscopic (VATS) lobectomy, which is 
minimally invasive, as the new standard for lung resection. 
Compared with thoracotomy, the advantages of VATS lobec-
tomy include shorter hospitalization, fewer overall compli-
cations, a higher rate of adjuvant chemotherapy completion, 
and improved long-term survival [16, 17].

Future Directions

Many questions remain and new questions arise as we 
seek to understand the implications of the NLST. Are the 
NLST results generalizable to other patient populations? At 
what age should screening begin, and for how many years 
should it continue? What is the most effective screening 
interval? Are there other criteria that should be considered 
to define a positive screen? Some of these questions may 
be answered by subanalysis of the NLST data or by ongoing 
European studies; other questions may require investigation 
with newly designed trials.

The NLST inclusion criteria are highly selective, and the 
trial does not provide evidence for or against screening in 
younger patients. Similarly, the results of the NLST should 
not be applied to individuals with a less extensive smok-
ing history, including patients who have never smoked; 
however, individuals who have never smoked account for 
approximately 10% of all new lung cancer diagnoses [18]. 
In addition to age and personal smoking history, additional 
risk factors for lung cancer are recognized, including family 
history of lung cancer, personal history of malignancy, and 
carcinogen exposure other than tobacco. A recent study 
modeling LDCT screening results using inclusion criteria 
from the Prostate, Lung, Colon, and Ovarian Cancer (PLCO) 
trial, which included additional risk factors for lung cancer, 
found that the sensitivity of LDCT screening could increase 
from 71.1% to 83.0% (P<.001) without affecting specific-
ity while detecting more lung cancers [19]. Current NCCN 
guidelines offer provisional recommendations for lung can-
cer screening in younger patients who have a less extensive 
or more remote smoking history and additional risk factors; 
these provisional recommendations are based on the find-
ings of nonrandomized studies and on observational data 
[20-24].

Although the NLST was the first randomized trial to show 
a significant reduction in lung cancer mortality following CT 
screening, several other studies are ongoing. One of the larg-
est is the Dutch-Belgian NELSON trial, which is expected to 
report final results in 2015. The NELSON study differs from 
the NLST in several ways. First, the NELSON trial is a true 
comparison of CT screening versus no screening, which 
should provide more definitive quantification both of lung 
cancer–specific mortality reduction in screened patients 
and of the risks associated with screening. Furthermore, the 
study is incorporating nodule volumetrics as one of the crite-
ria for imaging follow-up, which may facilitate differentiation 
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between benign nodules and suspect nodules that require 
further evaluation. Preliminary data from the NELSON trial 
suggest a much lower false-positive rate with this strategy 
(7.9%); however, the factors contributing to this finding are 
not yet well understood; it is likely attributable, at least in part, 
to a lower prevalence of granulomatous disease in European 
populations [25]. The inclusion criteria for the NELSON 
trial also differ from those of the NLST. The NELSON study 
participants become eligible for screening at a younger age  
(50 years), and study participants include smokers with a 
shorter smoking history (the equivalent of approximately 
15 or more pack-years) and former smokers with a shorter 
interval since quitting (10 years or less) [26]. The results 
from the NELSON study and other ongoing trials will be help-
ful in answering some of the questions raised by the NLST.

Summary

Results from the prospective, randomized NLST demon-
strate that LDCT screening significantly reduces the rate of 
lung cancer deaths and is appropriate with careful patient 
selection and follow-up. Preliminary data from the NLST also 

suggest that LDCT screening is cost effective. Ongoing tri-
als will aid in further refining screening guidelines. Although 
many questions remain, a growing quantity of data sup-
ports implementation of LDCT screening in routine clinical 
practice. Moving forward, it will be necessary to establish 
national, evidence-based screening and treatment guide-
lines to ensure that patients have access to care that is uni-
form in quality. To ensure that patients receive the benefits 
of screening and treatment that were demonstrated by the 
NLST, LDCT screening should ideally occur within a multi-
disciplinary program that includes experts in radiology, pul-
monology, thoracic surgery, and oncology.  
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table 2.
Current Lung Cancer Screening Recommendations

Organization making the recommendations Year Recommendations

US Preventive Services Task Force (USPSTF) 2013 Screen with LDCT: age 55–79 years, ≥ 30 pack-years smoking history; if former  
   smoker, quit within previous 15 years (Grade B)a

National Comprehensive Cancer Network (NCCN) 2012  Screen with LDCT per NLST eligibility criteria: age 55–74 years, ≥ 30 pack-years 
  (updated  smoking history; if former smoker, quit within previous 15 years (Category 1)b 
  2013) Screen: age 50–74 years, ≥ 20 pack-years smoking history, and 1 additional risk  
   factor other than secondhand smoke (Category 2B)c

American Association for Thoracic Surgery (AATS) 2012 Screen: age 55–79 years, ≥ 30 pack-years smoking history (Tier 1)d 
   Screen: age ≥ 50 years, ≥ 20 pack-years smoking history, and ≥ 5% risk of  
   developing lung cancer in 5 years (Tier 2)e 
   Screen: Lung cancer survivors who have completed 4 years of recurrence-free  
   surveillance and are still eligible for potential treatment (Tier 2)e

American Cancer Society 2012 Screen per NLST eligibility criteria. 
   Screening linked to smoking cessation. 
   Screening should be associated with expert multidisciplinary care. 
   Shared decision making between patient and physician.

American College of Chest Physicians (ACCP) 2012 Screen per NLST eligibility criteria. 
   Screening should be performed at centers that can provide expert 
   multidisciplinary care, similar to that provided in the NLST (Grade 2B)f.

American College of Radiology (ACR) 2012 Screening recommendations under development. Currently the ACR refers  
   patients and providers to the NCCN guidelines.

American Lung Association 2012 Screen per NLST eligibility criteria. 
   Do not screen with chest radiography. 
   Screening linked to smoking cessation.  
   Screening should be associated with expert multidisciplinary care. 
   Advertising and promoting of screening should be ethical.

American Society of Clinical Oncology 2012 Screen per NLST eligibility criteria. 
   Do not screen if patient has limited life expectancy.

Note. LDCT, low-dose computed tomography; NLST, National Lung Screening Trial.
aUSPSTF Grade B: High certainty that the net benefit is moderate, or moderate certainty that the net benefit is moderate to substantial; recommend providing the 
service.
bNCCN Category 1: Based on high-level evidence, uniform NCCN consensus.
cNCCN Category 2A/B: Based on a lower level of evidence, uniform consensus that intervention is appropriate.
dAATS Tier 1: Patients determined to be at highest risk by Level 1 evidence (data from randomized prospective trials).
eAATS Tier 2: Patients determined to be at risk by Level 2 evidence (data from case control studies or nonrandomized trials) or Level 3 evidence (consensus opinion).
fACCP Grade 2B: Weak recommendation based on moderate quality data.
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Chronic obstructive pulmonary disease (COPD) affects mil-
lions of people worldwide, resulting in morbidity, mortality, 
and substantial utilization of health care resources. This 
review focuses on the epidemiology of COPD, management 
strategies, and the health and economic impact of this con-
dition in North Carolina.

Chronic obstructive pulmonary disease (COPD) is a 
common respiratory disorder characterized by non-

reversible airflow obstruction. When a susceptible indi-
vidual is exposed to a noxious substance, pathophysiologic 
changes take place in the small airways, lung parenchyma, 
and pulmonary vasculature that cause airflow limitation. 
These changes result in the clinical manifestations of COPD: 
dyspnea, cough, hypoxemia, and mucous production. Acute 
exacerbations and comorbidities add to the overall severity 
and complications of the disease. 

COPD is a major cause of morbidity and mortality world-
wide [1]. The disease also uses a large portion of health care 
resources and is a significant social and economic burden. 
The Global Initiative for Chronic Obstructive Lung Diseases 
(GOLD), a program shaped by committees made up of inter-
national experts, seeks to raise awareness of COPD among 
health care professionals in order to improve prevention and 
management. The initiative has established evidence-based 
guidelines that are considered to be the standard of care [1]; 
these guidelines focus on the diagnosis, management, and 
prevention of COPD. This article reviews the epidemiology 
and basic management of COPD according to the GOLD 
guidelines and describes the effects of the disease in North 
Carolina.

Epidemiology

Recent data suggest that COPD is more prevalent among 
smokers (current and past), people over the age of 40 years, 
and men [1]. COPD is a major cause of chronic morbidity—
including hospitalizations, dyspnea, and health care utiliza-
tion—and in 2010 it was the third leading cause of death 
worldwide [2]. The social and economic ramifications of 
managing this disease are considerable and are increasing. In 
the United States, the direct and indirect costs of COPD are 
estimated to be $29.5 billion and $20.4 billion, respectively 
[1].

In North Carolina, COPD is common and has increased the 
utilization of health care resources. Analysis of data from the 
2007 and 2009 Behavioral Risk Factor Surveillance System 
surveys showed that, in North Carolina, 5.7% of respondents 
(2,187 out of 26,227) reported having been diagnosed with 
COPD [3]. Although COPD is more common among men, 
COPD-related mortality among woman in North Carolina is 
increasing, with the death rate increasing from 12.9 to 59.1 
per 100,000 population from 1980 through 2006. Mortality 
among men in North Carolina also increased during this 
period, but this increase was much smaller, from 72.9 to 
83.7 per 100,000 population [4]. Additionally, from 2003 
to 2007, there were 33,507 hospital discharges in North 
Carolina with a diagnosis of COPD, and the charges for these 
hospitalizations totaled $421.6 million; these numbers are 
greater than those for 1995–1999, when there were 28,496 
hospital discharges with a diagnosis of COPD, with charges 
totaling $225.7 million [5].

Risk Factors

COPD results from the interaction of genetic and envi-
ronmental factors. This interaction is best demonstrated by 
hereditary deficiency of alpha-1 antitrypsin (AAT), which is 
a well-documented risk factor for COPD [1]. Patients with 
COPD who are younger than 45 years of age or who live in 
an area with a high prevalence of AAT deficiency should 
undergo testing for this deficiency [1].

The main risk factor for developing COPD is cigarette 
smoking. Data clearly show that smokers have more symp-
toms, a higher rate of decline in lung function, and a higher 
rate of mortality than do nonsmokers [6]. Passive exposure 
to secondhand tobacco smoke can lead to respiratory symp-
toms and COPD [7].

In North Carolina, approximately 21% of adults and 11% 
of youth aged 12–17 years are current smokers [8]. During 
the period 2000–2004, the average annual smoking-
attributable mortality rate among North Carolinians aged 
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35 years or older was 298.4 deaths per 100,000 popula-
tion [8], which translates to about 12,000 deaths each year 
as a result of tobacco use. Most of these deaths are the 
result of COPD. In 2012, North Carolina Prevention Partners 
released a prevention report card [9] affirming that smoking 
is still the leading cause of preventable death in the state. 
According to the report, 60.5% of serious smokers in North 
Carolina are trying to quit, compared with 52% nationwide.

Although smoking is the most common risk factor for 
acquiring COPD, environmental or occupational exposure 
to organic or inorganic dust particles also places an indi-
vidual at significant risk. Occupational exposures account 
for 10% to 20% of the symptoms and functional impair-
ment associated with COPD [1]. The burning of substances 
such as wood, animal dung, or coal can lead to COPD. In 
particular, indoor pollution from biomass cooking in poorly 
ventilated areas is an important risk factor for the disease 
[10]. Exposure to outdoor pollutants appears to have some 
impact on the development of COPD, but the effect is small 
compared with that of cigarette smoking [1].

Diagnosis and Staging

The diagnosis of COPD is based on 3 considerations: a 
history of symptoms consistent with the disease (dyspnea, 
cough, and sputum production), a history of exposure to  
1 or more noxious substances known to be a risk factor for 
COPD, and measurement of airflow obstruction. Treatment 
is based on the severity of symptoms and the degree of air-
flow limitation.

The most accurate method of demonstrating airflow limi-
tation is spirometry, which involves measuring 2 respiratory 
variables. Forced expiratory volume in 1 second (FEV1) is 
the amount of air that can be forcibly blown out during the 
first second of forced exhalation after complete inhalation. 
Forced vital capacity (FVC) is the total amount of air forcibly 
exhaled after a complete inhalation. The GOLD guidelines 
for diagnosis and management of COPD state that airflow 
obstruction is present when the FEV1/FVC ratio is less than 
.70 when measured after administration of a short-acting 
inhaled bronchodilator [1]. However, using this fixed cutoff 
to define airflow limitation may result in overdiagnosis of 
COPD [1].

Depending on the degree of airflow obstruction, the sever-
ity of COPD is classified as stage I, 2, 3, or 4. (Spirometric 
cutpoints are listed in Table 1.) Staging of COPD helps to 
determine therapy. Also, a higher GOLD stage (indicating 
worsening of airflow limitation) correlates with increased 
risk of exacerbations of COPD, a higher number of hospital-
izations, and a higher 3-year mortality rate [1].

Prevention and Management

Prevention of disease is the ultimate goal. Once COPD 
has been diagnosed, however, effective management should 
be aimed at reducing symptoms and reducing risk of exacer-
bations, disease progression, and death [1].

Prevention. COPD can be relatively easily prevented by 
not smoking cigarettes, avoiding secondhand smoke, and 
avoiding the inhalation of other noxious particles, such as 
chemical dust and fumes, both at home and in the work-
place. The use of personal protective equipment and adher-
ence to Occupational Safety and Health Administration 
standards as it pertains to workplace exposure are recom-
mended and may help to decrease contact with noxious 
fumes and chemicals.

Public health policies and educational efforts are aiming 
to decrease North Carolinians’ exposure to cigarette smoke 
and other noxious particles that are found indoors. North 
Carolina has taken measures to help control exposure to 
secondhand smoke among the general public. In 2009 the 
North Carolina General Assembly passed a law [11] banning 
smoking in almost all restaurants and bars.

It also may be appropriate to pursue legislation that 
minimizes occupational exposure to toxic particles by 
implementing engineering control and elimination of these 
particles—for example, by providing appropriate ventilation 
or finding substitutes for toxic substances. Such legislation 
could help to prevent work-related COPD.

Nonpharmacologic management. In patients for whom it 
is indicated, long-term oxygen therapy (more than 15 hours 
per day) has been shown to decrease mortality rates and 
hospitalization rates [12, 13]. To be an appropriate candidate 
for such therapy, the patient must have partial pressure of 
oxygen (Pao2) at or below 55 mm Hg or oxygen saturation 
(Sao2) at or below 88% on arterial blood gas analysis, when 
measured on room air. Either of these findings can occur 
with or without hypercapnia (increased carbon dioxide), and 
the measurement must be confirmed twice over a 3-week 
period. For patients who have pulmonary hypertension, 
peripheral edema, or polycythemia (hematocrit greater 
than 55%), long-term oxygen therapy is appropriate if Pao2 
is between 55 mm Hg and 60 mm Hg or Sao2 is 88% [1].

Pulmonary rehabilitation has been shown to improve dys-
pnea, to enhance quality of life, to decrease hospitalizations, 
to decrease the number of days spent in the hospital, and 
to enhance exercise capacity; it may even improve survival 
[1]. Rehabilitation programs attempt to address the muscle 
wasting, deconditioning, depression, social isolation, and 
weight loss that often accompany COPD. Active smoking 
status is no longer an exclusion criterion, and pulmonary 
rehabilitation programs may include smoking cessation 
counseling.

Pharmacologic management. Smoking cessation remains 
the only intervention that can attenuate the age-related 
decline in FEV1 experienced by patients with COPD [14]. 
Brief physician counseling alone is associated with a 5% 
to 10% smoking cessation rate [1]. Nicotine replacement 
products, varenicline, and bupropion are additional first-line 
options.

Bronchodilators include beta-agonists and muscarinic 
antagonists, both of which are available in short-acting and 
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long-acting formulations. Despite the myriad of broncho-
dilators and inhaled corticosteroids available, none have 
been shown to modify the long-term decline in lung function 
that is associated with COPD, nor have any been shown to 
conclusively improve mortality. The role of these agents in 
COPD management is to decrease symptoms and exacerba-
tions and to improve exercise tolerance and quality of life.

The GOLD 2013 guidelines recommend using bronchodi-
lators and/or inhaled corticosteroids based on the patient’s 
symptoms and his or her risk of exacerbations (Table 1). 
Symptoms are assessed using an instrument such as the 
Modified Medical Research Council Dyspnea Scale or the 
COPD Assessment Test; for example, if a patient walks 
slower than his or her peers because of dyspnea, that would 
be a symptom of COPD. A patient has a high risk of exacer-
bation if he or she has experienced 2 or more exacerbations 
in the past year or if his or her FEV1 is less than 50% of the 
predicted value when measured with post-bronchodilator 
spirometry [1].

The recommended treatment for patients with less severe 
symptoms and a low risk of exacerbations is a short-acting 
muscarinic antagonist or a short-acting beta-agonist. In 
patients with moderate to severe disease, triple therapy with 
a long-acting beta-agonist, a long-acting muscarinic antag-
onist, and an inhaled corticosteroid improves lung function 
and may also improve quality of life and decrease exacerba-
tions requiring hospitalization [15]. Long-term monotherapy 
with an inhaled corticosteroid is not recommended given the 
adverse effects of this drug, which include pneumonia, and 
the relatively decreased efficacy of such therapy. Likewise, 
the adverse effects of long-term oral corticosteroids—which 
include osteoporosis, cataracts, muscle wasting, and weight 
gain—make these agents unappealing. Strong evidence 
argues against their use as long-term monotherapy [1].

Roflumilast, the first phosphodiesterase-4 inhibitor to 
be approved for treatment of COPD, exerts an anti-inflam-
matory effect by inhibiting the breakdown of intracellular 
cyclic adenosine monophosphate. Multiple studies have 

shown that use of this agent decreases moderate exacerba-
tions requiring steroids and decreases severe exacerbations 
requiring hospitalization [16]. The rate of discontinuation is 
higher with roflumilast than placebo (14% versus 11%), usu-
ally due to headache, diarrhea, or weight loss [16]. Given 
the long half-life of roflumilast (17 hours) and the even lon-
ger half-life of the active metabolite roflumilast N-oxide 
(30 hours), every-other-day dosing may be considered 
for patients who are experiencing side effects, although 
the drug’s efficacy may be attenuated on such a schedule. 
Current guidelines recommend that clinicians consider add-
ing roflumilast to the treatment regimen if patients have a 
high risk of exacerbations (that is, if patients have an FEV1 
less than 50% of the predicted value or they have experi-
enced 2 or more exacerbations in the past year) [1].

