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IMPORTANCE Health care systems need effective models to manage chronic diseases like
tobacco dependence across transitions in care. Hospitalizations provide opportunities for
smokers to quit, but research suggests that hospital-delivered interventions are effective
only if treatment continues after discharge.

OBJECTIVE To determine whether an intervention to sustain tobacco treatment after hospital
discharge increases smoking cessation rates compared with standard care.

DESIGN, SETTING, AND PARTICIPANTS A randomized clinical trial compared sustained care (a
postdischarge tobacco cessation intervention) with standard care among 397 hospitalized
daily smokers (mean age, 53 years; 48% were males; 81% were non-Hispanic whites) who
wanted to quit smoking after discharge and received a tobacco dependence intervention in
the hospital; 92% of eligible patients and 44% of screened patients enrolled. The study was
conducted from August 2010 through November 2012 at Massachusetts General Hospital.

INTERVENTIONS Sustained care participants received automated interactive voice response
telephone calls and their choice of free smoking cessation medication (any type approved by
the US Food and Drug Administration) for up to 90 days. The automated telephone calls
promoted cessation, provided medication management, and triaged smokers for additional
counseling. Standard care participants received recommendations for postdischarge
pharmacotherapy and counseling.

MAIN OUTCOMES AND MEASURES The primary outcome was biochemically confirmed past
7-day tobacco abstinence at 6-month follow-up after discharge from the hospital; secondary
outcomes included self-reported tobacco abstinence.

RESULTS Smokers randomly assigned to sustained care (n = 198) used more counseling and
more pharmacotherapy at each follow-up assessment than those assigned to standard care
(n = 199). Biochemically validated 7-day tobacco abstinence at 6 months was higher with
sustained care (26%) than with standard care (15%) (relative risk [RR], 1.71 [95% CI, 1.14-2.56],
P = .009; number needed to treat, 9.4 [95% CI, 5.4-35.5]). Using multiple imputation for
missing outcomes, the RR for 7-day tobacco abstinence was 1.55 (95% CI, 1.03-2.21; P = .04).
Sustained care also resulted in higher self-reported continuous abstinence rates for 6 months
after discharge (27% vs 16% for standard care; RR, 1.70 [95% CI, 1.15-2.51]; P = .007).

CONCLUSIONS AND RELEVANCE Among hospitalized adult smokers who wanted to quit
smoking, a postdischarge intervention providing automated telephone calls and free
medication resulted in higher rates of smoking cessation at 6 months compared with a
standard recommendation to use counseling and medication after discharge. These findings,
if replicated, suggest an approach to help achieve sustained smoking cessation after a
hospital stay.
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C igarette smoking is the leading preventable cause of
death in the United States.1 The US Public Health Ser-
vice’s clinical practice guideline recommends offering to-

bacco cessation counseling and pharmacotherapy to smokers
in every health care setting.2 For the nearly 4 million smokers
hospitalized each year, a hospital stay offers a good opportu-
nity to quit smoking because all hospitals are now smoke-free,
requiring patients to abstain temporarily from tobacco use.3 Si-
multaneously, their illness, especially if related to tobacco use,
can enhance their motivation to quit. Providing tobacco cessa-
tion treatment in the hospital increases long-term smoking ces-
sation rates after discharge, but evidence suggests that this re-
quires treatment to be sustained for more than 1 month after
discharge.3 In 2012, the Joint Commission adopted a tobacco ces-
sation hospital quality measure,4 endorsed by the National Qual-
ity Forum in 2014,5 that requires hospitals to document the
smoking status of all patients and offer hospitalized smokers to-
bacco cessation counseling and pharmacotherapy.

The major challenge for hospitals in providing evidence-
based care is identifying how to sustain tobacco treatment af-
ter discharge.3 This represents a broader challenge facing health
care systems of coordinating the management of patients with
chronic diseases as they transition between inpatient and out-
patient care.6,7 For smokers, sustaining cessation treatment af-
ter discharge has additional challenges. Nicotine replace-
ment therapy (NRT), the most widely used pharmacotherapy,
is not consistently covered by health insurers. In addition, free
tobacco quit lines, which are the most accessible counseling
resource, are poorly linked to health care systems.8

To address these gaps, we designed an intervention using
interactive voice response technology9-11 to facilitate the de-
livery of evidence-based tobacco cessation counseling and
medication after hospital discharge. The goal was to create a
low-cost translatable system requiring minimal health sys-
tem personnel to implement. We compared this sustained care
intervention with standard care in a randomized clinical trial.
The hypothesis was that sustained care would increase the pro-
portion of individuals who used evidence-based tobacco ces-
sation treatment and were tobacco abstinent 6 months after
hospital discharge.

