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Rationale, aim & objective: The goal of this study was to examine the health and economic impacts re-
lated to increased utilization of the Duke Smoking Cessation Program resulting from the addition of two
relatively new referral methods — Best Practice Advisory and Population Outreach. Materials & methods:
In a companion paper ‘Comparison of Referral Methods into a Smoking Cessation Program’, we report re-
sults from a retrospective, observational, comparative effectiveness study comparing the impact of three
referral methods — Traditional Referral, Best Practice Advisory and Population Outreach on utilization of
the Duke Smoking Cessation Program. In this paper we take the next step in this comparative assessment
by developing a Markov model to estimate the improvement in health and economic outcomes when two
referral methods — Best Practice Advisory and Population Outreach — are added to Traditional Referral.
Data used in this analysis were collected from Duke Primary Care and Disadvantaged Care clinics over a
1-year period (1 October 2017-30 September 2018). Results: The addition of two new referral methods -
Best Practice Advisory and Population Outreach - to Traditional Referral increased the utilization of the
Duke Smoking Cessation Program in Primary Care clinics from 129 to 329 smokers and in Disadvantaged
Care clinics from 206 to 401 smokers. The addition of these referral methods was estimated to result in
967 life-years gained, 408 discounted quality-adjusted life-years saved and total discounted lifetime direct
healthcare cost savings of US$46,376,285. Conclusion: Health systems may achieve increased patient health
and decreased healthcare costs by adding Best Practice Advisory and Population Outreach strategies to
refer patients to smoking cessation services.
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The impact of smoking

Smoking is the leading preventable cause of morbidity and mortality in the USA [1]. Smoking causes approximately
480,000 deaths per year 2] and 28.6% of all cancer deaths [3]. Smoking has been shown to cause lung disease, heart
disease, peripheral vascular disease, stroke, thromboembolic disease, diabetes, bone fractures, cataracts, dementia
and developmental disorders, [4] and in the USA, smoking incurs a financial burden of over US$300 billion per
year [5]. As evidence mounts on the health and financial costs of smoking, there is an urgent need to provide smokers
with access to effective tobacco use treatment.

Changes in the smoking population
The rate of smoking in the USA has decreased from 43% in 1964 (6] to 15.7% today [7]. With this decreased rate
in smoking, there has been a change in the demographics of those who smoke. On average, smokers today have Future '.'-:'.'-;

relatively low education, [8] low income [9] and high rates of psychiatric illness [10,11]. Each of these challenges makes Medicine ™
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it less likely that a smoker will be successful when trying to quit (12-14]. When today’s average smoker makes an
unassisted quit attempt, their success rate in quitting is only 3—5% [15].

Changes in healthcare

With these changes in the smoking population, there has also been a change in the nature of healthcare. Fifty years
ago, most healthcare in the USA was provided by general practitioners working in small practices with minimal
cohesion or integration [16]. Today, 91.2% of Americans receive care within a health system, [17,18] and these health
systems adhere to specific patient care objectives and communicate preferred treatment pathways to health system
providers [19]. A widely recognized health system objective is the provision of effective smoking cessation services
to health system patients [20].

The key evolutionary transition is that referral to smoking cessation services is no longer driven solely at an indi-
vidual patient level by medical providers. Rather it is driven at a population level by health system objectives [20-22].
In 2014, the CDC published ‘Best Practices for Comprehensive Tobacco Control Programs’ with recommendations
for all healthcare systems, clinics, hospitals, dental offices, pharmacies and emergency departments to ask, advise and
refer patients to evidence-based tobacco treatment [21,22]. Each year, 80% of all smokers see a medical provider [23)
and each of these contacts is an opportunity to provide treatment or referral to evidence-based tobacco treatment
services. Smoking abstinence rates for specialized treatment programs (e.g., Mayo Clinic, MD Anderson, Duke)
are in the range of 27-39% — nine- to ten-times that of an unassisted quit attempt [24-26].

Emergence of the electronic health record

One of the most significant changes in healthcare in the last 20 years has been the wide-scale proliferation of the
electronic health record (EHR) [27]. In 2007, only 35% of office-based physicians used an EHR; by 2015, EHR
use increased to 90% in clinics [28] and 96% in hospitals [29]. This means that a large majority of US smokers who
have seen a physician are registered within an EHR [23]. Furthermore, in many health systems, smoking status is
recognized as a vital sign, [30] such that providers are required to obtain smoking status on every patient over the
age of 13 (31]. Although imperfect, 32] the EHR has become an effective tool for identification of smokers within a
health system.

