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Abstract

Background—In 2014, the Medical University of South Carolina (MUSC) implemented a 

Tobacco Dependence Treatment Service (TDTS) consistent with the Joint Commission (JC) 

standards recommending that hospitals screen patients for smoking, provide cessation support, and 

follow-up contact for relapse prevention within one month of discharge. We previously 

demonstrated that patients exposed to the MUSC TDTS were approximately half as likely to be 

smoking one month after discharge and 23% less likely to have a 30-day hospital readmission. 

This paper examines whether exposure to the TDTS influenced downstream healthcare charges 12 

months after patients were discharged from the hospital.

Methods—Data from MUSC’s electronic health records, the TDTS, and statewide healthcare 

utilization (hospitalization, ED and ambulatory surgery visits) were linked to assess how exposure 

to the MUSC TDTS impacted healthcare billings. Total healthcare charges were compared for 

patients with and without TDTS exposure. To reduce potential TDTS exposure selection bias, 

propensity score weighting was used to balance baseline characteristics between groups. The cost 

of delivering the MUSC TDTS intervention was calculated, along with cost per smoker.

Results—The overall adjusted mean healthcare charges for smokers exposed to the TDTS was 

$7,299 lower than for those who did not receive TDTS services (p=.047). The TDTS cost per 

smoker was modest by comparison at $34.21 per smoker eligible for the service.
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Discussion—Results suggest that implementation of a TDTS consistent with JC standards for 

smoking cessation can be affordably implemented and yield substantial healthcare savings that 

would benefit patients, hospitals and insurers.

INTRODUCTION

Tobacco use causes 18% of all deaths in the US1 and accounts for a greater proportion of US 

healthcare costs than any other single factor.2,3 Tobacco use is also an established risk factor 

for hospital readmission due to cardiac,4–8 pulmonary,9–10 surgical and wound healing-

related conditions.11–16 In 2012, the Joint Commission (JC) issued an optional measure set 

for screening and treatment of hospitalized smokers, recommending hospitals document 

tobacco use status of all patients, provide evidence-based cessation counseling and 

medication during the hospital stay, provide referral at discharge for evidence-based 

counseling and medication prescription, and document tobacco-use status approximately 30 

days after discharge. Despite meta-analysis evidence that adherence to these practice 

guidelines increases rates of smoking cessation at 6–12 months by 37%,17 many hospitals do 

not consistently provide TDTS as recommended by the JC.18 There are many reasons why 

hospitals have not implemented the JC standards for smoking cessation, but chief among 

them are concerns about the costs of implementing a TDTS without clear evidence for return 

on investment back to hospital and insurers who are being asked to cover the costs of the 

TDTS.

Six published studies have assessed cost-effectiveness of offering smoking cessation to 

hospitalized patients, and all reported intervention cost-effectiveness.19–24 Findings from 

these studies remained robust in sensitivity analyses conducted across parameters such as 

variability in program costs,21,24 addition of free medication to the program,23 quit rates,
20–22,24 relapse rates,19 non-fatal disease events,22 mortality,19,22,24 and quality of life,19 as 

well as probabilistic sensitivity analyses to account for instability of the statistical models.
19,23

However, review of these studies highlights important evidence gaps. First, none of these six 

studies evaluated TDTS cost outcomes using actual healthcare utilization and costs incurred 

by the study cohort. Second, only one of the six studies examined the impact of a smoking 

cessation service among a total population of hospitalized patients.20 The other five 

published studies were conducted among subgroups of hospitalized patients with health 

problems such as heart problems, COPD, and mental illness. Third, nearly all existing cost 

studies were based upon cohorts of patients recruited into research studies where efforts 

were made to optimize follow-up, thus not reflecting real world implementation conditions. 

Four of the six studies used a combination of RCT evidence and/or modeling based upon the 

literature, with only two studies using quasi-experimental designs to evaluate cost outcomes 

under operational program conditions.20,23

In 2014, the Medical University of South Carolina (MUSC) implemented an automated 

TDTS using interactive voice response (IVR) technology and a TDTS Registry (TelASK 

Technologies Inc.) to operationalize JC standards for tobacco treatment. This TDTS Registry 

links to the hospital’s admission and discharge records to identify tobacco users, 

Cartmell et al. Page 2

Med Care. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



automatically refers them to hospital-based cessation services where a tobacco treatment 

specialist (TTS) visits the patient at bedside to assess smoking behavior, talks to the patient 

about the importance of smoking cessation and develops a tailored treatment plan for the 

patient to be executed during the hospital stay. In addition, the TDTS uses IVR technology 

to generate automated follow-up phone calls to smokers at 3, 14 and 30 days post-discharge 

to evaluate their tobacco use status and transfer them to live phone-based counselors at 

MUSC or at the state quitline as needed. We have previously demonstrated that patients 

exposed to the TDTS were less likely to be smoking one month after discharge25 and that 

exposure to the service reduced rates of 30-day unplanned hospital readmissions.26

The current study examines the association between exposure to the MUSC TDTS and 

downstream healthcare charges during a 1-year post-hospital discharge period by addressing 

two specific research questions: 1) Do patients exposed to the TDTS have lower healthcare 

charges compared to smokers not exposed to the service? and 2) What is the cost of 

implementing the TDTS?

METHODS

Study Design

A secondary data analysis was conducted to link three datasets to evaluate the effect of the 

MUSC inpatient TDTS on subsequent 1-year healthcare utilization charges. We used 

regression models to evaluate the association between exposure to the MUSC TDTS and 

subsequent 1-year healthcare utilization charges, controlling for influential covariates. We 

also calculated the cost of implementing the MUSC TDTS.