Methods
The Helping HAND (Hospital-initiated Assistance for Nico-
tine Dependence) trial was approved by the institutional re-
view board of Partners HealthCare. A detailed study protocol
has been published12 and also appears in Supplement 1.

Setting and Participants
The study was conducted at Massachusetts General Hospital
(MGH), a 900-bed hospital located in Boston. Adults aged 18
years or older who were admitted to MGH were eligible if they
were current smokers (smoked ≥1 cigarette/day during the
month before admission), received smoking cessation coun-
seling in the hospital, stated that they planned to try to quit
smoking after discharge, and agreed to accept a smoking ces-
sation medication. Patients were excluded if they had no tele-

phone; had an expected hospital stay of less than 24 hours; sub-
stance use in the past 12 months other than tobacco, alcohol,
or marijuana, or were admitted for an alcohol or drug over-
dose; could not give informed consent or participate in coun-
seling due to impaired mental status, cognitive impairment,
or communication barrier; were admitted to the obstetric or
psychiatric units; had an estimated life expectancy of less than
12 months; or had medical instability.

All MGH patients have their smoking status electronically
documented at admission, generating a roster of hospitalized
smokers accessed daily by counselors from the Tobacco Treat-
ment Service who aim to visit every hospitalized smoker. The
counselors ensure adequate management of withdrawal symp-
toms with NRT and offer to assist smokers who plan to “stay
quit” after discharge. Counselors screened smokers for study
eligibility and referred the smoker to research staff to confirm
eligibility, obtain informed consent, conduct the baseline as-
sessment, and assign the participant to a study group.

Assignment to Study Group
Participants were randomly assigned (1:1) to sustained care
or standard care in permuted blocks of 8, stratified by daily
cigarette consumption (<10 vs ≥10) and admitting service
(cardiac vs other). Treatment assignment was concealed in
sequentially numbered sealed envelopes within each stra-
tum. Research staff opened the next envelope correspond-
ing to the participant’s randomization stratum.

Intervention
The sustained care condition had 2 components designed to
reduce patient barriers to completing a full course of tobacco
treatment after discharge. First, a 30-day supply of free to-
bacco cessation medication (any type approved by the US Food
and Drug Administration) was provided at discharge and was
refillable twice for up to 90 days of treatment. Medication was
chosen by the patient and smoking counselor during the in-
patient visit. Treatment could include single agents (nicotine
patch, gum, lozenge, bupropion, or varenicline) or a combi-
nation of these. Second, 5 automated outbound interactive
voice response telephone calls (at 2, 14, 30, 60, and 90 days af-
ter discharge) provided advice and support messages that
prompted smokers to stay quit, encouraged proper use and ad-
herence to cessation medication, offered medication refills, and
triaged smokers to a return telephone call from a live coun-
selor for additional support. The automated telephone script
encouraged participants to request a callback from a coun-
selor if they had low confidence in their ability to stay quit, had
resumed smoking but still wanted to quit, needed a medica-
tion refill, had problems with a medication, or had stopped
using any medication. A trained counselor made the return
telephone calls using a standardized protocol.12 A fax sent to
the primary care clinician of each patient informed him/her
of the treatment program.

Standard care provided smokers with a specific postdis-
charge medication recommendation and advice to call a free
telephone quit line (1-800-QUIT-NOW). A note in the chart
advised hospital physicians to prescribe the medication
upon discharge.
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Measures and Assessments
Baseline measures included demographic factors (age, sex,
race/ethnicity, education), health insurance status, smoking
history (number of cigarettes/day, Fagerström Test for Nico-
tine Dependence, other tobacco products), prior use of to-
bacco cessation treatment, perceived importance of and con-
fidence in quitting (10-point Likert scales), presence of a smoker
at home, alcohol use (3-item Alcohol Use Disorders Identifi-
cation Test), and the 8-item Center for Epidemiological Stud-
ies Depression Scale.13-15 Race/ethnicity was assessed by pa-
tient self-report. Hospital records provided primary discharge
diagnosis, length of stay, smoking cessation medication use in
the hospital, and the counselor’s recommendation for post-
discharge tobacco cessation medication. Participants were
called 1, 3, and 6 months after hospital discharge. A tele-
phone interviewer collected data on tobacco use status and to-
bacco cessation treatment use. We defined tobacco cessation
treatment to include any pharmacotherapy approved by the
US Food and Drug Administration (including NRT, bupro-
pion, or varenicline) or cessation counseling provided by a phy-
sician, nurse, MGH or community counselor, or state tele-
phone quit line. Participants were reimbursed $20 per
completed survey.