Patient referral methods

In this paper and in our companion paper, ‘Comparison of Referral Methods into a Smoking Cessation Program’,
we assess the effects of three referral methods — Traditional Referral, Best Practice Advisory (BPA) and Population
Outreach. Traditional Referral is an informal term used for our purposes here to denote the default method of
patient referral used by providers everywhere for hundreds of years; it refers to the general situation in which a
provider sees a patient and then, for a multitude of potential reasons, sends the patient to be seen by another
provider. A key concept underlying Traditional Referral is that it is motivated and initiated by the medical provider
who sees the patient. BPA and Population Outreach are categorically different from Traditional Referral because
they are not solely driven by the medical provider, but instead are driven in part or whole by health system objectives.
BPA refers to a referral method in which the EHR alerts the provider during a clinic visit that their patient may
benefit from a specific treatment [33]. At selected Duke clinics, a BPA alert occurs during a clinic visit if the EHR
recognizes the patient as current smoker. There were limited data describing the incidence of BPA use in the USA,
but at least 90% of US physicians use an EHR, [28] and alerts are a common component of the EHR [34]. Population
Outreach is a referral method in which a ‘pursuit list’ is generated containing all patients across a population who
meet a specified set of criteria. These patients are then contacted proactively by phone, text, email, mail or other
methods and offered services [35]. In the Duke Smoking Cessation Program (DSCP), Population Outreach occurs
by running a pursuit list that includes all current smokers who have a medical appointment within the next 30 days.
DSCP staff then calls these patients on the phone and offers them DSCP services. To our knowledge, at the time of
this study, there are only a small number of health systems that utilize Direct Outreach to refer patients to smoking
cessation services [36,37].

Sample population

Our companion paper reported utilization of DSCP services at Primary Care, Disadvantaged Care, Pulmonology,
Infectious Disease and Cancer Care clinical sites. The analysis in this current paper was limited to Primary Care and
Disadvantaged Care clinics because patients in our other clinics with chronic obstructive pulmonary disorder, HIV
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Figure 1. Markov model diagram. MET: nicotine replacement monotherapy (patch, gum, lozenge, spray, inhaler) or bupropion; HET:
varenicline or combination nicotine replacement therapy.
BPA: Best Practice Advisory; HET: Highly effective treatment; MET: Moderately effective treatment.

and cancer showed high morbidity and mortality and did not easily generalize to the wider population (unpublished
data, 2019). Duke Primary Care clinics are staffed by Family Practice or Internal Medicine physicians and provide
a medical home where patients receive routine care and referrals to services when needed. Disadvantaged Care
refers to a type of primary care clinic that provides additional services to assist people with financial challenges. The
majority of DSCP patients in the Duke Disadvantaged Care clinics report an annual income of under US$10,000
per year.

Materials & methods

Objective

The goal described in our companion paper ‘Comparison of Referral Methods into a Smoking Cessation Program’
was to compare three referral methods (Traditional Referral, BPA and Population Outreach) on udilization of
DSCP services. In this study, we took the next step and assessed the economic and health outcomes of increased
program utilization that occurred when BPA and Population Outreach were added to Traditional Referral. Data
collection occurred over a 1-year period between 1 October 2017 and 30 September 2018. This was a retrospective,
observational, comparative effectiveness study and, as such, patients were not randomized. Instead, data collection
occurred within a natural treatment environment, with the goal that outcomes might reflect real-world practice.

Model development methods

We developed Markov models designed to estimate population changes over time and integrate information from
multiple sources including prospective and retrospective data and information from the literature (38). Our method-
ology was guided by the recommendations of the two Panels on Cost—Effectiveness in Health and Medicine (39,40].
The Markov models simulated yearly transitions in current smoking, smoking abstinence, smoking relapse and
smoking-related and all-cause mortalities of adult smokers (Figure 1). Costs were assessed from the medical provider’s
perspective. Because many of the model parameters differ by gender, separate models were developed for males
and females. Also, because recruitment rates and treatment methods differed by clinic type, separate models were
developed for Primary Care and Disadvantaged Care clinic patients. The model parameters were derived from
analysis of DSCP clinic data or from the most current literature available. Table 1 provides details on Markov
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Table 1. Markov model parameters.