Finally, influenza vaccination in patients with COPD 
has been shown to decrease exacerbations of the disease, 
although it does not decrease hospitalizations or mortality 
[17]. The GOLD 2013 guidelines recommend yearly adminis-
tration of either killed viruses or live-inactivated viruses [1].

Surgical therapy. Lung volume-reduction surgery (LVRS) 
is a surgical procedure that removes parts of the patient’s 
lungs in order to decrease hyperinflation. LVRS has been 
shown to decrease the mortality rate in patients whose 
exercise capacity after rehabilitation is poor and who have 
severe emphysema that predominantly affects the upper 
lobes; however, LVRS is costly compared with medical ther-
apy [1]. Lung transplantation is an option for patients with 
severe COPD and has been shown to improve quality of life 
and to decrease mortality [1].

Conclusion

COPD is a debilitating disease that results in substantial 
morbidity and mortality as well as significant utilization of 
health care resources. The major risk factor for developing 
COPD is tobacco smoking. In North Carolina, much work 
remains to be done in terms of tobacco cessation, given the 
significant smoking rates among the state’s adults and chil-

table 1.
Recommended Therapy for Each Stage of Chronic Obstructive Pulmonary Diseasea

GOLD stage Recommended therapy according to GOLD guidelines

  Influenza  Short-acting Long-acting Pulmonary Inhaled Long-term 
  vaccine bronchodilator bronchodilator  rehabilitation corticosteroid oxygen therapy; 
    (1 or more)  if repeated  consider surgical 
      exacerbations procedures

I. Mild 
 FEV1 > 80%  Yes Yes No No No No

2. Moderate 
 FEV1 50%–80% Yes Yes Yes Yes No No

3. Severe 
 FEV1 30%–50% Yes Yes Yes Yes Yes No

4. Very severe 
 FEV1 < 30%  Yes Yes Yes Yes Yes Yes

Note. GOLD, Global Initiative for Chronic Obstructive Lung Diseases.
aGOLD stage is based on the severity of airflow limitation measured in terms of forced expiratory volume in 1 second (FEV1), as a 
percentage of the predicted value, after administration of a short-acting bronchodilator.
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dren. Prevention is the key to success. This can be accom-
plished by aggressive education and through public health 
policy (eg, the banning of smoking in certain public areas). 
Emphasis needs to be placed not only on smoking cessa-
tion but also on the reduction of occupational exposure to 
noxious particles. Strategies to prevent work-related COPD 
include exposure controls such as elimination, engineering 
controls, diesel filters, administrative controls, and personal 
protective equipment.

For those who already have COPD, smoking cessation is 
essential and can reduce mortality. Long-term oxygen ther-
apy also reduces mortality in patients for whom it is indi-
cated. The goals of therapy are to reduce symptoms and to 
reduce the risk of disease progression, exacerbations, and 
death. Pharmacologic management of COPD should follow 
the GOLD guidelines, which recommend a stepwise addi-
tion of pharmacologic treatments based on the severity of 
the disease.  
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Tuberculosis is a major cause of morbidity and mortality 
worldwide, but the number of cases is now lower than ever 
before, both in the United States and in North Carolina. 
Although case rates are declining, public health funding for 
tuberculosis is also declining; it remains to be seen whether 
tuberculosis will be successfully eliminated or whether it will 
reemerge in the United States.

Tuberculosis is the model of a disease that can only be 
successfully controlled through the integration of pub-

lic health practice and individual health care. The respon-
sible organism, Mycobacterium tuberculosis, is an obligate 
pathogen in humans—that is, it requires a host for growth 
and reproduction, and it must cause disease in order to be 
transmitted. It is transmitted from person to person via the 
respiratory route when an individual with pulmonary disease 
coughs, speaks, breathes, or sneezes. After transmission, 
disease occurs in a minority of infected persons, and pro-
gression to disease can be prevented with appropriate treat-
ment. In theory, the cycle of transmission and progression 
to active disease can be broken by appropriately identifying 
and treating both ill individuals and those with latent infec-
tions, which would eventually result in disease elimination.

In the United States, vigorous public health efforts over 
the past 20 years have been directed toward breaking this 
cycle. Many states, including North Carolina, have elimi-
nated barriers to appropriate tuberculosis treatment by pro-
viding free medications to all infected persons. In addition, 
local health departments routinely identify and test contacts 
of persons with infectious tuberculosis, thus identifying 
newly infected individuals (who have latent infections but 
are at relatively high risk to progress to active tuberculo-
sis) and offering treatment to prevent future disease. These 
efforts require significant investment of resources; a large 
2006 study estimated that in 2002 alone, between 291,000 
and 433,000 persons were started on treatment for latent 
tuberculosis infection [1]. Investment of these resources 
seems to be paying off; the authors of the study estimated 
that 4,000 to 11,000 future cases of active tuberculo-
sis were prevented because of this treatment. In fact, the 
number of tuberculosis cases reported in the United States 
in 2012 was at a historic low (9,951 cases; incidence rate,  
3.2 cases per 100,000 population), representing the  
20th consecutive year of decline [2]. Similarly, North 
Carolina had the lowest number of cases ever reported in 

2012 (211 cases; incidence rate, 2.2 cases per 100,000 pop-
ulation), ranking North Carolina 29th among states in terms 
of incidence rate and 13th in terms of number of cases (Kitty 
Herrin, personal communication). In addition, the levels of 
drug-resistant tuberculosis have remained at relatively low 
levels. In 2011, the most recent year for which data were 
available, 127 cases of multidrug-resistant tuberculosis were 
reported in the United States [2], 2 of which were in North 
Carolina [3].

Although these statistics are encouraging, it is premature 
to declare victory in the war on tuberculosis—as has mis-
takenly been done before, with disastrous consequences. 
Tuberculosis is still being actively transmitted in North 
Carolina, particularly among disadvantaged minority popu-
lations. This disparity is most clearly seen in children with 
tuberculosis, many of whom have been recently infected. 
A study performed a decade ago found that, of children 
reported to be infected with tuberculosis in North Carolina 
during the period 1994–2002, 88.3% were nonwhite [4]; 
information in the North Carolina Electronic Disease 
Surveillance System database indicates that over the sub-
sequent decade (2003–2012), that percentage remained 
essentially unchanged at about 89% [5]. Tuberculosis case 
rates are significantly higher among nonwhite populations 
than among whites both in North Carolina and in the United 
States as a whole. In 2012 the case rates among Asians, 
blacks, and Hispanics in the United States were 25.0, 7.3, 
and 6.6 times higher than the rate among whites, respec-
tively [2]. 

Much of this health disparity is driven by the increasing 
proportion of tuberculosis cases attributable to foreign-born 
persons (imported tuberculosis). In 2012 a record 63% of 
all reported tuberculosis cases in the United States among 
individuals whose national origin was known occurred in 
persons who were foreign-born [2]. In North Carolina, 
foreign-born individuals accounted for 46% of all reported 
cases of tuberculosis [5]. These foreign-born cases usually 
represent infection in the country of origin, followed by reac-
tivation after immigration to the United States. Given that 
more than 1 million immigrants enter the United States every 
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year [6], tuberculosis will never be eliminated in this country 
as long as the disease remains prevalent in the rest of the 
world.

Continued investment of resources will clearly be needed 
to prevent a resurgence of tuberculosis in the United States, 
but these resources may be in jeopardy. Funding provided 
by the Centers for Disease Control and Prevention (CDC) 
to state and local tuberculosis control programs has been 
reduced every year for the past several years. Many state 
and local government budgets have faced fiscal pressures 
that in turn put pressure on public health programs. In addi-
tion, some of the key tools of tuberculosis control have been 
limited in recent years. In the past year alone, shortages 
of key drugs such as isoniazid, amikacin, and intravenous 
rifampin have been reported [7, 8]. These shortages have 
resulted in rationing of therapy and delay in initiating treat-
ment of latent tuberculosis [9]. Furthermore, a shortage of 

the purified protein derivative (PPD) used for the tuberculin 
skin test has impaired clinicians’ ability to screen exposed 
persons and identify those who are infected and would 
benefit from treatment of latent tuberculosis [10]. In the 
face of these shortages, a cynical observer might comment 
that tuberculosis statistics will continue to improve simply 
because we cannot detect the infection, due to the lack of 
PPD, and that we do not have the drugs to treat the disease 
if we do detect it.

In addition to resource constraints, tuberculosis control 
may fall victim to its own success. The decline in tuberculo-
sis incidence translates to a decline in clinician experience 
with the disease, which may result in failure to recognize 
tuberculosis when it is encountered. Recent evidence sup-
ports a link between low levels of clinician experience with 
tuberculosis and delayed diagnosis. An examination of US 
surveillance data led to a 2009 report indicating that the 
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Successful treatment of patients with latent tubercu-
losis infection is an important part of North Carolina’s 
strategy for controlling this disease. Latent tuberculosis 
infection is defined as the presence of Mycobacterium tu-
berculosis, which might later cause disease, in a patient 
who currently has no symptoms [1]. By successfully treat-
ing persons with latent infection who are most at risk of 
developing active disease, new cases of tuberculosis can 
be prevented.

The North Carolina Division of Public Health sets goals 
for adherence to treatment of latent tuberculosis infec-
tion. These goals specify the target completion rates of 
prescribed treatment for patients in 3 categories: 83% of 
contacts to sputum acid-fast bacilli (AFB) smear-positive 
tuberculosis patients who start treatment for newly diag-
nosed latent tuberculosis infection; 73% of immigrants 
and refugees with abnormal chest radiographs read over-
seas as consistent with tuberculosis, and who are diag-
nosed with latent tuberculosis infection during evaluation 
in the United States and started on treatment; and 65% of 
all persons (non-contact) who begin treatment for latent 
tuberculosis infection [2].

Local health departments are challenged to meet these 
goals. With the world’s population becoming more mobile, 
increasing numbers of people from countries with high 
rates of tuberculosis infection immigrate to North Caro-
lina. New residents and visitors from other countries may 
have different cultural beliefs about health and illness, and 
many do not speak English. Transportation difficulties and 
coinfection with human immunodeficiency virus (HIV) and 
viral hepatitis are other obstacles to treatment adherence.

The traditional treatment of choice for latent tuber-

culosis infection is isoniazid—also known as isonicoti-
nylhydrazine (INH)—taken daily for 9 months without 
observation. Given the long treatment course, reliance on 
self-administration, and occasional side effects, it is not 
unusual for patients to discontinue their medication with-
out consulting a health care provider. When cultural, lan-
guage, and transportation barriers are also present, there 
are even more reasons why treatment adherence may fall 
short of the desired goals.

How can local health departments improve patient 
compliance with treatment of latent tuberculosis infec-
tion? Strategies that increase treatment adherence in-
clude shorter treatment regimens with medications other 
than isoniazid, efficient utilization of human resources to 
facilitate directly observed treatment, and changes in the 
messages given to patients.

During the past year, the Centers for Disease Control 
and Prevention approved guidelines for new treatment 
regimens for latent tuberculosis infection, which have 
been adopted by the North Carolina Division of Public 
Health. Rifampin, one of the mainstays of antibiotic treat-
ment for active tuberculosis, has been approved for un-
supervised daily use to treat latent tuberculosis, which 
allows for a shorter course of therapy (currently 4 months 
for adults or 6 months for children). Another approved 
regimen calls for administration of isoniazid and rifapen-
tine once weekly for 12 weeks, under direct observation by 
a health care professional [3]. Use of these regimens cuts 
the length of treatment by more than half and improves 
the chances that patients will complete treatment.

Efficient use of health care personnel can also increase 
treatment success. As the number of active cases of tu-
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proportion of tuberculosis patients with advanced pulmo-
nary disease (indicated by positive acid-fast smears with 
cavitation) steadily increased during the period 1993–2006 
[11]. Furthermore, the proportion of tuberculosis patients 
with advanced disease in a given county was increasingly 
associated with a lower rate of tuberculosis disease in that 
county, which is particularly problematic because advanced 
disease is associated with greater infectiousness, and latent 
disease may be underreported or undetected. Delayed diag-
nosis of cases in low-incidence areas where providers and 
patients are less likely to be familiar with tuberculosis may 
easily lead to local outbreaks and a resurgence of the dis-
ease. Creative strategies, including targeted education of 
providers and high-risk populations, will be needed to pre-
vent the erosion of previously achieved gains in tuberculosis 
control.

New technologies may help to facilitate continued 
progress toward tuberculosis elimination (Table 1). Rapid, 
sensitive, and specific techniques for diagnosing active 
tuberculosis are essential to reduce diagnostic delay and 
to increase the likelihood that appropriate treatment will 
be initiated in a timely fashion. Such techniques are par-
ticularly needed as clinical expertise declines and clinicians 
become less comfortable initiating empiric antituberculous 
treatment. Unfortunately, standard rapid diagnostic tests 
(nucleic acid amplification) are challenging to implement 
from a quality assurance and cost-effectiveness perspective 
when the number of tests performed is low. Referral labora-
tories may process enough specimens to make offering such 
tests feasible, but the delay inherent in sending specimens 
to referral laboratories and receiving results reduces some 
of the benefit of rapid testing. 

berculosis continues to decline in North Carolina, health 
departments are turning their attention to preventing new 
cases. A retrospective chart review of patients with la-
tent tuberculosis infection who were seen in Mecklenburg 
County during the period 1996–2003 showed that, among 
patients with latent infection who were close contacts of 
a patient with active disease, direct observation of treat-
ment resulted in an additional 30% of patients completing 
treatment (compared with self-administered treatment) 
[4]. Outreach nurses sometimes take tuberculosis medi-
cations to the homes of patients with active tuberculosis, 
and there are often others living in the same households 
who have been exposed and who need treatment for latent 
tuberculosis infection. The outreach nurse can directly ob-
serve treatment of these household members with latent 
infection at the same time that he or she visits the patient 
with active disease. Health departments have also en-
gaged health care workers other than health department 
nurses to facilitate directly observed treatment. To mini-
mize transportation barriers and increase convenience, 
pharmacists and nurses in physician practices have been 
utilized to observe patients with active disease as they 
swallow their medications, and these personnel could also 
observe treatment of those with latent infections. Some 
states have also been exploring the use of video technol-
ogy for “direct” observation, which could increase a health 
department’s capacity to observe treatment of latent tu-
berculosis infection.

Finally, tuberculosis control staff members in North 
Carolina have found that how they communicate with 
patients can make a difference in patient compliance. Be-
cause patients with latent tuberculosis infection are by 
definition asymptomatic, many do not understand the im-
portance of treatment to prevent active disease. Spending 
a few extra minutes to explain how taking 1 or 2 medica-
tions for several months can prevent illness, loss of work 
time, disability, and even death can usually make an im-

pact on the patient’s perspective.
All of these strategies can improve adherence to treat-

ment of latent tuberculosis infection, particularly when 
they are employed in patients at highest risk: close con-
tacts of patients with active disease, children, and those 
with HIV infection or another chronic illness. Successful 
treatment of latent tuberculosis can in turn contribute to 
the continuing decline in North Carolina’s tuberculosis 
rate.  

Stephen R. Keener, MD, MPH medical director, Mecklenburg County 
Health Department, Charlotte, North Carolina.
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The Cepheid GeneXpert test (Xpert MTB-RIF), an auto-
mated molecular test for M. tuberculosis and resistance to 
rifampin, may overcome some of these barriers. In inter-
national studies in tuberculosis-endemic areas, this test 
demonstrated excellent sensitivity and specificity [12]. This 
test is attractive in low-incidence settings where the volume 
of tests performed in laboratories is low. First, many labo-
ratories already have the (expensive) machine required to 
run the test, as the same machine is used for other com-
monly ordered tests—such as rapid detection of methicil-
lin-resistant Staphylococcus aureus, Clostridium difficile, and 
vancomycin-resistant Enterococcus species. Second, the test 
requires minimal technician time and expertise to perform. 
Third, the test provides simultaneous detection of M. tuber-
culosis and of rifampin resistance; the latter is a good marker 
for multidrug-resistant tuberculosis, which requires a differ-
ent therapeutic approach.

A second relatively new technology that may help in 
domestic tuberculosis control is the interferon-gamma 
release assay. Two such assays are commercially available 
in the United States: the QuantiFERON-TB Gold In-Tube test 
and the T-SPOT.TB test. These assays, which measure an  
in vitro immune response to M. tuberculosis–specific anti-
gens, have several advantages over the tuberculin skin test. 
First, they require only a single blood draw to obtain a result, 
compared with the 2 office visits needed to perform and 
interpret a tuberculin skin test. Second, the antigens used 
in these tests are not present in either the bacille Calmette-
Guérin (BCG) vaccine or in most nontuberculous mycobac-
teria, which should reduce the likelihood of false-positive 
results compared with the tuberculin skin test. Third, these 

assays eliminate the need for personnel who are experienced 
in reading tuberculin skin tests. However, the interferon-
gamma release assays are not a panacea. They are signifi-
cantly more expensive than the tuberculin skin test, do not 
discriminate between latent and active tuberculosis (neither 
does the skin test), and have significant associated biologi-
cal and laboratory variability that may confound interpreta-
tion. The CDC recommends use of these tests instead of the 
tuberculin skin test [13], but the  role of these tests in public 
health practice and tuberculosis elimination remains to be 
fully determined.

With carefully targeted provider education, new tech-
nologies, and sustained support for public health infrastruc-
ture, we will continue to make progress toward tuberculosis 
elimination. Complacency has the potential to undo the 
work of many decades, and we must remain focused on the 
core tasks of diagnosing, treating, and preventing tuberculo-
sis, both in the United States and abroad. In 2011 there were 
an estimated 8.7 million new cases of active tuberculosis in 
the world, including nearly half a million cases of multidrug-
resistant tuberculosis, and there were 1.4 million deaths 
from tuberculosis [14]. Eighty percent of new tuberculosis 
cases occur in just 22 high-incidence countries [14]. Given 
the number of immigrants who enter the United States every 
year, as well as the not-insignificant burden of tuberculosis 
among nonimmigrant visitors, our attention must be broader 
than the confines of our borders. A provocative cost-effec-
tiveness analysis published in 2005 [15] suggested that 
investing resources in tuberculosis control abroad would 
provide a greater reduction in US tuberculosis cases than 
would investing similar resources to detect and treat latent 

table 1.
Tests for Detecting Mycobacterium tuberculosis Infection

Type of test Test name(s) Advantages Disadvantages

Molecular	test	for		 Cepheid	 •	 The	test	has	excellent	sensitivity	and	specificity.	 •	 This	assay	is	currently	offered	by	only	a 
 M. tuberculosis		 GeneXpert	test	 •	 Many	laboratories	already	have	the	machine	 	 few	laboratories. 
 and rifampin (Xpert MTB-RIF)  required to run the test. 
	 resistance	 	 •	 The	test	requires	minimal	technician	time	and	 
    expertise. 
	 	 	 •	 The	test	provides	simultaneous	detection	of 
    M. tuberculosis and rifampin resistance. 