Study Setting and Population

MUSC is a large tertiary care hospital in Charleston, South Carolina with approximately 

30,000 annual adult hospital admissions. All current smokers 18+ admitted to the hospital 

were eligible for the TDTS, with the exception of patients admitted for psychiatric care, 

same day surgery or <24 hour observation. In addition, patients were excluded for the 

following logistical reasons: (1) died during hospitalization; (2) were unable to communicate 

due to language or medical condition; (3) not discharged back home, (4) did not provide a 

phone number; and (5) patients readmitted who already had an active TDTS follow-up call 

scheduled. The study cohort consisted of eligible current smokers admitted and discharged 

from MUSC between November 1, 2014 and June 31, 2015.

Patients enrolled in the TDTS, were given the option to ‘opt-out’ of the service. The plan 

was for those who did not opt out of the TDTS to receive a bedside consult from a TTS, 

IVR-based phone support, or both. However, because of resource limitations for delivering 

the service and other reasons, only 53.2% (1,640/3,081) of eligible TDTS patient received 

the service (i.e., consult, phone follow-up, or both) while 46.8% (1,441/3,081) did not 

receive the service. Reasons for not receiving the service included failure to provide the 

bedside consult because the patient was unavailable when the consult was offered (i.e., not 

accessible when visited by the TTS or discharged prior to seeing the TTS), and patient 

failure to respond to any IVR follow-up calls made within 30 days after hospital discharge.
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Data Collection and Linkage

All current smokers with an eligible index admission between 11/10/2014–06/31/15 were 

included for analysis. An index admission was defined as the initial event for which the 

patient sought care (e.g. initial heart attack or hip/knee replacement procedure).27 Index 

admissions that resulted in lengths of stay >30 days, death, psychiatric care or discharge 

against medical advice were excluded from analysis. Psychiatric admissions were excluded 

because the TDTS was not implemented for psychiatric patients until 2016. Patients with 

LOS >30 days were excluded because prolonged LOS may indicate a condition for which 

intervention to control subsequent healthcare utilization may be overshadowed by illness 

severity.

Three datasets were linked to conduct the study: 1) the MUSC electronic health record 

(EHR) database which provided information about tobacco use status for all hospitalized 

patients; 2) the TDTS Registry which provided information about which hospitalized 

patients participated in the MUSC TDTS and level of service received; and 3) the Statewide 

Hospital Utilization datasets which provided information on all inpatient, ambulatory 

surgery and emergency department (ED) charges in SC. Data linkage was perfomed in two 

stages.26 First, MUSC EHR data was linked with the TDTS Registry. Second, the linked 

MUSC dataset was submitted to the SC Office of Research and Statistics (SC ORS) for 

linkage with the SC Healthcare Utilization datasets.

TDTS Exposure Variables

TDTS Exposure was defined in two ways: 1) the exposed group received either a bedside 

consult and/or responded to at least one IVR follow-up call versus the unexposed group who 

received neither a bedside consult nor responded to any of the IVR follow-up calls; and 2) 

level of exposure to the TDTS was further defined as high, low, and unexposed, with high 

exposure defined as receiving the bedside consult (regardless of whether they responded to 

any post-discharge IVR follow-up calls), low exposure defined as responding only to the 

post-discharge IVR follow-up calls, and unexposed as defined above.

Outcome Variables

Two main outcome variables were examined: 1) healthcare ulitization charges for patients 

with and without exposure to the TDTS over a 1-year period after index admission at the 

MUSC hospital; and 2) the cost of implementing the TDTS.

Health Care Charges—One-year healthcare charges following an index admission were 

estimated for patients who did and did not receive the TDTS. These charges consisted of all 

inpatient, ambulatory surgery and ED charges that patients in the study cohort incurred in 

SC during the 1-year period after the index admission. Inpatient charges for the same type of 

admission can vary widely based on hospital mission (for-profit, non-profit, etc.) and 

insurance status of the individual. To reduce this variability, we calculated standardized 

inpatient charges by Diagnosis Related Group (DRG). Standardized inpatient charges were 

calculated based on summing all admission charges for each DRG and dividing by the 

number of admissions to obtain the mean charge per DRG, which was then applied to each 

admission based on its assigned DRG.
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Overall 1-year healthcare charges, consisting of overall inpatient, ambulatory surgery and 

ED visit charges, were then compared for adult current smokers with and without TDTS 

exposure. These analyses were repeated to compare cost outcomes for varying levels of the 

TDTS (i.e. low intensity vs. no exposure; high intensity vs. no exposure; low vs. high 

intensity exposure to the TDTS).

Cost of the TDTS—The costs of the intervention included salary support for the full time 

TTS at 100% effort and part time nurse manager at 30% effort based upon published median 

salaries,28 office space and equipment prorated to the TTS and program manager’s effort on 

project, and costs associated with the IVR follow-up calls and TDTS Registry which 

involved a contract with an outside vendor (TelASK Technologies Inc.). Some costs were 

fixed costs associated with establishing the program (e.g., IT support to set up the TDTS 

registry, office equipment for new staff), while other costs were recurring, such as salary 

costs for TDTS staff and TelASK per patient charges that were based on the estimated 

number of MUSC inpatients who are current smokers.25

The cost of TDTS implementation was calculated for Year 1 when program start-up costs 

were absorbed and for subsequent years. Year 1 TDTS costs were calculated as the sum of 

fixed and recurring costs in Year 1. Total TDTS cost per smoker was calculated as the total 

program cost in Year 1 divided by the number of smokers eligible to receive TDTS that year.
25 These analyses were repeated to calculate the total TDTS cost in subsequent years. 

MUSC costs were incurred in 2015 and adjusted to 2017 dollar values based on the U.S. 

Department of Labor CPI Inflation Calculator.29

Potential Confounder Variables

Demographic and clinical covariates included in the cost models were patient age in years, 

race/ethnicity (white, black, Hispanic, other), insurance status (uninsured, Medicare, 

Medicaid, private, other), Charlson Comorbidity Index Score30 categories (none, mild, 

moderate, severe) and number of comorbidities.

