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Despite reductions in prevalence, tobacco use
or tobacco smoke remains 1 of the major
modifiable risk factors for 4 of the 5 leading
causes of death in the United States.1Estimated
direct medical costs from tobacco use have
reached $133 billion annually.2 Until evidence-
based interventions to increase population quit
attempts and quit rates become routine, espe-
cially in health care settings, national objectives
to reduce tobacco use will be difficult to
achieve.3

Brief tobacco cessation interventions are
effective in helping smokers quit.4,5 Clinical
protocols such as the 5 A’s (ask, advise, assess,
assist, arrange),6 2 A’s and a C (ask, advise,
connect),7 and 2 A’s (ask, act)8 promote to-
bacco use screening and treatment. However,
in addition to clinician interventions, the US
Public Health Service guideline for treating
tobacco use and dependence advocates that
health care organizations adopt systems change
supporting delivery of tobacco dependence
treatments.6

The use of health care delivery systems
has the potential to reach a large number
of smokers, 80% of whom see a doctor at
least once a year.2 Systems change enhances
the identification and treatment of tobacco
users within health care settings. The guideline
recommends systems strategies to facilitate in-
tegration of evidence-based treatments for
tobacco use, including electronic documenta-
tion of screening and intervention.6

Use of electronic health records (EHRs)
improves adherence to clinical protocols.9

Legislation incentivizing nationwide adoption
of EHRs will accelerate integration of this
technology into diverse delivery systems.10

Still, long-term follow-up and measurements
are needed to verify changes in patterns of care
and to determine whether such changes result
in improved health outcomes.

By examining EHR data, Land et al.11 dem-
onstrated the ability to measure the effect of
systems change on smoking prevalence and
health care utilization. Their results illustrated
the importance of consistent exposure to
evidence-based interventions and showed that
a system-wide adoption of standardized
evidence-based tobacco measures decreased
smoking prevalence in a relatively affluent,
primarily White suburban population with
lower than average smoking prevalence. Be-
cause people in lower socioeconomic classes
have difficulty sustaining quits,12,13 it is impor-
tant to show that routine clinical interventions
with low-income patients promote successful
quit attempts and help recent quitters remain so.

In 2002, the Louisiana legislature enacted
a cigarette excise tax as part of a statewide
tobacco control program,14 including the To-
bacco Control Initiative (TCI). The TCI, an
early adopter of EHR-supported, clinic-based
interventions for tobacco use, offers standard-
ized cessation services, with a focus on imple-
mentation in ambulatory care settings. The
TCI’s goal is to identify tobacco users and

deliver evidence-based treatments. It provides
designated personnel, clinician training, be-
havioral counseling, free or low-cost pharma-
cotherapy, quit line referral, and bedside
consultation, along with performance appraisal
and feedback. Systems thinking was used as
the framework for program conceptualization
and development. The TCI program is de-
scribed in greater detail elsewhere.15

Over several years, the TCI integrated treatment
of tobacco use into routine care for all patients
in the Health Care Services Division of Louisiana
State University Health New Orleans (LSUHNO)
public hospital system using US Public Health
Service guidelines. Therefore, the impact of this
systems change on quit attempts, quits, and health
outcomes should reflect what can be achieved
when evidence-based tobacco measures are
evaluated for their impact on population health.

In this article, we examine the impact of
systems change on a public health care network
and the capacity of EHR data to capture these
changes. We evaluate the effectiveness of the
system-wide implementation of tobacco inter-
ventions to promote quitting.

Objectives.We examined electronic health records (EHRs) to assess the impact

of systems change on tobacco use screening, treatment, and quit rates among

low-income primary care patients in Louisiana.

Methods.We examined EHR data on 79 777 patients withmore than 1.2million

adult primary care encounters from January 1, 2009, through January 31, 2012,

for evidence of systems change. We adapted a definition of “systems change” to

evaluate a tobacco screening and treatment protocol used by medical staff

during primary care visits at 7 sites in a public hospital system.