The primary outcome was biochemically validated 7-day
point prevalence tobacco abstinence 6 months after dis-
charge. Tobacco abstinence was defined as abstinence from any
tobacco product including electronic cigarettes. To verify self-
reported abstinence at 6 months, patients were asked to pro-
vide a mailed saliva sample for assay of cotinine, a nicotine me-
tabolite, and reimbursed $50 for the sample.16 Participants
using an NRT had an in-person measurement of expired air car-
bon monoxide. Self-reported abstinence was considered veri-
fied if saliva cotinine level was 10 ng/mL or less or if the car-
bon monoxide level was less than 9 ppm.17 Secondary smoking
status outcomes were self-reported 7-day point prevalence and
continuous abstinence at 1, 3, and 6 months postdischarge.

Analysis
A sample of 330 was planned to provide 83% power to detect
a 15% difference (20% vs 35%) in the primary outcome. The
sample was increased to 400 without interim analysis to add
statistical power. The analyses were performed using an intent-
to-treat approach and SAS statistical software version 9.3 (SAS
Institute Inc). We compared the characteristics of the partici-
pants by group using 2-sample t tests, Wilcoxon rank sum tests,
and χ2 tests. A 2-sided P value of less than .05 was considered
statistically significant. According to the prespecified
protocol,12 we conducted cross-sectional analyses at each fol-
low-up point, comparing rates of tobacco treatment and ces-
sation between study groups using χ2 tests, and calculated the
number needed to treat.18 We also conducted a longitudinal
analysis using the generalized estimating equations tech-
nique that included data from all follow-up times to assess the
overall effect of the intervention. Per the prespecified
protocol,12 patients with missing outcomes at follow-up (in-
cluding those who died) or whose self-reported abstinence was
not biochemically validated were counted as smokers in the
primary analysis. We conducted a sensitivity analysis using pre-

viously published methods19 to assess the relationship be-
tween alternate approaches to imputation and effect size. Mul-
tiple imputation for the missing primary outcome measure
used age, sex, whether the patient had a smoking-related dis-
ease, and the smoking outcome at 3 months as predictors in a
logistic regression model. The final inference was combined
from 5 sets of imputed samples.

We explored the effect of the intervention in subgroups of
participants defined post hoc by age (<55 years or ≥55 years),
sex, race (non-Hispanic white vs other), number of cigarettes/
day (<10 or ≥10), discharge diagnosis (circulatory disease vs
other smoking-related disease1 vs other), hospital length of stay
(<5 days or ≥5 days), NRT use during hospitalization, and
depression symptoms (8-item Center for Epidemiological
Studies Depression Scale score: <16 or ≥16). We tested the in-
teraction between study group and each subgroup using
Breslow-Day tests.

We prospectively tracked the direct costs of delivering sus-
tained care exclusive of research costs. Costs included the in-
teractive voice response service, up to 90 days of medication
(using the price paid by our institution), mailing of medica-
tion refills, personnel time, and office space. Personnel time
included time for database construction and management,
counselor training, time spent offering the intervention, track-
ing of patients, managing medications during the hospital stay
and postdischarge, and reaching out to and counseling pa-
tients postdischarge. The value of staff time was based on sal-
ary and fringe benefits. Office space, computer, and tele-
phone cost was based on institutional charges. We calculated
the incremental cost per quit and cost per patient of deliver-
ing sustained care compared with standard care from a health
system perspective. We evaluated costs under 2 scenarios. In
the first scenario, the hospital paid for all medications, reflect-
ing how the trial was conducted. In the second scenario, we
assumed the hospital could bill insurers for smoking cessa-
tion medications, which should be possible with near-
universal coverage of smoking cessation medications under the
Affordable Care Act.20

Results
Recruitment and Retention
Between August 11, 2010, and April 17, 2012, MGH Tobacco
Treatment Service staff counseled 6237 inpatient smokers and
1757 (28%) met initial study inclusion criteria (Figure 1). Of these
1757 smokers, 904 (51%) completed screening for eligibility and
432 (48%) of those screened were eligible for the study. Figure 1
displays the most common reasons for study exclusion. A total
of 397 patients (92% of those eligible, 44% of those screened)
consented to enroll and were randomly assigned to receive sus-
tained care (n = 198) or standard care (n = 199) after hospital
discharge. Follow-up survey completion rates were 90% at 1
month, 83% at 3 months, and 81% at 6 months, with no sta-
tistically significant difference by study group (Figure 1). Par-
ticipants lost to follow-up were younger (mean age of 50 years
vs 53 years; P = .04) but did not differ by sex, number of ciga-
rettes/day, or admission to the cardiac service. Eight partici-
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pants died (2%), 4 in each group. Among self-reported non-
smokers, 78% provided a biological sample for confirmation
(79% of the sustained care group and 77% of the standard care
group), and abstinence was confirmed in 85% of these samples
(86% of the sustained care group and 83% of the standard care
group). These rates did not differ significantly by group.