Parameter Values Ref.
1st appointment attendance Primary care Disadvantaged care [41]
— Traditional 4.6% 7.4%

- BPA 0.8% 0.7%

— Population-based 6.3% 6.3%

Quit attempt method proportions [41]
— Behavioral counseling 6% 5%

— Moderately effective treatment’ 6% 20%

- Highly effective treatment® 88% 75%

Acquisition cost (US$) [42]
— Behavioral counseling 71

— Moderately effective treatment 320

— Highly effective treatment 932

Dispensing cost (US$) [43]
— Triangular$ 2,970, 20

Annual quit rates [44-49]
— Unassisted 4.3%

— Behavioral counseling RR = 1.57 (95% Cl, 1.40-1.77)

— Moderately effective treatment RR =1.61(95% Cl, 1.49-1.76)

— Highly effective treatment RR =2.27 (95% Cl, 2.02-2.55)

Annual relapse rates [50,51]
—Year 1 0.10 (95% Cl: 0.05-0.17)

- Years 2-5 0.063

- Years 6-10 0.020

- Years 10+ 0.010

Mortality hazard ratios Smoking Abstinent [44]
— Female, age 18-23 1.185 1.105

— Female, age 24-54 1.369 1.214

— Female, age 55-74 2.533 1.666

— Female, age 75+ 1.411 1111

—Male, age 18-23 1.743 1.037

—Male, age 24-54 2.486 1.074

—Male, age 55-74 2.55 1.992

—Male, age 75+ 1.326 1.074

— COPD multiplier 2.14 2.0

Medical care costs (US$) [52]
—Female, age 18-34 262 51

— Female, age 35-54 1503 192

— Female, age 55-64 4285 1191

— Female, age 65-74 8931 2781

— Female, age 75+ 17,253 4906

—Male, age 18-34 318 102

— Male, age 35-54 1601 402

— Male, age 55-64 5415 1443

— Male, age 65-74 10,924 3117

—Male, age 75+ 17,896 5192

TModerately effective treatments include nicotine replacement monotherapy (patch, gum, lozenge, spray and inhaler) or bupropion.
THighly effective treatments are varenicline or combination NRT.

SFor triangular distributions, the three values represent the minimum, most likely and maximum of the range of parameter values.
9Because mortality hazard ratios were not available for age group 18-23, we assumed that they were half that of the 24-54 age group.
BPA: Best Practice Advisory; NRT: Nicotine replacement therapy; RR: Relative risk.
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Table 1. Markov model parameters (cont.).

Mortality hazard ratios Smoking Abstinent [44]
Utility weights [53]
—Female, age 18-24 0.8952 0.9084

—Female, age 25-34 0.8835 0.8988

—Female, age 35-44 0.8716 0.8872

—Female, age 45-54 0.8317 0.8479

— Female, age 55-64 0.7648 0.7827

—Male, age 18-24 0.9211 0.9342

— Male, age 25-34 0.9166 0.9306

— Male, age 35-44 0.8899 0.9058

— Male, age 45-54 0.8422 0.8596

— Male, age 55-64 0.7815 0.802

Discount rate 3% (range 0-8%) [39]

TModerately effective treatments include nicotine replacement monotherapy (patch, gum, lozenge, spray and inhaler) or bupropion.
THighly effective treatments are varenicline or combination NRT.

SFor triangular distributions, the three values represent the minimum, most likely and maximum of the range of parameter values.
9Because mortality hazard ratios were not available for age group 18-23, we assumed that they were half that of the 24-54 age group.
BPA: Best Practice Advisory; NRT: Nicotine replacement therapy; RR: Relative risk.

model parameters.

Markov model health states

We analyzed data stratified by clinic type and recruitment method to determine the proportion of patients who
attended their first appointment. Those who made a quit attempt transitioned between three health states —
‘currently smoking’, ‘abstinent’ and ‘death’. All individuals began in the health state defined as ‘currently smoking’.
During each one-year cycle, a smoker may or may not have made a quit attempg; if they did make a quit attempt
and they were successful, they transitioned to the ‘abstinent’ health state. Those who transitioned to the ‘abstinent’
health state remained in this state unless they relapsed. If they relapsed, they transitioned back to the ‘currently
smoking’ health state where they, again, may or may not make a quit atctempt the following year. The final health
state, ‘death’, was the absorbing health state. Those in the ‘currently smoking’ or ‘abstinent’ health state may
transition to the ‘death’ health state at various rates depending on smoking status, age and gender [44].