Results. Six of 7 sites met the definition of systems change, with routine

screening rates for tobacco use higher than 50%. Within the first year, a 99.7%

screening rate was reached. Sites had a 9.5% relative decrease in prevalence

over the study period. Patients were 1.03 times more likely to sustain quit with

each additional intervention (95% confidence interval = 1.02, 1.04).

Conclusions. EHRs can be used to demonstrate that routine clinical in-

terventions with low-income primary care patients result in reductions in

tobacco use and sustained quits. (Am J Public Health. 2015;105:e1–e7. doi:

10.2105/AJPH.2014.302274)
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METHODS

Seven LSUHNO facilities, varying in size,
currently participate in the electronically sup-
ported TCI program; all are located in the
southern region of the state. These facilities
manage more than 30 000 admissions annu-
ally, along with 500 000 outpatient and
emergency department (ED) visits for more
than 230 000 Louisiana residents (mean
age = 40 years; 51% African American;
57% female; 61% uninsured). Three
facilities (Medical Center of Louisiana,
Earl K. Long Medical Center, and University
Medical Center) are in urban centers, and
4 (Bogalusa Medical Center, Lallie Kemp
Medical Center, Leonard J. Chabert Medical
Center, and Walter O. Moss Medical Center)
are in rural areas. All facilities provide in-
patient, emergency, primary, and some spe-
cialty care. Those treated at the 3 urban
facilities, serving 56% of the total Louisiana
State University patient population, are
similar to those at the 4 rural facilities with
regard to patient age, sex, and insurance
distributions. However, urban facilities have
a greater percentage of African American
patients (62% vs 38%). Across sites, self-
reported smoking prevalence ranged from
26% to 40% (R. H., written communication,
July 2013).

Data Collection

LSUHNO uses CliQ, an internally developed
EHR.16 CliQ stores patient demographics, clin-
ical notes, electronic orders, lab results, pre-
scriptions, and medication information and has
a reminder system for interventions based on
evidence-based guidelines. CliQ presents a 5
A’s---based clinical protocol for brief interven-
tion (<10 min). Although inclusion of each
element of the 5 A’s within the EHR was
completed in December 2008, allowing for
electronic tracking of implementation of the
TCI intervention, we used only 2 A’s (ask and
advise) in this analysis. Screening for tobacco
use occurs during the nursing assessment and
may be conducted by nurses, medical assis-
tants, or health professionals in training who
enter the assessment information into the
EHR. Figure 1 depicts the workflow for identi-
fying and treating tobacco users at LSUHNO
facilities.

Study Population

The data set from EHR records included
inpatient and outpatient encounters at all sites
between January 1, 2002, and January 31,
2012 (7 329 716 visits for 311 517 patients).
We extracted 2 different study populations
from the EHR data.

We used the first population to examine the
implementation of the TCI across the LSUHNO
system. This population included all primary
care encounters with adults between January 1,
2009, and January 31, 2012, at the 7 sites
(n = 1 215 183). To assess the trend in tobacco
use in the past 30 days, we restricted this
analysis to 79 777 patients who had at least 1
primary care visit from January 1, 2009, to
June 30, 2009.

We used the second population, restricted
to patients who entered the TCI as current
smokers, to examine the association and impact
between the TCI and smoking cessation. We
restricted these analyses to patients who
reported current tobacco use in the past 30
days at their first 2 visits after January 1, 2009
(n = 18 162). Because the TCI focused on
implementation in the primary care setting, 2
of the 4 unique visits required to establish
a sustained quit had to have taken place in
the primary care setting. We dropped eligible
patients from the analyses if they (1) had
missing demographic information, (2) were not
aged 18 years or older at the time of the first
intervention, or (3) could not be assigned to
a primary facility or payer. Because people with
exacerbated health problems are more likely to
quit,17 we further restricted the analysis to pa-
tients who were not hospitalized during the study
period. (See Figure A, available as a supplement
to this article at http://www.ajph.org, for a flow
diagram of the data set.)