Baseline Characteristics and Hospital Stay
Baseline characteristics and hospital course were compa-
rable between the study groups (Table 1). The mean age of par-
ticipants was 53 years, 48% were males, 81% were non-
Hispanic whites, and 51% had a high school education or less.

Participants smoked a mean of 16.7 cigarettes daily. Median
hospital stay was 5 days (interquartile range [IQR], 3-7 days).
The primary discharge diagnoses encompassed a range of or-
gan systems, but circulatory disease (comprising cardiovas-
cular, peripheral vascular, and cerebrovascular) diagnosis was
the largest single category (38%). For 45% of participants, the
primary discharge diagnosis was a smoking-related disease1

(defined in footnote g in Table 1). Tobacco cessation treat-
ment in the hospital did not differ by group; mean counseling
time was 25 minutes (range, 9-50 minutes), and 67% of par-
ticipants used an in-hospital cessation medication, generally
NRT to manage nicotine withdrawal symptoms. Postdis-

Figure 1. Smoking Cessation Study Participation Diagram

432 Eligible for study enrollment

35 Excluded (declined enrollment in study)

472 Excludeda

254 Substance abusec

109 Impaired mental status
106 Communication barrier

85 Inadequate telephone access
68 Medical instability

397 Randomized

199 Included in primary analysis198 Included in primary analysis

6-mo Follow-up
156 Completed follow-up

3 Refused to participate
7 Withdrewd

29 Lost to follow-up
4 Diedd

6-mo Follow-up
164 Completed follow-up

1 Refused to participate
3 Withdrewd

26 Lost to follow-up
4 Diedd

1-mo Follow-up
177 Completed follow-up

1 Refused to participate
2 Withdrew

16 Lost to follow-up
3 Died

1-mo Follow-up
179 Completed follow-up

17 Lost to follow-up
2 Died

3-mo Follow-up
167 Completed follow-up

6 Withdrewd

23 Lost to follow-up
3 Diedd

3-mo Follow-up
164 Completed follow-up

2 Withdrewd

29 Lost to follow-up
3 Diedd

199 Randomized to receive standard care198 Randomized to receive sustained 
care intervention

904 Screened for eligibility

4480 Excludeda

3269 No plans to quit smoking
2011 Refused discharge medication
1026 Not a daily smoker

6237 Smokers counseled by the
Massachusetts General Hospital
Tobacco Treatment Service

853 Excluded
436 Incomplete screening
417 Refused to be screened

1757 Met inclusion criteriab

a Patients may have had more than
1 reason for exclusion.

b Inclusion criteria were age of 18
years or older, daily smoker, plans to
quit smoking, and willingness to
accept cessation medication after
discharge.

c Refers to illicit drug use (except
marijuana) or alcohol use during
past year or drug overdose as
reason for current admission.

d The numbers of patients who
withdrew and died are cumulative.
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charge medication recommendations did not differ by study
group (Table 1) and usually continued the use of NRT started
in the hospital.

Use of Tobacco Cessation Treatment After Discharge
Data on self-reported use of tobacco cessation treatment at 1,
3, and 6 months after discharge appear in Table 2. Patients with
missing data were counted as having received no treatment.
We obtained similar findings when the analysis excluded pa-
tients with missing data. Participants in the sustained care
group compared with the standard care group were more likely
to use smoking cessation treatment during the month after hos-
pital discharge (83% vs 63%, respectively; relative risk [RR], 1.32
[95% CI, 1.16-1.49]; P < .001), including both pharmaco-
therapy (79% vs 59%; RR, 1.34 [95% CI, 1.17-1.54]; P < .001) and
counseling (37% vs 23%; RR, 1.63 [95% CI, 1.19-2.23]; P = .002).
The cumulative use of both treatments increased over 6
months, and rates of both remained higher in the sustained
care group through 6 months.

Sustained care participants accepted a median of 4 of
the 5 interactive voice response calls. In both groups, the

postdischarge medication was predominantly combination
NRT. Bupropion and varenicline were each used by 5.5% or
less of participants, with no difference in use by study
group (data not shown). Participants in the sustained care
group compared with the standard care group also had a
longer duration of medication use. In the sustained care
group, 61% of participants completed 8 or more weeks of
the 12-week treatment course compared with 37% in the
standard care group (P < .001).