Tuberculin	skin	test	 	 •	 The	test	is	inexpensive	to	perform.	 •	 A	second	visit	is	required	to	read	the	test. 
	 	 	 •	 Providers	are	familiar	with	the	test.	 •	 Inter-reader	reliability	is	poor. 
	 	 	 •	 There	are	extensive	data	supporting	a	relationship		 •	 There	is	a	potential	for	false-positive	test 
    between a positive test result and the patient’s   results due to cross-reactivity with the 
    likelihood of developing active tuberculosis in the   BCG vaccine and environmental 
    future.  nontuberculous mycobacteria.

Interferon-gamma		 (1)	QuantiFERON-TB	 •	 Both	tests	are	commercially	available	in	the	 •	 These	tests	are	significantly	more 
 release assays Gold In-Tube test  United States.  expensive than the tuberculin skin test. 
	 	 (2)	T-SPOT.TB	test	 •	 These	tests	require	only	a	single	blood	draw	to		 •	 These	tests	are	associated	with 
    obtain a result.  significant biological and laboratory 
	 	 	 •	 These	tests	should	have	a	lower	likelihood	of		 	 variability	that	may	confound 
    false-positive results compared with the   interpretation. 
    tuberculin skin test. 
	 	 	 •	 These	tests	eliminate	the	need	for	personnel	who	 
    are experience in reading tuberculin skin tests.

Note. BCG, bacille Calmette-Guerin.
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tuberculosis infections after immigrants enter the United 
States. As the saying goes, tuberculosis anywhere is tuber-
culosis everywhere, and we must remain vigilant if we are to 
see an end to this scourge.  

Jason E. Stout, MD, MHS associate professor of medicine, Division of 
Infectious Diseases and International Health, Duke University Medical 
Center, Durham, North Carolina, and tuberculosis medical director, 
North Carolina Department of Health and Human Services, Raleigh, 
North Carolina.
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Pertussis is a highly contagious but vaccine-preventable 
disease. In spite of relatively high immunization rates, the 
number of cases continues to rise. A recent outbreak of per-
tussis in Alamance County, North Carolina, led to changes in 
response efforts and improved communication among part-
ners, but it also left public health workers with many unan-
swered questions.

Pertussis, or whooping cough, was first recognized in 
France in 1414, and the first epidemic was recorded 

in Paris in 1578, but the organism responsible for infection, 
Bordetella pertussis, was not isolated until 1900 [1]. Known 
for the fits of coughing it causes and for the distinctive 
whooping sound patients make between coughs, pertussis 
remains one of the leading causes of deaths from vaccine-
preventable disease worldwide, resulting in an estimated 
300,000 deaths per year [2]. Until the late 20th century, 
pertussis was one of the most common childhood diseases 
in the United States.

Pertussis is typically described as having 3 stages [3]. 
The first stage is characterized by cold-like symptoms such 
as a runny nose, low-grade fever, and a mild cough; this stage 
may last up to 2 weeks. The next stage involves numerous 
coughing fits, and patients typically make a whooping sound 
between coughs—hence the common name “whooping 
cough.” This second stage typically lasts 1–6 weeks but may 
last as long as 10 weeks. Coughing decreases during the final 
stage, but coughing fits may still occur; this convalescence 
stage may last a couple of weeks [3]. 

Antibiotic treatment is standard for pertussis infection, 
and early treatment is important for decreasing the severity 
of illness and for preventing the spread of disease. However, 
antibiotic treatment after 3 weeks of illness is unlikely 
to be effective; by that time, bacteria have left the body, 
although symptoms may still be present. Antibiotics may 
also be given to individuals who have been in contact with 
an infected individual in order to prevent further spread of 
the disease [4].

At its peak in the 1930s, pertussis affected approxi-
mately 265,000 individuals per year and killed thousands 
of American children every year. Use of vaccine began in 
the mid-1940s and eventually became widespread, after 
which the number of cases of pertussis declined dramati-

cally, reaching an all-time low in the late 1970s [5]. Since 
the 1980s, the number of pertussis cases has gradually 
increased, however, with outbreaks occurring approximately 
every 3–5 years [5]. Alamance County experienced such an 
outbreak beginning in the winter of 2011.

In December 2011, a child attending a local Alamance 
County school was diagnosed with pertussis. Upon investiga-
tion of the child’s contacts, many other children were found 
to be exhibiting symptoms of pertussis. Initially, staff mem-
bers of the Alamance County Health Department followed 
existing guidelines from the Centers for Disease Control and 
Prevention (CDC), which stated that antibiotic prophylaxis 
should be administered to all close contacts of each case—
that is, household contacts and others who had spent at least 
15 minutes within 3 feet of the infected child [6]. Additionally, 
if 2 or more cases were found in the same classroom or on 
the same school bus, then all the children in that class or on 
that bus were considered contacts and received prophylaxis. 
Following these guidelines was a daunting task, and hundreds 
of courses of prophylactic antibiotics were administered in 
the first few weeks of the outbreak.

After weeks of administering prophylactic antibiotics, the 
health department saw that this strategy was having little 
effect in containing the spread of the disease, so they asked 
state partners and the CDC to review the response approach. 
After consultation with these groups, the health department 
moved from a strategy of providing prophylaxis for all close 
contacts to a more targeted strategy that focused on pro-
viding protection for contacts who had the highest risk of 
morbidity if they were to become infected with pertussis. 
These high-risk individuals included close contacts with a 
weakened immune system or chronic lung disease, preg-
nant women at more than 20 weeks of gestation, and infants 
younger than 12 months of age [6]. At the same time, the 
health department redoubled efforts to administer booster 
doses of the combination vaccine containing tetanus toxoid, 
reduced diphtheria toxoid, and acellular pertussis (Tdap) to 
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all individuals meeting CDC criteria for vaccination.
From November 2011 through October 2012, 173 cases 

of pertussis were identified in Alamance County (Table 1). 
The number of cases began to return to baseline in August 
2012 and has remained at or below baseline since that time. 
The number of cases peaked between December 2011 and 
February 2012, with the highest number of cases diagnosed 
in December (n = 42). The median age of infected individu-
als was 8 years, but infected individuals ranged in age from 
less than 12 months to 87 years. Of note, more than 17% of 
infected individuals were 18 years of age or older. 

In approximately 88% of the laboratory-confirmed cases 
of pertussis and in 76% of probable cases, the patient was 
up-to-date on pertussis vaccine. In the cases involving 
school-age children, almost all (98%) of the patients were 
up-to-date on pertussis vaccine. In 2 cases, the patient was 
too young to have received the vaccine. No pertussis-related 
deaths occurred during this outbreak.

In addition to implementing revised guidelines for anti-
biotic prophylaxis and redoubling immunization efforts, the 

health department responded to the outbreak by initiating 
the Incident Command System—which is often used in pre-
paredness work—to organize staff, community partners, 
and the overall effort. Under unified command, representa-
tives from the health department, the Alamance-Burlington 
School System administration, the local hospital, and private 
practices—along with school principals, school nurses, and 
public information officers—developed initial action plans, 
set objectives, and assigned tasks. A 3-pronged approach 
was used to disseminate information to stakeholders: a let-
ter was sent to all parents with children in the local school 
system; a communicable-disease bulletin was sent to local 
medical providers to increase their awareness of pertus-
sis in the community; and press releases were prepared for 
the community at large. As more and more potential con-
tacts were identified, the health department created a 24/7 
communicable-disease phone line to answer questions from 
parents. Restrictions and cost barriers for booster doses of 
pertussis vaccine (Tdap) were lifted, allowing the health 
department to administer the vaccine to anyone meeting 

Tdap Vaccination in Pregnancy:  
New Guidance, New Challenges
Diana Curran

The incidence of pertussis outbreaks in the United 
States has increased over the past several years, and in-
fants have been disproportionately affected. As a result, 
in October 2011 the Advisory Committee on Immunization 
Practices (ACIP) of the Centers for Disease Control and 
Prevention (CDC) recommended that pregnant women, 
and other individuals who come into close contact with in-
fants, be vaccinated with a single booster dose of tetanus 
toxoid, reduced diphtheria toxoid, and acellular pertussis 
vaccine (Tdap) to “cocoon” infants against exposure to 
pertussis [1]. Due to their immature immune system, in-
fants cannot begin to receive the pertussis vaccine before 
age 6 weeks. To gradually build immunity, the ACIP recom-
mends vaccinations at ages 2, 4, 6 and 15–18 months and 
4–6 years [2]. In 2010 a total of 3,350 cases of pertussis 
occurred in infants younger than 6 months, resulting in  
25 deaths; in 30% to 40% of cases in which the source of 
the infection was identified, the infant had acquired per-
tussis from his or her mother [3].

In 2012 the ACIP added the recommendation that 
every pregnant woman should be vaccinated between  
27 and 36 weeks of gestation, during each pregnancy [4]. 
When Tdap is given during the final weeks of pregnancy, 
it boosts maternal antibodies and maximizes both the 
mother’s protection and the infant’s protection through 
passive immunity. The optimal timing of vaccination is at 
least 2 weeks prior to delivery and after 30 weeks gesta-
tion, when the active transport of maternal immunoglobu-
lin G occurs [4].

Adopting this recommendation will be challenging, 
however, because of concerns about safety and fetal ef-
fects. The ACIP reviewed the best data available and con-
siders administration of Tdap during pregnancy to be safe. 
The most common adverse events are fever (which occurs 
in 2.4% to 6.5% of patients) and pain at the site of the 
injection. The risk of serious adverse events is estimated 
to be very low, but that estimate is based on data from 
only a small number of patients. The ACIP has concluded 
that the benefits of vaccination—reducing the numbers 
of neonatal infections, hospitalizations, and deaths—are 
greater than the risks of vaccination. The committee plans 
to monitor safety through the Vaccine Adverse Event Re-
porting System (VAERS) and the Vaccine Safety Datalink, 
and it will assess both adverse events at the time of vac-
cination and pregnancy and birth outcomes.

Implementing routine Tdap vaccination in maternity 
care is another challenge. For example, we have yet to do 
a good job of administering influenza vaccine to pregnant 
women. In the 2011–2012 influenza season, an Internet 
panel survey conducted by the CDC found that only 47% 
of the 1,660 women surveyed received the influenza vac-
cine either before or during pregnancy [5]. This survey 
also found that only 43.7% of women had a health care 
provider recommend and offer the vaccine; however, 
women who were offered the vaccine had a higher vac-
cination rate (73.6%) compared with pregnant women 
whose provider did not offer or recommend the vaccine 
(11.1%).
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table 1.
Demographics and Vaccine History of Pertussis Cases in Alamance County, North Carolina, November 2011–October 2012

Case status No. (%) Median age   Infants  Males  
   (range) No. (%) No. (%)  Pertussis vaccination status

       Up-to-date Not up- Not old enough Unknown 
     No. (%) to-date to receive No. (%) 
      No. (%) vaccinea  
       No. (%) 

Confirmed 87 (50) 9 years  5 (42) 40 (46) 76 (88) — 2b (2) 9 (10) 
  (3 weeks– 
  87 years)

Probable 86 (50) 8 years  7 (58) 35 (41) 65 (76) 1 (1) 1 (1) 19 (22) 
  (2 weeks– 
  75 years)

Total cases 173 (100) 8 years  12 (100) 75 (43) 141 (82) 1 (1) 3 (1) 28 (16) 
  (2 weeks– 
  87 years)

aPertussis vaccination begins at 2 months of age.
bAt onset of illness, 1 case was 3 weeks old and other was 5 weeks old. 

Cost is another barrier that prevents some private ma-
ternity care providers from offering vaccines. There is a 
financial disincentive to stock vaccine, because reimburse-
ment rates are low relative to the cost of purchasing and 
storing vaccine. Thus, some practices do not stock vaccine. 
When women must go elsewhere to get the recommended 
vaccine, their compliance is lower. Until cost and storage 
considerations can be addressed, practices may not be 
able to implement the new Tdap recommendations.

Participation in the North Carolina Pregnancy Medical 
Home program—which was developed by the North Caro-
lina Division of Medical Assistance, the North Carolina 
Division of Public Health, and Community Care of North 
Carolina—may help facilitate adoption of Tdap vaccina-
tion during pregnancy. This Medicaid-sponsored program 
has promoted collaboration among maternity practices 
seeking to adopt evidence-based practices for pregnancy 
care. The program uses case management services to 
help expectant mothers achieve health goals. Workgroups 
meet regionally and regularly to educate prenatal pro-
viders statewide. Using this network to spread the word 
about the new Tdap vaccination recommendations may 
increase compliance within the Pregnancy Medical Home 
program. Partnering with local health departments may 
also help practices gain skills in purchasing and safely 
storing vaccine.

In my practice at a local health department, we assess 
the immunization status of pregnant women during their 
initial prenatal visit by reviewing their record in the North 
Carolina Immunization Registry and by testing them for 
immunity to rubella and varicella. If they require a vac-
cine, we put a note on the problem list. During influenza 
season, we offer influenza vaccine beginning in October, 
and we try to catch patients at their next routine visit. We 
then vaccinate new prenatal patients as they come in, until 

the end of March. We now also routinely discuss and offer 
Tdap vaccination at or after 30 weeks gestation.  

Diana Curran, MD medical director, Henderson County Department 
of Public Health, Hendersonville, North Carolina.
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CDC criteria, regardless of insurance eligibility or purchase 
constraints. Mass vaccination clinics were organized, and 
local health fairs and community events served as venues 
for administration of the vaccine. The health department 
also used off-site points of distribution for Tdap so that local 
providers could administer the vaccine at no cost, and the 
health department worked closely with staff members at 
the local hospital to vaccinate all new parents whose babies 
were delivered at the hospital, in order to create a cocoon of 
protection around infants who were too young to be eligible 
for the vaccine.

Although the outbreak dissipated, numerous challenges 
confronted those who were trying to prevent further dis-
ease in the community. Specific to this outbreak, timing was 
everything. Notification that the disease was present in the 
school system coincided with winter break and holiday cele-
brations, making it difficult to reach, isolate, and treat poten-
tial cases. In addition, because the local schools were the 
epicenter of cases, the initial approach of providing prophy-
laxis to all close contacts created a sizable challenge. The 
large number of individuals included in the initial approach 
meant that many public health workers were needed to 
track, notify, and monitor cases. The cost of prophylaxis for 
all close contacts was also significant. Hundreds of doses of 
antibiotics were administered in the initial response, and we 
still do not know the total cost to the public health system in 
Alamance County, as it includes not only the cost of the vac-
cine but also costs associated with staff hours at the health 
department, manpower hours at local schools, facility time 
at mass vaccinations, and miscellaneous supplies.

One of the challenges facing medical providers was dif-
ferentiating pertussis from other respiratory infections dur-
ing the advent of cold and influenza season. Since pertussis 
had seldom been seen in Alamance County, the outbreak 
served as a teaching moment, allowing public health work-
ers to educate private providers about the epidemiology, 
identification, treatment, and containment of pertussis. 
Additionally, it provided an opportunity to collaborate in 
addressing a communitywide outbreak of vaccine-prevent-
able communicable disease. The health department con-
tinually kept providers updated with the latest information 
by forwarding correspondences from the North Carolina 
Division of Public Health and the CDC regarding differentia-
tion of pertussis from other respiratory infections and effec-
tive control measures. This was especially true when the 
outbreak response changed.

As a more complete picture of this outbreak developed, 
larger and more global challenges also emerged. As we have 
noted, the vast majority of individuals diagnosed with per-
tussis during this outbreak had been properly immunized, 
which raised questions regarding the efficacy of the acellular 
vaccine and the potential need for additional booster doses 
of pertussis vaccine in elementary school–aged children and 
in adults. Currently, the CDC recommends that children get 
5 doses of the combination vaccine against diphtheria, teta-

nus, and pertussis (DTaP), to be administered at the ages of 
2 months, 4 months, 6 months, 15–18 months, and 4–6 years  
(prior to entry into kindergarten); doses of the booster 
(Tdap) should then be administered at age 11–12 years and 
again at age 19 years, especially if individuals have close con-
tact with infants [7]. The combined vaccine (DTaP) used to 
protect against pertussis was changed in the 1990s, with the 
whole-cell pertussis component being replaced by an acel-
lular pertussis component. Recent research suggests that the 
acellular combined vaccine may not provide the same level 
of protection as the previously used whole-cell combined 
vaccine, leaving individuals with varying immune responses 
or waning immunity [8, 9]. The booster vaccine (Tdap) also 
contains an acellular pertussis component. Although the 
local health department is not charged with addressing these 
larger issues, staff members do have questions regarding the 
potential for waning immunity when the acellular vaccine 
is administered. That said, booster doses of Tdap vaccine 
at ages 11–12 and 19 years remain the best defense against 
widespread pertussis.

Although pertussis is a vaccine-preventable disease and 
there is evidence of a relatively high rate of immunization 
in North Carolina, pertussis continues to endure as an epi-
sodic epidemic disease. Early identification of pertussis is 
especially important in treating infants and those living in 
households with infants. One of the most effective ways 
of protecting infants is to introduce vaccine at 2 months of 
age and to comply with the vaccination schedule recom-
mended by the CDC’s Advisory Committee on Immunization 
Practices. It is also important to ensure that adults who have 
close contact with vulnerable infants and children are prop-
erly immunized against pertussis. 

The pertussis outbreak in Alamance County led to 
changes in how public health workers respond to an out-
break in classroom and school situations; these changes 
were implemented following consultation with the CDC. The 
health department continues to educate caregivers, school 
staff, and the community at large about the importance of 
immunization for children and adults in order to prevent 
disease. Hopefully other communities and counties in the 
state will study the pertussis outbreak in Alamance County 
and reassess their own needs with regard to pertussis vac-
cine for their residents in order to better prevent future out-
breaks.  
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Stop serious childhood diseases in their 
tracks like you do your curious explorer.

