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Abstract

Background: Smoking cessation represents an opportunity to reduce both short and long-term
effects of smoking on complications after lumbar fusion and smoking-related morbidity and
mortality. However, the cost-effectiveness of smoking-cessation interventions prior to lumbar
fusion is not fully known.

Methods: We created a decision-analytic Markov model to evaluate the cost-effectiveness of 5
smoking-cessation strategies (behavioral counseling, nicotine replacement therapy [NRT],
bupropion or varenicline monotherapy, and a combined intervention) prior to single-level,
instrumented lumbar posterolateral fusion (PLF) from the health payer perspective. Probabilities,
costs, and utilities were obtained from published sources. We calculated the costs and quality-
adjusted life years (QALYSs) associated with each strategy over multiple time horizons and
accounted for uncertainty with probabilistic sensitivity analyses (PSASs) consisting of 10,000
second-order Monte Carlo simulations.

Results: Every smoking-cessation intervention was more effective and less costly than usual care
at the lifetime horizon. In the short term, behavioral counseling, NRT, varenicline monotherapy,
and the combined intervention were also cost-saving, while bupropion monotherapy was more
effective but more costly than usual care. The mean lifetime cost savings for behavioral
counseling, NRT, bupropion monotherapy, varenicline monotherapy, and the combined
intervention were $3,291 (standard deviation [SD], $868), $2,571 (SD, $479), $2,851 (SD, $830),
$6,767 (SD, $1,604), and $34,923 (SD, $4,248), respectively. The minimum efficacy threshold
(relative risk for smoking cessation) for lifetime cost savings varied from 1.01 (behavioral
counseling) to 1.15 (varenicline monotherapy). A PSA revealed that the combined smoking-
cessation intervention was always more effective and less costly than usual care.
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Conclusions: Even brief smoking-cessation interventions yield large short-term and long-term
cost savings. Smoking-cessation interventions prior to PLF can both reduce costs and improve
patient outcomes as health payers/systems shift toward value-based reimbursement (e.g., bundled
payments) or population health models.

Level of Evidence: Economic Level Il. See Instructions for Authors for a complete description
of levels of evidence.

Smoking is the leading cause of preventable morbidity and mortality in the U.S., with
500,000 premature deaths each year attributed to smoking and with annual economic costs
approaching $300 billion12, This has led to the Surgeon General’s endorsement of cost-
effective smoking-cessation strategies and the promotion of broader insurance coverage of
smoking cessation3. The period prior to elective surgery represents a “teachable moment”
that may be especially conducive to, and synergistic with, such interventions in improving
short and long-term outcomes. It is estimated that 3.6 million spinal fusions were performed
in the U.S. between 2001 and 2010, at a cost of over $287 billion*. Posterolateral fusion
(PLF) with instrumentation of the lumbar spine is the most common spinal fusion procedure,
with a high societal cost burden®. Consequently, there have been many efforts to improve its
value (i.e., reducing the cost relative to the benefits). For example, applying bundled-
payment models to lumbar fusion to stimulate efforts to improve value is under discussion,
highlighting the importance of reducing costs and complications6-11,

The adverse effects of smoking, mediated by oxidative stress and reduced tissue blood
flow!2, on orthopaedic procedures that rely on wound-healing and bone growth (e.g.,
fracture repair, joint arthroplasties, spinal fusion) are well-documented12-1°. These include
delayed union, nonunion, and infection”:19-21 Smoking cessation, especially in the 4 weeks
preceding surgery, was associated with better outcomes, lower morbidity, and the promotion
of bone-healing1220:22-24_ For example, structured preoperative smoking-cessation
programs were demonstrated to reduce postoperative complications, including infections,
with cost savings after total joint arthroplasty?>=27. In a retrospective study, Glassman et al.
reported a nonunion rate of 17.1% among patients who quit smoking for >6 months
following instrumented posterior lumbar fusion compared with 26.5% among patients who
continued to smoke24. Recent data also suggest that elective surgery provides a strong
impetus for behavioral change, providing an opportunity for intervention using established
care pathways28:29,