Among current tobacco users, patients were
identified as having a sustained quit, attempted
quit, or nonquit, depending on their screenings at
the last 2 primary care visits within the study
period. We considered patients as having (1)
a sustained quit if they reported not using
tobacco in the past 30 days at 2 consecutive
primary care visits at least 90 days apart, (2) an
attempted quit if they reported no tobacco use
within the past 30 days but could not meet the
criteria for a sustained quit, or (3) a nonquit if
they reported using tobacco in the past 30 days
at both of their last 2 visits. Because LSUHNO

used a 90-day criterion to prompt providers to
screen for tobacco use, we adapted the defini-
tion of systems change used by Land et al.11The
Land et al. study examined clinical sites that
adopted an every-patient, every-visit model for
tobacco interventions. The operational defini-
tion of systems change was linked to the month
in which more than 50% of all patients at all
visits were asked about smoking as long as the
rate did not drop below 50% for the succeed-
ing 12 months. In this study, the date that
systems change occurred at a LSUHNO site was
defined as the first month in which more than
half of all office visit patients at the site were
asked about tobacco use if 90 days or more
had elapsed since the previous screening for
tobacco use. Furthermore, the rate of identifi-
cation of tobacco users had to remain at 50%
or more for at least12 consecutive months after
the initial month when the 50% threshold was
reached.

Number of Interventions and Potential

Confounders

Patients were advised to quit smoking on
95.8% of visits in which a smoker was identi-
fied. Because the vast majority of these en-
counters included advice to quit, we counted all
visits during which a smoker was identified as
interventions.

We extracted patient demographic informa-
tion, including age (18---29, 30---39, 40---49,
50---64, and ‡65 years), sex (male, female), and
race (African American, White, other) from the
EHRs for use in analyses as potential con-
founders. Information on the payer was col-
lected each time a patient visited a medical
provider. Payers were listed as commercial,
free, Medicaid, Medicare, prisoner, and self-
pay, and we categorized them into commercial,
public (free, Medicaid, Medicare, prisoner), and
self-pay.

The analyses also included the facility be-
cause the intervention was more fully imple-
mented at some facilities than at others. We
assigned patients a primary facility on the basis
of the site at which they received most of their
ambulatory care (e.g., if a patient had 9 visits
total, 5 at site A and 4 at site B, site A was
assigned as primary facility). Finally, because
the number of visits was positively skewed, we
created visit categories that reduced the impact
of outliers. We coded emergency department
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(ED) visits as 0, 1 to 2, 3 to 4, and 5 or greater
during the 37-month study period. Other
ambulatory care visits (specialty and primary
care) were summed and coded as 2 to 4, 5 to
14, and 15 or greater during the study period.

Analyses

We analyzed data with SAS version 9.3 (SAS
Institute, Cary, NC). Three sets of analyses were
conducted. In the first set, we investigated the
frequency of interventions over time across the
7 sites by creating ratios of the number of
smoking interventions to the total primary care
encounters among patients aged 18 years or
older. To assess site-specific systems change in
the LSUHNO, we also mapped a cohort of
patients with at least 1 primary care visit in the
first 6 months of the intervention throughout

the study period to examine responses to the
question regarding 30-day smoking. In a sec-
ond set of analyses, we examined associations
between demographic characteristics, payer,
LSUHNO facility, and success of quitting at the
level of the encounter. In the final set of
analyses, we examined the relationship be-
tween the number of smoking intervention
encounters and the likelihood of quitting by
means of logistic regressions, adjusting for age,
race, facility, sex, payer, total number of ED
visits, and total number of primary care and
specialty visits.

RESULTS

Current analyses used a two-phased process.
We assessed the extent to which tobacco

interventions were implemented and deter-
mined the impact of those interventions on
smoking behavior.

Implementation of Site-Based Tobacco

Interventions

Within the first year of the study, the
tobacco use status of 99.7% of the adult
population had been assessed within the past
12 months. Of the 7 participating centers, all
but 1 had primary care providers recording
smoking status at 50% or more of their visits
by the end of the study period, even though the
LSUHNO protocol for assessing smoking status
only required asking every 90 days (Figure 2).
The recording of tobacco status increased
within 6 months after implementation of the
TCI, with the greatest increases in screening

Assessment

Nurse 

TCI

 Staff 

Examining

Provider 

ASK: Used tobacco

in last 30 days/12

months? 