Put up a wall of protection with safe, proven vaccines.  Giving your baby the 
recommended immunizations by age two is the best way to protect him from 14 vaccine-
preventable diseases, like whooping cough and measles.  For more reasons to vaccinate, talk 
to your child’s doctor or go to www.cdc.gov/vaccines or call 1-800-CDC-INFO.

Immunization. Power to Protect.
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Every influenza season presents different challenges: Novel 
viruses emerge, new groups of people are identified as being 
at high risk for complications, vaccine effectiveness var-
ies, and resistance to antiviral agents develops. Health care 
providers must partner with public health professionals to 
prevent influenza and to reduce the morbidity and mortality 
associated with this illness.

Influenza is a common respiratory illness responsible 
for many outpatient visits, hospitalizations, and deaths 

every year. During the influenza seasons spanning the 
decade 1990–1999, the disease resulted in an average of 
36,000 deaths and more than 200,000 hospitalizations 
each year in the United States [1, 2]. A review of data from 
the 31 influenza seasons during the period 1976–2007 
yielded estimates of the number of annual influenza-asso-
ciated deaths during that time, which ranged from 3,349 
deaths in the 1986–1987 influenza season to 48,614 deaths 
in the 2003–2004 season [3]. The vast majority of deaths 
occur in elderly individuals; however, rates of hospitaliza-
tion for infants and young children are similar to those for 
elderly patients. A 2007 study by Molinari and colleagues 
estimated that the direct health care costs related to sea-
sonal influenza total $10.4 billion annually; when indirect 
costs from missed days at work and premature death were 
included, using projected statistical life values, the total 
annual economic burden was estimated to be $87.1 billion 
(in 2003 dollars) [4].

Symptoms of influenza include sudden onset of fever, 
myalgias, and cough. Illness typically lasts 5 days; however, 
respiratory symptoms and malaise can persist for 2–3 weeks. 
Children may manifest gastrointestinal symptoms such as 
vomiting and diarrhea, and infants can present with a sep-
sis-like syndrome. Worsening of underlying chronic condi-
tions is responsible for most of the severe complications 
and mortality associated with influenza. Secondary bacte-
rial infections (eg, pneumonia) can occur in all age groups; 
in these cases, there is often a brief period of improvement 
followed by rapid deterioration.

Influenza is usually spread from person to person by 
inhalation of respiratory droplets produced by coughing 
and sneezing. Children are the major reservoir of influenza 
in community outbreaks, as they shed influenza virus lon-

ger and in larger quantities than do adults. Influenza activity 
in the United States usually peaks in January or February; 
however, some influenza seasons have peaked as late as 
May or as early as December. Because influenza circulates 
year-round, a diagnosis of influenza can be made at any time 
during the year, particularly in individuals who have traveled 
outside of the United States.

Two types of influenza virus are responsible for the vast 
majority of human disease: types A and B. Type A influenza 
viruses are further divided into subtypes based on 2 surface 
proteins: hemagglutinin and neuraminidase. More than one 
strain of influenza virus can circulate during each season, 
although a single strain usually predominates. From 1977 
through 2008, circulating viruses included 1 of 2 strains of 
influenza B, and 2 subtypes of influenza A (H3N2 and H1N1). 
In 2009, a novel H1N1 virus emerged and resulted in a pan-
demic. Since then, the 2009 H1N1 virus has co-circulated 
with H3N2 and type B strains.

Surveillance

Influenza surveillance serves several functions, one of 
which is early detection of novel strains that have pan-
demic potential. The value of state and national influenza 
surveillance systems was demonstrated by the early detec-
tion of the pandemic H1N1 strain in California in 2009 and 
more recently by the detection of continued outbreaks of  
influenza A H3N2 variant (H3N2v) found to be associated 
with swine contact [5]. The continued occurrence of illness 
due to H5N1 and the recent emergence of H7N9 highlight the 
need for continued vigilance for novel viruses in the United 
States.

Accurate and timely surveillance data help clinicians 
by providing information about the timing and intensity of 
seasonal influenza activity in a given area, as well as yield-
ing data on antiviral resistance, vaccine effectiveness, and 
predominant circulating strains. In North Carolina, influenza 
surveillance is coordinated by the Epidemiology Section 
of the Division of Public Health. This surveillance relies 
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Mandatory Influenza Vaccination Program Proves Successful in 
Its First Year 
Brian Floyd

Vidant Health is a health care system comprising many 
physician practices, 9 hospitals, and an academic medi-
cal center affiliated with the Brody School of Medicine 
at East Carolina University. The system is headquartered 
in Greenville, North Carolina, and its network spreads 
throughout the 29 counties of Eastern North Carolina. Vi-
dant Medical Center, a teaching hospital with 909 beds, 
serves as a health care resource throughout the region 
and delivers comprehensive tertiary care, education, and 
research. In 2012 Vidant Health joined a growing number 
of hospitals and health systems around the country in 
implementing a mandatory influenza vaccination program 
for its employees and physicians.

Every influenza season increases patients’ risk of infec-
tion and possible complications, especially for vulnerable 
patients in a tertiary care setting. Exposure to influenza 
among Vidant Health’s employees also threatens the op-
eration of its clinics and hospitals and has the potential 
to reduce access to care. The leaders and employees of 
Vidant Health believe that the needs of the patient come 
first, and staff members accept their responsibility to 
model healthy behaviors. Thus, David Herman, chief ex-
ecutive officer of Vidant Health, proposed a mandatory  
vaccination program in the interest of patient safety, say-
ing, “Patients trust that when they come to us for care, 
their health will improve and they will not be put at risk be-
cause we did not do everything possible to prevent harm” 
(written communication to employees, October 2012).

In previous years, Vidant Health had less than 75% 
compliance with influenza vaccination among its health 
care workers, despite efforts to promote vaccination. One 
reason for reduced participation was fear on the part of 
some staff members that vaccination would result in a 
more serious illness, such as Guillain-Barré syndrome. In 
addition, Vidant Health faced 2 other obstacles to making 
vaccination mandatory: the difficulty of confirming that 
an employee had received the vaccine, and concern that 
requiring vaccination would negatively affect the satisfac-
tion of employees or affiliated physicians.

The decision to move forward with mandatory vacci-
nation came after months of deliberation. Once the clini-
cal governance committee of the health system achieved 
consensus, the decision became policy. Vidant Health 
followed the leadership of executive staff members and 
the physicians’ medical executive committee to ensure 
that evidence of vaccination was provided by all medical, 
clinical, and administrative staff members; volunteers; 

students; and vendors. Individuals with certain medical 
conditions or religious beliefs, as defined in the policy, 
were exempt from the mandatory vaccination. Compli-
ance became a condition of employment for all staff as 
well as a condition of medical privileges for physicians.

Vaccination was centrally coordinated and provided 
free of charge. Vaccination clinics were offered over a 
3-month period to accommodate varying work shifts and 
to make vaccination available to employees and physicians 
who were working off site. A comprehensive communica-
tion strategy was used to educate individuals about the 
risk that influenza poses to patients, especially high-risk 
or immunocompromised patients, and the impact of ill-
ness on the workforce and the community.

Physicians and staff members were receptive to the 
mandatory vaccination initiative and quickly became am-
bassadors for its implementation. Influenza vaccination 
compliance ultimately reached 99.9%, demonstrating the 
commitment of Vidant Health’s physicians and employees 
to patient safety. Despite concerns about a negative reac-
tion or employee turnover among Vidant Health’s teams, 
compliance with the policy was nearly universal. All physi-
cians complied with the policy, as did all but 1 of more than 
12,000 employees. Also, only 1 acute hospitalized influen-
za case was detected in the health system during the first 
year of mandatory vaccination (although we cannot prove 
any association with the vaccination program).

The leaders of Vidant Health are certain that the deci-
sion to require influenza vaccination served the purpose of 
protecting patients. The initiative has also had a positive 
impact on the culture of patient safety, resulting in a more 
engaged health care team that is working to put patients’ 
needs first.  

Brian Floyd, MBA, RN executive vice president, Vidant Medical 
Center, Greenville, North Carolina.
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on contributions from many partners, including physician 
practices, local health departments, student health centers, 
hospitals, and the national Centers for Disease Control and 
Prevention (CDC).

Unlike most communicable diseases that are under pub-
lic health surveillance, influenza is not tracked by reporting 
of individual cases. Aside from the logistical challenges of 
such an undertaking, case-based reporting from physicians 
or laboratories would not be accurate because most persons 
who are infected with influenza never seek medical atten-
tion. Instead, influenza surveillance is conducted using a 
combination of data sources. These include monitoring 
of “influenza-like illness” (ILI), virologic surveillance, and 
reporting of influenza-associated deaths.

In North Carolina, ILI is primarily monitored through 
2 systems: the North Carolina Disease Event Tracking 
and Epidemiologic Collection Tool (NC DETECT) and 
the Influenza-Like Illness Surveillance Network (ILINet).  
NC DETECT is an electronic surveillance system that col-
lects data twice daily from all emergency departments 
(EDs) in the state that are open 24 hours a day and 7 days 
a week; surveillance of data from NC DETECT allows for 
near real-time monitoring of ED visits for ILI and other syn-
dromes. ILINet is a CDC-operated system coordinated by 
state health departments. Approximately 80 volunteer pro-
viders from across the state report weekly on the total num-

ber of patient visits and the number of visits for ILI (defined 
as a temperature of at least 100°F along with cough or sore 
throat), subdivided by age group. These data are used to 
monitor trends by comparing the current data with national 
and region-specific baselines. As shown in Figure 1, the 
timing and intensity of influenza activity varies from year 
to year. During the 2012–2013 influenza season, the peak 
occurred in late December, 2 months before the usual peak, 
and the proportion of all outpatient visits attributable to 
ILI reached the highest level since ILINet was introduced in 
North Carolina.

In addition to reporting data, ILINet providers collect 
nasopharyngeal swabs from selected patients and sub-
mit them to the North Carolina State Laboratory of Public 
Health. These specimens help public health officials to 
determine what proportion of ILI is caused by influenza, 
whether the current year’s vaccine is a good match for circu-
lating influenza strains, and whether resistance to antiviral 
medications is changing. Moreover, these specimens allow 
for timely recognition of new influenza strains that could 
have the potential to cause an influenza pandemic.

The third major component of influenza surveillance in 
North Carolina is tracking of influenza-associated deaths. 
The North Carolina Administrative Code requires physicians 
to report all influenza-associated deaths to their local public 
health departments within 24 hours. For reporting purposes, 

figure 1.
Percentage of All Outpatient Visits Attributable to Influenza-Like Illness, as Reported by Providers in the Influenza-Like Illness 
Surveillance Network (ILINet), 2007–2013
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an influenza-associated death is defined as a death resulting 
from a clinically compatible illness that is confirmed to be 
influenza by an appropriate laboratory or rapid diagnostic 
test with no period of complete recovery between illness and 
death. Although the number of reported deaths is certainly 
an underestimate of all influenza-associated deaths, these 
reports allow for monitoring of trends within and across 
influenza seasons and provide important information about 
the groups that are at highest risk of death from influenza. 
For example, findings from reports of influenza-associated 
deaths helped identify the high risk of death from influenza 
among children with neurodevelopmental disorders and, 
during the H1N1 pandemic, the high risk of death among 
pregnant women. Data from this and all other influenza sur-
veillance systems are posted weekly from October through 
May at www.flu.nc.gov.

Diagnosis

Definitive diagnosis of influenza infection is made by 
isolation of the virus from nasal or nasopharyngeal secre-
tions. Confirming the presence of influenza virus by culture 
can take up to 7–10 days and therefore is not very useful in 
the clinical management of patients. Newer modalities to 
test for influenza are becoming more widely available—in 
particular, reverse transcriptase–polymerase chain reac-
tion (RT-PCR) testing. Immunofluorescence assays are also 
available in many hospitals and can provide results within 
2–4 hours.

For faster results, clinicians can use rapid influenza diag-
nostic tests (RIDTs); several of the commercially available 
RIDTs can provide results within 30 minutes. RIDTs are often 
used in outpatient settings when deciding whether to begin 

Pharmacists: 
Medication Experts Who Help Prevent Disease
Ouita Davis Gatton

Vaccines help prevent disease and have significantly 
decreased morbidity and mortality due to influenza, pneu-
monia, and other bacteria and viruses. But vaccines are 
only beneficial if people are actually vaccinated. Influenza 
and pneumococcal disease are still among the leading 
preventable diseases in the United States, in part because 
vaccination rates for both diseases are well below the 
goals set in recent years. These low rates have led to an 
increase in preventable deaths, illnesses, and health care 
costs each year [1]. There are many reasons why someone 
may not be vaccinated, one of which is lack of access to 
vaccines. One strategy for addressing this need is to allow 
vaccination by pharmacists.

Pharmacists have been involved in immunization in 
some form since the middle of the 19th century, first serv-
ing to distribute vaccine and to educate physicians and 
the public. Small groups of pharmacists have also been 
involved in administering vaccines, but only recently has 
such involvement become coordinated within the profes-
sion [2]. 

States that allow pharmacists to administer a particular 
vaccine have higher vaccination rates for that vaccine than 
do states that do not allow vaccination by pharmacists 
[1-3]. Washington was the first state in which pharma-
cists made an organized effort to administer immuniza-
tions; their state association began training pharmacists 
in vaccine administration in 1994 [2]. Most initial efforts 
focused on having pharmacists administer influenza vac-
cine. It took nearly 17 years, but eventually pharmacists 
were granted the authority to immunize patients against 
influenza in all 50 states, the District of Columbia, and 
Puerto Rico; this was thanks to the determination and suc-
cessful collaboration of pharmacists, state associations 

of pharmacists, state legislatures, supportive physicians, 
and other health care providers [4]. During the 2010–2011 
influenza season, the Centers for Disease Control and Pre-
vention (CDC) reported that pharmacists administered 
almost 20% of all adult influenza vaccinations [3]. Cur-
rently, more than 150,000 pharmacists are trained to pro-
vide immunizations in the United States, including more 
than 6,100 pharmacists in North Carolina [3].

Pharmacy-based immunization is not about removing 
patients from their medical home or denying patients ac-
cess to physicians. Rather, it is about assisting in the pre-
vention of disease by increasing the availability of vaccines 
to those who need them. The pharmacist is frequently the 
most accessible member of the health care team, as phar-
macies often keep longer hours than do most physicians’ 
offices and health care clinics [1, 4], and pharmacies are 
often located in areas where preventive care is needed but 
not readily accessible. Additionally, if pharmacists are le-
gally able to vaccinate, they can screen patients who need 
vaccines—especially influenza and pneumococcal vac-
cines—and then immediately follow up on this screening 
to ensure that patients receive the vaccine without delay 
[4].

Laws governing pharmacy immunization practices vary 
from state to state. Until very recently, North Carolina had 
one of the most restrictive immunization practice man-
dates for pharmacists. Achieving change in pharmacists’ 
immunizing authority has occurred slowly and has not 
been without misunderstanding and confusion on the part 
of physician groups [1]. Pharmacists have administered 
vaccines in North Carolina since 2003 and are governed 
by rules adopted by the Boards of Pharmacy, Nursing, and 
Medicine. The state’s pharmacists must receive special 
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treatment with antiviral medications. RIDTs differ in terms of 
the types of influenza they can detect and in their ability to 
distinguish between types of influenza. Results from RIDTs 
should be interpreted with caution, as these tests have a 
lower sensitivity (40%–70%) than that of viral culture; thus 
false-negative results are more likely with RIDTs. If confir-
mation of influenza is necessary, a negative RIDT should be 
confirmed with culture or RT-PCR testing.

The likelihood of obtaining a false-negative result with a 
RIDT can be minimized by obtaining an adequate specimen 
and by testing patients within the first few days of their ill-
ness. Given the inherent limitations of influenza diagnostic 
tests, treatment decisions are often based on clinical and 
epidemiologic information. If treatment is clinically indi-

cated, it should not be delayed while awaiting laboratory 
confirmation, nor should it be withheld based on a negative 
RIDT result. False-positive results with RIDTs can also occur, 
especially when influenza activity in the community is low. If 
the RIDT is positive when the level of influenza activity in the 
community is low, confirmatory testing with viral culture or 
RT-PCR is recommended.

Management

Antiviral treatment for patients with severe infections 
has been associated with a decreased length of uncompli-
cated influenza illness and with reductions in deaths and 
other severe outcomes [6-9]. Prompt treatment can reduce 
the risk of severe illness or death among persons who are 

vaccine training that is approved by the Board of Phar-
macy. They must also follow a written protocol that is 
prepared, signed, and dated by both the pharmacist and 
a physician; they must hold current, provider-level certi-
fication in cardiopulmonary resuscitation (CPR); and they 
must maintain appropriate documentation as dictated by 
the Board of Pharmacy. Currently, pharmacists in North 
Carolina may administer influenza vaccine by written pro-
tocol to persons 14 years of age and older, and they may 
administer pneumococcal and zoster vaccines to those  
18 years of age and older after contacting the patient’s pri-
mary care provider. The H1N1 influenza public health crisis 
in 2009 prompted North Carolina to lower the minimum 
age for administration of influenza vaccine by pharmacists 
from 18 years to 14 years [5].

Adverse reactions to vaccines administered in a phar-
macy are rare [1]. Pharmacists are trained to appropriately 
screen patients for allergies and other risks prior to admin-
istration of the vaccine. They are additionally mandated to 
explain the risks of the vaccine and any potential adverse 
reactions that could occur. If an adverse reaction does oc-
cur, pharmacists are trained in appropriate emergency 
protocols, including use of epinephrine and administration 
of CPR. Pharmacists must report any documented reac-
tion to the patient’s physician and to the Vaccine Adverse 
Event Reporting System. Appropriate Occupational Safety 
and Health Administration guidelines also apply to vacci-
nation by pharmacists [5]. Current leaders in the pharma-
cy and medical communities are working on streamlining 
pharmacy best-practice models to make immunization 
protocols and documentation more uniform, despite the 
variation in state rules.

In July 2013, the North Carolina General Assembly 
passed House Bill 832, “An Act to Protect the Public’s 
Health by Increasing Access to Immunizations and Vac-
cines through the Expanded Role of Immunizing Phar-
macists” [6]. The legislation, which goes into effect on 
October 1, 2013, allows immunizing pharmacists who meet 
certain requirements to administer any CDC-recommend-

ed vaccination to any person at least 18 years of age who 
has a prescription. The new law also allows pharmacists 
to administer 6 vaccines under standing order or protocol. 
This will substantially increase pharmacy-based immuni-
zation practice in North Carolina, affording patients in the 
state increased access to vaccines and preventive care. 
The new law will provide North Carolina pharmacists with 
additional means by which to help decrease the number of 
deaths due to vaccine-preventable diseases.  