Statistical Analyses

To reduce potential TDTS exposure selection bias from nonrandomized data, inverse 

probability of treatment weighted propensity score methods31 were used to balance baseline 

characteristics on age, gender, race/ethnicity, insurance status, Charlson score, indicator 

variable for length of stay (dichotomized as lower or higher than median), and comorbidities 

(e.g. heart failure, COPD, diabetes, hepatitis). Charlson Index Scores were converted to risk 

categories to fit the structure of non-normally distributed comorbidity data, following 

methods used by other researchers.32,33 Following propensity score weighting, baseline 

variables were reassessed to ensure similar distribution across baseline characteristics.

To test the hypothesis that exposure to the TDTS would reduce overall 1-year healthcare 

charges, we first compared actual healthcare charges for patients who did and did not receive 

the TDTS using student t-tests. Total charges were calculated as the sum of inpatient, 

ambulatory surgery and ED charges. After standardizing inpatient data by DRG-group, we 

compared overall standardized inpatient hospital, ambulatory surgery and ED charges for 
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patients with and without TDTS exposure. As a final step, we compared overall adjusted 

standardized total inpatient, ambulatory surgery and ED charges for patients with and 

without TDTS exposure. These analyses were repeated to evaluate cost outcomes by level of 

TDTS received. Due to the exploratory nature of the study, statistical corrections were not 

made for multiple comparisons.

Continuous and categorical variables were compared using t-tests and chi-square tests 

respectively. We then adjusted standardized inpatient, ambulatory surgery and ED charges 

for putative covariates including age, race/ethnicity, insurance status, Charlson Score and 

number of comorbidities in generalized linear models with a gamma distribution and log 

link. Covariates were added to the model to examine whether program exposure was 

statistically associated with standardized inpatient, ambulatory surgery and ED charges, after 

controlling for potential covariates. Marginal effects of TDTS exposure and TDTS intensity 

were estimated post regression. Statistical significance was assessed at the 0.05 α level, 

using STATA 15 (College Station, Texas).

RESULTS

A cohort of 3,081 current smokers with eligible index hospital admissions were evaluated, of 

whom 1,441 were not exposed to TDTS and 1,640 were exposed to some level of TDTS 

(764 to low intensity; 876 to high intensity). Over half of smokers were male (non-

exposed=59.1%; exposed=52.5%), with a mean age of 47.6 and 49.4 years in the non-

exposed and exposed groups, respectively. Mean length of stay was 5.3 days in the non-

exposed group and 5.1 days in the exposed group. As presented in Table 1, statistically 

significant differences for baseline characteristics including age, sex, insurance status, 

Charlson score, and total comorbidities were observed between the non-exposed and 

exposed groups. However, after applying inverse probability of treatment weights, none of 

these differences remained statistically significant, demonstrating baseline characteristics 

were successfully balanced between exposure groups using propensity weighting methods.

Table 2 presents the association between TDTS exposure and 1-year healthcare charges. The 

overall unadjusted 1-year mean charge of care for TDTS exposed and unexposed patients 

were $52,539 (SD = $90,031) and $59,132 (SD = $105,283), respectively (p=.03), favoring 

lower charges for patients in the TDTS exposed group. These overall charges were 

comprised of inpatient, ambulatory surgery and ED charges, each of which were in the 

direction of lower charges in the TDTS exposed group.

Overall unadjusted mean charges between the low and high intensity TDTS exposed groups 

were similar. Overall 1-year charges for the low vs. high intensity groups were $51,937 (SD 

= $84,273) and $52,557 (SD = $94,411), respectively (p=.44). In terms of the inpatient, 

ambulatory surgery and ED charges that contribute to the overall charges, the low and high 

intensity groups had similar inpatient charges. The high intensity group had higher 

outpatient and ED visit charges (p=.036 and .048, respectively) compared to the low 

intensity group.
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Table 3 presents the association between TDTS exposure and 1-year healthcare charges, 

controlling for covariates of age, race/ethnicity, insurance status, Charlson score and number 

of comorbidities. Comparing overall healthcare charges for the TDTS exposed vs. 

unexposed patient groups, mean charges for the TDTS exposed group were $7,299 lower 

than for the unexposed group (p=.047). Charges for inpatient, ambulatory surgery and ED 

visits were $5,242 (p=.10), $699 (p=.36) and $1,547 (p=.02) lower respectively for the 

TDTS exposed group compared to the unexposed group. Overall mean charges for the low 

intensity TDTS group vs. the unexposed group also indicated lower charges in the low 

intensity group, but this result was not statistically significant at the p<0.05 level ($8,006 

lower, p=.08). Overall mean charges for the high intensity TDTS group vs. the unexposed 

group revealed a marginally lower charge of $6,949 (p=.12). Overall mean charges for the 

high vs. low intensity groups were similar, with charges in the high intensity group on 

average $120 higher than in the low intensity group (p=.98).

An overview of the costs for development and implementation of the MUSC Quits TDTS is 

presented in Table 4. The total TDTS cost in the first year of operation, which included 

program start-up costs, was estimated to be $158,140, which translates to $34.21 per smoker 

eligible for the service over a 12-month period. Removing start up costs, we estimate that the 

overall annual TDTS program cost would be $143,140, which translates to $30.97 per 

smoker eligible for the service over a 12-month period. TDTS costs were primarily driven 

by two factors: 1) staffing costs for the TTS and program manager which accounted for 52% 

of the overall costs and 2) the TelASK cost that is charged per estimated number of 

hospitalized smokers, which reflected 45% of overall costs.