Reducing preventable costs and complications of lumbar fusion is in the interest of patients,
surgeons, health payers, and health systems alike, as incentives to reduce costs and improve
outcomes also grow. Smoking cessation represents an opportunity to reduce both the short-
term complications of lumbar fusion and long-term morbidity and mortality associated with
smoking. However, the value (i.e., benefits in relation to costs) of performing a preoperative
smoking-cessation intervention has not been fully determined. A cost-effectiveness analysis
of smoking-cessation interventions prior to lumbar fusion would help to define the value,
and once demonstrated, can assist in encouraging the implementation of care pathways for
smoking cessation to improve patient outcomes and promoting fair compensation for
surgeons and health systems that perform such interventions. In this study, we performed a
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cost-effectiveness analysis of smoking-cessation interventions prior to PLF on multiple time
horizons.

Materials and Methods

Decision-Analytic Model

Using TreeAge Pro software, we created a decision-analytic model to compare smoking-
cessation interventions versus usual care from the health payer perspective (Fig. 1-A). In the
usual-care arm, patients did not receive a formal intervention but could quit smoking on their
own. We modeled 5 smoking-cessation interventions: (1) behavioral counseling, consisting
of 2 brief counseling sessions (3 to 10 minutes); (2) nicotine replacement therapy (NRT),
consisting of the use of nicotine patches and gum (6-week course); (3) bupropion
monotherapy (12-week course); (4) varenicline monotherapy (12-week course); and (5) a
combined intervention, consisting of 2 brief counseling sessions, 2 long counseling sessions
(>10 minutes), and a 6-week course of nicotine patches and gum. We employed Markov
modeling to represent transitions between health states, with a cycle length of 1 month (Fig.
1-B). Model validation is presented in the Appendix, including Table S1.

Our base case is a 45-year-old male smoker undergoing single-level instrumented lumbar
PLF. We adopted a lifetime horizon in the base-case analysis, in which the model progresses
until all patients are deceased. When published estimates of model inputs differed, we used
corresponding values from the same study, where possible, or chose the median value. All
costs and benefits were discounted at 3% annually. Several key assumptions were made: (1)
for the purposes of this study, we assumed that there were no other short-term differences in
outcomes between smokers and those who stopped smoking (“quitters”) than those modeled,
(2) smoking relapse rates are negligible (we relaxed this assumption in a sensitivity
analysis), (3) the risk of infection attributable to smoking is readily reversible3031, (4) on the
basis of existing evidence32, there were no permanent health effects from a treated deep
infection, and (5) patients experiencing complications do not refuse further treatment.

Probabilities

Probabilities with uncertainty estimates were obtained from published sources (Table ).
Table S2 (see Appendix) shows ratings of evidence quality for each input. Successful
smoking cessation was defined as complete abstinence at 6 months. While rates of nonunion
and deep wound infection are known to differ between smokers and those who stop
smoking8, it is unknown whether success rates of revision surgery differ. Thus, we assumed
that these rates were equal in the base case and varied them in sensitivity analyses. Similarly,
we assumed that there was no difference in mortality from deep wound infection or surgery
between smokers and those who stopped smoking in the base case. Because of the low
incidence of deep wound infections, the odds ratio (OR) was approximated as the relative
risk (RR). Other ORs were corrected to RRs using established methods33. We obtained
baseline mortality rates from U.S. life tables34. The risk of death was represented as the
product of these mortality rates and age/sex-specific hazard ratios (HRS).
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Costs were obtained from the 2019 Federal Supply Schedule (FSS)3°, Centers for Medicare
& Medicaid Services (CMS)36, or published estimates and were inflation-adjusted to current
value. Notably, cost estimates for treating deep wound infections after lumbar fusion vary
substantially, from as low as $4,067 to considerably higher estimates37:38, Since some
studies suggest that deep wound infections lead to a multifold increase in total costs3%40, we
used the higher estimate.