Ouita Davis Gatton, RPh clinical coordinator, Kroger Pharmacy, 
Raleigh, North Carolina.
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at increased risk for influenza (Table 1). Only 2 classes of 
antiviral agents are currently licensed in the United States: 
adamantanes and neuraminidase inhibitors. The adaman-
tanes, amantidine and rimantidine, are not effective against 
currently circulating strains of influenza. However, the neur-
aminidase inhibitors, oseltamivir and zanamivir, are effec-
tive against currently circulating strains of both influenza A 
and influenza B (Table 2) [12].

The CDC’s Advisory Committee on Immunization 
Practice (ACIP) recommends that treatment with oselta-
mivir or zanamivir be initiated as early as possible for any 
patient with confirmed or suspected influenza who has 
severe, complicated, or progressive illness; for any patient 
who is hospitalized; or for any patient who is at higher risk 
for influenza complications [12]. Antiviral treatment also 
can be considered for previously healthy, symptomatic out-
patients with confirmed or suspected influenza if treatment 
can be initiated within 48 hours of the onset of illness [12]. 
Antiviral treatment might also be effective in preventing 
serious outcomes in more severe cases even when treat-
ment is started more than 48 hours after the onset of illness 
[8]. Patients who are hospitalized with influenza should be 

started on antiviral medications even if more than 48 hours 
have passed since the onset of symptoms.

Despite the clear clinical benefits of antiviral medications 
for treatment of influenza, use of these agents can lead to 
the development of antiviral resistance. Several different 
point mutations have been identified that confer low-level 
or high-level antiviral resistance. Most notably, the H275Y 
mutation in the H1N1 neuraminidase led to widespread 
resistance among H1N1 viruses circulating prior to the 2009 
pandemic, and this mutation continues to occur in a smaller 
proportion of pandemic H1N1 viruses [13, 14]. Several clus-
ters of antiviral-resistant influenza A and influenza B have 
been identified in North Carolina, sometimes in association 
with broad or prolonged use of antiviral medications [15-17].

Antiviral medications can be used to prevent influenza 
infection; however, they are not a substitute for vaccination. 
The benefits of antiviral chemoprophylaxis must be weighed 
against the risk of developing resistance. Antiviral che-
moprophylaxis is particularly important in controlling the 
spread of influenza among high-risk patients in institutional 
settings, such as nursing homes, and for high-risk individu-
als for whom influenza vaccine is not indicated [18].

table 1.
Antiviral Treatment and Influenza Vaccination Recommendations

   Persons for whom influenza vaccination is recommended when vaccine  
Persons for whom antiviral treatment is recommended supplies are limited

Hospitalized patients 
Patients with severe, complicated, or progressive illness

Persons with the following types of chronic conditions: Persons with the following types of chronic conditions:

 Pulmonary (eg, asthma, COPD)  Pulmonary (eg, asthma, COPD)

 Cardiovascular (except hypertension alone)  Cardiovascular (except hypertension alone)

 Renal  Renal

 Hepatic  Hepatic

 Hematologic (eg, sickle cell disease)  Hematologic (eg, sickle cell disease)

 Metabolic (eg, diabetes mellitus)  Metabolic (eg, diabetes mellitus)

 Neurologic or neurodevelopmental (eg, epilepsy, cerebral palsy, stroke)  Neurologic or neurodevelopmental (eg, epilepsy, cerebral palsy, stroke)

Persons who are immunosuppressed, from HIV infection or from use of  Persons who are immunosuppressed, from HIV infection or from use of 
 medications such as high-dose steroids or chemotherapy  medications such as high-dose steroids or chemotherapy

Women who are pregnant or up to 2 weeks postpartum Women who are pregnant or will be pregnant during the influenza season

Persons younger than 19 years of age who are receiving long-term  Persons younger than 19 years of age who are receiving long-term 
 aspirin therapy  aspirin therapy

American Indians American Indians

Alaska Natives Alaska Natives

Persons who are morbidly obese (body mass index ≥ 40 kg/m2) Persons who are morbidly obese (body mass index ≥ 40 kg/m2)

Residents of nursing homes or other chronic care facilities Residents of nursing homes or other chronic care facilities

Children younger than 2 years Children aged 6 months to 4 years

Adults aged 65 years or older Adults aged 50 years or older

    Health care personnel

    Household contacts and caregivers of children younger than 5 years or  
   adults older than 50 years, with particular emphasis on contacts of  
   infants younger than 6 months

    Household contacts and caregivers of persons with medical conditions  
   that put them at high risk for severe complications

Note. COPD, chronic obstructive pulmonary disease.
Source: This table is adapted from Centers for Disease Control and Prevention [10] and Centers for Disease Control and Prevention [11].
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Prevention

Vaccination is the best way to prevent influenza infec-
tion. In a 2013 study, Kostova and colleagues estimated that 
during the 6-year period 2005–2011, the number of cases 
of influenza averted each year by vaccination ranged from  
1.1 million to 5 million, and the number of averted hospital-
izations ranged from 7,700 to 40,400 [19]. Annual influ-
enza vaccine is now recommended by the ACIP for everyone  
6 months of age or older. During times of influenza vaccine 
shortage, the ACIP may tailor its recommendations to pri-
oritize the vaccination of individuals in certain target groups 
(Table 1). The ACIP also recommends that health care work-
ers and household contacts of high-risk individuals receive 
influenza vaccine, because they can spread influenza to 
high-risk people if they become infected. Similarly, vaccinat-
ing pregnant women is recommended because vaccination 
of the mother confers protection on the infant, thus reduc-
ing the infant’s risk of laboratory-confirmed influenza virus 
infection and his or her risk of hospitalization for ILI during 
the first 6 months of life [20].

Vaccine effectiveness varies from year to year. A person’s 
age, his or her immune status, and the strain of influenza 
can influence vaccine effectiveness. Adults aged 65 years 
or older mount less of an immune response to influenza 
vaccine than do younger adults and children. In the most 

recent influenza season, vaccination reduced the risk for 
medical visits resulting from influenza A (H3N2) by 44% 
in the population as a whole (95% confidence interval [CI], 
35% to 52%); among those 65 years of age or older, how-
ever, vaccination reduced this risk by only 19% (95% CI,  
–36% to 52%) [21].

A wide variety of influenza vaccine formulations are avail-
able for the 2013–2014 influenza season. Quadrivalent vac-
cines that cover 4 strains of influenza—influenza A (H1N1), 
influenza A (H3N2), and 2 influenza B viruses—are available 
in both the inactivated (intramuscular) form and the live-
attenuated (intranasal) form. In addition to the traditional 
egg-based trivalent inactivated vaccines, there will also 
be an inactivated trivalent vaccine that is made in cell cul-
ture—including influenza A (H1N1), influenza A (H3N2), and 
1 strain of influenza B—and an inactivated trivalent vaccine 
made with recombinant technology; this is the first time non–
egg-based vaccines are being offered. High-dose vaccine for 
persons 65 years of age or older will also still be available, as 
will the intradermal form of the inactivated vaccine. When 
more than one type or brand of influenza vaccine is appro-
priate and available for an individual, no preferential recom-
mendation exists for the use of one product over another.

Even though the ACIP recommends influenza vaccine for 
all persons aged 6 months or older, there is still room for 
improvement in vaccination rates, both across the board 

table 2.
Current Recommendations for Treatment and Prophylaxis of Influenza Using Antiviral 
Medications

Antiviral medication Type of use  Age of patient Dosing

Oseltamivir Treatmenta Infants aged 2 weeks to 1 year 3 mg/kg twice daily

    Children older than 1 year 
   < 15 kg 30 mg twice daily 
   15–23 kg 45 mg twice daily 
   23–40 kg 60 mg twice daily 
   > 40 kg 75 mg twice daily

    Adults 75 mg twice daily

   Prophylaxisb Infants aged 3 months to 1 yearc 3 mg/kg once daily

    Children older than 1 year 
   < 15 kg 30 mg once daily 
   15–23 kg 45 mg once daily 
   23–40 kg 60 mg once daily 
   > 40 kg 75 mg once daily

    Adults 75 mg once daily

Zanamivird Treatment Children 7 years and older 10 mg (2 inhalations) twice daily

    Adults 10 mg (2 inhalations) twice daily

   Prophylaxis Children 5 years and older 10 mg (2 inhalations) once daily

    Adults 10 mg (2 inhalations) once daily

Source: This table is adapted from Centers for Disease Control and Prevention [10].
aRecommended duration of treatment with oseltamivir is 5 days; a longer course of treatment can be considered for 
patients who remain severely ill after 5 days. Treatment should ideally begin within 48 hours of symptom onset.
bRecommended duration of prophylaxis with oseltamivir is 7 days after last exposure. Duration of prophylaxis is longer 
for patients in long-term care facilities.
cOseltamivir has not been approved by the US Food and Drug Administration for chemoprophylaxis in infants; however, 
oseltamivir was approved under Emergency Use Authorization for prophylaxis in infants aged 3 months to 1 year during 
the 2009 H1N1 pandemic.
dZanamivir is not recommended for use in people with underlying respiratory disease.
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and in specific target groups. Vaccination of health care 
providers (HCPs) deserves special attention. The Healthy 
People 2020 goal for vaccination of HCPs is 90%. Despite 
long-standing recommendations that HCPs should receive 
influenza vaccine, vaccination rates are still well below this 
goal; during the 2010–2011 influenza season, only 63.5% of 
HCPs were vaccinated against influenza [22].

HCPs’ reasons for refusing influenza vaccine are similar 
to those offered by the general population. A recent sur-
vey of 1,931 HCPs found that almost one-third did not think 
influenza vaccine worked, 27% were concerned about side 
effects, 23% did not think they needed to be vaccinated, and 
18% were concerned they would get sick from the vaccine 
[22]. To remove some of the barriers to receiving influenza 
vaccine, health care institutions need to offer vaccine on 
site, free of charge, and on multiple days at various times. 
Education of HCPs needs to emphasize that receipt of influ-
enza vaccine not only protects the HCP against influenza but 
also promotes patient safety. 

The most effective way to improve vaccination rates 
among HCPs is for health care employers to require influ-
enza vaccination. In a survey during the 2010–2011 influenza 
season, vaccination rates were 98% among HCPs whose 
employer required vaccination, compared with only 58% 
among those whose employers did not require vaccination 
[22]. Mandatory vaccination policies are supported by a 
variety of national organizations, including the Infectious 
Diseases Society of America, the American College of 
Physicians, and the Society for Healthcare Epidemiology of 
America. A majority of North Carolina hospitals now have 
policies that make annual influenza vaccination a condition 
of employment for HCPs; 20% of hospitals have a mask 
requirement for HCPs who decline vaccination (Stephanie 
Strickland, e-mail communication). [Editor’s note: See the 
sidebar by Floyd on page 426 (in this issue) for details about 
the mandatory vaccination program implemented by Vidant 
Health.] The number of North Carolina hospitals with an 
influenza vaccination requirement is likely to increase. In 
January 2013, the Centers for Medicare & Medicaid Services 
began requiring hospitals to report their rate of influenza 
vaccination among HCPs as part of the Acute Care Hospital 
Inpatient Prospective Payment System. Thus hospitals now 
have a financial incentive to increase vaccine coverage 
among their employees.

Influenza is a common respiratory illness that is associ-
ated with significant morbidity and mortality. HCPs play a 
major role in the prevention of influenza and its complica-
tions, and they need to use available surveillance to rec-
ognize when influenza is circulating in their communities. 
Physicians also need to follow current recommendations on 
the appropriate use of antiviral medications, and they must 
report all influenza-associated deaths to the health depart-
ment. Finally, HCPs need to encourage influenza vaccina-
tion in all patients, and they should set an example for their 
patients by being vaccinated themselves.  
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Over the past decade, evidence-based guidelines have led to 
the development of national core measures for the manage-
ment of pneumonia. Although it does not signify causation, 
implementation of these standards strongly correlates with 
a decrease in the incidence of pneumonia and with decreas-
ing death rates from pneumonia.

Pneumonia, together with influenza, has caused a great 
burden of suffering throughout history. It ranked as the 

leading cause of death in the early 1900s and was still among 
the top 10 causes of death in 2011 [1-5]. Indeed, pneumonia 
remains the most common cause of infection-related mor-
tality in the United States. More than 50,000 persons died 
of pneumonia or influenza in 2010, and 1,700 of those deaths 
occurred in North Carolina [2]. The age-adjusted death rate 
in the United States in 2010 for pneumonia and influenza 
combined was 15.1 deaths per 100,000 population [2]. 

The 1-year mortality rate for Medicare patients who have 
been hospitalized with community-acquired pneumonia is 
as high as 40% [6]. In the United States in 2010, pneumo-
nia was listed as the first diagnosis on hospital discharge 
for nearly 1.3 million persons, for a rate of 36.6 discharges 
per 10,000 population [7]; in 2006, that rate was 41.3 per 
10,000 population [5]. In 2006 the rate of discharge for 
patients with pneumonia as the first diagnosis was 189.0 per 
10,000 population among patients older than 65 years, 33.4 
per 10,000 population for those aged 45–64 years, and 8.5 
per 10,000 population for those aged 15–44 years [5].

The estimated annual economic burden of pneumonia 
and influenza in the United States exceeded $40 billion in 
2005, with more than $34 billion in direct costs and $6 billion 
in indirect costs [5]. The economic burden from community-
acquired pneumonia alone is estimated to exceed $17 bil-
lion annually, including costs for approximately 4.2 million  
ambulatory visits [8].

Pneumonia Guidelines

The Infectious Diseases Society of America (IDSA) and 
the American Thoracic Society (ATS) issued consensus 
guidelines on the management of community-acquired 
pneumonia in 2007 [9]. These guidelines and previous 
updates have been the basis for the implementation of a 
number of core measures in health care systems around 

the country. For example, our institution—New Hanover 
Regional Medical Center in Wilmington, North Carolina—
has the following goals: that antibiotics be administered to 
patients with pneumonia within 6 hours of their arrival at 
the hospital; that blood cultures be obtained prior to admin-
istration of the first dose of antibiotics; and that the initial 
antibiotic selection be based on current evidence and local 
epidemiology. Similar standards have been established by 
the Centers for Medicare & Medicaid Services and The Joint 
Commission, both of which accredit health care organiza-
tions and programs. In 2005 the IDSA and the ATS issued 
consensus guidelines on the management of health care–
associated pneumonia, which includes hospital-acquired 
pneumonia and ventilator-associated pneumonia [10]. 

Both sets of guidelines make recommendations regarding 
treatment of patients after they acquire pneumonia and also 
recommend various measures to decrease the incidence of 
pneumonia. Frequently recognized standards from the health 
care–associated pneumonia guidelines include elevating 
the head of the bed for patients with pneumonia and giving 
mechanically ventilated patients daily “sedation vacations” 
in order to prevent pneumonia. The community-acquired 
pneumonia guidelines advocate counseling on smoking ces-
sation for all smokers admitted to the hospital, and they 
encourage vaccination against influenza and pneumococcal 
disease in appropriate patients, per the recommendations of 
the Advisory Committee on Immunization Practices (ACIP) 
of the Centers for Disease Control and Prevention (CDC), 
with a goal of 90% adherence.

The IDSA goal is that the strongest recommendations 
be carried out for the majority of patients. Clinicians may 
reasonably decide to deviate from these guidelines, and 
it is not expected that every patient will receive the same 
exact care. Nevertheless, hospital guidelines and core mea-
sures provide a systematic approach to the management 
of pneumonia, and they may enhance reimbursement as 
pay-for-performance becomes a reality. An early review of 
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evidence-based algorithms for the treatment of pneumo-
nia in other countries showed decreases in 30-day mortal-
ity, in-hospital mortality, and hospital length of stay [11]. As 
health care systems in the United States implement these 
types of guidelines, we do not yet know how adherence to 
the guidelines will impact long-term outcomes at the local 
and national levels.

Patient-Oriented Outcomes

Over the past decade, most measures of pneumonia mor-
bidity and mortality have shown improvement, coinciding 
with the widespread use of clinical guidelines and the estab-
lishment of core measures for the treatment and prevention 
of pneumonia. Interestingly, the incidence of pneumonia 
among black individuals appears to be decreasing, despite 
the fact that this group has traditionally faced a number of 
health disparities. 

In terms of hospitalizations, the total number of persons 
with pneumonia listed as the first diagnosis on hospital 
discharge actually increased slightly among white patients 
(from 786,000 to 787,000) between 1996 and 2006, but it 
decreased for black patients during that same period, from 
149,000 to 116,000; the incidence of pneumonia among 
all other races also decreased, from 49,000 to 41,000 [5]. 
Between 1996 and 2006, the rate of pneumonia as the first-
listed diagnosis at hospital discharge increased slightly for 
those aged 45–64 years—from 32.3 to 33.4 per 10,000 pop-
ulation—but this rate decreased for all other age groups. For 
those younger than 15 years, the rate decreased from 33.0 
to 28.3 per 10,000 population; for those aged 15–44 years, 
it decreased from 11.8 to 8.5 per 10,000 population; and for 
those older than 65 years, it decreased from 206.3 to 189.0 
per 10,000 population [5].

When comparing annual death rates for pneumonia and 
influenza for various years, it is important to keep in mind 
that the population standard for calculating age-adjusted 
death rates changed in 1999. The new standard places more 
weight on death rates at older ages and less weight on death 
rates at younger ages. Because the incidence of lung diseases 
increases with age, death rates for pneumonia and influenza 
are higher when calculated using the new standard [5]. 
Another important change, which also took place in 1999, 
occurred when the International Classification of Diseases, 
10th Revision (ICD-10) implemented the direct sequel rule 
for selecting the underlying cause of death, which mandated 
that causes of death be listed beginning with the most proxi-
mate cause and working back to the condition initiating the 
chain of events that led to death. Therefore, the underly-
ing disease is listed as the cause of death, not pneumonia. 
Because pneumonia is often a final consequence of another 
chronic or acute condition, such as chronic obstructive pul-
monary disease, pneumonia mortality statistics are particu-
larly affected by this rule. The result of this change is that 
the death rate appears to have decreased sharply between 
1998 and 1999 (from 34.6 deaths to 23.5 per 100,000 popu-

lation), but much of this drop is likely due to the shift from 
ICD-9 to ICD-10 [12]. Because of these changes, it is diffi-
cult to draw conclusions when comparing data from 1998 
and prior years with data from subsequent years [11, 12]. 
However, tracking of pneumonia outcomes since 1999 has 
been consistent.