DISCUSSION

The primary findings were that healthcare charges were $7,299 lower among hospitalized 

smokers exposed to the TDTS (p=.047). In SC, the cost to charge ratio is between 30–40%, 

meaning actual healthcare costs are approximately 30–40% of charges, resulting in an 

average of $2,190-$2920 lower cost per smoker who received the TDTS service. Within the 

context of our study in which 1,640 patients received the TDTS over an 8-month period, this 

would translate into a healthcare cost savings ranging from $3.6–$4.8 million, taking into 

account the cost of program delivery and cost savings per patient. These data suggest that 

between 54–72 smokers would need to receive TDTS services to cover the cost of delivering 

the service. The overall costs of implementing the TDTS were modest relative to the 

potential savings in estimated healthcare costs.

The cost for delivering the TDTS compares favorably with the cost of programs relying on 

either clinical staff or IVR technology to deliver follow up cessation support calls. Typical 

program costs for provision of inpatient smoking cessation services and follow-up reported 

in the literature range from $74 to $189 per patient.19,20,23 The lower average program cost 

per smoker with the MUSC TDTS likely reflects the minimal nature of the intervention 

delivered which involved one full-time TTS, a part-time TDTS program manager, and 

provision of automated IVR follow-up calls. Because of limited staffing and budget, the 

MUSC TDTS only reached 53% of the eligible smoker population in the hospital and did 

not include provision of medications to patients. A larger investment in the service would 
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have allowed us to reach more smokers and in turn might further reduce health care costs, 

although we did not observe differences in healthcare charges between low and high 

intensity arms of the TDTS.

This study contributes most notably to the literature evaluating possible benefits of providing 

smoking cessation services to hospitalized patients by using actual program and healthcare 

utilization data, rather than modeling these charges as other studies have done. In this study 

we utilized actual TDTS costs, along with actual healthcare charges for inpatient, 

ambulatory surgery and ED charges accrued by patients within 1-year after hospital 

discharge. While these data are observational, the findings show that a TDTS consistent with 

JC standards for smoking cessation can be affordably implemented and potentially yield 

substantial healthcare savings.

Limitations should be considered in interpreting study findings. First, we did not have a true 

control group of patients unexposed to the TDTS. Instead we constituted a comparison 

group of patients who were eligible for the service but did not see the TTS and did not 

respond to IVR follow-up calls after hospital discharge. Differences in characteristics of 

patient groups exposed and unexposed to the TDTS could account for downstream 

differences in healthcare charges. For example, it is possible some patients did not receive 

bedside counseling or respond to follow-up calls because they were very healthy (e.g. 

discharged rapidly) or very ill (e.g. too ill to speak with TTS). To reduce potential program 

exposure selection bias, propensity weighting was employed to balance baseline patient 

characteristics, along with covariate adjustment in our statistical models. The results of 

adjusted and unadjusted analyses were similar, suggesting our findings are robust. We 

acknowledge that an RCT design with hospitals assigned to JC-styled TDTS vs. usual care 

would provide a more rigorous test of impact of the TDTS on healthcare charges. We believe 

the evidence from this single institution study warrants a more rigorously designed 

prospective follow-up study to determine if these findings can be replicated. Second, this 

study was not powered to detect differences between subgroups with low, high and no 

exposure to the TDTS. Despite limited sample size, patients exposed to the TDTS had on 

average $7,299 lower healthcare charges over a 1-year follow-up period compared to 

patients not exposed to the TDTS. Third, we were unable to obtain actual cost data, 

therefore, charges were utilized as proxy for healthcare costs. Hospital inpatient charges for 

the same type of admission can vary widely based on hospital mission (for-profit, non-profit, 

etc.) and insurance status of the individual. To reduce this variability in inpatient charges, we 

calculated standardized charges by Diagnosis Related Group (DRG) by summing all 

admission charges for each DRG and dividing by the number of admissions to obtain a mean 

charge for each DRG. The mean charge per DRG was then applied to each admission based 

on its assigned DRG. The use of standardized DRGs has potential to inflate p-values.

To date, tobacco cessation has not been established as an influential driver of healthcare cost 

reduction. This study provides evidence that a TDTS consistent with JC smoking cessation 

standards may help to markedly reduce healthcare charges in those identified as smokers 

upon hospital admission over a 1-year period consistent with what might be expected given 

the well documented hazards of smoking. While these findings need replication in other 
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healthcare institutions to confirm the magnitude of observed benefit, the results should 

encourage healthcare administrators to consider investing in a JC-styled TDTS.

Acknowledgments

Funding: This study was funded by an award from the Agency for Healthcare Research and Quality, R21HS23863. 
We also acknowledge support from the Medical University of South Carolina Health and the Hollings Cancer 
Center’s Cancer Center Support Grant P30 CA138313 at the Medical University of South which provided resources 
for creation and operations of the Tobacco Dependence Treatment Service.

K. Michael Cummings has received funding as a consultant to Pfizer on developing systems to improve the delivery 
of smoking cessation treatments to patients in health care settings. He has also received payment as an expert 
witness in litigation filed against the tobacco industry.

We would like to acknowledge the contribution of Danny Woodard, Stephanie Stansell and Elizabeth DeMeo who 
have served as bedside counselors for the Tobacco Dependence Treatment Service (TDTS) and Benjamin Toll, PhD 
who served as the clinical supervisor of the TDTS. We also would like to acknowledge the support provided by 
Mark Daniels and Patricia Wagstaff who provided IT support for the TDTS and James Brook, RN, MBA Oncology 
Service Line Director at the Hollings Cancer Center and Danielle Bowen Scheurer, MD, MSCR, Chief Quality 
Officer at MUSC, Phil Smeltzer who have provided administrative and financial support to the TDTS.