Tobacco Cessation
The tobacco cessation outcomes appear in Table 3. More par-
ticipants in the sustained care group than in the standard care
group achieved the primary outcome of biochemically con-
firmed past 7-day tobacco abstinence at 6-month follow-up
(26% vs 15%, respectively, RR, 1.71 [95% CI, 1.14-2.56]; risk dif-
ference, 11% [95% CI, 3%-19%]; P = .009). The number needed
to treat was 9.4 (95% CI, 5.4-35.5). Conclusions did not change
in sensitivity analyses performed to account for different sce-
narios of missing outcomes data19 (eTables 1-4 in Supplement
2). When multiple imputation with 5 sets of imputed samples

Table 1. Baseline Characteristics of Study Participants by Treatment Group

Sustained Care
(n = 198)a

Standard Care
(n = 199)a

Age, mean (SD), y 53.9 (11.7) 51.2 (12.4)

Male sex 102 (51.5) 91 (45.7)

Race/ethnicity

White, non-Hispanic 156 (78.8) 166 (83.4)

Black, non-Hispanic 8 (4.0) 10 (5.0)

Hispanic 11 (5.6) 11 (5.5)

Asian/Pacific Islander 5 (2.5) 0

Native American 8 (4.0) 5 (2.5)

Other or unknown 10 (5.1) 7 (3.5)

Education

≤High school diploma or GED 99 (50.0) 105 (52.8)

Some college 60 (30.3) 67 (33.7)

College graduate 39 (19.7) 26 (13.1)

Health insuranceb

Commercial 97 (49.0) 85 (42.7)

Medicare 56 (28.3) 54 (27.1)

Medicaid 33 (16.7) 43 (21.6)

Other 8 (4.0) 14 (7.0)

Tobacco use

Cigarettes/d, mean (SD) 17.1 (10.0) 16.3 (10.4)

Past 30 d

Non–cigarette tobacco product 7 (3.5) 5 (2.5)

Electronic cigarette 11 (5.6) 12 (6.0)

Marijuana 27 (13.6) 32 (16.1)

Fagerström Test for Nicotine Dependence, mean (SD)c 5.0 (2.2) 4.6 (2.2)

Comorbidities, mean (SD)

Depression symptomsd 9.3 (5.7) 10.3 (5.8)

Alcohol usee 3.4 (2.5) 3.6 (2.6)

(continued)
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was applied to missing biochemical outcomes, the combined
RR was 1.55 (95% CI, 1.03-2.21; P = .04).

Self-reported tobacco abstinence rates were also higher for
sustained care than for standard care for both point-
prevalence abstinence (past 7 days) and continuous absti-
nence. Self-reported past 7-day abstinence rates were 52% for
sustained care vs 39% for standard care at 1 month (RR, 1.33
[95% CI, 1.07-1.65]; P = .01) and 41% vs 28%, respectively, at 6
months (RR, 1.45 [95% CI, 1.10-1.92]; P = .008). Overall, the RR
was 1.32 (95% CI, 1.09-1.58; P = .007) in a longitudinal analy-
sis using the generalized estimating equations technique. Self-
reported continuous tobacco abstinence after hospital dis-
charge was higher for sustained care than for standard care at
each follow-up assessment: 1 month (46% vs 33%, respec-
tively; RR, 1.39 [95% CI, 1.08-1.78]; P = .01), 3 months (34% vs
24%; RR, 1.43 [95% CI, 1.04-1.97]; P = .03), and 6 months (27%
vs 16%; RR, 1.70 [95% CI, 1.15-2.51]; P = .007). Overall, the RR
was 1.49 (95% CI, 1.13-1.89; P = .005) in a longitudinal analy-

sis using the generalized estimating equations technique. The
median duration of self-reported continuous tobacco absti-
nence after hospital discharge was longer in the sustained care
group (28 days; IQR, 5-175 days) than in the standard care group
(18 days; IQR, 5-96 days), although not statistically signifi-
cant (P = .08).

The magnitude of the intervention effect was generally
similar across subgroups (Figure 2). The only statistically sig-
nificant interaction with study group was race (P = .02). The
intervention had a stronger effect in nonwhites than in whites.
The validated 6-month smoking cessation rate for sustained
care vs standard care was 38% vs 6% among 75 nonwhites
(P = .001) and 22% vs 17% among 322 whites (P = .26).