Beginning with death rates compiled under the new stan-
dard in 1999 and comparing those more recent mortality sta-
tistics, pneumonia death rates have decreased significantly.  
Between 1999 and 2010, age-adjusted death rates for pneu-
monia and influenza decreased 35%, from 23.4 deaths per 
100,000 [5] to 15.1 per 100,000 population [2]. Between 
1999 and 2006, the age-adjusted death rate for white men 
fell from 27.7 to 20.9 per 100,000 population, and for white 
women it fell from 20.8 to 15.5 per 100,000 population [5]. 
For black men, the rate decreased from 32.4 to 24.4 per 
100,000 population, and for black women it decreased from 
21.3 to 16.7 per 100,000 population [5].

Vaccinations

Adherence to guidelines for health care–associated and 
community-acquired pneumonia has improved, particularly 
with regard to influenza vaccination rates. In the last quarter 
of 2003, the percentage of adults aged 50–64 years who had 
received an influenza vaccination in the previous 12 months 
was 36.8%; by 2011 that rate had increased to 42.7% [13]. 
The vaccination rate also increased among persons aged 
18–49 years, from 16.4% in 2003 to 27.2% in 2011. The vac-
cination rate among patients aged 65 years or older was 
relatively unchanged during this period, at 65.5% in 2003 
and 67% in 2011. This is unfortunate, given that elderly indi-
viduals are at higher risk for complications from respiratory 
infections. Fortunately, influenza vaccination rates for some 
high-risk groups have improved; for example, the percent-
age of adults with asthma who received an influenza vacci-
nation increased from 40.4% in 2003 to 45.6% in 2008 [5].

Although the percentage of elderly patients receiving 
influenza vaccine has remained consistent, the rate of pneu-
mococcal vaccination in elderly individuals has increased 
dramatically over the past decade or so. The ACIP recom-
mends the 23-valent pneumococcal polysaccharide vac-
cine (PPSV23, or Pneumovax) for all adults aged 65 years 
or older [14]. In 2004 the National Nursing Home Survey, 
which is conducted by the CDC, addressed compliance with 
pneumococcal vaccination recommendations. The CDC 
reported that only 45.4% of nursing home residents had 
been vaccinated, while 36.8% had not been vaccinated; the 
vaccination status of 17.7% of residents was unknown [15]. 
According to the National Health Interview Survey, persons 
age 65 year or older—including persons who were not nurs-
ing home residents—yielded a similar pneumococcal vacci-
nation rate of 42.6% in 1997 [16]. Since this stagnant period 
(1997–2004), the percentage of elderly patients receiving 
PPSV23 has improved, reaching 62.7% in 2011 [13]. Even 
with this significant increase in vaccination rates, most pop-
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ulation studies reveal that immunization rates still fall far 
short of the IDSA goal of 90% [17].

Discussion

Over the past decade, the overall incidence of pneumo-
nia has decreased significantly, and the death rates from 
pneumonia are also decreasing. The total number of cases 
of pneumonia also decreased despite an increase in the size 
of the US population. Although racial and ethnic dispari-
ties still exist, pneumonia outcomes appear to be improving 
for most groups. While a small increase in the incidence of 
pneumonia was observed for white persons, the death rate 
from pneumonia decreased in all racial groups (including 
whites). Similarly, people aged 45–64 years experienced 
a slight increase in the incidence of pneumonia, but death 
rates dropped for all age groups.

As described above, rates of vaccination with PPSV23 
have improved. Although there is conflicting evidence 
regarding the effectiveness of PPSV23 [14], the vaccine is 
generally believed to decrease the incidence and severity 
of invasive pneumococcal disease. The use of the 13-valent 
pneumococcal conjugate vaccine (PCV13) in children 
may also have indirect beneficial effects in the future. The 
encouraging news is that more patients for whom pneumo-
coccal vaccine is appropriate are being vaccinated; however, 
many eligible patients are still being missed. Fortunately, 
North Carolina’s immunization process has resulted in vac-
cination rates for most diseases that are consistently above 
the national average [18].

Over the past 15 years, guidelines for the management 
and prevention of pneumonia in the community and in 
health care settings have been developed and subsequently 
updated. Core measures have also been developed by health 
care organizations, and both the incidence of pneumonia and 
death rates from pneumonia have decreased. It is extremely 
important to remember that correlation does not imply cau-
sation and that the improvement in pneumonia outcomes is 
likely due to multiple factors. Indeed, there are myriad fac-
tors other than the practice guidelines and core measures 
for pneumonia that could explain these improved outcomes. 

Past studies of the epidemiology of pneumonia have not 
distinguished between community-acquired pneumonia 
and health care–associated pneumonia; hypothetically, if 
it were determined that most of the improvement in pneu-
monia outcomes was related to the latter rather than the 
former, then advances in technology and critical care medi-
cine might deserved the credit. However, comparing cur-
rent hospital data with outpatient data is not sufficient to 
distinguish between health care–acquired and community-
acquired pneumonia, because some patients with commu-
nity-acquired pneumonia are hospitalized. However, future 
assessments might be able to use billing and coding data to 
allow the 2 different types of pneumonia to be tracked sepa-
rately or together. 

Regardless of what we discover or what we may never 

know about pneumonia, a health care system that is seeing 
an increase in chronic diseases should welcome guidelines 
that seem to be correlated with improved outcomes for a 
disease that is a major cause of morbidity and mortality, 
both in North Carolina and in the rest of the nation.  

Bonzo Reddick, MD faculty physician, Family Medicine Residency, New 
Hanover Regional Medical Center, Wilmington, North Carolina. 
Kimberly Howe, MD resident physician, Family Medicine Residency, 
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Strains of Streptococcus pneumoniae (strep) 
bacteria are a known cause of serious bacterial 
infections, including meningitis, blood infections, 
ear infections, sinus infections, and most cases 
of pneumonia (pneumococcal pneumonia) [1]. 
Among North Carolina adults aged 18 years or 
older, there were 18 deaths with an International 
Classification of Diseases, 10th Revision (ICD-10) 
mortality code of J13 in 2011, and there were 1,285 
inpatient hospitalizations with an International 
Classification of Diseases, 9th Revision, Clinical 
Modification (ICD-9-CM) diagnosis code of 481, 
meaning that those deaths and hospitalizations 
were attributable to S. pneumoniae pneumonia  
[2, 3]. In 2011 North Carolina’s inpatient hospital-
ization charges related to pneumococcal pneumo-
nia exceeded $62 million, with an average hospital 
length of stay of 8.7 days and an average charge of 
$48,584 per case [3].

The pneumococcal vaccine can prevent certain 
serotypes of pneumococcal infection [4], and vac-
cination of at-risk adults could reduce hospitaliza-
tions and deaths due to pneumococcal pneumonia 
among North Carolina residents. The Advisory 
Committee on Immunization Practices (ACIP) of the 
Centers for Disease Control and Prevention (CDC) 
recommends that all adults aged 65 years or older 
receive the pneumococcal vaccine. Additionally, 
the ACIP recently began recommending pneu-
mococcal vaccine for adults aged 19–64 years  
who have certain chronic conditions or risk fac-
tors, including chronic obstructive pulmonary 
disease (COPD), asthma, cardiovascular disease, 
diabetes, kidney disease, and cigarette smoking 
[5]. Increasing the percentage of adults who are 
vaccinated against pneumococcal disease is an 
objective of the national Healthy People 2020 pro-
gram; the goal is that 90% of noninstitutionalized 
US adults aged 65 years or older and 60% of high-
risk adults aged 18–64 years will have received the 

pneumococcal vaccine by 2020 [6]. This report 
examines the prevalence of pneumococcal vacci-
nation among North Carolina adults and the state’s 
progress toward achieving these Healthy People 
2020 targets.

Prevalence data for this report were derived 
from the 2011 Behavioral Risk Factor Surveillance 
System (BRFSS) survey of North Carolina adults 
[7]. The BRFSS survey is a random-digit-dial tele-
phone survey of noninstitutionalized adults aged 
18 years or older. The survey is conducted annually 
by state health departments in collaboration with 
the CDC. The BRFSS survey collects information 
on health behaviors, chronic conditions, and use 
of preventive care. The 2011 BRFSS survey included 
the following question regarding pneumococcal 
vaccination: “A pneumonia shot or pneumococ-
cal vaccine is usually given only once or twice in 
a person’s lifetime and is different from the flu 
shot. Have you EVER had a pneumonia shot?” [8]. 
Those who responded yes to this question com-
prised the pneumococcal vaccination group; those 
who responded no comprised the nonvaccinated 
group. Respondent groups targeted by Healthy 
People 2020 for pneumococcal vaccination were 
identified, including respondents aged 65 years or 
older, as well as respondents aged 18–64 years who 
reported the following chronic conditions or behav-
iors that place them at increased risk for pneumo-
coccal infection: COPD, asthma, cardiovascular 
disease, kidney disease, or cigarette smoking.

A total of 3,525 North Carolinians aged 65 years 
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or older responded to the BRFSS pneumonia vac-
cine question in 2011 (Table 1). Overall, 72.1% of 
elderly respondents reported having received the 
pneumococcal vaccine (95% confidence interval 
[CI], 69.6–74.4). This figure falls well below the 
Healthy People 2020 target vaccination rate of 
90% for elderly individuals. Within this group, the 

vaccination rate was higher among respondents 
aged 75 years or older; this group had a vaccination 
rate of 78.6% (95% CI, 75.0–81.8), compared with 
a vaccination rate of 66.9% (95% CI, 63.5–70.1) for 
respondents aged 65–74 years. Elderly respondents 
with a disability were slightly more likely to report 
having received the pneumonia vaccine; in this 

table 1.
Pneumococcal Vaccination Rates for Respondents Aged 65 Years or Older, North Carolina Behavioral Risk 
Factor Surveillance System Survey, 2011

    Reported having received the Reported not having ever received 
   Total no. of pneumococcal vaccine the pneumococcal vaccine

Respondent respondents with No. (%)a 95% CI No. (%)a 95% CI 
characteristic characteristic

Total  3,525 2,566 (72.1) 69.6–74.4 959 (27.9) 25.6–30.4

Sex

 Male 1,230 881 (71.8) 67.5–75.8 349 (28.2) 24.2–32.5

 Female 2,295 1,685 (72.2) 69.3–74.9 610 (27.8) 25.1–30.7

Race

 White 2,990 2,227 (74.5) 71.9–76.9 763 (25.5) 23.1–28.1

 African American 420 274 (62.6) 54.9–69.8 146 (37.4) 30.2–45.1

 Native American 54 — — — —

 Other minorities 44 — — — —

Ethnicity

 Hispanic 55 — — — —

 Non-Hispanic 3,457 2,526 (72.2) 69.8–74.6 931 (27.8) 25.4–30.2

Age in years

 65–74 1,965 1,341 (66.9) 63.5–70.1 624 (33.1) 29.9–36.5

	 ≥75 1,560 1,225 (78.6) 75.0–81.8 335 (21.4) 18.2–25.0

Education

 Less than high school 642 447 (68.6) 62.1–74.5 195 (31.4) 25.5–37.9

 High school or GED 1,140 795 (69.5) 65.4–73.4 345 (30.5) 26.6–34.6

 Some post–high school 820 634 (76.3) 71.6–80.4 186 (23.7) 19.6–28.4

 College graduate 911 684 (75.0) 70.9–78.7 227 (25.0) 21.3–29.1

Household income

 Less than $15,000 448 314 (71.1) 64.4–77.0 134 (28.9) 23.0–35.6

 $15,000–$24,999 758 548 (69.5) 63.3–75.0 210 (30.5) 25.0–36.7

 $25,000–$34,999 426 316 (71.0) 63.3–77.7 110 (29.0) 22.3–36.7

 $35,000–$49,999 407 316 (78.9) 72.3–84.3 91 (21.1) 15.7–27.7

 $50,000–$74,999 306 220 (75.9) 67.3–82.8 86 (24.1) 17.2–32.7

 $75,000 or more 320 237 (70.8) 62.4–78.0 83 (29.2) 22.0–37.6

Disability status

 Yes 1,405 1,094 (76.5) 72.5–80.0 311 (23.5) 20.0–27.5

 No 2,103 1,461 (69.2) 66.0–72.3 642 (30.8) 27.7–34.0

Veteran status

 Veteran 746 555 (75.9) 70.7–80.4 191 (24.1) 19.6–29.3

 Nonveteran 2,779 2,011 (70.9) 68.0–73.5 768 (29.1) 26.5–32.0

Note. CI, confidence interval; GED, Certificate of High School Equivalency obtained by passing General Educational Development tests. 
Column totals may not add up to the overall total because some values for demographic characteristics are missing. Estimates based on a 
small number of respondents have been suppressed because they do not meet statistical reliability standards.
aPercentages shown are weighted percentages, designed to reflect the adult population of North Carolina.
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table 2.
Pneumococcal Vaccination Rates for Respondents Aged 18–64 Years with Selected Chronic Conditions or 
Risk Factors, North Carolina Behavioral Risk Factor Surveillance System Survey, 2011

    Reported having received the Reported not having ever received 
   Total no. of pneumococcal vaccine the pneumococcal vaccine

Chronic condition  respondents with No. (%)a 95% CI No. (%)a 95% CI 
or risk factor characteristic

Total  2,624 910 (27.7) 25.2–30.3 1,714 (72.3) 69.7–74.8

Current smoker

 Yes 1,404 348 (19.9) 17.0–23.1 1,056 (80.1) 76.9–83.0

 No 1,215 559 (39.7) 35.5–44.2 656 (60.3) 55.8–64.5

History of CVD

 Yes 510 267 (45.4) 38.9–52.0 243 (54.6) 48.0–61.1

 No 2,084 631 (24.6) 21.9–27.5 1,453 (75.4) 72.5–78.1

COPD

 Yes 478 265 (53.0) 46.3–59.7 213 (47.0) 40.3–53.7

 No 2,133 639 (23.5) 20.9–26.3 1,494 (76.5) 73.7–79.1

Current asthma

 Yes 590 289 (42.4) 36.2–48.9 301 (57.6) 51.1–63.8

 No 2,020 617 (23.5) 21.0–26.3 1,403 (76.5) 73.7–79.0

Diabetes

 Yes 708 367 (44.3) 39.0–49.8 341 (55.7) 50.2–61.0

 No 1,910 543 (23.1) 20.3–26.1 1,367 (76.9) 73.9–79.7

Kidney disease

 Yes 154 79 (53.8) 42.3–64.9 75 (46.2) 35.1–57.7

 No 2,459 824 (26.5) 23.9–29.2 1,635 (73.5) 70.8–76.1

Note. CI, confidence interval; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease. 
Column totals may not add up to the overall total because some values for demographic characteristics are missing.
aPercentages shown are weighted percentages, designed to reflect the adult population of North Carolina.

group, the vaccination rate was 76.5% (95% CI,  
72.5–80.0), compared with a vaccination rate of 
69.2% (95% CI, 66.0–72.3) for those who did not 
report having a disability. The vaccination rate 
was also higher among elderly respondents who 
were white; 74.5% of respondents in this group 
had been vaccinated (95% CI, 71.9–76.9), com-
pared with 62.6% of elderly African American 
respondents (95% CI, 54.9–69.8). Rates for other 
racial groups and Hispanic individuals were not 
calculated because the number of elderly respon-
dents in those demographic categories was too 
small to meet standards of statistical reliability. 
Pneumococcal vaccination rates among elderly 
individuals did not vary significantly by sex, educa-
tion level, household income, or veteran status.

More than 2,600 North Carolinians (N = 2,624) 
aged 18–64 years who had chronic conditions or risk 
factors responded to the BRFSS question on pneu-
monia vaccination (Table 2). The pneumococcal 
vaccination rate for nonelderly adults with chronic 

conditions or risk factors was 27.7% (95% CI,  
25.2–30.3); this rate was significantly lower than the 
72.1% vaccination rate for elderly adults (95% CI,  
69.6–74.4). Additionally, North Carolina’s pneu-
monia vaccination rate for nonelderly adults with 
chronic health conditions or risk factors was less 
than half the Healthy People 2020 target of 60% 
for that group. Respondents aged 18–64 years who 
were current smokers had the lowest vaccination 
rates; only about 1 in 5 people in this group—19.9% 
(95% CI, 17.0–23.1)—reported that they had 
received the pneumonia vaccine. Vaccination rates 
were higher for those with chronic health condi-
tions (ranging from 42.4% to 53.8%), but none of 
the chronic condition groups achieved the Healthy 
People 2020 target rate of 60%.

Based on North Carolina BRFSS survey data for 
2011, North Carolinians aged 65 years or older and 
those aged 18–64 years with chronic conditions or 
other risk factors have pneumococcal vaccination 
rates that fall well below national targets estab-
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lished by the Healthy People 2020 program. These 
results suggest that the state should increase its 
efforts to identify and inform vulnerable adults 
about the importance of the pneumococcal vaccine 
in preventing hospitalizations and deaths related to 
pneumococcal pneumonia.  
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Obesity has become a leading health issue over recent 
decades. Obesity complicates existing health problems, 
creates increased risks for disease and other health 
conditions, and can substantially reduce length and quality 
of life. The adverse outcomes of obesity can occur throughout 
a person’s lifetime—from childhood to adulthood. Despite 
this, there is often little focus on obesity among very young 
children, ages 0-5 years. Focusing on early childhood obesity 
prevention can help promote child health and can reduce 
risk factors that contribute to chronic illnesses among 
adults. Young children who are obese are more likely to 
become obese adults. Therefore, reaching this population is 
not only an opportunity for obesity prevention, but also an 
opportunity to prevent obesity-associated health problems 
from occurring in the adult population. 