Utilities were obtained from published sources that used established methods for measuring
health-related quality of life (e.g., Short Form-6 Dimensions [SF-6D], EuroQol-5
Dimensions [EQ-5D], and Oswestry Disability Index [ODI]). Postoperative utilities for up to
5 years after single-level instrumented lumbar PLF and long-term age and sex-specific
utilities for moderate smokers and those who quit smoking are known#1:42. Thus, the stable
postoperative health state was modeled with postoperative utility values for 5 years, and then
transitioned to long-term utilities for moderate smokers and quitters. The multiplicative
method was used for comorbid conditions.

Sensitivity Analyses

Results

For 1-way sensitivity analyses, we varied model inputs within their 95% or 99% confidence
intervals (Cls). We varied inputs without measures of uncertainty from 50% to 150% of their
base value. We also performed probabilistic sensitivity analyses (PSAs) consisting of 10,000
second-order Monte Carlo simulations, performed with sampling from the uncertainty
distributions of model parameters. Table S3 in the Appendix shows the ranges used for
model parameters and PSA specifications. Separate PSAs were performed for each smoking-
cessation intervention. For costs without uncertainty estimates, we assumed a coefficient of
variation equal to 0.5.

In the base-case analysis, the combined smoking-cessation intervention was both less costly
and more effective than usual care across all time horizons examined (Table I1). The cost
savings and effectiveness of behavioral counseling, NRT, and bupropion or varenicline
monotherapy at multiple time horizons are shown in Table I1l. A comparison of various
strategies revealed that the combined intervention offered the greatest benefit and the most
cost savings (Fig. 2). Thresholds above which the cost of intervention is no longer cost-
saving (i.e., the cost-saving threshold) are shown in Table IV. Notably, the immediate costs
of bupropion were high relative to its longer-term benefits, such that it was both more
effective and more costly than usual care on non-lifetime horizons, with incremental cost-
effectiveness ratios of $1,268,075 per quality-adjusted life year (QALY) for the 1-year
horizon, $374,705 per QALY for the 2-year horizon, and $12,393 per QALY for the 5-year
horizon. We also identified the minimum efficacy thresholds for each individual intervention
to be cost-saving (Table 1V). Table V shows cost savings by age, sex, and time horizon for
the combined smoking-cessation intervention. Younger patients stood to gain more QALY
from smoking cessation than did older patients. For example, the combined intervention
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resulted in a gain of 1.61 QALY versus usual care for a 35-year-old male smoker compared
with 1.06 QALY for a 55-year-old male smoker.

A 1-way sensitivity analysis of model inputs revealed that the smoking-cessation
intervention was always more effective and less costly than usual care, although with
varying cost savings, over the lifetime horizon (see Appendix Figures S1 through S5).
Intervention efficacy and annual smoking-attributable health costs had large influences on
cost savings. At the lowest estimate of intervention efficacy (RR = 1.42), the lifetime cost
savings ranged from $1,335 for varenicline monotherapy to $2,069 for behavioral
counseling. At the highest estimate of intervention efficacy (RR = 12), the lifetime cost
savings ranged from $54,215 for varenicline monotherapy to $54,948 for behavioral
counseling. As annual smoking-attributable health costs for smokers were varied from 50%
to 150% of their base value, the lifetime cost savings of an intervention ranged from $9,617
to $60,033. Similarly, as the annual smoking-attributable health costs for those who stopped
smoking were varied from 50% to 150% of their base value, the lifetime cost savings of an
intervention ranged from $44,365 to $25,285. Even when the rate of nonunion for smokers
was equal to that of quitters, all smoking-cessation interventions yielded lifetime cost
savings.

Our PSA showed that the combined smoking-cessation intervention was consistently more
effective and less costly than usual care across 10,000 Monte Carlo simulations (Fig. 3). At
the lifetime horizon, the combined smoking-cessation intervention was favored 100% of the
time, and the mean cost savings was $34,923 (standard deviation [SD], $4,248). The mean
cost savings for behavioral counseling, NRT, bupropion monotherapy, and varenicline
monotherapy were $3,291 (SD, $868), $2,571 (SD, $479), $2,851 (SD, $830), and $6,767
(SD, $1,604), respectively. Figure 4 shows the distribution of cost savings over 10,000
Monte Carlo simulations for each smoking-cessation intervention. Finally, when we allowed
postoperative relapse of smoking at an annual rate of 10%, the mortality benefit of
intervention decreased (Fig. 5), but all interventions were still more effective than usual care.
The mean lifetime cost savings for the combined intervention, behavioral counseling, NRT,
bupropion monotherapy, and varenicline monotherapy in the model permitting relapse were
$9,236 (SD, $3,449), $863 (SD, $388), $571 (SD, $294), $250 (SD, $534), and $1,286 (SD,
$914), respectively.