References

1. Mokdad AH, Marks JS, Stroup DF, Gerberding JL. Actual causes of death in the United States, 
2000. JAMA. 2004; 291(10):1238–1245. [PubMed: 15010446] 

2. Musallam KM, Rosendaal FR, Zaatari G, Soweid A, Hoballah JJ, Sfeir PM, Zeineldine S, Tamim 
HM, Richards T, Spahn DR, Lotta LA, Peyvandi F, Jamali FR. Smoking and the risk of mortality 
and vascular and respiratory events in patients undergoing major surgery. JAMA Surg. 2013; 148(8):
755–762. [PubMed: 23784299] 

3. Centers for Disease Control and Prevention. Smoking & Tobacco Use. Atlanta, GA: website 
available at https://www.cdc.gov/tobacco/index.htm [accessed August 9, 2018]

4. Khera S, Palaniswamy C, Aronow WS, Sule S, Doshi JV, Adapa S, Balasubramaniyam N, Ahn C, 
Peterson SJ, Nabors C. Predictors of mortality, rehospitalization for syncope, and cardiac syncope in 
352 consecutive elderly patients with syncope. Journal of the American Medical Directors 
Association. 2013; 14(5):326–330. [PubMed: 23332735] 

5. Sule S, Palaniswamy C, Aronow WS, Ahn C, Peterson SJ, Adapa S, Mudambi L. Etiology of 
syncope in patients hospitalized with syncope and predictors of mortality and rehospitalization for 
syncope at 27-month follow-up. Clinical cardiology. 2011; 34(1):35–38. [PubMed: 21259276] 

6. Kociol RD, Greiner MA, Hammill BG, Phatak H, Fonarow GC, Curtis LH, Hernandez AF. Long-
term outcomes of medicare beneficiaries with worsening renal function during hospitalization for 
heart failure. Am J Cardiol. 2010; 105(12):1786–1793. [PubMed: 20538131] 

7. Shen L, Peterson ED, Li S, Thomas L, Alexander K, Xian Y, Wang TY, Roe MT, He B, Shah BR. 
The association between smoking and long-term outcomes after non-ST-segment elevation 
myocardial infarction in older patients. American heart journal. 2013; 166(6):1056–1062. [PubMed: 
24268221] 

8. Steuer J, Blomqvist P, Granath F, Rydh B, Ekbom A, de Faire U, Stahle E. Hospital readmission 
after coronary artery bypass grafting: are women doing worse? Ann Thorac Surg. 2002; 73(5):
1380–1386. [PubMed: 12022521] 

9. El Solh AA, Brewer T, Okada M, Bashir O, Gough M. Indicators of recurrent hospitalization for 
pneumonia in the elderly. J Am Geriatr Soc. 2004; 52(12):2010–2015. [PubMed: 15571535] 

10. Wark PA, Tooze M, Powell H, Parsons K. Viral and bacterial infection in acute asthma and chronic 
obstructive pulmonary disease increases the risk of readmission. Respirology. 2013; 18(6):996–
1002. [PubMed: 23600594] 

11. Osterhoff G, Zwolak P, Kruger C, Wilzeck V, Simmen HP, Jukema GN. Risk factors for prolonged 
treatment and hospital readmission in 280 cases of negative-pressure wound therapy. J Plast 
Reconstr Aesthet Surg. 2014; 67(5):629–633. [PubMed: 24507965] 

Cartmell et al. Page 9

Med Care. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/tobacco/index.htm


12. Lovecchio F, Farmer R, Souza J, Khavanin N, Dumanian GA, Kim JY. Risk factors for 30-day 
readmission in patients undergoing ventral hernia repair. Surgery. 2014; 155(4):702–710. 
[PubMed: 24612622] 

13. Mlodinow AS, Ver Halen JP, Lim S, Nguyen KT, Gaido JA, Kim JY. Predictors of readmission 
after breast reconstruction: a multi-institutional analysis of 5012 patients. Ann Plast Surg. 2013; 
71(4):335–341. [PubMed: 24025652] 

14. Pilecki MA, McGuire BB, Jain U, Kim JY, Nadler RB. National multi-institutional comparison of 
30-day postoperative complication and readmission rates between open retropubic radical 
prostatectomy and robot-assisted laparoscopic prostatectomy using NSQIP. J Endourol. 2014; 
28(4):430–436. [PubMed: 24251547] 

15. McPhee JT, Nguyen LL, Ho KJ, Ozaki CK, Conte MS, Belkin M. Risk prediction of 30-day 
readmission after infrainguinal bypass for critical limb ischemia. J Vasc Surg. 2013; 57(6):1481–
1488. [PubMed: 23395204] 

16. Jorgensen CC, Kehlet H. Lundbeck Foundation Centre for Fast-track H, Knee Replacement 
Collaborative G. Outcomes in smokers and alcohol users after fast-track hip and knee arthroplasty. 
Acta Anaesthesiol Scand. 2013; 57(5):631–638. [PubMed: 23421518] 

17. Rigotti NA, Clair C, Munafo MR, Stead LF. Interventions for smoking cessation in hospitalised 
patients. Cochrane Database Syst Rev. 2012; (5):CD001837. PubMed Central PMCID: 
PMCPMC4498489. [PubMed: 22592676] 

18. Fiore MC, Goplerud E, Schroeder SA. The Joint Commission's new tobacco-cessation measures--
will hospitals do the right thing? N Engl J Med. 2012; 366(13):1172–1174. PubMed Central 
PMCID: PMCPMC4461200. [PubMed: 22417200] 

19. Barnett PG, Wong W, Jeffers A, Hall SM, Prochaska JJ. Cost-effectiveness of smoking cessation 
treatment initiated during psychiatric hospitalization: analysis from a randomized, controlled trial. 
J Clin Psychiatry. 2015; 76(10):e1285–1291. PubMed Central PMCID: PMCPMC4988964. 
[PubMed: 26528651] 

20. Meenan RT, Stevens VJ, Hornbrook MC, La Chance PA, Glasgow RE, Hollis JF, Lichtenstein E, 
Vogt TM. Cost-effectiveness of a hospital-based smoking cessation intervention. Med Care. 1998; 
36(5):670–678. [PubMed: 9596058] 