Obesity often starts in very young children. One in every 
10 preschool-aged children in the United States was 
considered obese in 2010.1 The North Carolina Pediatric 
Nutrition Surveillance System, which collects data on low-
income children ages 0-4 years, shows that the obesity 
epidemic affects even the youngest individuals in the state. 
Roughly 3 out of every 10 (28.5%) low-income young 
children ages 2-4 years are either overweight or obese in 
North Carolina. Over the past 30 years, the obesity rate has 
more than doubled among young children ages 2-4 years 
in North Carolina, increasing from 6.9% in 1981 to 15.4% 
in 2011. The percentage of overweight children in this age 
group also increased during this time from 11.7% in 1981 
to 16.2% in 2011.2 

Evidence shows that being overweight or obese in very early 
childhood is associated with an individual’s future body 
weight. According to a longitudinal study of approximately 
1,000 children, children who were overweight at ages 24, 

36, or 54 months were 5 times more likely to be overweight 
at age 12 years than those children who were not overweight 
at those ages.3 Further, a study of about 800 individuals 
found that obese children over the age of 6 have more than 
a 50% probability of becoming obese adults compared to a 
10% probability for non-obese children.4

The potential health impacts caused by being overweight or 
obese are extensive. Excess weight can negatively affect most 
organ systems including the circulatory, cardiovascular, 
skeletal, respiratory, reproductive, and digestive systems. 
People who are overweight or obese are more likely to 
develop type 2 diabetes, high blood pressure, heart disease, 
certain cancers, and stroke.5 Other complications stemming 
from being overweight or obese include high cholesterol, 
sleep apnea, osteoarthritis, liver and gall bladder disease, 
and gynecological problems.6

The majority of studies about the adverse health impacts 
of obesity among children are from studies with older 
children; however, there are some studies that show the 
health impacts of obesity in children ages 0-5 years.7,8 
While some of these adverse health consequences can take 
years to develop (such as cancer), others are evident in 
the shorter-term (such as type 2 diabetes), cardiovascular 
disease risk factors (such as elevated cholesterol, insulin, 
or blood pressure),9 sleep apnea, bone and joint problems, 
and social and psychological problems.10 Obesity is a 
multifactorial health outcome influenced by factors such as 
lifestyle, family history, community and environment, and 
genetics. As such, there is no one way to prevent obesity. 
However, there are many interventions that have been 
proven effective. Increasing physical activity, improving 
nutrition practices, reducing screen time, and improving 
sleep duration are ways to reduce a young child’s risk for 
obesity. At the request of the Blue Cross and Blue Shield 
of North Carolina Foundation (BCBSNC Foundation), the 
North Carolina Institute of Medicine (NCIOM) convened 
a task force to develop a blueprint to promote healthy 
weight and to prevent and reduce early childhood obesity. 
The NCIOM Task Force on Early Childhood Obesity 
Prevention (ECOP) was a collaborative effort between the 
BCBSNC Foundation, the North Carolina Partnership for 
Children (NCPC), and the NCIOM. 

Roughly 3 out of every 10 
(28.5%) low-income young 
children ages 2-4 years are 

either overweight or obese in 
North Carolina. 

FROM THE NCIOM
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The ECOP Task Force was charged with examining 
recommendations of evidence-based and evidence-
informed strategies from prior North Carolina and national 
task forces that focused on reducing childhood obesity, and 
developing a blueprint to prevent or reduce early childhood 
obesity in North Carolina. In essence, the blueprint for 
action includes the strategies needed to implement these 
recommendations. It includes the lead organizations and 
partners needed to implement the strategies, necessary 
funding and resources, and performance measures for 
evaluation. The blueprint is intended to serve as a common 
guide to focus the work of child care professionals, health 
professionals, public health professionals, state and local 
policymakers, nonprofits, and funders at the state, local, 
and, when appropriate, national level, who are interested 
in promoting healthy weight among young children in 
North Carolina. 

The Task Force was co-chaired by Kathy Higgins, president, 
Blue Cross and Blue Shield of North Carolina Foundation, 
and Olson Huff, MD, former chair, North Carolina 
Partnership for Children, Inc, and chair, North Carolina 
Early Childhood Foundation. They were joined by more 
than 70 other ECOP Task Force members including state 
and local policymakers, health professionals, public health 
professionals, child care providers, nutrition experts, 
faith community representatives, nonprofit community 
organizations, and philanthropic organizations. The ECOP 
Task Force met 14 times between September 2011 and May 
2013 and developed a total of 15 strategies in the clinical, 
community/environment, and policy areas. 

Clinical Strategies
Studies have shown that health professionals play an 
important role in promoting healthy behaviors. Health 
professionals should assess the weight status of young 
children; provide valuable information to parents and other 
caregivers about healthy weight, nutrition, physical activity, 
and community resources; and refer patients for additional 
treatment when appropriate. The academic preparation of 
health professionals is important in ensuring they have the 
knowledge, skills, and self-efficacy to perform these tasks. 
Thus, the ECOP Task Force developed a strategy to increase 
and enhance the education of health professionals while 
in training (pre-service) or in residency programs. In 

addition, to ensure that new health professionals are 
adequately trained in this area, a strategy was developed 
to expand education for practicing health professionals, 
which could be met through enhanced continuing 
education opportunities.

The Affordable Care Act requires coverage for services 
related to the prevention or treatment of early childhood 
obesity and includes assessment of weight for height and 
BMI percentile and obesity counseling.11 However, it does 
not mandate how insurers pay for these services. Many 
insurers may be covering this as part of the well-child check-
up and may not be providing additional reimbursement to 
encourage health professionals to spend the time necessary 
for obesity counseling. Thus, a strategy of the ECOP Task 
Force is to ensure adherence of insurers/payers to the 
Affordable Care Act requirements for coverage of the 
prevention, diagnosis, and treatment of obesity (and as 
outlined in the American Academy of Pediatrics’ Bright 
Futures guidelines), and to ensure payment for these 
services.

One of the barriers identified during ECOP Task Force 
meetings was the lack of community referral resources for 
health professionals to use with their patients and families. 
Therefore the ECOP Task Force developed a strategy 
that local health departments work with appropriate 
partners to convene a group to identify and catalog core 
statewide and local services, resources, and supports for 
health professionals to refer families and children for 
additional support or intervention to enhance clinical 
recommendations.

Community and Environment Strategies
In North Carolina, there are a few community and 
environment obesity prevention initiatives that focus on 
promoting healthy weight among very young children ages 
0-5 years. The ECOP Task Force built on existing efforts and 
identified other strategies to reach these young children. 
Three of the five priority community/environment 
strategies focus on child care programs since most children 
ages 0-5 years spend part of their early childhood in child 
care programs. In fact, at any point in time, one in four 
children in this age group are in licensed, regulated child 
care programs. Throughout the year, many more children 
spend time in child care programs, as many families enroll 
and disenroll. 

There has already been considerable effort to implement 
evidence-based and evidence-informed physical activity and 
nutrition strategies in child care programs through existing 
programs like Shape NC, Nutrition and Physical Activity 
Self Assessment in Child Care (NAP SACC), Preventing 
Obesity by Design (POD), and Be Active Kids®. The ECOP 
Task Force members believed it was both important and 
practical to support the progress made in improving health 
and wellness in pilot child care centers, and to then spread 
the innovations to other child care programs across the 

2

Focusing on early childhood 
obesity prevention can help 
promote child health and 

can reduce risk factors that 
contribute to chronic illnesses 

among adults. 
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state. To build on the existing efforts, the ECOP Task Force 
developed a strategy to expand the use of evidence-based 
and evidence-informed strategies for physical activity 
and nutrition in pilot child care centers.
 
Just as there is a need to enhance training for health 
professionals about strategies to promote healthy weight 
and reduce early childhood overweight and obesity, there 
is also a need to provide enhanced training for child 
care professionals. Therefore, a strategy was developed to 
provide pre-service and in-service education for child 
care providers on evidence-based and evidence-informed 
strategies for physical activity and nutrition. In-service 
training is also important for the consultants or technical 
assistance staff who are in frequent contact with the staff 
in child care programs. If trained, these consultants can 
provide child care professionals with consistent health 
information about childhood overweight and obesity and 
can help provide technical assistance about appropriate 
prevention strategies. Therefore, a strategy was developed to 
cross-train all child care consultants and other support 
personnel on evidence-based and evidence-informed 
strategies for physical activity and nutrition. 

Not all children ages 0-5 years can be reached through child 
care or early education settings. Thus, the ECOP Task Force 
developed other strategies to reach young children and their 
families. The first is to increase Eat Smart, Move More North 
Carolina’s focus on young children and their families. Eat 
Smart, Move More North Carolina is a coalition of more 
than 80 organizations working to promote opportunities 
for healthy eating and physical activity in the community 
in order to help people achieve a healthy weight.12 The 
second is to form an ECOP Communications Committee 
to develop a communications campaign to support policy 
and behavior change to reduce early childhood obesity. 

Policy Strategies
The ECOP Task Force’s policy strategies focus primarily on 
voluntary efforts that the state can take to improve early 
childhood nutrition, expand physical activity, enhance the 
outdoor learning environment, and support breastfeeding. 
In addition, the ECOP Task Force included strategies aimed 
at changing Medicaid payment policies. 

The ECOP Task Force recommended the creation of a 
voluntary recognition program for child care programs 
and early education programs that meet enhanced 
physical activity and nutrition standards. These standards 
may include new nutrition standards for licensed child care 
facilities, a requirement for increased time in active play, 
and/or more limted screen time. This recognition system 
would be voluntary, not mandatory, (more like a “Good 
Housekeeping Seal of Approval”) and could help lead to 
system change over time.

Home visiting programs like the Nurse Family Partnership 
and Healthy Families America rely on trained professionals 

who work directly with at-risk families, and thus have an 
opportunity to provide valuable information on healthy 
weight and obesity directly to the families. Interventions 
that include parental involvement and the home setting 
are more likely to result in better weight outcomes than 
programs provided only in the school environment or 
other non-home settings.13 Therefore, the ECOP Task 
Force recommended enhancing family education about 
early childhood healthy weight and obesity prevention 
strategies through existing maternal, infant, and early 
childhood home visiting and family strengthening 
programs. 

The concept of healthy community design is based on the 
tenet that both the physical built environment and the 
food environment are important ways to respond to the 
obesity epidemic and related chronic diseases. Increasing 
access to healthy foods and places to be active is an integral 
part of a larger strategic plan to help individuals maintain 
healthy weight and reduce chronic diseases. All North 
Carolina agencies that make decisions affecting the built 
environment and food environment should consider the 
impact their decisions have on the health and well-being 
of younger North Carolinians. Ensuring equitable access 
to opportunities for physical activity, as well as to healthy 
and affordable food, should also be part of the planning 
process. Therefore, the ECOP Task Force included a strategy 
to expand the focus of state agencies to include early 
childhood health, physical activity, and nutrition through 
healthy community design.

Having data to create an understanding of the current 
health status and behaviors of very young children and 
their environments is necessary to know how best to 
target interventions and to measure collective success in 
preventing obesity within this age group. Currently there is 
no source of information on the BMI of all young children 
in the state—only for low-income children. North Carolina 
needs consistent, reliable data on the BMI of a cross-
section of all young children to be able to assess whether 
interventions are helping improve healthy weight among 
young children. Two strategies in the blueprint address the 
issue of gathering useful, reliable data. The first strategy 
is to improve the collection and reporting of physical 
activity and nutrition data in multiple settings to more 
fully promote healthy weight among young children. 
The second is to improve the collection of BMI data for 
young children and make the information available to 
policymakers, health professionals, and the public to 
evaluate existing programmatic and policy initiatives and 
to inform future ones.

The last policy strategy of the ECOP Task Force is to 
promote breastfeeding for more North Carolina infants 
through Medicaid. Children who have been breastfed are 
less likely to develop acute disease in childhood or chronic 
illness such diabetes and heart disease later in life.14 In 
addition, breastfeeding may offer modest protection against 

3
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obesity. Although private insurers are required to provide 
coverage of lactation support and counseling, and help pay 
for breastfeeding equipment, this same mandate does not 
apply to Medicaid. Current data suggests that Medicaid-
eligible women are less likely to breastfeed than are women 
with other insurance coverage. 

Conclusion
A young child’s weight is influenced by his or her family, the 
community or environment in which he or she lives, public 
policies, and clinical interventions. Because the underlying 
factors that contribute to early childhood overweight or 
obesity are multifaceted, the interventions must be similarly 
targeted to those different levels of influence. Multifaceted 

interventions have a far greater likelihood of improving 
population health than any single intervention.15

Progress in early childhood obesity prevention cannot be 
accomplished through one method, one policy, one funder, 
or any one type of intervention; and it can certainly not 
be done alone. The ECOP Task Force’s blueprint builds on 
resources and partners already dedicated to improving child 
health, and it depends heavily on those settings where very 
young children can best be reached. This blueprint is an 
invitation to any stakeholder interested in the health and 
well-being of young children to work collectively to address 
this critical problem. There is a role for everyone to play in 
ensuring a healthy start for our youngest children.
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Don’t sweat it – you can do it!
Walk, jog or go for a bike ride with the kids – just get your heart pumping at 

least 30 minutes a day. Can’t squeeze in 30 minutes? Break it up into

10 minute intervals, 3 times a day to fit your schedule better. It all adds up. 

Get moving and make small changes that can have a big effect on your life. 

Remember: 30 minutes a day is all it takes. So start today!

For more ways to get and stay active, visit:

www.MyEatSmartMoveMore.com

I WILL
MOVE 
MORE!
EMPOWER YOURSELF.

RIGHT SIZE
YOUR

PORTIONS

MOVE
MORE

WATCH
LESS TV

EAT MORE
FRUITS

& VEGGIES

PREPARE
MORE MEALS

AT HOME

DRINK MORE
WATER
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Successful collaborations between academic research-
ers and local health departments are vital for public health 
research, but developing and maintaining such partnerships 
is often difficult. However, in the North Carolina Tuberculosis 
Control Program, such partnerships have flourished and 
have led to notable improvements in patient care.

Between 1995 and 2010, medical consultants for the 
North Carolina Tuberculosis Control Program initiated 

and conducted 7 different studies, which were published in 
6 papers [1-6]. During that same period, other researchers 
published the results of 2 multicenter clinical trials of tuber-
culosis treatment, both of which included sites in North 
Carolina [7, 8]. All 9 studies had a direct impact on clinical 
practice, with rapid movement from study results to policy 
changes and improved patient care. We describe these stud-
ies and discuss how close ties between academic research-
ers and public health professionals in North Carolina have 
promoted rapid implementation of evidence-based tubercu-
losis treatment.

Background

Collaborations between academic institutions and local 
health departments have long been critically important to 
the success of public health research; indeed, without the 
combined resources of both entities, some questions would 
be impossible to answer. In tackling such problems, the uni-
versity brings expertise, funding, and occasionally additional 
staff members, while the health department brings practical 
knowledge of the target community and, most importantly, 
access to patients.

Although academic researchers often design studies and 
then seek to collaborate with public health departments, 
the cooperation between academic centers and local health 
departments does not (and should not) always begin with a 
study protocol. Researchers often get their ideas for stud-
ies through contact with local public health providers and 
patients. Such contact can (and should) lead to collabora-
tive research projects that fully and equitably call on the 
strengths of both the academic researchers and the public 
health providers. Such cooperation is a component of what 

is now called community-based participatory research, which 
has been identified as an area of focus for future public 
health education by the Institute of Medicine of the National 
Academies [9].

Despite these advantages, collaborations between aca-
demic researchers and public health departments are often 
difficult to establish and maintain. Barriers to research at 
local health departments include limited capacity, the per-
ception that research has little relevance to the functions of 
the health department, uncertainty regarding how research 
fits into the professional roles of health department staff 
members, and the perception that university researchers 
are out of touch with the needs of the community [10]. That 
said, health department staff members believe that research 
contributes to their knowledge, their professional growth, 
and improvements in clinical practice [10].

Of course, there are many examples of successful part-
nerships. In this paper, we describe one such partnership 
and show how collaboration between an academic medical 
center and a local tuberculosis control program led directly 
to changes in public health policy that benefited both staff 
members and patients.

Translating Study Results into Improved Patient 
Care

In 2011 North Carolina had 244 cases of active tuber-
culosis [11]. By law, all patients in the state who are receiv-
ing treatment for active tuberculosis must have each dose 
directly observed by a health care worker [12]. Thus, vir-
tually all individuals with tuberculosis are treated through 
local health departments, in most cases using standard-
ized protocols. For complicated cases, medical consultative 
services are provided by 2 faculty members in the Division 
of Infectious Diseases at Duke University Medical Center 
(D.P.H. and J.E.S.). Within North Carolina, Wake County is 
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the second most populous county, but it has the highest 
case rate for tuberculosis. J.E.S. serves at the staff physician 
for Wake County’s tuberculosis clinic.

In this section, we describe and discuss several tubercu-
losis research projects that were conducted at sites in North 
Carolina. These 9 studies are summarized in Table 1.

Human immunodeficiency virus (HIV) testing in tubercu-
losis patients. One of the first studies we performed was a 
retrospective review of all patients treated for tuberculosis 
in North Carolina during the period 1993–1999 [1]. Of the 
3,119 tuberculosis patients for whom information about HIV 
testing was reported, more than 34% had not received HIV 
testing; 604 (19%) of these 3,119 patients had never been 
offered the test, and 465 (15%) had refused HIV testing. 
HIV testing appeared to be targeted to those individuals 
thought to be at high risk of infection, but many patients 
with epidemiologic risk factors for HIV infection were not 
offered testing.

In 2007 North Carolina discontinued its policy of requir-
ing HIV pretest counseling. Immediately afterward, the 
North Carolina Tuberculosis Control Program instituted 
a policy of offering opt-out HIV testing to all tuberculosis 
patients, regardless of their perceived risk for HIV infec-
tion. As a result of this change, HIV testing of tuberculosis 
patients dramatically increased. In 2008 only 3 (0.9%) of 
335 tuberculosis patients were not offered HIV testing [13], 
and in 2010 only 1 patient was not offered HIV testing [14]. 
In the latter case, the patient died just 2 days after beginning 
tuberculosis treatment, before HIV testing could be offered.

Isoniazid (INH) and rifapentine in the continuation 
phase of tuberculosis treatment. The Tuberculosis Trials 
Consortium (TBTC) is a multisite clinical trials group funded 
by the Centers for Disease Control and Prevention (CDC) 
and tasked with conducting “programmatically relevant” 
research regarding tuberculosis diagnostics and therapeu-
tics. One such project was TBTC Study 22 [7], which dem-
onstrated the efficacy of once-weekly administration of INH 
and rifapentine in the continuation phase of tuberculosis 
treatment for HIV-negative patients with no cavitary lesions 
on initial chest radiograph. Several North Carolina sites par-
ticipated in this study. Study 22 also showed that individu-
als with cavitary disease and positive mycobacterial sputum 
cultures at 8 weeks had a probability of relapse greater than 
20%, even when they were treated with standard therapy of 
INH, rifampin, ethambutol, and pyrazinamide for 2 months 
followed by INH and rifampin for 4 months. This latter find-
ing was later supported by the results of a retrospective 
systematic review that assessed clinical trials of rifamycin-
containing treatment regimens [15].