Discussion

Our findings demonstrate that various smoking-cessation interventions prior to lumbar PLF
are both more effective and less costly than usual care across a wide range of time horizons
and variation in model inputs. We quantified the cost savings for each smoking-cessation
intervention compared with usual care and provided comprehensive estimates of uncertainty
using a PSA. Our results support the use of a structured smoking-cessation intervention prior
to lumbar fusion, which could yield substantial cost savings of interest to surgeons, health
systems, and health payers. These results bolster the case for the development and
implementation of lumbar fusion care pathways that include preoperative smoking-cessation
interventions.
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A recent cost-effectiveness analysis of a smoking-cessation intervention prior to total joint
arthroplasty found a net cost savings in the 90-day postoperative period due to avoided
periprosthetic infections2’. Surgical site infections after spine procedures are likewise
considered by CMS to be largely preventable®3. As interest increases in bundled payment for
lumbar fusion and as health systems increasingly embrace episode-based reimbursement
models®’, the financial burden of surgical complications will likely shift to hospitals and
surgeons, stimulating the implementation of cost-effective measures to reduce their
incidence. Our results demonstrate that preoperative smoking-cessation interventions could
be a valuable tool for accomplishing that goal. Although we chose to use longer time
horizons in our study to adequately capture all of the benefits of smoking cessation, the
combined smoking-cessation intervention would still have been cost-saving (savings of
$952) had we only included the costs and consequences of deep wound infections in our
model, which approximates a theoretical 90-day bundle horizon.

Furthermore, our results contain implications for health payers, whose time horizons are on
the order of year(s) since they are responsible for the short and potentially long-term health
costs of beneficiaries. There was a substantial cost savings for smoking-cessation
interventions across all time horizons examined. In other words, the initial cost of the
intervention, ranging from $177 for NRT to $764 for varenicline monotherapy, is a relatively
small investment leading to large short-term and long-term returns. The sole exception was
bupropion monotherapy, which was not cost-saving over the short term. However, its cost-
effectiveness ratio for the 5-year time horizon is under accepted cost-effectiveness
thresholds. The lifetime cost-saving thresholds shown in Table 1V exceed the costs of the
interventions themselves by at least 4-fold. Therefore, payers may begin to encourage the
use of smoking-cessation interventions prior to lumbar fusion, increase reimbursement for
such interventions, and/or direct patients to centers with dedicated programs for preoperative
smoking cessation.