21. Krumholz HM, Cohen BJ, Tsevat J, Pasternak RC, Weinstein MC. Cost-effectiveness of a smoking 
cessation program after myocardial infarction. J Am Coll Cardiol. 1993; 22(6):1697–1702. 
[PubMed: 8227841] 

22. Ladapo JA, Jaffer FA, Weinstein MC, Froelicher ES. Projected cost-effectiveness of smoking 
cessation interventions in patients hospitalized with myocardial infarction. Arch Intern Med. 2011; 
171(1):39–45. [PubMed: 21220659] 

23. Mullen KA, Coyle D, Manuel D, Nguyen HV, Pham B, Pipe AL, Reid RD. Economic evaluation of 
a hospital-initiated intervention for smokers with chronic disease, in Ontario, Canada. Tob Control. 
2015; 24(5):489–496. PubMed Central PMCID: PMCPMC4552906. [PubMed: 24935442] 

24. Quist-Paulsen P, Lydersen S, Bakke PS, Gallefoss F. Cost effectiveness of a smoking cessation 
program in patients admitted for coronary heart disease. Eur J Cardiovasc Prev Rehabil. 2006; 
13:274–280. [PubMed: 16575284] 

25. Nahhas GJ, Wilson D, Talbot V, Cartmell KB, Warren GW, Toll BA, Carpenter MJ, Cummings 
KM. Feasibility of Implementing a Hospital-Based "Opt-Out" Tobacco-Cessation Service. 
Nicotine Tob Res. 2017; 19(8):937–943. [PubMed: 27928052] 

26. Cartmell KB, Dooley M, Mueller M, Nahhas GJ, Dismuke CE, Warren GW, Talbot V, Cummings 
KM. Effect of an Evidence-based Inpatient Tobacco Dependence Treatment Service on 30-, 90-, 
and 180-Day Hospital Readmission Rates. Med Care. 2018; 56:358–363. [PubMed: 29401186] 

27. Horwitz L, Partovian C, Lin Z, Herrin J, Grady J, Conover M, Montague J, Dillaway C, Bartczak 
K, Suter L, Ross J, Bernheim S, Krumholz H, Drye E. Hospital-Wide All Cause Unplanned 
Readmission Measure: Final Technical Report. New Haven, CT: Yale New Haven Health Services 
Corporation/Center for Outcomes Research & Evaluation (YNHHSC/CORE); 2012. 

28. Salary.Com, Inc. CompAnalyst Salary Comparison Tool. 2018. Available at www.salary.com/
companalyst/

Cartmell et al. Page 10

Med Care. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



29. Department of Labor. US Department of Labor CPI Inflation Calculator Washington, DC. 2017. 
[December 7, 2017]. Available from: https://www.bls.gov/data/inflation_calculator.htm

30. Charlson ME, Charlson RE, Peterson JC, Marinopoulos SS, Briggs WM, Hollenberg JP. The 
Charlson comorbidity index is adapted to predict costs of chronic disease in primary care patients. 
J Clin Epidemiol. 2008; 61(12):1234–1240. [PubMed: 18619805] 

31. Williams SC, Morton DJ, Jay KN, Koss RG, Schroeder SA, Loeb JM. Smoking Cessation 
Counseling in U.S. Hospitals: A Comparison of High and Low Performers. JCOM. 2005; 12(7):
345–352.

32. Stavem K, Hoel H, Skjaker SA, Haagensen R. Charlson comorbidity index derived from chart 
review or administrative data: agreement and prediction of mortality in intensive care patients. Clin 
Epidemiol. 2017; 9:311–320. PubMed Central PMCID: PMCPMC5476439. [PubMed: 28652813] 

33. Wang H-Y, Chew G, Kung C-T, Chung K-J, Lee W-H. The Use of Charlson Comorbidity Index for 
Patients Revisiting the Emergency Department within 72 hours. Chang Gung Med. 2007; 30:437–
444.

Cartmell et al. Page 11

Med Care. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.bls.gov/data/inflation_calculator.htm


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cartmell et al. Page 12

Ta
b

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
St

ud
y 

Sa
m

pl
e

U
na

dj
us

te
d

P
ro

pe
ns

it
y 

Sc
or

e 
W

ei
gh

te
d

C
on

tr
ol

(n
=

14
41

)
In

te
rv

en
ti

on
(n

=
16

40
)

P
-V

al
ue

C
on

tr
ol

(n
=

14
39

)
In

te
rv

en
ti

on
(n

=
16

40
)

P
-V

al
ue

D
E

M
O

G
R

A
P

H
IC

S

A
ge

 (
Y

ea
rs

)
47

.6
 (

16
.3

)
49

.4
 (

14
.9

)
0.

00
2

48
.6

 (
16

.9
)

48
.6

 (
14

.5
)

0.
95

M
al

e
85

1 
(5

9.
1%

)
86

1 
(5

2.
5%

)
<0

.0
01

(5
5.

5%
)

(5
5.

6%
)

0.
96

R
ac

e
0.

51
1.

00

  W
hi

te
87

9 
(6

1.
0%

)
97

8 
(5

9.
6%

)
(6

0.
1%

)
(6

0.
2%

)

  B
la

ck
52

7 
(3

6.
6%

)
60

8 
(3

7.
1%

)
(3

7.
0%

)
(3

6.
9%

)

  H
is

pa
ni

c
15

 (
1.

0%
)

24
 (

1.
5%

)
(1

.3
%

)
(1

.3
%

)

  O
th

er
20

 (
1.

4%
)

30
 (

1.
8%

)
(1

.6
%

)
(1

.6
%

)

In
su

ra
nc

e
0.