ASSESS: Ready to quit

in the next 30 days? 

ASSESS: Interested in 

 quitting? 

ADVISE to quit. 

Cessation

Medication 

Group

Counseling 

Quit-Line

Counseling 

Self-Help

Material 

ASSIST: Advise quitting, discuss

treatment options, help patient 

 select at least one  

ARRANGE: Follow-up with

patient via mail/phone to

arrange treatment  

Electronic

Referral 

Yes  No

Yes  No

Yes  No

Yes  No

Note. TCI = Tobacco Control Initiative.

FIGURE 1—The Tobacco Control Initiative 5 A’s (ask, advise, assess, assess, assist, and arrange) protocol for tobacco intervention and parties

responsible for each component: Louisiana State University Health New Orleans Health Care Services Division.
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occurring at the Earl K. Long Medical Center,
Medical Center of Louisiana, University Medi-
cal Center, and Walter O. Moss Medical Center
sites.

Land et al.11 developed an operational defi-
nition of systems change that required a sus-
tained identification rate of 50% or more to
demonstrate that a site had achieved systems
change. Land et al.’s definition was based on an
assumption that clinical sites would record
tobacco use status for every patient at every
visit. Given the high visit rate of patients to
multiple clinics within an LSUHNO facility,
electronic prompts were presented when 90 or
more days had elapsed since tobacco use status
was documented in the EHR. Using the 90-day
rule as the foundation of the LSUHNO re-
minder system, 6 of 7 sites met the definition of
having achieved systems change, and overall
the system maintained monthly identification
rates of 50% or more for at least 1 year after
the threshold was reached.

Along with an increase in implementation of
the intervention over the 3-year period, the
number of patients reporting tobacco use in the
past 30 days decreased among the population
who had at least 1 primary care visit in the first
6 months of the study period (n = 79 777
patients). From January 2009 through June
2009, 27.5% of the visits made by this group
had a recorded positive response to tobacco

use in the past 30 days. For the same time
period in 2011, only 24.9% of visits by the
same group reported tobacco use within the
past 30 days. This 9.5% relative decrease in
prevalence was significant (P< .001).

Impact of Tobacco Interventions on Quit

Rates

Among eligible patients, 18 162 were clas-
sified as current tobacco users. Of these, 82.7%
were nonquits (n = 15 013), 10.3% were
attempted quits (n = 1867), and 7.1% were
sustained quits (n = 1282) at the end of the
study period. Among those who were tobacco
users at the beginning of the study, a greater
proportion of patients who had sustained quits
were older, were White, and had either com-
mercial or public insurance as their primary
payer when compared with the total population
(Table 1).

As determined by logistic regression, the
number of smoking interventions in the out-
patient setting predicted the likelihood of
a sustained quit, even after controlling for
demographics, payer status, number of ED
visits, and number of specialty and primary
care visits (Table 2). For each additional in-
tervention after adjusting for potential con-
founders, patients were 1.03 times more likely
to have a sustained quit (95% confidence
interval = 1.02, 1.04). The impact of these

interventions was also seen when examining
both attempted and sustained quits together;
patients increased their odds of either a
sustained quit or an attempted quit, even
after adjusting for demographics and number
of visits (adjusted odds ratio = 1.02; 95%
confidence interval = 1.01, 1.02). (See Table
A, available as a supplement to this article
at http://www.ajph.org, for descriptive sta-
tistics on the number of ED, primary care,
and specialty care visits during the study
period.)