There remains variation in the literature regarding the efficacy of smoking-cessation
interventions, which likely depend on the characteristics of the study populations. For
example, whereas multiple systematic reviews reported modest success rates with various
behavioral and pharmacologic interventions*4-46, a recent study indicated that elective
surgery itself may provide a strong ancillary incentive to quit smoking, with a reported
abstinence rate of 64% (9 of 14) 6 months after total joint arthroplasty28. Nevertheless, our
results reveal that even interventions with modest success rates over usual care are cost-
saving (Table 1V). Acknowledging the time constraints of surgeons running busy
orthopaedic practices, our sensitivity analysis suggests that offering even brief advice to quit
(e.g., a 1-time intervention of <10 minutes in duration, with no follow-up), which has a
modest success rate*’, could yield large potential cost savings in the health-care system.
Moreover, clinical care pathways have been developed to streamline and implement
smoking-cessation programs for elective orthopaedic procedures, capitalizing on the unique
role of the orthopaedic surgeon. For example, after identifying a current smoker, the surgeon
can provide brief counseling and a referral to a smoking-cessation specialist (e.g., clinical
psychologist) for subsequent counseling and pharmacotherapy?°.
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Our study should be interpreted in context of its limitations. First, we did not model a
scenario in which PLF is postponed when smoking-cessation attempts are unsuccessful.
While highlighting the potential financial attractiveness of a positive approach to smoking
cessation (i.e., implementing smoking-cessation programs), our results do not imply that a
negative approach (i.e., postponing surgery) would be beneficial and should not be construed
as a motive for delaying surgery. Any delay would impose a toll in the form of reduced
quality of life and potentially cause worse outcomes that must be balanced against the
possible benefits. Also, our model may not contain all relevant outcomes after PLF. For
example, we did not include the increased risk of cardiopulmonary complications among
smokers, which would further increase the cost savings of smoking cessation38:48-50,
Additional high-quality studies on the effects of smoking cessation on outcomes after PLF
would better inform future cost-effectiveness analyses. We also did not attempt to quantify
alterations in surgical technique that some surgeons might use for smokers, such as
increased use of bone morphogenetic protein or circumferential surgery®?, since these
alternatives may not be consistent between surgeons. Furthermore, our model assumed that
all cases of nonunion were treated surgically, whereas some patients may be relatively
asymptomatic and treated nonoperatively. Nonetheless, our sensitivity analyses showed that
the difference in nonunion rates between smokers and those who stopped smoking was less
influential than expected, as smoking cessation was more effective and less costly than usual
care even if nonunion rates did not differ. Additionally, definitions of smoking intensity in
the literature are inconsistent, and many studies on outcomes do not explicitly quantify it,
rendering it difficult to examine whether cost savings vary by smoking intensity. Although
the quantity smoked does not appear to affect nonunion rates24, our results should be viewed
as an average effect across smokers undergoing PLF since we could not conduct separate
analyses by smoking intensity. Finally, although we modeled a 10% annual smoking relapse
rate based on meta-analysis data®2, another study found lower rates (2% to 4%) that declined
over time®3. Thus, our base and relapse models represent upper and lower bounds on cost
savings.

In conclusion, our study demonstrated that smoking-cessation interventions are more
effective and cost-saving compared with usual care over multiple time horizons. Our
characterization of the magnitude of cost savings offered by these interventions provides a
framework to guide efforts by surgeons, health payers, and health systems to reduce
preventable morbidity and health-care costs attributable to smoking after PLF. Smoking-
cessation programs as part of care pathways can represent a minimal burden on surgeons and
hold potential for long-term cost savings and health benefits.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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® 6

Quit smoking
Smoking cessation intervention
Single-Level Instrumented Lumbar Continge; smoking
Posterolateral Fusion in Smoker
Quit smoking

®

®

Usual care
O<Continue smoking
Fig. 1-A.

Decision-analytic model. The square represents a decision node, circles represent chance
nodes, and the letter “M” represents Markov nodes.
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Infection and Non-
union

A 4

Non-union

bl Persistent
Stable Non-union
Surgery J N Infection 1 Death

Fig. 1-B.
Sc%eme of a Markov node. Gray boxes represent entry and absorbing states (surgery or
death). Blue boxes represent temporary health states (infection and/or nonunion). Gold
boxes represent long-term health states (stable postoperatively or persistent nonunion).
Arrows signify the possible transitions between health states. A dashed arrow signifies that a
transition is cycle-dependent, i.e., does not occur every cycle. Briefly, postoperative health
states known to differ between smokers and those who quit smoking are modeled, including
deep wound infection, nonunion, comorbid deep wound infection and nonunion, no
complications (stable postoperative state), and death. In the model, patients with a deep
wound infection are treated with irrigation and debridement, and either return to the stable
postoperative state or die from the complication. In patients with a nonunion, revision
surgery is attempted after 6 months. If unsuccessful, a second revision is attempted after 6
months. If unsuccessful, patients transition to the persistent nonunion state. Patients with
comorbid deep wound infection and nonunion are first treated for their infection.
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Fig. 2.
Cost savings of smoking-cessation interventions by time horizon. The combined intervention

yielded the greatest cost savings across all time horizons. NRT = nicotine replacement
therapy.
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Cost-Effectiveness Scatterplot
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Fig. 3.