00
2

1.
00

  U
ni

ns
ur

ed
39

9 
(2

7.
7%

)
38

1 
(2

3.
2%

)
(2

5.
3%

)
(2

5.
3%

)

  M
ed

ic
ar

e
37

8 
(2

6.
2%

)
51

9 
(3

1.
6%

)
(2

9.
1%

)
(2

9.
1%

)

  M
ed

ic
ai

d
27

9 
(1

9.
4%

)
30

8 
(1

8.
8%

)
(1

9.
2%

)
(1

9.
0%

)

  P
riv

at
e

33
7 

(2
3.

4%
)

39
4 

(2
4.

0%
)

(2
3.

6%
)

(2
3.

8%
)

  O
th

er
48

 (
3.

3%
)

38
 (

2.
3%

)
(2

.8
%

)
(2

.8
%

)

C
L

IN
IC

A
L

 C
H

A
R

A
C

T
E

R
IS

T
IC

S

C
ha

rl
so

n 
Sc

or
e 

C
at

eg
or

ie
s

0.
00

1
0.

15

  N
on

e
86

3 
(5

9.
9%

)
90

1 
(5

4.
9%

)
(5

8.
2%

)
(5

6.
3%

)

  M
ild

34
8 

(2
4.

1%
)

50
2 

(3
0.

6%
)

(2
5.

8%
)

(2
9.

3%
)

  M
od

er
at

e
13

5 
(9

.4
%

)
14

2 
(8

.7
%

)
(9

.5
%

)
(8

.5
%

)

  S
ev

er
e

95
 (

6.
6%

)
95

 (
5.

8%
)

(6
.5

%
)

(5
.9

%
)

To
ta

l C
om

or
bi

di
ti

es
1.

5 
(1

.5
)

1.
6 

(1
.5

)
0.

02
1.

6 
(1

.5
)

1.
6 

(1
.4

)
0.

99

L
en

gt
h 

of
 S

ta
y

5.
3 

(5
.3

)
5.

0 
(4

.6
)

0.
09

5.
3 

(5
.4

)
5.

0 
(4

.5
)

0.
17

D
at

a 
ar

e 
re

pr
es

en
te

d 
as

 m
ea

n 
(S

D
) 

fo
r 

co
nt

in
uo

us
 v

ar
ia

bl
es

 a
nd

 n
um

be
r 

(%
) 

fo
r 

ca
te

go
ri

ca
l o

r 
on

ly
 (

%
) 

fo
r 

pr
op

en
si

ty
 s

co
re

 w
ei

gh
te

d 
ca

te
go

ri
ca

l.

Med Care. Author manuscript; available in PMC 2019 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cartmell et al. Page 13

Ta
b

le
 2

U
na

dj
us

te
d 

1-
Y

ea
r 

M
ea

n,
 M

ed
ia

n,
 I

nt
er

qu
ar

til
e 

R
an

ge
 a

nd
 C

on
fi

de
nc

e 
In

te
rv

al
s 

of
 C

ha
rg

es
 b

y 
L

ev
el

 o
f 

E
xp

os
ur

e 
to

 th
e 

T
D

T
S*

U
ne

xp
os

ed
to

 T
D

T
S

(n
=1

,4
39

)

E
xp

os
ed

to
 T

D
T

S
(n

=1
,6

40
)

P
-

V
al

ue
L

ow
 E

xp
os

ur
e

to
 T

D
T

S
(n

=7
64

)

H
ig

h 
E

xp
os

ur
e

to
 T

D
T

S
(n

=8
71

)

P
-

V
al

ue

To
ta

l C
ha

rg
es

M
ea

n
$5

9,
13

2
$5

2,
53

9
0.

03
$5

1,
93

7
$5

2,
55

7
0.

44

(S
D

)
($

10
5,

28
3)

($
90

,0
31

)
($

84
,2

73
)

($
94

,4
11

)

[9
5%

 C
I]

[$
53

,6
88

;$
64

,5
76

]
[$

48
,1

78
;$

56
,8

99
]

[$
45

,9
52

;$
57

,9
22

]
[4

6,
27

8;
$5

8,
83

5]

M
ed

ia
n

$1
4,

60
8

$1
0,

63
5

$1
0,

51
9

$1
0,

63
0

(I
Q

R
)

($
0–

$7
3,

29
5)

($
0–

$6
7,

06
7)

($
0–

$7
0,

43
6)

($
0–

$6
4,

61
1)

In
pa

ti
en

t 
C

ha
rg

es
*

M
ea

n
$4

3,
33

7
$3

8,
41

3
0.

05
$3

7,
64

7
$3

8,
55

2
0.

4

SD
($

90
,4

34
)

($
75

,5
49

)
($

71
,7

03
)

($
78

,1
39

)

[9
5%

 C
I]

[$
38

,6
61

;$
48

,0
14

]
[$

34
,7

54
;$

42
,0

72
]

[$
32

,5
54

;$
42

,7
39

]
[$

33
,3

56
;$

43
,7

49
]

M
ed

ia
n

$0
$0

$0
$0

(I
Q

R
)

($
0–

$5
4,

47
6)

($
0–

$5
0,

55
8)

($
0–

$4
9,

32
0)

($
0–

$5
0,

55
8)

A
m

bu
la

to
ry

 S
ur

ge
ry

 C
ha

rg
es

M
ea

n
$7

,0
88

$6
,7

20
0.

31
$7

,6
87

$5
,9

06
0.

04

SD
($

20
,5

98
)

($
19

,9
11

)
($

22
,0

30
)

($
17

,8
74

)

[9
5%

 C
I]

[$
6,

02
3;

$8
,1

54
]

[$
5,

75
5;

$7
,6

84
]

[$
6,

12
3;

$9
,2

52
]

[$
4,

71
7;

$7
,0

94
]

M
ed

ia
n

$0
$0

$0
$0

(I
Q

R
)

($
0–

$4
,1

20
)

($
0–

$2
,8

02
)

($
0–

$3
,7

05
)

($
0–

$1
,9

92
)

E
D

 C
ha

rg
es

M
ea

n
$8

,7
05

$7
,4

05
0.