Cost per Quit
For this trial, the hospital provided sustained care to approxi-
mately 100 smokers annually for 2 years. At this patient vol-
ume, the hospital’s estimated incremental cost per quit was

Table 1. Baseline Characteristics of Study Participants by Treatment Group (continued)

Sustained Care
(n = 198)a

Standard Care
(n = 199)a

Quitting history and predictors

Prior use

Nicotine replacement therapy 118 (59.6) 131 (65.8)

Bupropion 25 (12.6) 38 (19.1)

Varenicline 51 (25.8) 54 (27.1)

Smoking counseling 3 (1.5) 12 (6.0)

Live with smoker 79 (39.9) 86 (43.2)

Importance to quit now, mean (SD)f 9.4 (1.3) 9.5 (1.1)

Confidence to resist urge in any situation, mean (SD)f 7.3 (2.2) 7.4 (2.3)

Length of hospital stay, median (IQR), d 5 (3-7) 4 (3-7)

Primary hospital discharge diagnosis

Smoking-related diseasesg 90 (45.5) 89 (44.7)

By ICD-9 group

Circulatoryh 71 (35.9) 80 (40.2)

Injury or poisoning 29 (14.6) 23 (11.6)

Respiratory 23 (11.6) 16 (8.0)

Neoplasm 17 (8.6) 17 (8.5)

Digestive 14 (7.1) 13 (6.5)

Endocrine 8 (4.0) 7 (3.5)

Musculoskeletal 10 (5.1) 11 (5.5)

Neurological 8 (4.0) 4 (2.0)

Genitourinary 3 (1.5) 6 (3.0)

Other 15 (7.6) 21 (10.6)

Used smoking cessation medication in hospital

Nicotine replacement therapy 130 (65.7) 125 (62.8)

Bupropion 2 (1.0) 3 (1.5)

Varenicline 7 (3.5) 9 (4.5)

Postdischarge medication recommendation
by hospital counselor

Nicotine replacement therapy 191 (96.5) 191 (96.0)

Bupropion 14 (7.1) 12 (6.0)

Varenicline 13 (6.6) 13 (6.5)

Abbreviations: ICD-9, International
Classification of Diseases, Ninth
Revision; IQR, interquartile range.
a Values are expressed as number

(percentage) unless otherwise
indicated.

b Data were missing for 4 participants
in the sustained care group and 3 in
the standard care group.

c The range of possible scores is 0 to
10; higher scores indicate greater
nicotine dependence.13

d Measured using the 8-item Center
for Epidemiological Studies
Depression Scale (score range,
0-24); higher scores indicate more
depressive symptoms.15

e Measured using the 3-item Alcohol
Use Disorders Identification Test
(score range, 0-12); higher scores
indicate more alcohol use.14

f Responses are on a scale of 0 to 10;
higher scores indicate greater
importance or greater confidence.

g Specified in the 2014 US Surgeon
General’s Report,1 and include
neoplasms (ICD-9 codes 140-151,
157, 161, 162, 180, 188, 189, and
204-208), cardiovascular diseases
(ICD-9 codes 410-414, 390-398,
415-417, 420-429, 430-438, and
440-448), respiratory diseases
(ICD-9 codes 480-492 and 496),
and perinatal conditions (ICD-9
codes 765, 769, and 798.0).

h Includes cardiovascular, peripheral
vascular, and cerebrovascular
diseases.
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$4910 (year 1) and $2670 (subsequent years). The incremental
per-patient costs were $540 (year 1) and $294 (subsequent
years). Year 1 costs were primarily for building the telephone
system and training staff. Medication purchase was the main
cost during subsequent years. The Affordable Care Act re-
quires insurers to cover all smoking cessation medications ap-
proved by the US Food and Drug Administration.20,21 Assum-
ing that insurers cover this cost, the estimated incremental cost
per quit from the hospital’s perspective would be $3217 (year
1) and $997 (subsequent years). The cost per patient would be
$354 (year 1) and $108 (subsequent years). The complete cost-
effectiveness analysis is presented in eMethods, eResults, eDis-
cussion, eTable 5, and eTable 6 in Supplement 2.