Smoking cessation abstinence rates

The probability of transitioning from the ‘currently smoking’ state to the ‘abstinent’ state depended on the method
used to quit smoking. In the DSCE, all smokers who attended a visit received intensive behavioral counseling and
most but not all received pharmacotherapy. Quit attempts then fell into three categories, each with an associated
abstinence rate: counseling only; counseling plus moderately effective medication treatment (nicotine replacement
monotherapy (patch, gum, lozenge, spray, inhaler) or bupropion and; counseling plus highly effective medication
treatment (varenicline or combination nicotine replacement), as defined by Cochrane Reviews [45,46,54]. The
probability of a successful quit attempt was derived by applying hazard ratio multipliers provided in Cochrane
Reviews [45,46,54] to an unassisted smoking abstinence rate of 4.3% (44]. The proportion of quit attempts using each
of these three approaches was then derived using clinic-level data on medication use by DSCP patients.

Relapse rate
After quitting, there was a risk of relapsing back to the ‘currently smoking’ health state. We modeled risk of
relapse as a function of time based on relapse survival curves in which the risk of relapse decreases over time [50].
While relapse rates differ by intervention in the short term (<1 year), these differences do not significantly predict
long-term relapse. Thus, relapse rate was modeled as a distribution during the first year [50] and as point estimates
thereafter [51].

Costs
Most health systems now use an EHR and alerts such as BPA are common, [28,34] such that implementing BPA-
based referral constitutes a one-time, relatively small fixed cost. Because of this, these technology costs of BPA
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development were not included in the analysis. To estimate cost of wages, we observed that patient treatment
within the DSCP required an average of 30 min with a distribution of 5-45 min depending on patient complexity.
To account for this, a per minute wage rate for DSCP medical providers, including fringe benefits, was applied to
visit time. Smoking cessation pharmacotherapy costs were calculated to include the medication acquisition plus the
cost of dispensing, which covers a pharmacy’s operating costs. We derived medication acquisition costs from the
US federal government’s Federal Supply Schedule, available from the Veterans Administration’s Pharmacy Benefits
Management agency [55]. Because each medication treatment can have varying regimens, we used mean dosing and
treatment length for medication acquisition cost. For dispensing cost, we used a distribution of reimbursement
rates for dispensing cost paid by state Medicaid programs [56]. To estimate the cost of smoking cessation counseling,
we referenced Medicare reimbursement codes used within the DSCP (CPT 99407 and 99406) (57]. Finally, we
incorporated the medical care costs incurred by current smokers and former smokers [52]. Medical care costs for
current smokers are highest, followed by former smokers, followed by never smokers.

Life expectancy & quality-adjusted life-years gained

To calculate life expectancy, simulated smokers accrued a value of 1 while in all health states other than ‘death’.
Life expectancy estimates were not discounted. Because former smokers enjoy a higher quality of life than current
smokers, we also calculated quality-adjusted life-years (QALYs) gained, weighting life expectancy by age-, gender-
and smoking status-stratified utility weights [53).

Model simulations

Markov modeling was conducted using the simulation software TreeAge Pro 2018. Probabilistic sensitivity analysis
via 10,000 iterations of second-order Monte Carlo simulation was used to derive mean cost, life expectancy and
QALY estimates, as well as respective 95% Cls 38]. The Cls were compared for overlap to determine statistical
significance of group mean differences. Costs and QALYs were discounted at 3%, as recommended by the Panel [ss].
For each iteration, quit attempts began at the mean age of the patients seen at each clinic and continued annually
until the patient died or until they reached age 100. At last, we conducted one-way sensitivity analyses to assess the
robustness of the impacts each model parameter had on results. This was conducted using the tornado diagram
feature of TreeAge Pro. For each parameter, cost and effectiveness were calculated for each value in the respective
range of values. The range of cost and effectiveness results estimated by the range of values for each parameter were
compared with each other to determine which parameters had the greatest impact on the results as well as at which
parameter values the results were no longer cost saving or cost effective. For those parameters, where a range was
not provided in the literature, a range was created by using £25% of the point estimate.