03
$6

,6
02

$8
,0

98
0.

04
8

SD
($

19
,4

88
)

($
18

,0
94

)
($

15
,1

46
)

($
20

,3
48

)

[9
5%

 C
I]

[$
7,

69
7;

$9
,7

13
]

[$
6,

52
9;

$8
,2

81
]

[$
5,

52
6;

$7
,6

78
]

[$
6,

74
4;

$9
,4

51
]

M
ed

ia
n

$1
,6

13
$1

,2
86

$7
56

$1
,7

39

(I
Q

R
)

($
0–

$8
,3

44
)

($
0–

$7
,4

63
)

($
0–

$7
,0

20
)

($
0–

$8
,0

86
)

* P-
va

lu
es

 c
om

pa
re

 U
ne

xp
os

ed
 v

s 
E

xp
os

ed
 a

nd
 L

ow
 v

s 
H

ig
h 

In
te

rv
en

tio
n 

ba
se

d 
on

 th
e 

st
ud

en
t t

-t
es

t.

Med Care. Author manuscript; available in PMC 2019 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cartmell et al. Page 14
**

In
pa

tie
nt

 c
ha

rg
es

 a
re

 D
R

G
-a

dj
us

te
d.

Med Care. Author manuscript; available in PMC 2019 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cartmell et al. Page 15

Ta
b

le
 3

A
dj

us
te

d 
D

if
fe

re
nc

e 
in

 1
-Y

ea
r 

H
ea

lth
ca

re
 C

ha
rg

es
 b

y 
L

ev
el

 o
f 

E
xp

os
ur

e 
to

 th
e 

T
D

T
S*

E
xp

os
ed

vs
.

U
ne

xp
os

ed
N

=3
,0

79

H
ig

h
vs

.
U

ne
xp

os
ed

N
=2

,3
15

lo
w

vs
.

U
ne

xp
os

ed
N

=2
,2

20

H
ig

h
vs

.
L

ow
N

=1
,6

35

To
ta

l C
ha

rg
es

D
if

fe
re

nc
e

−
$7

,2
99

−
$6

,9
49

−
$8

,0
06

−
$1

20

P-
va

lu
e

0.
04

7
0.

12
0.

08
0.

98

95
%

 C
I

[−
$1

4,
49

9;
$−

10
0]

[−
$1

5,
75

2;
$1

,8
54

]
[$

−
16

,9
89

;$
97

6]
[−

$9
,7

89
;$

9,
54

9]

In
pa

ti
en

t 
C

ha
rg

es
**

D
if

fe
re

nc
e

−
$5

,2
42

−
$4

,3
56

−
$6

,4
50

$1
,0

71

P-
va

lu
e

0.
10

0.
24

0.
11

0.
81

95
%

 C
I

[−
$1

1,
47

5:
$9

90
]

[−
$1

2,
09

7;
$3

,0
23

]
[−

$1
4,

39
0;

$1
,4

88
]

[−
$7

,4
63

;$
9,

60
7]

A
m

bu
la

to
ry

 S
ur

ge
ry

 C
ha

rg
es

D
if

fe
re

nc
e

−
$6

99
−

$1
,5

17
−

$1
26

−
$1

,6
04

P-
va

lu
e

0.
36

0.
06

0.
91

0.
15

95
%

 C
I

[−
$2

,2
00

;$
80

1]
[−

$3
,0

87
;$

51
]

[−
$2

,3
17

;$
2,

06
4]

[−
$3

,7
72

;$
56

3]

E
D

 C
ha

rg
es

D
if

fe
re

nc
e

−
$1

,5
47

−
$1

,0
34

−
$1

,9
33

$7
25

P-
va

lu
e

0.
02

0.
22

0.
02

0.
40

95
%

 C
I

[−
$2

,8
70

;−
$2

23
]

[−
$2

,6
72

;$
60

3]
[−

$3
,4

83
:−

$3
82

]
[−

$9
72

;$
2,

42
4]

* A
dj

us
te

d 
fo

r 
ba

se
lin

e 
co

va
ri

at
es

: a
ge

, r
ac

e,
 in

su
ra

nc
e 

st
at

us
, C

ha
rl

so
n 

Sc
or

e 
an

d 
nu

m
be

r 
of

 c
om

or
bi

di
tie

s.

**
In

pa
tie

nt
 c

ha
rg

es
 a

re
 r

ep
or

te
d 

as
 D

R
G

-s
ta

nd
ar

di
ze

d 
ch

ar
ge

s

Med Care. Author manuscript; available in PMC 2019 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cartmell et al. Page 16

Table 4

Cost of Implementing the Tobacco Dependence Treatment Service (TDTS)

Cost Description Year 1
(Inclusive
of Start

Up Cost)

Subsequent
Years

Salary costs Full time Tobacco Treatment Specialist with a master of social work degree $61,140 $61,140

($61,140 salary/fringe @ 100% effort)

Part time TDTS program manager with an RN degree $21,790 $21,790

($72,636 salary/fringe @ 30% effort)

Office space and equipment* Office space for counselor and program manager $1,961 $1,961

(182 total ft2 of space @ MUSC price of $23.75 per ft2)

Office computer, printer, desk and chair for counselor and project staff $2,785 $0

TelASK costs TelASK initiation charge $15,000 $0

TelASK charge of $12 per estimated 4,622 hospitalized smokers per year $55,464 $55,464

Total program cost per year $158,140 $143,140

Total program cost per smoker ** $34.21 $30.97

*
The cost of office space and equipment are prorated to the 100% effort of the counselor and the 30% effort of the program manager.

**
The total program cost per smoker eligible is calculated as total program cost divided by the total number of smokers eligible to receive the 

TDTS over a 12-month period (i.e., 385 smokers per month × 12 = 4622 smokers per year). The costs in Year 2 exclude the costs for setting up the 
TDTS in Year 1.
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