Discussion

The Helping HAND trial demonstrated the effectiveness of a
program to promote long-term tobacco cessation among hos-
pitalized cigarette smokers who received an inpatient to-
bacco dependence intervention and expressed an interest in
cessation treatment after discharge. The intervention aimed
to sustain the tobacco cessation treatment that had begun in
the hospital. It succeeded in improving the use of both coun-
seling and pharmacotherapy by smokers after discharge, and
it increased by 71% the proportion of patients with biochemi-
cally confirmed tobacco abstinence 6 months after dis-

Table 2. Use of Smoking Cessation Treatment After Hospital Discharge by Treatment Groupa

Outcome Measure

No. (%) of Patients
Relative Risk

(95% CI) P Value
Sustained Care

(n = 198)
Standard Care

(n = 199)
Smoking cessation treatment useb

1-mo follow-up 164 (82.8) 125 (62.8) 1.32 (1.16-1.49) <.001

3-mo follow-up (cumulative) 172 (86.9) 152 (76.4) 1.14 (1.03-1.25) .009

6-mo follow-up (cumulative) 178 (89.9) 160 (80.4) 1.12 (1.03-1.21) .01

Smoking cessation counseling usec

1-mo follow-up 73 (36.9) 45 (22.6) 1.63 (1.19-2.23) .002

3-mo follow-up (cumulative) 114 (57.6) 82 (41.2) 1.40 (1.14-1.71) .001

6-mo follow-up (cumulative) 136 (68.7) 102 (51.3) 1.34 (1.14-1.58) <.001

Smoking cessation medication used

1-mo follow-up 156 (78.8) 117 (58.8) 1.34 (1.17-1.54) <.001

3-mo follow-up (cumulative) 164 (82.8) 132 (66.3) 1.25 (1.11-1.40) <.001

6-mo follow-up (cumulative) 170 (85.9) 140 (70.4) 1.22 (1.10-1.36) <.001

Nicotine replacement therapy usee

1-mo follow-up 147 (74.2) 110 (55.3) 1.34 (1.16-1.56) <.001

3-mo follow-up (cumulative) 155 (78.3) 123 (61.8) 1.27 (1.11-1.44) <.001

6-mo follow-up (cumulative) 161 (81.3) 130 (65.3) 1.24 (1.10-1.41) <.001

Duration of medication use, wk

≥2 146 (73.7) 103 (51.8) 1.42 (1.22-1.67) <.001

≥4 137 (69.2) 90 (45.2) 1.53 (1.28-1.83) <.001

≥8 120 (60.6) 73 (36.7) 1.65 (1.33-2.05) <.001

a Participants lost to follow-up or with
missing data were counted as
having received no treatment. An
alternate analysis excluding patients
with missing data produced similar
results.

b Counseling or any pharmacotherapy
approved by the US Food and Drug
Administration.

c Provided by a physician, nurse,
hospital or community counselor, or
state telephone quit line.

d Nicotine replacement products,
bupropion, or varenicline; they
could be used as single agents or in
combination.

e There were no between-group
differences for bupropion or
varenicline, which were each used
by 5.5% or less of the study
participants.

Table 3. Tobacco Abstinence Rates After Discharge by Treatment Groupa

Outcome Measure

No. (%) of Patients
Relative Risk

(95% CI) P Value
Sustained Care

(n = 198)
Standard Care

(n = 199)
Biochemically confirmed

Abstinent for past 7 db

6-mo follow-up 51 (25.8) 30 (15.1) 1.71 (1.14-2.56) .009

Self-report

Abstinent for past 7 dc

1-mo follow-up 103 (52.0) 78 (39.2) 1.33 (1.07-1.65) .01

3-mo follow-up 89 (44.9) 73 (36.7) 1.23 (0.96-1.56) .10

6-mo follow-up 81 (40.9) 56 (28.1) 1.45 (1.10-1.92) .008

Abstinent since hospital dischargec

1-mo follow-up 91 (46.0) 66 (33.2) 1.39 (1.08-1.78) .01

3-mo follow-up 67 (33.8) 47 (23.6) 1.43 (1.04-1.97) .03

6-mo follow-up 54 (27.3) 32 (16.1) 1.70 (1.15-2.51) .007

a Participants with missing outcome
data are counted as smokers in
these analyses.

b Prespecified primary outcome
measure: self-reported past 7-day
tobacco abstinence at 6 month
follow-up confirmed by saliva
cotinine level of 10 ng/mL or less or
carbon monoxide level of less than
9 ppm. Participants were counted
as smokers if they did not provide a
biological sample or exceeded
cutoff levels.

c No reported use of cigarettes, other
tobacco products, or electronic
cigarettes.
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charge, which is a standard measure of long-term smoking ces-
sation. The intervention appeared to be effective across a broad
range of smokers and provided high-value care at a relatively
low cost. Hospitals could adopt this model to help meet the
Joint Commission’s tobacco cessation hospital quality
standard.4,5 The intervention could also be incorporated into
care delivery models that aim to improve population health
by coordinating the care of smokers with other chronic dis-
eases across transitions of care.6,7,22,23

The intervention used interactive voice response technol-
ogy to automate telephone calls, providing an efficient, low-
cost way to systematically maintain contact with smokers af-
ter hospital discharge. In a previous study,11 we provided
automated calls for 1 month after hospital discharge to all smok-
ers, regardless of their intention to quit. It was feasible but did
not increase smoking cessation rates. The current study fo-
cused the intervention on smokers who planned to quit, ex-
tended automated telephone calls for 3 months, and paired the
telephone calls with smoking cessation medication provided
at no cost to patients at discharge. It also expanded the scope
of automated telephone calls to monitor and promote medi-
cation adherence and facilitate medication refills. Sustained
care increased the use of both counseling and pharmaco-
therapy by smokers after discharge, which may have medi-
ated the improved smoking cessation rates.