Results

Program utilization

During the 1-year data collection period, there were 2816 smokers seen for primary care services within the two
Primary Care clinics. Among these, 4.6% attended a DSCP appointment via Traditional Referral and 0.8% via BPA.
During this period, there were 2789 smokers seen within the two Disadvantaged Care clinics. Among these, 7.4%
attended an appointment via Traditional Referral and an additional 0.7% via BPA. As discussed in our companion
paper, Population Outreach was pilot tested and showed an increase in DSCP utilization of 6.3%. Combining all
three referral methods, DSCP utilization was 11.7% in Primary Care and 14.4% in Disadvantaged Care clinics.
The mean age of smokers seen was 57 in Primary Care and 55 in Disadvantaged Care clinics. Highly effective
pharmacotherapy was provided to 88% of Primary Care and 75% of Disadvantaged Care patients. Moderately
effective pharmacotherapy was given to 6% of Primary Care and 20% of Disadvantaged Care patients. Behavioral
counseling alone was provided to 6% of Primary Care and 5% of Disadvantaged Care patients.

Quality-adjusted life-years

Using Markov modeling, the increase in DSCP utilization resulted in an improvement in health outcomes and
a decrease in medical costs. Across both clinic types and sex, the addition of new referral methods — BPA and
Population Outreach — to Traditional Referral resulted in per person QALY gains of 0.07-0.08 (26-28 QA days;
QALY results in Table 2). In Primary Care clinics, males gained 98 QALYs and females gained 103 QALYs. In
Disadvantaged Care clinics, males gained 79 QALYs and females gained 128 QALYs. Among the 5605 smokers
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Table 2. Quality-adjusted life-years.

Clinic type (smokers seen) Recruitment method

Traditional Traditional + EHR QALYS gained

Per person Total Per person Total Per person (QA days) Total

Males
— Primary Care (n = 1408) 10.41 14,655 10.48 14,753 0.07 (26) 98
- Disadvantaged Care (n = 1171) 10.94 12,814 11.01 12,893 0.07 (25) 79
— Male subtotal 10.65 27,469 10.72 27,647 0.07 (26) 177
Females
— Primary Care (n = 1408) 11.49 16,168 11.56 16,271 0.07 (27) 103
- Disadvantaged Care (n = 1618) 12.07 19,528 12.15 19,656 0.08 (29) 128
— Female subtotal 11.80 35,696 11.88 35,926 0.08 (28) 231
— Total (N = 5605) 11.27 63,165 11.34 63,573 0.07 (27) 408

All of the QALYs gained are statistically significant at a <0.05.
EHR: Electronic health record; QALY: Quality-adjusted life-year.

Table 3. Life-years remaining.

Clinic type (smokers seen) Recruitment method
Traditional Traditional + EHR LYs gained

Per person Total Per person Total Per person (days) Total
Males
— Primary Care (n = 1408) 19.67 27,680 19.82 27,891 0.15 (55) 211
— Disadvantaged Care (n = 1171) 20.91 24,496 21.06 24,670 0.15 (55) 174
- Male subtotal 20.23 52,176 20.38 52,561 0.15 (55) 385
Females
— Primary Care (n = 1408) 23.07 32,470 23.25 32,727 0.18 (67) 257
- Disadvantaged Care (n = 1618) 24.59 39,777 24.79 40,102 0.20 (73) 325
— Female subtotal 23.88 72,247 24.07 72,829 0.19 (69) 582
Total (N = 5605) 22.20 124,423 22.38 125,391 0.18 (67) 967

All of the life-years gained are statistically significant at « <0.05.
EHR: Electronic health record; LY: Life-year.

seen in the two Primary Care and two Disadvantaged Care clinics, the addition of BPA and Population Outreach
to Traditional Referral was associated with 27 quality-adjusted days per person and 408 QALYs gained.

Life expectancy

Life-years remaining are presented in Table 3 with removal of utility weights. Analysis showed that the addition of
BPA and Population Outreach referral methods to Traditional Referral was associated with male smokers attending
either clinic types gaining a mean of 0.15 years (55 days) of life. Among men, the addition of BPA and Population
Outreach to Traditional Referral led to a total of 211 years gained for Primary Care smokers and 177 years gained
for Disadvantaged Care smokers.