DISCUSSION

The 5 A’s---based tobacco intervention
implemented by LSUHNO was effective in
lowering the prevalence of tobacco use among
its patient population. This is notable in light of
studies that show the difficulty of maintaining
quit status among those in lower socioeco-
nomic populations.12,13 After 3 years, a cohort
of 79 777 primarily low-income patients had
a relative reduction of tobacco users of 9.5%.
Examination of the prevalence rates from
Louisiana’s Behavioral Risk Factor Surveillance
System showed no comparable decreases in
smoking prevalence. As determined with these
data, smoking prevalence among adults 18 and
older was essentially stable, with rates of 20.5%
in 2008, 22.1% in 2009, and 22.1% in 2010.18
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FIGURE 2—Percentage of primary care visits with recorded tobacco assessment: Louisiana State University Health New Orleans Health Care

Services Division intervention sites, January 1, 2009–January 31, 2012.
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Furthermore, each intervention increased
the odds that a patient would sustain a quit
(2.8% per intervention) for at least 90 days.
This rate is comparable with that found pre-
viously among a relatively affluent population
in suburban Boston, Massachusetts (2.6%),11

whereas more than half the patient population
in this study was uninsured or had public
insurance coverage. Finally, we found site-
specific effects, indicating that higher interven-
tion rates had a greater impact on reducing
tobacco use. Differences in program imple-
mentation, including staff turnover, adminis-
trative support, and uptake and adoption of
EHR use may have contributed to site variation
in intervention rates.14 We should note that the

facility failing to reach criteria for systems
change was the only facility that had not
adopted a smoke-free policy restricting tobacco
use on its campus during the study period.

The TCI used system-level strategies rec-
ommended by the guideline, integrating com-
prehensive tobacco cessation services into
a health care system serving high-risk, medi-
cally vulnerable patients. A key element in this
process involved developing the capacity to
identify and track tobacco users electronically.
Systems that allow for structured intervention
and data collection improve adherence to
clinical guidelines for treatment of tobacco
dependency and enhance knowledge of what
works in real-world clinical settings.19,20 Given

that structured data were captured for each
visit, it also allowed an evaluation of changes in
provider and patient behavior, confirming the
impact of brief tobacco interventions and elu-
cidating what happens when effective systems
change occurs.

The LSUHNO system was unable to gain
universal acceptance of screening for tobacco
use at every clinical encounter. Some clinicians
and staff found the process burdensome and
disruptive and reported that patients were
annoyed by the repeated queries. Although
clinical trials have pointed to the effectiveness
of an every patient, every visit screening pro-
tocol for tobacco use,6 practical considerations
may make that difficult. Data obtained from
EHRs could be used to determine whether
interval-based screening such as that at
LSUHNO is as effective and whether there is an
optimal screening interval that ensures adher-
ence to the protocol.

Limitations and Strengths

This study has several potential limitations.
First, there was no independent method for
determining the quality of the EHR data
collected at LSUHNO. Nevertheless, more than
90% of the records for patients had the same
tobacco use status from 1 visit to the next. As
these data are examined further, one would
expect health improvements for patients who
report no longer using tobacco. Such clinical
data would confirm the quality of the LSUHNO
data, but they were beyond the scope of this
analysis.

Self-reports of tobacco use may not be
entirely accurate. Patients may present a more
positive assessment of risky behavior to cir-
cumvent uncomfortable discussions about
a persistent habit. Although pregnant women
underreport smoking,21,22 studies of other
populations have shown that self-reports are
generally accurate.23 Less than 1% of the EHR
records indicated that a patient was pregnant,
and for these we found no discernible pattern
of underreporting of tobacco use. Moreover,
a change in 1% of the records evaluated would
not alter the conclusions drawn.

The nonrandomized study has no true
comparison population. We examined state-
wide trends using the Behavioral Risk Factor
Surveillance System to make comparisons, but
these statewide trends may not be representative

TABLE 1—Demographics Among Tobacco Users by Final Status: Louisiana State University