Cost-effectiveness scatterplot of 10,000 Monte Carlo simulations comparing smoking-
cessation intervention and usual care. The smoking-cessation intervention was consistently
more effective and less costly than usual care over the lifetime horizon.
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A Monte Carlo Histogram for Combined Intervention
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Fig. 4.

Distributions of cost savings for the combined intervention (Fig. 4-A), behavioral counseling
(Fig. 4-B), nicotine-replacement therapy (NRT) (Fig. 4-C), bupropion monotherapy (Fig. 4-
D), and varenicline monotherapy (Fig. 4-E) compared with usual care across 10,000 Monte
Carlo simulations.

J Bone Joint Surg Am. Author manuscript; available in PMC 2021 December 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zhuang et al.

Page 17

A Smoking Relapse Model
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Fig. 5.

Sn%oking relapse Markov model for the combined intervention. Fig. 5-A Percentage of
cohort in the indicated states (non-relapsed, relapsed, and dead) over a lifespan. Fig. 5-B
Survival curves for those who quit smoking and did not relapse (no relapse), quitters who
relapsed (relapse), and those who did not quit smoking (smoker). Median survival times
were 79.1 years (dashed line), 73.3 years (dotted line), and 72.1 years (dotted-dashed line),
respectively. Fig. 5-C Cumulative costs over a lifespan for those who quit smoking and did
not relapse (no relapse), quitters who relapsed (relapse), and those who did not quit smoking
(smoker).
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TABLE |

Model Input Parameters

Variable Egtimatel Reference(s)
Probabilities | Baseline, smoking cessation without intervention 8% 27,54
RR with behavioral intervention alone 1.66 (1.42-1.94) 46
RR with nicotine replacement therapy+ 1.55 (1.49-1.61) 45
Corrected RR with bupropion monotherapyi 1.71 (1.53-1.90) 44
Corrected RR with varenicline monotherapy'f 2,50 (2.16-2.90) 44
Smoking cessation with combined intervention 77/120 27,55
Nonunion
Smoker 18/68 24
Quitter 13/76 24
Deep infection in quitter 36/1,615 56-59
OR of deep infection in smoker 2.33(1.02-5.32)
Successful correction of nonunion
First attempt 71/86 60
Subsequent attempt 6/15 60
Mortality from deep infection 1.06% 59
Mortality from surgery 0.5% 59, 61
Baseline, age-specific annual mortality 2017 CDC life tables | 34
HR for mortality in smoker, male 2.8(2.4-3.1) 62
HR for mortality in smoker, female 3.0(2.7-3.3) 62
HR for mortality in 35-year-old quitter, male 1.1(1.0-1.4) 62
HR for mortality in 35-year-old quitter, female 1.3 (1.1-1.6) 62
HR for mortality in 45-year-old quitter, male 15(1.2-1.7) 62
HR for mortality in 45-year-old quitter, female 1.6 (1.3-1.9) 62
HR for mortality in 55-year-old quitter, male 1.7 (1.4-2.0) 62
HR for mortality in 55-year-old quitter, female 1.8 (1.5-2.1) 62
Annual probability of smoking relapse 10% 52
Costs Smoking-cessation intervention
Extended counseling session (>10 min) $28.83 CMS
Abbreviated counseling session (3—10 min) $15.14 CMS
Nicotine patch (14-day supply) $19.09 FSS
Nicotine gum starter kit (110 pieces) $24.02 FSS
Varenicline starter pack (0.5 mg x 11, 1 mg x 42) $254.62 FSS
Varenicline continuing pack (1 mg x 56) $254.62 FSS
Bupropion (150 mg x 60) $239.13 FSS
Single-level instrumented posterolateral fusion $24,095 ($10,862) 5,41
Revision surgery $41,448 ($13,198) 5,40, 41
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Variable Estimate! Reference(s)

Deep infection treatment$

Hospital reimbursement $61,866 ($37,148) 37-39

Physician reimbursement $987.47 CMS
Baseline annual smoking-attributable health costs (age/sex—specific)§