Female smokers in Primary Care clinics gained 0.18 years (67 days) of life and 0.20 years (73 days) of life
in Disadvantaged Care clinics. Female Primary Care smokers gained 257 years and female Disadvantaged Care
smokers gained 325 total years. Among the 5605 smokers seen in the Primary and Disadvantaged Care clinics,
there was a gain of 967 years of life expectancy or 67 days per person.

Healthcare costs

Lifetime direct healthcare costs are provided in Table 4. The key findings are that Traditional Referral plus EHR-
based referral led to total lifetime healthcare cost savings of US$11,396,528 among male Primary Care clinic
smokers or US$8097 per male smoker. Among males in Disadvantaged Care clinics, the total and per person
savings were US$8,957,543 and 7647, respectively. Among female smokers utilizing the Primary Care clinics, the
total lifetime healthcare cost savings were US$11,868,040 or 8432 per female smoker. Disadvantaged Care clinic
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Table 4. Lifetime costs.

Clinic type (by gender) Recruitment method
Traditional Traditional + EHR Cost savings

Per person (US$) Total (US$) Per person (US$) Total (US$) Per person (US$) Total (US$)
Males
Primary Care (n = 1408) 166,145 233,849,088 158,048 222,452,560 8097 11,396,528
Disadvantaged Care (n = 1171) 158,135 185,236,176 150,488 176,278,633 7647 8,957,543
Male subtotal 162,507 419,085,264 154,614 398,731,193 7892 20,354,071
Females
Primary Care (n = 1408) 173,878 244,733,285 165,446 232,865,245 8432 11,868,040
Disadvantaged Care (n = 1618) 165,062 267,007,592 156,312 252,853,417 8750 14,154,175
Female subtotal 169,164 511,740,877 160,562 485,718,662 8602 26,022,215
Total (N = 5605) 166,100 930,826,141 157,825 884,449,856 8276 46,376,285

All of the above cost savings are statistically significant at a< 0.05.
EHR: Electronic health record.

female smokers accrued a lifetime healthcare cost savings of US$14,154,175 or 8750 per person. Among smokers
in both clinics, the addition of BPA and Patient Outreach to Traditional Referral led to an estimated savings of
US$8,276 per smoker and a total of US$46,376,285.

Sensitivity analyses

The parameter discount rate, with a range of 0-8%, had the largest range of cost and effectiveness results.
Probability of relapse, with a range from 0.05 to 0.15 annually, also had a substantial spread of results. However,
the combination of Traditional Referral, BPA and Population Outreach still maintained dominance — that is, lower
cost and also increased effectiveness — over the Traditional only arm across respective ranges. The only variable for
which dominance was not maintained by the no cost-sharing policy was for the annual probability of death if a
current smoker (range 0.003—0.004); however, the spread of results was small and still highly cost effective. All
other model parameters only had small changes in overall results over their respective ranges.

Discussion

Main findings

Traditional Referral was associated with DSCP utilization of 4.6% among Primary Care smokers and 7.4% among
Disadvantaged Care smokers. The addition of referral through BPA and Population Outreach substantially increased
DSCP utilization to 11.7 and 14.4%, respectively. The health outcomes of adding these referral methods led to
an increase of 0.07 QALYs (27 quality-adjusted days) saved per person and 408 total QALYs saved and 0.18 years
(67 days) and 967 total life-years saved. The lifetime cost savings per person was US$8276, with total cost savings
for the Primary Care and Disadvantaged Care clinics of US$46,376,285. Cost savings was higher among female
smokers because they live approximately 2 years longer than male smokers.

Comparison of outcomes to existing literature

Our findings appear to be somewhat similar to findings in the existing literature on the BPA and Population
Outreach when used as referral methods to smoking cessation services. Regarding BPA, one study shows that BPA
generated a total of 3.4 referrals per clinic per year to a phone-based smoking cessation program [59]. This outcome
is quite low and similar to our BPA outcomes. Population Outreach was studied in a randomized controlled trial
using an automated phone-based outreach; program utilization from population outreach was 6.1%, (36] similar to
the 7% we found in our study. Another study compared health and economic outcomes of Population Outreach to
the use of no referral to a smoking cessation program. Outcomes showed 0.005 additional QALYs, with an expected
incremental cost—effectiveness ratio of US$4231 per QALY [60]. Our outcomes were somewhat high, which may be
related to differences in smoking cessation programs. The program that was tested was non-intensive, producing
lower abstinence rates, whereas DSCP provides intensive face-to-face, treatment with individualized medication
and behavioral strategies, an approach that leads to higher rates of smoking abstinence.
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Limitations