Health New Orleans Health Care Services Division Intervention Sites, January 1,

2009–January 31, 2012

Characteristic

Total

(n = 18 162), %

Sustained Quits

(n = 1282), %

Attempted Quits

(n = 1867), %

Nonquit

(n = 15 013), %

Age,* y

18–29 10.5 11.4 12.9 10.2

30–39 13.6 12.2 15.3 13.6

40–49 29.8 26.2 28.3 30.3

50–64 41.9 43.1 39.4 42.1

‡ 65 4.2 7.1 4.1 4.0

Sex

Female 63.0 62.2 64.4 62.9

Male 37.0 37.8 35.6 37.1

Facility*

BMC 13.9 13.4 12.5 14.1

EKL 12.6 12.8 14.4 12.4

LAK 11.0 14.0 16.2 10.1

LJC 12.5 11.4 9.5 13.0

MCL 17.0 16.9 19.7 16.6

UMC 16.7 13.8 14.6 17.3

WOM 16.3 17.6 13.0 16.6

Payer*

Commercial 4.6 6.4 4.1 4.5

Public 86.8 88.3 86.8 86.7

Self-paid 8.6 5.3 9.1 8.9

Race*

African American 42.7 47.7 46.0 41.8

White 55.8 50.0 52.1 56.7

Other 1.6 2.3 1.9 1.5

Note. BMC = Bogalusa Medical Center; EKL = Earl K. Long Medical Center; LAK = Lallie Kemp Medical Center; LJC = Leonard J.
Chabert Medical Center; MCL = Medical Center of Louisiana; UMC = University Medical Center; WOM = Walter O. Moss
Medical Center. Percentages may not add to 100 because of rounding.
*v2 P < .001.
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of the population served by LSUHNO. Al-
though our comparison may have been im-
perfect, it is unlikely that the LSUHNO patient
population would have shown decreases in
smoking prevalence that the general popula-
tion did not.

There was also no way to determine whether
patients had sought care at facilities other than

LSUHNO. In August 2005, Hurricane Katrina
displaced large numbers of Louisiana residents.
Because residents returned to the state over the
course of years, gaps could exist in the histories
of some patients, who may have obtained care
elsewhere. If so, effective tobacco use interven-
tions could have been delivered at these loca-
tions, and LSUHNO would have no record of
those encounters. To address this possibility, we
looked at data 2.5 years after Hurricane Katrina,
including only patients who had at least 4 visits
at LSUHNO in the study period. We concluded
that patients who were seen at LSUHNO sites
more than once per year were likely to have had
most of their care at these sites.

A major strength of this study is the large,
mature data set for a high-risk, vulnerable
population. The data set includes all inpatient
and outpatient encounters, including ED visits.
The breadth and depth of these data will allow
future work to look for changes in clinical
outcomes, such as reductions in blood pressure,
which would be expected for patients who have
quit smoking. Reductions in tobacco use should
also lead to decreases in ED visits and hospi-
talizations, especially among patients with cor-
onary heart disease.

Conclusions

In this study, we demonstrated that EHR
data can be used to track systems change and
the subsequent impact of routine clinic-based
intervention on quit rates and prevalence of
tobacco use in a health care delivery system
serving low-income smokers. Data from sys-
tems such as that at LSUHNO can be used by

analysts, researchers, and clinicians to learn
how to deliver effective clinical interventions.
As more clinical sites make their encounter
records available, measures that tie clinical
encounters to quitting behavior and health
outcomes will enhance the meaningful use of
the EHR in real-world settings. j
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1–2 0.80 (0.68, 0.94)

3–4 0.92 (0.76, 1.10)

‡ 5 (Ref) 1.00

Continued

TABLE 2—Continued

PCSC visits, no.

2–4 (Ref) 1.00

5–14 1.46 (0.97, 2.21)

‡ 15 2.52 (1.65, 3.84)

Note. BMC = Bogalusa Medical Center; CI = confi-
dence interval; ED = emergency department;
EKL = Earl K. Long Medical Center; LAK = Lallie Kemp
Medical Center; LJC = Leonard J. Chabert Medical
Center MCL = Medical Center of Louisiana; OR = odds
ratio; PCSC = primary care and specialty care;
UMC = University Medical Center; WOM = Walter O.
Moss Medical Center. The results of this logistic
regression included only sustained quits (n = 1282)
and nonquits (n = 15 013). These analyses did not
include attempted quits.
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