Smoker See table in reference | 63

Quitter See table in reference | 63

Utilities Deep infection 0.459 64

Nonunion 0.552 64
Stable, postoperative 41

Baseline 0.500

Year 1 0.621

Year 2 0.638

Year 3 0.630

Year 4 0.646

Year 5 0.653
Stable, long-term (age/sex-specific)

Moderate smoker# See table in reference | 42

Quitter See table in reference | 42

Page 19

*
RR = relative risk, OR = odds ratio, CDC = Centers for Disease Control and Prevention, HR = hazard ratio, CMS = Centers for Medicare &
Medicaid Services, and FSS = Federal Supply Schedule.

fWhere available in the literature, uncertainty estimates are provided in parentheses as either standard deviations (e.g., for costs) or ranges (e.g., for
RRs and HRs). Range includes either 95% or 99% confidence intervals, as given in the cited literature.

1]tAImost all trials comparing pharmacotherapies included some form of behavioral support, e.g., counseling.

§Wide|y differing costs are reported in the literature. #10 to 19 cigarettes per day.
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TABLE Il

Costs and Effectiveness by Time Horizon for Combined Intervention

TimeHorizon Strategy Effectiveness (QALYS) Cost Cost Savings
Lifetime Usual care 12.539 $125,249 | —
Smoking cessation | 13.811 $90,424 $34,825
1lyr Usual care 0.550 $41,331 —
Smoking cessation | 0.552 $37,226 $4,105
2yr Usual care 1.137 $42,858 —
Smoking cessation | 1.142 $38,073 $4,785
5yr Usual care 2.809 $46,824 —
Smoking cessation | 2.830 $40,278 $6,546

J Bone Joint Surg Am. Author manuscript; available in PMC 2021 December 02.

Page 20



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Zhuang et al.

Cost Savings and Effectiveness of Other Smoking-Cessation Interventions by Time Horizon

TABLE Il

Cohort TimeHorizon | cog Savings* QALYsGained*

Behavioral counseling lyr $384

2yr $448

5yr $615

Lifetime $3,295 0.12
Nicotine replacement therapy | 1yr $165

2yr $218

5yr $356

Lifetime $2,573 0.10
Bupropion monotherapy ” Lifetime $2,844 0.13
Varenicline monotherapy lyr $174

2yr $320

5yr $698

Lifetime $6,769 0.27

*
Compared with usual care.

fBupropion monotherapy was more effective but more costly than usual care at the 1, 2, and 5-year time horizons.
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Cost-Saving and Minimum Efficacy Thresholds for Smoking-Cessation Interventions

TABLE IV

Cost-Saving Threshold

Minimum Efficacy RR Threshold

Intervention 1Yr 2Yr 5Yr Lifetime | 1Yr | 2Yr | 5Yr | Lifetime
Behavioral counseling $414 $478 $645 $3,325 1.05 1.04 1.03 1.01
Nicotine replacement therapy | $342 $396 $534 $2,750 128 | 1.25 | 118 | 1.04
Bupropion monotherapy NA NA NA $3,562 NA NA NA 1.14
Varenicline monotherapy $938 $1,084 | $1,462 | $7,532 223 | 206 | 1.79 | 1.15
Combined intervention $4,370 | $5,050 | $6,811 | $35,090 1.43 1.37 1.27 1.05

*
RR = relative risk, and NA = not applicable.
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Cost Savings by Age, Sex, and Time Horizon for the Combined Intervention

Cohort TimeHorizon | Cost Savings
35-yr-old male lyr $4,111
2yr $4,795
5yr $6,579
Lifetime $28,897
35-yr-old female | 1yr $4,174
2yr $4,919
5yr $6,875
Lifetime $26,218
45-yr-old female | 1yr $4,166
2yr $4,907
5yr $6,837
Lifetime $29,213
55-yr-old male 1yr $5,596
2yr $7,708
5yr $13,288
Lifetime $44,804
55-yr-old female | 1yr $5,110
2yr $6,760
5yr $11,077
Lifetime $35,559
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