Interactive voice response technology has been used in
health care systems to assess postdischarge surgical out-
comes and to deliver care to individuals with chronic dis-

eases like diabetes.10,24 It has been a component of smoking
interventions in ambulatory care and in the community.25-28

Our program was based on a Canadian model that offered to-
bacco cessation counseling by interactive voice response calls
after discharge.29,30 That model improved 6-month continu-
ous abstinence rates over baseline rates in a pre-post evalua-
tion in 6 hospitals.30 Our program extends the Canadian model
by offering medication at no cost to patients at discharge and
by adding a medication adherence component to the interac-
tive voice response system. Our study also used the stronger
design of a randomized trial.

Pharmacotherapy was used after hospital discharge by
most smokers in both study groups, probably because the in-
patient smoking counselor encouraged NRT use in the hospi-
tal and made a postdischarge medication recommendation for
all participants.31 However, the sustained care program in-
creased the duration of pharmacotherapy use after dis-
charge. Sixty-one percent of smokers in the sustained care
group used medication for 8 weeks or more of a 12-week course,
whereas nearly half (48%) of smokers in the standard care
group used medication for only 2 weeks or less. The longer
treatment duration likely contributed to the 71% higher quit
rate in the sustained care group. The magnitude of the im-
provement is at the higher end of the 50%-70% relative in-
crease in cessation rates produced by NRT overall, probably
reflecting good medication adherence, use of combination NRT
over a single NRT product, and the concomitant use of
counseling.32,33

Figure 2. Effect of the Intervention in Subgroups

Favors
Standard

Care

Favors
Sustained
Care

0.6 30101.0

Relative Risk (95% CI)

Sustained Care

No. of Patients

Age, y

7-d
Abstinence Total

Standard Care

7-d
Abstinence Total

27 99 16 85≥55

24 99 14 114<55

Sex

35 102 15 91Male

16 96 15 108Female

Race

35 156 28 166White

16 42 2 33Nonwhite

Cigarettes/d

12 42 9 42<10

39 156 21 157≥10

Length of hospital stay, d

25 108 15 95≥5

26 90 15 104<5

Reason for stay

26 71 17 80Circulatorya

25 127 13 118Noncirculatory

Center for Epidemiological 

Studies Depression Scale scoreb

7 28 7 44≥16

44 168 23 154<16

Inpatient NRT

37 130 21 125Yes

14 68 9 74No

51 198 30 199Overall

NRT indicates nicotine replacement
therapy.
a Includes cardiovascular, peripheral

vascular, and cerebrovascular
diseases.

b The 8-item version15 was used.
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This study has several limitations. First, we cannot
separate the independent contributions of free medication
and interactive voice response support to the treatment
effect. A future study with a factorial design could test this,
although an interaction between the 2 factors is possible
because automated telephone calls provide both medica-
tion adherence support and cessation counseling. Second,
our results apply only to hospitalized smokers who plan to
quit after discharge. Future trials could assess whether the
intervention can also benefit smokers who are not planning
to quit, but those smokers may have limited interest accept-
ing calls or in taking cessation medication even if it is
offered to them at no cost. Third, the study was conducted
at only 1 hospital, which limits the generalizability of the
findings. We are replicating the study in a multisite trial.34

Last, 19% of participants were lost to follow-up by the
6-month assessment and 22% of those reporting not smok-

ing did not provide a saliva sample for verification. Consid-
ering the low-contact nature of the trial, our follow-up rates
compare favorably with those of other hospital-based
trials.3 Furthermore, our results are not subject to bias due
to differential follow-up rates by study group.

Conclusions
Among hospitalized adult smokers who planned to quit
smoking, a postdischarge intervention that included auto-
mated telephone calls and free medication resulted in
higher sustained smoking cessation rates than standard
postdischarge advice to use smoking cessation medication
and counseling. These findings, if replicated, suggest a
translatable, low-cost approach to achieving sustained
smoking cessation after a hospital stay.
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