As a result of these findings, the North Carolina 
Tuberculosis Control Program added once-weekly combina-
tion therapy with INH and rifapentine to its list of approved 
treatment regimens. Additionally, anticipating CDC recom-
mendations in advance of published guidelines, we extended 
treatment duration to 9 months for all patients with cavitary 

disease and for those whose sputum cultures were positive 
after 2 months of treatment.

Rifampin plus pyrazinamide for treatment of latent tuber-
culosis infection. Rifampin plus pyrazinamide has been used 
in selected patients for the treatment of latent tuberculosis 
infection since 1999. After reports of fatal hepatotoxicity 
related to this regimen began to emerge [16], we conducted 
a retrospective review of 114 patients who had received 
this regimen at Wake County Human Services between 
December 1999 and May 2002 [2]. In this cohort, 67.5% 
of individuals completed the full course of therapy, which 
is a good rate of completion, considering that 60.5% of the 
study population was homeless. Of the 114 patients who did 
not complete therapy, 8 patients (7%) stopped therapy due 
to toxicity, and 106 patients (93%) were lost to follow-up. 
Unfortunately, 5.3% of patients taking the regimen acquired 
confirmed or suspected hepatitis during treatment.

In response to these data, we decided to place stringent 
controls on use of combination therapy with rifampin and 
pyrazinamide, although we did not go so far as to completely 
discontinue use of this treatment regimen. The regimen can 
now be prescribed only with the approval of the medical 
director of the North Carolina Tuberculosis Control Program 
and must be given according to a strict clinical protocol 
under the direct supervision of a physician (ie, there are no 
nursing protocols). We have had no deaths or hospitaliza-
tions from this regimen.

Epidemiology of pediatric tuberculosis. To learn more 
about the epidemiology of pediatric tuberculosis in North 
Carolina, we reviewed all 180 tuberculosis cases that 
occurred among children in the state from January 1, 1994, 
to December 31, 2002 [3]. We found that pediatric tubercu-
losis in North Carolina is limited almost entirely to African 
American and Hispanic children; specifically, 88.3% of the 
pediatric patients with tuberculosis in our study were non-
white. Furthermore, one-third of these pediatric tubercu-
losis cases were “foreign-associated” (either the child was 
foreign-born, or the parents of the child were foreign-born); 
half of these foreign-associated cases were in US-born chil-
dren of foreign-born parents [3].

Pilot screening program for pediatric tuberculosis. As a 
result of our epidemiologic study of pediatric tuberculosis 
in North Carolina, we designed a pilot screening program for 
US-born children of foreign-born parents who had emigrated 
from tuberculosis-endemic regions; this program was car-
ried out in the Wake County Human Services pediatric clinic 
[3]. Beginning in July 2004, all children who met the afore-
mentioned screening criteria were administered a tuberculin 
skin test; if the test result was positive, they were treated 
for latent tuberculosis infection. Unfortunately, the yield of 
this screening program was quite low, with only 0.32% of 
US-born children of foreign-born parents having a positive 
tuberculin skin test result. Thus the project was discontin-
ued after about 5 months. (Sometimes, our projects show us 
what does not work.)
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table 1.
Research Projects Conducted from 2002 to 2010 that Impacted Policy and Patient Care in the North Carolina Tuberculosis Control Program

Project Description Findings Policy impact

Note. HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; IGRA, interferon gamma release assay; INH, isoniazid; TBTC, Tuberculosis 
Trials Consortium.

HIV testing in 
tuberculosis 
patients [1]

Rifapentine 
and INH 
in the 
continuation 
phase of 
tuberculosis 
treatment 
(TBTC  
Study 22) 
[7]

Rifampin plus 
pyrazinamide 
for treatment 
of latent 
tuberculosis 
infection [2]

Epidemiology 
of pediatric 
tuberculosis 
[3]

Twice-weekly 
treatment of 
HIV-related 
tuberculosis 
(TBTC  
Study 23) 
[8]

Therapeutic 
drug 
monitoring 
in patients 
coinfected 
with HIV and 
tuberculosis 
[4]

HIV care and 
mortality 
in patients 
coinfected 
with HIV and 
tuberculosis 
[5]

Pairing 
tuberculosis 
testing with 
opt-out HIV 
testing [6]

This study assessed HIV testing 
practices for tuberculosis patients in 
North Carolina from 1993 to 1999.

This study compared the safety and 
efficacy of once-weekly rifapentine 
and INH to twice-weekly rifampin 
and INH in the continuation 
phase of treatment for pulmonary 
tuberculosis. Several North Carolina 
sites participated.

This study evaluated the safety and 
tolerability of 2 months of rifampin 
plus pyrazinamide for treatment 
of latent tuberculosis infection in 
114 patients in Wake County, North 
Carolina, 60.5% of whom were 
homeless.

This study examined the 
epidemiology of tuberculosis in 
children in North Carolina from  
1994 to 2002 (180 cases).

This study evaluated the rate 
of confirmed treatment failure 
and relapse with an intermittent 
rifabutin-based regimen for 
the treatment of HIV-related 
tuberculosis. Several North Carolina 
sites participated.

Conducted between March 
2002 and September 2007, this 
study analyzed INH and rifampin 
concentrations for 21 patients 
coinfected with HIV and tuberculosis 
who had a low CD4+ cell count 
(<100 cells/μL). Levels were 
compared with reference ranges, and 
drug doses were adjusted to achieve 
desired serum concentrations.

This study analyzed HIV-associated 
health care utilization and mortality 
in North Carolina patients coinfected 
with HIV and tuberculosis from  
1993 to 2003.

This was a large-scale contact 
investigation at a meat packing 
facility that combined IGRA testing 
for tuberculosis with opt-out HIV 
testing (326 contacts tested).

•	 At	least	34%	of	tuberculosis	cases	had	not	been	
tested for HIV.

•	 HIV	testing	seemed	to	be	targeted	at	groups	
believed to be at high risk.

•		 Although	HIV	testing	rates	had	improved	over	time,	
many persons had not been offered HIV testing.

•	 Once-weekly	INH	and	rifapentine	is	safe	and	
effective in the continuation phase of treatment 
for HIV-negative patients without cavitary 
disease.

•	 Relapse	was	associated	with	acquired	rifamycin	
resistance in HIV-positive patients with lower 
CD4+ cell counts.

•		 Failure/relapse	in	HIV-negative	patients	was	
associated with cavitation on chest radiograph 
and a positive sputum culture at 2 months.

•	 67.5%	completed	therapy.
•	 5.3%	developed	confirmed	or	suspected	hepatitis.
•	 There	were	no	hospitalizations	or	deaths.

•	 Most	cases	of	pediatric	tuberculosis	in	North	
Carolina occurred in children who were  
African American or Hispanic.

•	 1/3	of	pediatric	tuberculosis	cases	were	 
“foreign-associated.”

•		 Half	of	foreign-associated	cases	were	US-born	
children of foreign-born parents.

 
•	 5.3%	of	subjects	had	treatment	failure	or	relapse.
•	 Failure	or	relapse	was	associated	with	low	CD4+	

cell count (<100 cells/μL) at baseline.
•		 89%	of	subjects	with	treatment	failure	or	relapse	

had acquired rifamycin resistance.

•	 86%	had	low	serum	concentrations	of	at	least	 
1 drug.

•	 All	patients	successfully	achieved	desired	serum	
concentrations with higher doses.

•	 No	patient	demonstrated	any	adverse	effects	
attributed to higher doses of tuberculosis drugs.

•	 Patients	with	known	HIV	infection	had	a	high	risk	
of dying before tuberculosis diagnosis or during 
tuberculosis treatment.

•	 Only	one-third	of	patients	with	known	HIV	
infection had seen a physician for their HIV in the 
previous 6 months.

•		 Having	a	higher	baseline	CD4+	cell	count	and	
starting HAART during tuberculosis treatment 
were associated with reduced mortality.

•	 88%	of	patients	accepted	HIV	testing.
•	 2	patients	tested	positive	for	HIV;	both	already	

knew their HIV status but had not disclosed it to 
health department staff.

•		 95.7%	of	patients	had	adequate	IGRA	specimens.
•	 10%	of	patients	had	IGRA	results	but	no	

tuberculin skin test results.

•	 North	Carolina	now	provides	opt-out	
HIV testing to all tuberculosis patients 
regardless of age or perceived risk.

•		 In	2008	only	3	(0.9%)	of	335	patients	
were not offered HIV testing, and only  
11 (3.3%) refused testing.

•		 INH	and	rifapentine	can	be	used	in	the	
continuation phase of treatment if the 
patient is HIV-negative, has no cavitary 
disease, and has negative sputum 
cultures at 8 weeks.

•		 All	patients	with	cavitary	disease	and	
positive sputum cultures at 8 weeks must 
have 9 months of treatment.

•	 Rifampin	plus	pyrazinamide	may	only	
be used when a strict clinical protocol is 
being followed under the direction of a 
physician.

•		 Use	of	rifampin	plus	pyrazinamide	must	
be approved by the medical director of 
the North Carolina Tuberculosis Control 
Program.

•	 A	pilot	screening	program	of	US-born	
children of foreign-born parents was 
initiated at the pediatric clinic at Wake 
County Human Services, but yield for 
latent tuberculosis infection was low.

•		 The	project	was	discontinued,	and	such	
screening is not recommended.

•	 Recent	CD4+	cell	count	(within	3	months)	
is required for patients coinfected with 
HIV and tuberculosis.

•		 Those	with	a	low	CD4+	cell	count	 
(<100 cells/μL) at the initiation of 
tuberculosis therapy receive a daily 
regimen for the entire course of therapy.

•	 Measurement	of	serum	drug	levels	should	
be considered for all patients coinfected 
with HIV and tuberculosis who have a low 
CD4+ cell count (<100 cells/μL) and are 
taking INH or rifampin as part of therapy.

•	 Therapeutic	drug	monitoring	is	also	
recommended for patients experiencing 
treatment failure or early relapse.

•	 The	North	Carolina	Tuberculosis	Control	
Program routinely records HIV care data 
for all patients coinfected with HIV and 
tuberculosis.

•		 One	of	the	state’s	tuberculosis	medical	
consultants (all of whom are experienced 
HIV providers) reviews each of these 
coinfection cases in real time to look for 
problematic drug interactions and to 
advocate for the best HIV care.

•		 Opt-out	HIV	testing	is	routinely	
performed in all contact investigations in 
which IGRA testing is used to screen for 
tuberculosis.
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Twice-weekly treatment of HIV-related tuberculosis with 
rifabutin. TBTC Study 23, which was performed at sites in 
North Carolina, evaluated the safety and efficacy of twice-
weekly regimens containing rifabutin for treatment of 
HIV-positive patients who are also being treated for active 
tuberculosis [8]. The overall rate of culture-positive treat-
ment failure or relapse in this study was 5.3%; more impor-
tantly, 8 (89%) of the 9 individuals who relapsed showed 
newly acquired resistance to rifamycin. Relapse was associ-
ated with low baseline CD4+ lymphocyte counts (less than 
100 cells/μL), low levels of INH, and low levels of rifabutin 
(although the latter was found in only 1 study) [17-20].

Because rifamycin resistance greatly increases the length 
and cost of tuberculosis treatment [21], the North Carolina 
Tuberculosis Control Program instituted a policy of requiring 
CD4+ cell counts for all HIV-positive patients being started 
on treatment for active tuberculosis; any HIV-positive 
patient with a CD4+ cell count less than 100 cells/μL  
is now required to receive medications daily throughout the 
course of tuberculosis treatment. Again, participating in this 
project allowed us to anticipate CDC recommendations and 
to institute them in advance of official guidelines. Since our 
policy was put into place, we have had no occurrences of 
acquired rifamycin resistance in patients who are coinfected 
with tuberculosis and HIV.

Therapeutic drug monitoring for patients coinfected with 
tuberculosis and HIV. Because of the association between 
relapse and low drug serum levels, Wake County Human 
Services instituted a therapeutic drug monitoring program 
for all patients coinfected with HIV and tuberculosis. After 
being started on tuberculosis therapy, patients came to the 
clinic and were administered a dose of their medications, 
after which blood was drawn at 2 hours to determine levels 
of INH and rifampin, at 3 hours to determine levels of rifabu-
tin, and at 6 hours to determine levels of all 3 drugs.

In 2009 we published the results of a retrospective analy-
sis of the 21 patients treated under this protocol from its incep-
tion in March 2002 through September 2007 [4]. We found 
that 86% of these coinfected patients had low serum levels 
of at least 1 drug when blood was drawn after 2 or 3 hours,  
but that therapeutic drug levels could be achieved with 
higher doses. No adverse events were associated with higher 
drug doses. Although our study was not designed to detect 
a clinical benefit from therapeutic drug monitoring, our find-
ings suggest that low serum drug levels are common and 
that a therapeutic drug monitoring program can be success-
fully implemented in a local health department. Therefore, 
we suggest that therapeutic drug monitoring be performed 
for all HIV-positive tuberculosis patients with a CD4+ lym-
phocyte count less than 100 cells/μL (as well as for any 
patient experiencing treatment failure or early relapse).

HIV care and mortality in patients coinfected with tuber-
culosis and HIV. To better understand those patients who 
are coinfected with tuberculosis and HIV, we performed a 
retrospective review of all HIV-positive tuberculosis cases 

reported in North Carolina from 1993 to 2003 [5]. We found 
that patients with known HIV infection had a high rate of 
death; 27 (5%) of the 542 patients in this cohort died prior 
to tuberculosis diagnosis, and 70 (13.6%) of the remaining 
515 patients died during tuberculosis treatment. We also 
found that a higher baseline CD4+ lymphocyte count and 
use of highly active antiretroviral therapy (HAART) dur-
ing tuberculosis treatment were associated with reduced 
mortality. In addition, only one-third of patients whose HIV 
status was known before they were diagnosed with tuber-
culosis had seen a physician for HIV treatment during the  
6 months preceding their tuberculosis diagnosis.

These data were worrisome and clearly merited a 
response on the part of the tuberculosis control program. 
Ideally, each of these patients would be managed by an 
expert in the treatment of HIV and tuberculosis coinfection, 
but unfortunately many of these coinfected patients live 
in rural or semirural areas far from major medical centers. 
To compensate for this lack of local expertise, local health 
departments have been asked to collect data on HIV care for 
all patients who are coinfected with HIV and tuberculosis. 
One of the tuberculosis medical consultants then reviews 
this information in real time to look for potential drug inter-
actions and to ensure optimal tuberculosis care. The con-
sultants also assist with obtaining the best possible HIV 
care for tuberculosis patients and recommend therapy when 
appropriate.

Since this policy was implemented, the state nurse con-
sultants have become more attuned to the specialized needs 
of patients coinfected with HIV and tuberculosis, and they 
have developed strategies for getting these patients into 
HIV care. HIV care data have also been incorporated into the 
state’s tuberculosis cohort review so that we can continue to 
monitor the effect our intervention is having on HIV-related 
mortality.

Pairing tuberculosis testing with opt-out HIV testing. Per 
CDC guidelines, HIV-positive individuals who are exposed 
to tuberculosis should receive treatment for latent tubercu-
losis infection regardless of their tuberculin skin test results 
[22]. However, many HIV-infected patients are unaware of 
their HIV status. Incorporating HIV testing into tuberculosis 
contact investigations would be an ideal way of identifying 
these high-risk patients and would perhaps prevent incident 
tuberculosis, but implementing such a strategy as a regular 
policy has proven challenging.

One barrier to routine HIV testing of tuberculosis contacts 
was removed when North Carolina lifted its requirement for 
pretest HIV counseling. Shortly thereafter, we conducted 
a large-scale single-site investigation of the contacts of a 
person with highly infectious tuberculosis who worked at a 
meat packing factory. We used that opportunity to test the 
feasibility of interferon-gamma release assay testing for 
tuberculosis combined with opt-out HIV testing [6]. Each 
contact received a tuberculin skin test and had blood drawn 
for interferon-gamma release assay testing; HIV testing was 
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offered on an opt-out basis. Of the 326 contacts screened, 
88% accepted HIV testing; 2 of these individuals were HIV 
seropositive. Although both of these individuals knew their 
HIV status prior to testing, neither had revealed this fact 
to health department staff members. Also, neither of them 
tested positive for tuberculosis with either the tuberculin 
skin test or the interferon-gamma release assay; thus, with-
out knowledge of their HIV status, the health department 
would not have offered them treatment for latent tubercu-
losis infection. We now routinely perform opt-out HIV test-
ing during any investigation in which an interferon-gamma 
release assay is used for tuberculosis screening.

Summary

Incorporating the results of research into clinical prac-
tice is often a slow and inconsistent process, with uptake of 
proven interventions often occuring years after publication 
of the study that showed the intervention to be effective. 
Effective alliances between researchers and policymakers 
have been cited as potent tools to accelerate implementa-
tion of research results [23].

All of our projects were made possible by a close collabo-
ration between researchers at Duke University School of 
Medicine, staff members of the North Carolina Tuberculosis 
Control Program, and local health departments. When health 
department staff members help generate research ques-
tions, they can easily see how the project will have a direct 
impact on their ability to care for patients. In fact, many of 
the aforementioned studies began as quality improvement 
activities. Other studies of tuberculosis-related interven-
tions have demonstrated that early involvement of clinical 
and administrative staff members in research facilitates 
uptake of the research results [24]. Of course, such collabo-
rations do not materialize overnight; we have been involved 
with the North Carolina Tuberculosis Control Program for 
more than 10 years.

One important point is that large-scale, multisite studies 
such as those performed by the TBTC have also directly ben-
efited our patients. The primary benefit has been our ability 
to institute new recommendations quickly, as data become 
available, but there are additional benefits as well. Because 
the treatment regimens evaluated in such studies may even-
tually make it into CDC guidelines, study cohorts should be 
representative of the patients seen in clinical practice; by 
participating in research, we can ensure that our patients 
are represented in these groups. Furthermore, by having par-
ticipated in the research projects, health department nurses 
are already familiar with the new drugs and regimens when 
they are released. We have also seen that a health depart-
ment’s participation in clinical research improves patient 
care throughout the department’s clinics.

In summary, the North Carolina Tuberculosis Control 
Program maintains an active research agenda focused on 
patients. The results of the research studies we have con-
ducted at local health departments have had a direct, rel-

evant impact on tuberculosis treatment policies and have 
improved patient care. In other words, our research benefits 
our patients.  
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