As with all model-based studies, there are parameter-based limitations due to simplifying assumptions. We based
quit attempts on attendance of first clinic visit and we did not account for unassisted quits. However, this is
true for both of the comparison arms and thus did not affect the incremental results. For quit attempts, the
model assumed that only one quit attempt was made per year. However, this leads to a conservative bias in our
results because multiple quit attempts would improve the chances of quitting, thereby accruing the cost savings
and effectiveness gains from quitting. We could not model switching between smoking cessation interventions.
Switching interventions may potentially lead to a more or less effective intervention and some may argue that
switching to a less effective regimen is more likely. At the least, the possibility of switching medications adds
uncertainty to our estimates. Much of the literature-based evidence we relied upon for the model parameter values
were reported as point estimates, with no information regarding their distributions. This limited our ability to
derive confidence intervals for the cost and effectiveness results. However, one-way sensitivity analyses indicated
that only a few parameters could have a large impact on the estimates and only with highly unlikely outlier values.

In terms of model-based limitations, we identified two limitations: BENESCO and harm reduction. When
modeling smoking cessation, two general strategies are taken: either a successful quit-based approach as we and
others [54] have taken or a smoking-related attributable risk approach, such as the BENESCO model [49]. A limitation
of the quit-based approach is that limited information is gained — we simply estimate what costs and effectiveness
are likely to be if they quit versus if smokers do not quit. However, for clinical practice decision-making from
the provider perspective, that may be the only two essential pieces of information necessary for decision making.
In the latter approach, smokers are modeled to transition to a limited number of smoking-related health states:
lung cancer or chronic obstructive pulmonary disease, coronary heart disease or stroke, asthma and death. Thus
information is gained regarding which diseases contribute what portion of the costs and effectiveness gains. However,
while these five health states capture the majority of the smoking-related disease burden, the authors themselves
acknowledge that smoking is known to affect health in more than 50 different ways, at least 20 of which can be
fatal. Thus, the smoking-attributable risk has its own limitation of not capturing all of the smoking-related costs
and underestimating the benefits of smoking cessation.

An abstinence-based approach is also limiting in that the model only accrues benefit if the smoker is able to
quit successfully. However, the smoking cessation interventions may also provide benefit or cost savings if they lead
to harm reduction from fewer cigarettes smoked. We chose to exclude harm reduction from the models because
harm reduction is a controversial public health issue — the goal should be totally quitting — and there is limited
information regarding the health and cost effects of reducing the number of cigarettes smoked but not quitting.
Also, accounting for harm reduction in the models would only improve the cost savings and health gains presented
in this study. We were also limited to using first visit attendance as a proxy for a quit attempt. Of course, it is quite
likely that some smokers attempted to quit on their own, but this could not be observed.

Conclusions

Today, smokers have very low success rates when they try to quit on their own; however, most smokers receive
services through health systems that offer smoking cessation programs with highly effective treatment. A key to
making a health system smoking cessation program successful is developing methods to increase utilization of
services. Our study showed that newer methods of referral — BPA and Population Outreach — led to substantial
increases in service utilization. Our modeling shows that this in turn resulted in improved health outcomes and
lower healthcare costs. Other institutions may similarly benefit from the use of these referral methods for smoking
cessation services.
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Summary points

e Smoking remains the leading cause of preventable morbidity and mortality in the USA.

e Smoking cessation interventions have been shown to be among the most effective intervention programs
available.

e Traditional referral (common provider-driven referral) alone has resulted in suboptimal utilization of smoking
cessation services.

e Health systems have now adopted best practice care pathways, including pathways for the treatment of smokers.
With the emergence of electronic health records, a health system is able to identify patients who smoke and
drive referral to evidence-based treatment for these patients.

e Two relatively new referral methods show promise for increasing utilization of smoking cessation services — Best
Practice Advisory (an alert that occurs in the electronic health record and guides treatment) and Population
Outreach (a list of patients generated through the electronic health record that is then contacted to offer
treatment).

e This study found that Best Practice Advisory and Population Outreach substantially increased utilization of a
smoking cessation program over using Traditional Referral alone.

e The analysis in this paper showed that the increases in program utilization from using these forms of referral
resulted in an increase in life expectancy, quality-adjusted life-years and lifetime cost savings.
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